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    Preface   

 The ageing of the world’s population is one of the major achievements of 
modern society. By 2050, an estimated two billion people will be aged 
60 years or over. 

 But ageing poses major challenges and this is especially true for the  fi eld 
of ophthalmology. In actual fact, the major eye diseases, age-related macular 
degeneration, glaucoma and cataract, predominantly affect the elderly. 

 The challenges of ophthalmology in the ageing society have not been 
addressed in a comprehensive way, although there are common denominators 
of the various eye diseases by which an elderly population is affected. This 
book provides such a comprehensive overview including epidemiology, risk 
factors, current treatment and prophylaxis, disability, co-morbidity and the 
impact on quality of life. 

 Experts in their respective  fi elds provide state-of-the-art knowledge on the 
geriatric aspects of ophthalmology and thus may help to improve our man-
agement of this growing patient population. 

 We are grateful to all the contributors for their work in making this book 
possible, and we are also grateful to the editorial and production staff at 
Springer for their commitment to the publication of our book. 

 Special thanks go to our colleagues at the Wilmer Eye Institute, Johns 
Hopkins University School of Medicine. We are surrounded by excellence in 
the ophthalmic  fi eld including research, teaching and patient care. We have 
the privilege to work at a unique place where cutting-edge research is being 
performed addressing many of the issues covered in this book – within the 
 fi eld of ophthalmology and beyond. The constant exchange of knowledge and 
ideas has very much stimulated the idea to publish on the subject and later the 
process of working on this book and strongly contributed to its quality. 

 Baltimore, Maryland Hendrik P.N. Scholl 
  Robert W. Massof 
  Sheila K. West           
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          1.1   Introduction 

 The diverse range of ophthalmic disease covers 
every ocular structure, function, ethnic group, 
mode of inheritance and of course every age 
range. Certainly, in the developed world, a 
signi fi cant proportion of disease is multifactorial 
in origin; however, in a large majority of cases, 
the underlying risk includes that of increasing 
age. Indeed, by 80 years old, more than 80 % of 
the main causes of blindness are due to age- 
related conditions such as cataract, glaucoma and 
age-related macular degeneration    (AMD   ) (Finger 
et al.  2011b  )  (Fig.  1.1 ).  

 As a result, the impact of our growing elderly 
population has led to expansion of resource allo-
cation for screening, treatment and monitoring of 
these potentially blinding conditions. 

 Epidemiological studies in AMD such as the 
Rotterdam, Blue Mountains and Beaver Dam Eye 

studies have provided prevalence data (Fig.  1.2 ) 
which identi fi es a sixfold risk of developing AMD 
at the age of 70–79, increasing to 25-fold in those 
over 80 in comparison to the 55–69 age range 
(Smith et al.  2001  ) . Other factors such as smoking 
and genetic susceptibility are also associated with 
increased risk, however none as profound as increas-
ing age. The growth of research into the subject of 
ageing as an entity has boomed in recent years 
boosted by the suggestion of genetic aetiology.   

    1.2   History of Ageing 

 Senescence, the biological deterioration with age, 
is thought to be an inevitable process in human 
development. In 1882 the evolutionary biologist 
August Weismann (Ljubuncic and Reznick  2009  )  
theorized that ageing was a result of programmed 
cell death ensuing a limited number of somatic cell 
divisions, affording it a limited lifespan. The evo-
lutionary bene fi t of a limited lifespan was thought 
to pertain to prevention of competition for food 
and space with younger individuals, who are still 
in their reproductive prime. In this circumstance, it 
was recognized that the process of reproduction is 
an essential requirement in order to maintain the 
species in a population that ages and degrades. As 
such, reproduction and fertility were concluded to 
be a greater factor in the evolutionary drive, and as 
in nature most animals did not reach old age, his 
theories were initially disregarded. Not until the 
1950s did the ageing debate resurface, producing 
three key theories on the evolution of ageing: 

    E.  C.   Fletcher     
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mutation accumulation, antagonistic pleiotropy 
and the disposable soma theory. 

 In 1952  mutation accumulation  was described by 
Nobel Prize winner Peter Medawar (better known 
for his work on tissue transplantation), namely, 
 ageing to be due to the random  accumulation of 

detrimental mutations, which only become evident 
later in life, once the accumulation has reached a 
threshold. This effect would be outside the in fl uence 
of evolution as natural selection can only exert its 
effect via the reproductive cycle. Therefore, as 
these traits only become evident after the 
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 reproductive prime, it was seen as a modi fi cation to 
Darwin’s theory that the length of lifespan con-
veyed some form of advantage, as yet unknown. 

  Antagonistic pleiotropy  (Tabatabaie et al.  2011  )  
was proposed by George C. Williams in 1957 and 
has been further explored as the reproductive-cell 
cycle theory by Bowen and Atwood (Atwood and 

Bowen  2011  ) . He discussed the possibility that one 
gene could be responsible for two traits: one 
bene fi cial, responsible for fertility, and one detri-
mental, responsible for ageing. This necessitated a 
“ fi tness trade-off”. In order to have the desired trait 
of fertility, senescence was always present. Evi-
dence for the link between fertility and  longevity is 
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seen in many animals and recently has been dem-
onstrated in humans (Tabatabaie et al.  2011  ) . It also 
provides a connection between senescence and 
natural selection. Expanding the  trade - off  theory 
was Thomas Kirkwood  (  1977  )  who proposed the 
 disposable soma theory  (Kirkwood  1977 ; Kirkwood 
 2002  ) . This described a limited energy input with 
the need to ration what it was then used for repro-
duction, repair or maintenance. The compromise of 
the accuracy in the repair function in favour of 
reproduction inevitably leads to an accumulation of 
damage and resultant ageing. 

 The complex interplay between genetics and 
environment is borne out in the fact that longevity 
genes are thought to account for only 20–30 % of 
senescence (Hjelmborg et al.  2006  ) . The instiga-
tion of the Genetics of Healthy Ageing (GEHA) 
project (Skytthe et al.  2011  )  was established in 
order to identify the longevity genes and those 
involved in healthy ageing and the underlying 
processes they control which may allow a better 
understanding of the environmental in fl uence. 

 In the  fi eld of ophthalmology, we see several 
ways in which these theories are borne out where 
several diseases only appear in old age, speci fi cally 
age-related macular degeneration, which has an 
in fl uence from genetics which are not speci fi c to 
the eye, a signi fi cant in fl uence from increased 
vulnerability due to wear and tear and the com-
plexity of environmental modi fi able factors.  

    1.3   Maximum Life Expectancy 

 All of these aforementioned theories, however, 
focus on the idea of a  fi nite lifespan. The predicted 
maximum life expectancy has had to be 
 re-calculated several times over the past 80 years. 
During the 1920s, the maximum age was 57 years. 
At that time, Louis Dublin made an estimation 
that the maximum life expectancy would rise to 
64.75 years, using available data from the USA at 
that time. Unbeknown to him, this level had 
already been exceeded by the female non-Maori 
 population in New Zealand, 7 years previously. 
Estimation of maximum longevity requires analy-
sis of collected mortality data in order to deter-
mine trends. This data was then and in many areas 

still is not a  comprehensive data set. As a result, 
Fig.  1.3  demonstrates the number of estimates 
which have been exceeded during this period.  

 Interestingly, despite the fact that this trend in 
longevity has occurred as a result of signi fi cant 
extrinsic improvements to the environment 
around us (such as advancement in health and 
safety, nutrition, medical treatments, the reduc-
tion in infant mortality and sanitation), the graph 
produces a very linear progressive delay in mor-
tality. The life expectancy 200 years ago was 40 
years of age with a steady increase in best prac-
tice life expectancy 1  of 3 months per year in 
females for the past 160 years (Oeppen and 
Vaupel  2002  )  (Fig.  1.3 ) with the example of 
Japanese women now having a life expectancy of 
over 85 years. 

 As identi fi ed in the above chart, this continued 
increase in life expectancy does not appear to be 
levelling off or reaching its peak. We have seen 
that the probability of an 80-year-old living to the 
age of 90 has increased in 1950–2002 from 15 to 
37 % for women and 12 to 25 % for men. It is 
expected that if this rate of increase continues 
persons born in the year 2000 in developed 
European countries, the USA and Japan can 
expect to live to see their 100th birthday 
(Fig.  1.4 ).  

 Concern is mounting that alongside increas-
ing age and senescence comes vulnerability and 
therefore increased susceptibility to ill health 
and disability. An increasingly aged population 
could potentially result in additional social and 
economic burden. This measure is less de fi nite 
than mortality rates due to the mode of collec-
tion and subjectivity of the data. Investigation 
shows that the prevalence of morbidity in the 
aged population has increased, possibly due to 
increased reporting and earlier diagnosis and a 
more health conscious population along with a 
reduced mortality rate. However, research sug-
gests that included in the postponement of mor-
tality seems to be a delay in disability, allowing 
a healthier old age rather than a prolongation of 
disability and vulnerability. The measurement of 

   1  Best practice life expectancy is the highest life  expectancy 
achieved in that year.  
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the rate of  disability within this increased morbi-
dity adds  additional complexity in measurement. 
The  presence of disease, especially if it is detected 
earlier and treated in a timely fashion, does not 
always lead to increased disability. 

 The measure of disability-free life expectancy 
(DFLE) includes both the mortality and disability 
data, thus allowing identi fi cation as to whether 
increased life expectancy is spent in good or ill 
health. There is limited longitudinal data looking 
at the transition from good heath to disease with 
the progression to disability and eventual death. 
In looking at the impact a disease has on a per-
son, you would need to assess both the total life 
expectancy (TLE) and also the DFLE. This would 
allow better insight into the quality of the remain-
ing life. TLE for men at the age of 65 is 15.3 
years, of which 12.1 years were disability-free 
(Jagger et al.  2007  ) . For women aged 65, the TLE 
is 19.4 years, but only 11.0 years are disability-
free. The most signi fi cant disease-speci fi c impact 
on life expectancy is not unsurprisingly from 
stroke and diabetes resulting in a TLE of 4.4–5.6 
years at the age of 65. Visual impairment, how-
ever, does not impact TLE (Jagger et al.  2007  )  
and has a much greater impact on mild rather 
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than moderate disability. In addition, the rate of 
DFLE in visual impairment is increasing at a 
faster rate than TLE. This means that any disabil-
ity that arises is compressed into a shorter period 
of their remaining life. It is also evident that 
modi fi able life factors such as smoking and nutri-
tion have a greater impact on reducing morbidity 
than mortality. This would help to explain the 
increased DFLE and reiterates the impact of life-
style education. 

 This aspect has a great impact on the provi-
sion of social and health care in view of not only 
the increasing size of the population in general 
but in particular the increase in the proportion 
of aged. The recent census in 2010 showed 
 population increase in the United states alone of 
9.7 % from the year 2000 to 2010 resulting in a 
 population of 308.7 million (Mackun and Wilson 
 2011  ) . Although this was less of an increase than 
the previous 10 years, the population has been 
steadily increasing since the 1900s. The age dis-
tribution showed that the 45–64 age group com-
prised 81.5 million (26.5 %) and the over 65 age 
group comprised of 40.3 million people (13.0 %) 
with an increase of 31.5 and 15.1 %, respectively. 
This proportional increase in the older generation 
is signi fi cantly higher than the younger age group 
and is partially due to the baby boom following 
World War II. A similar pattern of increase is 
seen in the Japanese and European populations 
(Fig.  1.5 ).  

 The pyramids in Fig.  1.5  show the different 
patterns of population distribution. All popula-
tions show an increased mean age with time, as 
the widest part of the pyramid shifts towards 
older age, alongside variability in the absolute 
mean age between countries. The population of 
Japan shows population contraction, in compari-
son to an underdeveloped country such as Kenya 
which shows population expansion. The popula-
tion pyramid also shows the delay in mortality as 
described earlier. 

 Demographic data from a German popula-
tion shows the shape of the population curve 
remains unchanged between 2005 and 2025 
(Fig.  1.6a ); however, there is a predicted shift to 
the right. This 20-year shift is attributed to 

changes in mortality rates rather than immigra-
tion  fl ux.  

 The implication of longevity alongside the 
shift in the population size and age distribution 
requires provision for the economic impact of the 
health and social demands. In this context, the 
impact of age-related diseases and ocular health 
and vision requires re-evaluation. The estimate 
for the total  fi nancial cost of visual impairment in 
those aged over 40 years in the USA was $35.4 
billion (Rein et al.  2006  ) . A signi fi cant propor-
tion of this was from AMD and cataract, which 
naturally predominate in the  ³ 65 age group. It is 
seen that the overall reduction in visual acuity 
over a 10-year period is 3–4 letters in people 
between 55 and 64 years of age. This increases to 
11–12 letters in those over the age of 75 years 
(Klein et al.  2001  ) . The 10-year incidence of 
severe visual impairment in the general popula-
tion of the Beaver Dam Eye Study was 0.8 %, 
increasing to 5.6 % in the over 75-year-olds 
(Klein et al.  2001  ) . In view of the treatment 
options for exudative age-related macular degen-
eration, this may have altered to a small degree 
since the study was completed. However, despite 
this, there is a signi fi cant proportion of the aged 
population that require medical and social atten-
tion often leading to secondary consequences 
such as falls, depression, isolation or requirement 
for nursing homes.  

    1.4   Meeting the Challenges Ahead 

 The knowledge of this trend has prompted pre-
dictions regarding the level of blindness and 
severe vision impairment to facilitate future 
health-care planning. Predicted increased levels 
of blindness and severe visual impairment fol-
lowing collection of large data sets from welfare 
institutions in Germany (Fig.  1.6 ) (Finger et al. 
 2011  b  )  are thought to be largely as a result of 
AMD, requiring any adjustment in health-care 
provision to be cognizant of these shifts in dis-
ease and age patterns. We have recently been able 
to observe just how such adjustments in increased 
research and provision for age-related eye  disease 
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are now beginning to bear fruit. Recent publica-
tions provide evidence of  decreasing  incidence 
of blindness in certain areas (Bressler et al. 
 2011 ; Bloch et al.  2012 ; Skaat et al.  2012  ) . 
Predominantly as a result of the advent of anti-
VEGF treatments for exudative AMD, this has 
helped to reduce the level of legal blindness, in 
comparison to the  fi gures 10 years previously. 

 This observed fall in blindness however is not 
solely due to the treatment effect – although there 
was a signi fi cant change seen in 2006 which 
would  fi t with the anti-VEGF timeline, but also 
as a result of increased awareness, established 
screening programmes and earlier detection. The 

change in the public health awareness has cer-
tainly proven a great success in the prevention of 
severe disease in cases such as glaucoma and dia-
betic eye disease. Fortunately, the elderly popula-
tion are active information seekers as regards 
their health and nutrition. Access to resources in 
a variety of formats is seen to be “enabling” lead-
ing to an enhanced perception of control and 
power over one’s well-being. This empowerment 
has led to the further understanding and altera-
tion in many of the potential modi fi able risk fac-
tors to enable this population to not only improve 
their longevity but participate in good health 
without disability or visual impairment.      
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          2.1   Introduction 

 The last 30 years have seen a dramatic shift in 
global economies and a rise in the number and 
wealth of so-called “middle-income” countries. 
Notwithstanding the terrible toll of HIV-AIDS, 
survival rates have generally improved and with 
it an increase in the proportion of deaths due 
to chronic diseases as the infectious diseases 
decline (World Health Organization  2011  ) . The 
World Health Organization (WHO) now has to 
face a rising epidemic of illnesses like diabetes 
as seriously as it has faced epidemics of infec-
tions like cholera or yellow fever (World Health 
Organization  2011  ) .  

    2.2   Burden of Blindness 

 This global change in the rise of chronic diseases 
is also mirrored in the shift in causes of blindness 
and visual loss from anterior, infectious causes to 
posterior, chronic causes. One of the  fi rst articles 
from the prevention of blindness of fi ce of WHO 
in 1972 described an overall estimate of blindness 

worldwide of 15 million persons (World Health 
Organization  1973  ) . Blindness was de fi ned as 
best-corrected visual acuity of worse than 3/60 
or 20/400. An update by WHO in 1990 reported 
about 38 million blind persons (Thylefors et al. 
 1995  )  and suggested that the number of visually 
impaired was 2.9 times as great or 110 million. In 
the 2004 publication, the estimate was 37 million 
with an estimated additional 124 million persons 
with severe visual impairment, de fi ned as vision 
worse than 20/60 but not blind (Resnikoff et al. 
 2008  ) . However, with the addition of uncor-
rected refractive error, the estimate for numbers 
of blind persons increased to 45 million and 269 
million with low vision. By 2010, the estimate of 
the number of blind worldwide was 39 million 
(3 % due to refractive error) with 246 visually 
impaired. Of the visual impaired group, 43 % 
was estimated due to refractive error and 33 % 
due to cataract (Pascolini and Mariotti  2012  ) . 
Figure  2.1  shows the estimates of blindness (not 
due to refractive error as earlier reports did not 
include refractive error) over time. Despite a pop-
ulation growth in the 20 years since 1990, it does 
not appear that the number of blind persons has 
increased since that time and certainly not to the 
dire level originally predicted. There is clearly 
some caution warranted in the size of errors with 
these numbers, depending as they do on some 
interpolation and “guess estimates” where data 
were not available.   
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    2.3   Causes of Blindness 

 The leading causes of blindness in 1990 were 
cataract, trachoma, and glaucoma (Thylefors et al. 
 1995  ) . By 2002, the leading cause of blindness was 
still cataract (47 %), but followed by chronic eye 
diseases: glaucoma (12 %), age-related macular 
degeneration (9 %), and diabetic retinopathy (5 %) 
(Resnikoff et al.  2004  ) . Trachoma was reported to 
be the  fi fth cause of blindness worldwide, tied with 
childhood blindness from all causes, and onchocer-
ciasis was the cause for less than 1 %. Current data 
on causes of blindness continue to mirror the rise 
in age-related diseases (Fig.  2.2 ). An estimated 
80 % of all visual loss can be prevented or cured, 
most of this being due to cataract.  

 To the casual observer, the persistence of cata-
ract as a leading cause of vision loss is puzzling. 
The threshold for performing cataract surgery has 
gotten less stringent over time, re fl ecting better 
postoperative outcomes and demand by patients 
for improved functional abilities at increasingly 
less severe levels of cataract. In many high-
income countries, like Denmark and the UK, 
the number of cataract operations has doubled 
or trebled over time (Williams and Seward  1993 ; 
Norregaard et al.  1996  ) . With surgery such an 
effective intervention and demand seemingly 
increasing, why is vision loss due to cataract 
still so prevalent? In part, the answer lies in a 
further statistic: the burden of blindness is not 
equitable, with 90 % in low-income countries 
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(  http://www.who.int/mediacentre/factsheets/
fs282/en/    ). As Brian and Taylor describe, lack of 
cataract surgical services result from a complex 
mix of cultural issues around access combined 
with too few cataract surgeons and/or mald-
istribution of surgeons and lack of equipment 
and supplies (Brian and Taylor  2001  ) . Reports 
from Nigeria still describe cataract treated with 
couching, an archaic procedure where the lens is 
literally pushed down into the vitreous (Gilbert 
et al.  2010  ) . Moreover, where conventional sur-
gery is available, the quality of outcomes can 
be poor. Models for providing high-volume, 
cost-effective, high-quality outcome cataract 
services exist, notably Aravind Eye Hospital in 
India (Natchiar et al.  1994  ) . The population den-
sity and high need are important features of that 
model and make translation to many African set-
tings, where 80 % or more of the population are 
scattered in rural settings, more challenging. 

 Until relatively recently, the problem of uncor-
rected refractive error was not recognized. The 
de fi nition of blindness or vision loss was based 
on the results of testing using best correction, 
thus effectively ignoring refractive error. With 
the growing realization that myopia was becom-
ing an epidemic in parts of the world, literally 
within a generation or two, the magnitude of 
uncorrected refractive error as a cause of visual 
loss became important to measure. Now, the test-
ing for visual impairment surveys is often done 
with the use of available spectacles. At present, 
the World Health Organization reports 19 million 
children worldwide are visually impaired and 17 
of these are due to refractive error (  http://www.
who.int/mediacentre/factsheets/fs282/en/    ). The 
reasons for lack of cost-ef fi cient refractive ser-
vices share similarities with the reasons for lack 
of cataract surgical services, including lack of 
appropriate human resources, and lack of opti-
cal products. There is also the added problem in 
children of biases against wearing spectacles. A 
review article recommended school-based screen-
ing approaches, which appear to work if school 
attendance is high and not disparate by socio-
economic status or gender (Sharma et al.  2012  ) . 
However, much of the professed need for spec-
tacles is in the older age groups where reading 

glasses would improve quality of life. Even in 
rural Africa, the provision of reading spectacles 
to those with presbyopia resulted in an improve-
ment in ability to carry out daily activities and 
a willingness to pay for spectacles (Patel et al. 
 2010  ) . There are some imaginative solutions 
to provision of ready-made reading spectacles 
to low-income countries, using an interest-
ing  entrepreneurial model that promotes social 
development (William Davidson  2008  ) . 

 Besides cataract, the other age-related eye dis-
eases of public health signi fi cance are glaucoma 
and age-related macular degeneration. There is no 
proven preventive strategy for either of these two 
diseases, so once diagnosed, various treatment 
options are necessary to avoid or delay progres-
sion. Quigley and Broman estimated the number 
of persons with glaucoma worldwide as about 
60 million, most of whom will have open-angle 
glaucoma (Quigley and Broman  2006  ) . Persons 
of Asian descent are at greater risk of angle-
closure glaucoma compared to Caucasians. In 
the USA, African Americans and Latinos appear 
to have higher rates of glaucoma and blindness 
from glaucoma (Friedman et al.  2004  ) . Glaucoma 
has long been the “elephant in the room” in the 
blindness prevention community because it is 
felt to be cumbersome to diagnose and treat-
ment options for low-income countries are not 
straightforward. Therefore, prevention of blind-
ness from glaucoma has not been a major feature 
of WHO or International Agency for Prevention 
of Blindness (IAPB) activities, although this is 
now the second leading cause of best-corrected 
blindness. One barrier has been the decision on 
the need for visual function testing, routine for 
high-income countries, as part of the diagno-
sis of glaucoma. A recent report evaluating the 
assessment of visual function in glaucoma noted 
that technology advances and analytic tools have 
resulted in more rapid testing but concluded that 
the tests have not provided any de fi nitive answer 
to diagnosis or measurement of progression over 
time (Jampel et al.  2011  ) . 

 Age-related macular degeneration (AMD) 
is a leading cause of visual loss among older 
Caucasians. The “wet” form of AMD (CNV), 
while less common than the “dry” form, can be 

http://www.who.int/mediacentre/factsheets/fs282/en/
http://www.who.int/mediacentre/factsheets/fs282/en/
http://www.who.int/mediacentre/factsheets/fs282/en/
http://www.who.int/mediacentre/factsheets/fs282/en/
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catastrophic for central vision as abnormal blood 
vessels start to grow under the macula. Various 
forms of laser treatment were used to delay vision 
loss, and one clinical trial suggested that use of a 
combination of zinc and antioxidant multivita-
mins may delay progression to CNV in a subset 
of patients with a particular form of early AMD 
(Age-Related Eye Disease Study Research Group 
 2001  ) . With the  fi nding that abnormally high lev-
els of vascular growth factors are secreted in eyes 
with CNV came new treatment strategies target-
ing these growth factors. A recent clinical trial in 
patients with AMD demonstrated the equivalence 
of two forms of commercially available anti-vas-
cular endothelial growth factor, one considerably 
less expensive than the other (CATT Research 
Group et al.  2011  ) . Nevertheless, from a pub-
lic health perspective, it requires a specialist to 
diagnose AMD and certainly to provide any of 
the treatment options at the present time which 
makes the management of AMD out of the reach 
of most low-income countries. Smoking has been 
strongly linked to severe AMD, although not 
consistently to the precursor lesions, suggesting 
that smoking avoidance and quitting smoking, as 
part of an approach to improving general health, 
should have bene fi cial effects on reduction of risk 
of AMD in susceptible populations.  

    2.4   Global Initiatives to Eliminate 
Blindness 

 Vision 2020: The Right to Sight is the global 
initiative to eliminate avoidable blindness by the 
year 2020. The strategic aim now is advocacy, to 
give eye care greater priority in national budgets 
and health policy, and integrate eye care services 
into health systems. There are compelling rea-
sons to further this agenda. A recent article has 
estimated the total global cost of visual impair-
ment at $3 trillion in 2010, of which $2.3 tril-
lion was directly related to health-care costs 
and the other costs related to indirect factors 
such as reduced productivity and informal care 
costs (Gordois et al.  2012  ) . While the estimate 
of persons with blindness was much higher than 
other published reports (156 million), if even a 

conservative estimate is 1/3 of these costs, they 
represent a substantial burden. Uncorrected 
refractive error was 54 % of the  fi nancial cost 
($1.6 trillion) and AMD was 12 % (0.3 trillion). 
The authors projected the burden to increase by 
20 % by 2020, based on projections of increas-
ing burden of disease with population growth. 
The fact that projections of increasing burden of 
numbers of visually impaired in the past have not 
materialized, despite growth in the aging popula-
tion, is reason to be hopeful that blindness pre-
vention programs are working. Of note, though, 
some researchers attribute this lack of increase 
in blindness to the success of onchocerciasis and 
trachoma control programs which have decreased 
infectious causes of blindness worldwide. As we 
continue in an era where age-related, chronic eye 
diseases will dominate the eye health landscape, 
it remains to be seen if strides in reduction of 
visual impairment can persist. As the majority of 
cases of visual impairment reside inequitably in 
the less advantaged countries, such strides must 
consider strategies appropriate to prevention, 
screening, and treatment in those settings.      
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          3.1   Introduction 

 Patterns and prevalence of visual impairment and 
blindness in high-income countries including all 
of Western Europe, Northern America and 
Australia are distinctly different from global esti-
mates. As outlined in the previous chapter, global 
visual impairment and blindness is mostly found 
in low- and middle-income countries and is 
mainly due to a number of potentially prevent-
able and/or treatable causes (Pascolini and 
Mariotti  2012  ) . In comparison, in high-income 
countries, the prevalence and incidence of visual 
impairment and blindness is much lower and 
mostly due to causes related to the ageing of the 
population. A number of the main causes of 
visual impairment and blindness in these coun-
tries are currently not amenable to prevention, 
and treatment can be unsatisfactory in that it may 
only slow down the progression of a number of 
these diseases, but does not cure them. The main 
disorders are complex diseases, with a genetic 

and an environmental component, with ageing 
being often the single most important factor in 
the aetiology. Unfortunately, as visual impair-
ment and blindness is not perceived as a large 
public health issue in many high-income coun-
tries, population-based cohort studies are scarce 
with no published population-based data avail-
able. A recent publication of global estimates of 
visual impairment by the World Health 
Organization (WHO) highlighted this shortcom-
ing once again. Only two studies, conducted in 
Russia and Turkmenistan, quali fi ed for inclusion 
in the estimations for Europe (Pascolini and 
Mariotti  2012  ) . However, the considerable impact 
of visual impairment not only on an individual’s 
quality of life but also the substantial cost born by 
society merits signi fi cant research efforts and 
appropriate service provision in all high-income 
countries (Taylor et al.  2006 ; Porz et al.  2010  ) . 
Not only does longevity continue to increase in 
all high-income countries but workplace require-
ments change rapidly as well. Visually impaired 
persons may often be particularly disadvantaged 
by these trends, in an economy driven increas-
ingly by visual technology (West and Sommer 
 2001  ) . Together with the age of retirement being 
up for discussion in a number of countries, this 
should create even more of an incentive for gov-
ernments to invest into research and service pro-
vision in order to maintain lifelong good vision. 
In the following discussion, the prevalence and 
incidence estimates generated from a number of 
available population-based studies as well as 
similar estimates based on blind registers will be 
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depicted, followed by a brief paragraph on visual 
impairment in the elderly and risk factors for 
blindness in high-income countries (which are 
discussed in more depth in Chaps.   4     and   5    ). 
Finally, currently available projections of future 
trends of visual impairment and blindness in 
high-income countries are discussed.  

    3.2   Magnitude of Visual 
Impairment and Blindness 
in the Elderly 

 Several population-based epidemiological stud-
ies are available to shed light onto the current 
magnitude of visual impairment and blindness in 
the elderly. Most of the data presented originates 
from the Beaver Dam Eye Study (BDES, USA), 
the Blue Mountains Eye Study (BMES, Australia), 
the Melbourne Visual Impairment Project (MVIP, 
Australia) and the Rotterdam Eye Study (RES, 
Netherlands). 

    3.2.1   De fi nition 

 Blindness and low vision are de fi ned in various 
ways, depending on the legal or regulatory con-
text of the de fi nition. The most ubiquitous 
de fi nition is laid out by the World Health 
Organization (WHO) in the International 
Classi fi cation of Diseases (ICD), 10th revision 
(Table  3.1 ) (World Health Organization  1990  ) . 
The de fi nitions in the ICD are based on best-cor-
rected visual acuity. However, in order to re fl ect 
day-to-day impairment from low vision, most 
WHO studies and estimates are based on visual 
acuity measurements with habitual or presenting 
correction in order to re fl ect the considerable 
amount of blindness and visual impairment due 
to uncorrected or insuf fi ciently corrected refrac-
tive errors. If the extent of the visual  fi eld is taken 
into account, patients with a visual  fi eld of the 
better eye no greater than 10° in radius around 
central  fi xation are placed in category 3.  

 Another very commonly encountered de fi ni-
tion is the legal de fi nition of blindness and low vision 
used in the USA. Best-corrected visual acuity in 

the better seeing eye of  £ 20/200 or <20/40 de fi nes 
blindness and low vision, respectively. Visual 
 fi eld restrictions to less than 20° in diameter are 
equally considered blind regardless of visual 
acuity. However, many countries may have legal 
de fi nitions which are distinctly different from 
these, such as Germany, where de fi nitions tend 
to be much stricter. Blind according to German 
regulations is de fi ned as best-corrected visual 
acuity of 1/50 or less in the better eye or a visual 
 fi eld restriction to no more than the central 5°. 
Severe visual impairment is de fi ned as a visual 
acuity of not more than 1/20 in the better eye or 
a restriction of the visual  fi eld to the central 10° 
(Finger  2007 ; Finger et al.  2011a,   b  ) .  

    3.2.2   Main Causes 

 All main causes of blindness and visual impair-
ment in the elderly are age-related diseases, that 
is, their prevalence increases with age. An analysis 
of pooled data from a number of large, population-
based, epidemiological studies has demonstrated 

   Table 3.1    De fi nition of blindness and low vision accord-
ing to the International Classi fi cation of Diseases, 10th 
revision   

 Presenting distance visual acuity 

 Category  Worse than 
 Equal to or better 
than 

 0 Mild or no 
visual 
impairment 

 6/18 
 3/10 (0.3) 
 20/70 

 1 Moderate 
visual 
impairment 

 6/18  6/60 
 3/10 (0.3)  1/10 (0.1) 
 20/70  20/200 

 2 Severe visual 
impairment 

 6/60  3/60 
 1/10 (0.1)  1/20 (0.05) 
 20/200  20/400 

 3 Blindness  3/60  1/60 a  
 1/20 (0.05)  1/50 (0.02) 
 20/400  5/300 (20/1200) 

 4 Blindness  1/60 a   Light perception 
 1/50 (0.02) 
 5/300 (20/1200) 

 5 Blindness     No light perception 

   a Or count  fi ngers (CF) at 1 m  

http://dx.doi.org/10.1007/978-3-642-36324-5_4
http://dx.doi.org/10.1007/978-3-642-36324-5_5
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that causative disorders differ between white, 
black and Hispanic persons (Congdon et al.  2004  ) . 
As most of this data originates from studies con-
ducted in the USA, it is unclear as to how the main 
causes of blindness and visual impairment differ 
in other countries. However, it is to be expected 
that a similar pattern is observed to some extent. 
The main causes of blindness and visual impair-
ment by race are depicted in Fig.  3.1 .  

 The main causes of blindness have changed 
considerably over the last 30 years. Our analysis 
of data from the largest blind register in Germany 
demonstrates a shift in prevalence from diseases 
for which treatment or better treatment has 
become available, such as glaucoma and retinal 
detachments, to age-related macular degenera-
tion (AMD). We found a slight increase in the 
number of persons registered blind due to dia-
betic eye disease and virtually no change in 
hereditary retinal degenerations such as retinitis 
pigmentosa over the last 30 years (Table  3.2 ). 
The increase in diabetic eye disease leading to 
blindness is somewhat expected given the gen-
eral increase in the prevalence in diabetes in all 
high-income countries.   

    3.2.3   Prevalence Estimates 

 The  Eye Diseases Prevalence Research Group  
has published analyses based on pooled data from 
eight population-based epidemiological studies. 
For the USA in the year 2000, it was estimated 
that there were 937,000 (0.78 %) blind Americans 
and 2.4 million (1.98 %) Americans with low 
vision in those aged 40 and older, based on the 
US de fi nition of blindness and low vision as 
detailed above (Congdon et al.  2004  ) . These esti-
mates differ by race for the USA, as depicted for 
causes of low vision in Fig.  3.1 . Age-speci fi c 
blindness prevalence was found to be higher in 
African American persons compared with white 
or Hispanic persons, while low vision was more 
prevalent amongst Hispanic compared to black or 
white persons (Congdon et al.  2004  ) . 

 The estimated prevalence published by the 
WHO for the region of the Americas (North and 
South America) and based on the WHO de fi nition 

of blindness and low are: 3.5 blind and 25.6 per-
sons visually impaired per one million popula-
tion (Pascolini and Mariotti  2012  ) . This amounts 
to 3.2 million blind and 23.4 million persons with 
low vision. A direct comparison of these two esti-
mates is impossible due to different underlying 
de fi nitions, methodologies and reference popula-
tions. However, given that the US population 
above the age of 40 was about 120 million in 
2000 (US Census 2000) and the whole popula-
tion of the region of the Americas is 915 million, 
it is apparent that blindness as well as visual 
impairment is very prevalent amongst the elderly 
population. The large discrepancy in the estimate 
of persons with low vision is due to the difference 
in de fi nition, where WHO uses presenting instead 
of best-corrected visual acuity and a de fi nition of 
low vision of <6/18 in the better seeing eye. The 
overall prevalence of blindness and visual impair-
ment steeply increases with age, as shown for the 
USA in Fig.  3.2 .  

 Applying the prevalence estimates for white 
persons to Western Europe, blindness for persons 
older than 40 years in the year 2000 was esti-
mated to be 1.38 million (0.7 %) based on the US 
de fi nition and 879,000 (0.5 %) based on the 
WHO de fi nition. Visual impairment was esti-
mated to be 3.64 million (2.0 %; <20/40 in the 
better seeing eye) (Congdon et al.  2004  ) . The 
according estimates published by the WHO are 3 
blind and 28.7 persons with low vision per mil-
lion population for the whole of the European 
region, including all of Eastern Europe (Pascolini 
and Mariotti  2012  ) . This would amount to a total 
of 2.7 million blind and 25.5 million visually 
impaired persons, based on the WHO de fi nition 
and the total – not only the elderly – population 
of Europe. Direct comparisons between these 
estimates are impossible (see above), but they 
seem to indicate roughly one million blind and 
three to ten million elderly persons with low 
vision in Western Europe. 

 When applying these estimates to the 
Australian population older than 40 years in the 
year 2000, current estimates of blindness and 
visual impairment are: 55,000 (0.7 %) based on 
the US de fi nition (see above) and 35,000 (0.4 %) 
based on the WHO de fi nition (see above) 
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  Fig. 3.1    Causes of blindness a  and visual impairment b  by 
race/ethnicity as de fi ned by the 2000 US Census (Congdon 
et al.  2004  ) .  AMD  age-related macular degeneration,  DR  
diabetic retinopathy.  a Best-corrected visual acuity <6/60 

[20/200] in the better seeing eye.  b Best-corrected visual 
acuity <6/12 [<20/40] in the better seeing eye, excluding 
those classi fi ed as blind         
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(Congdon et al.  2004  ) . As Australia constitutes 
only a small percentage of the Western Paci fi c 
Region, no separate estimates are available for 
Australia based on WHO estimates.  

    3.2.4   Incidence Estimates 

 Several population-based studies have reported 
the incidence of 5-, 10- and 15-year change in 

visual acuity leading to mono- or binocular visual 
impairment and blindness. The BMES, for exam-
ple, found that, of all eyes under observation for 
5 years, 5.1 % developed visual impairment 
(<20/40), with binocular impairment occurring in 
1.7 % (Foran et al.  2003  ) . Women were more 
often affected than men, although this was no 
longer statistically signi fi cant after adjusting for 
age. Cataract was the main cause of incident 
visual impairment at 5 years. Severe visual 

25
Prevalence in %

20

15

10

5

0

40−49 50−54 55−59 60−64 65−69 70−74 75−79 80+
Age

Blindness

Low vision

  Fig. 3.2    Prevalence of blindness (using the WHO stan-
dard) and low vision by age for the US population, includ-
ing white, black and Hispanic persons, based on estimates 

derived from several population-based studies and the 
2000 US population (Congdon et al.  2004  )        

   Table 3.2    Change of main 
causes of blind registration 
in Northrhine   , Germany, 
1978–2006   

 Causes  1978  1987  1997  2006 

 Age-related macular 
degeneration 

 20.3  26.8  32.5  40.7 

 Glaucoma and optic atrophy  24.6  21.0  20.1  15.4 
 Diabetic eye disease   6.9   8.1   8.9   9.7 
 High myopia/retinal 
detachment 

 15.9  13.4  10.2   5.3 

 Retinitis pigmentosa/
hereditary eye disease 

  7.8   8.2   7.6   7.0 

 Other causes  24.5  22.5  20.7  19.5 
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impairment (<20/200) occurred in 1.1 % of eyes, 
of which the vast majority was monocular (Foran 
et al.  2003  ) . Only 2 out of 2,335 persons followed 
up at 5 years had developed binocular severe 
visual impairment, both of whom were women. 
The main cause for incident severe visual impair-
ment was AMD (Foran et al.  2003  ) . Compared to 
the BMES, the BDES found a similar incidence 
of any visual impairment (moderate and severe; 
<20/40) at 5 years (7.9 % versus 7.1 %) (Klein 
et al.  1996  ) . Reported incidence rates between 
studies as well as for the same studies may vary 
slightly between publications as slightly different 
de fi nitions of blindness and visual impairment 
are employed. 

 The BDES had reported incidence of any 
visual impairment ( £ 20/40) and any severe 
visual impairment ( £ 20/200) at 10- and 15-year 
follow-up. At 10-year follow-up, incidence of 
any visual impairment was 5.9 % and of severe 
visual impairment 0.8 %, with age (over the age 
of 75 at baseline) being the most important risk 
factor. Residing in a nursing or group home was 
another independent risk factor for incident 
visual impairment at follow-up (Klein et al. 
 2001  ) . At 15-year follow-up, these  fi gures were 
similar, with slightly more persons having devel-
oped incident visual impairment (8 %) and 
severe visual impairment (0.8 %) for the overall 
sample. However, the cumulative incidence of 
visual impairment in persons aged 75 or older 
was 25 % for visual impairment and 4 % for 
severe visual impairment, indicating that a 
decrease of visual acuity in elderly persons is a 
common  fi nding, in particular in those admitted 
to a nursing or group home (Klein et al.  2006  ) . 
The main causes for severe visual impairment 
were AMD (52 %), followed by central or branch 
retinal vein occlusion (12 %) and cataract (12 %) 
(Klein et al.  2006  ) . 

 Based on our analyses of blind registrations 
at Germany’s largest blind register in the state of 
Northrhine from 2000 to 2008, the overall inci-
dence of blindness was 11.098/100,000 person-
years (PY) (Finger et al.  2011a  ) . The largest 
amount of new registrations for blind allowance 
was due to age-related macular degeneration 
(AMD; 5.555/100,000 PY),  followed by 

 glaucoma (1.551/100,000 PY) and diabetic eye 
disease (DED; 1.158/100,000 PY). Retinal and 
macular dystrophies (RD) and high myopia led 
to similar proportions of incident cases (0.51 
and 0.44/100,000 PY). Causes of blindness and 
severe visual impairment classi fi ed as “others” 
let to 1.557 incident cases per 100,000 PY. The 
most frequent diagnoses summarized into “oth-
ers” were in descending order: cerebral disease, 
malformations and colobomas, retinopathy of 
prematurity (ROP) and uveitis. Strati fi ed by age, 
the highest number of incident cases was 
observed to be due to AMD in those aged 80 and 
over (81.258/100,000 PY), followed by glau-
coma in the same age group (14.444/100,000 
PY), AMD in those aged 60–79 years 
(9.565/100,000 PY) followed by diabetic eye 
disease in this age group (3.651/100,000 PY). 
Strati fi ed by gender, a larger number of incident 
cases were female for all causes except for reti-
nal and macular dystrophies (RD). The differ-
ence was most marked for AMD and DED in 
those aged 60–79 years and  ³ 80 years.  

    3.2.5   Risk Factors for Visual 
Impairment and Blindness 
in the Elderly 

 In order for a risk factor to be established for a 
particular disease, a causal link has to be gener-
ated in a longitudinal study with the future 
occurrence of the disease of interest. Thus, we 
disregard all associations reported in cross-sec-
tional studies in this brief paragraph. A more 
in-depth discussion of risk factors for eye dis-
eases associated with ageing can be found in the 
chapter by de Jong et al. Risk factors vary by 
disease, and only risk factors for visual impair-
ment irrespective of underlying disease will be 
brie fl y discussed here. Several longitudinal 
studies have established a number of risk fac-
tors for visual impairment, of which the most 
important is ageing (Foran et al.  2003 ; Klein 
et al.  1996 ; Yonekawa et al.  2011 ; Dimitrov 
et al.  2003  ) . Several studies have not found gen-
der to be a risk factor (Dimitrov et al.  2003  ) , 
except the BDES which reported male gender to 
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be a risk factor for visual impairment (Klein 
et al.  1996  ) , and the BMES has reported female 
gender to be a risk factor for uniocular visual 
impairment (Foran et al.  2003  ) . History of any 
ocular disease at the time of examination and 
presence of diabetes mellitus have also been 
reported as independent risk factors for future 
visual impairment, in particular in the US 
Hispanic population (Yonekawa et al.  2011  ) . 
Economic factors such as lower socioeconomic 
status and unemployment have less frequently 
been reported as independent risk factors 
(Yonekawa et al.  2011  ) . Likewise, institutional-
ization as an independent risk factor for visual 
impairment amongst the elderly has only been 
reported by the BDES (Klein et al.  1996  ) . The 
Salisbury Eye Evaluation Study (SEES) has 
found black participants to be more likely to 
have visual impairment compared to white and 
Hispanic participants (Rubin et al.  1997  ) . 

 Several longitudinal studies have found an 
association between visual impairment and cog-
nitive function in the general population (Anstey 
et al.  2001 ; Lin et al.  2004  ) . These  fi ndings are 
corroborated by evidence from another study 
which also found near visual impairment (but not 
distance visual impairment) to be a strong inde-
pendent predictor of future decline in cognitive 
function in elderly, community-dwelling persons 
(Reyes-Ortiz et al.  2005  ) . It is nearly impossible 
to assess which way this interaction goes, but 
visual and cognitive impairment are highly cor-
related in elderly populations. These associations 
are explored in more detail in the chapter by 
Rovner et al.   

    3.3   Future Trends in Visual 
Impairment and Blindness 

 Generally, visual impairment and blindness in the 
elderly is largely expected to increase based on 
current demographic trends in all high-income 
countries. Projections of blindness and severe 
visual impairment for Germany (Finger et al. 
 2011a ; Knauer and Pfeiffer  2006  )  as well as other 

western countries such as Australia (Foran et al. 
 2000  )  show a steep increase until 2030, with a 
widening gap between men and women which 
increases with age. 

 Based on the blind registrations 2000–2008 
and future demographic trends, we have fore-
casted an increase in the incidence of blind-
ness and severe visual impairment of about 
25 %, from 10,000 newly registered blind in 
2010 to 12,500 in 2030 for Germany (Finger 
et al.  2011a  ) . In 2030, the female popula-
tion will exceed the male population by about 
four  million in Germany, of whom more than 
two million will be  ³ 80 years. Amongst those, 
the incidence rates of AMD and DED will be 
more than four times higher in females com-
pared to males, and incidence rates of glaucoma 
will be more than two times higher in females. 
In total, in 2030, the incidence of severe visual 
impairment and blindness will be more than 
twice as high in women than for men, which 
is an increase of about 32 % in the incidence 
of blindness in women compared to 2010, 
whereas the incidence in men is expected to 
increase much less over the next 20 years (by 
20 %) (Finger et al.  2011a  ) . 

 Projections for Australia show a fourfold 
risk of severe visual impairment for women 
aged 50 and older compared to men (Foran et al. 
 2000  ) . Projections for vision-threatening dia-
betic retinopathy for the United States for 2050 
predict a threefold increase, mostly in persons 
aged 65 and older (Saaddine et al.  2008  ) . Based 
on our data, the incidence of blinding diabetic 
eye disease is expected to increase by 20 % until 
2030. The increase will be mostly in those aged 
60–79 years. 

 The advent of anti-VEGF therapy for an 
increasing number of potentially blinding dis-
eases such as neovascular AMD, venous reti-
nal occlusions and diabetic macular oedema 
will certainly impact the magnitude of inci-
dent visual impairment and blindness over the 
coming decades. It has been estimated that 
ranibizumab treatment for newly diagnosed 
neovascular AMD could lead to a reduction 
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of up to 72 % of incident legal blindness asso-
ciated with neovascular AMD among non-
Hispanic whites in the USA (Bressler et al. 
 2011  ) . However, other estimates based on UK 
data have demonstrated the anticipated strong 
demographic ageing effect to outweigh the 
bene fi cial effects of anti-VEGF therapy by 
2020 (Minassian et al.  2011  ) . Cases with sight 
loss due to neovascular AMD are projected 
to increase from 145,697 in 2010 to 189,890 
in 2020 despite available anti-VEGF therapy 
(Minassian et al.  2011  ) . 

 However, a number of factors besides demo-
graphic ageing play a considerable role in deter-
mining trends in incident visual impairment and 
blindness. Indicative of this is the shift of main 
causes of blindness reported for Germany’s 
largest blind register from 1978 till 2006 earlier, 
where new therapies and an improved access to 
and provision of services as well as better health 
of the population may have led to less visual 
impairment. Globally, a trend towards a reduc-
tion of visual impairment in particular in older 
age groups has been reported, due to increased 
socioeconomic development as well as direct 
investments of governments into prevention and 
treatment of visual impairment, in particular in 
low- and middle-income countries (Pascolini 
and Mariotti  2012  ) . Posterior segment disease, 
which is the most common cause for visual 
impairment and blindness in high-income coun-
tries, is becoming increasingly important glob-
ally as a major cause of visual impairment, with 
the current estimates for the proportions of 
visual impairment caused by age-related macu-
lar degeneration, glaucoma and diabetic retin-
opathy exceeding infective causes such as 
trachoma and corneal opacities (Pascolini and 
Mariotti  2012  ) . 

 In high-income countries, however, available 
data points towards a possible reduction in the 
number of new cases of AMD. A reduction of the 
prevalence of age-related macular degeneration, 
based on the National Health and Nutrition 
Examination Survey, from 9.4 (1998–1994 sur-
vey) to 6.5 % (2005–2008 survey) has recently 

been reported for the USA (Klein et al.  2011  ) . 
Furthermore, new data from the 2003 to 2005 
BDES demonstrated a lower incidence of early 
AMD in more recent birth cohorts, suggesting a 
birth cohort effect which peaked and is now in 
decline (Huang et al.  2003 ; Klein et al.  2008  ) . 

 Our own data from Germany based on blind 
registrations from 1997 to 2006 and national dis-
ability statistics from 1987 to 2005 for a de fi ned 
geographical region (Northrhine) indicate an ini-
tial increase in the number of blind persons until 
1998, with a subsequent stabilization despite the 
increasingly ageing population. The prevalence 
of blindness in Northrhine increased from 1978 
to 1997 (115–165.6/100,000) before it stabilized 
in 2006 (163.1/100,000). This trend was re fl ected 
by the SBS data for blindness and visual impair-
ment (392–372, per 100,000 in 1987 and 2005, 
respectively). Standardized prevalence rates for 
Germany showed a continuous, slight reduction 
for blindness and visual impairment from 1987 to 
2006 regardless of which reference population 
(German population of 1987, 2010, 2030) was 
chosen in order to eliminate ageing effects over 
time. Thus, it emphasizes a slight trend towards a 
stabilization of the number of blind and severely 
visually impaired persons in Germany (Fig.  3.3 ). 
This may be due to improvements in ophthalmic 
as well as general healthcare and improved health 
status of the population. However, the reasons for 
this observed slight decrease remain elusive, and 
only large, population-based prospective studies 
will shed light on this.   

    3.4   Summary 

 An estimated 2.32 million blind and 6.18 million 
visually impaired older and elderly persons (older 
than 40 years) live in high-income countries, 
based on the population  fi gures in 2000 and the 
de fi nition of blindness of  £ 20/200 and visual 
impairment  £ 20/40 best-corrected visual acuity in 
the better seeing eye. Main causes of blindness 
and visual impairment vary by country and race. 
For white persons, blindness is mostly caused by 
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AMD, followed by glaucoma and diabetic eye 
disease. In black persons, blindness is mainly 
caused by cataract and glaucoma. In Hispanic per-
sons, the main causes are glaucoma, and to a lesser 
extent, AMD, cataract and diabetic eye disease. 
Visual impairment is mostly caused by cataract 
irrespective of race. Current projections estimate 
between 5 and 25 % of an elderly population will 
develop visual impairment and 1–4 % severe 
visual impairment or blindness over a 5–15-year 
period, with age being the most signi fi cant risk 
factor. Based on demographic trends, a consider-
able increase in the number of visually impaired 
and blind elderly is to be expected. However, 
recent studies have shown a decreasing prevalence 
of AMD in the USA as well as a stabilization of 
new cases of registered blindness in Germany 
which give rise to the hope that – despite the ever 

ageing populations – the amount of incident blind-
ness and visual impairment will remain at its cur-
rent level. This would mean that we have a realistic 
chance to address and alleviate this considerable 
burden by research efforts and appropriate service 
provision in the future.      
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  Abbreviations  

  AMD     Aging macula disorder age-related 
macular degeneration, all types   

  AREDS    Age-related eye disease study   
  AV    Arteriovenous   
  AVR    Arteriovenous ratio   
  BP    Blood pressure   
  CaV    Cardiovascular   
  CaVD    Cardiovascular disease   
  CDR    Cup-to-disc ratio   
  CeVD    Cerebrovascular disease   
  CI    95 % con fi dence interval   
  CHD    Coronary heart disease   
  dAMD     Dry late AMD similar as geographic 

atrophy   
  eAMD    Early AMD   
  GON    Glaucomatous optic neuropathy   
  GVFL    Glaucomatous visual  fi eld loss   
  HR    Hazard ratio   
  HT    Hypertensive   

  htOAG    Hypertensive OAG   
  IOP    Intraocular pressure   
  lAMD     Late AMD includes dAMD and wAMD   
  NT    Normotensive   
  ntOAG    Normotensive OAG   
  OAG    Open-angle glaucoma   
  OHT    Ocular hypertension   
  OR    Odds ratio   
  PeP    Perfusion pressure   
  POAG    Primary open-angle glaucoma   
  PSC    Posterior subcapsular cataract   
  PuP    Pulse pressure   
  RCT    Randomized clinical trial   
  RR    Relative risk   
  VCDR    Vertical cup-to-disc ratio   
  VF    Visual  fi eld   
  VFL    Visual  fi eld loss   
  wAMD    Wet (neovascular) late AMD     

        4.1   Introduction    

 “Risk” factors as mentioned in the title should 
refer to factors that have been found to increase 
the probability of acquiring a disorder. Risk fac-
tors do not automatically imply causality which 
can be demonstrated by aging: it is a risk factor for 
the three disorders in the title, but it is not the cause 
of these disorders. Causality can be assumed by 
the weight of evidence from a number of studies 
including strength, consistency, speci fi city, tem-
porality, biologic gradient, plausibility, coherence, 
analogy, and experimental evidence (Hill  1965 ), 
but causality is never de fi nite. “Even the most 
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 careful and detailed mechanistic dissection of indi-
vidual events cannot provide more than associa-
tions, albeit at a  fi ner level” (Rothmann  1998 ). One 
epidemiological design to establish causality is a 
clinical trial in which we rely on randomization to 
balance treated or exposed groups and non-treated 
or non-exposed groups. A clinical trial, however, 
may have more problems obtaining well-balanced 
controls, and in case of diseased persons, its results 
are not necessarily applicable to the general popu-
lation. In general, control persons in clinical trials 
will be healthier than the normal population and 
that also may make their results less generaliz-
able to the target population. This holds also for 
case control studies that tend to compare the very 
ill with the very healthy ones. Prospective studies 
that follow groups with speci fi c risk factors for 
incidence of disease can also be powerful because 
of the temporality. However, population-based 
studies which follow groups over time may suffer 
from loss to follow-up or a lack of power when 
the disease of interest is relatively rare, but their 
advantage above clinic-based case–control studies 
is that the selection of controls from a population 
is often less biased. Also it should be kept in mind 
that access to clinical care may vary widely world-
wide and that clinic-based study results may not 
be applicable to other populations. In one recent 
population-based study from the USA, for exam-
ple, about 60 % of the participants had no health 
insurance (Choudhury et al.  2011  ) . Even within 
a Canadian clinic, poorer patients declined more 
expensive treatment (Chew et al.  2005  ) . 

 There are an increasing number of tools to test 
the validity of conclusions in medical articles. 
In treatment ef fi cacy and safety, one considers a 
meta-analysis of multiple, validly performed, ran-
domized clinical trials (RCTs) as one of the highest 
levels of evidence, but these criteria are not always 
applicable to observational studies, as shown 
below. Risk factors are often derived from observa-
tional studies, and the Strengthening the Reporting 
of Observational studies in Epidemiology 
(STROBE) group made a checklist of 22 items 
used in case–control, cross- sectional, and cohort 
studies (Vandenbroucke et al.  2007  ) . Among these 
22 items are, for example, prespeci fi ed hypothe-
ses, key elements of study designs, sources of bias, 

nonparticipation, and loss to follow-up. There is a 
wide range of risk factors for the disorders to be 
discussed in this chapter, but there is also a wide 
variation in the level of evidence for such factors. 
Without claiming completeness, Table  4.1  pro-
vides the reader with an idea of the strength of evi-
dence of risk factors.  

 Cataracts, primary open-angle glaucoma 
(POAG) and, less frequently, ageing macula dis-
order (AMD) are categorized into primary and 
secondary forms. “Primary” often implies that 
we do not know the cause, and one could argue 
that once a cause is established, the disorder is 
not “primary” anymore. This is not absolute, 
because we know, for example, that aging or 
diabetes mellitus are associated with cataracts 
without knowing their exact pathophysiological 
mechanisms. 

 Around 1970, authors rightly decided to get rid 
of the term “senile” for aging cataract and macu-
lar degeneration, but instead of “aging,” implying 
older age, they used the term “age-related” that 
can also be congenital or juvenile (Straub  1969 ; 
Sunness et al.  1985  ) . For that and other reasons (de 
Jong  2011  ) , I prefer “aging cataract” and “aging 
macula disorder” (AMD) over “senile” or “age-
related cataract” and “age-related macular degen-
eration,” the latter being one and the same as aging 
macula disorder and therefore has exactly the 
same acronym: AMD. Cataract and macula disor-
der in the elderly would be better but would create 
completely new acronyms and I had to bow for the 
editors. The reader will see that all three disorders 
AMD, cataract, and POAG suffer from a lack of 
international classi fi cation or even standardization 
of de fi nitions, thus hampering comparisons.  

    4.2   Risk Factors for Cataract 

 Our classic handbooks on this subject (Duke-Elder 
 1964 ; Tasman and Jaeger  1999 ) list around 500 
items in the section on cataracts describing nearly 
75 different morphological types and around 200 
different causes of cataracts. These were collected 
from publications by often astute and meticulous 
researchers, sometimes in extreme circumstances 
like world wars. Many of these past articles  probably 
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would show defects according to the STROBE cri-
teria and therefore should be classi fi ed as level III 
evidence, but that does not always deprive them of 
their value. For instance, how can we prove nowa-
days with consent from the ethics committee that 
lightning or electrocution causes cataract (Duke-
Elder  1964 )? These handbooks draw attention to 
differences in epidemiological and ophthalmo-
logical thinking. It will be nearly impossible in a 
large population-based cohort study to exclude 
200 different causes of cataract in each participant. 
Thus they might all be classi fi ed as aging cataracts, 
losing quite some speci fi c information on etiol-
ogy. Another epidemiological hurdle is that there 
is essentially no universal de fi nition of cataract. 
Nearly every newborn baby has some lens opac-
ity with an embryological, a fetal and, sometimes, 
the beginning of an infantile nucleus, and so has 
cataracts according to the Framingham Eye Study 
de fi nition: “A cataract is any opacity in the crys-
talline lens of the eye” (Leibowitz et al.  1980  ) . 
Epidemiologically this may be correct, but pre-
cisely at which point an opacity becomes a clinical 
cataract is uncertain. Even more so when cataract 
surgeons become more and more eager to  fi nd indi-
cations for surgery. Thus risk factors for cataract 
surgery as an endpoint of cataract seem tricky to 

study (Chang et al.  2011  )  when these indications 
are not speci fi cally mentioned as is the case in most 
publications. Clinically, cataract may be de fi ned as 
a lens opacity or clouding that, after exclusion of 
other causes for visual loss, hampers the patient’s 
visual function in such a way that it hinders her 
or him from performing desired tasks. It may be 
clear that this is quite a subjective criterion. The 
patient should be the one, after hearing the pros 
and cons of surgery, to decide if the moment has 
come for an intervention. This clinical de fi nition, 
however, is hard to apply to the epidemiological 
search for risk factors. Thus the 75 morphological 
types of cataract are reduced to a small number, 
according to different grading systems (Leibowitz 
et al.  1980 ; Sparrow et al.  1986 ; West and Taylor 
 1986 ; Chylack et al.  1988 ; Hockwin  1994 ; Chew 
et al.  2010  ) . Frequently, this simpli fi cation leads to 
a division in nuclear, posterior subcortical (PSC), 
cortical, or mixed cataracts, with each two to  fi ve 
grades per subdivision. It will be clear that this 
simpli fi cation, though necessary when comparing 
thousands of eyes, discards valuable information. 
These different grading systems in various studies 
are another source of confusion in assessing risk 
factors and might account for the often contradic-
tory results. 

   Table 4.1    Quality of risk factor studies and according levels of evidence or conclusions   

 Based on  Level of evidence 

 Systematic review/meta-analysis of at least two studies meeting criteria a to k  I 
 Prospective cohort study with  I When based on several indepen-

dent studies with consistent results 
 II When based on only one study 

 (a) Suf fi cient sample size 
 (b) In a representative population 
 (c) Clear de fi nition of inclusion/exclusion criteria or cases/controls 
 (d) Clearly de fi ned primary outcomes 
 (e) Clearly given comparison of baseline characteristics between groups 
 (f) Adequate control for confounding 
 (g) No selective follow-up 
 (h)  Suf fi cient follow-up time, related to natural history of disorder under study 
 (i)  Adequate accounting for loss to follow-up with numbers suf fi ciently 

limited to have minimal potential for bias 
 (j) Masked outcome assessment 
 (k) Adequate statistics 
 Study lacking two or more criteria a to k OR retrospective cohort study OR 
case–control study meeting criteria a to k, where appropriate 

   II When based on two studies 
 III When based on one 

  Studies with no control group, OR case reports, OR expert opinions not 
clearly based on I or II 

 III 
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 As mentioned, cataracts will be divided into 
primary and secondary cataracts, the latter often 
clinically termed as “complicated cataract.” Once 
we  fi nd a risk factor for cataract, for example, dia-
betes mellitus or smoking, the exact cause of the 
cataract may still elude us, and so risk factors and 
causes may in this context be two different items. 

 Examples of the easier to de fi ne secondary cata-
racts are cataracts due to chemical or physical 
trauma, multiorgan syndromes, in fl ammation, or 
metabolic disturbances (Table  4.2 ). However, the 
majority of those will not be discussed in detail in 
this chapter. This paragraph on risk factors will be 
con fi ned to primary cataract (of unknown origin) in 
persons or populations over the age of 40 years.  

    4.2.1   Risk Factors: Evidence Level I 

    4.2.1.1   Age 
 We have known for millennia that age is a risk 
factor. Nevertheless, many papers still mention 

this nowadays (Leibowitz et al.  1980 ; Hodge 
et al.  1995 ; Chang et al.  2011 ; Waudby et al. 
 2011  ) . The prevalence of cataract is 2.35 % 
between age 40 and 49 years and 74 % over age 
80 (Congdon et al.  2004  )  in white populations. In 
India, the prevalence of any cataract rose from 
about 50 % below age 65 to 90 % above age 70 
(Vashist et al.  2011  ) .   

    4.2.2   Risk Factors: Evidence Level II 

    4.2.2.1   Gender 
 In seven studies including black, Hispanic, and 
white populations, the prevalence of cataracts in 
females varied between 53.3 and 61.1 % and in 
males between 38.9 and 46.7 % (Congdon et al. 
 2004  ) . Also in India and Asia, women had a 
higher prevalence (Vashist et al.  2011  ) . So, 
roughly estimated the prevalence of cataracts is 
15 % higher in women than in men (West and 
Valmadrid  1995  ) .  

   Table 4.2    Examples of secondary or complicated cataract   

 Cause  Examples  Subgroups/examples 

 In fl ammation  Uveitis  Juvenile rheumatoid arthritis 
 Bacterial/viral infection  Herpes zoster 
 Following angle-closure glaucoma  “Glaukom fl ecken” 

 Metabolic disturbances  Anorexia nervosa 
 Diabetes mellitus 
 Galactosemia 

 Multiorgan/system syndromes  Alport syndrome 
 Mongolism 
 Myotonic dystrophy 
 Raynaud’s disease 
 Refsum syndrome 

 Trauma 
  Chemical  Acid or lye burns 

 Medicine use  Corticosteroids 
 Cobalt, gold, mercury, silver 

  Physical  Perforation of eye 
 Contusion of eye 
 Irradiation  Ionizing 

 UV 
 Infrared 

 Electroshock; lightning 
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    4.2.2.2   Geography 
 Most studies agree that the prevalence of cat-
aracts is higher in tropical areas with lower 
latitudes and in higher altitudes (Hollows 
and Moran  1981 ; Leske and Sperduto  1983 ; 
Brilliant et al.  1983 ; Javitt and Taylor  1994 ; 
Sasaki and Kojima  1994 ; West and Valmadrid 
 1995 ; Sapkota et al.  2010  ) . These differences, 
however, can also be due to genetics, hygiene, 
UV radiation at different latitudes, nutrition, 
toxic factors like cooking fuel, and many more 
factors. Around age 60, the prevalence of cata-
ract in India is higher than in white populations, 
but around age 80 these prevalences are similar 
(Vashist et al.  2011  ) .  

    4.2.2.3   Light Exposure (Elevated) 
 It is clear that there may be quite some over-
lap between this risk factor and the geographi-
cal one (see also remarks on light exposure in 
the AMD section). Nevertheless, in addition to 
the articles mentioned in the geography para-
graph, there seems to be suf fi cient evidence to 
consider ultraviolet A and especially B as risk 
factors (Taylor et al.  1992 ; Hodge et al.  1995 ; 
Italian-American Cataract Study Group  1991 ; 
West et al.  1998  ) . Galactic cosmic space radia-
tion could increase cortical cataracts (Chylack 
et al.  2009  ) . In Reykjavik, Scheimp fl ug images 
were taken, and light exposure was not a risk 
factor for nuclear cataracts (Arnarsson et al. 
 2002  ) .  

    4.2.2.4   Smoking 
 Some early studies claiming smoking as a 
risk factor for cataract (Christen et al.  1992 ; 
Hankinson et al.  1992  )  were based on retrospec-
tive self-reported data. There exist, however, 
cross-sectional or longitudinal studies that point 
to smoking as a risk factor for nuclear cataract 
(Flaye et al.  1989 ; West et al.  1989a ; Arnarsson 
et al.  2002 ; Tan et al.  2008b  ) , all types of cata-
ract (Krishnaiah et al.  2005b ; Wu et al.  2010  )  
or cataract extraction (Krishnaiah et al.  2005b ; 
Lindblad et al.  2005  ) , encompassing various 
ethnic groups.   

    4.2.3   Risk Factors: Evidence Level III 
or Lower 

    4.2.3.1   Alcohol Intake (Elevated) 
 Clinic-based case–control studies from the UK 
and the USA mentioned that heavy alcohol inges-
tion was associated with cataracts, with a sugges-
tion of a J-shaped curve, which means that 
moderate ingestion might be protective (West 
and Valmadrid  1995  ) . A population-based preva-
lence study found similar associations (Ritter 
et al.  1993  )  especially for consumption of more 
than four alcohol units a day (Klein and Klein 
 2007  ) . Other studies could not corroborate this 
(Hodge et al.  1995 ; Wang et al.  2008  ) . Alcohol 
and smoking often went hand in hand, and one 
should keep in mind that both are based on his-
tory data. The overall picture seems to be that 
alcohol has a minor in fl uence, if any, on cataract 
formation (Wang et al.  2008  ) .  

    4.2.3.2   Antioxidant Levels (Reduced), 
Nutrients, and Vitamin 
Supplements 

 There is disputed evidence as to whether nutri-
ents play a role in the formation of aging cata-
racts, and if so, which nutrients are the important 
ones. Often an association with only nuclear 
sclerosis or PSCs was found, and natural diet and 
supplements were intermingled in the analyses 
(Hodge et al.  1995  ) . Multivitamin supplements 
decreased the prevalence of nuclear cataracts 
(Sperduto et al.  1993 ; Chang et al.  2011  ) , and 
antioxidants seem to reduce the prevalence of 
cataract (West and Valmadrid  1995 ; Karppi 
et al.  2012  ) . In AREDS, it was found in a RCT 
that antioxidants (vitamins C and E, beta-car-
otene) had no effects on risk or development 
of cataracts (Age-Related Eye Disease Study 
Research Group  2001  ) . In a very detailed review 
on nutrients and supplements, the evidence for 
protection against cataracts does not appear to 
be convincing (Chiu and Taylor  2007  ) , but in an 
Indian vitamin C-depleted population, there was 
an inverse association between vitamin C and 
cataract (Ravindran et al.  2011a  ) . One should 
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keep in mind that serum vitamin C levels are 
lower in Indian than in Western populations 
(Ravindran et al.  2011b  ) .  

    4.2.3.3   Body Mass Index (BMI) (High) 
 It is stated that both a low BMI (Athanasiov et al. 
 2008  )  especially in malnourished populations and 
a high BMI is associated with nuclear cataracts 
(Lim et al.  2009  )  in Asian populations. Another 
population-based longitudinal study found an 
increased risk of cortical cataracts and PSCs in 
persons with a high BMI (Younan et al.  2003  ) .  

    4.2.3.4   Cardiovascular Disease 
 Cataracts were associated with systemic hyper-
tension (Kahn et al.  1977  ) , but the subsequently 
reviewed literature was inconclusive (West and 
Valmadrid  1995  ) . A longitudinal study found that 
hypertensive patients had an odds ratio (OR) of 
3.4 for PSCs and more cataract surgery was per-
formed on participants with a history of angina 
(Younan et al.  2003  ) . Concerns might be raised 
that there could be confounding by indication 
through cataract-causing antihypertensive drugs. 
Also surgeons might be inclined to operate ear-
lier on angina patients before the cardiac risk 
becomes too high for such a procedure.  

    4.2.3.5   Educational Status (Low) 
 Higher education in general is associated with a 
higher socioeconomic status as well as a health-
ier lifestyle with regard to food intake, smoking, 
and access to health services (Kahn et al.  1977 ; 
West and Valmadrid  1995 ; Chang et al.  2011  ) . 
Most studies  fi nd that higher education is associ-
ated with less cataract (Xu et al.  2010 ; Wu et al. 
 2010  ) .  

    4.2.3.6   Ethnicity 
 Aborigines have more cataracts than non-Aborigines 
(Hollows and Moran  1981  ) . The population-
based Barbados study showed a higher incidence 
of cataracts in blacks than whites (Leske et al. 
 2004  )  as did a clinic-based study with only 4 % 
black participants (Chang et al.  2011  ) . The same 
dif fi culties in ascertaining causality in the case of 
education, geography, light exposure, and nutri-
tion may apply here (West et al.  1998  ) .  

    4.2.3.7   Genetics 
 As is common nowadays, aging cataracts are 
considered to be a multifactorial disease. Contrary 
to congenital and familial or syndromal cataracts, 
hardly any of the genes are known. Two recent 
reviews highlight our present state of knowledge 
(San fi lippo et al.  2010 ; Shiels et al.  2010  ) . In a 
female twin study on nuclear cataracts, the vari-
ance in expression was in 48 % determined by 
genetics, in 38 % by age, and in 14 % by environ-
ment (Hammond et al.  2000  ) . The prevalence of 
cortical cataracts was similar for monozygotic 
and dizygotic twins, and although there were 
marked differences between clinical and digitized 
gradings, the genetic in fl uence was estimated to 
be 45 %, the environmental one 30 %, and that of 
age 14 % (Hammond et al.  2001  )  although twin 
studies might overestimate these risks.  

    4.2.3.8   Hormone Replacement Therapy 
(HRT) 

 The literature on HRT and cataracts is controver-
sial. Cross-sectional studies suggested a protec-
tive effect, but longitudinal studies did not (Klein 
et al.  2000 ; Freeman et al.  2004 ; Younan et al. 
 2003 ; Kanthan et al.  2010  ) . One study mentioned 
a higher risk for cataract surgery in women using 
HRT at any time (Lindblad et al.  2005  ) . A main 
concern for papers with cataract surgery as an 
outcome is the continuously changing indications 
for cataract surgery in high-volume cataract clin-
ics. In underdeveloped countries, it may be the 
other way round – people who need surgery do 
not get it. Surgery in that situation might depend 
more on suf fi cient means for transport, care, and 
surgery fees.  

    4.2.3.9   Refraction 
 For many years, it was the conventional wisdom 
of clinicians that myopic eyes develop nuclear 
cataracts at an earlier age than emmetropic or 
hyperopic eyes. This concept seems too simple. 
Most eyes undergo a hyperopic shift until the 
age of 65 or 70 years and after that a myopic 
shift. This holds true for different ethnicities 
(Lee et al.  1999 ; Guzowski et al.  2003 ; Wu et al. 
 2005 ; Fotedar et al.  2008  ) . The more nuclear 
cataract was present at baseline (around age 40 
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years), the higher the myopic shift after 5 years 
(Lee et al.  1999  ) .    

    4.3   Risk Factors for Aging 
Macula Disorder (AMD) 

 As with cataracts, there are different classi fi cation 
or grading systems for AMD. Most of them stick 
to an arbitrary age limit of 40 years or older for 
the patient or the participant in a study and the 
obligatory presence of drusen. Drusen are white, 
well-demarcated dots in the retina and may be 
small (<63  m m) to large ( ³ 125  m m) in size when 
seen with a certain standard magni fi cation on 
fundus color transparencies or digitized images. 
There is also a tendency to separate AMD into 
early AMD (eAMD) and late AMD (lAMD). 
Often eAMD is subdivided in two to three mutu-
ally exclusive classes, characterized by increasing 
numbers and sizes of drusen and the presence of 
hyperpigmented or hypopigmented spots in the 
retina or its pigment epithelium (van Leeuwen 
 2003b ). Usually the person with eAMD has no 
or few visual complaints. Commonly, lAMD is 
subdivided in a dry form (dAMD), also called 
geographic atrophy, and a wet (wAMD) or neo-
vascular form. dAMD is considered to be the 
result of dying retinal pigment epithelial cells 
with subsequent photoreceptor cell loss, lead-
ing to gradual vision loss. On the other hand, 
wAMD originates from subretinal neovascular 
membranes with subsequent hemorrhages and 
scar tissue formation in the center of the retina; 
it can lead to visual loss in a few weeks or even 
overnight. In this chapter, the term AMD refers to 
all types of AMD. 

 At present, most epidemiological studies 
exclude certain retinal abnormalities to reach a 
diagnosis of AMD and do not use visual acuity in 
an eye as a diagnostic criterion for AMD. We 
have to keep in mind that AMD is always a diag-
nosis by exclusion of others, and this may be 
another misclassi fi cation pitfall, especially in ret-
rospective studies, because several different end-
stage retinal disorders resemble each other. 
Table  4.3  provides the most common disorders 
that may mimic AMD.  

    4.3.1   Risk Factors: Evidence Level I 

    4.3.1.1   Aging 
 By de fi nition, age is a risk factor for AMD. The 
estimated prevalence of drusen  ³ 125  m m goes 
from 2.6 % at age 50 years to 27.5 % above age 80 
years. For dAMD, this goes from 0.13 to 8 % and 
for wAMD from 0.18 to 9.5 %. For any lAMD, 
these  fi gures rise from 0.27 to 13.6 % (Friedman 
et al.  2004a  ) . A recent meta-analysis on 17,236 
lAMD cases con fi rmed age as a risk factor in all 
studies (Chakravarthy et al.  2010  ) . The OR for 
AMD rose with 4.2 (95 % CI 3.8–4.6) per decade 
(Rudnicka et al.  2012  ) .  

    4.3.1.2   Cataract Surgery 
 It remains questionable whether or not cataract 
surgery elevates the long-term risk of lAMD in 
patients with no AMD or only eAMD by what-
ever mechanism, light exposure, or surgical 
trauma (van der Schaft et al.  1994 ). Thus perhaps 
this should be evidence level II. Two publications 
stated that there was no conclusive evidence and 
that a RCT was indicated (Smith et al.  2005 ; Patel 
 2007  ) . Because no such trials were performed, a 
recent Cochrane review concluded: “At this time, 
it is not possible to draw reliable conclusions 
from the available data to determine whether cat-
aract surgery is bene fi cial or harmful in people 
with AMD” (Casparis et al.  2009  ) . Nevertheless, 
several prospective population-based studies 
found increased ORs up to 3.8 of late AMD after 
cataract surgery (Freeman et al.  2003 ; Krishnaiah 
et al.  2005a ; Cugati et al.  2006 ; Ho et al.  2008 ; 
Fraser-Bell et al.  2010 ; Choudhury et al.  2011  ) . A 
large meta-analysis of prospective cohort studies 
found that cataract surgery is a strong risk factor 
for wAMD (relative risk (RR) 3.05; 2.05–4.55) 
(Chakravarthy et al.  2010  ) .  

    4.3.1.3   Smoking 
 Smoking is one of the best documented risk 
factors for AMD (Chakravarthy et al.  2010 ; 
Krishnaiah et al.  2005a  )  since it was  fi rst dem-
onstrated in a clinic-based case–control study 
that smokers developed AMD on average 7 
years earlier than nonsmokers (Paetkau et al. 
 1978  ) . Smoking    as a risk factor was found in 
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similar studies in white (Hyman et al.  1983  )  and 
Japanese persons (Tamakoshi et al.  1997  )  and 
also in twin studies (Seddon et al.  2006  ).  Also 
in prevalence studies in Australia (McCarty et al. 
 2001  ) , China (Yang et al.  2011  ) , Europe (Vinding 
et al.  1992  ) , and India (Krishnaiah et al.  2005a  )  
and in Latinos (Fraser-Bell et al.  2008  )  and South 
Asians (Cackett et al.  2008  ) . Finally, it was best 
documented in population-based cohort studies 
in Australia (Mitchell et al.  2002b  )  and Europe 
(van Leeuwen et al.  2003b  )  and in white people 
(Klein et al.  2002  )  although only for eAMD, and 
Latinos (Choudhury et al.  2011  )  in the USA, as 
well as in pooled data from these studies (Tomany 
et al.  2004  ) .   

    4.3.2   Risk Factors: Evidence Level II 

    4.3.2.1   Body Mass Index (BMI) (Elevated) 
 A recent review concluded that there is con-
siderable evidence for an association between 
high BMI and AMD. The different associations 
with various types of AMD remain to be deter-
mined (Cheung and Wong  2007  ) . Data from a 
RCT gave an OR 1.05 (95 % con fi dence interval 
(CI) 1.001–1.10) per 1 kg/m 2  rise in BMI (Klein 
et al.  2007a  ) . There is hope for obese people. A 
decrease in waist-to-hip ratio of 3 % or more 
resulted, in a population-based cohort followed 
for 6 years, in lower odds for any AMD. Those 
losing 3 % waist-to-hip ratio had a 29 % drop in 

   Table 4.3    Examples of retinal disorders mimicking early or late AMD to be excluded before a de fi nition of AMD can 
be made   

 Mimicking  Causes/examples  Subgroups 

 Early AMD  Asteroid hyalosis 
 Circinate retinopathy 
 Diabetic exudates 
 Hypertension 
 Kidney disorders 
 Hyperpigmentations  Medicine induced 

 Systemic hypertension 
 Infections  Disseminated choroiditis, 

sarcoid, tbc, histoplasmosis 
 Punctate inner choroidopathy 
 Retinitis punctata albescens 
 Stargardt disease 
 Telangiectasia 

 Late dry AMD  Areolar macula dystrophy 
 Coloboma (congenital) 
 Cone dystrophy 
 Maternally inherited diabetes and deafness 
 Myopia 
 Infections  Zoster retinitis, toxoplasmosis 

 Toxocara 
 Trauma  Eclipse retinopathy 

 Photo/cryocoagulation/radiation 
 Late wet AMD  Angioid streaks 

 Choristoma 
 Disciform reaction in any retinal scar 
 Haemangioma 
 Infection  Presumed histoplasmosis 
 Metastatic disorders  Breast carcinoma 
 Trauma; choroidal rupture 
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odds, and the obese ones who were in the bottom 
decile of waist-to-hip ratio change dropped 59 %. 
Unfortunately, only 2 % of the obese reached this 
bottom decile (Peeters et al.  2008  ) .  

    4.3.2.2   Family History (Positive) 
 Both in a clinic-based case–control study (Hyman 
et al.  1983  )  and a population-based cohort study 
(Klaver et al.  1998  ) , a positive family history is a 
risk factor for AMD. More details will be pro-
vided in Chap.   5    .  

    4.3.2.3    w -3 Fatty Acids (Reduced) or 
Limited (Oily) Fish Ingestion 

 One of the  fi rst studies mentioning an inverse 
association between  fi sh intake and AMD was 
based on small numbers (0.6 % of the cohort) 
and retrospective AMD data with a visual cri-
terion  £ 20/30 within the de fi nition of AMD 
(Cho et al.  2001  ) . A prospective study saw a just 
signi fi cant reduction of lAMD with an OR 0.25 
for those who consume  fi sh at least three times a 
week (Chua et al.  2006  ) . After 10-year follow-
up, the same group found that one  fi sh serving 
per week reduced the risk of eAMD (RR 0.69) 
in people with below-median linoleic acid con-
sumption (Tan et al.  2009  ) . One concern is that 
two or more  fi sh servings failed to do so and that 
intake of nuts showed a similar pattern in that 
study. Furthermore, lAMD was not mentioned in 
the 10-year report. In a cross-sectional popula-
tion-based study, eating oily  fi sh at least once a 
week halved the risk of wAMD (Augood et al. 
 2008  ) . Similar protective effects were found in 
prospective population-based studies in combina-
tion with some genotypes (Wang et al.  2009  )  and 
various other genetic variants (Ho et al.  2011  ) . 
A meta-analysis found a reduced risk of lAMD 
in high dietary intake of  w -3 fatty acids or twice 
a week  fi sh intake but concluded that there was 
insuf fi cient evidence to support these as factors 
in AMD prevention (Chong et al.  2008b  ) .  

    4.3.2.4   Refraction: Hyperopia 
 Since clinical case–control (Maltzman et al.  1979 ; 
Hyman et al.  1983  )  and most cross- sectional 
population-based studies (Kahn et al.  1977 ; 
Goldberg et al.  1988 ; Wang et al.  1998  )  linked 

hyperopia with AMD, this was also con fi rmed 
for shorter axial length (Lavanya et al.  2010  ) . 
One population-based study could not con fi rm 
this (Klein et al.  1998  )  nor could its follow-up 
(Wong et al.  2002  ) . Another longitudinal popu-
lation-based study could not con fi rm their cross-
sectional  fi nding that hyperopia was a risk factor 
for eAMD (Wang et al.  2004  ) . Yet another popu-
lation-based study found that hyperopia was asso-
ciated with both prevalent and incident AMD; the 
risk of AMD increased after 5 years per diopter 
of hyperopia by 5 % (Ikram et al.  2003  ) . 

 Obviously, there is a huge difference in cross-
sectional and follow-up studies, and it is also 
clear that longitudinal studies do not always 
seem to provide the  fi nal answer. On the one 
hand, the differences may be explained by power 
problems. On the other hand, naturally chang-
ing refraction since baseline toward hyperopia 
below age 65 years and myopia above that age 
(Fotedar et al.  2008 ; Gudmundsdottir et al.  2005  )  
may be a factor. It seems clear that there is an 
increasing risk of AMD with increasing hyperopia 
with crude RRs, going from 0.6 in myopia < 
−3.00 diopters (D) and 0.3 from −1.00 to −3.00 
D, to 2.5 for hyperopia from +1.00 to +2.25 D, 
and 3.6 for hyperopia over +2.5 D (Wong et al. 
 2002  ) , although the RRs became nonsigni fi cant 
after adjusting for age. The difference between 
this latter study and the one by Ikram may be the 
statistical analysis: Wong used both eyes of a par-
ticipant, while Ikram took the eye with the higher 
level of AMD or, when there was no difference, 
the right eye.   

    4.3.3   Risk Factors: Evidence Level III 
or Lower 

    4.3.3.1   Alcohol Intake (Elevated) 
 The role of alcohol consumption in AMD is a 
matter of dispute. Prospective population-based 
studies found no risk (Boekhoorn et al.  2008  )  or 
even a slightly protective effect (Arnarsson et al. 
 2006  ) , while others found that over four con-
sumptions a day increased the risk of dAMD 
(Knudtson et al.  2007  )  or only eAMD (Chong 
et al.  2008a  ) . In addition, retrospective data from 
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a randomized trial found no marked risk (Ajani 
et al.  1999  )  so that, overall, it seems that alcohol 
is not a signi fi cant risk factor for AMD.  

    4.3.3.2   Arteriovenous (AV) Caliber of 
Retinal Vessels, Arteriovenous 
Ratio (AVR), Focal Narrowing, 
and AV Nicking 

 The AV caliber or their ratio was not associated 
with AMD (Ikram et al.  2005  ) , but AV nicking 
had an OR 2.6 (95 % CI 1.2–5.5) for late AMD 
(Liew et al.  2006  ) ; this could not be con fi rmed in 
another study (Cheung et al.  2011 ; van Leeuwen 
et al.  2003a  ) . Finally, one cross-sectional study 
found an association between wider venular cali-
ber and eAMD (Jeganathan et al.  2008  ) . For the 
time being, AV caliber or the AVR seem not to be 
major risk factors.  

    4.3.3.3   Cardiovascular (CaV-CaVD) 
and Cerebrovascular Disease 
(CeVD) 

 Like the Framingham Eye Study (Kahn et al. 
 1977  ) , a clinic-based case–control study found 
that hypertension is a risk factor for eAMD and 
wAMD as did a population-based cohort study 
(van Leeuwen et al.  2003a  ) . Among Latinos, the 
link with wAMD held only for diastolic but not 
for systolic hypertension; high pulse pressure 
was a risk factor for AMD (van Leeuwen et al. 
 2003a ; Choudhury et al.  2011  ) , while low pulse 
pressure protected against wAMD (Fraser-Bell 
et al.  2008  ) . A clinic-based case–control study 
found that better CaV health was associated 
with prevalent AMD (McCarty et al.  2008  ) . 
Coronary heart disease (CHD) was associated 
with eAMD but not with lAMD (Sun  2012 ). 
Various measures of atherosclerosis were a 
risk for AMD (van Leeuwen et al.  2003a  ) . In a 
meta-analysis, no prospective studies could  fi nd 
hypertension, CaVD, or CeVD to be a risk fac-
tor for AMD, but some case–control studies did 
(Chakravarthy et al.  2010  ) . Conversely, cases 
with AMD had no increased risk of CHD or 
CaVD (Fernandez et al.  2012  ) . One prospective 
population-based study differentiated CeVD 
and found that lAMD was a risk factor for any 
stroke and especially for cerebral hemorrhage 

but not for cerebral infarction (Wieberdink et al. 
 2011  ) . All in all, CaVD nor CeVD seems to be 
a major risk factor.  

    4.3.3.4   Cholesterol, High-Density 
Lipoprotein (Elevated Serum 
Levels) 

 A meta-analysis of  fi ve prospective and six cross-
sectional studies could not  fi nd signi fi cant ORs 
or RRs for serum total or HDL cholesterol levels 
and AMD (Chakravarthy et al.  2010  ) .  

    4.3.3.5   Diabetes Mellitus 
 Diabetes is also a dif fi cult risk factor to study 
because of the many different criteria for its 
diagnosis. These may vary from the many ways 
of obtaining historical data on the presence of 
diabetes to the use of oral treatment or injections 
and to measuring glucose levels in the blood. The 
latter may be performed randomly, after fasting 
overnight or even after a loading test. This hav-
ing said, diabetes was not a risk factor for AMD 
in the pooled analysis of three large population-
based incidence studies on mostly white partici-
pants (Tomany et al.  2004  )  and in a subsequent 
analysis of dAMD (Klein et al.  2008  ) . A bor-
derline signi fi cance was found in blacks (Leske 
et al.  2006  ) .  

    4.3.3.6   Ethnicity 
 In a cross-sectional population-based study, 
eAMD and lAMD were more prevalent in whites 
than blacks (Friedman et al.  1999  )  like in another 
such study (Bressler et al.  2008  )  but for wAMD. 
Estimated prevalence of wAMD was 16 times 
and of dAMD 40 times higher in whites than in 
blacks (Friedman et al.  2004a  ) . However, another 
population-based study in the USA using a non-
mydriatic camera found a lower prevalence of 
eAMD in blacks but no major differences in 
prevalence of lAMD between Asians, blacks, 
Hispanics, or whites (Klein et al.  2006  ) . Only 
Native American ancestry seemed to predis-
pose to dAMD (Fraser-Bell et al.  2005  ) . Another 
study on Hispanics in Arizona found a higher 
prevalence of eAMD but a lower of lAMD than 
in whites (Munoz et al.  2005  ) . The prevalences 
of eAMD seemed to be similar in Japan as in 
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a white Australian population, but lAMD was 
lower among Japanese women (Kawasaki et al. 
 2008  ) . The 9-year incidence of lAMD in Japan 
was lower than among whites and higher than in 
blacks (Yasuda et al.  2009  ) . The same prevalences 
were found in a white rural population as in an 
urban one in Italy (Piermarocchi et al.  2011  ) , and 
there was a similar prevalence in Spain (SEESG 
 2011 ). Rural Chinese had similar prevalences 
as whites for eAMD, but the prevalence was 
lower for lAMD (Yang et al.  2011  ) . There were 
no major differences    in prevalence of lAMD 
between blacks, Chinese Asians, whites, and 
Hispanics (Chakravarthy et al.  2010  )  and Indian 
or Malay populations (Cheung et al.  2012 ).  

    4.3.3.7   Gender, Female Hormones, 
and Hormone Replacement 
Therapy (HRT) 

 Presumed lower prevalences of AMD in women 
led to hypotheses that more years of menstrua-
tion, more children, or longer exposure to HRT 
might protect against AMD. Early menopause 
before age 45 years has a relative risk (RR) of 
1.9 for lAMD (Vingerling et al.  1995  ) . HRT 
protected against wAMD in a clinic-based case–
control study, and having one or more children 
was a risk factor (EDCCSG  1992 ). In a popu-
lation-based 5-year incidence study, HRT had 
no effect (Klein et al.  2000  ) . A cross-sectional 
population-based study and in India found 
that older age at menarche elevated the risk of 
AMD (Nirmalan et al.  2004  ) . In this study, only 
3 % of the women had AMD, and although the 
international classi fi cation was only intended 
for classi fi cation on fundus images (Bird et al. 
 1995  ) , the AMD diagnosis here was reached 
by ophthalmoscopy. In an RCT with estrogens 
or estrogens plus progestin on women aged 65 
years and over, the AMD, prevalence was 21 %, 
but there were only 20 wAMD cases in the 2,635 
taking also progestin. The conclusion was that 
estrogen plus progestin might protect against 
any soft drusen and wAMD (Haan et al.  2006  ) . 
Estrogens mediate their effects through intracel-
lular receptors  ESR1  and  ESR2 . The  ESR1 Pvu II-
 Xha I haplotype 1 had after a mean follow-up up 
of 7.7 years in heterozygous persons a 3.7 higher 

risk of wAMD, and in homozygous persons, this 
was 4.7 (95 % CI 1.62–13.66) (Boekhoorn et al. 
 2007  ) . So HRT seems not to be a major protec-
tive factor against AMD, and genetic combina-
tions may evolve in due course, in combination 
with HRT, to carry a higher risk. A meta-analysis 
found no link between female gender and lAMD 
(Chakravarthy et al.  2010  ) , but there is some evi-
dence that women have a slightly higher risk of 
wAMD (Rudnicka et al.  2012  ) .  

    4.3.3.8   Kidney Function (Reduced) 
 There are some reports on links between reduced 
kidney function and eAMD or wAMD (Liew 
et al.  2008 ; Klein et al.  2009 ; Nitsch et al.  2009 ; 
Weiner et al.  2011 ; Choi et al.  2011  ) . They are 
partially contradictory. Some kidney diseases 
seem to be associated with white  fl ecks in the 
retina (Duvall-Young et al.  1989  ) , and it remains 
questionable whether those  fl ecks may be consid-
ered to be drusen and have led to misclassi fi cation 
of eAMD (Table  4.3 ).  

    4.3.3.9   Light Exposure (Elevated) 
 To con fi rm or deny the in fl uence of light expo-
sure on AMD as in cataract is dif fi cult, if only 
because of the problems involved in obtaining 
reliable information on lifetime exposure, mea-
suring its radiation levels, and changing views on 
retinal phototoxicity (Hunter et al.  2012  ) . There 
is no connection between UVB or blue light and 
AMD (West et al.  1989b ; Fletcher et al.  2008  ) , 
but the latter cross-sectional population-based 
study found signi fi cant links with wAMD in par-
ticipants who also had the lowest quartile of anti-
oxidant serum levels.  

    4.3.3.10   Medicines, Nutrients, 
and Supplements 
(Risk or Protective) 

      Medicines Associated with AMD 
      Statins 
 A cross-sectional study in participants from a 
hospital registry suggested a protective effect of 
statin use (Hall et al.  2001  ) . A cross-sectional 
population-based study found a low number (30) 
of lAMD cases. Angiotensin-converting enzyme 
inhibitors or ever having taken cholesterol- lowering 
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medication elevated their risk of lAMD (McCarty 
et al.  2001  ) . In prospective studies, statin use 
either did not protect (van Leeuwen et al.  2001 ; 
Klein et al.  2007b  )  or only protected against 
eAMD in one study with 7 % statin users and one 
case of lAMD (Tan et al.  2007  ) . Cochrane could 
not  fi nd studies suitable for analysis of statins and 
AMD (Gehlbach et al.  2009  ) .  

      Aspirin 
 In a cross-sectional population-based study, daily 
aspirin intake increased the risk of wAMD (de Jong 
et al.  2012  )  in contrast to earlier RCTs (Christen 
et al.  2001,   2009  ) . This is mentioned here only 
because of the widespread use of aspirin as primary 
and secondary prevention for CaVD and CeVD. 
In the pooled analysis of three population-based 
cohort studies, aspirin was not analyzed because 
less than 2 % of the baseline population mentioned 
aspirin use (Tomany et al.  2004  ) . However, one 
longitudinal population-based study found a HR 
2.2 (CI 1.2–4.15) for nAMD in persons who regu-
larly took aspirin for 10 years (Klein et al.  2012 ) 
and in another study with 15 years follow-up the 
OR for nAMD was 2.46 (1.25–4.83) (Liew et al. 
 2013 ). This warrants caution for aspirin as primary 
prevention of CaVD in persons with any AMD.   

      Antioxidant Intake (Low), 
Carotenoids as Lutein and Zeaxanthin 
 Dietary studies often have a problem of recall 
bias when asking what food people were eating 
over a certain period in the past. That may be 
one reason for controversial outcomes. One pop-
ulation-based cross-sectional study found that 
vitamin A but not vitamin C protected against 
AMD (Goldberg et al.  1988  ) , while a clinic-
based case–control study found the opposite to 
be the case (Seddon et al.  1994  ) . The latter study 
mentioned the carotenoids lutein and zeaxanthin 
as being protective. A population-based cohort 
study mentioned modest protection by provi-
tamin A and vitamin E for eAMD and by zinc 
against pigmentary abnormalities, but had power 
problems to look at lAMD (VandenLangenberg 
et al.  1998  ) . Later similar observational studies 
con fi rmed stronger protective effects of antioxi-
dants on AMD (van Leeuwen et al.  2005 ; Tan 
et al.  2008a  ) , but a review of six of these cohort 

studies could not  fi nd any signi fi cant effect (Ma 
et al.  2012  ) . A RCT found a protective effect 
of antioxidants plus zinc after excluding mild 
eAMD cases (Age-Related Eye Disease Study 
Research Group  2001  )  

 A Cochrane review examined three RCTs with 
alpha-tocopherol and beta-carotene supplements 
and concluded: “There was no evidence that anti-
oxidant vitamin supplementation prevented or 
delayed the onset of AMD” (Evans and Henshaw 
 2009  ) . Another non-US review even mentioned a 
higher mortality risk in those taking supplements 
(Gerding and Thelen  2010  ) .     

    4.4   Risk Factors for Primary 
Open-Angle Glaucoma (POAG) 

 Glaucoma is a collective term for poorly under-
stood disorders in retinal neurons. The neuronal 
cell death results in loss of retinal nerve  fi bers. 
This nerve  fi ber loss may become clinically man-
ifest in red-free retinal images, nerve  fi ber layer 
thinning, increased cupping of the optic nerve 
head leading to a larger (vertical) cup-to-disc 
ratio (VCDR), glaucomatous visual  fi eld loss 
(GVFL) or a combination of these. However, this 
holds more for (primary) open-angle glaucoma 
((P)OAG) than for (acute) angle-closure glau-
coma, the latter being in some parts of the world 
more prevalent than POAG. 

 The classi fi cation of POAG seems to be an 
even greater problem than in AMD or cataract. 
In the same population-based data set, the prev-
alence of POAG rose from 0.6 to 5.8 % (nearly 
ten times higher) in participants aged 80 years 
or over, simply by applying different diagnostic 
criteria from six more population-based stud-
ies (Wolfs et al.  2000  ) ! The Framingham Eye 
Study had a two-step procedure with visual  fi eld 
(VF) examination only in referred cases, before 
a diagnosis of POAG could be reached (Kahn 
et al.  1977  ) . Participants had OAG when one 
of  fi ve GVFL criteria was present, “provided 
there was no de fi nite or doubtful diagnosis 
of acute, secondary, or other than open-angle 
glaucoma for the same eye.” When a person 
was not referred for de fi nite examination, OAG 
was negative. Wolfs only made a diagnosis of 
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de fi nite POAG based on the presence of glau-
comatous optic neuropathy (GON) in combina-
tion with GVFL that implies exclusion of other 
causes for VF loss, without intraocular pressure 
(IOP) as a diagnostic criterion. In this chapter, 
normotensive (NT) OAG (ntOAG) refers to an 
IOP that was found never to be over 21 mmHg 
in a diurnal curve; otherwise, the term ocular 
hypertension (OHT) is used. There are only a 
few population-based POAG incidence studies. 
Statistical power problems were encountered in 
these more often than in AMD because of the 
lower incidence of POAG. 

 As is the case with aging cataract, whenever 
we discover a cause for OAG, that part of OAG 
cannot be called primary anymore. Another simi-
larity is that, clinically, we divide OAG into pri-
mary and secondary. In Table  4.4 , some examples 
of secondary OAG are given. Risk factors of 

POAG are provided in alphabetical order; its 
genetic background will be discussed in the next 
chapter.  

    4.4.1   Risk Factors: Evidence Level I 

    4.4.1.1   Age 
 An extrapolation of data from eight population-
based case–control and cohort studies estimated the 
prevalence of POAG in the USA in black women 
(men) between ages 40 and 49 years to be 1.51% 
(0.55)%. This was 0.34 (0.39)% for Hispanics and 
0.83 (0.36)% for whites. Above the age of 80, these 
prevalences were 9.82 (13.21)% in blacks, 10.05 
(7.91)% in Hispanics, and 6.94 (5.58)% in whites 
(Friedman et al.  2004b  ) . This would point to a rise 
in prevalence of 6.5 times in elderly black women 
and to a prevalence of 29 times higher in old 

   Table 4.4    Examples of secondary open-angle glaucoma   

 Cause  Examples  Subgroups/examples 

 Developmental  Aniridia 
 Iridocorneo-endothelial syndrome 
 Peters anomaly 

 Elevated venous pressure  Cavernous sinus  Fistula, thrombosis 
 Nevus  fl ammeus  Sturge-Weber disease 

 In fl ammatory  Uveitis 
 Bacterial/viral infection  Herpes zoster 

 Syphilis 
 Metabolic disturbances  Amyloidosis 

 Cystinosis 
 Mucopolysaccharidosis 

 Multi organ/system syndromes    Graves disease 
 Lymphoma 
 Phakomatosis 

 Neovascular glaucoma  Diabetes mellitus 
 Central retinal vein occlusion 

 Intraocular tumors  Melanoma, metastasis 
 Trauma 
  Chemical  Acid or lye burns  Corticosteroids 

 Medicine use   
  Physical  Contusion of eye 

 Hyphema 
 Irradiation  Ionizing 
 Perforation of eye  Foreign body 
 Surgery 

  Excluding congenital glaucoma (buphthalmos) and chronic angle-closure glaucoma  
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Hispanic men. Smaller rises (2–3×) with aging were 
seen in China (Song et al.  2011  )  and India (4×) 
(Vijaya et al.  2008  ) . Age was a risk factor in all 
cohort studies (Mukesh et al.  2002 ; Leske et al. 
 2008 ; Czudowska et al.  2010 ; Cedrone et al.  2012  ) .  

    4.4.1.2   Ethnicity 
 Blacks have a (4–5×) higher prevalence of POAG 
than whites both in a clinic-based screening pro-
gram (Packer et al.  1959  )  and in a nonrepresenta-
tive population screening (Frydman et al.  1966 ; 
Coulehan et al.  1980  ) . This held also for popu-
lation-based prevalence studies (4–5×) (Tielsch 
et al.  1991 ; Rotchford et al.  2003  )  (2×) (Friedman 
et al.  2006  )  and cohort studies (3–6×) (Leske et al. 
 2007b ; Czudowska et al.  2010  ) . The prevalence 
in Hispanic persons lies between that of blacks 
and whites (Quigley et al.  2001  ) . Because of dif-
ferences in POAG classi fi cation and pooling of 
various glaucoma types, it was hard to tell what 
the prevalences of POAG in Chinese (Song et al. 
 2011  ) , Indian (Vijaya et al.  2008  ) , or Bangladesh 
(Rahman et al.  2004  )  populations are. Two studies 
found a similar prevalence between Chinese and 
Europeans (He et al.  2006 ; Wang et al.  2010b  ) .  

    4.4.1.3   Family History 
 Despite concerns as to how reliable a family history 
may be (Mitchell et al.  2002a  ) , most studies that 
looked into it found a positive family history to be a 
risk factor for POAG (Leske et al.  2008 ; Sun et al. 
 2012  ) . In one cohort study, family history only reached 
signi fi cance when IOP was left out of the analyses 
(Czudowska et al.  2010  ) . When looking at family 
databases (Wang et al.  2010a  )  or actually examining 
family members (Wolfs et al.  1998 ; Hulsman et al. 
 2002  ) , the family history is a clear risk factor.  

    4.4.1.4   Glaucomatous Optic Neuropathy 
(GON) or Vertical Cup-to-Disc 
Ratio (VCDR) 

 The diagnosis GON is mostly made on the basis 
of arbitrary cutoff points of horizontal or vertical 
cup-to-disc ratios or local thinning (notching) of 
the rim of the cup (Wolfs et al.  2000  ) . Most pop-
ulation-based incidence studies showed that a 
VCDR  ³  0.7 was a risk factor for POAG (Mukesh 
et al.  2002 ; Leske et al.  2007b ; Czudowska et al. 
 2010  ) , but one study failed to do so (Cedrone 

et al.  2012  ) . One should take care in the study 
design not to confuse a diagnostic criterion for 
POAG with a risk factor for it.  

    4.4.1.5   Intraocular Pressure (IOP) 
 That elevated IOP is associated with POAG is 
known for ages (Donders  1864 ; Packer et al. 
 1959 ; Armaly and Sayegh  1969  ) . The methodol-
ogy for measuring the IOP as accurately as pos-
sible has been extensively studied (Goldmann 
and Schmidt  1957 ; Armaly and Salamoun  1963 ; 
Perkins  1967 ; Dielemans et al.  1994  ) , but there 
is a still wide variation in applanation and inden-
tation techniques. After a wide-ranging search 
through the literature and extensive testing, the 
most reliable measuring technique for IOP in epi-
demiological studies seems to be the median of 
three applanation tonometry measurements under 
speci fi c conditions (Dielemans et al.  1994  ) . Even 
in experienced hands a  fl uctuation of 2–3 mmHg 
can easily occur at a certain time point. In a 
cross-sectional clinic-based study, morning 
pressures were higher than later on the day as 
were IOPs in the pre-ovulation days in women 
(Bankes et al.  1968  ) . Despite the relative inac-
curacy of IOP measurements, an elevated IOP is 
one of the strongest risk factors for POAG both 
in prevalence (Hollows and Graham  1966 ; Kahn 
et al.  1977 ; Bengtsson  1981 ; Sommer et al.  1991  )  
and incidence studies (Mukesh et al.  2002 ; Leske 
et al.  2007b ; Czudowska et al.  2010 ; Cedrone 
et al.  2012  ) . The HR for incident GVFL per mm 
higher IOP at baseline was 1.11 (CI 1.06–1.15) 
(Czudowska et al.  2010  ) .  

    4.4.1.6   Refraction 
 Myopia is a risk factor in most prevalence stud-
ies, and the OR for POAG between −1.0 D and 
3.0 D was 2.3 and  ³ 3.0 D was 3.3 (Mitchell et al. 
 1999  )  (cf. the overview of 11 cross-sectional 
population-based studies in which the ORs below 
−3.0 D for POAG were 1.65 and  ³  −3.0 D were 
2.46) (Marcus et al.  2011  ) . There seems to be 
only one population-based incidence study with 
data on refraction that also found that myopia 
was a risk factor (Czudowska et al.  2010  ) . Longer 
axial length by itself was also a risk factor (Sia 
et al.  2010 ; Kuzin et al.  2010  )  as was a  fl atter cor-
nea in the latter study.   
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    4.4.2   Risk Factors: Evidence Level II 

    4.4.2.1   Disc Hemorrhages 
 Disc hemorrhages come and go (Drance and 
Begg  1970  ) , and it was mentioned that one 
would need monthly examinations to catch 
them all (Drance  1989  ) . Despite the fact that 
they can easily be missed and that their origin 
is poorly understood, their signi fi cance as a risk 
factor for GVFL has been well documented for 
a long time in clinic-based (Drance and Begg 
 1970  )  and population-based studies (Ekstrom 
 1993  ) . A clinic-based study found a higher risk 
of GVFL associated with disc hemorrhages 
in NT than HT POAG (Rasker et al.  1997  ) . 
Hemorrhages, however, occur in about 1.4 % 
of the white population over 49 years old, and 
70 % of these eyes had no POAG. Of the 108 
POAG cases in a cross-sectional population-
based study, 13.8 % had disc hemorrhages, and 
these were three times more prevalent in NT 
POAG (Healey et al.  1998  ) . This study found a 
low sensitivity of disc hemorrhages for POAG, 
about 13 %, and a high speci fi city of 99 %. In 
a clinical trial cohort, the HR for OAG progres-
sion was 1.02 (CI 1.01–1.03) per percent higher 
frequency of visits in which disc hemorrhages 
were found (Leske et al.  2007a  ) .   

    4.4.3   Risk Factors: Evidence Level III 
or Lower 

    4.4.3.1   Alcohol 
 Alcohol intake seems hardly a risk factor for 
POAG, unless huge amounts of beer are consumed 
daily, simulating the old water-loading test from 
the 1960s (Xu et al.  2009 ; Ramdas et al.  2011a  ) .  

    4.4.3.2   Blood (BP) (Elevated) 
and Perfusion Pressure 
(PeP) (Lowered) 

 The association between elevated systolic and 
diastolic blood pressure (BP) and glaucoma was 
noted over 100 years ago. It seems that various 
forms of glaucoma were pooled in that clinical 
study (Kuemmell  1911  ) . Associations between 
elevated BP and elevated IOP later became 
known (Leighton and Phillips  1972 ; Kahn et al. 

 1977  )  and were con fi rmed in many population-
based cohort studies (Klein et al.  2005  ) . Systemic 
hypertension was associated with POAG in pop-
ulation-based cross-sectional studies (Dielemans 
et al.  1995 ; Bonomi et al.  2000 ; Mitchell et al. 
 2004  ) . Because of power problems, systemic 
hypertension was not con fi rmed as a risk factor 
in the follow-up to one of these (Hulsman et al. 
 2007  ) . Elevated PeP (2/3 mean arterial BP–IOP) 
was a risk factor for high tension (HT) OAG but 
not for NT OAG. A low diastolic PeP was a risk 
for both NT and HT OAG (Hulsman et al.  2007  ) . 
Recently, it was concluded from a population-
based cohort study that the ocular PeP is a risk 
factor for POAG but mainly because IOP (another 
important risk factor) is also incorporated into 
the PeP (Ramdas et al.  2011b  ) . Overall systemic 
hypertension seems to be an inconsistent risk fac-
tor for OAG, but diastolic hypotension might be a 
factor (Leske et al.  2007b,   2008 ; Leske  2009  ) .  

    4.4.3.3   Central Corneal Thickness (CCT) 
 That corneal parameters could in fl uence the exact 
measurement of the IOP has been known for 
about 150 years (Donders  1863 ; Goldmann and 
Schmidt  1957  ) . The CCT can be measured with 
an optical tachymeter or an ultrasonic device, 
the former giving on average 4  m m (Doughty 
and Zaman  2000  )  lower values. The CCT was 
independent of sex and age in a cross-sectional 
population-based study and was 16  m m thicker 
in ocular hypertension and 21.5  m m thinner in 
POAG cases (Wolfs et al.  1997  ) . Another simi-
lar study, in Mongolia, found a 5  m m decrease 
per decade of aging in men and 6  m m in women; 
a 10  m m increase in CCT was associated with a 
0.21 mmHg increase in IOP (Foster et al.  1998  ) . 
Age seems not to play a role on CCT in whites but 
does so in nonwhites (Doughty and Zaman  2000  )  
and was on average 17  m m lower in African-
Americans (Shimmyo et al.  2003  ) . In the UK, no 
relation between CCT and age was found (Foster 
et al.  2011  ) . The CCT was not associated with 
POAG in 938 population-derived participants 
but was so in 243 hospital-derived POAG cases, 
possibly due to the low number of POAG cases 
in the community (Day et al.  2011  ) . A Japanese 
population-based prevalence study found no link 
between CCT and POAG (Iwase et al.  2004  )  nor 
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did a Malay (Perera et al.  2010  )  or a Chinese one 
(Wang et al.  2011  ) . A thinner CCT was a risk 
factor in a population-based cohort study (Leske 
et al.  2008  ) . The CCT increases at higher altitude 
(Morris et al.  2007  ) . Care should be taken when 
considering lower CCT as a risk factor for POAG, 
given the complexity of CCT variables which are 
in fl uenced by changes caused by age, eye or col-
lagen disorders, IOP, and altitude.  

    4.4.3.4   Diabetes Mellitus 
 Diabetes is often mentioned as a risk factor for 
POAG. Diabetes may create secondary OAG due 
to neovascular glaucoma, glaucoma after a com-
plicated cataract extraction or after infection; 
those are considered to be secondary OAG. 
Diabetes was not a risk factor for POAG in two 
cross-sectional population-based studies (Tielsch 
et al.  1995 ; Tarkkanen et al.  2008  )  nor in such an 
incidence study (de Voogd et al.  2006  ) .  

    4.4.3.5   Education 
 One population-based prevalence study from 
Singapore mentioned that persons with lower 
education and income had a higher mean IOP 
(Yip et al.  2007  ) , but this could not be con fi rmed 
either in a cohort study of blacks (Leske et al. 
 2008  )  or one of whites (Ramdas et al.  2011a  ) .  

    4.4.3.6   Glaucomatous Visual Field 
Loss (GVFL) 

 Glaucomatous visual  fi eld loss should be consid-
ered more as sign of de fi nite POAG than a risk 
factor. The prevalence of any VFL in the general 
population was 3 % between the ages of 55–64 
and 17 % over age 85. POAG was the leading 
cause in 27 % of the eyes (Ramrattan et al.  2001  )  
as it was in 24 % of eyes with incident VFL 
(Skenduli-Bala et al.  2005  ) .  

    4.4.3.7   Sex, Early Menopause, 
and Hormone Replacement 
Therapy (HRT) 

 Sex as a risk factor is controversial from the  fi rst 
documented higher prevalence in women in a 
clinic-based study (Haffmans  1861 ). Menopause 
before age 45 was associated with OAG (Hulsman 
et al.  2001  ) , and haplotype 1 of the estrogen 
receptor beta was a risk factor for POAG in men 

(de Voogd et al.  2008  )  and for a high IOP in clinic-
derived Japanese women (Mabuchi et al.  2010  ) , 
although they seemed not to check the time of 
measuring the IOP during the menstrual cycle 
(Bankes et al.  1968  ) . One population-based white 
Australian cohort study found a nonsigni fi cant 
higher incidence of POAG in men (Mukesh et al. 
 2002  )  as did a study in Italy (Cedrone et al.  2012  ) ; 
two Swedish studies mentioned a twice higher 
incidence in women (Bengtsson  1989 ; Ekström 
 2008  ) , while large cohort studies found a higher 
risk in black (Leske et al.  2007b  )  and white men 
(Czudowska et al.  2010  ) . Given this controver-
sial data across various ethnicities, sex does not 
appear to be a de fi nite universal risk factor.  

    4.4.3.8   Smoking 
 Hardly any incidence studies looked at smok-
ing. There was a slightly positive association 
between smoking and IOP (Lee et al.  2003  ) , 
but smoking was not a risk factor in a large 
population-based cohort study (Ramdas et al. 
 2011a  ) .  

    4.4.3.9   Vascular 
 There is extensive literature on vascular risk fac-
tors for POAG (Grieshaber et al.  2007  )  or autono-
mous dysregulation, but, in my view, most of this 
depends on circumstantial evidence. As may be 
clear from my comments on BP, PeP, and diabe-
tes, there is still much uncertain or controversial 
in the vascular origin of POAG. The reader is 
referred to a wide-ranging review of this matter 
(Yanagi et al.  2011  ) .        
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  5

       5.1   Introduction    

 The genetics of AMD as well as of POAG have 
been exciting research areas during the last 
decade. The advances in molecular genetic tech-
niques paved the way for great progress in the 
discovery of genes and led to the identi fi cation of 
many disease-associated risk variants. In this 
chapter, we will focus on the genes which have 
good evidence to be involved in the pathogenesis 
of either of these disorders.  

    5.2   Age-Related Macular 
Degeneration (AMD) 

    5.2.1   Genetic Factors 

 Although familial occurrence had been known for 
many years, major advances in the identi  fi cation of 
genetic factors for AMD were achieved after the 
start of Genome Wide Association Studies (GWAS). 
We will discuss the currently known AMD-
associated genes and their importance to the disease. 
A summary of the genes can be found in Table  5.1 .   

    5.2.2   The Complement Pathway 
Genes 

    5.2.2.1   Complement Factor H (CFH) 
  CFH  is one of the two major AMD genes. The 
CFH protein is a key regulator of the complement 
pathway – it inhibits the activation of comple-
ment component C3 to C3b and degrades C3b, 
thereby limiting the ampli fi cation phase of the 
alternative complement cascade (Rodriguez de 
Cordoba et al.  2004  ) . CFH is present in serum, 
not membrane-bound, expressed in the retinal 
pigment epithelium, and can be found in drusen 
(Johnson et al.  2001 ; Hageman et al.  2005  ) . 

 First reports on an association between  CFH  
and AMD stem from 2005 (Klein et al.  2005 ; 
Haines et al.  2005 ; Edwards et al.  2005  ) , and since 
then, this  fi nding has been replicated by numerous 
studies in different populations (Rivera et al.  2005 ; 
Souied et al.  2005 ;    Zareparsi et al.  2005 ; Baird 
et al.  2006a ; Chen et al.  2006 ; Conley et al.  2006 ; 
Despriet et al.  2006 ; Fuse et al.  2006 ; Lau et al. 
 2006 ; Magnusson et al.  2006 ; Schaumberg et al. 
 2006 ; Seddon et al.  2006 ; Seitsonen et al.  2006 ; 
Sepp et al.  2006 ; Brantley et al.  2007 ; DeAngelis 
et al.  2007 ; Fisher et al.  2007 ; Mori et al.  2007 ; 
Pulido et al.  2007 ; Tedeschi-Blok et al.  2007 ; Weger 
et al.  2007 ; Wegscheider et al.  2007 ; Chowers et al. 
 2008a ; Chu et al.  2008 ; Droz et al.  2008 ; Kim 
et al.  2008 ; Ng et al.  2008 ; Xu et al.  2008 ; Ziskind 
et al.  2008 ; Ricci et al.  2009 ; Cui et al.  2010 ; Gao 
et al.  2010 ; Liu et al.  2010 ; Losonczy et al.  2011  ) . 
The well-known risk allele Y402H is common in 
Caucasians and Africans (~36 %) but much less so 
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in Asians (~7–15 %) and Hispanics (~17 %) 
(Nonyane et al.  2010  ) . Functionally, this and other 
risk alleles have been shown to alter CFH binding, 
thereby impairing the regulatory function of CFH, 
increasing complement activation, and subse-
quently causing an in fl ammatory response and cell 
death (Johnson et al.  2006 ; Laine et al.  2007 ; Skerka 
et al.  2007 ; Edwards et al.  2005 ; Hageman et al. 
 2005 ; Haines et al.  2005 ; Klein et al.  2005 ; Despriet 
et al.  2006  ) . 

  CFH  is located in a large region of linkage 
disequilibrium. Apart from Y402H, many other 
variants have been shown to be associated with 
increased risk of AMD. A noncoding variant 
(rs1410996) was found to have an even stronger 
association than Y402H (Li et al.  2006b ; Maller 
et al.  2006  ) . In particular in Asian populations, 
the Y402H variant was not signi fi cantly associ-
ated with AMD, whereas other variants including 
rs1410996 were (Mori et al.  2007 ; Cui et al. 
 2010  ) . The genes in the vicinity of  CFH , such as 
 CFHR1 - 5 , have gene functions similar to  CFH  
and have also been associated with AMD. A hap-
lotype carrying a deletion of  CFHR1  and  CFHR3  
(delCFHR1/3) was reported to have a protective 
effect and occurred in 20 % of controls and 8 % 
of cases (Hughes et al.  2006 ; Spencer et al. 
 2008a  ) . The proteins encoded by these genes are 
absent in serum of persons who are homozygous 
for delCFHR1/3 (Hughes et al.  2006  ) .  CFHR1  
and  CFHR3  contain a C3-binding site and dele-
tion of these genes may reduce competition for 
the binding of CFH to C3b, enhancing inhibitory 
activity by CFH. DelCFHR1/3 was more frequent 
in African Americans (16 %) and less common in 
Hispanics (6.8 %) and European Americans 
(4.7 %) (Cann et al.  2002  ) .  

    5.2.2.2   Complement Factor B ( CFB )/
Complement Component 2 ( C2 ) 

 Complement factor B (CFB) and complement 
component 2 (C2) are activators of the alternative 
and classical pathways, respectively. Four vari-
ants in the  CFB  and  C2  gene located on chromo-
some 6p21 have been shown to have a strong 
protective effect:  CFB  R32Q, which is in nearly 
complete linkage disequilibrium with  C2  IVS10, 
and  CFB  L9H, which is in nearly complete linkage 

disequilibrium with  C2  E318D (Gold et al.  2006 ; 
Maller et al.  2006 ; Spencer et al.  2007 ; 
Jakobsdottir et al.  2008 ; Francis et al.  2009 ; 
McKay et al.  2009 ; Richardson et al.  2009 ; Kaur 
et al.  2010  ) . 

 Genetic and functional data suggest that  CFB  
variants rather than  C2  variants are likely to have 
caused the observed protection. Only the  CFB  
R32Q variant results in inferior C3b-binding 
af fi nity, leading to a lower potential to amplify 
complement activation (Lokki and Koskimies 
 1991 ; Montes et al.  2009  ) . Moreover, the major-
ity of proteins of the alternative pathway (e.g., 
CFH, CFB) are present in drusen, whereas pro-
teins from the classical pathway (e.g., C2) are not 
(Mullins et al.  2000 ; Crabb et al.  2002  ) . Good 
epidemiologic analysis with adjustment for con-
founders showed that the association with  C2  
R32Q was robust (OR, 0.21; 95 % CI, 0.11–0.39), 
while the association with  C2  E318D became 
insigni fi cant (OR, 0.60; 95 % CI, 0.25–1.47) 
(Spencer et al.  2007  ) . These data suggest that the 
 C2  variants show residual association with AMD 
originating from their high linkage disequilib-
rium with  CFB .  

    5.2.2.3   Complement Component 3 ( C3 ) 
 Complement component C3 is the convergence 
point of all complement pathways (classical, lec-
tin, and alternative). Activation of C3 is crucial 
for the formation of membrane attack complexes 
that leads to cell lysis (Janssen et al.  2006  ) . The 
 C3  gene is located on chromosome 19p13.3–13.2. 
The amino acid changes caused by the  C3  vari-
ants R102G and P314L may alter the binding 
capacity of C3 to pathogenic cell surfaces or 
other complement proteins (Sahu and Lambris 
 2001 ; Janssen et al.  2006 ; Nishida et al.  2006  ) . A 
causal relation with AMD is plausible, since C3 
mRNA is present in neural retina, choroids, and 
retinal pigment epithelium (Mullins et al.  2000  ) ; 
its cleavage product C3a is present in drusen 
(Hageman et al.  2001 ; Johnson et al.  2001  ) , and 
C3a can induce vascular endothelial growth fac-
tor expression and promote choroidal neovascu-
larization (Nozaki et al.  2006  ) . 

 The two functional variants, R102G 
(rs2230199) and P314L (rs1047286), are in high 
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linkage disequilibrium. They have both been 
identi fi ed as genetic risk factors for AMD (Maller 
et al.  2007 ; Yates et al.  2007 ; Edwards et al.  2008 ; 
Spencer et al.  2008b ; Despriet et al.  2009 ; Park 
et al.  2009 ; Scholl et al.  2009 ; McKay et al.  2010 ; 
Thakkinstian et al.  2011  ) . R102G has also been 
implicated in the progression from the earlier 
stages of AMD to late AMD (Francis et al.  2009  ) . 
The two initial investigations as well as later stud-
ies concluded that R102G is more signi fi cant in 
AMD causality than P314L (Yates et al.  2007 ; 
Spencer    et al.  2008b ; Maller et al.  2007 ; Bergeron-
Sawitzke et al.  2009 ; Despriet et al.  2009 ; 
Thakkinstian et al.  2011 ; Bergeron-Sawitzke et al. 
 2009 ; Despriet et al.  2009 ; Park et al.  2009  ) . 

 An allele-dose effect for R102G was observed 
in the various Caucasian studies with an increased 
risk of 1.4–1.7 for heterozygotes and 1.8–3.3 for 
homozygotes. The Rotterdam Study (RS) found 
associations of the  C3  variants with early as well 
as late AMD and reported that the risk increase 
was most prominent for the mixed type of AMD 
(both geographic atrophy and neovascular AMD 
present) (Despriet et al.  2009  ) . The effect of the 
 C3  alleles is independent from  CFH  Y402H and 
 ARMS2  A69S (Despriet et al.  2009 ; Park et al. 
 2009  ) .  

    5.2.2.4   Complement Factor I ( CFI ) 
 The CFI protein is regulated by CFH and func-
tions as a cofactor for the cleavage and inactiva-
tion of C3b. Recently, several variants near the 
 CFI  gene have been associated with risk of AMD 
in Caucasian as well as Asian populations (Wang 
et al.  2008b ; Fagerness et al.  2009 ; Chen et al. 
 2010 ; Ennis et al.  2010 ; Kondo et al.  2010 ; Peter 
et al.  2011  ) . In a Japanese study, rs10033900 had 
a protective effect with OR 0.28 (95 % CI, 0.11–
0.69) for homozygous carriers of the minor allele. 
No association was found for heterozygous carri-
ers (OR, 0.99; 95 % CI, 0.61–1.62). A recent 
genome-wide association study found that the 
major allele of rs2285714 was associated with an 
increased risk of 1.31 (95 % CI, 1.18–1.45). 
Ennis et al. reported signi fi cantly ( P  < 0.05) pro-
tective effects for rs11728699, rs6854876, 
rs7439493, and rs13117504 with ORs ranging 
from 0.68 to 0.74 ( P  < 0.05), and these SNPs also 

tagged signi fi cant protective (GCAG, OR 0.69) 
and causative (TGGC, OR 1.34) haplotypes 
(Ennis et al.  2010 ; Fagerness et al.  2009  ) .  

    5.2.2.5   The  ARMS2 - HTRA1  (10q26) Locus 
 Linkage studies had already identi fi ed a suscepti-
bility locus at chromosome 10q26. GWA studies 
conformed this locus as the second major con-
tributor to the pathogenesis of AMD (Majewski 
et al.  2003 ; Seddon et al.  2003,   2007 ; Iyengar 
et al.  2004 ; Kenealy et al.  2004 ; Weeks et al. 
 2004 ; Fisher et al.  2005 ; Jakobsdottir et al.  2005 ; 
Rivera et al.  2005 ; Schmidt et al.  2006 ; Yang 
et al.  2006 ; Dewan et al.  2006 ; Despriet et al. 
 2007 ; Hughes et al.  2007 ; Kanda et al.  2007 ; 
DeAngelis et al.  2008 ; Fritsche et al.  2008 ; Gibbs 
et al.  2008 ; Richardson et al.  2010 ; Wang et al. 
 2010a ; Yang et al.  2010  ) . As this region contains 
many genes in high linkage disequilibrium 
( Pleckstrin homology domain - containing protein 
family A member 1  ( PLEKHA1 ),  LOC387715  (or  
age - related maculopathy susceptibility gene 2 , 
 ARMS2 ), and  high - temperature requirement fac-
tor A1  ( HTRA1 ) gene), controversy exists about 
which gene is the AMD susceptibility gene. 

 In the  ARMS2  gene, rs10490924 has repeat-
edly been reported to increase risk of AMD up to 
15 times (Fisher et al.  2005 ; Jakobsdottir et al. 
 2005 ; Rivera et al.  2005 ; Schmidt et al.  2006 ; 
Despriet et al.  2007 ; Hughes et al.  2007 ; Kanda 
et al.  2007 ; Seddon et al.  2007 ; Fritsche et al. 
 2008 ; Yang et al.  2010 ; Wang et al.  2010a  ) . This 
functional SNP causes an A69S change and has 
been described as the causal SNP that by itself 
could explain the bulk of the association between 
the 10q26 region and AMD (Kanda et al.  2007  ) . 
The precise function of  ARMS2  in AMD remains 
to be elucidated. Disorganized mitochondrial 
membranes, as well as decreased number of 
mitochondria in retinal pigment epithelium cells 
of AMD donors, have provided evidence of mito-
chondrial dysfunction in AMD (Barron et al. 
 2001 ; Feher et al.  2006  ) . This suggests that 
 ARMS2  may jeopardize mitochondrial function 
and consequently lead to the formation of reac-
tive oxygen species, apoptosis, and AMD (Barron 
et al.  2001 ; Liang and Godley  2003 ; Feher et al. 
 2006 ; Fritsche et al.  2008 ; Jarrett et al.  2008 ; 
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Wang et al.  2008a  ) . Moreover, immunohis-
tochemical studies located the ARMS2 protein to 
the mitochondrial outer membrane, in particular 
of rods and cones (Kanda et al.  2007 ; Fritsche 
et al.  2008  ) . However, its presence has also been 
reported in the cellular cytosol (Wang et al. 
 2009a  )  and the extracellular matrix (Kortvely 
et al.  2010  ) . 

 Meta-analyses of the  HTRA1  gene reported an 
increased risk of AMD for homozygous (OR, 
9.26; 95 % CI, 7.27–11.91) as well as heterozy-
gous (OR, 2.33; 95 % CI, 2.01–2.71) carriers of 
the rs11200638 risk allele (Tong et al.  2010  ) . 
Strati fi ed analyses revealed that rs11200638 was 
signi fi cantly associated with choroidal neovascu-
larization (CNV) but not with geographic atrophy 
(GA) and that the causative effect was stronger in 
Caucasians than in Asians (Chen et al.  2009 ; Tang 
et al.  2009  ) . Also for this gene, various lines of 
evidence support involvement in AMD. The 
rs11200638 risk allele has been associated with 
higher levels of  HTRA1  mRNA and protein in 
some studies (Yang et al.  2006,   2010 ; Chan et al. 
 2007 ; Tuo et al.  2008  ) , although two other studies 
with larger datasets could not validate this  fi nding 
in heterologous expression systems (Kanda et al. 
 2007 ; Chowers et al.  2008b  ) . Furthermore, 
HTRA1 may inhibit signaling of TGF-ß proteins, 
which have been reported to act as negative growth 
regulators in the retina and RPE (Zumbrunn and 
Trueb  1996 ; Mathura et al.  2000 ; Oka et al.  2004  ) . 
In addition,  HTRA1  may stimulate the degrada-
tion of extracellular matrix through enhanced 
expression of matrix metalloproteases. Conse-
quently, overexpression of  HTRA1  may affect the 
integrity of Bruch’s membrane and RPE contrib-
uting to AMD development. Recently, Richardson 
et al.  (  2010  )  found rs3793917 (located between 
 ARMS2  and  HTRA1 ) to be most associated with 
AMD (OR, 3.45; 95 % CI, 2.36–5.05) and indi-
cated that the intergenic region between this SNP 
and  HTRA1  rs11200638 was most likely to 
 confer AMD risk. However, they could not dis-
tinguish rs3793917 from rs11200638 and 
rs10490924 to explain causality since they were 
all in high linkage disequilibrium. 

 Common haplotypes encompassing both the 
 ARMS2  and the  HTRA1  genes have also been 

linked to AMD. Gibbs et al.  (  2008  )  described a 
common haplotype TAT tagged by rs10490924, 
rs11200638, and rs2293870 that signi fi cantly 
predisposed to AMD ( P  = 2.70 × 10 –9 ) and a 
haplotype GGG that was signi fi cantly pro-
tective against AMD ( P  = 0.003). Yang et al. 
 (  2010  )  also found a haplotype T-G-Wt-G tagged 
by rs2736911, rs10490924, in/del/Wt, and 
rs11200638, which was protective in Caucasian 
as well as Chinese populations ( P  < 0.007). They 
also observed that the in/del or the rs11200638 
risk allele by itself was insuf fi cient to alter 
 HTRA1  expression and found that a common 
disease haplotype including both the in/del and 
rs11200638 leads to upregulation of  HTRA1  
(Yang et al.  2010  ) . Hence, they proposed a 
binary model where downregulation of  ARMS2  
and concomitant upregulation of  HTRA1  best 
explained the risk associated with the 10q26 
locus. Further functional analyses in larger 
datasets are warranted to conclude what the key 
genetic contributors in the 10q26 locus are.   

    5.2.3   The Lipid-Related Genes 

    5.2.3.1   Apolipoprotein E ( APOE ) 
 Apolipoprotein E is a key regulator of lipid and 
cholesterol transport in the central nervous system 
(Mahley  1988  )  and has been linked to various 
neurodegenerative and cardiovascular diseases 
(e.g., Alzheimer’s disease and stroke) (Evans et al. 
 1997 ; Slooter et al.  1997 ; Ishida et al.  2004  ) . In 
the eye,  APOE  is expressed in photoreceptor cells, 
retinal ganglion cells, Müller cells, retinal pig-
ment epithelium, Bruch’s membrane, choroid, 
and in the disease-associated lesions: drusen and 
basal laminar deposits (Klaver et al.  1998 ; Mullins 
et al.  2000 ; Anderson et al.  2001,   2004 ; Crabb 
et al.  2002 ; Li et al.  2006a ; Wang et al.  2010b  ) . 
There are three common allelic variants of the 
 APOE  gene: ɛ2, ɛ3, and ɛ4, with ɛ3 being the most 
prevalent (Zannis  1986 ; Jarvik  1997  ) . The major-
ity of studies support a protective effect of the 
 APOE  ɛ4 allele against AMD (Klaver et al.  1998 ; 
Souied et al.  1998 ; Pang et al.  2000 ; Schmidt et al. 
 2000,   2002 ; Simonelli et al.  2001 ; Schultz et al. 
 2003 ; Baird et al.  2004 ; Gotoh et al.  2004 ; 
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Zareparsi et al.  2004 ; Baird et al.  2006b ; 
Bojanowski et al.  2006 ; Wong et al.  2006 ; Utheim 
et al.  2008  ) , though in some reports, this inverse 
association failed to reach statistical signi fi cance 
(Pang et al.  2000 ; Schultz et al.  2003 ; Gotoh et al. 
 2004 ; Wong et al.  2006 ; Utheim et al.  2008  ) . 
Strati fi cation of late AMD into GA and CNV 
showed that the greatest protective effect for the 
ɛ3ɛ4 genotype was in individuals with GA (OR 
0.35, 95 % CI 0.13–0.92) (Baird et al.  2004  ) . The 
 APOE  ɛ2 allele has mainly been associated with a 
nonsigni fi cant but increased risk of AMD (Klaver 
et al.  1998 ; Souied et al.  1998 ; Simonelli et al. 
 2001 ; Schmidt et al.  2002 ; Schultz et al.  2003 ; 
Baird et al.  2004 ; Zareparsi et al.  2004 ; Wong 
et al.  2006 ; Tikellis et al.  2007  ) . 

 Several studies reported that ɛ4 carriers have 
signi fi cantly lower CRP levels than noncarriers, 
especially compared to ɛ2 carriers. CRP level 
reportedly decreases in a dose-dependent order 
of ɛ2/ɛ2, ɛ2/ɛ3, ɛ3/ɛ3, ɛ2/ɛ4, ɛ3/ɛ4, and ɛ4/ɛ4 
(Manttari et al.  2001 ; Austin et al.  2004 ; Judson 
et al.  2004 ; Marz et al.  2004 ; Eiriksdottir et al. 
 2006 ; Rontu et al.  2006  ) . In addition,  APOE  ɛ2 
appears to enhance expression by RPE cells of 
the vascular endothelial growth factor and 
 fi broblast growth factor (Lee et al.  2007  ) , whereas 
their expression is reportedly suppressed by 
 APOE  ɛ4 (Malek et al.  2005 ; Bojanowski et al. 
 2006  ) . This indicates that  APOE  ɛ2 induces neo-
vascularization by altering angiogenic cytokines, 
whereas  APOE  ɛ4 limits this process. And in con-
trast to ɛ2,  APOE  ɛ4 has positive charges which 
diminish hydrophobicity of Bruch’s membrane 
and results in better clearance of debris. Moreover, 
ɛ4 carriers reportedly have 36 % lower risk of 
hypertension than noncarriers (Katsuya et al. 
 2002  ) . Another interesting  fi nding is that APOE 
ɛ4 levels seem to decrease with advancing age 
(Rontu et al.  2006  ) , which may reduce transport 
of lipids and cell debris, culminating in a higher 
rate of AMD in older age. APOE also plays an 
important role in the maintenance of retinal mem-
brane cell: Lipids are released from the degener-
ating cell membrane, and astrocytes react by 
synthesizing APOE to bind the free cholesterol 
and lipids and to distribute them for reuse in cell 
membrane biosynthesis (Grindle and Marshall 

 1978 ; Ignatius et al.  1986 ; Poirier et al.  1993  ) . 
Based on the cumulative empirical evidence and 
pooled data outlined above, it can be proposed 
that the  APOE  ɛ4 offers a reduced risk for onset, 
severity, and progression rate of AMD, in con-
trast to  APOE  ɛ2.  

    5.2.3.2   Hepatic Lipase ( LIPC ) 
 Two parallel published GWAS reported causative 
variants for the  LIPC  gene (Chen et al.  2010 ; 
Neale et al.  2010  ) .  LIPC  has been associated with 
high-density lipoprotein cholesterol (HDL-c) 
levels in blood (Willer et al.  2008 ; Kathiresan 
et al.  2009  )  and is involved in mediating the 
uptake of HDL-c at the cell surface (Hasham and 
Pillarisetti  2006  ) .  LIPC  is expressed in the retina 
and modi fi cation of HDL-related ef fi ciency could 
in fl uence the risk of AMD because HDL is an 
important transporter of lutein/zeaxanthin 
(Tserentsoodol et al.  2006 ; Wang et al.  2007 ; 
Neale et al.  2010  ) . The common allele of rs493258 
near the  LIPC  gene on chromosome 15q22 (OR, 
1.14; 95 % CI, 1.09–1.20; frequency in controls 
~0.56;  P  = 1.3 × 10 –7 ) increased the risk of AMD, 
whereas the minor allele of rs10468017, a func-
tional promoter variant, (OR, 0.82; 95 % CI, 
0.77–0.88; frequency in controls ~0.30; 
 P  = 1.34 × 10 –8 ) had a protective effect. However, 
con fi rmation of the protective variant was 
achieved after targeted examination of the sug-
gestive markers of the GWAS performed by 
Neale et al.  (  2010  ) .  

    5.2.3.3   Cholesterylester Transfer 
Protein ( CETP ) 

 The rare allele of rs3764261 at the  CETP  gene on 
chromosome 16q21 (OR, 1.19; 95 % CI, 1.12–
1.27; frequency in controls ~0.32;  P  = 7.4 × 10 –7 ) 
is associated with an increased risk of AMD 
(Chen et al.    2010  )  and has recently been repli-
cated by Yu et al.  (  2011a  ) .  CETP  plays an impor-
tant role in the production and degradation of 
HDL-c and is expressed in the retina 
(Tserentsoodol et al.  2006 ; Neale et al.  2010  ) .  

    5.2.3.4   Lipoprotein Lipase ( LPL ) 
 Chen et al.  (  2010  )  reported also the variant 
rs12678919 at  LPL  on chromosome 8p22 (OR, 
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1.38; 95 % CI, 1.11–1.43;  P  = 3 × 10 –3 ). This vari-
ant was not signi fi cant but consistent with the 
hypothesis that HDL metabolism is associated 
with AMD pathogenesis;  LPL  plays, like  CETP , 
an important role in the production and degrada-
tion of HDL-c (Tserentsoodol et al.  2006 ; Neale 
et al.  2010  ) . Recently, an association, although 
not signi fi cant, between  LPL  rs12678919 and late 
AMD was suggested by Peter et al.  (  2011  )  (OR, 
0.5, 95 % CI, 0.2–1.2,  P  = 0.10) for carriers of 1 or 
2 G alleles compared to noncarriers. The G allele 
increases serum HDL levels ( P  < 10 –10 , 2.44 mg/dl 
increase per G allele), con fi rming the role of  LPL  
in the HDL metabolism (Willer et al.  2008  ) .  

    5.2.3.5   ATP-Binding Cassette Subfamily 
A Member 1 ( ABCA1 ) 

  ABCA1  is involved in mediating the uptake of 
HDL-c at the cell surface and has been shown to 
be expressed in the retina (Hasham and Pillarisetti 
 2006 ; Tserentsoodol et al.  2006 ; Neale et al. 
 2010  ) . The variant rs1883025 near  ABCA1  on 
chromosome 9q22 (OR, 1.15; 95 % CI, 1.07–
1.23;  P  = 5.6 × 10 –4 ) has been suggested by Chen 
et al.  (  2010  )  to be associated with AMD. Several 
other studies con fi rmed this suggestion and 
showed a signi fi cantly higher risk allele fre-
quency in AMD patients compared with control 
individuals ( P  = 0.00027) (Neale et al.  2010 ; 
Fauser et al.  2011 ; Yu et al.  2011a,   b  ) . 

 With increasing age, lipids and cholesterol 
accumulate underneath the RPE and are constitu-
ents of drusen (Mullins et al.  2000 ; Curcio et al. 
 2005  ) . The HDL-c-associated variants might affect 
the formation of drusen and subsequently the 
development of AMD. The “non-risk” TT-genotype 
of  ABCA1  rs1883025 had a signi fi cant protective 
effect for intermediate and large drusen: (OR, 
0.48; 95 % CI; 0.27–0.85), (OR, 0.41; 95 % CI, 
0.23–0.74), respectively (Yu et al.  2011b  ) .   

    5.2.4   Collagen-Related Genes 

    5.2.4.1   Alpha Chain of Type VIII Collagen 
( COL8A1 ) 

 The  COL8A1  gene on chromosome 3 encodes for 
one of the alpha chains of type VIII collagen, a 
major component of the multiple basement 

 membranes in the eye, including Bruch’s mem-
brane and the choroidal stroma (Tamura et al. 
 1991 ; Neale et al.  2010  ) . The intronic variant 
rs13095226 was associated with a slight increased 
risk of AMD (OR, 1.24; 95 % CI, 1.13–1.35; 
 P  = 2.50 × 10 –6 ).  

    5.2.4.2   Alpha Chain of Type X Collagen 
( COL10A1 ) 

 Recently, a GWAS has published a novel loci, 
rs1999930 near the  COL10A1  gene (OR, 0.87; 
95 % CI, 0.83–0.91;  P  = 1.1 × 10 –10 ). COL10A1 is 
a short-chain collagen expressed by hypertrophic 
chondrocytes during endochondral ossi fi cation. 
Although no relation of COL10A1 with the retina 
has been found, the previous  fi nding of the col-
lagen gene  COL8A1  implicates a role for colla-
gen in a causal pathway for AMD (Yu et al. 
 2011a  ) .   

    5.2.5   Other Genes 

    5.2.5.1   Tissue Inhibitor of 
Metalloproteinases-3 ( TIMP3 ) 

 Candidate gene analyses initially found no evi-
dence of linkage or association between AMD 
and  TIMP3  on chromosome 22q12.1–13.2 (De 
La Paz et al.  1997 ; Felbor et al.  1997  ) . Recently, 
a GWAS found the region near  TIMP3  to be a 
susceptibility locus (Chen et al.  2010  ) , which 
was previously reported by one linkage study 
(Abecasis et al.  2004  ) . TIMP3 is a metalloprotei-
nase involved in degradation of the extracellular 
matrix in the retina (Strunnikova et al.  2010  )  and 
is mutated in Sorsby’s fundus dystrophy (Weber 
et al.  1994  ) . The common variant, rs9621532, 
nearby  TIMP3  was associated with increased 
risk of AMD (OR, 1.41; 95 % CI, 1.27–1.57; fre-
quency in controls ~0.95;  P  = 1.1 × 10 –11 ).  

    5.2.5.2   Vascular Endothelial Growth 
Factor A ( VEGFA ) 

 VEGFA is a member of the VEGF family and 
functions to increase vascular permeability, 
angiogenesis, cell growth, and migration of 
endothelial cells. VEGFA is also a target in the 
treatment of CNV with anti-VEGF therapy. 
Haines et al. ( 2006 ) found a strong association 
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for the variant rs2010963 with linkage analysis 
(LOD score = 1.32,  P  = 0.0001) in early and late 
AMD but a moderate result in a later case–con-
trol setting ( P  = 0.02). Recently, a new variant 
near the  VEGFA  gene was published. The variant 
rs4711751 on 6p12 near  VEGFA  (OR, 1.15; 95 % 
CI, 1.10–1.21;  P  = 8.7 × 10 –9 ) was not in LD with 
the earlier found variant, indicating a novel region 
associated with AMD. Unfortunately, the variant 
found by Haines et al. ( 2006 ) could not be repli-
cated (Yu et al.  2011a  ) .  

    5.2.5.3   Tumor Necrosis Factor Receptor 
Superfamily 10 A ( TNRSF10A ) 

  TNRSF10A  encodes for TRAILR1, a TRAIL 
receptor, which is broadly expressed in human 
adult RPE (Strunnikova et al.  2010  ) . Arakawa 
et al.  (  2011  )  reported a variant, rs13278062 near 
 TNRSF10A  on chromosome 8p21 (OR, 0.73; 
95 % 0.67–0.80;  P  = 1.03 × 10 –12 ) to be associated 
with exudative AMD in a Japanese population.   

    5.2.6   Gene-Gene and Gene-
Environment Interactions 

    5.2.6.1    CFH  Y402H 
 The RS reported interaction between  CFH  
Y402H and smoking, C-reactive protein level, 
and erythrocyte sedimentation rate (ESR) 
(Despriet et al.  2006  ) , meaning that the joint 
effect of each determinant with Y402H was 
signi fi cantly greater than the sum of the indepen-
dent effects. Compared to persons with the 
homozygous non-risk (TT) genotype and normal 
ESR levels, persons with the homozygous risk 
(CC) genotype and elevated ESR levels had a risk 
of 20.2 (95 % CI, 9.5–43.0) for late AMD. Higher 
serum CRP levels in persons with the CC-genotype 
augmented AMD risk to 27.7 (95 % CI, 10.7–
72.0) compared to persons with the lowest CRP 
levels and the TT-genotype. 

 Current smokers with the CC-genotype had an 
OR of 34.0 (95 % CI, 13.0–88.6) for late AMD 
relative to individuals with the TT-genotype who 
never smoked. Other studies also observed stron-
ger effects of  CFH  Y402H among smokers 
(Seddon et al.  2006 ; Sepp et al.  2006 ; DeAngelis 
et al.  2007 ; Schaumberg et al.  2007 ; Scott et al. 

 2007 ; Delcourt et al.  2011  ) . DeAngelis et al. 
 (  2007  )  further speci fi ed that smoking ten pack-
years or more and having the CC-genotype was 
estimated to increase risk of CNV 144-fold com-
pared with smoking less than ten pack-years and 
having the CT- or TT-genotype. 

 AREDS reported a signi fi cant interaction 
between  CFH  Y402H and BMI (Seddon et al. 
 2006  ) . Higher BMI ( ³ 25) did not increase the risk 
of AMD for persons with the TT-genotype (OR 
0.7; 95 % CI 0.4–1.2), whereas it did increase risk 
for those with the CT- (OR 2.2; 95 % CI 1.3–4.0) 
and CC-genotype (OR 5.9; 95 % CI 3.1–11.4). 

 Gold et al. reported that the protection con-
ferred by  C2  and/or  CFB  was strongest in persons 
with the  CFH  CC-genotype (OR = 0.27), interme-
diate in persons with the CT-genotype (OR = 0.36), 
and weakest in persons with the TT-genotype 
(OR = 0.44). However, the con fi dence intervals of 
all these estimates overlapped (Gold et al.  2006  ) . 

 Two studies have examined interaction between 
genetic variants and antioxidants in the develop-
ment of late AMD. AREDS calculated the risk of 
progression to late AMD for the CFH Y402H and 
 ARMS2  A69S genotypes in various antioxidant 
treatment arms. A high zinc dosage was most pro-
tective against AMD in persons with the homozy-
gous non-risk  CFH  genotype but produced the 
greatest, albeit nonsigni fi cant, protection in per-
sons carrying the risk variant of  ARMS2  (Klein 
et al.  2008  ) . The blue mountain eye study 
(BMES) found that high  fi sh intake resulted in 
greater protection against late AMD in homozy-
gous carriers of Y402H than in noncarriers (Wang 
et al.  2009b  ) . In addition, the RS showed that 
higher dietary intake of zinc, w-3 fatty acids, 
b-carotene, and lutein/zeaxanthin can attenuate the 
incidence of early AMD in those carrying these 
genetic risk variants (Ho et al.  2011  )  (Fig.  5.1 ).  

    5.2.6.2    ARMS2-HTRA1  
 Although not all studies reported statistical inter-
action, the majority supported a strong combined 
effect of smoking and  ARMS2  A69S in AMD sus-
ceptibility (Weeks et al.  2004 ; Schmidt et al.  2006 ; 
Francis et al.  2007 ; Ross et al.  2007 ; Schaumberg 
et al.  2007 ; Neuner et al.  2008 ; Seitsonen et al. 
 2008 ; Wang et al.  2008c ; Lee et al.  2010  ) . 
Interaction analyses by Schmidt et al. between 
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number of pack-years of smoking and A69S 
 genotypes revealed that in affected persons, the 
frequency of the homozygous risk (TT) genotype 
linearly increased with increasing pack-years irre-
spective of age and gender, with a corresponding 
decrease in the homozygous non-risk (GG) geno-
type frequencies ( P  < 0.05) (Schmidt et al.  2006 ). 
When comparing current smokers to never smok-
ers, risks for heterozygotes (GT) increased three- 
to six-fold, while for the homozygotes (GG), risk 
increased 10- to 27-fold (Francis et al.  2007 ; 
Schaumberg et al.  2007  ) . 

 Combined effects on the likelihood of early or 
late AMD were demonstrated by the BMES for 

the A69S GT- and TT-genotypes with the mark-
er’s high-sensitivity CRP (ORs, 1.2 for the high-
est tertile alone, 1.6 for GT- and TT-genotypes 
alone, and 2.2 for both GT- and TT-genotypes 
plus the highest tertile, compared with the 
GG-genotype with the two lower tertiles), IL-6 
(corresponding ORs, 1.1, 1.6, and 2.2), sICAM-1 
(ORs, 1.0, 1.5, and 2.3, respectively), and PAI-1 
(ORs, 1.3, 1.7, and 2.3, respectively), but not with 
WCC,  fi brinogen, homocysteine, and von 
Willebrand factor (Wang et al.  2008c  ) . 

 Interaction with antioxidants and  ARMS2  was 
studied within the same settings as  CFH  and 
resulted in similar effects    (Fig.  5.1 ).    
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  Fig. 5.1    ( a – d ) Joint    effect of 
dietary nutrient intake and  CFH  
Y402H genotype on the risk of 
Early AMD. ( e – f ) Joint effect 
of dietary nutrient intake and 
 LOC387715  ( ARMS2 ) A69S 
genotype on the risk of Early 
AMD. R is the common    
reference group.  † HRs are 
estimates of the relative risk of 
early AMD and represent the 
risk of disease (early AMD vs. 
no AMD) in the various 
genetic-environmental risk 
groups divided by the risk of 
disease (early AMD vs. no 
AMD) in the common 
reference group (noncarriers – 
 fi rst tertile of nutrient intake). 
HRs are estimated with Cox 
regression analyses and 
included age, sex, smoking 
status, and atherosclerosis       
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    5.2.6.3   Risk of AMD Due to the Combined 
Effect of  CFH  and  ARMS2 / HTRA1  
SNPs 

 Several studies have investigated the combined 
effect of  CFH  Y402H and  ARMS2  A69S/ HTRA1  
rs11200638 (Rivera et al.  2005 ; Yang et al.  2006 ; 
Cameron et al.  2007 ; Schaumberg et al.  2007 ; 
Yoshida et al.  2007 ; Francis et al.  2008 ; Kaur et al. 
 2008 ; Seitsonen et al.  2008 ; Losonczy et al.  2011  ) . 
Persons with homozygous risk genotypes at both 
loci ( CFH  CC –  ARMS2  TT) compared to the non-
risk genotype (TTGG) had ORs ranging from 27 in 
a Finnish case–control study to 228 in the Caucasian 
clinic-based AREDS. For persons with the homozy-
gous risk genotype for both  CFH  Y402H and 
 HTRA1  rs11200638, the combined ORs ranged 
from eight in a Japanese case–control study to 193 
in AREDS relative to persons with no risk alleles at 
either locus. In addition to the combined risk con-
ferred by  CFH  Y402H and  ARMS2  A69S, Schmidt 
et al. ( 2006 ) also observed an extra risk of AMD 
caused by smoking. Compared to the nonsmoker/
TT(Y402H)/GG(A69S) combination, the OR for 
individuals with the CC-genotype at Y402H and 
the TT-genotype at  ARMS2  increased from 10.2 for 
nonsmokers to 34.5 for smokers. Seitsonen et al. 
 (  2008  )  also found that smoking caused an extra risk 
for AMD but only in connection with sex and  C3  
genotype. The univariate ORs for carrying at least 

one risk allele of  CFH  Y402H was 5.45 (95 % CI, 
2.18–16.83), of  ARMS2  A69S was 4.89 (95 % CI, 
1.73–16.43), of  C3  R102G was 2.12 (95 % CI, 
0.52–8.70), and for smoking was 3.22 (95 % CI 
1.81–6.09), while the joint OR for the three loci 
and smoking was 74.3 (95 % CI, 10.81–2123.6). In 
the RS the effect of smoking within carriers of sev-
eral risk variants in the  CFH ,  ARMS2 ,  C2/FB ,  C3 , 
 CFI ,  TIMP3 ,  LIPC ,  CETP  was investigated. 
Carriers of 9-11 risk alleles in these genes who 
smoked had a risk of 91 % of developing late AMD 
compared to 62 % for the non smokers with the 
same amount of risk alleles (Fig.  5.2 ).  

    5.2.6.4    APOE  Gene 
 Debate remains regarding the gender-speci fi c 
role of the  APOE  alleles in the development or 
progression of AMD. Schmidt et al. found 
signi fi cant interaction between ɛ2-carrier status 
and sex (Schmidt et al.  2002  ) . The ɛ2 allele con-
ferred a risk of 0.74 (95 % CI, 0.52–1.06) in 
women and of 1.54 (95 % CI, 0.97–2.45) in men. 
Hence, the authors suggested that an increased 
risk of AMD due to the ɛ2 allele may only be 
conferred to men. Conversely, Baird et al.  (  2004  )  
found that ɛ2 carriers had a signi fi cant 4.8-fold 
(95 % CI, 1.19–19.09) increased risk of AMD 
progression compared to ɛ4 carriers and a nearly 
signi fi cant 2.8-fold (95 % CI, 0.96–19.09) 
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  Fig. 5.2    Absolute risks of late AMD strati fi ed for genetic load and smoking history in the Rotterdam Study       
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increased risk compared to ɛ3 carriers. Since this 
 fi nding was only present in women, the authors 
suggested that there may be a gender-speci fi c 
role in progression of AMD in persons with an ɛ2 
allele. Fritsche et al. ( 2009 ) could not corroborate 
any gender-speci fi c role of the  APOE  alleles. 

 Schmidt et al.  (  2000,   2005  )  suggested a modi-
fying effect of  APOE  genotypes on the smoking-
associated risk of AMD, particularly for CNV. 
The effect of smoking was most deleterious for 
 APOE  ɛ2 carriers, compared to  APOE  ɛ4 carriers 
and persons with the  APOE  ɛ3/ɛ3 genotype. The 
increase in CNV risk due to smoking was greatest 
in  APOE  ɛ2 carriers, with genotype-speci fi c risks 
increasing from 1.9 for  APOE  ɛ4 carriers ( P  = 0.11) 
to 2.2 for  APOE  ɛ3/ɛ3 homozygotes ( P  = 0.007) to 
4.6 ( P  = 0.001) for  APOE  ɛ2 carriers, compared to 
non-smoking  APOE  ɛ3/ɛ3 persons. In other stud-
ies, the sample sizes of each subgroup were too 
small to determine statistical signi fi cance 
(Zareparsi et al.  2004 ; Tikellis et al.  2007  ) .   

    5.2.7   Conclusion 

 Since the  fi rst assumption of a familial compo-
nent to AMD, 15 genes associated with the dis-
ease have been identi fi ed. These genes have shed 
light on the pathogenesis of AMD and have 
increased our knowledge on the causes of AMD 
enormously. 

 Most of the genetic risk is explained by only 
two genes,  CFH  and  ARMS2 / HTRA1 . The risk 
variants in these genes occur at a much higher 
frequency in the general population than the 
actual disease does, provoking the view that life-
style factors ultimately determine whether these 
genes will have a deleterious effect. Interaction 
with lifestyle factors such as smoking and BMI 
has been dif fi cult to prove, but the  fi rst reports on 
the complexity of gene-environment modulations 
have appeared. 

 Future genetic research will make use of the 
new molecular methodology such as exome and 
whole genome sequencing. This will undoubt-
edly lead to  fi nding more risk variants and more 
information on causal pathways for AMD. Large 
genetic epidemiologic collaborations will be able 
to address the interaction with environmental 

 factors better than single studies can, and they 
will also help elucidate AMD pathogenesis. It is 
expected that these developments will open up 
new avenues for long-lasting and successful treat-
ments for AMD.   

    5.3   Primary Open-Angle Glaucoma 

 Familial occurrence of glaucoma has been known 
for decades; early reports on this topic stem from 
1869 (Von Graefe  1869 ; James  1927  ) . It has been 
estimated that up to 50 % of POAG patients have 
a positive family history (Tielsch et al.  1994  ) . 
The risk for family members was calculated in a 
population-based familial aggregation study;  fi rst 
degree relatives of an affected individual had an 
approximately tenfold increased risk of develop-
ing POAG compared to  fi rst degree relatives of 
controls (22 % vs. 2.3 %) (Wolfs et al.  1998  ) . 
During the last two decades, the attention has 
shifted towards identi fi cation of associated genes 
(Table  5.2 ). So far, 15 chromosomal regions have 
been identi fi ed for POAG (HGNC Database 
 2011  ) . Several POAG genes are rare but have a 
major effect on the risk of disease. Other genes 
are more common but have only minor effects   .  

    5.3.1   Rare Genes with High Risk 
of POAG 

    5.3.1.1    MYOC  
 The  fi rst gene carrying an important POAG risk 
was found in a disease-associated locus and 
named  TIGR  (trabecular meshwork-induced glu-
cocorticoid response protein) or  MYOC  (encod-
ing myocilin) (Shef fi eld et al.  1993 ; Stone et al. 
 1997 ; Kubota et al.  1997  ) . The name myocilin 
was chosen because of its similarities with myo-
sin- and olfactomedin-like domains and the 
abundant appearance in the connecting cilium of 
photoreceptor cells. Myocilin is expressed in 
most tissues of the body and in most ocular tis-
sues (including trabecular meshwork, sclera, iris, 
cornea, lens, ciliary body, retina, optic nerve, 
and vitreous humor) (Fingert et al.  2002  ) . 
Mutations in the  MYOC  gene generally lead to 
an elevated intraocular pressure (IOP). Many 
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disease mechanisms have been  suggested, such 
as (Polansky et al.  1997  )  an  overproduction 
of myocilin by the trabecular meshwork with 
subsequent accumulation causing obstruction in 
the out fl ow of aqueous humor and elevated 
intraocular pressure. Nevertheless, the precise 
effect of the mutated gene is still unclear (Liu 
and Allingham.  2011  ) . Myocilin-associated 
glaucoma inherits as an autosomal dominant dis-
ease, and carriers of a mutation have a 90 % 
risk of developing POAG (Alward et al.  1998  ) . 
Most mutations are associated with juvenile 
or early adult onset of POAG, although some 
are associated with the adult-onset phenotype 
(GLN368STOP mutation, Fingert et al.  2002  ) . 
 MYOC  is estimated to play a role in 3–5 % of 
POAG cases.  

    5.3.1.2    OPTN  
 The second well-identi fi ed gene with a major 
effect is  OPTN  (encoding optineurin, i.e., “optic 
neuropathy-inducing” protein) (Sarfarazi et al. 
 1998 ; Rezaie et al.  2002  ) . The site of expression 
of this protein includes the trabecular meshwork, 
aqueous humor and retina, and the current 
hypothesis is that its effect is neuroprotective. A 
defective optineurin increases the susceptibility 
of retinal ganglion cells to premature death, but 
the exact mechanisms behind the mutations are 
unclear (Liu and Allingham.  2011  ) . Mutations in 
optineurin are associated with normal tension 
glaucoma. The E50K mutation is the most com-
mon mutation, and carriers of E50K have a more 
severe form of glaucoma (Aung et al.  2005  ) . They 
are younger at onset, have a worse initial cup-
disc ratio, and a faster progression of visual  fi eld 
loss.  

    5.3.1.3    WDR36  
 The third high-risk gene is  WDR36  (WD40-
repeat 36) (Monemi et al.  2005  ) . In the initial 
study, mutations were found in patients with 
high- and low-pressure glaucoma. In a study with 
118 probands from families affected by POAG, 
patients with a more severe disease more often 
had a  WDR36  variant, so it was suggested that 
 WDR36  acts as modi fi er gene (Hauser et al. 
 2006  ) .  WDR36  is expressed in non-ocular and 
numerous ocular tissues (lens, iris, sclera, ciliary 

muscles, ciliary body, trabecular meshwork, 
 retina, and optic nerve). The protein WDR36 
interacts with P53 (Footz et al.  2009  ) . Mouse 
models show that mutations in  WDR36  lead to 
progressive degeneration of retinal ganglion cells 
in the peripheral retina (Chi et al.  2010  ) , and 
WDR36 depletions in human trabecular mesh-
work cells lead to apoptotic cell death 
(Gallenberger et al.  2011  ) .  

    5.3.1.4    NTF4  
 A mutation in neurotrophin-4 ( NTF4 ) was 
recorded in 1.7 % of European POAG patients 
(Pasutto et al.  2009  ) . The most frequent  NTF4  
mutation leads to decreased activation of tyrosine 
kinase receptor B and that may cause loss of neu-
rotrophic function (Liu and Allingham.  2011  ) . 
 NTF4  mutations are even less frequent in other 
populations; for instance, it is present in only 
0.6 % of Chinese POAG patients (Vithana et al. 
 2010  ) .   

    5.3.2   Common Genes with Minor Risk 
of POAG 

    5.3.2.1    CAV1/CAV2  
 A variant (rs4236601) near the Caveolin 1 and 2 
genes was associated with POAG (Thorleifsson 
et al.  2010  ) . This variant increased the risk of 
POAG 1.2× in persons of European ancestry but 
up to 5× in Chinese. In the eye,  CAV1  and  CAV2  
are expressed in the scleral spur cells, trabecular 
meshwork, and retinal ganglion cells. It is 
unknown how it plays a role in the pathogenesis.  

    5.3.2.2    CDKN2B  
 This gene was initially discovered as an associa-
tion with vertical cup-disc ratio (VCDR) (Ramdas 
et al.  2010  ) . Recently, it was shown that the risk 
variant in this gene increased the risk of POAG 
1.5× (Ramdas et al.  2011a ; Burdon et al.  2011  ) . 
 CDKN2B  encodes a protein which plays a role in 
cell growth regulation (Ramdas et al.  2010  ) .  

    5.3.2.3    ATOH7  
 Aside from the involvement in optic disc area and 
VCDR (Macgregor et al.  2010 ; Ramdas et al. 
 2010  ) , risk variants in  ATOH7  are associated with 
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a 1.3× increased risk of POAG (Ramdas et al. 
 2011a  ) .  ATOH7  is expressed in the retina and 
plays a role in retinal ganglion cell and optic 
nerve formation in mice (Brown et al.  2002  ) , but 
it has not been linked to optic nerve pathology in 
humans (Ramdas et al.  2011a  ) .  

    5.3.2.4    SIX1  
 A locus between SIX1 and SIX6 is associated 
with vertical cup-disc ratio and a 1.2× increased 
risk of POAG (Ramdas et al.  2010,   2011a  ) . 
Variants in SIX6 are associated with bronchio-
oto-renal syndrome.  SIX1  plays a role in eye 
organogenesis.  

    5.3.2.5    TMCO1  
 SNPs located in  TMCO1  are signi fi cantly associ-
ated with intraocular pressure and a 1.3× increased 
risk of glaucoma (Burdon et al.  2011 ; van 
Koolwijk et al.  2012  ) . The function of  TMCO1  is 
largely unknown. It is highly expressed in the 
human ciliary body and trabecular meshwork and 
interacts with CAV1.  

    5.3.2.6    GAS7  
  GAS7  has been associated with intraocular pres-
sure and a 10 % decreased glaucoma risk (van 
Koolwijk et al.  2012  ) .  GAS7  is expressed in the 
ciliary body and the human trabecular meshwork. 
It is implicated in cell remodeling. The gene 
interacts with  MYOC  and other known glaucoma 
genes such as  OPTN ,  WDR36 , and  CAV1 .  

    5.3.2.7    RPGRIP1  
 Associations between retinitis pigmentosa GTPase 
regulator-interacting protein 1 ( RPGRIP1 ) and 
POAG have been found in European subjects 
(Fernandéz-Martínez et al.  2011  ) . RPGRIP1 is a 
scaffold for proteins acting in signaling pathways 
of different retinal cells. The gene may act as a 
susceptibility gene. 

      Copy Number Variations 
 Fingert et al.  (  2011  )  and Davis et al.  (  2011  )  
reported about the association between copy 
number variations (CNVs) and POAG. Fingert 
et al. identi fi ed a new chromosomal POAG locus 
and suggested that an extra copy of the TBK1 
gene on this region (chromosome 12q14) is 

responsible for their normal tension glaucoma 
cases. It was expressed in microvasculature of the 
retina, the nerve  fi ber layer, and in ganglion cells. 
In interacts with optineurin. Further, a kinase 
encoded by  TBK1  regulates the expression of 
genes involved in the NF-kappaB signaling path-
way. Processes regulated by this pathway, e.g., 
apoptosis, have been implicated in the pathogen-
esis of glaucoma.  

      Spurious Candidates 
 Many other genetic variants have been related to 
POAG, but their association is less clear-cut than 
the genes mentioned above. Tunny et al.  (  1996  )  
suggested that mutations in the atrial natriuretic 
peptide ( ANP ) gene may play a role in at least a 
proportion of patients with familial glaucoma 
due to regulation of intraocular pressure. 

 An association between POAG and apolipopro-
tein E ( APOE ) was suggested in French, Tasmania, 
Japanese, and Chinese populations (Copin et al. 
 2002 ; Vickers et al.  2002 ; Mabuchi et al.  2005 ; 
Lam et al.  2006  ) .  APOE  has been involved in 
Alzheimer’s disease, like glaucoma a neurodegen-
erative disease. Patients with Alzheimer’s disease 
have an increased frequency of glaucoma. 
Functionally,  APOE  is known to interact with myo-
cilin. Although these are interesting  fi ndings for the 
pathogenesis of glaucoma, the role of  APOE  
remains controversial (Ressiniotis et al.  2004  ) . 

 Glaucomatous neuropathy is caused by apopto-
sis. Tumor suppressor protein p53 plays a role in 
regulation of apoptosis, and it has been suggested 
that variants in p53 are a risk factor in the develop-
ment of POAG in Chinese and Caucasian popula-
tions (Lin et al.  2002 ; Daugherty et al.  2009  ) . 

 Polymorphisms in  OPA1  have been associated 
with normal tension glaucoma (Aung et al.  2002a, 
  b  ) , but it seems that this is not the case in glau-
coma phenotypes with elevated intraocular pres-
sure (Liu et al.  2007  ) . 

 An association between  CYP1B1  and POAG 
is also controversial (López-Garrido et al.  2006 ; 
Bhattacharjee et al.  2008 ; Pasutto et al.  2010 ; 
Burdon et al.  2010  ) . Several other variants have 
been described, such as variants in tumor necro-
sis factor alpha (Lin et al.  2003a  ) , insulin-like 
growth factor 2 (Tsai et al.  2003  ) , interleukin-1 
beta (Lin et al.  2003b  ) , and interleukin-1 alpha 
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(Wang et al.  2006  ) . However, most have not been 
replicated by other investigators or in other popu-
lations (Allingham et al.  2009  ) .    

    5.3.3   Genes Associated with POAG 
Intermediates 

 An approach that has been recently used in the 
identi fi cation of POAG genes is the focus on 
quantitative intermediate POAG outcomes, such 
as VCDR and IOP. The heritability for VCDR 
ranges from 0.48 to 0.80 and for IOP from 0.29 to 
0.50 (Schwartz et al.  1975 ; Chang et al.  2005 ; 
Klein et al.  2004 ; van Koolwijk et al.  2007  ) . 
Several genes that could be validated as glau-
coma genes have been discovered in this way 
( CDKN2B ,  ATOH7 ,  SIX1 ,  TMCO1 , and  GAS7 ; 
see above). So, up to now, this approach appears 
to be successful.  

    5.3.4   Optic Disc Area 

 SNPs in or near the genes  CDC7 ,  TGFBR3 , 
 SALL1 , and  CARD10  have been associated with 
optic disc area (Ramdas et al.  2010 ; Khor et al. 
 2011  ) .  CDC7  encodes a protein which is involved 
in cell division cyclus. This protein also interacts 
with the CDKN2A protein which is associated 
with VCDR. A member of the bone morphoge-
netic protein (BMP) and TGFbeta superfamily is 
 GDF11 . This gene is of the same family as 
 TGFBR3  and interacts with  ATOH7 .  SALL1  
defects are a cause of the branchio-oto-renal 
syndrome and Townes-Brocks syndrome. Ocular 
manifestations of the latter include optic nerve 
atrophy (Barry and Reddy  2008  ) .  CARD10  is 
involved in the regulation of apoptosis and sig-
nals the activation of NF-kappaB. The NF-kappaB 
signaling pathway is implicated in major neuro-
degenerative diseases like Alzheimer’s disease.  

    5.3.5   Vertical Cup-Disc Ratio 

 Associations with vertical cup-disc ratio were 
found for loci between  FRMD8 ,  SCYL1 , and 
 LTBP3  in the  DCLK1  gene,  CHEK2  gene,  RERE  

gene, and  LRP1B  gene (Ramdas et al.  2010 ; 
Macgregor et al.  2010 ; Axenovich et al.  2011  ) . 
 SCYL1  has been associated with optic nerve atro-
phy in mice.  LTBP3  is involved in the same sig-
naling pathway as  CDKN2B  for cell growth 
regulation. It is also homolog to  LTBP2 , which is 
implicated in primary congenital glaucoma. 
 DLCK1  may be involved in a calcium signaling 
pathway. This pathway controls neuronal migra-
tion in developing brain and mature brain. Several 
types of cancer are associated with  CHEK2 . 
Overexpression of  RERE  leads to apoptosis via 
triggering of caspase-3 activation.  LRP1B  may 
be included in a development pathway (with 
 SIX1 ,  SALL1  and  DCLK1 ).  

      Conclusion 

 A variety of genes have been implicated in the 
pathogenesis of POAG. Their effect is one of 
extremes. On one end are mutations in the 
 MYOC ,  OPTN , and  WDR36  genes with a large 
impact on the risk of POAG; however, they 
occur only in a small number of families. On 
the other end are frequent variants with only 
small effects. All mutations in the currently 
six established POAG genes combined 
( MYOC ,  OPTN ,  WDR36 ,  ATOH7 ,  CDKN2B , 
and  SIX1 ) explain, together with age, gender 
and IOP, only 4–6 % of the variation in POAG 
risk (Ramdas et al.  2011b  ) . Hence, there is 
still much work to do in unraveling the genetic 
background of this disease.       
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          6.1   Introduction 

 While cataract and glaucoma are the most com-
mon causes of blindness among blacks, age-
related macular degeneration (AMD) is the 
leading cause in whites in the USA (Congdon 
et al.  2004  ) . Although no evidence-based nutri-
tional recommendations exist in the management 
of glaucoma or age-related cataracts (Age-
Related Eye Disease Study Research Group 
 2001a  ) , research has supported nutritional treat-
ment strategies for AMD. This chapter will focus 
on nutritional therapy for AMD. 

 The pathophysiology of AMD, though not well 
understood, may be multifactorial with contribu-
tions potentially from oxidative damage (Fliesler 
and Anderson  1983 ; Gerster  1991 ; Beatty et al. 
 2000  ) , genetic factors, and immunologic pro-
cesses (Tuo et al.  2012  ) . Retinal tissue is exceed-
ingly sensitive to oxidative damage due to its high 
rate of metabolic activity and frequent exposure to 
light. Oxidative damage may play a central role in 
the development of AMD. Consequently, there is 
great interest in determining modi fi able environ-
mental and dietary factors to prevent development 
and progression of AMD. 

 The current data regarding micronutrient 
effects on AMD comes from both large observa-
tional studies and a small number of randomized 
controlled trials. In some instances, the  fi ndings 
of these studies are inconsistent. In evaluating the 
 fi ndings of the available nutritional studies, the 
Cochrane review (Evans  2006  )  concluded that 
the existing evidence regarding micronutrient 
supplementation in retarding the progression of 
AMD is derived mainly from the Age-Related 
Eye Disease Study (AREDS). These nutrients 
include beta-carotene, vitamins C and E, B vita-
mins, zinc, omega-3 fatty acids, and macular 
xanthophylls (lutein and zeaxanthin) (Coleman 
and Chew  2007 ; Evans  2006 ; Evans and Henshaw 
 2000,   2008 ; Johnson  2010  ) . 

 The Age-Related Eye Disease Study 2 
(AREDS2) is currently under way to test the role 
of lutein/zeaxanthin and/or omega-3 long-chain 
polyunsaturated fatty acids in preventing the 
development of advanced AMD in patients at an 
intermediate or high risk of progression. Because 
of the increased risk of lung cancer in smokers 
who take beta-carotene, AREDS 2 will evaluate 
the effects of elimination of beta-carotene. The 
optimal dose of zinc in the AREDS formulation 
will also be tested by decreasing the current dose.  

    6.2   Observational Studies 

 A number of observational studies suggest an 
important association between dietary intake and 
AMD. These include the Rotterdam Study, Blue 
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Mountains Eye    Study, the Beaver Dam Eye 
Study, the Carotenoids in Age-Related Macular 
Degeneration Study, the Nurses’ Health Study, 
and Health Professionals Follow-Up Study. 

    6.2.1   Rotterdam Study 

 The Rotterdam Study was a population-based, 
prospective cohort study of 4,170 participants 
living in the Netherlands aged 55 years or older 
with no AMD in either eye at the baseline of the 
study. Dietary intake was assessed at baseline 
using a semiquantitative food frequency ques-
tionnaire, and incident AMD was determined by 
evaluation of fundus photographs by a grading 
center. Incident AMD was de fi ned as soft distinct 
drusen with pigment alterations, indistinct or 
reticular drusen, geographic atrophy, or choroidal 
neovascularization. After a mean follow-up of 8 
years, an above-median intake of beta-carotene, 
vitamin C, vitamin E, and zinc was associated 
with a 35 % reduced risk (HR, 0.65; 95 % CI, 
0.46–0.92) of AMD (van Leeuwen et al.  2005  ) .  

    6.2.2   Blue Mountains Eye Study 

 The Blue Mountains Eye Study, another popula-
tion-based cohort study, included 2,335 subjects 
aged 49 and older. Dietary intake, derived from a 
standardized questionnaire, was analyzed for an 
association with incident AMD over a 10-year 
study period. Beta-carotene was found to be a 
risk factor for the development of incident neo-
vascular AMD (relative risk (RR) of 2.4 when 
comparing top tertile of intake with bottom ter-
tile) (Tan et al.  2008  ) . 

 In contrast, the Blue Mountains Eye partici-
pants with the highest intake of lutein/zeaxanthin 
had a reduced risk of incident neovascular AMD 
(RR, 0.35). Furthermore, those subjects with 
above-median intakes of lutein/zeaxanthin had a 
reduced risk of indistinct soft or reticular drusen 
(RR, 0.66) (Tan et al.  2009  ) . The participants 
with the highest tertile of zinc intake were 46 % 
less likely to develop early AMD and 44 % less 
likely to develop any AMD (Tan et al.  2008  ) .  

    6.2.3   The Beaver Dam Eye Study 

 The Beaver Dam Eye Study evaluated 1,709 
Wisconsin participants aged 43–84. Dietary infor-
mation was gathered using a food frequency 
questionnaire and incident AMD determined 
using masked grading of stereoscopic color fun-
dus photographs. After 5 years of follow-up, there 
were signi fi cant inverse associations ( P  < 0.05) 
between intakes of provitamin A carotenoids and 
dietary vitamin E and the incidence of large 
drusen. It also showed a signi fi cant inverse asso-
ciation between zinc and the incidence of pig-
mentary abnormalities. No signi fi cant inverse 
associations were found between antioxidant or 
zinc intake and the incidence of overall early 
ARM. However, because there were too few inci-
dent late ARM cases in this cohort, the study was 
unable to assess whether antioxidant intake was 
associated with the progression of early AMD to 
late stage AMD (VandenLangenberg et al.  1998  ) .  

    6.2.4   Carotenoids in Age-Related 
Macular Degeneration Study 

 The Carotenoids in Age-Related Macular 
Degeneration Study (CAREDS) evaluated 1,787 
females aged 50–79 years in the USA with intake 
of lutein/zeaxanthin above the 78th (high) and 
below the 28th (low) percentiles. These partici-
pants were enrolled 4–7 years from the baseline of 
the study between 1994 and 1998. CAREDS found 
that the prevalence of intermediate AMD was not 
statistically different between the high- and low-
lutein/zeaxanthin-intake groups after adjusting for 
age (odds ratio, 0.96; 95 % con fi dence interval, 
0.75–1.23). However, in an analysis of women par-
ticipants younger than 75 years, a substantially 
lowered odds ratios was seen (0.57; 95 % con fi dence 
interval, 0.34–0.95) (Moeller et al.  2006  ) .  

    6.2.5   Nurses’ Health Study and Health 
Professionals Follow-Up Study 

 The Nurses’ Health Study and Health Professionals 
Follow-Up Study in the USA involved a large 
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prospective follow-up evaluation of 71,494 
women and 41,564 men aged 50 and older with-
out AMD at baseline. During the study period, up 
to 18 years for women and 16 years for men, there 
was a statistically nonsigni fi cant reduction in self-
reported incident neovascular AMD with 
increased consumption of lutein/zeaxanthin (Cho 
et al.  2008  ) . Lutein/zeaxanthin intake was not 
associated with the risk of self-reported early 
AMD.   

    6.3   Randomized Controlled Trials 

 The randomized controlled trials evaluating the 
impact of nutritional supplements on AMD are 
few in number. These include the vitamin E, cata-
ract, and age-related maculopathy trial (VECAT), 
Physicians’ Health Study   , and the Age-Related 
Eye Disease Study. 

    6.3.1   Vitamin E, Cataract, and Age-
Related Maculopathy Trial 

 The VECAT, a prospective randomized placebo-
controlled trial, evaluated the effect of vitamin E 
500 international units (IU) on the incidence of 
AMD in an urban Australian population. The 
study included 1,193 participants who were 
enrolled between 1995 and 1996. After the 4-year 
study period, there was no effect of vitamin E 
supplementation on the incidence of early or late 
AMD (Taylor et al.  2002  ) .  

    6.3.2   Physicians’ Health Study 

 The Physicians’ Health Study, a randomized dou-
ble-masked controlled trial of beta-carotene, 
involved 21,120 US male physician participants 
with no AMD at baseline in 1982. This study also 
included an observational arm wherein subjects 
reported their patterns of consumption of vitamin 
C and vitamin E on a dietary questionnaire. 
During the 12.5 average years of follow-up, beta-
carotene was not found to have a signi fi cant effect 
on progression of AMD (Chiu et al.  2009 ; 

Christen et al.  2007  ) . Those subjects taking vita-
min E supplements had a 13 % reduced risk of 
self-reported AMD (RR = 0.87) (Christen et al. 
 1999  )  and users of vitamin C supplements had a 
relative risk of 1.03 (95 % Cl 0.71–1.50) for 
AMD; neither one was statistically signi fi cant. 

 Data from two large randomized controlled 
clinical trials of beta-carotene demonstrated an 
increased lung cancer risk with beta-carotene 
supplementation in smokers (The Alpha-
Tocopherol, Beta Carotene Cancer Prevention 
Study Group  1994 ; Omenn et al.  1996  ) , using 
20–30 mg beta-carotene. Contrary to these stud-
ies, the Physicians’ Health Study did not show a 
signi fi cant difference in lung cancer risk or over-
all mortality in the randomized controlled clini-
cal trial (Hennekens et al.  1996  ) .  

    6.3.3   Oral Zinc in Macular 
Degeneration 

 Newsome et al. conducted a prospective, ran-
domized, double-masked, placebo-controlled 
pilot study of oral zinc in 151 subjects with 
drusen or macular degeneration. When compar-
ing fundus photos from the  fi nal study visit with 
baseline photos, signi fi cantly more eyes in the 
zinc-treated group either remained stable or 
showed less accumulation of drusen. Furthermore, 
the zinc-treated group had signi fi cantly less 
visual loss than the placebo group after a fol-
low-up of 12–24 months (Newsome et al.  1988  ) . 
The placebo group of participants had an unusu-
ally high rate of vision loss in this study; the pro-
portion of loss of 20 or more letters of visual 
acuity was 2.5 times less in the zinc-treated group 
than the placebo group.  

    6.3.4   Age-Related Eye Disease Study 

 The Age-Related Eye Disease Study (AREDS) 
was a long-term, multicenter, prospective study 
of the clinical course and prognosis of AMD and 
age-related cataract. The study included 4,757 
participants, aged 55–80 years, enrolled between 
1992 and 1998. In addition to collecting natural 
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history data, AREDS included a 5-year clinical 
trial of moderate- to high-dose vitamin and min-
eral supplements to examine the effect on the 
progression of AMD (Age-Related Eye Disease 
Study Research Group  1999  ) . Participants were 
randomly assigned to receive daily oral tablets 
containing: (1) antioxidants (vitamin C 500 mg, 
vitamin E 400 IU, and beta-carotene 15 mg); (2) 
zinc 80 mg, as zinc oxide, and copper 2 mg, as 
cupric oxide; (3) antioxidants plus zinc; or (4) 
placebo. 

 The AREDS showed that the supplementation 
of antioxidants plus zinc reduced the risk of pro-
gression to advanced AMD by approximately 
25 % in participants with AREDS categories 3 
and 4 (odds ratio [OR], 0.72; 99 % con fi dence 
interval [CI], 0.52–0.98) (Age-Related Eye 
Disease Study Research Group  2001b  ) . These 
categories are de fi ned by extensive intermediate 
drusen, large drusen, and noncentral geographic 
atrophy in one or both eyes (category 3) or 
advanced AMD or visual acuity <20/32 attribut-
able to AMD in one eye (category 4). 

 In AREDS, the clinical importance of the 
reduction in the development of advanced AMD 
was corroborated by the accompanying effect on 
visual acuity. Compared with the placebo group, 
the participants in categories 3 and 4 assigned to 
antioxidants plus zinc had a statistically 
signi fi cant estimated 27 % reduction in the odds 
of a 15-letter or greater visual acuity decrease 
( P  = .008). Thus, the AREDS concluded that 
patients with extensive intermediate size drusen, 
at least one large druse, noncentral geographic 
atrophy in one or both eyes, or advanced AMD or 
vision loss due to AMD in one eye, and without 
contraindications such as smoking, should con-
sider taking a supplement of antioxidants plus 
zinc such as an AREDS-type supplement 
(Table  6.1 ) (Age-Related Eye Disease Study 
Research Group  2001b  ) .  

 There were minimal adverse outcomes during 
the AREDS study. During the study period, there 
was no statistically signi fi cant difference between 
treatment arms in use of lipid-lowering medica-
tions at 5 years after enrollment (Age-Related 
Eye Disease Study Research Group  2001b  ) . 
However, participants in the antioxidant arms 
more frequently reported yellow skin (8.3 % vs. 
6.0 %;  P  = .008). Interestingly, participants in the 
zinc arms showed an excess of self-reported ane-
mia (13.2 % vs. 10.2 %;  P  = .004), but serum 
hematocrit levels showed no difference (Age-
Related Eye Disease Study Research Group 
 2001b  ) . Furthermore, no clinically or statistically 
signi fi cant difference from baseline in serum lev-
els of cholesterol or hematocrit was observed 
during the 5-year period (Age-Related Eye 
Disease Study Research Group  2001b  ) . There 
were, however, higher rates of hospitalization for 
genitourinary conditions in patients randomized 
to the zinc arm of the study compared to those 
who were not on zinc formulations (7.5 % vs. 
4.9 % for both men and women and 8.6 % vs. 
4.4 % for men alone) (Age-Related Eye Disease 
Study Research Group  2001b  ) . These genitouri-
nary conditions included unspeci fi ed urinary tract 
infection, prostatic hyperplasia in men, and stress 
incontinence in women. 

 Interestingly, participants taking zinc supple-
ments, either alone or in combination with other 
antioxidants, had decreased mortality in the 
AREDS than those not taking zinc (RR 0.78; 
95 % CI, 0.41–1.47) (Clemons et al.  2004  ) . 
AREDS analyses did not show any increased risk 
of mortality with AREDS supplementation 
(Clemons et al.  2004  ) . However, a large meta-
analysis of controlled clinical trials examining 
the impact of vitamin E on mortality showed a 
minimally increased risk of mortality with vita-
min E supplementation both when used alone 
and in combination with beta-carotene and vita-
min A (RR 1.04) (Bjelakovic et al.  2007  ) . The 
AREDS data suggests that patients homozygous 
for the risk conferring phenotype of complement 
factor H (Y402H/Y402H) have a reduced treat-
ment response to zinc (Klein et al.  2008  ) . 

 The observational data from AREDS found that 
dietary total omega-3 long-chain polyunsaturated 

   Table 6.1    AREDS Formulation: Daily Dose   

 Vitamin C 500 mg 
 Vitamin E 400 IU 
 Beta-carotene 15 mg 
 Zinc 80 mg 
 Copper 2 mg 
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fatty acid (LCPUFA) intake was inversely asso-
ciated with neovascular AMD (odds ratio [OR], 
0.61; 95 % con fi dence interval [CI], 0.41–0.90). 
Docosahexaenoic acid, an omega-3 LCPUFA 
which is an important structural component in 
membranes in the retina, was also associated with 
decreased risk of neovascular AMD (OR, 0.54; 
95 % CI, 0.36–0.80). Higher  fi sh consumption, 
both total and broiled/baked, was also inversely 
associated with NV AMD (OR, 0.61; 95 % CI, 
0.37–1.00 and OR, 0.65; 95 % CI, 0.45–0.93, 
respectively). Similarly, when comparing the high-
est and lowest quintiles of intake in the AREDS 
population, lutein and zeaxanthin intake was inde-
pendently inversely associated with NV AMD 
(OR 0.65), geographic atrophy (OR, 0.45), and 
large or extensive intermediate drusen (OR, 0.73) 
(SanGiovanni et al.  2007  ) .  

    6.3.5   Age-Related Eye Disease Study 2 

 In addition to the observational data from AREDS, 
other epidemiologic studies have suggested a 
possible protective effect of lutein/zeaxanthin and 
omega-3 fatty acids for advanced AMD. The data 
are compelling to conduct a large clinical trial to 
test the roles of these two nutrients. The Age-
Related Eye Disease Study 2 (AREDS2) was 
designed to address these hypotheses. 

 The AREDS2 is a multicenter, placebo- 
controlled, randomized trial with the primary 

 purpose of evaluating the ef fi cacy and safety of 
lutein and zeaxanthin and/or omega-3 LCPUFA 
supplementation in reducing the risk of develop-
ing advanced AMD   . Secondarily, the study will 
evaluate the elimination of beta-carotene    (The 
AREDS2 Research Group  2012 ; Coleman and 
Chew  2007  )  as well as a lower dose of zinc (as 
compared to AREDS) in reducing the risk of 
developing advanced AMD. 

 In contrast to AREDS, AREDS2 included only 
participants at intermediate risk, or higher, of pro-
gression to AMD. Approximately 4,000 patients 
have been enrolled who have either (1) bilateral 
large drusen or (2) large drusen in one eye and 
advanced AMD (NV AMD or central geographic 
atrophy) in the fellow eye. The primary outcome 
measure in AREDS2 is progression to advanced 
AMD during the 5-year study period (Fig.  6.1 ).  

 In the primary randomization, study partici-
pants were randomly assigned to take one of the 
following treatment arms: (1) placebo (AREDS 
formulation), (2) lutein 10 mg and zeaxanthin 
2 mg, (3) DHA 350 mg and EPA 650 mg, or (4) 
lutein 10 mg and zeaxanthin 2 mg and DHA 
350 mg and EPA 650 mg. 

 All participants other than the placebo group 
were offered the choice of AREDS formulation or 
a second randomization to receive one of four 
alternative AREDS formulations (Table  6.2 ). 
Consequently, the AREDS2 trial will provide fur-
ther evidence on the re fi nement of the ARED-type 
supplement in addition to its primary outcome.    

Lutein/zeaxanthin  
1,000 

DHA/EPAa 

1,000 
Lutein/zeaxathin + 

DHA/EPAa 

1,000 

low zinc 
No ß-Cb Low zinc 

Randomized  
participants 

 n=4,000 

AREDS 
supplements 

Control 
1,000 

AREDS 
supplements 

No AREDS  
supplements 

AREDS 
supplements 

No ß-Cb & 

  Fig. 6.1    Age-related eye 
disease study 2 (AREDS2) 
study design.  a  docosa-
hexaenoic acid and 
eicosapentaenoic acid,  b  
Beta-carotene          
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    6.4   Recommendations 

 Persons older than 55 years should have dilated 
eye examinations to determine their risk of devel-
oping advanced AMD. Based on current litera-
ture, persons found to have intermediate or 
high-risk AMD (extensive intermediate size 
drusen, at least one large druse, noncentral geo-
graphic atrophy in one or both eyes, or advanced 
AMD or vision loss due to AMD in one eye) 
should be considered for micronutrient supple-
mentation. If such patients are without contrain-
dications such as smoking, the treating physician 
may consider recommending AREDS-type sup-
plements (Age-Related Eye Disease Study 
Research Group  2001b  ) . If such patients are 
smokers or recent former smokers, the treating 
physician may consider recommending AREDS-
type supplementation that excludes the beta-car-
otene component; the patient should also be 
advised to quit smoking. No evidence-based rec-
ommendations exist for nutritional supplementa-
tion in patients with early AMD. Similarly, 
neither the AREDS nor the several documented 
observational studies evaluated bilateral advanced 
AMD; thus, no evidence-based recommendations 
exist for nutritional supplementation in patients 
with advanced AMD  fi ndings.  

     Conclusion 

 While there is strong evidence for supplemen-
tation for intermediate or high-risk AMD, 
there is currently insuf fi cient data regarding 
nutritional supplementation for patients with 
early or bilateral advanced AMD. Additionally, 
there is insuf fi cient evidence in the literature to 
recommend routine nutritional supplementa-
tion in healthy adults for primary prevention of 
AMD. Intermediate- to high-risk AMD patients 

may consider taking AREDS-type supple-
ments as appropriate given their overall health 
status. Observational studies have also sug-
gested bene fi t from increased dietary intake of 
macular xanthophylls and omega-3 fatty acids 
and lowering carbohydrate intake. The cur-
rently underway large randomized controlled 
trial AREDS2 will help elucidate the role of 
lutein/zeaxanthin and omega-3 LPPUFAs in 
the management of AMD. Developing effec-
tive preventive therapies for AMD, which is an 
increasing public health problem, is essential 
for future research efforts.      
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  7

          7.1   Introduction 

 Cataract surgery has come a long way, from 
couching as long as 5,000 years ago to femtosec-
ond laser lens fragmentation today. Although it is 
a routine surgery in the Western world today, 
cataract is still a major cause of blindness in the 
world, as the availability of surgery in other 
countries is much worse. And even if cataract 
surgery is available, posterior YAG capsuloto-
mies might be not. Besides these problems, the 
development of cataract surgery in the Western 
world is progressing with huge steps. Smaller 
incisions, less invasive surgical techniques, and 
last but not least more precise IOL calculations 
lead the way to premium IOL. Bi- and trifocal 
lenses, requiring precise and predictable posi-
tioning are being implanted successfully today, 
due to these developments allowing patients to be 
independent of their glasses after cataract sur-
gery. This step – from the removal of the blurred 
lens only towards the aiming for postoperative 
spectacle independency – marked the change 
from cataract surgery to refractive  cataract sur-

gery, which will be the cataract surgery of the 
twenty- fi rst century.  

    7.2   Cataract 

 Cataract is, with exception of some special occur-
rences like traumatic or congenital cataract, age 
related. Every person who reaches the respec-
tive age will suffer from cataract, usually in both 
eyes. The respective age however depends on 
many factors, genetic ones as well as such set 
by environmental conditions like UV exposure 
or malnutrition. The age-related blurring of the 
natural lens is still the most common reason for 
blindness, particularly as in developing countries 
access to primary cataract surgery and/or treat-
ment of posterior capsule opaci fi cation (PCO) is 
limited. Age-related cataract is responsible for 
48 % of world blindness, which represents about 
18 million people. Furthermore, lifetime expec-
tation in the Western world is as high as never 
before; at the same time, the cataract surgery 
rate (CSR) in new emerging industrial countries 
increases dramatically (e.g., in India). Cataract 
surgery has thus become the most often per-
formed surgery worldwide, with estimated 18–20 
million surgeries per year, tendency increasing. 
The impact of an aging society on global CSR 
is obvious (Kohnen et al.  2009a ; WHO  2011  ) . 
Cataract surgery has become a serious chal-
lenge for global health systems – and also a most 
signi fi cant market.  
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    7.3   Evolution of Cataract Surgery 

 Cataract surgery as we know it today is the removal 
of the crystalline lens using ultrasonic 
phacoemulsi fi cation via a clear corneal or limbal 
incision and an anterior capsulotomy with the fol-
lowing implantation of an arti fi cial lens in the cap-
sular bag. This procedure has mainly been affected 
by four surgeons: Sir Harold Ridley, who per-
formed the  fi rst intraocular lens implantation in 
1949 (Ridley  1952  ) ; Charles Kelman, who for the 
 fi rst time introduced ultrasonic phacoemulsi fi cation 
in 1967 (Kelman  1967  ) ; and Thomas Neuhann and 
Howard Gimbel, who proposed the anterior capsu-
lotomy in 1981 and 1985 (Hae fl iger and Neuhann 
 1988  ) . Since then improvements have been made 
in incision sizing (Sect.  7.4.4.1 ) as well as lens 
edge design, optic design (Sect.  7.4.2 ), and IOL 
calculation (Sect.  7.4.3 ) to provide a lower rate of 
posterior capsule opaci fi cation and better postop-
erative quality of vision. Cataract surgery today is 
more and more seen as refractive surgery 
(Sect.  7.4.1 ). The next step on this road might be 
femtosecond laser phacoemulsi fi cation and thus 
the abandonment of ultrasound exposure resulting 
in more gentle surgery, even more precise inci-
sions and capsulotomies, less complications like 
capsular ruptures, as well as more precise and 
 predictable visual results (Sect.  7.4.4.2 ).  

    7.4   Refractive Cataract Surgery 

 While the focus in cataract surgery in emerging 
economies or developing countries lies mostly on 
increasing accessibility of both primary cataract 
surgery and treatment of PCO, these are not an 
issue in the Western world. Since the removal of 
the blurred lens is a routine standard treatment at 
the beginning of the twenty- fi rst century, patients 
as well as surgeons focus more and more on the 
refractive aspects of cataract surgery (Koch and 
Kohnen  1999  ) . The aim will be to provide indi-
vidualized refractive solutions to achieve not only 
the removal of the blurred lens but also optimized 
postoperative spectacle independency and com-
fortable quality of vision (Sect.  7.4.1 ) at all 
required distances. Prevention of PCO might be 
named an issue, but rather for reasons of increased 

patient comfort than prevention of blindness, as 
the access to YAG lasers is largely available. 

    7.4.1   Quality of Vision 

    7.4.1.1   Standard Parameters 
for Evaluation of Vision 

 As mentioned above, the major goal of cataract 
surgery is the replacement of the opaci fi ed lens. 
Thanks to development in biometry (i.e., partial 
coherence interferometry), today’s surgeons are 
able to achieve postoperative emmetropia 
(according to the SE, not to astigmatism) with 
standard spherical lenses in many patients. The 
standard criteria to evaluate the visual outcome 
after cataract surgery are safety, predictability, 
ef fi cacy, and stability of both refraction and visual 
acuity (Kohnen  2009 ; Dupps et al.  2011  ) .  

    7.4.1.2   What Is Quality of Vision? 
 Quality of vision is a subjective multivariate con-
struct. Based on the assumption that vision in 
everyday life requires more than just suf fi cient 
visual acuity (representing spatial resolution abil-
ity of the visual system only), different metrics in 
four levels of visual perception (anatomy, optics, 
function, and subjective perception) can be 
de fi ned. Thus, the individual patient’s vision can 
be quanti fi ed more precise. These metrics are, 
among others, noticeable problems of the ante-
rior segment and topographic metrics (anatomy), 
refraction, again topography and aberrometry 
(optics), contrast sensitivity, low- and high-
 contrast visual acuity (function), and last but not 
least the assessment of subjective satisfaction by 
questionnaires (subjective perception). Vision 
after cataract surgery is more and more judged by 
these metrics. As a result, different types of more 
or less individualized IOL have been developed 
during the past decades, aiming for more conve-
nient visual perception after cataract surgery.   

    7.4.2   Intraocular Lenses (IOL) 

 Standard monofocal spherical intraocular lenses 
are designed to correct postcataract aphakia and at 
the same time the preoperative spherical  equivalent 
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of preoperative ametropia. They are capable of 
providing neither astigmatism – or higher-order 
aberration correction – nor near and distance vision 
at the same time. In many cases these lenses thus 
cannot provide spectacle independency, no matter 
how precise preoperative calculation (Sect.  7.4.3 ) 
was performed, unless additional surgical proce-
dures are applied, such as incisional techniques or 
keratorefractive excimer surgery. Several different 
optics of IOL have been introduced in the past; the 
main principles include aspheric IOL, toric IOL, 
multifocal IOL, and “accommodative” IOL as 
well as combinations of these. 

    7.4.2.1   Aspheric IOL 
 While corneal spherical aberration (SA) remains 
constant, lenticular SA changes from negative val-
ues in the juvenile eye towards positive values in 
older patients adding up to a positive total ocular 
SA (Wang et al.  2003,   2005  ) . Aspheric IOL 
(AIOL) are designed to modify the ocular SA after 
cataract surgery, either by adding no new lenticu-
lar SA (“aberration-free IOL”) or by compensat-
ing for the corneal SA by adding negative lenticular 
SA (Kohnen and Klaproth  2008  ) . The result is an 
improvement in quality of vision, namely, retinal 
image quality, contrast sensitivity, and to a some-
what lower extent visual acuity. However, this 
theory has two major limitations: pupil size and 
surgically induced corneal aberrations. AIOL only 
achieve these positive results for pupil sizes larger 
than approximately 4–5 mm (Kohnen et al.  2009b  ) . 
As pupil size shows age-related overall decrease, 
many cataract patients do not reach this pupil size 
(Kollarits et al.  1982  ) . The second limitation is 
due to the surgery itself. The    clear corneal inci-
sions, most commonly used for cataract surgery 
today, induce, depending on size and location, a 
change in corneal aberrations. Only incisions of 
approx. 2.2–2.5 mm or smaller are more or less 
neutral to higher-order aberrations. Thus, only few 
patients will signi fi cantly bene fi t from the implan-
tation of an AIOL: namely, young patients with 
large pupils (Kohnen et al.  2009b  ) . AIOL can also 
be combined with toricity or multifocality.  

    7.4.2.2   Toric IOL 
 If one considers the refractive outcome after cata-
ract surgery as a major topic, we have to look at the 

correction of preexisting astigmatism as a major 
task. The correction of spherical errors, namely, 
the correction of the spherical equivalent of ocu-
lar aberrations, is today’s standard in cataract sur-
gery. Astigmatism, however, as one major source 
of limited postoperative visual acuity and quality 
of vision, is only beginning to be addressed in 
an appropriate way. Options are procedures to 
modify corneal curvature itself, as limbal relax-
ing incisions, opposite clear corneal incisions, or 
additional corneal excimer laser surgery, as well 
as procedures, that compensate for corneal astig-
matism, such as pseudophakic supplementary or 
primary implanted toric intraocular lenses. The 
latter ones require a precise predictability of 
postoperative corneal astigmatism, which can, 
for example, be achieved by micro-incisional 
cataract surgery (see Sect.  7.4.4.2 ). 

 Toric IOL compensate for the corneal astig-
matism (in ideal the total corneal astigmatism, 
not only the anterior surface astigmatism). To 
achieve (long-term) correction of astigmatism, 
the IOL need to keep their postoperative rota-
tional position. This was the weak point of the 
early toric implants; rotations as large as 30° 
were observed with the  fi rst plate haptic models. 
Today’s implants however maintain their rota-
tional position in an adequate way to achieve 
refractive stability. 

 Theoretically toric IOL implantation is indicated 
for cataract patients with corneal astigmatism of 
0.75D or more, as this is usually seen as the clinical 
signi fi cant value of astigmatism. Poll and col-
leagues compared visual results regarding astigma-
tism correction in two patient cohorts (Poll et al. 
 2010 ). Of 192 eyes, 77 were provided with toric 
IOL, 115 were treated with limbal relaxing inci-
sions (LRI). Preoperatively, groups differed only in 
manifest cylinder refraction, which was slightly 
higher in the toric IOL group. Postoperatively, 
the difference in manifest cylinder refraction was 
no longer observed (0.42D in the IOL group and 
0.46D in the LRI group). Eyes with a preoperative 
astigmatism of  ³ 2.26D, however, more often 
reached a postoperative astigmatism of  ³ 20/40. 
Below this threshold, both procedures were compa-
rable. Thus, it can be concluded that for reasons of 
better correction of high cylinders and at the same 
time no risk of regression of correction (due to, 
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e.g., wound healing after performing LRI), toric 
IOL should be the procedure of choice to correct 
astigmatism when performing cataract surgery.  

    7.4.2.3   Multifocal IOL 
 Implantation of multifocal IOL is today’s gold 
standard procedure to achieve spectacle indepen-
dency after cataract extraction for distance and 
near tasks simultaneously. Four major optical 
principles are used today: (a) refractive circular 
(Fig.  7.1 ) IOL, (b) diffractive circular IOL, (c) 
combinations of (a) and (b) (Fig.  7.2 ), and  fi nally 
(d) refractive segmental IOL (Fig.  7.3 ). All these 
lenses use bifocal optics, generating two or more 
foci simultaneously. Depending on the distance 
of the  fi xated object, usually near at 30–40 cm 
and/or intermediate at 60–89 cm as well as far at 

 ³ 4 m, one of the foci and thus a clear image is 
located on the retinal plane. By neuronal suppres-
sion of the respective other picture, the patient 
can see clearly in the respective distance.    

 Kohnen et al. implanted aspheric multifocal 
IOL of the diffractive-refractive persuasion 
bilaterally in 93 cataract patients (Kohnen et al. 
 2009c  ) . All patients signi fi cantly gained visual 
acuity for all evaluated distances. Six months 

  Fig. 7.1    Refractive, multifocal IOL (M- fl ex, Rayner). 
The rings represent areas of different refractive powers, 
for near and distance correction       

  Fig. 7.2    Toric, aspheric, diffractive-refractive, circular, 
blue-light- fi ltering multifocal IOL (ReSTOR Toric, 
Alcon). The diffractive central zone allows for good near 
and distance visual acuity with small pupils; the periph-
eral zone is optimized for distance visual acuity with large 
pupils, for example, in night driving. The  three dots  
 indicate the cylinder axis       
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postoperatively, the mean uncorrected visual 
 acuities were 0.03 ± 0.13 logMAR at 4 m, 
0.20 ± 0.14 logMAR at 70 cm, 0.13 ± 0.15 log-
MAR at 60 cm, 0.05 ± 0.18 logMAR at 50 cm, 
and 0.04 ± 0.11 logMAR at 40 cm. Patients’ pre-
ferred reading distance was 41 ± 4 cm. This 
value corresponds perfectly with the IOLs addi-
tion of 3D (which equals approx. 2.5D in 
glasses) and is thus re fl ected by the defocus 
curve, which peaks 40–50 cm with a visual acu-
ity of −0.01 ± 0.11 logMAR. On a subjective 
satisfaction score from 1 (not satis fi ed) to 10 
(extremely satis fi ed), patients’ average rating 
was 8.3 ± 1.6. Eighty-eight percent of patients 
explained they where independent of spectacles 
after surgery. Several other trials evaluating dif-
ferent types of implants con fi rm these results in 
terms of visual acuity, patient satisfaction, and 
spectacle independency; these are among others 
Akaishi et al.  (  2010  ) , Gunvant et al.  (  2011  ) , and 
Patel et al.  (  2008  ) .   

 Despite the excellent refractive results, all 
multifocal lenses suffer from inherent problems, 
caused by this principle of two or more simulta-
neous imaged foci. As both images, the clear 
one and the blurred one, appear on the retina, 
neuronal adaptation is required to suppress the 
blurred image. Furthermore, the light intensity 
is lower for each image in comparison to a 
monofocal lens, which transmits almost 100 % 
of the light (re fl ection and absorption being 
ignored) to one focus on the retina. Both effects 
lead to loses in contrast sensitivity and increased 
glare disability. 

 In most commonly used multifocal IOL this 
effect is not of clinical relevance anymore, if 
patient selection has been performed properly. 

 Hayashi and colleagues performed a con-
trolled prospective trial, comparing two groups 
of patients. Each comprised 64 eyes of 32 patients. 
One group was implanted bilaterally with a 
monofocal aspheric IOL, the other with an 
aspheric diffractive-refractive +3D addition IOL 
of the same general IOL body design. The mean 
monocular and binocular uncorrected and dis-
tance-corrected visual acuity at 0.5 m and at 
0.3 m were signi fi cantly better in the multifocal 
group than in the monofocal group (e.g., monoc-
ular distance-corrected visual acuity at 0.3 m: 
20/33 in multifocal group vs. 20/94 in monofocal 
group). Distance and intermediate visual acuity 
at 0.7 and 1.0 m were similar between the two 
groups. No signi fi cant (but tendentious) differ-
ences were observed between groups in contrast 
acuity and glare acuity under photopic and 
mesopic conditions (Hayashi et al.  2009a  ) . In 
another similar designed trial, Hayashi and 
coworkers evaluated a monofocal and a multifo-
cal refractive IOL, both again with the same gen-
eral IOL body, in 44 patients (22 in each group) 
up to 3 months after surgery. Mean VA in both 
the multifocal and monofocal IOL groups 
decreased gradually from far to near distances. 
When comparing the two groups, however, both 
uncorrected and best distance-corrected interme-
diate VA at 0.5 m and near VA at 0.3 m in the 
multifocal IOL group were signi fi cantly better 
than those in the monofocal IOL group, although 
there was no signi fi cant difference in far VA or in 
intermediate VA at 0.7 and 1.0 m. Photopic and 
mesopic contrast VA and glare VA were similar 
between the two groups (Hayashi et al.  2009b  ) . 
Alio et al. looked at the third kind of multifocal 
IOL: the relatively new segmental refractive ones. 
Thirty-nine eyes were implanted with this lens 
and 35 with a refractive-diffractive IOL. Both 
groups were followed for 3 months. Uncorrected 
near visual acuity and distance-corrected near 
visual acuity were slightly better in the diffractive 
group than in the zonal refractive group, whereas 
intermediate visual acuity was slightly better in 
the segmental refractive group. Photopic contrast 

  Fig. 7.3    Refractive segmental multifocal intraocular 
lens (Mplus, Oculentis) with the major distance-focus 
segment as well as the smaller near-focus segment 
( red ). The central IOL optic is used for distance focus 
as well       

 



98 O.K. Klaproth et al.

sensitivity was signi fi cantly better in the zonal 
refractive group. Wavefront aberrations (total, 
higher order, tilt, primary coma) were signi fi cantly 
higher in the zonal refractive group than in the 
diffractive group (Alio et al.  2012  ) . 

 It may be concluded from this trials that visual 
quality metrics are only tendentious but not 
signi fi cantly worse with the currently used multi-
focal IOL compared to the monofocal models. 
Different types of multifocal optic designs lead to 
comparable visual results. Furthermore, the 
patients bene fi t from increased near visual acuity 
in all tested multifocal IOL. 

 The patients presented, however, were trial 
patients and as such selected with much care. If 
the  fi ndings from controlled prospective random-
ized trials are applicable in daily practice depends 
on one major parameter: Is patient selection per-
formed with due diligence? All methods for cor-
rection of presbyopia, from reading glasses to 
multiaddition glasses or contact lenses and mul-
tifocal implants, are compromise solutions only. 
They are not (yet?) able to restore the juvenile 
lenses’ ability to accommodate. Thus, patients 
have to be screened for their multifocal lens eli-
gibility not only in terms of anatomical proper-
ties but also for their individual visual 
requirements and their understanding of the 
IOL’s optical principle as well as its advantages 
and disadvantages. Usually the in- and exclusion 
criteria should include:

   Potentially good binocular visual acuity after • 
cataract extraction (no signi fi cant retinal 
pathologies and clear intraocular media and 
no irregular astigmatism and/or amblyopia).  
  Corneal astigmatism within the range of the • 
IOLs toricity.  
  Patients with conditions associated with • 
increased risk of zonular rupture should be 
excluded from surgery.  
  Patients with zonular damage/rupture or cap-• 
sular tear/rupture during the cataract extrac-
tion procedure that may lead to lens instability 
should not be implanted with multifocal IOL 
(backup lenses in the OR).  
  Exclusion of patients with inability to fuse or • 
focus for prolonged periods (e.g., due to    stra-
bismus, nystagmus).    

 Furthermore, patients should:
   Be able to understand the optical principle of • 
the IOL and the resulting advantages and dis-
advantages according to their individual visual 
requirements in working life and leisure time. 
Patients are not always able to provide 
suf fi cient transfer; in this case, it is the sur-
geon’s task to exclude patients whose individ-
ual visual requirements in daily life do not 
match the abilities of multifocal lenses.  
  Be able to understand the advantages and dis-• 
advantages of multifocal IOL in comparison 
to monofocal IOL and the respective addi-
tional presbyopia corrections as well as com-
pared to monovision.  
  Receive thorough informed consent that there • 
is a slight probability that they will neverthe-
less maybe need correction of a potential 
refractive error, either by contact lenses or 
refractive corneal surgery.     

    7.4.2.4   Accommodating IOL 
 Accommodative IOL are meant to translate the 
movement of the ciliary muscle during accom-
modation into a dynamic change of the eye’s 
refractive power (Klaproth et al.  2011  ) . Three 
major types of accommodative IOL are being 
evaluated in the literature today: single-optic IOL, 
dual-optic IOL, and gel-optic IOL. The single-
optic IOL’s postulated effective principle is based 
on an anterior shift of the IOL caused by ciliary 
muscle contraction and thus increased pressure of 
the vitreous on the lens and the change in the IOL 
curvature. A movement of the IOL by 1 mm 
would theoretically result in a refractive power 
change of about 1.25D (Langenbucher et al. 
 2004  ) . Until now, no clinical trial using physio-
logical (non pharmaceutical) stimuli for accom-
modation has shown this movement; the principle 
of single-optic accommodating IOL has yet failed 
to prove its ef fi cacy. Another approach is implant 
systems of two lenses, which are supposed to 
move in the respective opposite anterior or poste-
rior direction. Here again, the ciliary muscle con-
traction is used to achieve this movement. 
Theoretically the accommodative amplitude of 
such lenses is higher than the amplitude of 
 single-optic IOL. 2.5- to 4D might be  achievable. 
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But again, the physiological stimulated proof of 
principle in the peer-reviewed literature is yet 
missing (Klaproth et al.  2011  ) . However, some 
presentations and reports on trials using ultra-
sound biomicroscopy or dynamic aberrometry 
seem to show a movement of the IOL. 

 The third type of accommodating IOL, the 
gel-optic ones, also could not prove any move-
ment or accommodation under physiological 
stimulation (Klaproth et al.  2011  ) . 

 Generally it has to be noted that only such 
tests are suitable for proving accommodation that 
show a movement of the IOL, a change in the 
IOLs curvature, or at least dynamic changes in 
aberrometry for  fi xed pupil sizes. Visual acuity 
testing in different distances, defocus curves, or 
even reading charts is not acceptable. 

    Findl and Leydoldt conclude in their meta-
analysis (Findl and Leydolt  2007  )  that the exist-
ing results from studies are not suf fi cient to prove 
dynamic changes of eyes implanted with the ana-
lyzed accommodating IOL when physiological 
stimulation is used. To the authors’ opinion, this 
state has not changed, even with the introduction 
of some new IOL types (Klaproth et al.  2011  ) . 
Some trials however show also positive effects 
for the patients, especially when evaluating inter-
mediate vision. Factors like patient motivation 
(Leydolt et al.  2009  ) , certain ocular aberrations 
like astigmatism (Nagpal et al.  2000 ; Nanavaty 
et al.  2006  ) , or hidden multifocal lens designs 
(e.g., central steepening of the optics) seem to be 
responsible for these effects.   

    7.4.3   Basics of IOL Calculation    

    7.4.3.1   IOL Calculation 
 The fundamental requirement to achieve precise 
postoperative outcomes after cataract surgery is 
precise IOL calculation and therefore precise 
preoperative biometry. With the introduction and 
ongoing development of optical biometry, the 
precision of refractive cataract surgery results 
could be increased a lot, compared to the results 
achieved with the previously prevailing ultra-
sound measurements. Also IOL calculation for-
mulas are much more advanced today. Early 

calculations were based for a good part on empir-
ical data. Especially on long or short eyes, the 
deviation from target refraction was often very 
large. These formulas (e.g., SRK 1 and 2) are 
now considered obsolete. Today’s IOL formulas 
suffer much less from these disadvantages as they 
are no longer based on empirical but measured 
data and mathematical-optical calculations. 
Formulas like Holladay 2 and Haigis offer pre-
dictable refractive results for all kind of eyes, 
even very long or short ones, if precise biometry 
is performed and the surgeon’s personal “surgical 
factor” is evaluated in individual nomograms 
properly. However, even in ideal cases, there are 
some problems like the predictability of postop-
erative effective lens position (ELP), which leads 
to outliers in refractive predictability. Also an 
A-constant with a little “failure” can lead to post-
operative myopia of one or more diopters. One 
group of eyes is even worse covered by standard 
IOL formulas: postcorneal refractive surgery 
eyes. These eyes will be one of the challenges for 
cataract surgeons in the twenty- fi rst century, as 
more and more ametropic patients are treated 
with corneal refractive excimer and/or femtosec-
ond laser procedures. The  fi rst of these patients 
now reach the cataract age, but more are to come 
and yet not all IOL calculation problems are 
solved for those patients.  

    7.4.3.2   IOL Calculation After Corneal 
Refractive Surgery 

 Accurate intraocular lens power calculation in 
eyes following laser corneal refractive surgery is 
known to be dif fi cult. Often surgery in these 
patients resulted in unexpected hyperopic resid-
ual refractive error (Koch et al.  1989  ) . There are 
mainly three reasons for these errors. 

 Classic keratometers only measure a central 
portion of the cornea (usually about 3 mm) and 
assume a prolate corneal anterior surface shape, 
as with normal corneas, whose curvature 
decreases from center to periphery. By treating 
these corneas with, for example, excimer surgery, 
this natural ratio of prolateness is lost. In myopic 
treatments the center is  fl attened and in hyperopic 
treatment is steepened. And it is this central area, 
keratometers measure, which results in false 
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refractive power estimations. However, this error 
is no longer of relevance for today’s postkerator-
efractive patients, as optical zones today are 
much bigger than in the beginning of corneal 
refractive excimer surgery. 

 Keratometers calculate the total corneal power 
by measurement of the corneal  fi rst surface and 
implement the in fl uence of its thickness and pos-
terior surface only by empirically changing the 
refractive index used for calculation. The natural 
ratio of anterior and posterior corneal curvature, 
however, is substantially changed by corneal 
refractive procedures. Thus, the refractive index 
used by keratometers (also keratometer index) 
leads to false, usually too large, corneal refractive 
power values. If such false values are used for 
IOL calculation, the refractive result of cataract 
surgery will be false, mostly hyperopic, resulting 
in patient dissatisfaction. 

 Another problem is the estimation of the effec-
tive lens position. Formulas such as Hoffer Q or 
Holladay II use the axial lengths and the anterior 
surface curvature to estimate ELP. As the ratio of 
corneal curvature to ELP is no longer normal 
in postcorneal refractive surgery eyes, the IOL 
positioning should not be based on it. The haggis 
formula e.g. is not affected by this error, as it does 
not use the corneal curvature for ELP 
estimation. 

      How to Avoid These Problems? 
 To avoid these factors and to improve the accu-
racy of IOL power calculations, several methods 
have been proposed: methods that use prerefrac-
tive surgery corneal curvature data, methods that 
are independent of preoperative data, and  fi nally 
methods that combine both types of data. 

 The variety of methods and approaches itself is 
a problem again. Depending on available data and 
the surgical method used, different methods qual-
ify for different patients. Most of the patients will 
not have the preoperative data available, and if 
they do, the quality of these measures cannot be 
estimated. A convenient option to select the 
appropriate formula is offered by the ASCRS. On 
the society’s Web page, the ASCRS IOL calcula-
tor for postcorneal refractive surgery eyes can be 
found (  http://iolcalc.org/    ). The user is asked to 

enter all available data for the respective patient 
here. The software evaluates from the given 
parameters (refraction, keratometry, topography, 
optical/ultrasound biometric data, target refrac-
tion, vertex, etc.) the available approaches for IOL 
calculation and provides the respective results for 
each formula as well as a mean IOL power value. 
The user can now choose the IOL of choice. 

 Haigis L formula (Haigis  2008  )  is another 
option of choice for the surgeon. As it is indepen-
dent of historical data and implemented in, for 
example, the IOL Master software, postrefractive 
IOL calculation can be performed with no addi-
tional effort compared to all other standard IOL.    

    7.4.4   Surgical Techniques 

 One major goal of refractive cataract surgery in 
the twenty- fi rst century, additionally to the 
removal of the blurred lens, has already been 
described: precise refractive outcome and opti-
mized quality of vision according to the patients’ 
visual requirements and preop ocular status. 
Furthermore, the avoidance of complications is 
still in focus of surgeons. And last but not least, 
the visual rehabilitation time is of interest, espe-
cially for the patient. This concept of fast and 
precise visual rehabilitation is often referred to as 
“instant vision.” Instant vision is the clue for suc-
cessful cataract surgery. It requires small or 
micro-incisional surgery, as only such incision 
can provide predictable refractive outcome that 
are too small to cause changes in corneal curva-
ture and thus lower- and higher-order aberrations 
(surgical-induced astigmatism – SIA). 

    7.4.4.1   Surgical-Induced Astigmatism 
 Incision sizes for implanting IOLs have a major 
in fl uence on induced astigmatism, induced 
HOAs, wound stability, refractive stability and 
outcomes, postoperative rehabilitation time, and 
the risk for endophthalmitis. Incisions are smaller 
with injector systems than with IOL implantation 
using a forceps. For this reason and to attain less 
intraoperative contact with the conjunctival tis-
sue and corneal endothelium, major companies 
provide injector systems for implantation of their 

http://iolcalc.org/


1017 Innovations in Cataract Surgery

IOLs. Several studies report that IOL implanta-
tion with injectors is safer than with a forceps. 
With progress in the development of IOL design 
and injector systems, decreasing incision sizes 
have been achieved. Thus, predictability of post-
operative corneal astigmatism increases and the 
safe use of multifocal and/or toric IOL became 
much more predictable as well.    Correction of 
astigmatism in cataract surgery can today be per-
formed through micro-incisions with toric lenses, 
a method that also allows the surgeon to perform 
the same incision at the same location in a major-
ity of patients. This again increases the predict-
ability of the procedure. Factors like different 
magnitudes of induced astigmatism according to 
the location and size of the incision can be lim-
ited to a minimum.  

    7.4.4.2   Laser Phacoemulsi fi cation 
 In keratorefractive surgery photodisruptive fem-
tosecond lasers are today a standard device to cut 
ocular tissue, namely, the cornea. The same laser 
systems are also used for different kinds of ker-
atoplasty. A completely new  fi eld of application 
is lens surgery (cataract or refractive lens 
exchange) with femtosecond lasers. These laser 
systems are capable of fragmenting the natural 
lens, applying an anterior capsulotomy as well as 

a clear corneal incision and antiastigmatic cor-
neal incisions (Fig.  7.4 ). Some systems addition-
ally deliver the option to create LASIK  fl aps, 
keratoplasty, and other cuts. The currently world-
wide launched systems have already been evalu-
ated in different early trials. It becomes clear that 
they do provide superior cutting precision com-
pared to standard procedures. On the other hand, 
the average treatment time appears to be longer, 
due to the increased requirements of preoperative 
preparations and intraoperative settings.  

 Nagy and colleagues published one of the  fi rst 
trials on the advantages of femtosecond lasers in 
cataract surgery in 2009. They did cut capsuloto-
mies in porcine and a little series of human eyes. 
“For an intended 5-mm capsulorrhexis in porcine 
eyes, average achieved diameters were 
5.88 ± 0.73 mm using a standard manual tech-
nique and 5.02 ± 0.04 mm using the femtosecond 
laser. Compared to control porcine eyes, femto-
second laser phacofragmentation resulted in a 
43 % reduction in phacoemulsi fi cation power and 
a 51 % decrease in phacoemulsi fi cation time” 
(Nagy et al.  2009  ) . 

 Kranitz et al. went one step further and did 
not only look at the precision of the capsulo-
tomy, but also at the centration of 20 in-the-bag 
lenses after femtosecond laser capsulotomy and 

ba

  Fig. 7.4    Laser phacoemulsi fi cation cutting sequence. ( a ) Femtosecond laser fragmentation of the lens followed by ( b ) 
removal of the lens fragments by a classical ultrasound device       
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manual  capsulotomy with a follow-up of 1 year 
after surgery. They concluded that “More precise 
capsulotomy sizing and centering can be 
achieved with femtosecond laser. Properly sized, 
shaped, and centered femtosecond laser capsulo-
tomies resulted in better overlap parameters that 
help maintain proper positioning of the IOL” 
(Kranitz et al.  2011  ) . 

 However, if this signi fi cant bene fi t in precision 
and positioning has a clinical relevant in fl uence 
on visual acuity has not been shown. Recently 
Filkorn and colleagues focused for the  fi rst time 
on this topic and evaluated the refractive predict-
ability of intraocular lenses after femtosecond 
laser cataract surgery (Filkorn et al.  2012  ) . They 
showed a better predictability of IOL calculations 
with femtosecond laser cataract surgery (77 eyes) 
compared to standard phacoemulsi fi cation (57 
eyes) using SRK/T, Hoffer Q, and Holladay for-
mulas. The mean predictive error 6 months after 
surgery was (   0.58 ± 0.28) diopters in the femtosec-
ond group and statistically worse (0.50 ± 0.38D) 
in the conventional group ( p  = 0.04). These differ-
ences became especially prominent in very long 
and very short eyes (Filkorn et al.  2012  ) . 

 As with ultrasound phacoemulsi fi cation in its 
early years, there is a lot of discussion about the 
advantages and disadvantages with femtosecond 
laser cataract surgery as well. Do we really need 
this new tool? Yes, there is a bene fi t in precision, 
but the clinical bene fi t does not seem to be 
signi fi cant. However, most of the aforementioned 
trials are early trials with relatively small case 
numbers. It might be assumed, and it has already 
been published, that with an increasing number of 
surgeries, the surgery can get even more precise. 

 Bali and colleagues analyzed the development 
of outcomes and complications of femtosecond 
laser cataract surgery in their  fi rst 200 eyes. 
“There was a clear learning curve associated with 
the use of femtosecond lasers for cataract surgery. 
Adjustment to surgical technique and prior expe-
rience with a femtosecond laser seemed to  fl atten 
the learning curve” (Bali et al.  2012  ) . 

 The future will tell us if femtosecond laser 
cataract surgery can replace today’s gold stan-
dard, ultrasound. At the moment the ultrasound 
devices are still used after femtosecond laser lens 
fragmentation to remove the lens; however, not in 

every case ultrasound energy is applied. With 
developing techniques and increasing experience, 
this ratio might get even smaller. Especially 
patients implanted with premium IOL, like bi- or 
trifocal IOL, will bene fi t from this new precision, 
as they require minimal invasive surgery for most 
precise centration and positioning as well as pre-
dictable postoperative corneal astigmatism.   

    7.4.5   Complications 
of Cataract Surgery 

    7.4.5.1   Intraoperative Complications 
 Complications of injective techniques for local 
anesthesia, such as retrobulbar hemorrhage, per-
foration of the globe, allergic reactions to the 
anesthetic agent, hypotension, and even respira-
tory paralysis due to accidental injection into the 
optic nerve and thus into the subarachnoid space, 
are extremely rare (0.066 %) now that anesthetics 
are increasingly being administered via eye drops 
and gels (Olsen and Olson  2000 ; Kohnen et al. 
 2004 ; Ezra and Allan  2007  ) . The risk of intraocu-
lar hemorrhage is not markedly increased when 
topical anesthesia is used, even in patients taking 
anticoagulants (Patwardhan et al.  2006  ) . Other 
potential intraoperative complications depend on 
the particular operative technique used (Lundstrom 
et al.  2007  ) . These include, for example, damage 
resulting from the corneoscleral tunnel incision 
with bulbar hypotension, prolapse of uveal tissue 
through the wound (e.g., when alpha-1 antago-
nists are used), corneal injury due to separation of 
Descemet’s membrane or corneal thermoinjury 
from the phacoemulsi fi cation tip, tearing of the 
capsular sac with subluxation of the IOL, and, 

   Table 7.1    Complications of cataract surgery   

 Complication 
 Frequency (Sun et al. 
 2010  )  

 Cystoid macula edema  1.5 
 IOL dislocation  1.1 
 Retinal detachment  0.7–1.23 
 Bullous keratopathy  0.3 
 Endophthalmitis  0.13–0.2 

  Modi fi ed from an analysis of the literature Powe et al. 
 (  1994  ) ; Erie et al.  (  2006a,   b  ) ; Russell et al.  (  2006  ) ; ESCRS 
 (  2007  )   
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occasionally, incarceration or loss of the vitreous 
body or severe hemorrhage (choroidal effusion, 
expulsive hemorrhage) (Patwardhan et al.  2006  ) .  

    7.4.5.2   Postoperative Complications 
 Postoperative pain may be a sign of injury to the 
corneal epithelium, elevated intraocular pressure, 
or an intraocular infection (endophthalmitis). 
Endophthalmitis, one of the more serious postop-
erative complications of lens surgery (Table  7.1 ), 
is currently very rare (0.05 %) (Apple et al.  1992  )  
when very strict antiseptic precautions are observed, 
yet markedly more common if older surgical 
techniques are used (0.36 %). It was shown very 
recently in a prospective, randomized multicenter 
study that an additional intracameral application 
of antibiotics signi fi cantly lowers the probability 
of endophthalmitis after cataract surgery (ESCRS 
 2007  ) . If endophthalmitis does arise, it is very 
important for medical and/or surgical treatment 
to be provided as rapidly as possible. Other rare 
complications include wound dehiscence with bul-
bar hypotension, epithelial growth into the wound 
cleft, allergic scleral reactions to the eye drops, 
or subluxation of the IOL. Complications affect-
ing the posterior segment of the eye include the 
occurrence of cystoid macular edema, which usu-
ally arises 1–3 months postoperatively and usually 
regresses in a further 6 months, though it produces 
holes in the retina on 0.4–5.4 % of cases. The lat-
ter may be associated with a so-called rhegmato-
genic retinal detachment, that is, a detachment due 
to a tear in the retina (Lundstrom et al.  2007  ) . The 
most common complication is postoperative pos-
terior capsule opacifi cation. While the frequency 
of postoperative posterior capsule opacifi cation 
was as high as 50 % in 5 years in older publica-
tions (Erie    et al.  2006a,   b ; Werner  2007  ) , this has 
now been brought down to the much lower  fi gure 
of less than 3 % in 3 years by improvements in 
surgical technique and the use of modern, sharp-
edged  fl exible lenses (Zemaitiene et al.  2007  ) . If 
a postoperative posterior capsule opacifi cation 
should arise, it can usually be eliminated without 
dif fi culty by laser capsulotomy (opening the pos-
terior capsule of the lens) with a neodymium-YAG 
laser. Nonetheless,  preservation of a closed poste-
rior capsule helps prevent postoperative compli-
cations such as retinal detachment and macular 

edema, which implies that a further reduction of 
the after- cataract rate would be desirable.     

    7.5   Future Procedures 

    7.5.1   Light Adjustable Lens 

 To solve the problem of postoperative residual 
refractive errors (either by miscalculation or nor-
mal variation), the principle of a light adjustable 
lens has been proposed. The body design of the 
implant looks similar to a classical silicone IOL. 
However, by irradiation with UV light, the special 
silicone molecules of the lens can be modi fi ed in 
orientation and structure. Therefore, the implant 
is able to achieve postoperative modi fi cation of its 
curvature and thickness and thus in its refractive 
power according to the residual refractive error. 
In practice, the residual refractive error is evalu-
ated by subjective refraction. Afterwards, the UV 
light is applied, for one to three times in different 
sessions, until the  fi nal refractive status is 
achieved. Finally the lens is being irradiated with 
a higher UV intensity for  fi xation of its shape and 
thus refractive power. The possible applications 
are versatile: Corrections of residual hyperopia, 
myopia, and astigmatism have been performed 
already; the additional application of multifocal 
optics is also under investigation. 

 First trials prove the applicability of the sys-
tem: surgery can be performed according to the 
known procedures; refractive results are good. 
Hengerer and colleagues followed 122 eyes 
implanted with the light adjustable lens over a 
postoperative period of 18 months. The mean 
postoperative spherical equivalent here was 
0.03 ± 0.17 dpt (Hengerer et al.  2011  ) . The low 
standard deviation is an indicator for the proce-
dures’ refractive precision. 

 A potential weakness of this lens is the intraoc-
ular load of UV light during refractive modi fi cation 
and  fi xation which might cause retinal damage. 
To minimize the retinal UV stress, the latest 
 version of the light adjustable lens is equipped 
with special UB absorber material on the poste-
rior surface. Hengerer and coworkers furthermore 
looked at potential UV-induced damages to the 
cornea and especially the corneal endothelium. 
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For this purpose 121 eyes were followed up for 
12 months after the lenses  fi nal  fi xation of refrac-
tive power. The mean cumulative corneal irradia-
tion dose was 61.47 ± 2.37 J/cm 2 .    The loss of 
corneal endothelial cells is given as 6.91 ± 2.37 % 
2 weeks after  fi xation 6.57 ± 3.81 % 12 months 
after  fi xation. Corneal damage, other than the 
typically expected cataract surgery ones, was not 
observed (Hengerer et al.  2011  ) .  

    7.5.2   Lens Re fi ll 

 The idea to remove the lens from the capsular 
bag followed by a re fi lling of the latter with a 
material, similar to the natural lens, offers fan-
tastic options. With only one surgery, a variety 
of problems could be solved: ametropia, presby-
opia, and cataract. However, such a material has 
not been developed yet. Its main characteristics 
need to be a deformability similar to the natural 
lens, refractive indices similar to the natural lens, 
long- lasting biocompatibility and shape preserva-
tion, no leaking out of the capsular bag, and the 
ability to be injected through a microscopic cap-
sulotomy. Even if those problems can be solved, 
others will arise: How can posterior capsule 
opaci fi cation be prevented (as we need the cap-
sule intact and cannot provide any sharp edges)? 
Pharmacological approaches might help here. 
The second problem is the removal of the natural 
lens through the above mentioned micro-incision. 
Maybe the femtosecond laser phacoemulsi fi cation 
can offer a future option here. Different research 
groups focus on the lens re fi ll. However, the con-
cept is yet far away from a clinical application 
(Koopmans et al.  2003 ; Nishi et al.  2009  ) .   

      Conclusion 

 Cataract surgery is becoming faster, more 
ef fi cient, and more predictable. Not only 
can patients receive simple monoptics, but 
also highly sophisticated multifocal, refrac-
tive or diffractive, optics to assure best poten-
tial postoperative visual quality. The method 
which has been performed for many years, 
the phacoemulsi fi cation, is beginning to be 

replaced by the securer and preciser femto-
second laser. Further applications will show 
if this is a potential candidate to completely 
replace the “old- fashioned” surgery.      

  Acknowledgments   Con fl ict of interest: none; Ethical 
standards: Informed consent – not applicable; Animal 
rights – not applicable.  

   References 

      Akaishi L, Vaz R et al (2010) Visual performance of 
Tecnis ZM900 diffractive multifocal IOL after 2500 
implants: a 3-year followup. J Ophthalmol 2010; pii: 
717591. doi:   10.1155/2010/717591    . Epub 2010  

    Alio JL, Plaza-Puche AB et al (2012) Comparison of the 
visual and intraocular optical performance of a refrac-
tive multifocal IOL with rotational asymmetry and an 
apodized diffractive multifocal IOL. J Refract Surg 
28(2):100–105  

    Apple DJ, Solomon KD et al (1992) Posterior capsule 
opaci fi cation. Surv Ophthalmol 37(2):73–116  

    Bali SJ, Hodge C et al (2012) Early experience with the 
femtosecond laser for cataract surgery. Ophthalmology 
119(5):891–899  

    Dupps WJ Jr, Kohnen T et al (2011) Standardized graphs 
and terms for refractive surgery results. J Cataract 
Refract Surg 37(1):1–3  

    Erie JC, Raecker MA et al (2006a) Risk of retinal detach-
ment after cataract extraction, 1980–2004: a popula-
tion-based study. Ophthalmology 113(11):2026–2032  

    Erie JC, Raecker ME et al (2006b) Risk of retinal detach-
ment after cataract extraction, 1980–2004: a popula-
tion-based study. Trans Am Ophthalmol Soc 104:
167–175  

    ESCRS (2007) Prophylaxis of postoperative endophthal-
mitis following cataract surgery: results of the ESCRS 
multicenter study and identi fi cation of risk factors. 
J Cataract Refract Surg 33(6):978–988  

   Ezra DG, Allan BD (2007) Topical anaesthesia alone ver-
sus topical anaesthesia with intracameral lidocaine for 
phacoemulsi fi cation. Cochrane Database Syst Rev 
(3):CD005276  

    Filkorn T, Kovacs I et al (2012) Comparison of IOL power 
calculation and refractive outcome after laser refrac-
tive cataract surgery with a femtosecond laser versus 
conventional phacoemulsi fi cation. J Refract Surg 28:
540–544  

    Findl O, Leydolt C (2007) Meta-analysis of accommodat-
ing intraocular lenses. J Cataract Refract Surg 33(3):
522–527  

    Gunvant P, Ablamowicz A et al (2011) Predicting the 
necessity of LASIK enhancement after cataract sur-
gery in patients with multifocal IOL implantation. 
Clin Ophthalmol 5:1281–1285  

http://dx.doi.org/10.1155/2010/717591


1057 Innovations in Cataract Surgery

    Hae fl iger E, Neuhann T (1988) Neuhann capsulorhexis: 
a technic for reliable implantation of the capsule sack. 
Klin Monbl Augenheilkd 192(5):435–438  

    Haigis W (2008) Intraocular lens calculation after refrac-
tive surgery for myopia: Haigis-L formula. J Cataract 
Refract Surg 34(10):1658–1663  

    Hayashi K, Manabe S et al (2009a) Visual acuity from far 
to near and contrast sensitivity in eyes with a diffrac-
tive multifocal intraocular lens with a low addition 
power. J Cataract Refract Surg 35(12):2070–2076  

    Hayashi K, Yoshida M et al (2009b) All-distance visual 
acuity and contrast visual acuity in eyes with a refrac-
tive multifocal intraocular lens with minimal added 
power. Ophthalmology 116(3):401–408  

    Hengerer FH, Hutz WW et al (2011) Combined correction 
of axial hyperopia and astigmatism using the light 
adjustable intraocular lens. Ophthalmology 118(7):
1236–1241  

    Kelman CD (1967) Phaco-emulsi fi cation and aspiration. 
A new technique of cataract removal. A preliminary 
report. Am J Ophthalmol 64(1):23–35  

    Klaproth OK, Titke C et al (2011) Accommodative intraoc-
ular lenses – principles of clinical evaluation and cur-
rent results. Klin Monbl Augenheilkd 228(8):666–675  

    Koch MJ, Kohnen T (1999) Refractive cataract surgery. 
Curr Opin Ophthalmol 10(1):10–15  

    Koch DD, Liu JF et al (1989) Refractive complica-
tions of cataract surgery after radial keratotomy. Am 
J Ophthalmol 108(6):676–682  

    Kohnen T (2009) New abbreviations for visual acuity val-
ues. J Cataract Refract Surg 35(7):1145  

    Kohnen T, Klaproth OK (2008) Aspheric intraocular 
lenses. Ophthalmologe 105(3):234–240  

    Kohnen T, Kasper T et al (2004) Ten-year follow-up of a 
ciliary sulcus- fi xated silicone phakic posterior  chamber 
intraocular lens. J Cataract Refract Surg 30(11):
2431–2434  

    Kohnen T, Baumeister M et al (2009a) Cataract surgery 
with implantation of an arti fi cial lens. Dtsch Arztebl 
Int 106(43):695–702  

    Kohnen T, Klaproth OK et al (2009b) Effect of intraoc-
ular lens asphericity on quality of vision after 
cataract removal: an intraindividual comparison. 
Ophthalmology 116(9):1697–1706  

    Kohnen T, Nuijts R et al (2009c) Visual function after 
bilateral implantation of apodized diffractive aspheric 
multifocal intraocular lenses with a +3.0 D addition. 
J Cataract Refract Surg 35(12):2062–2069  

    Kollarits CR, Kollarits FJ et al (1982) The pupil dark 
response in normal volunteers. Curr Eye Res 
2(4):255–259  

    Koopmans SA, Terwee T et al (2003) Polymer re fi lling of 
presbyopic human lenses in vitro restores the ability to 
undergo accommodative changes. Invest Ophthalmol 
Vis Sci 44(1):250–257  

    Kranitz K, Takacs A et al (2011) Femtosecond laser cap-
sulotomy and manual continuous curvilinear capsulor-
rhexis parameters and their effects on intraocular lens 
centration. J Refract Surg 27(8):558–563  

    Langenbucher A, Reese S et al (2004) Pseudophakic 
accommodation with translation lenses–dual optic vs 
mono optic. Ophthalmic Physiol Opt 24(5):450–457  

    Leydolt C, Neumayer T et al (2009) Effect of patient 
motivation on near vision in pseudophakic patients. 
Am J Ophthalmol 147(3):398–405 e3  

    Lundstrom M, Wejde G et al (2007) Endophthalmitis after 
cataract surgery: a nationwide prospective study eval-
uating incidence in relation to incision type and loca-
tion. Ophthalmology 114(5):866–870  

    Nagpal KM, Desai C et al (2000) Is pseudophakic astig-
matism a desirable goal? Indian J Ophthalmol 48(3):
213–216  

    Nagy Z, Takacs A et al (2009) Initial clinical evaluation of 
an intraocular femtosecond laser in cataract surgery. 
J Refract Surg 25(12):1053–1060  

    Nanavaty MA, Vasavada AR et al (2006) Analysis of 
patients with good uncorrected distance and near 
vision after monofocal intraocular lens implantation. 
J Cataract Refract Surg 32(7):1091–1097  

    Nishi Y, Mireskandari K et al (2009) Lens re fi lling to 
restore accommodation. J Cataract Refract Surg 35(2):
374–382  

    Olsen G, Olson RJ (2000) Update on a long-term, pro-
spective study of capsulotomy and retinal detachment 
rates after cataract surgery. J Cataract Refract Surg 
26(7):1017–1021  

    Patel S, Alio JL et al (2008) Comparison of Acri. Smart 
multifocal IOL, crystalens AT-45 accommodative 
IOL, and Technovision presbyLASIK for correcting 
presbyopia. J Refract Surg 24(3):294–299  

    Patwardhan A, Rao GP et al (2006) Incidence and out-
comes evaluation of endophthalmitis management 
after phacoemulsi fi cation and 3-piece silicone intraoc-
ular lens implantation over 6 years in a single eye unit. 
J Cataract Refract Surg 32(6):1018–1021  

    Poll Jt, Wang L et al (2010) Correction of astigmatism 
during cataract surgery: toric intraocular lens compared 
to peripheral corneal relaxing incisions. J Refract Surg 
27:165–171.  

    Powe NR, Schein OD et al (1994) Synthesis of the litera-
ture on visual acuity and complications following cat-
aract extraction with intraocular lens implantation. 
Cataract Patient Outcome Research Team. Arch 
Ophthalmol 112(2):239–252  

    Ridley H (1952) Intra-ocular acrylic lenses after cataract 
extraction. Lancet 1(6699):118–121  

    Russell M, Gaskin B et al (2006) Pseudophakic retinal 
detachment after phacoemulsi fi cation cataract surgery: 
ten-year retrospective review. J Cataract Refract Surg 
32(3):442–445  

    Sun X, Li P et al (2010) Investigating the effects of dim-
ethylsulfoxide on hemodynamics during cortical 
spreading depression by combining laser speckle 
imaging with optical intrinsic signal imaging. Lasers 
Surg Med 42(9):649–655  

    Wang L, Dai E et al (2003) Optical aberrations of the 
human anterior cornea. J Cataract Refract Surg 29(8):
1514–1521  



106 O.K. Klaproth et al.

    Wang L, Santaella RM et al (2005) Higher-order aberra-
tions from the internal optics of the eye. J Cataract 
Refract Surg 31(8):1512–1519  

    Werner L (2007) Causes of intraocular lens opaci fi cation or 
discoloration. J Cataract Refract Surg 33(4):713–726  

      WHO (2011)   http://www.who.int/en/     Accessed on January 1, 
2012.  

    Zemaitiene R, Jasinskas V et al (2007) In fl uence of three-
piece and single-piece designs of two sharp-edge optic 
hydrophobic acrylic intraocular lenses on the preven-
tion of posterior capsule opaci fi cation: a prospective, 
randomised, long-term clinical trial. Br J Ophthalmol 
91(5):644–648      

http://www.who.int/en/


107H.P.N. Scholl et al. (eds.), Ophthalmology and the Ageing Society, Essentials in Ophthalmology,
DOI 10.1007/978-3-642-36324-5_8, © Springer-Verlag Berlin Heidelberg 2013

  8

          8.1   Introduction 

 The antiangiogenic treatments for age-related 
macular degeneration have continued to evolve 
since the  fi rst FDA-approved anti-vascular 
endothelial growth factor (VEGF) therapy pegap-
tanib (Macugen, Eyetech Pharmaceuticals, Long 
Island, NY) was approved for use in neovascu-
lar age-related macular degeneration (AMD) in 
2004 (U.S. Food and Drug Administration  2004 ; 
Gragoudas et al.  2004  ) . While this treatment bene fi t 
appeared similar to photodynamic therapy (PDT) 
with vertepor fi n (Visudyne, QLT, Inc., Vancouver, 
Canada) (TAP Study Group     1999 ), subsequent 
studies with another anti-VEGF agent, ranibi-
zumab (Lucentis, Genentech, South San Francisco, 
CA), appeared to be far superior to these earlier 
regimens. Speci fi cally, the ANCHOR (Anti-VEGF 
Antibody for the Treatment of Predominately 
Classic CHORoidal Neovascularization in AMD) 
and MARINA (Minimally classic/occult trial 
of the Anti-VEGF antibody Ranibizumab In the 
treatment of Neovascular AMD) trials established 
ef fi cacy for every 4-week ranibizumab for at 
least 2 years in neovascular AMD (Brown et al. 
 2006 ; Rosenfeld et al.  2006  ) . Additional stud-
ies explored less-frequent dosing of ranibizumab 

(Holz et al.  2011 ; Lalwani et al.  2009 ; Regillo 
et al.  2008 ; Schmidt-Erfurth et al.  2011  )  and use of 
compounded bevacizumab for neovascular AMD 
(Avery et al.  2006 ; Bashshur et al.  2006 ; Rich 
et al.  2006 ; Spaide et al.  2006  ) . However, until 
2011, no large randomized trials supported the use 
of these alternative treatment approaches. In 2011 
and 2012, respectively, the CATT (Comparison 
of Age-Related Macular Degeneration Treatment 
Trial) in the United States (CATT Research Group 
et al.  2011  )  and the IVAN (Inhibit VEGF in Age-
related choroidal Neovascularization) trial in the 
United Kingdom (The IVAN Study Investigators 
 2012  )  evaluated whether bevacizumab was non-
inferior to ranibizumab, and whether treatment 
regimens less frequent than every 4 weeks were 
non-inferior to every 4-week regimens. At the 
same time, new anti-VEGF therapies were being 
developed and tested. Most recently, the FDA 
approval of a new anti-VEGF therapy, a fl ibercept 
(EYLEA; Regeneron, Tarrytown, NY), has added 
yet another alternative for antiangiogenic treat-
ment in AMD (Brown et al.  2011a,   b ; Heier et al. 
 2012  ) . This chapter reviews the recent data for 
antiangiogenic approaches for neovascular AMD 
while also providing a framework for how these 
results may in fl uence treatment decisions.  

    8.2   ANCHOR and MARINA Trials 

 Ranibizumab (Lucentis, Genentech, South San 
Francisco) is a recombinant humanized monoclo-
nal Fab fragment that inhibits all active forms of 
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VEGF-A. It is a chimeric molecule that includes 
a nonbinding human sequence and a high-af fi nity 
epitope derived from mice, which binds the anti-
gen VEGF (Ferrara et al.  2006  ) . The dosage of 
0.5 mg given as a 0.05-cc intravitreal injection 
was approved in June 2006 for use in the treat-
ment of AMD (Rosenfeld et al.  2006  ) . 

 In the ANCHOR trial, patients with predomi-
nantly classic lesions ( ³ 50 % of the total area of 
the lesion was classic CNV) involving the fovea 
were assigned randomly to (1) intravitreal ranibi-
zumab 0.3 or 0.5 mg and sham vertepor fi n 
(Visudyne; Novartis AG, Basel, Switzerland) 
therapy or (2) sham ranibizumab injections and 
PDT with vertepor fi n (Brown et al.  2006  ) . 
Participants received ranibizumab or sham injec-
tions monthly for 2 years. The decision to treat 
with vertepor fi n therapy was determined by the 
investigator based on results of angiography 
every 12 weeks (Brown et al.  2006  ) . Using the 
primary outcome of visual acuity decline of <15 
letters as a measure of ef fi cacy, 96.4 % of the 0.5-
mg group and 64.3 % of the vertepor fi n group 
met the primary goal ( P  < 0.001) at the 1-year 
visit; these results were sustained through the 
2-year visit. Visual acuity improved by  ³ 15 let-
ters in 40.3 % the 0.5-mg group, as compared 
with 5.6 % of the vertepor fi n group ( P  < 0.001) at 
12 months (Brown et al.  2006  ) , and this improve-
ment was maintained through 24 months (Brown 
et al.  2009  ) . At 24 months, mean visual acuity 
improved by 10.7 letters in the 0.5-mg ranibi-
zumab group but decreased by 9.8 letters in the 
vertepor fi n group ( P  < 0.001). 

 In the MARINA trial (Rosenfeld et al.  2006  ) , 
patients with subfoveal CNV with minimally clas-
sic or occult with no classic lesion components 
accompanied by recent disease progression were 
randomized to either sham injections or intravit-
real injections of ranibizumab (0.3 or 0.5 mg) for 
24 months. Recent disease progression was 
de fi ned as the presence of subretinal hemorrhage 
associated with CNV, recent loss of visual acuity 
>1 Snellen line (or equivalent), or growth of the 
CNV lesion by  ³ 10 % within the past month 
determined by  fl uorescein angiogram. Using the 
primary outcome of visual acuity decline of <15 
letters as the measure of ef fi cacy, 94.6 % of those 
in the 0.5-mg ranibizumab group and 62.2 % of 

those in the sham injection group met the primary 
goal ( P  < 0.001) after 12 months of treatment, and 
these results were sustained through 24 months. 
At 12 months, visual acuity improved by  ³ 15 let-
ters in 33.8 % of the 0.5-mg ranibizumab group, 
as compared with 5 % of the sham injection group 
( P  < 0.001). At 24 months, participants in the 0.5-
mg ranibizumab group gained a mean of 6.6 let-
ters or visual acuity, compared with a mean loss of 
14.9 letters in the sham injection group ( P  < 0.001) 
(Rosenfeld et al.  2006  ) . 

 Data from the ANCHOR and MARINA tri-
als not only demonstrated improvement in visual 
acuity but also improvement in patient-reported 
vision-related quality of life as measured by 
the National Eye Institute Visual Function 
Questionaire-25 (NEI-VFQ-25). Visual func-
tion was assessed as it related to activities that 
require both near vision (such as sewing) or 
distance vision (such as watching television). 
Patients treated in the ranibizumab group were 
more likely to have  ³ 10-point increase by NEI-
VFQ-25, a clinically relevant increase, when 
compared against the sham injection group in the 
MARINA trial ( P  < 0.001) (Chang et al.  2007  )  and 
the PDT group in the ANCHOR trial ( P  < 0.001) 
(Bressler et al.  2009  ) . These improvements in 
patient-reported outcomes were seen regardless 
of whether the treated eye is the better- or worse-
seeing eye at the initiation of treatment (Bressler 
et al.  2010  ) .  

    8.3   Non-inferiority Trials 

    8.3.1   Rationale for the Non-inferiority 
Trials 

 Until recently, intravitreal bevacizumab was used 
to treat choroidal neovascularization (CNV) due 
to age-related macular degeneration (AMD) 
without strong evidence to determine if it was 
non-inferior or equivalent to ranibizumab. While 
multiple case series evaluating bevacizumab 
clearly showed average improvements in visual 
acuity, i.e., outcomes con fi rming its superiority 
to no treatment or PDT with vertepor fi n or pegap-
tanib, there were no studies to determine 
con fi dently if it was equivalent to ranibizumab. 
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However, since ranibizumab can cost approxi-
mately 40 times more per injection than the 
approximately $50 cost of a syringe of bevaci-
zumab prepared for intravitreal use (Steinbrook 
 2006  ) , bevacizumab was quickly adopted for use 
by the ophthalmic community worldwide 
(El-Mollayess  2011 ). Furthermore, prior to the 
availability of results from CATT and IVAN tri-
als, the strongest evidence from clinical trials had 
suggested that every 4-week anti-VEGF treat-
ment of CNV in AMD resulted in better visual 
acuity than regimens employing less-frequent 
treatment (Abraham et al.  2010 ; Holz et al.  2011 ; 
Regillo et al.  2008 ; Schmidt-Erfurth et al.  2011 ; 
Singer  2009  ) . Thus, the National Eye Institute in 
the United States and the National Institute for 
Health Research in the United Kingdom indepen-
dently designed and funded randomized, multi-
center, non-inferiority trials to answer two 
important questions: (1) Does bevacizumab pro-
vide non-inferior visual acuity outcomes when 
compared with ranibizumab and (2) does either 
bevacizumab or ranibizumab, when provided on 
an as-needed or discontinuous basis, result in 
visual acuity outcomes which are non-inferior to 
monthly dosing (CATT Research Group et al. 
 2011 ; The IVAN Study Investigators  2012  ) ? At 
the same time, the VIEW 1 and VIEW 2 trials 
were being conducted to evaluate whether less-
frequent treatment could be achieved with 
a fl ibercept, a novel therapy with high af fi nity to 
VEGF and therefore theoretically longer treat-
ment duration than either bevacizumab or ranibi-
zumab (Brown et al.  2011a,   b  ) .  

    8.3.2   Non-inferiority Design 

 The CATT and the IVAN trials were powered to 
determine if bevacizumab was non-inferior to 
ranibizumab with respect to mean visual acuity 
change from baseline to 1 year. The non-inferior-
ity design evaluates if bevacizumab is no less 
effective than ranibizumab by some margin. 
When considering an outcome as the mean 
change in visual acuity from baseline to 1 year, a 
difference between treatment regimens, in which 
the lower bounds of an appropriate con fi dence 
interval around that difference was no greater 

than 5 letters in the CATT study (Data analysis, 
statistical issues, and data monitoring  2010  )  and 
3.5 letters in the IVAN study, was considered 
non-inferior. The 5-letter limit was chosen in the 
CATT design since numerous previous trials in 
which treatment regimens were considered mar-
ginally superior to control regimens in neovascu-
lar AMD, such as PDT with vertepor fi n or 
pegaptanib therapy, were approximately 6 letters 
greater (when comparing the mean change from 
baseline) in the new treatment compared with the 
standard treatment. Thus, it was judged that dif-
ferences in CATT where the lower bounds of the 
con fi dence interval crossed 5 letters might not be 
considered equivalent but rather inferior. In the 
IVAN trial, a non-inferiority limit of 3.5 letters 
was chosen, presumably (Chakravarthy  2012  )  to 
represent less than one line of difference for the 
lower limit of the con fi dence interval. Using the 
con fi dence-level approach for evaluating non-
inferiority, the lower limit of the con fi dence inter-
val should lie entirely to the right of the 
non-inferiority limit for the treatment to be deter-
mined non-inferior (Fig.  8.1 ). Alternatively if the 
lower limit of the con fi dence interval lies to the 
left of the inferiority limit but does not cross zero, 
then the new treatment is determined to be either 
inferior (below the lower limit to be considered 
equivalent) or equivalent, but not superior to the 
control treatment. 1  If the lower limit of the 
con fi dence interval lies to the left of the inferior-
ity limit and crosses zero, then the comparison is 
determined to be inconclusive (either inferior, 
equivalent, or if it crosses the +5 letter difference 
in this example, possibly superior). In the VIEW1 
and VIEW2 trials, the statistical objective was to 
demonstrate that the 95.1 % (VIEW 1) or 95 % 
(VIEW 2) CI of the difference between ranibi-
zumab and a fl ibercept in the proportion of sub-
jects maintaining vision (avoiding loss of  ³ 15 
ETDRS letters) after 52 weeks compared to base-
line lay entirely below 10 % (the non-inferiority 
margin for this dichotomous outcome).   

   1  Retreatment given if  fl uid on OCT, new or persistent 
hemorrhage, decreased visual acuity as compared with the 
previous examination, or dye leakage or increased lesion 
size on  fl uorescein angiography judged at every 4 week 
assessments  
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    8.3.3   Primary Outcome of the CATT 
at 1 Year 

 The CATT is a 1-year multicenter, randomized, 
non-inferiority trial in which patients were 
assigned to four treatment arms: ranibizumab 
monthly, ranibizumab as needed, bevacizumab 
monthly, and bevacizumab as needed, with a sec-
ond randomization at 1 year to evaluate secondary 
outcomes at 2 years. There were several major 
 fi ndings presented in the CATT 1-year report. 
Visual acuity gains when using bevacizumab every 
4 weeks were equivalent (not inferior) to those 
using the gold standard of ranibizumab every 4 
weeks. Furthermore, visual acuity gains when 
using ranibizumab as needed 2  were equivalent to 
those when ranibizumab was given every 4 weeks. 
However, visual acuity outcomes when compar-
ing bevacizumab as needed based on every 4-week 
assessments with ranibizumab every 4 weeks were 
inconclusive, i.e., possibly equivalent but also pos-
sibly inferior or superior. The same was true when 

comparing bevacizumab as needed with bevaci-
zumab every 4 weeks. CATT participants assigned 
to ranibizumab as needed received an average of 
approximately seven treatments in the  fi rst year 
and those assigned to bevacizumab as needed 
received an average of approximately eight treat-
ments. Both medications resulted in substantial 
reduction in retinal thickness on OCT; however, 
ranibizumab achieved a greater mean decrease in 
foveal thickness than bevacizumab ( P  = 0.03) at 
1 year, and ranibizumab also had a greater propor-
tion of patients with no  fl uid on OCT ( P  < 0.001) 
at 1 year. Although no difference between ranibi-
zumab and bevacizumab participants was identi fi ed 
with respect to proportions of participants who 
had myocardial infarction, cerebrovascular acci-
dents, or endophthalmitis, the combined bevaci-
zumab groups had a higher rate of systemic serious 
adverse events than the combined ranibizumab 
groups (24 % for bevacizumab, 19 % for ranibi-
zumab). Somewhat paradoxically, the as-needed 
regimens with ranibizumab or bevacizumab also 
appeared to have a higher rate of systemic serious 
adverse events compared with every 4-week 
ranibizumab or bevacizumab, perhaps related to 
chance or perhaps related to better visual acuity in 
the every 4 week regimens leading to better health 
(CATT Research Group et al.  2011  ) .  

Inferiority
margin

Superiority
margin

Superior

Equivalent or superior

Equivalent or superior

Equivalent

Equivalent

Equivalent

Inconclusive (equivalent or inferior)

Inconclusive (equivalent or inferior)

Inferior

Difference in letters read

Favors ranibizumab
Favors continuous

Favors bevacizumab
Favors discontinous/as needed

–3.5 (IVAN)
–5.0 (CATT)

–3.5
–5.0

  Fig. 8.1    Example of 
potential outcomes of 
comparative effectiveness 
studies. Shown here are 
examples of possible 
outcomes of comparative 
effectiveness for visual 
acuity outcomes. Con fi dence 
intervals falling to the right 
of the inferiority margin are 
non-inferior. A non-inferior 
comparison is potentially 
equivalent or superior. An 
inconclusive comparison is 
potentially equivalent or 
inferior, therefore it fails 
non-inferiority       

   2  Equivalency, on the other hand, using the boundaries 
de fi ned by the CATT trial, requires that the two-sided 
con fi dence interval, which de fi nes the range of plausible 
differences between two treatments, fall entirely within 
the interval −5 letter to +5 letters.  
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    8.3.4   One-Year Results of the IVAN 
Trial 

 The IVAN trial, conducted in the United Kingdom, 
is a 2-year, multicenter, randomized, non-inferi-
ority trial comparing bevacizumab and ranibi-
zumab as well as continuous and discontinuous 
dosing with interim results provided at 1 year. 
Unlike the CATT, all patients were treated 
monthly (every 28–35 days) for the  fi rst three vis-
its, and then patients randomized to the discon-
tinuous group were retreated with a further cycle 
of 3 doses if they met prespeci fi ed OCT and clin-
ical criteria. Speci fi cally patients were retreated 

if there was any subretinal  fl uid on OCT,  increas-
ing  intraretinal  fl uid on OCT, or fresh blood. If 
there was only persistent intraretinal  fl uid on 
OCT, then retreatment was given only if visual 
acuity had dropped  ³ 10 letters over the past 
3 months. If there was uncertainty about these 
criteria, then a  fl uorescein angiogram was 
obtained and retreatment was given if there was 
 fl uorescein leakage >25 % of the lesion circum-
ference or extension of choroidal neovasculariza-
tion (Table  8.1 ). Based on this regimen, there 
were 7 injections given in the discontinuous ver-
sus 12 in the continuous group, resulting in 5 
fewer injections. When compared with the 

   Table 8.1    Retreatment criteria for as-needed treatment in non-inferiority trials   

 Study  Year 1  Year 2 

 IVAN  Study participants were evaluated monthly 
(28–35 days) and were retreated if there was: 

 Study participants were evaluated monthly 
(28–35 days) and were retreated if there was: 

  Increasing IRF on OCT or   Increasing IRF on OCT or 
  Fresh blood or   Fresh blood or 
   Persistent IRF  and  a drop in visual acuity 

 ³ 10 letters over the past 3 months 
   Persistent IRF  and  a drop in visual acuity  ³ 10 letters 

over the past 3 months 
 If there was uncertainty, then FA was obtained 
and retreatment given if: 

 If there was uncertainty, then FA was obtained and 
retreatment given if: 

   Fluorescein leakage >25 % of the lesion 
circumference or 

   Fluorescein leakage >25 % of the lesion circumfer-
ence or 

  Expansion of CNV   Expansion of CNV 
 CATT  Study participants were evaluated 

every 4 weeks with time-domain OCT 
and were retreated if there was: 

 Study participants were assigned with equal probability 
to one of four treatment groups de fi ned by drug 
(ranibizumab or bevacizumab) and dosing regimen 
(every 4 weeks or as needed). Patients in the as-needed 
regimen were evaluated every 4 weeks and were 
retreated if there was: 

  Fluid on OCT (time domain)   Fluid on OCT (time domain or spectral domain) or 
  New or persistent hemorrhage   New or persistent hemorrhage or 
   Decreased visual acuity as compared with 

previous examination 
   Decreased visual acuity as compared with previous 

examination or 
  Dye leakage or increased lesion size on FA a    Dye leakage or increased lesion size on FA 

 VIEW1  All study participants were treated with a  fi xed 
regimen during the  fi rst 12 months 

 Study participants were reevaluated every 4 weeks and 
treated if: 

 VIEW 2   Twelve weeks since previous injection or 
  New or persistent  fl uid on OCT or 

   Increase in central retinal thickness of  ³ 100  m m 
compared to lowest previous value or 

   A loss of  ³ 5 ETDRS letters from best previous score 
with recurrent  fl uid on OCT or 

  New onset of classic neovascularization or 
  New or persistent leak on FA or 
  New macular hemorrhage 

   FA   fl uorescein angiography,  CNV  choroidal neovascularization,  IRF  intraretinal  fl uid,  OCT  optical coherence tomography 
  a Fluorescein angiography was performed at the discretion of the ophthalmologist  
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 as-needed regimens in the CATT in which patients 
were treated with a mean of 7 injections at 1 year, 
the discontinuous dosing in the IVAN trial 
resulted in a similar number of treatments. The 
1-year results in the IVAN trial revealed that the 
visual acuity outcomes when comparing bevaci-
zumab with ranibizumab were inconclusive, 
speci fi cally there was a difference of 1.99 letters 
in favor of ranibizumab and the 95 % con fi dence 
interval (−4.04 to 0.06) crossed the -3.5 letter 
non-inferiority limit (Fig.  8.2b ). Although, vision 
outcomes when comparing discontinuous treat-
ment with either bevacizumab or ranibizumab to 
continuous treatment with either bevacizumab or 

ranibizumab were equivalent (95 % CI −2.40 to 
1.70;  P  = 0.005), it is unclear if discontinuous 
treatment with bevacizumab was equivalent, infe-
rior, or inconclusive to discontinuous treatment 
with ranibizumab. The results of this latter situa-
tion seem important since ASRS Survey data 
suggest that most ophthalmologists in the USA 
give bevacizumab as a prn regimen rather than 
every 4 weeks, and the CATT data reported that 
comparison of vision outcomes using bevaci-
zumab compared with ranibizumab every 4 
weeks was inconclusive.   

 In IVAN, pooled analysis of OCT center point 
thickness at the fovea showed a difference of 

  Fig. 8.2    ( a ) CATT noninferiority comparison of primary 
endpoint: change in visual acuity at 2 years. Differences 
in mean change in visual acuity at 2 years and 95 % 
con fi dence intervals in patients treated with the same dos-
ing regimen for 2 years (Adapted from CATT Research 
Group et al.  (  2012  ) ). ( b ) IVAN noninferiority comparison 
of primary endpoint: change in visual acuity at 1 year. 
Differences in mean change in visual acuity at 1 year and 
95 % con fi dence intervals in patients treated with the same 
dosing regimen. Negative values re fl ect a greater mean 
visual acuity at 1 year (Adapted from The IVAN Study 

Investigators  (  2012  ) ). ( c ) VIEW 1 and VIEW 2 noninferi-
ority comparison of primary endpoint: maintenance of 
vision at 52 weeks. Change in best-corrected visual acuity 
from baseline to week 52 in VIEW 1, VIEW 2, and inte-
grated data. In each study and for all comparisons, the 
actual upper limit of the con fi dence interval of the differ-
ence between ranibizumab and VEGF Trap-Eye ( £ 3.1 %) 
was substantially below the pre-speci fi ed, clinically mean-
ingful non-inferiority margin of 10% and also below 5 %. 
“2q8” = A fl ib every 4 week for 3 doses than q8 week for 
one year (Adapted from Heier et al.  (  2012  ) )           

Difference in letters read

Favors ranibizumab
Favors every 4 week

–5 5–2.5 2.50

Favors bevacizumab
Favors as needed

Inferiority margin
a

RBZ vs.BCZ

As needed vs.
every 4 week

MD = –2.4 (–4.8, –0.1), P = 0.046

MD = –1.4 (–3.7, 0.8), P = 0.21

Superiority margin

Difference in letters read

Favors ranibizumab
Favors continuous

–4 –3 4–2 –1 1 2 30

Favors bevacizumab
Favors discontinuous

Inferiority margin

RBZ vs.BCZ

Continuous vs.
discontinuous

MD = –0.35 (–2.40, 1.70), P = 0.74

MD = –1.99 (–4.04, 0.06), P = 0.056

Superiority marginb
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22  m m favoring ranibizumab (95 % CI; 3.94–
40.1) and a difference of 26.2  m m favoring con-
tinuous treatment (95 % CI, 8.14–44.2), consistent 
with the CATT. The safety data at 1 year in the 
IVAN trial differed from the 2-year CATT in that 
there were  fewer  arteriothrombotic events and 
reports of heart failure with bevacizumab (OR 
0.23, 95 % CI 0.05–1.07;  P  = 0.03). In the IVAN 
study, a difference in the proportion of patients 
experiencing serious systemic adverse events, as 
in CATT, was more common with bevacizumab 
(12.5 %) than ranibizumab (9.6 %), and while 
this difference was not as great as that seen in 
CATT, it was in the same direction. A subsequent 
meta-analysis of all safety data by the IVAN 
investigators resulted in the posting of a patient 
safety letter available to the public (  http://cteu.
bris.ac.uk/trials/ivan/PatientSafetyLetter.pdf    ) 
(IVAN Patient Safety Letter  2012  )  stating that the 

analysis con fi rmed that people who were treated 
with bevacizumab had a slightly higher risk of 
having a serious systemic adverse event. Most of 
the adverse events that contributed to the excess 
risk affected the stomach and bowel. 

 More recently, additional risks in the commu-
nity’s use of bevacizumab were identi fi ed with 
respect to risks of serious ocular adverse events 
such as endophthalmitis, presumably due to poor 
adherence to sterile technique when compound-
ing bevacizumab for intravitreal injection 
(Goldberg et al.  2012  )  or use of counterfeit beva-
cizumab (Wang et al.  2013  ) . Other problems with 
compounding pharmacy techniques in general, 
rather than speci fi c to bevacizumab preparation 
(Goodnough  2012 ; Martin et al.  2012  ) , implicate 
the need for additional caution when considering 
the source where one might obtain bevacizumab 
for intravitreal injection.  

10 % 0 –5 %5 %

Favors RQ4

VIEW 1 Rq4- Aflib 2q4

Rq4- Aflib 0.5q4

Rq4- Aflib “2q8”

VIEW 2 Rq4- Aflib 2q4

Rq4- Aflib 0.5q4

Rq4- Aflib “2q8”

Integrated Rq4- Aflib 2q4

Rq4- Aflib 0.5q4

Rq4- Aflib “2q8”

Favors aflibercept

–10 %

c

Fig. 8.2 (continued)

http://cteu.bris.ac.uk/trials/ivan/PatientSafetyLetter.pdf
http://cteu.bris.ac.uk/trials/ivan/PatientSafetyLetter.pdf
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    8.3.5   One-Year Results of the VIEW 1 
and VIEW 2 Trials 

 The phase 3 randomized, double-masked VIEW 
1 and VIEW 2 trials provided safety and ef fi cacy 
data for a fl ibercept in neovascular AMD with 
subfoveal involvement. These two trials were 
designed as non-inferiority studies in US and 
Canada (VIEW 1) and in Asia, Australia, and 
Europe (VIEW 2). Patients were included if they 
had subfoveal CNV (or juxtafoveal CNV with 
subfoveal subretinal  fl uid), best corrected visual 
acuity letter score of 73–25 (approximate Snellen 
equivalent 20/40–20/320) in the study eye, and 
CNV  ³  50 % of the total lesion. They were 
excluded if there was prior ocular or systemic 
treatment for neovascular AMD or scar,  fi brosis, 
or atrophy involving the fovea. Approximately 
1,200 patients in each study were randomized to 
four  fi xed schedule treatment arms in the  fi rst 
year (ranibizumab 0.5 mg every 4 weeks, 
a fl ibercept 2 mg every 4 weeks, a fl ibercept 
0.5 mg every 4 weeks, and a fl ibercept 2 mg every 
4 weeks for 3 doses followed by q8 weeks). In the 
second year, study participants were treated on an 
as-needed schedule (Table     8.1 ). If no treatment 
was given for at least 12 weeks, then an injection 
was given so that all participants were treated at 
least every 12 weeks during the second year. The 
primary endpoint was the proportion of patients 
avoiding  ³ 15 letter loss at 1 year. Major second-
ary endpoints included mean change in visual 
acuity from baseline, percentage of patients who 
gained  ³ 15 letters, change in CNV area, change 

in central retinal thickness, and change in quality 
of life assessment by NEI-VFQ score at 1 year 
(Brown et al.  2011a,   b  ) .  

 One-year results showed that for the primary 
endpoint, all a fl ibercept arms were non-inferior 
to ranibizumab every 4 weeks. To demonstrate 
non-inferiority, the 95.1 % (VIEW 1) or 95 % 
(VIEW 2) CI of the difference between ranibi-
zumab and a fl ibercept in the proportion of patients 
maintaining vision (avoiding loss of  ³ 15 ETDRS 
letters) after 52 weeks compared to baseline must 
lie entirely below 10 % non-inferiority margin 
(Fig.  8.2c ). At the 52-week endpoint for VIEW1, 
the difference in proportion of patients maintain-
ing vision between 0.5 mg a fl ibercept every 4 
weeks and ranibizumab 0.5 mg every 4 weeks 
was a 1.5 % difference in favor of a fl ibercept 
(95 %CI; −2.1 to 5.1 %). The difference in pro-
portion of patients maintaining vision between 
2 mg a fl ibercept every 4 weeks and ranibizumab 
0.5 mg every 4 weeks was a 0.7 % difference in 
favor of a fl ibercept (95 %CI; −3.1 to 4.4 %). The 
difference in proportion of patients maintaining 
vision between 2 mg a fl ibercept every 8 weeks 
and ranibizumab 0.5 mg every 4 weeks was a 
0.7 % difference in favor of a fl ibercept (95 %CI; 
−3.1 to 4.5 %). Non-inferiority comparisons were 
similar for VIEW2 and are shown in Fig.  8.2c . Of 
note, while a fl ibercept every 4 weeks for 3 doses 
followed by every 8 weeks to 1 year was non-
inferior to ranibizumab every 4 weeks, it is 
unknown if ranibizumab every 4 weeks for 3 
doses followed by every 8 weeks also would be 
non-inferior to ranibizumab every 4 weeks.   

   Table 8.2    Comparison between various treatment regimens   

 Drug  Treatment interval 
 # Visits 
(2 year) 

 Mean # 
treatments a  

 Theoretical 
maximum treatments 

 Imaging 
required 

 Ranibizumab  Every 4 weeks  26  22.4  26  No 
 Bevacizumab  Every 4 weeks  26  23.4  26  No 
 Ranibizumab  Every 4-week exams with 

as-needed treatment 
 26  12.6  26  Yes 

 A fl ibercept  Every 4 weeks × 3 doses, then every 
8 weeks until 1 year, then every 
4-week exams with as-needed 
treatment (minimum at least every 
12 weeks) until 2 years 

 21  12.2  21  Yes 

   a Mean number of treatments in CATT, VIEW 1, and VIEW 2 trials  
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    8.4   Purpose of the 2-Year Results 

 Follow-up in CATT, VIEW 1, and VIEW 2 in 
year 2 were not designed to continue to determine 
if non-inferiority was maintained; IVAN was 
designed to determine if non-inferiority is main-
tained (likely to be published by the second half 
of 2013). 

    8.4.1   Two-Year Results for the CATT 

 In the second year of the CATT, patients in the 
every 4-week regimen were randomized to one of 
the following two regimens: (1) continued every 
4-week treatment or (2) as-needed treatment, 
while continuing the same anti-VEGF assign-
ment; patients initially assigned to as-needed 
treatment with either bevacizumab or ranibi-
zumab had no change in their dosing regimen. 
With further randomization in the second year, 
there was an increase in the number of possible 
comparisons, loss of statistical power, and 
increased likelihood of an inconclusive result. 
Results were pooled by anti-VEGF regimen 
(bevacizumab as needed plus bevacizumab every 
4 weeks, or ranibizumab as needed plus ranibi-
zumab every 4 weeks) and treatment regimen 
(bevacizumab as needed plus ranibizumab as 

needed, or bevacizumab every 4 weeks and 
ranibizumab every 4 weeks). In the pooled data, 
the mean gain in visual acuity for bevacizumab 
versus ranibizumab was –1.4 letters (95 % CI: 
−3.7 to 0.8;  P  = 0.21); the mean gain in visual 
acuity for ranibizumab and bevacizumab groups 
when given as needed with every 4-week assess-
ment versus every 4-week treatment was −2.4 let-
ters (95 % CI: −4.8 to −0.1;  P  = 0.046) (Fig.  8.2b ). 
Individual pairwise comparisons were not made 
between treatment arms, although the mean 
change from baseline was provided, and by year 
2 (Fig.  8.3 ) the point estimate ranged from 8.8 for 
ranibizumab every 4 weeks to 5.0 for bevaci-
zumab as needed, a difference of 3.8; calculating 
the 95 % con fi dence interval, the upper and lower 
bounds would be −7.3 to −0.3 for bevacizumab as 
needed, suggesting that this regimen likely is 
inferior to ranibizumab every 4 weeks. The mean 
change from baseline visual acuity for bevaci-
zumab every 4 weeks was 7.8 letters, a difference 
of 1 letter worse compared with ranibizumab 
every 4 weeks; calculating the 95 % con fi dence 
interval, the upper and lower bounds would be 
−4.8 to 2.8 for bevacizumab every 4 weeks, sug-
gesting that the comparison is inconclusive. The 
mean change from baseline visual acuity for 
ranibizumab as needed was 6.7 letters, a  difference 
of 2 letters worse compared with ranibizumab 
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  Fig. 8.3    Mean change in 
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every 4 weeks; calculating the 95 % con fi dence 
interval, the upper and lower bounds would be 
−5.3 to 1.1 for bevacizumab monthly, suggesting 
that the comparison is inconclusive. In conclu-
sion, the visual acuity outcomes in CATT suggest 
that bevacizumab or ranibizumab as needed with 
every 4-week assessment likely is inferior by a 
clinically relevant amount when compared to 
ranibizumab every 4 weeks, while bevacizumab 
every 4 weeks likely is equivalent to ranibizumab, 
and if it is slightly worse to ranibizumab every 4 
weeks, the difference likely is not clinically 
relevant.  

 These results are supported by the anatomic 
outcomes in year 2. The ranibizumab group con-
tinued to have a greater proportion of patients 
without  fl uid on OCT at 2 years ( P  < 0.0003), with 
the ranibizumab every 4-week group having the 
highest proportion of patients with a dry OCT 
(without intraretinal or subretinal  fl uid). While 
this same group was noted to have the highest 
proportion of geographic atrophy, it is unclear if 
that is because the absence of  fl uid in an area of 
geographic atrophy allowed one to grade that area 
as geographic atrophy while another eye with 
geographic atrophy and  fl uid only allowed one to 
grade that area as CNV. Alternatively, if the 
ranibizumab every 4 weeks actually  causes  geo-
graphic atrophy, there is little biologic rationale it 
is associated with a better visual acuity outcome 
for the group as a whole. It is possible that most 
of the geographic atrophy identi fi ed to date is 
within an area previously occupied by CNV and 
does not affect the visual acuity if overlying pho-
toreceptors remain functional or if the atrophy is 
not in the center of the retina. In contrast, bevaci-
zumab-treated participants demonstrated an 
increase in the area of CNV over 2 years when 
compared with ranibizumab-treated participants 
who demonstrated a mean decrease in the area of 
choroidal neovascularization ( P  = 0.006). 

 Although there still was no difference detected 
in the rates of death, myocardial infarction, or 
stroke between the two anti-VEGF products, the 
bevacizumab group continued to demonstrate a 
higher rate of serious systemic adverse events in 
the second year, even when controlling for poten-
tial baseline differences which could have affected 

this outcome. The percentage of study partici-
pants with one or more serious systemic adverse 
event was 39 % in the bevacizumab group versus 
31.7 % in the ranibizumab group (adjusted risk 
ratio 1.30,  P  = 0.009). The 2-year safety results 
from IVAN likely will be available by the second 
half of 2013.  

    8.4.2   Two-Year Results for the VIEW 1 
and VIEW 2 Trials 

 Unlike the  fi rst year, in the second year of the 
VIEW1 and VIEW 2 trials, study participants 
assigned to ranibizumab or a fl ibercept were 
treated with the same retreatment regimens, were 
evaluated every 4 weeks to determine need for 
retreatment (de fi ned as new or persistent  fl uid on 
OCT, increase in central retinal thickness of 
 ³ 100  m m compared to lowest previous value, a 
loss of  ³ 5 ETDRS letters from best previous score 
with recurrent  fl uid on OCT, new onset of classic 
NV, new or persistent leak on FA, or new macular 
hemorrhage), and if no retreatment were applied 
for at least 12 weeks, then retreatment was man-
datory. When comparing 2 mg every 8 weeks 
a fl ibercept and ranibizumab every 4 weeks in the 
integrated analysis, the visual acuity difference 
was 0.27 letters in favor of ranibizumab (95 % CI: 
−1.97 in favor of a fl ibercept to 2.49 in favor of 
ranibizumab), with all groups showing a slight 
decrease in mean visual acuity at the 2-year visit 
when compared with the 1-year visit. Between 
year 1 and year 2, an average of 4.2 injections 
were given in the group initially assigned to 
a fl ibercept in the 2 mg every 8 weeks, compared 
with 4.7 injections given in the group initially 
assigned to ranibizumab every 4 weeks (differ-
ence = 0.3 fewer injections with a fl ibercept, 
although the con fi dence interval around this point 
estimate was not provided). Since there was no 
comparison between year 1 and year 2 of the 
retreatment regimen chosen in VIEW 1 and VIEW 
2 with ranibizumab every 4 weeks, it is unknown 
if the slight decline from year 1 to year 2 in VIEW 
1 and VIEW 2 is due to the retreatment regimen 
allowing no treatment for as long as 12 weeks 
(Heier et al.  2011 ; Brown et al.  2011a,   b  ) .  
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    8.4.3   Questions Pending for Year 2 
of IVAN Trial 

 Since the mean difference in visual acuity 
between bevacizumab and ranibizumab was 1.99 
letters in favor of ranibizumab, 95 % CI: 4.04 let-
ters in favor of ranibizumab to 0.06 letters in 
favor of bevacizumab, the non-inferiority com-
parison by anti-VEGF product was inconclusive 
at 1 year. The 2-year results may help elucidate 
whether the comparison remains inconclusive, 
supports equivalency, or supports whether beva-
cizumab is inferior to ranibizumab. In    addition, 
while not a planned analysis, based on the CATT 
results, it would be of interest to determine fur-
ther safety data in the second year of the IVAN 
trial as it may also afford more insight into the 
systemic safety pro fi les of the two drugs.   

    8.5   Safety Considerations 

    8.5.1   Safety Data for Bevacizumab 
and Ranibizumab 

 The 2-year CATT showed that ocular adverse 
events were infrequent with 4 of 599 (0.7 %) 
ranibizumab patients and 7 of 586 (1.2 %) beva-
cizumab patients resulting in endophthalmitis 
( P  = 0.38) (Martin et al.  2012  ) . Uveitis, retinal 
detachment, retinal tear, or vascular occlusion 
each occurred in less than 1 % of patients. Rates 
of ocular adverse events seen in the IVAN trial 
appeared similar (The IVAN Study Investigators 
 2012  ) . As noted earlier, one should consider as 
well the reports of anti-VEGF product contami-
nation during compounding of bevacizumab, 
leading to clusters of endophthalmitis cases in 
certain areas (Goldberg et al.  2012  ) , and consider 
preparation which might minimize these occur-
rences (Wykoff et al.  2011a  ) . 

 With respect to systemic adverse events, data 
from the  fi rst and second year of follow-up in the 
CATT reported one or more serious systemic 
adverse event (e.g., pneumonia, urinary tract 
infections, and gastrointestinal disorders) to be 
more likely with bevacizumab group compared 
with ranibizumab ( P  = 0.004) (Martin et al.  2012  ) . 

These results require further study as it remains 
unclear if these differences are due to an effect of 
one anti-VEGF agent versus another, or due to 
other confounding factors, such as better visual 
acuity in the  fi xed-dosing regimen patients lead-
ing to better visual acuity, with the better visual 
acuity accounting for the fewer serious systemic 
adverse events. Of note, the 1-year data from the 
IVAN trial with respect to serious systemic 
adverse events showed results in a similar direc-
tion between bevacizumab and ranibizumab (OR 
1.35; 95 % CI: 0.8–2.27;  P  = 0.25) (The IVAN 
Study Investigators  2012  ) , as in the CATT. 

 While there currently are nine warnings and 
precautions regarding systemic adverse events 
believed to be causally related to bevacizumab 
reported from oncology studies (including gas-
trointestinal perforation, surgery and wound 
healing complications, hemorrhage, non-gastro-
intestinal  fi stula formation, arterial thromboem-
bolic events, hypertension, reversible posterior 
leukoencephalopathy syndrome, proteinuria, and 
infusion reactions (  http://www.gene.com/gene/
products/information/pdf/avastin-prescribing.
pdf    )) (Bevacizumab project insert  2012  ) , dosages 
given to oncology patients are much greater than 
those given to ophthalmology patients. While 
reports of intravitreal ranibizumab (Brown et al. 
 2006  )  have concentrated on arterial thromboem-
bolic events because these events were numeri-
cally higher than those identi fi ed among control 
groups, especially among patients with a prior 
history of a cerebrovascular accident, the over-
all frequency of the events has been too small to 
rule out the possibility that the increased number 
was due to chance alone, even in pooled analyses 
(Bressler et al.  2012  ) . These safety issues need 
continued assessment as results of other com-
parative trials become available.  

    8.5.2   Safety Data for A fl ibercept 

 Integrated 1-year safety data for VIEW1 and 
VIEW2 could not identify a difference in safety 
when a fl ibercept is dosed either every 4 weeks or 
every 8 weeks following every 4-week dosing for 
3 consecutive visits.  

http://www.gene.com/gene/products/information/pdf/avastin-prescribing.pdf
http://www.gene.com/gene/products/information/pdf/avastin-prescribing.pdf
http://www.gene.com/gene/products/information/pdf/avastin-prescribing.pdf
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    8.5.3   Endophthalmitis 
and Prophylaxis 

 Intravitreal injections are complicated by 
endophthalmitis in approximately 1 out of 
every 1,000–5,000 injections (McCannel  2011 ; 
Moshfeghi et al.  2011  ) . Though suggested guide-
lines have been developed based on round table 
discussions (Aiello et al.  2004  ) , there is substan-
tial variability in endophthalmitis prophylaxis 
among retina specialists (Green-Simms et al. 
 2011  ) . A    recent retrospective study of over 27,000 
intravitreal injections showed that a difference in 
the risk of endophthalmitis could not be detected 
when taking into account lid speculum use, con-
junctival displacement, and hemisphere of injec-
tion, or intravitreal medication did not affect risk 
of developing endophthalmitis (Shah et al.  2011  ) , 
though in a recent survey of retinal physicians, 
92 % report that they routinely use a lid speculum 
(Green-Simms et al.  2011  ) . 

 Povidone-iodine, an inexpensive antiseptic 
that has rapid kill time (15–120 s), has shown to 
be bactericidal at a range of concentrations 
0.1–10 % (Berkelman et al.  1982  ) . In large non-
randomized studies of prophylaxis before cata-
ract surgery, there have been no reported cases of 
bacterial resistance (Speaker and Menikoff  1991  ) . 
The most common adverse reactions are related 
to its irritant effect on the ocular surface or an 
allergic contact dermatitis (Wykoff et al.  2011b  ) , 
and all clinical trials evaluating intravitreal injec-
tions for AMD recommend the use of povidone-
iodine over the injection site just prior to the 
injection. 

 Several studies have examined preinjection 
and postinjection antibiotic prophylaxis and 
emerging antibiotic resistance trends. Preinjection 
topical  fl uoroquinolones, when used with povi-
done-iodine, have not been shown to confer any 
additional bene fi t compared with povidone-
iodine alone (Moss et al.  2009  ) . Retrospective 
reviews have suggested that the endophthalmitis 
rate is no different with the use of postinjection 
antibiotics (Bhatt et al.  2011  ) . In fact recent stud-
ies have suggested that postinjection antibiotics 
may in fact lead to antibiotic resistance of the 
ocular and nasopharyngeal  fl ora and selection of 

more multidrug-resistant strains (Dave et al. 
 2011  ) , and prospective studies across numerous 
US sites by the Diabetic Retinopathy Clinical 
Research Network suggest that the endophthal-
mitis rate is no higher, and possibly lower, when 
preinjection and postinjection antibiotics are not 
used, provided the anti-VEGF agent is prepared 
in a sterile fashion before injection, a lid specu-
lum is used, and povidone-iodine is placed over 
the injection site just prior to injection (Bhavsar 
et al.  2012  ) .   

    8.6   Rationale for Two Proposed 
Treatment Algorithms for 
Choroidal Neovascularization 
from Age-Related Macular 
Degeneration 

 Figure  8.4 . CNV Treatment Algorithm in AMD.  

    8.6.1   Fixed-Dosing Regimens 

 Synthesizing the data from MARINA, ANCHOR, 
PIER, CATT, VIEW 1, VIEW 2, and IVAN, one 
of two regimens ( fi xed dosing versus as needed) 
among three different anti-VEGF agents 
(a fl ibercept, bevacizumab, and ranibizumab) can 
be considered. Given the slight decline in mean 
visual acuity from year 1 to year 2 with either 
a fl ibercept or ranibizumab when dosing was not 
 fi xed at 4- or 8-weekly intervals, and given the 
likelihood that this decline might continue at 3, 4, 
and 5 years after treatment has been initiated, 
patients should be cautioned that retreatment reg-
imens based on visual acuity or OCT or  fl uorescein 
angiography or other parameters which result in 
withholding treatment for greater than 8 weeks 
may increase their chances of permanent (PIER) 
visual acuity loss (Abraham et al.  2010  )  when 
using ranibizumab or a fl ibercept. Only a fl ibercept, 
and not ranibizumab or bevacizumab, was evalu-
ated at a q8-week  fi xed-dosing regimen following 
three every 4-week injections to demonstrate 
equivalency to every 4-week ranibizumab; thus, 
one cannot conclude that similar equivalency 
would not have been obtained if ranibizumab or 
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bevacizumab were applied in this way. For now, 
one is left with considering a  fi xed regimen of 
ranibizumab every 4 weeks, or bevacizumab 
every 4 weeks, or a fl ibercept every 4 weeks for 3 
doses followed by every 8 weeks to obtain mean 
improvements in visual acuity that do not show a 
decline for a group of patients treated in this way 
out to 1 year. One then must weigh the safety 

issues with bevacizumab versus ranibizumab or 
a fl ibercept, versus the markedly decreased cost of 
bevacizumab when given every 4 weeks com-
pared with ranibizumab every 4 weeks or 
a fl ibercept in the  fi rst year given every 4 weeks 
for 3 doses followed by every 8 weeks. 

 Beyond 1 year, no data are available with 
respect to a  fi xed regimen of a fl ibercept at either 

Active neovascularization is defined as
leakage on FA and fluid within or below
the retina or under the retinal pigement
epithelium as seen on OCT (CATT
Research Group 2011).
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  Fig. 8.4    Proposed treatment algorithms for CNV 
from AMD.  AMD  age-related macular degeneration,  FA  
 fl uorescein angiogram,  FP  fundus photographs,  OCT  optical 

coherence tomography,  anti-VEGF  anti-vascular endothelial 
growth factor. © Johns Hopkins University       
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every 4 or every 8 weeks compared with every 
4-week ranibizumab. There are data to suggest 
that both ranibizumab every 4 weeks and bevaci-
zumab every 4 weeks in the second year of treat-
ment result in sustained gains of vision for a 
group as were noted in the  fi rst year of treatment, 
and again, one must weigh the increased risk of 
serious systemic adverse events with bevaci-
zumab versus the decreased costs if considering 
an every 4-week regimen.  

    8.6.2   As-Needed Regimens 

 Despite the data which do not support the use 
of as-needed regimens (CATT Research Group 
et al.  2011 ; Suñer and The HARBOR Study 
Group  2012  )  with bevacizumab, and suggestions 
that as-needed regimens with ranibizumab or 
a fl ibercept in year 2, while not inferior to a clini-
cally relevant degree, may lead to a slight decline 
in visual acuity compared with continued every 
4-week dosing of ranibizumab, this decline might 
become clinically relevant if it were to continue 
from year 2 to year 3 of treatment and thereafter. 

 The  fi nancial impact of  fi xed-dosing regimens 
as described above versus as-needed dosing is 
substantial. Furthermore, every 4- to 8-week 
regimen exposes patients to more injections 
over the remaining life of the patient (typically 
at least 10 years), placing patients at increased 
risk of both serious ocular complications 
(i.e., endophthalmitis) and potentially serious 
systemic adverse events. It should be noted that 
even in the as-needed regimens undertaken in the 
IVAN and CATT, every 4-week follow-up was 
performed when treatment was withheld to try to 
detect deterioration promptly which would war-
rant resumption of treatment from the start of the 
study, and in VIEW1 and VIEW2, every 4-week 
follow-up was performed after the 1-year time 
point, when a  fi xed regimen was discontinued 
(except to give a fl ibercept or ranibizumab at least 
every 12 weeks if not indicated based on speci fi c 
parameters more frequently). 

 When considering which as-needed regimen 
should be used, it should be noted that all as-
needed regimens recommended retreatment if the 

OCT showed any evidence of thickening or  fl uid 
accumulation, or new hemorrhage without such 
OCT abnormalities. Furthermore, even in the 
absence of such OCT abnormalities or new hem-
orrhage, studies have shown that  fl uorescein 
angiography might detect new  fl uorescein leak-
age (Khurana et al.  2010  )  to consider resuming or 
continuing treatment as well. 

 As with  fi xed regimen dosing, if one were 
choosing an as-needed regimen with every 
4-week monitoring, and the patient or the patient’s 
insurance precluded the ability to afford 
a fl ibercept or ranibizumab, but permitted bevaci-
zumab therapy, then bevacizumab should be con-
sidered. However, the patient should be informed 
of the likelihood that the vision results for a group 
of patients receiving this regimen are not likely 
equivalent by year 2 compared with every 4-week 
ranibizumab, and the likelihood of remaining 
equivalent may continue to decline after year 2. If 
the patient or the patient’s insurance did not pre-
clude the ability to afford a fl ibercept or ranibi-
zumab, then the safety  fi ndings which require 
further study from CATT and IVAN regarding 
bevacizumab, with additional safety  fi ndings to 
be provided by the year 2 results from IVAN, 
with the safety concerns of compounding, along 
with the costs to society, need to be reviewed 
with the patient in order to determine if bevaci-
zumab rather than a fl ibercept or ranibizumab 
should be used in an as-needed regimen.   

    8.7   Future Considerations 

    8.7.1   Earlier Detection of CNV 
and Monitoring After 
Initiating Treatment for CNV 

 Large-scale studies have demonstrated that the 
 fi nal visual acuity outcome is better when visual 
acuity is better and when CNV lesions are smaller 
at the initiation of therapy (Boyer et al.  2007 ; 
Kaiser et al.  2007  ) . However, patients often do 
not recognize conversion to neovascular AMD, 
especially when the fellow eye remains unaf-
fected and visual acuity in the affected eye is rel-
atively good. Improvements in home  monitoring, 
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such as are being pursued with the preferential 
hyperacuity perimeter (Foresee PHP, Notal 
Vision, Tel Aviv, Israel) (Alster et al.  2005  ) , may 
be valuable in this regard (Loewenstein et al. 
 2010  ) . Home monitoring with this device or oth-
ers also may have a role after initiating treatment 
for CNV when treatment in an as-needed regimen 
is withheld in order to detect worsening which 
might warrant resumption of treatment before 
the patient notices a change in vision (Querques 
et al.  2011  ) .  

    8.7.2   New Strategies for Avoiding 
Inde fi nite Treatments at 4- to 
8-Weekly Intervals 

 Many novel therapies are currently in develop-
ment and may have promise in targeting the 
angiogenesis pathway or CNV formation to avoid 
 fi xed-dosing regimens at 4–8 weeks inde fi nitely 
while maintaining vision for years following ini-
tiation of treatment (Yuan and Kaiser  2011 ; 
Zarbin and Rosenfeld  2010  ) . Targets of upregula-
tion of VEGF, or identi fi cation of inhibitors of 
downstream VEGF targets, represent one 
approach (Nguyen et al.  2012 ; Nussenblatt et al. 
 2010  ) . Other targets of angiogenesis include ther-
apeutics that block the platelet-derived growth 
factor pathway, modulators of endothelial prolif-
eration and migration, and the complement cas-
cade (Kernt et al.  2012 ; Xie et al.  2009 ; Patel 
 2009 ; Ramakrishnan et al.  2006 ; Anderson et al. 
 2010 ; Weismann et al.  2011  ) . In addition, alterna-
tive strategies for delivering anti-VEGF products, 
such as adeno-associated virus-encoded sequences 
(Pechan et al.  2009  )  or nanotechnology tech-
niques, are being pursued, including the use of 
microspheres, nanospheres, or liposomes for sus-
tained delivery (Kim et al.  2012 ; Hsu  2007  ) .   

     Conclusion 

 With strong evidence from the CATT, VIEW 1 
and VIEW 2 trials, and IVAN trial, clinicians 
now have two regimens ( fi xed versus as 
needed) among three anti-VEGF agents for 
treatment of neovascular AMD. While cost 
and burden of frequent visits in fl uence the 

choice, the impact of these choices are more 
readily understood with the results of recent 
comparative effectiveness trials. Forthcoming 
2-year IVAN trial data may reveal new 
 fi ndings, along with other comparative effec-
tiveness trials across anti-VEGF agents that 
may impact the treatment guidelines discussed 
herein. For now, use of a  fi xed-dosing regimen 
no less frequently than every 8 weeks 
inde fi nitely appears to be more likely to sus-
tain visual acuity outcomes that are attained 
following the initiation of treatment. While 
little clinically relevant differences across 
anti-VEGF agents have been identi fi ed when 
such  fi xed-dosing regimens are followed, an 
increase in serious systemic adverse events 
with bevacizumab requires further study and 
needs to be taken into account when  fi nances 
might permit the use of a fl ibercept or ranibi-
zumab in a  fi xed-dosing regimen. Furthermore, 
visual acuity outcome differences across 
agents when dosing regimens less frequent 
than every 4–8 weeks need to be clari fi ed, 
although data suggest that bevacizumab as 
needed no longer may be equivalent to ranibi-
zumab every 4 weeks by 2 years after treat-
ment. Novel treatments that target different 
pathways in the angiogenesis cascade and 
alternative anti-VEGF delivery systems remain 
in development and could in fl uence the con-
siderations presented herein. Regardless, the 
availability of anti-VEGF products for neo-
vascular AMD has had a profound impact on 
both the expected (Bressler et al.  2011  )  and 
actual (Campbell et al.  2012  )  number of cases 
of blindness from AMD as ophthalmologists 
await additional options for the treatment 
armamentarium of neovascular AMD.      
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          9.1   Introduction 

 The term dry eye was initially introduced by 
Roetth in 1953, who described dry eye as low 
 fl ow of tears measured with the Schirmer test (de 
Roetth  1953  ) . Now in the twenty- fi rst century, 
our understanding of the underlying mechanisms 
and multiple possible etiologies underlying this 
form of ocular surface disease is more complex 
and nuanced, but the term “dry eye” is still preva-
lently used worldwide (Morube  2004  ) . 

 Dry eye disease (DED) has received different 
denominations in attempt to better de fi ne this 
condition: keratoconjunctivitis sicca, dry eye 
syndrome, and dysfunctional tear syndrome 
(DTS) (Lemp  2008a  ) . 

 Most recent attempts to de fi ne this entity vary 
from Roetth in that they do not require a reduced 
 fl ow of tears and are not linked to any particular 
diagnostic test (such as the Schirmer test). The 
National Eye Institute, in 1995, de fi ned DED as 
“disorder of the tear  fi lm due to tear de fi ciency 
or excessive tear evaporation which causes dam-
age to the interpalpebral ocular surface and is 
associated with symptoms of ocular discomfort” 
(Lemp  1995  ) . 

 In a 2007 report of the International Dry Eye 
Workshop (DEWS), dry eye was de fi ned as a 

“multi factorial disease of the tears and ocular 
surface that results in symptoms of discomfort, 
visual disturbance, and tear  fi lm instability with 
potential damage to the ocular surface. It is 
accompanied by increased osmolarity of the tear 
 fi lm and in fl ammation of the ocular surface” 
(Lemp et al.  2007    ).  

    9.2   Epidemiology 

 According with World Health Organization 
(WHO), 650 million people aged 60 years and 
over are alive today. In 2050 the elderly popula-
tion is expected to reach two billion, re fl ecting 
improvements in nutrition and healthcare in mod-
ern societies (WHO  2011  ) . This aging of the 
world’s population portends a dramatically 
increasing burden of ocular surface disease from 
dry eye. 

 Dry eye is a public health problem with major 
quality of life impact (QOL), frequently associ-
ated with social, physical, and psychological dis-
turbance. In addition, it is a chronic disease and 
usually requires long-term clinical follow up 
(Friedman  2010  ) . 

 Many diagnostic tests are currently available in 
the clinic and used variably in attempts to de fi ne 
DED; however, there is no consensus of which 
diagnostic test must be employed. Because it is 
a symptomatic condition, symptoms question-
naires are usually applied as auxiliary instrument 
to help establish the diagnosis (Smith et al.  2007  ) . 
These questionnaires can provide signi fi cant 
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 information, however, may not truly represent the 
reality of an epidemiologic study because of its 
subjective aspect (Uchino et al.  2011  ) . 

 The prevalence of dry eye in the USA among 
adults aged 50 years and older has been estimated 
about 3.23 million of women (approximately 
7 %) and 1.68 million of men (about 4 %). DED 
is considered a common condition among women 
50 years old and over in USA (Schaumberg et al. 
 2003,   2009  ) . 

 According with Koumi study, the high preva-
lence of DED among Japanese might be related 
with ethnicity (Uchino et al.  2011  ) , and some 
studies from Asia suggested higher prevalence 
among this population. Lin has demonstrated 
that Taiwanese women are at high risk to develop 
dry eyes symptoms and positive dry eye tests 
(Lin et al.  2003  ) .  

    9.3   Risk Factors 

 Aging is considered the most important risk fac-
tor for DED. There are others ophthalmologic 
comorbidities aging related as cataract, glau-
coma, aging macular disease, and diabetic retin-
opathy (Tsubota et al.  2010  ) . 

 Consistent factors for dry eye include older 
age, female sex, and use of hormone replacement 
therapy, particularly estrogen (Schaumberg et al. 
 2001  ) , decrease of androgen levels, vitamin A 
de fi ciency, malabsorption, and eating disorders 
are also included as factor risks for DED 
(Jaworowski et al.  2002 ; Sullivan et al.  2000  ) . 

 Some medical conditions and systemic medi-
cations have been recognized as risk factor for 
development of DED. Galor et al. have shown 
that patients who present with psychiatric ill-
ness, autoimmune disease, benign prostatic 
hyperplasia (BPH), sleep apnea, rosacea, and 
human immunode fi ciency virus are roughly two 
times more likely to also present with DED 
(Galor et al.  2011  ) . 

 Patients taking antihistamines, antianxiety 
agents, antidepressant, and agents used to man-
age BPH were also almost two times more 
expected to develop DED (Galor et al.  2011  ) . 
Manaviat et al. showed higher prevalence of DED 

among type 2 diabetic patients with diabetic 
retinopathy (Manaviat et al.  2008  ) . 

 The Beaver Dam Eye Study showed that cur-
rent and past smoking, multivitamin use, and his-
tory of heavy alcohol consumption in the past 
were related with increased risk for DED whereas 
caffeine consumption was associated with 
decreased risk (Moss et al.  2000  ) . 

    9.3.1   Patient History 

 Patient    history has a relevant role to establish the 
diagnosis and appropriate therapy, to identify 
causes of DED, and to principally relieve patient 
discomfort and prevent related complications. 

 A factor which may precipitate and/or exacer-
bates the symptoms of DED is long-term contact 
lens wear. Guillon and Maissa showed that tear 
 fi lm evaporation at normal humidity when a 
patient is wearing contact lenses is similar to 
evaporation at low humidity in eyes without con-
tact lenses (Guillon and Maissa  2008  ) . 

 Detailed history of ocular surgeries must be 
investigated because most surgical procedures 
which cause cornea denervation may exacerbate 
preexisting dry eye symptoms, including cataract 
(Cho and Kim  2009  )  and refractive surgery, pre-
sumably due to damage of corneal nerves during 
the corneal incision (Albietz et al.  2004  ) . The 
chronic use of eyedrops containing preservatives 
can lead to ocular surface damage, as the conse-
quence of allergic reaction and reactions, and 
direct epithelial damage (Mantelli et al.  2011  ) . 

 Modern living, including work in indoor air-
conditioned environments, computer use, pro-
longed reading, watching television, and driving 
appear to negatively impact on DES; hence, it is 
often helpful to investigate the patient’s everyday 
activities with the goal of possibly alternating 
environmental stresses (Miljanovic et al.  2007  ) .  

    9.3.2   Secondary Mechanical 
Conditions 

 Elderly populations are more susceptible to con-
ditions that can lead to eyelid malpositions or 
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dysfunction and consequently DED symptoms. 
Examples of these conditions include involu-
tional entropion and ectropion, loss of inferior 
eyelid tonicity, nocturnal lagophthalmos, and 
neurological conditions as Parkinsonism with 
reduced blink rate and paralysis of cranial nerve 
VII (Bashour and Harvey  2000  ) . Damasceno 
et al. showed that entropion is more often 
associated with DED symptoms and also is 
more prevalent among women (Damasceno 
et al.  2011  ) . 

 Conjunctivochalasis is also a condition 
increasingly prevalent with age and may result in 
DED symptoms by aggravating a preexisting 
DED condition, caused basically by aqueous tear 
de fi ciency (Yokoi, et al.  2005  ) . 

 The recognition of these mechanical con-
ditions is crucial for an effective treatment (Di 
Pascuale et al.  2004  ) , because once detected 
and treated, the DED symptoms tend to recover 
(Henstrom et al.  2011  ) .   

    9.4   Symptoms 

 Dry eye is considered the most typical cause 
of chronic eye irritation in patients 50 years 
and older. The most frequent symptom 
related is sandy-gritty sensation or burning, 
which gets worse with the course of the day 
(Gilbard  2009  ) . 

 Others symptoms, also frequent, include tear-
ing, blurring vision, and sometimes, redness, 
mainly when associate with blepharitis. The 
patient with DED usually refers symptoms 
intensi fi cation after exposition to air-conditioning, 
wind, prolonged staring, or any situation that 
causes diminishing of blink rate. Re fl ex tearing, 
a paradox symptom, may occur even before 
establishment of irritated and uncomfortable eyes 
(Terry  2001  ) . 

 DED affect directly the QOL and has consid-
erable impact on daily activities and psychologi-
cal, physical, and social life, especially if the 
symptoms of dry eye are persistent. However, 
QOL is an effective tool to evaluate whether the 
therapy applied was suf fi cient to improve the 
symptoms (Friedman  2010  ) .  

    9.5   Etiopathogenesis 

 One classi fi cation scheme divides DED in two 
major categories:  aqueous tear-de fi cient dry eye  
and  evaporative dry eye . Mathers and Lane 
veri fi ed a reduction in tear  fi lm function with 
aging; there is a decrease of tear  fl ow and volume 
and an increase of tear  fi lm evaporation and 
osmolarity (Mathers and Lane  1998  ) . 

    9.5.1   Aqueous Tear-De fi cient 
Dry Eye (ADDE) 

 ADDE is considered to represent an inef fi cient 
lacrimal secretion due dysfunction or destruction 
of lacrimal gland tissue, reducing tear production 
and secretion. Consequently to this    process, a 
modi fi cation of increased tear osmolarity is 
believed to occur, and this hyperosmolarity is 
thought to be responsible for the in fl ammatory 
response and subsequent damage to the ocular 
surface. Furthermore, ADDE also have two sub-
classes: Sjögren syndrome dry eye and non-
Sjögren syndrome dry eye (Lemp et al.  2007  ) . 

    9.5.1.1   Sjögren Syndrome Dry Eye (SSDE) 
 Sjögren syndrome is an autoimmune endocrinop-
athy in which the main targets are lacrimal and 
salivary glands. There are two ways SSDE 
becomes manifest: primary (PSS) or secondary 
(SSS). PSS correspond clinically aqueous-
de fi cient dry eye, associated with reduction of 
salivary secretion (Zoukhri  2006  ) . Two age peaks 
are found on PSS, the  fi rst, around 20–30 years 
old and the second, in the mid-50s (Fox  2005  ) . 
SSS represents the same characteristic of PSS 
associated with other autoimmune disorders 
including rheumatoid arthritis and systemic lupus 
erythematosus (Zoukhri  2006  ) .  

    9.5.1.2   Non-Sjögren Syndrome 
Dry Eye (NSSDE) 

 Non-Sjögren syndrome dry eye is a subdivision 
of ADDE when systemic autoimmune etiology 
was discharged. For many years, this entity was 
considered synonymous with  keratoconjunctivitis 
sicca (KCS). There are different forms of NSSDE, 
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and they are classi fi ed as: primary and secondary 
lacrimal gland de fi ciencies, obstruction of the 
lacrimal gland ducts, and re fl ex hyposecretion. 
Age-related dry eye is included in the  fi rst 
classi fi  cation of primary lacrimal gland 
de fi ciencies (Lemp et al.  2007 ).   

    9.5.2   Evaporative Dry Eye (EDE) 

 Evaporative dry eye form is characterized by 
excessive tear evaporation from the ocular sur-
face; however, the lacrimal secretory function is 
considered normal. There are two different types 
described: intrinsic and extrinsic. The intrinsic 
type, as the name suggests, occurs due to an 
intrinsic dysfunction of the palpebral structures 
or functions, for example, meibomian gland dys-
function (MGD), low blink rate, and Parkinson 
disease (Lemp et al.  2007 ). In MGD an abnormal 
lipid excretion results in increased tear evapora-
tion rate and consequently evaporative DED. The 
major prevalence of MGD is age related, mainly 
thought to relate to decreased androgen levels 
(Bron and Tiffany  2004  ) . The extrinsic type 
includes ocular surface disorders (vitamin A 
de fi ciency, topical drugs, and preservatives), 
contact lens wear, and allergic conjunctivitis 
(Lemp et al.  2007 ).   

    9.6   Mechanisms of Dry Eye 

 Two mechanisms are listed as a potential trigger 
for inducing DED,  hyperosmolarity  and  tear  fi lm 
instability , and both may have a concomitant 
contribution to dry eye symptoms. 

    9.6.1   Hyperosmolarity 

 The main mechanisms of hyperosmolarity are 
considered to be the reduced aqueous tear  fl ow 
and/or elevated evaporation rate of tear  fi lm. 
Hyperosmolarity stimulates the in fl ammatory 
cascade by increasing expression and production 
of proin fl ammatory cytokines and chemokines. 
After establishment of DED, in fl ammation 
becomes cause and consequence of cell damage 

(Baudouin  2001  ) . In fl ammatory cytokines are 
up-regulated in the dry eye condition, including 
interleukin-6 (IL-6), tumor necrosis factor- a  
(TNF- a ), and MMP-9 (Yoon et al.  2007  ) .  

    9.6.2   Tear Film Instability 

 A normal super fi cial lipid layer is thought to sta-
bilize the tear  fi lm due to controlling the physi-
ologic evaporation rate. Once both aqueous and 
mucin layers become thinner, a focal tear breakup 
can happen because of tear  fl uid surface tension 
(Tsubota  1998  ) . During tear  fi lm instability, a 
temporary increase of tear  fi lm hyperosmolarity 
has been noted. Liu et al. demonstrated that cor-
neal nerves can detect changes in osmolarity, 
and corneal sensory neurons react by increasing 
tear  fi lm osmolarity, causing ocular discomfort 
(Liu et al.  2009 ); subsequently the epithelial 
cells respond with in fl ammation and apoptosis 
(Luo et al.  2007  ) .   

    9.7   Diagnosis 

 A considerable challenge with the diagnosis, 
severity-grading, and monitoring response to 
treatment of DED is the absence of a gold stan-
dard test for diagnosis (Schein et al.  1997  ) . In 
addition, patient symptoms are not often in 
accordance with the clinical signs; some 
patients may be extremely symptomatic despite 
modest visible slit lamp  fi ndings, while other 
patients with beginning epithelial breakdown and 
other worrisome clinical features will describe 
minimal subjective complains (Nichols et al. 
 2004  ) . 

 An appropriate identi fi cation of precipitating 
factors and quanti fi cation of disease severity is nec-
essary for an adequate approach to management.  

    9.8   Classi fi cation 

 One report describes four severity levels for 
DED, without lid margin disease, based on 
symptoms and signs. Discomfort, severity, and 
visual  disturbance are included in symptoms 



1319 Dry Eye Syndrome in the Elderly: Challenges and Treatment Options

and can vary from none or episodic, mild to 
severe, and constant. The signs include conjunc-
tival injection and staining and corneal staining 
and can also vary from none/mild to severe 
(Behrens et al.  2006  ) .  

    9.9   Treatment 

 Based on patient signs and symptoms, four sever-
ity levels are considered to indicate the treatment, 
and therapeutic options are recommended accord-
ing with the severity (P fl ugfelder et al.  2007 ). An 
appropriate range of therapeutic options should 
be followed in attempt to avoid treatment of 
patient level one applying therapeutics approaches 
for level four (Wilson and Stulting  2007  ) . 

 The treatment of DED may involve four dif-
ferent options:  tear supplementation ,  tear stimu-
lants, tear retention,  and  antiin fl ammatory 
therapy . Avoiding exacerbating factors, dietary 
modi fi cations, and eyelid hygiene are examples 
of nonpharmacologic approaches that also must 
be considered (Lemp  2008b  ) . 

 For patients with anterior eyelid margin dis-
ease, eyelid hygiene and topical antibiotic are 
indicated. Posterior eyelid margin disease requires 
warm massage, oral tetracyclines, and topical ste-
roids if necessary (Behrens et al.  2006  ) . 

 For severity level one (mild disease), counseling 
and patient education, environmental changes, and 
arti fi cial tear substitutes are suggested. If level one 
measures fail to satisfactorily improve the patient, 
level two therapies are added: antiin fl ammatory 
drugs as topical cyclosporine and corticosteroids, 
nutritional supplements, and secretagogues, and 
non-pharmacological approach including punctual 
plugs and moist chamber. Treatment for level three 
(severe disease) includes tetracyclines, autologous 
serum, and punctal plugs. Finally, with severity 
level four “end stage,” systemic immunosuppres-
sive and surgical alternatives may be necessary 
(Wilson and Stulting  2007  ) . 

    9.9.1   Tear Supplementation 

 Tear substitutes are hypotonic or isotonic buff-
ered solutions with electrolytes, surfactants, and 

 different levels of viscosity; they can provide 
additional humidity to the ocular surface, improv-
ing the lubrication. There are many ocular lubri-
cants available in the USA; they vary in 
concentration of electrolytes, osmolarity, viscos-
ity, and presence or absence of preservative. The 
principal advantage of nonpreserved eyedrops is 
the possibility of frequent administration without 
toxic effects, found in preservatives preparations 
(P fl ugfelder et al.  2007 ). 

 Sodium hyaluronate is a glycosaminoglycan, 
and that is able to hold large amounts of water 
and consequently lubricate adjacent structures. 
Its relatively high viscosity can stabilize the pre-
corneal tear  fi lm and maximizes the residence 
time on eye surface (Snibson et al.  1990 ; 
Shimmura et al.  1995  ) . Hyaluronate has vis-
coelastic properties, humidi fi es the ocular sur-
face, and has bene fi cial effect on the cornea and 
conjunctival epithelium (Aragona et al.  2002 ). 

 Tears supplements used outside the USA often 
contain hyaluronate, but this molecule has not 
been approved by US Food and Drug 
Administration (FDA) (P fl ugfelder et al.  2007 ). 

 Topical lubricants may help improving 
symptoms and signs; however, there is no evi-
dence that they can improve the underlying 
pathology and in fl ammation found in DED 
(P fl ugfelder et al.  2007 ). 

    9.9.1.1   Biological Tear Substitutes 
 Tear factors are known to be indispensable for the 
maintenance of normal cornea and conjunctival 
epithelium. Some of them, including epidermal 
growth factor, vitamin A, transforming growth 
factor  b  (TGF- b ), cytokines, and  fi bronectin, can 
be found in serum. Tsubota et al. evidenced that 
autologous serum applied as a tear substitute can 
improve signs and symptoms of DED (Tsubota 
et al.  1999  ) .   

    9.9.2   Tear Retention 

    9.9.2.1   Punctal Occlusion 
 Punctal plugs are commonly employed to slow 
tear drainage and can improve DED symptoms 
and signs. Plugs can be placed into upper, lower, 
or both puncta. Absorbable punctal plugs type 
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may be made of collagen or a labile polymer and 
may last for a few days to about 2 weeks, while 
nonabsorbable plugs made of silicone or hydro-
philic acrylic may remain in place unless sponta-
neously dislocated or removed by a physician. 
The most common side effect of occlusion is epi-
phora (Lemp  1994  ) . 

 Intracanalicular SmartPlug TM  (Medennium, 
Irvine, CA) is a thermosensitive hydrophobic 
acrylic polymer, solid at room temperature and 
soft gel at 37 °C, accommodating into canalicular 
space (Chen and Lee  2007  ) . Kojima et al. evalu-
ated the SmartPlug TM  in patients who had previ-
ously been treated with conventional plugs, and 
they showed clinical and symptoms improvement 
(Kojima et al.  2006  ) . If plugs become located 
within the canalicular system, they may be 
dif fi cult to retrieve and may serve as a nidus for 
in fl ammation of infection. 

 Punctal occlusion may promote immediate 
tear conservation but may also aggravate the 
ocular surface irritation because the changes 
in lacrimal tears composition may be toxic to 
the cornea and conjunctival epithelium. In 
addition, the concomitant use of preserved 
arti fi cial tears in patients with punctal occlu-
sion may raise the eye surface in fl ammation 
(Roberts et al.  2007  ) .  

    9.9.2.2   Moisture Chamber Spectacles 
 With the objective of increase humidity around 
the eye, small moist sponges may be attached to 
the side panels of the patients’ eyeglasses or 
swimming goggles can be used. These devices 
are able to maintain a humidity rate; however, 
patient adherence may be poor due cosmetic rea-
sons (Tsubota et al.  1994  ) .  

    9.9.2.3   Contact Lenses 
 Boston    sclera lens is a rigid gas-permeable lens 
that vaults over the cornea and rests on the sclera. 
Tear  fi lm is retained between lens and eye sur-
face, and it may be useful to promote healing of 
persistent epithelial defect refractory to other 
treatments. Advantages of wearing this lens 
include decrease of ocular pain and photophobia, 
besides the improvement of vision acuity 
(Rosenthal and Corteau  2005  ) .   

    9.9.3   Tear Stimulants 

 Pilocarpine and cevimeline, cholinergic para-
sympathomimetic agonists’ agents, are FDA 
approved for dry mouth associated with Sjögren 
syndrome, but not for DED treatment (Lemp 
 2008a  ) . 

 A multicenter, double-blind, placebo-con-
trolled trial evaluates the ef fi cacy of pilocarpine 
tables for Sjögren syndrome patients with dry eye 
symptoms. Patients who were treated with 5 mg 
tablets 4 times per day had a signi fi cant change 
comparing with the placebo group. The most fre-
quent adverse reactions were sweating, followed 
by urinary frequency,  fl ushing, and increased 
salivation (Vivino et al.  1999  ) . 

 Ono et al. evaluated the ef fi cacy of cevimeline 
in patients with Sjögren syndrome and concluded 
that 20 mg 3 times daily can effectively improve 
the symptoms related to dryness compared to 
placebo (Ono et al.  2004  ) .  

    9.9.4   Antiin fl ammatory 

    9.9.4.1   Corticosteroids 
 Corticosteroids (CEs) have been worldwide used 
to treat a diversity of eye surface in fl ammation, 
because of their cytokines inhibition capacity. De 
paiva et al. showed that 1 % methylprednisolone, 
a very potent CE, can preserve apical corneal bar-
rier function and can promote a great clinical 
improvement (de Paiva et al.  2006 ; P fl ugfelder 
et al.  2007  ) . Nonpreserved 1 % methylpredniso-
lone solution had a remarkable improvement in 
ocular irritation symptoms. Marsh and P fl ugfelder 
evaluated the ef fi cacy and side effects of topical 
methylprednisolone and found that this CE is an 
effective treatment option for patients with severe 
DED secondary to Sjögren syndrome (Marsh and 
P fl ugfelder  1999  ) . 

 Due the reduced intraocular effect and/or pen-
etration of “soft steroids” such as  fl uorometholone 
and loteprednol etabonate, they might be unlikely 
to modify the intraocular pressure IOP (de Paiva 
and P fl ugfelder  2008  ) . P fl ugfelder et al. performed 
a study evaluating loteprednol etabonate ophthal-
mic 0.5 % suspension for treatment of DED in 
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patients with moderate in fl ammatory component; 
after 4 weeks of treatment no elevation of IOP 
was observed (P fl ugfelder et al.  2007  ) . 

 Although topical CEs for DED have been 
shown to be of bene fi t, their long-term use may 
stimulate cataract formation, glaucoma, and ocu-
lar infection. For this reason, CE should be used 
for short-term periods, during disease exacerba-
tions (P fl ugfelder et al.  2007  ) .  

    9.9.4.2   Topical Cyclosporine 
 Cyclosporine, an immunomodulatory drug, is 
considered the second most common drug, fol-
lowed by CEs, used in treatment of immune-me-
diated ocular surface illness. Currently, it is the 
only pharmacologic treatment FDA approved 
particularly for DED that aims to normalize tear 
composition and production (Lemp  2008a  ) . 

 The ef fi cacy, safety, and patient tolerability of 
this drug have been demonstrated for assorted 
eye surface disorders (Utine et al.  2010 ; Foulks 
 2006  ) . Yüksel evaluated the ef fi cacy of topical 
cyclosporine by clinical and cytologic methods in 
patients with DED and demonstrated that after 
6 month of therapy, severe dry eye patients had 
no satisfactory response as mild to moderate 
severity patients had (Yü ksel et al.  2010  ) .  

    9.9.4.3   Tetracyclines 
 Tetracyclines and derivatives have both antiin-
 fl ammatory and antibacterial properties. Oral 
 tetracyclines have been used off-label to DED 
treatment (Lemp  2008a  ) . 

 Doxycycline is a therapeutic agent FDA 
approved for in fl ammatory skin lesions of rosa-
cea, however, not for ocular rosacea (Lemp 
 2008a  ) . The main action of doxycycline in 
patients with rosacea may be the capacity that 
this drug has to inhibit angiogenesis (de Paiva 
and P fl ugfelder  2008  ) . 

 Clinical reports propose that doxycycline has 
a successful effect in the treatment of in fl ammatory 
ocular diseases due its capacity of decrease col-
lagenase, phospholipase A2 activity, and inhibi-
tion of proin fl ammatory cytokines (Smith and 
Cook  2004 ; de Paiva and P fl ugfelder  2008  ) . 

 Shine et al. suggested that minocycline may 
reduce in fl ammation reaction by decreasing 

 meibomian gland lipid degradation products 
and consequently decrease neutrophil recruit-
ment (Shine et al.  2003  ) . 

 Yoo et al. veri fi ed improvements in dry eye 
symptoms after ingestion of doxycycline in 
patients with chronic meibomian dysfunction, 
who had performed the conventional therapy 
including warm eyelid massage and topical anti-
biotic therapy, with no success (Yoo et al.  2005  ) .  

    9.9.4.4   Essencial Fatty Acids 
 Essential fatty acids are considered potential 
modulator of in fl ammatory activity and must be 
taken from food. Miljanovic et al. demonstrated a 
reduction of prevalence of DED among women 
with a higher consumption of n-3 fatty acids than 
those with lowest intake (Miljanovic et al.  2005  ) . 

 Barabino et al. veri fi ed that systemic linoleic 
and gamma-linolenic acid administered twice a 
day has an antiin fl ammatory activity in patients 
with DED, with improvement of ocular irritation 
(Barabino et al.  2003  ) . A study performed by 
Aragona et al. showed increase of prostaglandin 
(PGE1), which has antiin fl ammatory properties, 
and improvement of symptoms of ocular discom-
fort and signs of corneal epithelial defects 
(Aragona et al.  2005  ) .   

    9.9.5   Potential Dry Eye Treatment 

 There are some potential options for DED treat-
ment that are in various stages of phase II and III 
clinical trials. Promising results have been shown, 
and new treatment alternatives may help alleviate 
DED symptom. 

    9.9.5.1   SAR 1118 
 The SAR 1118 ophthalmic solution (SAR-code 
Bioscience, Brisbane, Calif) has the property of 
inhibiting T-cell-mediated in fl ammation acting 
on cellular surface proteins. The phase II trial 
was a randomized, placebo-controlled, multi-
center study. SAR 1118 was reported to be well 
tolerated, with improvement in corneal staining 
and signi fi cant increase in tear production 
(Semba et al.  2012 ). Currently, SAR 1118 is in 
phase III trials.  
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    9.9.5.2   CF101 
 CF101 is an adenosine receptor agonist, shown in 
preclinical and clinical studies to have 
antiin fl ammatory effect. In at phase II study, 
CF101 was administrated orally, as monotherapy 
for 12 weeks, by patients with moderate to severe 
dry eye. The drug was reportedly well tolerated 
and safe, without serious adverse events (Avni 
et al.  2010  ) . Currently, the drug is in phase III 
clinical trial.  

    9.9.5.3   Dexamethasone Phosphate 
(EGP-437) 

 A single center, double-masked, randomized, 
placebo phase II trial evaluated ocular iontopho-
resis of EGP-437 (40 mg/mL) in patients with 
moderate to severe DED. Iontophoresis is a drug 
delivery technique which applies electrical  fi eld 
at ocular surface with the purpose of propelling 
charged drug, increasing ocular drug concentra-
tion. The results showed improvement of symp-
toms of dryness over 3-week study period relative 
to placebo (Patane et al.  2011  ) .  

    9.9.5.4   Bromfenac 
 Bromfenac    is a nonsteroidal antiin fl ammatory 
drug being evaluated as a potential therapy for 
DED.  

    9.9.5.5   Acupuncture 
 The Korea Institute of Oriental Medicine has 
completed a phase III trial. The purpose of 
this study was to verify if acupuncture is more 
effective than arti fi cial tears for treatment of 
DED. In one group, seventeen acupuncture 
points were selected and acupuncture needles 
were placed on these points. The other group 
received preservative-free lubricant once a 
day for 4 weeks. Results have not yet been 
published.    

    9.10   Management Challenges 

 Aging populations are more susceptible to mani-
fest visual impairment. Both DED and glaucoma 
are chronic conditions that require long-term 
care compliance with topical drop administra-
tion. Prolonged use of eyedrops containing 

 preservatives can increase tear evaporation with 
subsequent discomfort (Rossi et al.  2009  ) . 

 According with Department of Health and 
Human Services, in 2008, 68 % of the adult inci-
dent cases of diabetes were diagnosed between 
40 and 64 years old and 17 % at age 65 or older 
(Department of Health and Human Services  2010  ) . 

 Diabetes itself may decrease corneal sensa-
tion due peripheral neuropathy and also reduced 
tear secretion. Dogru et al. showed considerable 
changes in tear function and impression cyto-
logic parameters in diabetic patients. Furthermore, 
 fl uctuations in glycemic levels may change the 
lacrimal gland function (Dogru et al.  2001  ) . 

 Niti et al. demonstrate depression in 13.3 % of 
population aged 55 and older. There is a connec-
tion between depression and chronic diseases, 
principally if the chronic illness can cause any 
functional incapacitation (Niti et al.  2007  ) . 

 Managing patients with dry eye associated 
with depression might be harder to quantify 
because these group may overestimate their 
symptoms and not believe that treatment will 
improve the symptoms, leading to noncompli-
ance. Studies have shown depressive symptoms 
among older populations principally caused by 
physical disorder and functional disability 
(Lépine and Bouchez  1998  ) . The psychological 
disturbance may be caused because of eye dis-
comfort, disappointment with treatment results, 
and diminished QOL (Li et al.  2011  ) . 

 Burns and Mulley demonstrated that practi-
cal issues were frequent among elderly patients, 
and they presented dif fi culties in self-application 
medication. The main dif fi culty seems to be the 
capability of the patient to precisely place the 
medication on the eye (Burns and Mulley  1992  ) . 
Win fi eld et al. evaluated patient problems dur-
ing self-medication with eyedrops, and they 
veri fi ed that 14 % had dif fi culties with reading 
labels and identifying bottle, 13 % poor visibil-
ity of tip of dropper, and 8 % with shaky hands 
(Win fi eld et al.  1990  ) . 

 Some others age-related factors have a rele-
vant in fl uence in noncompliance to medication 
as decrease quality of vision, hearing, and 
memory; reduced cognitive and physical func-
tions; and limited social and  fi nancial funds 
(Murray et al.  2004  ) .      
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          10.1   Introduction    

 This chapter explores the impact of two distinc-
tive ocular conditions, cataract and diabetic retin-
opathy, and their treatment interventions from the 
patient’s perspective. We focus on visual func-
tioning, namely, daily activities such as reading, 
driving etc., as well as the more holistic concept 
of vision-speci fi c quality of life (VSQoL) which 
encompasses aspects beyond functioning includ-
ing emotional well-being, concerns, social inter-
action, convenience and work. Both conditions 
may cause severe visual impairment in their late 
stages which can considerably affect patients’ 
ability to perform and participate in day-to-day 
tasks and substantially affect their overall QoL. 
Cataract is largely reversible due to surgical 

advances in treatment, and patients tend to report 
impressive functioning and quality of life (QoL) 
gains following cataract surgery. Diabetic 
 retinopathy, in contrast, is an irreversible condi-
tion with traditional treatment interventions such 
as laser photocoagulation therapy focussed more 
on prevention of further visual loss through 
repeated sessions than restoration of sight. 
Consequently, the QoL impact of diabetic retin-
opathy before, during and after treatment inter-
ventions remains substantial, although emerging 
treatments such as anti-vascular endothelial 
growth factor (VEGF) intraocular injections have 
shown promise in improving patients’ visual acu-
ity and subsequent VSQoL (Mitchell et al.  2011 ; 
Loftus et al.  2011  ) . This chapter draws on our 
combined expertise in the  fi eld of patient-reported 
outcomes and discusses the impact of these two 
conditions and their associated treatments on 
functioning and VSQoL while highlighting some 
of the remaining uncertainties.  

    10.2   Impact of Cataract 
and Cataract Surgery 
on Quality of Life 

    10.2.1   Introduction 

 Cataract is an eye condition that involves the 
opaci fi cation of the natural lens of the eye. 
Globally, cataract is the single most important 
cause of blindness with almost 18 million people 
estimated to be bilaterally blind from cataract, 
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representing almost half of all causes of blind-
ness due to eye diseases worldwide (Resinkoff 
et al.  2004  ) . In developing countries, cataract 
contributes to more than 90 % of the total dis-
ability adjusted life years (Rao et al.  2011  ) . With 
the rapidly ageing population, it seems likely 
that cataract will continue to have an enormous 
impact (Rao et al.  2011  ) . Patients with cataract 
may experience a range of visual de fi cits such as 
deterioration in visual acuity, loss of contrast 
sensitivity, problems under glare conditions and 
altered colour recognition (Crabtree et al.  1999  ) . 
These visual de fi cits lead to a range of real world 
dif fi culties and a reduction in QoL (Lamoureux 
et al.  2011  ) . Cataract is easily treatable due to 
the availability of safe and effective surgical 
procedures and advances in intraocular lens 
design, and cataract surgery is highly successful 
in reversing visual impairment associated with 
cataract. 

 The need for patient-reported information 
about the impact of cataract leads to the 
realm of ‘Patient-Reported Outcomes (PROs)’, 
an umbrella concept covering a broad range of 
patient-reported data and measures. Over the 
last three decades, over 100 PROs have been 
used to assess the impact of cataract and cata-
ract surgery on generic health, visual func-
tioning (VF) and VSQoL. While these types 
of outcomes (often referred to as traits) are 
often used interchangeably in the literature, 
they have important differences. Generic 
health refers to overall health status and is 
non-condition speci fi c. The short-form (SF)-
12 and SF-36 are classic examples of instru-
ments developed to assess generic health 
(Ware and Sherbourne  1992 ; Ware et al.  1996  ) . 
VF is assessed with a vision-speci fi c instru-
ment which explores visual disability or 
vision-related activity limitation. It involves 
vision-dependent tasks such as reading, driv-
ing and shopping. One of the most widely 
used instruments (also referred as question-
naires, scales or tools) to assess the impact of 
cataract surgery on VFis the Visual Functioning 
Index-14 (VF-14) (Steinberg et al.  1994a  ) . 
Finally, VSQoL is a complex construct that 
encompasses disability, sym ptoms, emotional 

well-being, social relationships,  concerns and 
convenience as they are affected by vision 
(WHOQOL Group  1997  ) . For example, the 
Impact of Visual Impairment (IVI) question-
naire, although not holistically a QoL instru-
ment, was designed to provide components of 
VSQoL beyond functioning and contains eight 
items assessing vision-speci fi c emotional 
well-being (Lamoureux et al.  2007a  ) .  

    10.2.2   Impact of Cataract on Visual 
Functioning and Quality of Life 

 The presence of cataract has a number of impor-
tant consequences for patients, including 
decreased participation in social activities or 
daily tasks, depression, increased likelihood of 
admission to a nursing home, increased number 
of falls (and resultant hip fractures) and increased 
mortality (McCarty et al.  2001 ; Wang et al.  2003 ; 
Lamoureux et al.  2004a ; Klein et al.  1998  ) . 
Cataract has also been demonstrated to cause 
signi fi cant reductions in patients’ VF, VSQoL 
and health-related QoL (Nanayakkara  2009 ; 
Polack et al.  2008,   2010  ) . This patient- centred 
impact is comparable to that of major systemic 
conditions including stroke, diabetes and arthritis 
(Chia et al.  2004  ) . 

 While a relationship between cataract and 
poor VF clearly exists, the extent of this asso-
ciation remains relatively unexplored. Recent 
research has assessed whether the impact of 
cataract on VF varies according to the type and 
grade of cataract (Chew et al.  2012  ) . The pres-
ence of bilateral but not unilateral cataract was 
found to be signi fi cantly associated with poorer 
VF after controlling for a range of potential 
confounders. The impact of cataract on VF 
was found to be dependent on vision but inde-
pendent of undercorrected refractive error. 
Importantly, combinations of cataract types 
also had greater impact than a single cataract 
type on VF. A combination of three cataract 
types resulted in the poorest VF, followed by a 
combination of two cataract types, and lastly, a 
single type. Individually, posterior subcapsu-
lar cataract had the greatest impact ahead of 
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nuclear and then  cortical cataract. These 
 fi ndings  indicate that the effects of the differ-
ent cataract types are additive and should be 
taken into consideration when trying to deter-
mine the level of VF in a person with 
cataract. 

 The association of different types of cataract 
to VF also appears to vary according to the dif-
ferent grades of cataract (Chew et al.  2012  ) . 
For example, nuclear cataract is signi fi cantly 
associated with VF from an opalescence grade 
of at least 4 or a colour grade of at least 5. 
Likewise, cortical cataract has been shown to 
be signi fi cant upwards from grade 3 only. These 
 fi ndings suggest that visual acuity is the main 
contributing factor in determining the impact 
of cataract on VF. Posterior subcapsular cata-
ract occurs centrally and impairs central vision 
even at an early stage, while cortical cataract 
only involves the central axis at higher grading 
levels. Although nuclear cataract is considered 
signi fi cant in Lens Opacities Classi fi cation 
System (LOCS) at the same grade level for 
‘opalescence’ and ‘colour’, its impact on VF 
occurs only at a higher grade for ‘nuclear 
colour’ (Chew et al.  2012  ) . These  fi ndings sug-
gest that a patient’s ability to perform vision-
dependent tasks may vary according to the 
different subtypes and grades of their cataract, 
which supports the need for individualised 
assessment and management. While these 
 fi ndings are important, further research in other 
populations is needed.  

    10.2.3   Impact of Cataract Surgery 
on Patient-Reported Outcomes 

 Cataract surgery is one of the most cost-effective 
health-care interventions (Lansingh et al.  2007  ) . 
It increases time spent on productive activities 
and reduces time in inactivity and assistance 
among older adults in low-income settings 
(Polack et al.  2010  ) . Most age-related cataract 
cannot be prevented, but cataract surgery is highly 
effective, resulting in almost immediate visual 
rehabilitation (Allen  2008  ) . Although assessing 
the clinical effectiveness of cataract surgery is 

important, it is also important to understand the 
impact from the patients perspective as treatment 
outcomes can sometimes be speci fi c to patients 
and not necessarily detectable by the treating 
surgeon. 

 Many studies have investigated the impact of 
cataract surgery on PROs (Table  10.1 ). The most 
commonly used instrument has been the original 
VF-14 (Alonso et al.  1997 ; Amesbury et al.  2009 ; 
Bilbao et al.  2009 ; Browne et al.  2008 ; Cassard 
et al.  1995 ; Damiano et al.  1995 ; Desai et al. 
 1996 ; Espallargues and Alonso  1998 ; Friedman 
et al.  2002 ; Mozaffarieh et al.  2004 ; Norregaard 
 2007 ; Norregaard et al.  2003 ; Owsley et al.  2007 ; 
Pager et al.  2004 ; Rosen et al.  2005 ; Saw et al. 
 2002 ; Steinberg et al.  1994b ; Walker et al.  2006 ; 
Lundqvist and Monestam  2006,   2009 ; Pager 
 2004  )  or revised versions (Pager  2004 ; Uusitalo 
et al.  1999 ; Tielsch et al.  1995  ) . The VF-14 was 
developed and validated for use in cataract popu-
lations, and it contains 14 items relating to activi-
ties of daily living and functioning, such as 
reading, writing, driving and negotiating steps. 
Studies using the VF-14 have generally reported 
clinically important signi fi cant improvements in 
VF following cataract surgery (Amesbury et al. 
 2009 ; Bilbao et al.  2009 ; Owsley et al.  2007 ; 
Walker et al.  2006  ) .  

 Cataract surgery also unequivocally 
improves VSQoL (Desai et al.  1996 ; Owsley 
et al.  2007 ; Steinberg et al.  1994b ; Donovan 
et al.  2003 ; He et al.  1999 ; Pokharel et al.  1998 ; 
Fletcher et al.  1997 ; Mamidipudi et al.  2003 ; 
Liu et al.  2004 ; Taylor et al.  2008 ; Zhao et al. 
 1998  )  in the areas of self-care, mobility, social 
interaction, adaptation and coping, and mental 
and emotional well-being. For instance, large 
gains in QoL scores after cataract surgery have 
been found using Ellwein’s QoL instrument 
(Mamidipudi et al.  2003 ; Liu et al.  2004  ) , the 
Nursing Home Vision-Targeted QoL instru-
ment (Owsley et al.  2007  )  and the National Eye 
Institute Visual Functioning Questionnaire 
(NEI-VFQ) (Kaplan et al.  2010  ) . As shown in 
Table  10.2 , the magnitude of the gains in VF 
and VSQoL parameters have been substantial 
with large effect size values recorded in most 
studies. However, the gains are less striking 



144 E.L. Lamoureux et al.
   Ta

b
le

 1
0

.1
  

  Su
m

m
ar

y 
of

 s
tu

di
es

 u
si

ng
  fi

 rs
t 

ge
ne

ra
tio

n 
in

st
ru

m
en

ts
 a

ss
es

si
ng

 t
he

 i
m

pa
ct

 o
f 

ca
ta

ra
ct

 s
ur

ge
ry

 o
n 

vi
su

al
 f

un
ct

io
ni

ng
 (

V
F)

; 
vi

si
on

-s
pe

ci
 fi c

 Q
oL

 (
V

SQ
oL

);
 a

nd
 

ge
ne

ri
c 

he
al

th
-r

el
at

ed
 Q

oL
 (

H
R

Q
oL

),
 w

ith
 a

nd
 w

ith
ou

t o
th

er
 o

cu
la

r 
co

-m
or

bi
di

tie
s   

 O
ut

co
m

e 
 Im

pr
ov

em
en

t 
 L

im
ite

d 
im

pr
ov

em
en

t 
 N

o 
im

pr
ov

em
en

t 

 N
o 

oc
ul

ar
 

co
-m

or
bi

di
ty

 
 V

F 
 V

F-
14

 (
A

lo
ns

o 
et

 a
l. 

 19
97

 ; A
m

es
bu

ry
 e

t a
l. 

 20
09

 ; B
ilb

ao
 e

t a
l. 

 20
09

 ; 
B

ro
w

ne
 e

t a
l. 

 20
08

 ; C
as

sa
rd

 e
t a

l. 
 19

95
 ; D

am
ia

no
 e

t a
l. 

 19
95

 ; D
es

ai
 

et
 a

l. 
 19

96
 ; E

sp
al

la
rg

ue
s 

an
d 

A
lo

ns
o 

 19
98

 ; F
ri

ed
m

an
 e

t a
l. 

 20
02

 ; 
M

oz
af

fa
ri

eh
 e

t a
l. 

 20
04

 ; N
or

re
ga

ar
d 

 20
07

 ; N
or

re
ga

ar
d 

et
 a

l. 
 20

03
 ; 

O
w

sl
ey

 e
t a

l. 
 20

07
 ; P

ag
er

 e
t a

l. 
 20

04
 ; R

os
en

 e
t a

l. 
 20

05
 ; S

aw
 e

t a
l. 

 20
02

 ; S
te

in
be

rg
 e

t a
l. 

 19
94

b ;
 W

al
ke

r 
et

 a
l. 

 20
06

 ; L
un

dq
vi

st
 a

nd
 

M
on

es
ta

m
  2

00
6,

   2
00

9 ;
 P

ag
er

  2
00

4 ;
 Y

ue
n 

et
 a

l. 
 20

11
  )  

 C
at

qu
es

t (
L

un
ds

tr
om

 a
nd

 W
en

de
l 

 20
05

  )  
 C

SS
 (

O
w

sl
ey

 e
t a

l. 
 20

07
  )  

 A
D

V
S 

(M
an

gi
on

e 
et

 a
l. 

 19
94

 ; M
cG

w
in

 e
t a

l. 
 20

03
 ; S

up
er

st
ei

n 
et

 a
l. 

 19
99

  )  
 V

FA
 (

B
as

se
tt 

et
 a

l. 
 20

05
  )  

 C
at

qu
es

t (
L

un
ds

tr
om

 e
t a

l. 
 20

00
b  )

  
 C

at
qu

es
t (

L
un

ds
tr

om
 e

t a
l. 

 20
00

a  )
  

 M
FI

 (
C

ha
ng

-G
od

in
ic

h 
et

 a
l. 

 19
99

  )  
 C

SS
 (

E
sp

al
la

rg
ue

s 
an

d 
A

lo
ns

o 
 19

98
  )  

 Ty
PE

 (
Ja

vi
tt 

et
 a

l. 
 20

03
  )  

 V
F-

7a
 (

U
us

ita
lo

 e
t a

l. 
 19

99
  )  

 V
F-

7b
 (

Pa
ge

r 
 20

04
  )  

 V
D

A
 (

Pe
su

do
vs

 e
t a

l. 
 20

03
  )  

 H
V

A
T

 (
Pr

ag
er

 e
t a

l. 
 20

00
  )  

 V
F-

12
 (

T
ie

ls
ch

 e
t a

l. 
 19

95
  )  

 V
SQ

oL
    

 E
llw

ei
n’

s 
in

st
ru

m
en

t (
Fl

et
ch

er
 e

t a
l. 

 19
97

 ; M
am

id
ip

ud
i e

t a
l. 

 20
03

 ; 
L

iu
 e

t a
l. 

 20
04

 ; Y
ue

n 
et

 a
l. 

 20
11

  )  
 E

llw
ei

n’
s 

in
st

ru
m

en
t (

H
e 

et
 a

l. 
 19

99
 ; P

ok
ha

re
l e

t a
l. 

 19
98

  )  
 E

llw
ei

n’
s 

in
st

ru
m

en
t (

Ta
yl

or
 

et
 a

l. 
 20

08
 ; Z

ha
o 

et
 a

l. 
 19

98
  )  

 V
R

-S
IP

 (
D

es
ai

 e
t a

l. 
 19

96
  )  

 V
R

-S
IP

 (
St

ei
nb

er
g 

et
 a

l. 
 19

94
b  )

  
 V

SQ
 (

D
on

ov
an

 e
t a

l. 
 20

03
  )  

 N
H

V
SQ

oL
 (

O
w

sl
ey

 e
t a

l. 
 20

07
  )  

 N
E

I-
V

FQ
 (

K
ap

la
n 

et
 a

l. 
 20

10
  )  

 G
en

er
ic

 
H

R
Q

oL
 

 C
an

tr
il 

la
dd

er
 (

Pe
su

do
vs

 e
t a

l. 
 20

03
  )  

 SI
P 

(C
as

sa
rd

 e
t a

l. 
 19

95
 ; D

es
ai

 
et

 a
l. 

 19
96

 ; E
sp

al
la

rg
ue

s 
an

d 
A

lo
ns

o 
 19

98
  )  

 SI
P 

(D
am

ia
no

 e
t a

l. 
 19

95
 ; 

St
ei

nb
er

g 
et

 a
l. 

 19
94

b  )
  

 E
Q

-5
D

 (
B

ro
w

ne
 e

t a
l. 

 20
08

 ; J
ay

am
an

ne
 e

t a
l. 

 19
99

  )  
 SF

-3
6 

(M
an

gi
on

e 
et

 a
l. 

 19
94

 ; 
C

ha
nd

ra
se

ka
ra

n 
et

 a
l. 

 20
08

  )  
 SF

-3
6 

(B
ilb

ao
 e

t a
l. 

 20
09

 ; 
Pa

ge
r 

et
 a

l. 
 20

04
  )  

 PO
M

S 
(P

es
ud

ov
s 

et
 a

l. 
 20

03
  )  

 PS
M

S 
(M

ar
x 

et
 a

l. 
 19

95
  )  

 Q
W

B
-S

A
 (

R
os

en
 e

t a
l. 

 20
05

 ; 
K

ap
la

n 
et

 a
l. 

 20
10

  )  
 N

E
A

D
L

 (
G

ra
y 

et
 a

l. 
 20

06
  )  

 E
Q

-5
D

 (
K

ap
la

n 
et

 a
l. 

 20
10

  )  
 SF

-6
D

 (
K

ap
la

n 
et

 a
l. 

 20
10

  )  
 H

U
I2

 (
K

ap
la

n 
et

 a
l. 

 20
10

  )  
 H

U
I3

 (
K

ap
la

n 
et

 a
l. 

 20
10

  )  



14510 Cataract and Diabetic Retinopathy: Impact on Quality of Life

 W
ith

 o
cu

la
r 

co
-m

or
bi

di
ty

 
(V

F 
on

ly
) 

 A
M

D
 

 V
F-

14
 (

A
rm

br
ec

ht
 e

t a
l. 

 20
03

  )  
 (m

ild
 o

r 
m

od
er

at
e 

A
M

D
)V

F-
14

 
(A

rm
br

ec
ht

 e
t a

l. 
 20

00
  )  

 C
at

qu
es

t (
L

un
ds

tr
om

 e
t a

l. 
 20

02
  )  

 D
LT

V
 (

E
l M

al
la

h 
et

 a
l. 

 20
01

  )  
 D

ia
be

tic
 

re
tin

op
at

hy
 

 (m
ild

 N
PD

R
) V

F-
14

 (M
oz

af
fa

ri
eh

 
et

 a
l. 

 20
04

,   2
00

5,
   2

00
9  )

  
 G

la
uc

om
a 

 V
A

Q
 (

M
us

ch
 e

t a
l. 

 20
06

  )  

   A
M

D
  a

ge
-r

el
at

ed
 m

ac
ul

ar
 d

eg
en

er
at

io
n,

  A
D

V
S  

A
ct

iv
iti

es
 o

f D
ai

ly
 V

is
io

n 
Sc

al
e,

  C
SS

  C
at

ar
ac

t S
ym

pt
om

 S
ca

le
,  D

LT
V

  d
ai

ly
 li

vi
ng

 ta
sk

s 
de

pe
nd

en
t o

n 
vi

si
on

,  E
Q

-5
D

  E
ur

oQ
ol

-5
D

, 
 H

R
Q

oL
  h

ea
lth

-r
el

at
ed

 q
ua

lit
y 

of
 li

fe
,  H

U
I2

  H
ea

lth
 U

til
iti

es
 I

nd
ex

 M
ac

h 
2,

  H
U

I3
  H

ea
lth

 U
til

iti
es

 I
nd

ex
 M

ac
h 

3,
  H

V
A

T
  H

ou
st

on
 V

is
io

n 
A

ss
es

sm
en

t T
es

t, 
 M

F
I  

M
ea

n 
Fu

nc
tio

na
l 

Im
pa

ir
m

en
t, 

 N
E

A
D

L
  N

ot
tin

gh
am

 E
xt

en
de

d 
A

ct
iv

iti
es

 o
f 

D
ai

ly
 L

iv
in

g,
  N

E
I-

V
F

Q
  N

at
io

na
l 

E
ye

 I
ns

tit
ut

e’
s 

V
is

ua
l 

Fu
nc

tio
n 

Q
ue

st
io

nn
ai

re
, 

 N
H

V
SQ

oL
  N

ur
si

ng
 H

om
e 

V
is

io
n-

Ta
rg

et
ed

 H
ea

lth
-R

el
at

ed
 Q

oL
,  N

P
D

R
  n

on
pr

ol
if

er
at

iv
e 

di
ab

et
ic

 r
et

in
op

at
hy

,  P
O

M
S  

Pr
o fi

 le
 o

f 
M

oo
d 

St
at

es
,  P

SM
S  

Ph
ys

ic
al

 S
el

f-
M

ai
nt

en
an

ce
 S

ca
le

, Q
W

B
- S

A
  Q

ua
lit

y 
of

 W
el

l-
B

ei
ng

 S
ca

le
,  S

F
-6

D
  s

ho
rt

 f
or

m
-6

D
,  S

IP
  S

ic
kn

es
s 

Im
pa

ct
 P

ro
 fi l

e,
  V

A
Q

  V
is

ua
l 

A
ct

iv
iti

es
 Q

ue
st

io
nn

ai
re

,  V
D

A
  V

is
ua

l 
D

is
ab

ili
ty

 A
ss

es
sm

en
t, 

 V
FA

  V
is

io
n 

Fu
nc

tio
n 

A
ss

es
sm

en
t, 

 V
SQ

oL
  v

is
io

n-
sp

ec
i fi

 c 
qu

al
ity

 o
f 

lif
e,

  V
R

-S
IP

  V
is

io
n-

R
el

at
ed

 S
ic

kn
es

s 
Im

pa
ct

 P
ro

 fi l
e,

  V
SQ

  V
is

ua
l S

ym
pt

om
s 

an
d 

Q
ua

lit
y 

of
 L

if
e 

Q
ue

st
io

nn
ai

re
  



146 E.L. Lamoureux et al.

   Table 10.2    Randomly selected studies showing mean ± SD (standard deviation) pre- and post-cataract VF and QoL 
values   

 Preoperation  Postoperation  Effect size 

 Mean ± SD  Mean ± SD  Cohen’s d 
 Owsley et al.  (  2007  )   VF-14  68.7 ± 23.5  93.6 ± 14.2  1.28 
 Bilbao et al.  (  2009  )   VF-14  60.99 ± 22.49  85.11 ± 18.10  1.18 
 Walker et al.  (  2006  )   VF-14  71.60 ± 16.09  90.15 ± 15.74  1.17 
 Owsley et al.  (  2007  )   General vision  57.2 ± 23.5  79.3 ± 15.8  1.10 

 Reading  69.4 ± 27.5  93.6 ± 12.1  1.14 
 Ocular symptoms  70.3 ± 29.8  86.3 ± 20.3  0.63 
 Mobility  82.9 ± 18.2  93.5 ± 5.6  0.79 
 Psychological distress  62.0 ± 27.0  77.7 ± 15.1  0.72 
 Activities of daily living  92.5 ± 15.8  97.1 ± 9.3  0.35 
 Activities and hobbies  85.2 ± 20.6  95.9 ± 11.9  0.64 
 Adaptation and coping  83.8 ± 26.9  93.3 ± 14.6  0.44 
 Social interaction  86.4 ± 20.1  98.1 ± 5.8  0.79 

 Mamidipudi et al.  (  2003  )   Self-care  83.0 ± 4.3  83.3 ± 0.00  0.07 
 Mobility  91.5 ± 13.5  98.2 ± 8.6  0.81 
 Social  92.9 ± 17.9  98.8 ± 7.0  0.58 
 Mental  73.7 ± 15.1  94.4 ± 4.7  0.66 

 Fletcher et al.  (  1998  )   Self-care  53.35 ± 31.32  28.49 ± 34.20  0.92 
 Mobility  36.15 ± 29.44  34.23 ± 34.91  1.18 
 Social  35.01 ± 36.93  36.39 ± 43.88  0.98 
 Mental  46.62 ± 32.97  27.83 ± 38.57  0.85 

 Liu et al.  (  2004  )   Self-care  74.21 ± 18.05  98.15 ± 7.86  1.72 
 Mobility  53.76 ± 25.40  95.68 ± 10.87  2.15 
 Social  37.58 ± 34.87  84.26 ± 28.28  1.47 
 Mental  66.29 ± 22.28  91.98 ± 18.20  1.26 
 Overall  57.96 ± 21.30  92.52 ± 14.43  1.90 

  Effect size estimates are also provided  

in countries with limited health-care resources. 
Considerably less improvement in patients’ 
QoL is reported using generic instruments 
(Bilbao et al.  2009 ; Browne et al.  2008 ; 
Damiano et al.  1995 ; Pager et al.  2004 ; Rosen 
et al.  2005 ; Steinberg et al.  1994b ; Marx et al. 
 1995 ; Gray et al.  2006 ; Mangione et al.  1994 ; 
Chandrasekaran et al.  2008 ; Pesudovs et al. 
 2003 ; Jayamanne et al.  1999  ) . This is unsur-
prising since generic PROs contain little vision-
related content and are therefore less sensitive 
to cataract-induced vision changes.  

 Cataract surgery also appears to improve 
VF in patients with other ocular conditions, 
such as age-related macular degeneration, dia-
betic retinopathy and glaucoma, particularly if 
the conditions have not progressed to the severe 
stages (Mozaffarieh et al.  2004,   2005,   2009 ; 

Lundstrom et al.  2002 ; El Mallah et al.  2001 ; 
Musch et al.  2006 ; Armbrecht et al.  2000,   2003  ) . 
For example, using the IVI scale, cataract surgery 
signi fi cantly improves overall VSQoL in patients 
with early age-related macular degeneration 
compared to a delayed non-intervention group 
with the average gain in QoL being almost two-
fold at follow-up in the early surgery group 
(Lamoureux et al.  2007b  ) . Moreover, in the 
delayed surgery group, there was a large system-
atic deterioration of QoL suggesting that cataract 
surgery in AMD patients should be performed 
early before AMD has caused signi fi cant loss of 
acuity. 

 The QoL impact of 1st eye compared to 2nd 
eye cataract extraction is less clear (Table  10.3 ). 
Overall, it seems that 2nd eye surgery may 
afford VF and VSQoL bene fi ts over and 
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   Table 10.3    Summary of studies using  fi rst generation instruments evaluating the impact of 1st and 2nd eye cataract 
extraction, and different treatment options on visual functioning (VF), vision-speci fi c QoL (VSQoL) and generic health-
related QoL HRQoL   

 Outcome  VF  VSQoL  Generic HRQoL 

 1st eye vs. 2nd eye 
   Improvements after both 1st 

eye and 2nd eye surgery, 
greater after 
1st eye 

 VF-14 (Gray et al.  2006 ; 
Castells et al.  1999  )  

 SIP (Castells et al. 
 1999  )  

 ADVS (Elliott et al.  1997, 
  2000  )  

 GHQ (Gray et al. 
 2006  )  

 CSS (Gray et al.  2006  )  
   Improvements after both 1st 

eye and 2nd eye surgery, 
greater after 
2nd eye 

 VF-14 (Desai et al.  1996 ; 
Mozaffarieh et al.  2009 ; 
Castells et al.  2006  )  

 VR-SIP (Desai et al.  1996  )   SRS (Elliott et al. 
 2000  )  

 CSS (Castells et al.  2006  )   SF-12 (mental 
domain) (Castells 
et al.  2006  )  

 Catquest (Lundstrom 
et al.  1998,   2001  )  

 SIP (Desai et al. 
 1996  )  

   Bilateral surgery on the same 
day has greater bene fi ts than 1 
eye at a time/expedited 
2nd eye surgery has better 
QoL outcomes than routine 
2nd eye surgery 

 Catquest (Lundstrom 
et al.  2006  )  

 Laidlaw’s (Laidlaw et al. 
 1998  )  

   Bilateral surgery had greater 
bene fi ts over unilateral 
cataract surgery when the 
fellow eye had a signi fi cant 
cataract or poor presenting 
visual acuity 

 VF-9 (Lamoureux et al. 
 2009  )  

 Treatment scenarios 
   Both inpatient and outpatient 

groups improve PROs 
 VF-14 (Castells et al.  2001  )   SIP (Castells et al. 

 2001  )   CSS (Castells et al.  2001  )  
   ‘Crucial’ or ‘appropriate’ 

cataract surgery rating 
improves PROs more than 
‘uncertain or inappropriate’ 
rating 

 VF-14 (Choi and 
Park  2009  )  

  IOL types: 
    Improvements with both 

monocular and multifocal 
IOLs but more improvement 
with multifocal IOLs 

 VF-14 (Cillino et al.  2008  )  
 TyPE (Javitt and Steinert 
 2000 ; Tanaka et al.  2000 ; 
Berdeaux et al.  2008 ; 
Javitt et al.  1997,   2000 ; 
Lehmann et al.  2006  )  

    Similar improvements with 
bilateral multifocal IOLs 
and conventional monofocal 
IOL pseudophakic 
monovision 

 NEI-VFQ (Zhang et al. 
 2011  )  

    Largest improvements 
with full diffractive IOL 
compared to with apodised 
multifocal and monofocal 
IOLs 

 NEI-VFQ (Alio et al.  2011  )  

(continued)
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above those gained by 1st eye surgery alone. 
Recent research comparing VF in patients under-
going surgery for either unilateral or bilateral 
cataract found that bilateral cataract surgery was 
associated with greater VF gains over unilateral 
cataract surgery  only when the fellow eye had a 
signi fi cant cataract or poor presenting visual 
acuity  (Tan et al.  2012  ) . These  fi ndings support 
the current practice of second eye cataract sur-
gery to be considered only when the fellow eye 
has signi fi cant cataract or reduced presenting 
visual acuity as second eye cataract surgery may 
not improve VF if the fellow eye has minimal 
cataract or good visual acuity. More research in 
these areas is warranted as this type of informa-
tion may directly inform decisions about the 
application of cataract surgery in these patient 
groups.  

 Finally, but importantly, it appears that the 
use of modern psychometric methods to analyse 
PRO data can impact on the outcome of cataract 
surgery on QoL parameters. Two recent studies 
(Gothwal et al.  2010 ; Las Hayas et al.  2011  )  
compared the use of traditional (summary 
scores) with modern psychometric methods 

(Rasch analysis) on the impact of cataract sur-
gery on VF using different versions of the VF-14. 
While  cataract surgery unequivocally improves 
VF, the Rasch-scaled versions of the VF-14 pro-
vided a more precise and objective measurement 
of the impact of cataract surgery on VF. Other 
studies using a Rasch-scaled version of the 
Catquest-9SF questionnaire have also reported 
signi fi cant improvement in VF following cata-
ract surgery. (Lundstrom et al.  2009 ; Lundstrom 
and Pesudovs  2009  )    

    10.3   Impact of Diabetic 
Retinopathy, Diabetic Macular 
Edema and Treatment 
Interventions on Quality of Life 

    10.3.1   Introduction 

 Diabetic retinopathy (DR) is a common micro-
vascular complication of diabetes (Cheung and 
Wong  2009  ) . Nearly all patients with type 1 dia-
betes and over 60 % of those with type 2 diabetes 
will develop some degree of DR after 20 years of 

 Outcome  VF  VSQoL  Generic HRQoL 

    Similar improvement after 
ReZoom, Tecnis and 
ReSTOR multifocal IOLs 

 VF-14 (Gierek-Ciaciura 
et al.  2009  )  

    Similar improvement after 
aspherical IOLs and 
conventional spherical IOLs 

 ADVS (Denoyer et al. 
 2007  )  

 NEI-VFQ (Amesbury et al. 
 2009  )  

    Improvement after both 
ICCE-AG and ECCE/
PC-IOL lenses but 
signi fi cantly more with the 
latter 

 Ellwein’s (Fletcher et al. 
 1998 ; Oliver et al.  1998  )  

    Similar improvement with 
blue-light- fi ltering and 
non-blue-light- fi ltering IOLs 

 NEI-VFQ (Espindle et al. 
 2005  )  

 SF-12 (Espindle 
et al.  2005  )  

    More improvements with 
phacoemulsi fi cation than 
extracapsular cataract 
extraction 

 VF-14 (Saw et al.  2002  )  

   ADVS  Activities of Daily Vision Scale,  CSS  Cataract Symptom Scale,  ECCE/PC-IOL  Posterior Chamber IOL,  GHQ  
General Health Questionnaire,  HRQoL  health-related quality of life,  ICCE-AG  intracapsular cataract extraction with 
aphakic glasses,  IOL  intraocular lens,  NEI-VFQ  National Eye Institute’s Visual Function Questionnaire,  SIP  Sickness 
Impact Pro fi le,  SRS  Self-Rating Scale,  VSQoL  vision-speci fi c quality of life  

Table 10.3 (continued)
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diabetes (Cheung et al.  2010  ) . In its nonprolif-
erative stages, DR is mostly asymptomatic but 
may cause signi fi cant and disabling vision loss 
once it progresses to severe nonproliferative DR 
(NPDR) and proliferative DR (PDR) stages. 
Furthermore, clinically signi fi cant diabetic mac-
ular edema (DME), which causes centralised 
vision loss, can occur at any stage (Wong and 
Klein  2008  ) . The advanced stages of DR affect 
visual performance in a number of ways, includ-
ing visual acuity, depth perception, colour and 
contrast sensitivity and visual  fi eld (Wong and 
Klein  2008  )  which, in turn, have considerable 
implications for patients’ VF, VSQoL and emo-
tional and social well-being (Fenwick et al. 
 2010,   2011a  ) . 

 Optimal control of blood glucose, blood pres-
sure and cholesterol are recognised as the most 
effective ways to prevent the development and 
progression of DR. Currently there are no phar-
macologic drugs available to treat DR although 
research is currently being conducted on anti-
VEGF peptides, retinal pigment epithelial cells 
and growth hormone inhibitors as potential areas 
for DR medications (Giuliari  2012  ) . Once a 
patient has reached the vision-threatening 
(VTDR) stages of DR, photocoagulation laser 
treatment is usually performed to treat leaking 
blood vessels and prevent the onset of newly 
formed vessels in patients with PDR and to treat 
the areas affected by leaking vessels in patients 
with DME. It can be carried out over single or 
multiple sessions. Although laser treatment does 
not restore vision, it is highly effective in pre-
venting further loss of visual acuity, especially if 
it is applied before signi fi cant central vision loss 
has occurred. If untreated, 26 % of eyes with 
PDR will progress to severe vision loss within 
2 years; however, with laser treatment, this  fi gure 
is reduced to 11 % (Watkins  2003  ) . Although 
laser treatment remains the most effective way to 
treat VTDR, potential side effects such as loss of 
visual  fi eld, colour vision and contrast sensitivity 
can occur (Diabetes Control and Complications 
Trial Research Group  1995  ) . If severe haemor-
rhaging or retinal detachment occurs, surgery 
becomes the only possible way to prevent further 
vision loss. Vitrectomy is the surgical procedure 

which is used to remove a vitreous haemorrhage 
or repair a detached retina. Prognosis for vision is 
good after vitrectomy, especially in instances of 
haemorrhage without retinal detachment (Porta 
and Bandello  2002  ) . 

 It is now accepted that an assessment of the 
impact of DR on patients’ QoL using a PRO mea-
sure is important for clinical trials, interventions or 
outcomes research to complement objective visual 
acuity information (Pesudovs et al.  2007  ) . While 
there are a number of tools developed to measure the 
impact DR-related vision loss on QoL, to date, our 
understanding remains limited (Pesudovs  2006  ) .  

    10.3.2   Impact of DR and DME 
on Health-Related Quality of Life 

 Generic health-related outcome measures such as 
the short-form (SF-12, -20 and -36) series (Ware 
and Sherbourne  1992 ; Ware et al.  1996 ; McHorney 
et al.  1993  )  are sometimes used to assess the 
impact of DR on health-related QoL (Table  10.4 ) 
(Lee et al.  1995 ; Hanninen et al.  1998  )  and 
 fi ndings generally indicate that DR and related 
vision impairment do have a negative impact. 
Signi fi cant reductions in physical and mental 
well-being due to DR, DME and visual acuity 
impairment have been reported, with a linear 
relationship evident between worsening visual 
acuity and declining health-related QoL scores 
(Davidov et al.  2009 ; Clarke et al.  2006  ) . Severe 
vision loss or blindness tends to be a more impor-
tant indicator of health-related QoL than severity 
level of DR, as patients with PDR under threat of 
vision loss have reported considerably better QoL 
than those with PDR and severe vision loss 
(Leksell et al.  2005  ) .  

 In general, the use of generic health-related 
QoL instruments to explore condition-speci fi c 
QoL is problematic because they measure per-
ceived general health rather than VSQoL; that is, 
they have very little vision-related content 
(Bradley  2001  ) . It is likely that any impact of 
vision impairment on generic health-related QoL 
will be lost in the noise of other  non-vision-related 
impact on QoL in the overall score. This is 
important in DR research as the health-related 
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QoL decrements may be due to diabetes rather 
than DR  per se .  

    10.3.3   Impact of DR/DME on Utilities 

 One common way of assessing health-related 
QoL for economic evaluation is through the esti-
mation of utilities for the calculation of quality 
adjusted life years (QALYs) (Brazier et al.  2007  ) . 
Utilities have typically been generated by using 
elicitation methods, such as the ‘time trade-off 
(TTO)’ and ‘standard gamble (SG)’ directly with 
patient cohorts. The scale of the utility index 
ranges between 0.0 and 1.0, where 0.0 represents 
death and 1.0 represents full health. States that are 
considered ‘worse than death’ are represented by 
negative utility values. By extension, the closer 
the utility value is to 0.0, the higher a person’s 
disutility and vice versa (Brown et al.  1999  ) . 

 TTO and SG methods have shown that utility 
tends to decrease steadily with worsening visual 

acuity resulting from DR (Table  10.5 ), although a 
considerable variance in overall scores is evident 
(Brown et al.  1999,   2002 ; Sharma et al.  2002, 
  2003 ; Shah et al.  2004 ; Huang et al.  2007 ; Tung 
et al.  2005 ; Lee et al.  2008 ; Lloyd et al.  2008  ) . 
These discrepancies are concerning but may be 
related to differences in sample population par-
ticularly in terms of disease severity (visual 
impairment), sample size, study design and hypo-
thetical scenarios used. There are also limitations 
associated with TTO and SG utility measures. 
For example, in TTO methodology, utility values 
can be in fl uenced by duration effects and time 
preference effects, while in SG methodology, 
values may be contaminated by patients’ attitudes 
to risk (Brazier et al.  2007  ) . Moreover, a different 
scale is typically used in ophthalmology com-
pared to other health states, namely, ‘perfect 
vision’ rather than ‘perfect health’. It has been 
shown that patients with DR report higher disutil-
ity using the perfect vision scale when compared 
to the perfect health scale (Lee et al.  2008  ) . This 

   Table 10.5    Utility values for DR severity using the TTO and SG   

 Study  Overall  None a   Mild  Moderate  Severe  Blind 

  Time trade-off  
 Brown et al.  (  1999  )   0.77  0.85  0.78  0.78  0.64  0.59 
 Brown et al.  (  2002  )  b   0.79  0.86  0.80  0.77  0.60  – 
 Sharma et al.  (  2002  )   0.77  0.91  0.80  0.71  0.62  0.47 
 Sharma et al.  (  2003  )   0.79  0.88  0.79  0.73  0.73  0.49 
 Shah et al.  (  2004  )  c   –  –  0.88  0.90  –  0.76 
 Huang et al.  (  2007  )  d   0.53  –  –  –  –  0.38 
 Tung et al.  (  2005  )  e   0.92  0.94  0.87  –  0.83  0.81 
  Mean scores    0.76    0.89    0.82    0.78    0.68    0.58  
  Standard gamble  
 Brown et al.  (  1999  )  a   0.88  0.90  0.92  0.84  0.71  0.70 
 Sharma et al.  (  2002  )  a   0.85  0.95  0.90  0.77  0.74  0.60 
 Lee et al.  (  2008  )  f   0.77  –  0.91  –  0.60  – 
 Lloyd et al.  (  2008  )  g   0.81  0.69  0.70  0.67  0.58 
  Mean scores    0.83    0.89    0.86    0.77    0.68    0.63  

   a Visual acuity in the better eye: none = 6/7.5 or better, mild = 6/9–6/15, moderate = 6/18–6/30, severe = 6/60–6/120, 
blind = CF-NLP 
  b Visual acuity in the better eye: none = 6/7.5 or better, mild = 6/9–6/12, moderate = 6/15–6/30, severe =  £ 6/60 
  c Visual acuity in the better eye: mild = 6/6–6/12, moderate = 6/15–6/30, blind =  £ 6/60 
  d Overall = symptomatic DR, blind = blindness 
  e None = no DR, mild = NPDR, severe = PDR, blind = blindness 
  f Mild = no or minimal background DR or clinically insigni fi cant DME, moderate–severe = clinically signi fi cant DME, 
NPDR to PDR 
  g Visual acuity in the worse eye: none = 6/9 or better, mild = 6/12–6/18, moderate = 6/24–6/36, severe = 6/60–6/120, 
blind = CF-NLP  
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means that studies using perfect vision as a scale 
may have overestimated the disutility associated 
with DR, as compared to other medical  conditions 
where perfect health is used as a scale 
(Lee et al.  2008  ) .  

 An alternative method for generating utilities 
is to use a multi-attribute utility instrument 
(MAUI) for measuring and valuing health-related 
QoL. In MAUIs, each life domain that may be 
affected by a health condition is assessed sepa-
rately though a descriptive system including sev-
eral health dimensions with associated levels of 
increasing severity (Brazier et al.  2007  ) . A scor-
ing algorithm, based upon general population 
values for health states de fi ned by the descriptive 
system, is then applied to assign utilities to each 
health state described by the instrument. For 
MAUIs, the valuations are based on general pop-
ulation samples (usually country speci fi c) while 
elicitation methods most often employ patient 
samples with the disease of interest. Generic 
MAUIs, including the EuroQol EQ-5D (Williams 
 1990  ) , the Health Utilities Index (HUI-3) (Furlong 
et al.  2001  ) , the 15D (Sintonen  2001  ) , the SF-6D 
(Brazier and Roberts  2004  )  and the AQoL 
(Hawthorne et al.  1999  ) , allow the comparison of 
utilities across a wide range of diseases and con-
ditions because patients are able to rate their 
health status using a generic descriptive system. 

 However, assessment of the impact of DR and 
related vision impairment on health-related QoL 
using generic MAUIs has produced con fl icting 
results. Small but signi fi cant decrements in utility 
values in patients with DR (Bagust and Beale 
 2005  )  or blindness caused by DR have been 
reported (Clarke et al.  2002  ) . Others have shown 
a clear and systematic association between 
declining levels of visual acuity and reduced util-
ity values (Lloyd et al.  2008 ; Smith et al.  2008  ) . 
Many studies, however, have shown minimal, 
nonsigni fi cant differences in EQ-5D utility val-
ues (Sakamaki et al.  2006 ; Glasziou et al.  2007 ; 
Kontodimopoulos et al.  2010  ) , 15D utility values 
(Ahola et al.  2010  )  and SF-6D utility values for 
diabetic patients with and without DR/DME and 
pre- and post-anti-VEGF treatment for DME 
(Mitchell et al.  2011 ; Loftus et al.  2011  ) . Indeed, 
in two recent studies by our group using the 
EQ-5D and the VisQoL (a vision-speci fi c MAUI), 

we found no association between DR and DME, 
and utilities after adjusting for relevant clinical 
and sociodemographic covariates (Fenwick et al. 
 2011b ; Fenwick et al.  2012  ) . Only profound 
vision impairment was signi fi cantly associated 
with VisQoL utilities, but mild, moderate or 
severe vision impairment was not. 

 These differences may be due to the small 
sample sizes of many of these studies, especially 
at the severe spectrum of DR (Bagust and Beale 
 2005 ; Smith et al.  2008 ; Glasziou et al.  2007 ; 
Kontodimopoulos et al.  2010  )  or due to differ-
ences in study methodologies. De fi nitions of DR 
tend to range widely, from binary categorisations 
(e.g. ‘proliferative DR’ vs. ‘blindness’ (Bagust 
and Beale  2005  )  or presence of DR vs. absence 
of DR (Sakamaki et al.  2006  ) ) to ordinal cate-
gorisations of visual acuity (Lloyd et al.  2008 ; 
Smith et al.  2008  ) . Statistical analyses also vary 
between studies, including linear and ordinal 
regression models (Lloyd et al.  2008 ; Smith et al. 
 2008  ) , tobit and censored least absolute deriva-
tions models (Clarke et al.  2002  )  and quantile 
regression models (Fenwick et al.  2011b  ) , and 
this may have contributed to the equivocal 
 fi ndings. As the EQ-5D does not contain any 
vision-related content, it is also possible that it 
lacks sensitivity to evaluate the speci fi c burden 
of DR-induced vision loss (Brenner et al.  1995  ) . 
This hypothesis is supported by other studies 
using generic MAUIs that contain at least one 
item pertaining to vision, such as the HUI-3 and 
the 15D, which have shown signi fi cant declines 
in utilities due to DR and associated vision loss 
(Lloyd et al.  2008 ; Kontodimopoulos et al.  2010 ; 
Hahl et al.  2002  ) . 

 While utilities provide a way for us to com-
pare the impact of DR to other diseases, they are 
not optimal outcome measures. For those inter-
ested in outcomes, questionnaires that measure 
activity limitation or QoL are of greater interest 
because they provide a more holistic overview 
and focus on a range of areas such as physical 
disability, social health, psychological well-being 
and pain (Massof and Rubin  2001  ) . They also 
provide health professionals like rehabilitation 
specialists greater precision and speci fi city in 
their measurements than utilities can afford 
(Massof and Rubin  2001  ) .  
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    10.3.4   Impact of DR and DME 
on Visual Functioning 
and Quality of Life 

 Despite heterogeneous study designs, study 
 fi ndings consistently indicate that DR impacts 
negatively on patients’ VF and VSQoL, 
(Broman et al.  2002 ; Hariprasad et al.  2008  )  
and that QoL worsens according to increased 
level of severity of DR (e.g. NPDR vs. PDR/
VTDR) (Table  10.4 ) (Lamoureux et al.  2010 a; 
Klein et al.  2001 ; Gabrielian et al.  2010  ) . 
Vision impairment from DR also appears to 
have a negative, systematic relationship with 
VF and VSQoL, even in patients with mild/
moderate vision loss (e.g. 6/12–6/18) 
(Lamoureux et al.  2004a ; Lloyd et al.  2008 ; 
Cusick et al.  2005 ; Matza et al.  2008  ) . However, 
the evidence with regard to VSQoL, as opposed 
to VF, is limited due to the restricted ability of 
the NEI-VFQ and IVI to provide a full assess-
ment of QoL. 

 A DR-speci fi c QoL tool (the Retinopathy-
Dependent QoL or RetDQoL) (Woodcock et al. 
 2004  )  has recently been developed and validated 
(Brose and Bradley  2009  )  containing 26 items 
sampling various aspects of QoL including 
functional ability, social, family and working 
life, emotional well-being and self-care ability. 
It also contains two overview items, ‘present 
QoL’ and ‘retinopathy-dependent QoL’. Studies 
using this instrument have reported that greater 
vision impairment, worse DR and DME are 
associated with a negative impact on QoL 
(Table  10.4 ). Speci fi cally, participants with PDR 
reported signi fi cantly worse QoL than those 
with moderate or severe NPDR and, in turn, 
those with more severe stages of NPDR recorded 
signi fi cantly lower scores than those with mild 
NPDR. DME was associated with signi fi cantly 
worse general and DR-speci fi c QoL regardless 
of the severity of DR. Importantly, the scores for 
the two overview items demonstrated worse 
DR-speci fi c QoL than general QoL, suggesting 
that the presence of DR has a separate negative 
impact. This demonstrates the importance of not 
relying solely on generic measures when explor-
ing a speci fi c medical condition (Brose and 
Bradley  2009  ) . Although more appropriate than 

a VSQoL or functioning tool, there are limita-
tions associated with the development, valida-
tion and multiplicative scoring method of this 
instrument.  

    10.3.5   Impact of Treatment 
Interventions for DR and DME 
on Quality of Life 

 To date, the impact of treatment interventions on 
PROs is relatively unexplored (Table  10.4 ). 
Signi fi cant improvement in patients’ VF and 
VSQoL following treatments for DR and DME, 
such as laser photocoagulation (Tranos et al. 
 2004  )  and vitrectomy surgery (Okamoto et al. 
 2008  ) , have been reported even without 
signi fi cant corresponding improvements in 
visual acuity. However, VSQoL in patients fol-
lowing vitrectomy surgery remains lower than 
patients without VTDR, suggesting that VTDR 
still has a substantial QoL impact. Recently, sev-
eral studies have reported signi fi cant VSQoL 
gains in patients with DR and DME following 
anti-VEGF treatment. For example, clinically 
meaningful improvements on several NEI-VFQ 
domains have been reported in patients with 
DME following intravitreal injections with 
pegaptanib sodium compared to a group receiv-
ing sham injections only (Loftus et al.  2011  ) . 
Similarly, greater visual acuity and VSQoL gains 
have been demonstrated in patients receiving 
ranibizumab monotherapy or combined with 
laser, compared to laser therapy alone (Mitchell 
et al.  2011  ) . Evidently, more research into 
patient-reported outcomes following both tradi-
tional and novel treatment interventions for DR 
and DME is required. With many clinical trials 
currently under way testing the ef fi cacy of new 
treatment modalities for DR and DME, it is 
likely that this information will continue to 
emerge. 

    10.3.6   Current Limitations 

 Given the inherent differences between cataract, 
DR and DME, and associated treatment outcomes, 
it can be hypothesised that the QoL impact from 
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the two diseases also differs. For instance, cata-
ract typically occurs only once in each eye, and it 
is reversible with cataract surgery which is usu-
ally highly successful. Cataract is generally 
accepted by patients as part of the ageing process 
and is not associated with another systemic dis-
ease. DR and DME, in contrast, are irreversible 
and available treatments such as laser therapy 
usually do not improve visual acuity, is often pain-
ful and may require several sessions. Similarly, 
patients are often fearful of having intraocular 
injections. Retinal bleeding may reoccur so 
patients must cope with the uncertainty of their 
eye condition. Treatment for DR such as vitrec-
tomy increases patients’ likelihood of developing 
other ocular conditions such as cataract and glau-
coma. Moreover, unlike cataract, DR and DME 
do not affect everyone and patients may feel guilty 
due to poor diabetes control in the past. Therefore, 
it is likely that the impact on VF will be similar 
for the two conditions while the impact on 
patients’ concerns, emotional well-being and 
inconvenience will be greater in those with DR 
and DME compared to cataract. 

 However, at present, comparing and contrast-
ing the impact of both ocular conditions on all 
relevant QoL parameters is dif fi cult due to inher-
ent limitations in the PRO measures currently 
available. For instance, the content of most QoL 
instruments is suboptimal, focusing largely on 
vision-related activity limitation and containing 
only a small number of items assessing other rel-
evant QoL issues such as emotional well-being, 
social relationships, concerns and convenience. 
Moreover, there are limitations associated with 
the development and validation of most available 
PROs. The most common one has been the use 
of Likert scoring to generate an assessment of 
the impact of DR and the use of Classical Test 
Theory validation techniques (Massof  2004  ) . 
Additionally, since questionnaires must attempt 
to capture information relevant to people across 
the spectrum of disease severity using relatively 
few items, many instruments have failed to opti-
mally target the respondents’ level of VSQoL. 

 A rigorously developed and comprehensive QoL 
tool to measure the impact of ocular conditions and 

vision impairment on QoL is therefore lacking. 
Possible solutions include item banking and 
computer adaptive testing (CAT). An item bank 
is simply a pool of items that have been cali-
brated on the same scale using modern psycho-
metric methods, such as Rasch analysis. An item 
bank measures a de fi ned latent trait such as QoL, 
and the items in the item bank represent differing 
amounts of that latent trait along a continuum. 
(Cella et al.  2007  )  A working item bank enables 
the use of CAT which is a method for adminis-
tering tests that adapts the questions asked to the 
examinee’s ability level. CAT chooses and pres-
ents targeted items from a calibrated item bank 
to the respondent. Subsequent items are then 
selected based on the examinee’s responses 
to previous questions, and selection proceeds 
until a prede fi ned stopping criterion is reached 
(Gershon  2005  ) .  

    10.3.7   Future Trends 

 A VF item bank measuring activity levels and 
goals in people with vision impairment has 
recently been developed (Massof et al.  2007  ) . 
This work could be extended through the devel-
opment of a multidimensional VSQoL item bank, 
which would be an important contribution to out-
comes research in ophthalmology. Indeed, our 
group is currently developing and validating the 
Eye-tem bank to assess the impact of eye disease 
on QoL. The Eye-tem bank will be comprehen-
sive, covering numerous ocular conditions, 
including diabetic retinopathy, glaucoma, age-
related macular degeneration, cataract, and 
refractive error and amblyopia, among others. 
Items will assess multiple domains of QoL 
including visual symptoms, ocular surface symp-
toms, general symptoms, activity limitation, 
mobility, emotional, social, concerns, conve-
nience and economic. The  fi nal Eye-tem bank 
will be applicable to clinical trials or intervention 
studies requiring accurate assessment of patient-
reported outcomes, to clinicians in clinic settings, 
and to rehabilitation specialists assessing the 
needs of patients.    
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      Conclusions 

 The impact of cataract, DR and DME, and 
associated vision impairment on VF and QoL is 
clearly substantial, particularly at the severe 
spectrum of these conditions or when the dis-
ease is bilateral. Cataract surgery unequivocally 
improves VF and several aspects of VSQoL 
with large effect size values recorded in most 
studies. There is compelling evidence to dem-
onstrate that cataract-surgery-induced vision 
gains are associated with severalfold improve-
ments in critical daily living tasks such as read-
ing newspapers or books; driving; watching 
TV; cooking; negotiating steps; sewing, knit-
ting, crocheting or doing handicrafts; noticing 
traf fi c, information or shop signs; and recognis-
ing people. Although research using VSQoL 
instruments is limited, the evidence indisput-
ably indicates that cataract surgery improves 
several VSQoL aspects. In addition to typical 
areas of functioning, cataract surgery improves 
several psychosocial aspects including social 
interaction, mental and emotional well-being, 
psychological distress, adaptation and coping. 
Research into the impact of treatment interven-
tions for DR and DME, such as laser photoco-
agulation, vitrectomy and anti-VEGF injections 
on patients’ VF and QoL, is limited to date, 
although improvements have been reported. 
More research into PROs associated with novel 
treatment interventions for DR, such as anti-
VEGF and steroids, is required.      
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  Abbreviations  

  AFREV     Assessment of Function Related 
to Vision   

  MD    Mean deviation   
  MVA    Motor vehicle accident   
  NEI VFQ     National Eye Institute Visual 

 Functioning Questionnaire   
  VF    Visual  fi eld     

        11.1   Importance of Studying 
Quality of Life in Glaucoma    

 Over 60 million people worldwide are affected 
by glaucoma, and disease prevalence is highest 
among the elderly (Quigley and Broman  2006  ) . 
While effective treatments are available, there is 
no de fi nitive cure, and many people continue to 
lose vision from this disease. Older people with 
glaucoma are at highest risk of experiencing dis-
ability due to more advanced visual  fi eld (VF) 
loss and other age-related factors (Mukesh et al. 
 2002 ; Leske et al.  2001  ) . Understanding 
how glaucoma affects quality of life and disabil-
ity has important rami fi cations for medical 

 decision-making, developing rehabilitation pro-
grams, and allocating social services. 

    11.1.1   Measuring Quality of Life 
Is Important 

 Before discussing the impact of glaucoma on qual-
ity of life, it is important to de fi ne “quality of life.” 
Quality of life describes a person’s overall satis-
faction with his/her life, a purely mental state. It 
is immensely important, as it re fl ects a person’s 
overall well-being and ability to function in his/
her environment, but can be dif fi cult to assess. It 
may be measured in general terms, or indirectly, by 
assessing its components. Because it can be mea-
sured concretely and may be addressable by reha-
bilitation, disability is an important component of 
quality of life and will be addressed in this chapter. 

 The study of quality of life has broad medical 
and social applications. It is important for under-
standing the impact of disease and identifying 
those who need rehabilitation and/or a change in 
medical therapy. Disabilities identi fi ed as having 
a strong impact on quality of life can be targeted 
for rehabilitation. Quality of life can also be used 
as an outcome measure to assess the effectiveness 
of rehabilitation programs. Finally, an under-
standing of the impact of disease on quality of life 
is important when balancing independence and 
safety (e.g., when discussing driving cessation). 

 Quality of life can in fl uence medical decision-
making. If the stage of glaucoma at which indi-
viduals experience decreased quality of life is 
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identi fi ed, treatment can be optimized to maxi-
mize quality of life and minimize unnecessary 
interventions. Patients can also be educated 
about functional changes likely to occur in their 
lives with continued disease progression. 
Furthermore, quality of life measures can be 
used to assess the ef fi cacy of therapies, particu-
larly because they may re fl ect both the preserva-
tion of visual abilities and the potential side 
effects of therapy. 

 Finally, quality of life can impact medical 
policy-making. Payments for medical treatment 
and rehabilitation are authorized on the assump-
tion that they improve patients’ lives. As such, 
quality of life measures can be used to justify 
reimbursement for treatment or rehabilitation. 
Quality of life or disability measures can also jus-
tify FDA approval of new therapies by providing 
evidence of real-world impact.  

    11.1.2   How to Approach Patients 
in a Clinical Setting 

 Knowledge of how glaucoma and glaucoma 
treatment affect quality of life can help us 
approach patients in a clinical setting. It can 
help us assess the implications of the disease 
worsening: given the patient’s current VF and 
rate of disease progression, is he/she likely to 
experience a decrease in quality of life? Does 
prospective disability outweigh the potential 
downsides of treatment? Consideration of these 
issues can facilitate the optimization of  treatment 
plans. 

 Similarly, it is important to take into account 
the individual’s subjective experience of the dis-
ease and its impact on their quality life when 
developing a treatment plan. What are the 
patient’s priorities? What can they no longer do 
because of VF loss, and what abilities do they 
hope to maintain despite VF loss? Considering 
these questions facilitates empathy and strength-
ens the patient-doctor relationship. 

 Finally, understanding the impact of glaucoma 
on patients’ quality of life can help identify indi-
viduals who require rehabilitation and facilitate 
referral to appropriate rehabilitation programs.   

    11.2   Spectrum of Disease 

    11.2.1   Disability in Glaucoma: 
When or If? 

 Glaucoma can cause bilateral blindness, and it is 
obvious that complete vision loss is disabling. 
Many individuals with glaucoma only experience 
mild to moderate vision loss, however, so it is 
important to determine the point in disease progres-
sion at which different activities are affected and to 
treat accordingly. Unlike other causes of age-related 
vision loss, such as cataract, glaucomatous damage 
is irreversible, so treatment must be proactive. As 
with any medical condition, however, treatment 
can have dangerous side effects. Determining the 
degree of vision loss that causes signi fi cant disabil-
ity will help determine the point at which treatment 
should be more aggressive. Furthermore, functional 
parameters could potentially be used to tailor this 
decision to the individual patient. 

 Some previous studies using global measures of 
quality of life have shown no substantial correlation 
between VF loss and disability. The Collaborative 
Initial Glaucoma Treatment Study (CIGTS) showed 
only small-magnitude correlations between impair-
ment of visual activities and better-eye VF loss in 
subjects with unilateral or early bilateral disease 
(Mills et al.  2001 ; Mills  1998  ) . In several studies, 
less than 25 % of subjects with glaucoma were 
willing to trade any longevity for perfect vision, 
indicating that most glaucoma patients do not per-
ceive their VF loss as a major disability (Aspinall 
et al.  2008 ; Jampel et al.  2002b  ) . 

 Other studies, however, do link VF loss with 
substantial decrements in quality of life. In the 
Los Angeles Latino Eye Study (LALES), even 
mild (2–6 dB) unilateral VF loss was associated 
with lower quality of life scores (McKean-
Cowdin et al.  2007  ) . A study based at the Wills 
Eye Institute showed a signi fi cant correlation 
between binocular VF loss and the Assessment 
of Disability Related to Vision (ADREV) test 
(Richman et al.  2010  ) . In the Proyecto Ver Eye 
Project, subjects with glaucoma had lower vision-
related quality of life scores than subjects with 
cataract or diabetic retinopathy (Broman et al. 
 2002  ) . Furthermore, the effect of glaucoma of 



16711 Glaucoma and Quality of Life

any stage was greater than that of two lines of 
visual acuity loss in nearly all functional domains 
studied (Broman et al.  2008  ) . 

 More study is needed to clarify the stage of 
glaucomatous VF loss required to effect quality 
of life. Perhaps this issue is best approached by 
considering different functional domains sepa-
rately, as this would adjust for potentially 
con fl icting effects and could be more clinically 
relevant. It would also be helpful to specify pre-
cisely the level of disability in order to practically 
interpret these results. Further work is also neces-
sary to determine to what extent the impact of 
all-cause VF loss (as might be measured in a pop-
ulation-based survey) re fl ects the impact of VF 
loss from glaucoma.  

    11.2.2   Staging Glaucoma 
to Predict Quality of Life 

 In discussions of glaucoma progression, it is 
important to describe disease severity in clini-
cally relevant stages. For a staging system to be 
clinically relevant, it must help direct therapy and 
be readily measurable in clinic. This is challeng-
ing: the manifestation and progression of glau-
coma vary greatly between individuals, and there 
are numerous possible measurement methodolo-
gies. Many staging systems exist, but none has 
been appropriately validated with disability. 
Here, we will examine some issues germane to 
glaucoma staging for quality of life purposes and 
discuss some previously developed systems. 

 An important initial decision in describing 
glaucoma progression is whether to use categori-
cal variables, such as mild, moderate, or severe, 
or continuous variables, such as mean deviation 
(MD). Categorical variables are typically eas-
ier for patients, policy-makers, and other non-
 ophthalmologists to understand: imagine hearing 
“you have severe glaucoma” compared to hearing 
“you have a mean deviation of negative 22.” It 
also makes it easy to separate patients into groups 
for interventions. Some granularity is lost in the 
use of categorical variables, however, and the 
division of individuals with a continuous symp-
tom (vision loss) into discrete groups will always 

be somewhat arbitrary. Continuous variables 
more accurately describe disease, but are not as 
useful for communicating with patients. Cutoffs 
can be applied to continuous variables in order to 
separate patients into therapeutic groups. 

 Another issue is whether better eye, worse eye, 
or integrated VFs best predict function. Many 
investigators have related disability to MD of the 
better- or worse-functioning eye. This approach 
is useful because monocular MD is readily avail-
able to clinicians, but it does not take into account 
the real-world use of binocular vision or the 
impact of the  fi eld defect’s location. 

 Other investigators have developed MD-based 
scores in clinical trials. This allows for the divi-
sion of patients into sensible groups for descriptive 
and therapeutic purposes. Scales were devel-
oped for the Advanced Glaucoma Intervention 
Study (AGIS) (Anon  1994  ) , Collaborative Initial 
Glaucoma Treatment Study (Musch et al.  1999  ) , 
and by investigators at Bascom Palmer (Hodapp 
et al.  1993  ) . Comparisons of these systems have 
been made in several reviews (Brusini and Johnson 
 2007 ; Mills et al.  2006 ; Susanna and Vessani 
 2009  ) . Many of the systems were developed with 
the intention of creating a universal system to be 
used across different studies, though none has yet 
been broadly accepted. 

 Binocular VFs are a logical method for assess-
ing the relationship of visual function and quality 
of life, as individuals use both eyes in the real 
world. The Esterman VF (Esterman  1982  ) , in 
which VFs are measured binocularly, was prom-
ising but has been shown to be inferior to better-
eye MD in predicting self-reported quality of life 
(Jampel et al.  2002a  )  and driving ability (Crabb 
et al.  2004  ) . This may be partly due to the suprath-
reshold technology, which can misestimate vision 
loss. Several methods of posttest VF integration 
have been developed, as well (Crabb et al.  2004 ; 
Nelson-Quigg et al.  2000  ) . These methods have 
the advantage of using information that is already 
collected in a standard clinic visit; the patient is 
not required to complete an additional test. In one 
analysis, however, combined VFs were highly 
 correlated with and not more predictive than 
 better-eye MD on ten functional measures 
(   Unpublished data from the Salisbury Eye 
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Evaluation). So, combined VFs and  better-eye 
MD are equally effective quality of life metrics. 

 A  fi nal issue to consider in analyzing visual 
function is whether to take into account the effect 
of VF damage in different loci. Several studies 
have broached this topic (van Gestel et al.  2010 ; 
Coleman  2007 ; Black et al.  2011  ) , but they do not 
take into account the typical progression of glau-
comatous damage through different areas of the 
VF. For example, subjects with inferior vision loss 
may perform worse than those with superior 
defects because inferior loss typically comes later 
in the course of the disease: their poor performance 
may not be due to defect location, rather, to the 
sum of their  fi eld loss. Further study that controls 
for the presence of VF defects in multiple locations 
is needed. Susanna and colleagues have addressed 
defect location in their new staging system, but it 
has yet to be validated with quality of life or dis-
ability measures (Susanna and Vessani  2009  ) . 

 Overall, current evidence supports the use of 
better-eye MD, as it is reasonably well validated 
and is also clinically accessible. It is logical that 
integrated or binocular VFs would better predict 
real-world functioning, but perhaps an appropri-
ate system has not yet been developed.   

    11.3   Assessing Changes in Quality 
of Life Due to Glaucoma 

    11.3.1   What Tasks and Functions Are 
Affected in Glaucoma? 

 Quality of life has many components, and it is 
important to determine which are most likely to 
be affected by glaucoma in order to better target 
studies and interventions. Several investigators 
have asked patients to self-report the elements of 
quality of life that they struggle with using focus 
groups and/or questionnaires. 

 In developing the National Eye Institute Visual 
Functioning Questionnaire (NEI VFQ), Mangione 
and colleagues used focus groups to determine 
what elements of quality of life are most dif fi cult 
for those with a variety of eye diseases (Mangione 
et al.  1998  ) . The 82 glaucoma participants 
reported the most problems with mobility (includ-
ing driving) and reading. Speci fi cally, 34 % cited 

dif fi culty driving at night, 32 % driving during 
the daytime, and 29 % reading ordinary print. 

 Several investigators have used questionnaires 
to address the same question. Forty percent of 
participants with glaucoma in the Collaborative 
Initial Glaucoma Treatment Study identi fi ed 
dif fi culty with bright light and with moving from 
light to dark (Janz et al.  2001  ) . In another study, 
subjects with glaucoma were signi fi cantly more 
likely to report dif fi culty with mobility tasks 
(using stairs and bumping into things) and object 
 fi nding (Viswanathan et al.  1999  ) . A third study 
found that glaucoma subjects reported trouble 
seeing in the dark more often than normal-sighted 
controls (82 % of glaucoma subjects vs. 32 % of 
controls) (Lee et al.  1998  ) . Yet another investiga-
tion surveyed 63 subjects and found that 70 % 
reported dif fi culty with glare, 54 % had dif fi culty 
adapting to different levels of light, 49 % had 
dif fi culty with steps, 42 % with shopping, and 
36 % with crossing a road (Nelson et al.  1999  ) . 

 Other investigators have used questionnaire 
data to rank potentially challenging tasks in order 
of dif fi culty (Burr et al.  2007 ; Bhargava et al. 
 2006 ; Aspinall et al.  2008  ) . Burr ranked tasks of 
central and near vision as most dif fi cult for glau-
coma subjects, followed by mobility and other 
activities of daily living. Bhargava and colleagues 
ranked driving as the most dif fi cult of several 
tasks. Finally, Aspinall and colleagues ranked 
reading, getting around outside the home, glare, 
object bumping, and then the performance of 
household chores as the most dif fi cult tasks (in 
order of descending dif fi culty). 

 While slightly different sets of tasks were 
evaluated in each of these studies, several areas 
clearly emerged as particularly problematic for 
people with glaucoma: reading, mobility, and 
driving, with particular emphasis on the effect of 
lighting changes on these tasks. These areas 
should therefore be targeted for future study and 
rehabilitation efforts.  

    11.3.2   How to Measure Quality of Life 

 In order to study the effect of glaucoma on qual-
ity of life, it is important to choose the instrument 
best suited to the question at hand. Here, we will 
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discuss several important decisions that must be 
made when choosing or designing an instrument 
(Fig.  11.1 ). Will it assess overall quality of life or 
functional domain-speci fi c quality of life? Will it 
rely on self-report or objective measurements? If 
self-report, will it target vision-speci fi c tasks or 
generic ones? If objective, will it be clinic-based 
or real world? The bene fi ts of and problems with 
each approach will be discussed below.  

 An important initial choice concerns the scope 
of the study: will it assess overall quality of life 
or speci fi c functional domains? Assessments of 
overall quality of life can take into account many 
different components of a person’s life. They are 
especially useful for studies of cost-ef fi cacy of an 
intervention, such as a comprehensive rehabilita-
tion program. Such a broad scope can, however, 
lose some granularity. Functional domain-speci fi c 
studies, on the other hand, allow investigators to 
identify important areas of disability in individu-
als with good global functioning and to draw 
more speci fi c, actionable conclusions. This 
approach can, however, complicate public health 
conclusions and comparisons to non-ocular 
diseases. 

 Another important choice is the information 
source: will it be self-report or an objective mea-
surement? Self-report is important because it 
takes into account the individual’s experience of 
their disease, which de fi nes quality of life. Self-
report is prone to confounding, however, by fac-
tors such as depression, comorbid illness, and 
more. Reporting bias is also in fl uential and is 
particularly important to consider when assessing 
domains for which individuals may be motivated 
to exaggerate or minimize a disability. Examples 
of reporting bias in domains relevant to the study 
of glaucoma and quality of life include poor 
agreement noted between self- and state-reported 

accident numbers in a study of older drivers 
(McGwin et al.  1998  )  and the inferiority of self-
reported to objectively measured physical activ-
ity in predicting biomarkers (Atienza et al.  2011  ) . 
Self-report may be further biased by the develop-
ment of compensatory mechanisms that allow an 
individual to avoid the task in question. For 
instance, an individual who cannot drive because 
of low vision may not complain of dif fi culty with 
driving because they no longer drive. 

 Objective measurement has the obvious 
advantage of allowing the investigator to observe 
and measure a subject’s disability  fi rsthand. It is 
helpful in measuring the effect of rehabilitation 
tools. However, it cannot measure the individu-
al’s perceived functionality, which may be as 
important as technical ability to quality of life. 

 Within the category of self-report, an instru-
ment may be generic or vision-speci fi c. An exam-
ple of a generic measure is the time trade-off 
(“How many years of your life would you trade to 
have perfect vision?”) (Jampel et al.  2002b  ) . 
Generic instruments are useful from a public 
health standpoint, as they allow comparison of 
the impact of vision loss to that of other diseases. 
They are also easily understandable by policy-
makers and investigators in other disciplines. 
They are particularly prone to confounding, how-
ever, as it can be dif fi cult to distinguish the effects 
of glaucoma from comorbid conditions. 

 Vision-speci fi c self-report instruments are 
more useful than generic ones for assessing the 
effect of a visual intervention or the changes in 
quality of life within the context of disease pro-
gression. Compared to generic self-report 
instruments, they have less need for an external 
standard to establish the signi fi cance of changes 
and are less prone to bias by confounding vari-
ables, but they make comparisons of glaucoma 

OverallInstrument scope:

Information source:

Information type:

Self-report

Vision-specific Generic Clinic-based Real world

Objective

Functional
 domain-specific

  Fig. 11.1    Study design 
issues for research concern-
ing quality of life in 
glaucoma. This  fl ow chart 
outlines some of the choices 
that must be considered in 
designing a study or 
selecting an instrument to 
measure quality of life in 
glaucoma       
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with  non-ocular diseases dif fi cult. Examples of 
vision-speci fi c self-report instruments include 
the NEI VFQ-25 (Mangione et al.  2001  )  and the 
Activities of Daily Vision Scale, which was 
used in the Salisbury Eye Evaluation (SEE) 
(Mangione et al.  1992  ) . 

 Objective measurements cannot directly mea-
sure quality of life, but can quantify aspects of 
disability which are very pertinent to function, 
independence, and well-being. They may be 
clinic-based or real world. Most previously used 
objective measures of quality of life have assessed 
performance in the clinic. One such instrument is 
the  fi ve-item “Assessment of Function Related to 
Vision” (AFREV), which correlated well with 
the NEI VFQ-25 and measures of visual ability 
(Altangerel et al.  2006  ) . It gave rise to a similar 
metric called the “Assessment of Disability 
Related to Vision,” a nine-task instrument 
designed to capture a broader range of disability 
(Lorenzana et al.  2009  ) . Both measures have been 
used in additional studies (Skalicky and Goldberg 
 2008 ; Richman et al.  2010  )  and were originally 
validated by Rasch analysis, though subsequent 
papers reported results on a Likert scale without 
weighting tasks of varying dif fi culty. 

 Clinic-based objective measures have the 
advantage of allowing direct observation and stan-
dardization of the patient task for easy comparison. 
They are also potentially applicable in the low-
vision clinic setting to identify speci fi c de fi cits or 
areas for rehabilitation. Dougherty and colleagues 
recently developed and used a battery of functional 
tests for low vision in a pilot study to assess the 
success of low-vision rehabilitation (Dougherty 
et al.  2009  ) . Few other investigators have yet used 
an objective measure for this purpose. 

 The Salisbury Eye Evaluation found a sub-
stantial correlation between performance on tasks 
performed at home and in clinic (West et al. 
 1997b  ) . So, clinic-based assessments are a rea-
sonable approximation of real-world performance 
for activities that can be reproduced in clinic, 
such as reading, dialing a telephone, climbing 
stairs, and reaching for objects. 

 Certain key activities, however, such as driv-
ing and overall physical activity, cannot be 
 adequately reproduced in a clinical setting. 

Ramulu and colleagues have assessed mobility 
in glaucoma subjects in the real-world setting by 
out fi tting subjects with an accelerometer and a 
cellular tracking device for wear during a normal 
week of activity (Ramulu et al.  2011 ; Ramulu    
et al.  2012a ,  b ). Real-world driving ability was 
assessed as part of the Salisbury Eye Evaluation 
(West et al.  2010  ) , though the population was 
not enriched for or speci fi cally evaluated for 
glaucoma, making conclusions about the effect 
of glaucoma on real-world driving ability 
dif fi cult (West et al.  1997a  ) . Real-world quality 
of life assessment remains a promising growth 
area in glaucoma research. 

 Overall, in assessing the effect of glaucoma on 
quality of life, there are a number of choices to 
consider. Decisions about instrument scope, 
information source, and information type may all 
vary depending on the goal of the study and the 
resources available to the investigator.   

    11.4   Speci fi c Elements of Quality 
of Life Affected by Glaucoma 

 In this section, we will discuss the impact of 
glaucoma on speci fi c elements of quality of life 
that have been identi fi ed as problem areas for 
glaucoma patients. We will focus on components 
that can be objectively measured and that are 
potential targets for rehabilitation, including 
mobility (driving, physical activity, and walking), 
balance, falls, and reading. 

    11.4.1   Driving 

 The ability to drive is important for quality of life 
and independent living for many older adults. In 
the United States and other developed countries, 
most adults rely on driving as their primary mode 
of transportation (Eberhard  1998  ) . Furthermore, 
as discussed earlier, retaining the ability to travel 
outside the home is a high priority for people 
with glaucoma. For these reasons, establishing 
the impact of glaucoma on driving is an impor-
tant objective of glaucoma and quality of life 
research. 
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 Previous studies have established that glau-
coma affects driving, though the nature of that 
effect and the stage of the disease at which it 
occurs are still disputed. Many studies have 
shown people with glaucoma to be at higher risk 
for driving cessation (Gilhotra et al.  2001 ; 
Ramulu et al.  2009a ; van Landingham et al. 
 2013  ) . Drivers with glaucoma also report greater 
dif fi culty with driving, and perceived dif fi culty 
increases with severity of VF loss (Freeman et al. 
 2008 ; Gutierrez et al.  1997 ; Parrish et al.  1997  ) . 
Studies have differed on whether drivers with 
glaucoma are more likely to limit their driving. 
The Salisbury Eye Evaluation found no signi fi cant 
associations between glaucoma and driving limi-
tations in an older (mean age 79.5) rural cohort 
(Ramulu et al.  2009a  ) . Three other studies con-
ducted in younger individuals driving in more 
urban settings demonstrated more frequent driv-
ing limitations among people with glaucoma 
(McGwin et al.  2004 ; Adler et al.  2005  )  and 
greater limitations with increasing disease sever-
ity (van Landingham et al.  2013  ) . When people 
with glaucoma do limit their driving, they tend to 
limit driving in low visibility conditions (such as 
at night), in unfamiliar areas, and in heavy 
traf fi c. 

 The impact of limitation and cessation of driv-
ing in glaucoma on driver safety is unclear. It is 
possible that those who limit their driving suc-
ceed in reducing their risk of motor vehicle acci-
dent (MVA) to a level similar to or lower than 
that of normal-sighted drivers. This hypothesis is 
supported by work showing that having glaucoma 
actually decreases older individuals’ risk of MVA 
(McGwin et al.  2004 ; Hu et al.  1998  ) . A second 
possibility is that individuals with glaucoma who 
have limited their driving still drive poorly and/or 
unsafely. This idea is supported by studies show-
ing that VF loss is a risk factor for MVAs (Johnson 
and Keltner  1983 ; Rubin et al.  2007 ; McGwin 
et al.  2005  ) . Other studies have shown that driv-
ers with glaucoma make more driving errors in 
driving simulations (Coeckelbergh et al.  2002 ; 
Szlyk et al.  2002  )  and direct on-road evaluations 
of driving (Keay et al.  2009  )  and that these errors 
increase with VF loss (Szlyk et al.  2005  ) . Further 
study is needed to determine the ideal amount 

and setting of driving for people with glaucoma 
in order to balance the competing priorities of 
safety and independence. 

 Knowing that people with glaucoma may limit 
or cease their driving, we must consider how this 
change impacts their quality of life. Driving ces-
sation has been associated with incident depres-
sion and increased risk of entry into a long-term 
care facility, even after controlling for demo-
graphic and health variables (Ragland et al.  2005 ; 
Marottoli et al.  1997 ; Freeman et al.  2006  ) . One 
study, however, found that higher-risk (low visual 
attention score) drivers who self-regulated their 
driving did not experience reduced social engage-
ment (Okonkwo et al.  2008  ) . This topic merits 
further consideration. 

 There are several methodological options for 
studying driving in people with glaucoma, 
including questionnaires/self-report, simulation, 
and real-world observation. Questionnaire data 
is good for assessing attitudes toward driving 
and, to some extent, voluntary limitations, but 
may not accurately re fl ect driving records 
(McGwin et al.  1998  ) . Individuals may try to 
conceal driving limitations or poor driving 
behaviors out of fear of being reported to licens-
ing authorities. Some researchers have obtained 
objective crash data from state agencies (Johnson 
and Keltner  1983  ) , which prevents self-report 
bias but may result in underestimation of MVA 
rates anyway, as minor MVAs (“fender benders”) 
are often resolved without involvement of the 
police. 

 Driving simulator (Coeckelbergh et al.  2002 ; 
Szlyk et al.  2002  )  and  fi xed-course road tests 
have been used to evaluate driving skills and are 
similar to the on-road driving tests used in license 
renewal procedures for older drivers. Driving 
simulation studies have even been proposed as a 
way to predict global visual functioning in glau-
coma (Medeiros et al.  2011  ) . They do not, how-
ever, capture the full variety of driving scenarios 
that is experienced in real life. Also, these exams 
typically require subjects to drive in an  unfamiliar 
“car,” incompletely recreate the visual and audi-
tory inputs involved in driving, omit the  vestibular 
input employed while driving, and cannot re fl ect 
voluntary limitations of driving. 
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 A meaningful way to study driving in people 
with glaucoma would be to observe the driver 
unobtrusively in the real-world setting. The 
Salisbury Eye Evaluation Driving Study (SEEDS) 
and other studies have used in-car cameras to 
observe older adults’ driving habits, though not 
speci fi cally glaucoma subjects (Lee et al.  2003 ; 
West et al.  2010  ) . This methodology would be 
particularly effective at capturing poor driving 
habits that may occur frequently, such as running 
red lights or unsafe lane changes. MVAs may be 
more dif fi cult to study, as they are rare events and 
are therefore less likely to be captured during a 
study period. 

 Thus far, we have discussed driving ability for 
glaucoma patients as a group. We will brie fl y 
consider how driving ability should be regulated 
for persons with glaucoma on the individual 
level, as well, for purposes of patient counseling 
and licensing. Given our current level of knowl-
edge, patients with glaucoma should be consid-
ered at risk for unsafe driving, but because of the 
potential impact of driving cessation on quality 
of life, physicians should proceed with caution 
when recommending driving cessation. At the 
same time, physicians have a responsibility for 
the safety of their patients and, in some states, 
could be held liable for accidents caused by 
vision-impaired patients whom they have not 
referred to licensing authorities (Anon  2011  ) . 

 No evidence has supported absolute VF cut-
offs for determining driving status, and some 
studies have suggested that measures of visual 
ability other than traditional perimetry are a bet-
ter suited to predicting MVAs in older drivers 
(Emerson et al.  2011 ; Ball et al.  1993  ) . One such 
measure is the useful  fi eld of view (UFOV), 
which takes into account visual attention and the 
ability to compensate for reduced VF with head 
movements (Clay et al.  2005  ) . Currently, most 
states recommend that physicians refer to the 
authorities for an on-road driving test any patient 
whose vision puts them at risk for poor driving 
(Anon  2010  ) . Individuals with advanced unilat-
eral or bilateral VF loss may be at higher risk for 
poor driving, and physicians should discuss 
 driving habits with these individuals and consider 
referring them for evaluation by certi fi ed driving 

instructors if their vision or cognitive ability is 
felt to put them and others at risk.  

    11.4.2   Activity and Walking 

 Walking and physical activity are important to 
maintaining health and quality of life in old age, 
and both may be affected by glaucomatous vision 
loss. Individuals performing less physical activ-
ity have a higher risk of mortality (Kaplan et al. 
 1987  )  and are more likely to have or acquire 
numerous undesirable conditions, including 
 cardiovascular disease (Bijnen et al.  1998  ) , osteo-
porosis (Cummings et al.  1985  ) , and obesity (Yu 
et al.  2007  ) . Furthermore, more physical activity 
has been associated with better subjective well-
being (Lynch et al.  2008 ; Garatachea et al.  2009  ) . 
Because of the importance of physical activity 
and the fact that dif fi culty walking is a common 
complaint in glaucoma (Nelson et al.  1999 ; 
Viswanathan et al.  1999  ) , the relationship between 
glaucoma and walking/physical activity merits 
consideration. 

 Several investigations have shown poor mobil-
ity performance in glaucoma and all-cause VF 
loss. In the Salisbury Eye Evaluation, all-cause 
VF loss was associated with slower walking 
speed and more bumping into objects (Patel et al. 
 2006 ; Friedman et al.  2007  ) . Kuyk and colleagues 
similarly showed a correlation between VF loss 
and orientation errors, bumping into objects, and 
decreased walking speed in low-vision subjects 
(Kuyk et al.  1998  ) . Turano and colleagues also 
showed slower walking speeds in glaucoma sub-
jects, with mobility performance worse with 
worsening VF (Turano et al.  1999  ) . 

 Other studies have demonstrated reduced 
physical activity and walking in glaucoma and 
VF loss. Ramulu and colleagues used accelerom-
eters to demonstrate that physical activity is lower 
at greater levels of glaucomatous VF damage 
(Ramulu et al.  2012a ,  b ). They did not  fi nd group 
 differences in physical activity when comparing 
glaucoma and glaucoma suspects with normal 
vision, but this may be due to limited sample size 
rather than true absence of difference. Moreover, 
subjects with advanced glaucoma (better-eye 
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mean deviation of −13 dB or worse) had statisti-
cally signi fi cant, severe restrictions in physical 
activity, engaging in only one-third as much mod-
erate to vigorous physical activity as normal con-
trols. Similarly, in the nationally representative 
sample of the National Health and Nutrition 
Examination Survey (NHANES), subjects with 
bilateral any-cause VF loss took 17 % fewer steps 
per day and engaged in 30 % less accelerometer-
measured moderate/vigorous physical activity 
than subjects with normal VFs after accounting 
for numerous demographic and health variables 
(van Landingham et al.  2012  ) . 

 Walking and mobility are common complaints 
in glaucoma, and there is substantial evidence 
supporting an impact of glaucoma and VF loss on 
physical activity. However, most low-vision pro-
grams in the USA lack a walking and/or mobility 
program (Owsley et al.  2009  ) . Further study is 
merited about the most effective way to prevent 
deconditioning in people with vision loss and to 
rehabilitate those who are already less active. 
Walking and mobility programs should also be 
made more available to the many vision-impaired 
people who could bene fi t from them.  

    11.4.3   Falls and Balance 

 Falls and balance are two related areas of particu-
lar concern for personal safety in glaucoma. Falls 
are the leading cause of injury-related death in 
the elderly (Anon  2006  )  and are increased in 
glaucoma (Haymes et al.  2007 ; Lamoureux et al. 
 2008 ; Black et al.  2011  ) . Colón-Emeric and col-
leagues also used Medicare data to demonstrate 
glaucoma to be a risk factor for entry into a skilled 
nursing facility with hip fracture in men but not 
women (Colón-Emeric et al.  2003  ) . Several stud-
ies show increased risk of falls in VF loss of any 
cause (Freeman et al.  2007  ) . In the Beaver Dam 
Eye Study, VF loss doubled participants’ risk of 
both falls and hip fractures (Klein et al.  1998  ) . 
Coleman estimated that one-third of all falls in a 
cohort of elderly women were caused by severe 
binocular VF loss (Coleman  2007  ) . Finally, a 
study of Medicare bene fi ciaries with glaucoma 
showed that those with VF loss were signi fi cantly 

more likely to fall and to have had a femur frac-
ture than those without VF loss (Bramley et al. 
 2008  ) . Dhital and colleagues have reviewed falls 
and vision loss (Dhital et al.  2010  ) . 

 Impaired balance is a likely mechanism of 
falls in glaucoma. Several studies have found an 
association between glaucomatous VF loss and a 
decrease in balance (Shabana et al.  2005 ; Black 
et al.  2008 ; Friedman et al.  2007  ) . Greater pos-
tural sway has also been observed in subjects 
with glaucoma compared to controls. This differ-
ence disappears when subjects closed their eyes, 
indicating that the difference is in fact due to loss 
of visual input and not due to confounding vari-
ables (Shabana et al.  2005 ; Black et al.  2008  ) . 

 Given the effect of glaucoma on falling and 
balance, it is logical that glaucoma leads to fear 
of falling (Ramulu et al.  2012a ,  b  ) . Fear    of falling 
in turn may contribute to the decreased walking 
described above and to social isolation, both of 
which could directly impact quality of life. 

 Many lines of evidence suggest that older 
adults with glaucoma are at increased risk for 
falls, including injurious falls. The interrelation-
ships of glaucomatous VF loss, balance, falls, 
fear of falling, and walking are complex 
(Fig.  11.2 ). More attention to fall-related reha-
bilitation in glaucoma patients is merited to avoid 
this preventable cause of injury and death.   

    11.4.4   Reading 

 Reading is an important element of quality of 
life. Traditionally, glaucoma has not been thought 
to affect reading until late in the disease: many 
believe that reading is affected by loss of visual 
acuity and not by the scotomas and peripheral 
vision loss of mild to moderate glaucoma. People 
with glaucoma complain about dif fi culty reading 
throughout the course of the disease, however 
(Nelson et al.  1999 ; Burr et al.  2007 ; Broman 
et al.  2002  ) . In terms of speci fi c complaints, glau-
coma patients also reported dif fi culty following a 
line and  fi nding the next line of print while 
 reading (Viswanathan et al.  1999  ) . 

 Dif fi culties with reading have been observed 
in several clinic-based trials. Reading small print 
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was identi fi ed as one of the most visually dif fi cult 
tasks for individuals with glaucoma during devel-
opment of the AFREV, with a dif fi culty level 
similar to  fi nding small objects (Altangerel et al. 
 2006  ) . In the Salisbury Eye Evaluation, severe 
bilateral glaucoma was associated with slower 
reading speed when reading for short durations 
(Ramulu et al.  2009b  ) . In another investigation, 
12 % of glaucoma subjects could not read the 
print on standard medicated eye drop bottles, 
highlighting the potential health hazards of read-
ing impairment (O’Hare et al.  2009  ) . 

 There seems to be a disconnect between the 
problems with reading identi fi ed by patients and 
the de fi cits noted on objective testing. The two 
studies discussed above seem to support the tra-
ditional belief that reading is affected in glau-
coma only by the visual acuity loss occurring late 
in the disease: one study reports reduced reading 
speed only in severe, bilateral glaucoma, and the 
other reports dif fi culty in reading small print. 
Note that the AFREV evaluation assessed only 
reading small print and reading in dim illumina-
tion, which are likely to be affected by reduced 
contrast sensitivity and visual acuity, and not 
items that are more likely to be affected by mild 
to moderate glaucomatous VF loss, such as 

 fi nding words on a page or reading speed. The 
Salisbury Eye Evaluation tested only out loud 
reading speed, which may be affected differ-
ently from silent reading, in a population not 
enriched for people with glaucoma. Even so, it 
showed a nonsigni fi cant increase in the odds of 
reading impairment for subjects with unilateral 
glaucoma. 

 Future investigations of the impact of glau-
coma on reading should include patients with 
mild to moderate glaucoma in order to determine 
what type of glaucomatous vision loss affects 
reading and at what stage of the disease reading 
is substantially affected. They should also exam-
ine different components of reading, including 
reading speed, scanning for speci fi c words, read-
ing small text, sustained silent book reading, and 
computer reading.  

    11.4.5   Prehension 

 One domain where glaucoma patients have shown 
impairment is in prehension, measured with 
“reaching and grasping” tasks (Kotecha et al. 
 2009  ) . This may be caused by poor spatial aware-
ness (Fortenbaugh et al.  2007  )  leading to poor 
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  Fig. 11.2    Effect of 
glaucomatous VF loss on 
balance, falls, fear of falling, 
and walking. This  fl ow chart 
outlines some of the complex 
interrelationships of VF loss, 
balance, falls, fear of falling, 
and walking in glaucoma       
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visual search performance (Smith et al.  2011  ) . 
Prehension is necessary for many elements of 
life, including feeding oneself, cleaning, work-
related tasks, and cooking. Impaired prehension 
could make all of these basic activities dif fi cult 
and less ef fi cient.  

    11.4.6   Glare/Adjusting to Lighting 
Changes 

 Complaints of glare and problems adapting to 
lighting changes are very common in those with 
glaucoma and can be correlated with the extent of 
VF loss (Lee et al.  1998 ; Nelson et al.  1999 ; Burr 
et al.  2007  ) . Objectively measured dif fi culty with 
glare and dark adaptation has also been associ-
ated with glaucomatous VF loss (Nelson et al. 
 2003 ; Janz et al.  2009  ) . In fact, Nelson and col-
leagues found that dif fi culty with glare and dark 
adaptation was more strongly associated with VF 
loss and perceived disability than was dif fi culty 
with tasks of central, near, or peripheral vision 
for glaucoma subjects. 

 Glare and dif fi culty adjusting to lighting 
changes can affect a person’s ability to drive. In a 
clinic-based study using self-report outcomes, 
more than 50 % of drivers with glaucoma reported 
having at least “some” dif fi culty with glare-
related driving tasks, including “trouble driving 
with headlights from oncoming cars in my  fi eld 
of view” and “at night in the rain, trouble seeing 
the road because of headlights from oncoming 
cars” (Janz et al.  2009  ) . These glare-related driv-
ing problems are more common than complaints 
about driving tasks requiring peripheral vision 
(“dif fi culty changing lanes in traf fi c because of 
trouble seeing cars in the next lane”) and visual 
search (“when driving at night, objects from the 
side unexpectedly appear in my  fi eld of view”). 
They also rank as more dif fi cult in Rasch analy-
sis, which is surprising considering the attention 
given to VF loss in studies of disability in 
glaucoma. 

 Dif fi culty with glare and adjusting to lighting 
changes has also been shown to affect glaucoma 
patients’ ability to see at night, walk in the dark, 
and  fi nd dropped objects (Nelson et al.  2003  ) . 

These abilities are important to performing activ-
ities of daily living. Impairment in these abilities 
can also represent a safety hazard: if a person 
with glaucoma has dif fi culty seeing in the dark, 
he/she may be at higher risk for injurious falls.  

    11.4.7   Institutionalization 

 It is well established that there is a higher preva-
lence of glaucoma among nursing home popula-
tions than in the noninstitutionalized elderly 
(Eichenbaum et al.  1999  ) . A study of Medicare 
records showed that the presence of glaucoma-
tous vision loss of any Medicare-de fi ned severity 
level puts individuals at increased risk of institu-
tionalization (Bramley et al.  2008  ) . 

 The mechanism underlying the association of 
glaucoma with institutionalization is unclear. 
Glaucoma could cause institutionalization 
directly by causing severe vision loss. A person 
who is unable to see well enough to perform 
activities of daily living may require nursing 
home care, especially in the absence of family 
support or low-vision services. Glaucoma may 
also impact nursing home admissions through an 
intermediary. For instance, glaucoma may lead to 
injurious falls, leading to disability or fear of fall-
ing and the perceived inability to live indepen-
dently. Glaucomatous vision loss may lead to 
depression, which can also in fl uence the need for 
nursing home care. 

 Alternatively, the relationship of glaucoma 
with institutionalization may be confounded by 
other disabling illnesses. Alzheimer’s dementia, 
for instance, is associated with glaucoma (Duthie 
et al.  2011  )  and with nursing home admissions 
(Banaszak-Holl et al.  2004  ) . Some patients may 
be admitted primarily due to their dementia but 
have comorbid glaucoma. 

 Several factors probably contribute to the 
association between glaucoma and institutional-
ization. Regardless of the precise mechanism, it 
can be viewed as an embodiment of the profound 
effect glaucoma can have on quality of life and 
disability. Nursing home admission can have a 
large impact on quality of life and can be 
very expensive to the individual and/or the 
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 health-care system. Clari fi cation of the mecha-
nism relating glaucoma to institutionalization 
could lead to strategies for patient rehabilitation 
and the prevention of excessive nursing home 
admissions.   

      Conclusions 

 The relationship between glaucoma and qual-
ity of life is immensely important. As dis-
cussed above, glaucoma can affect a person’s 
overall perception of disability and quality of 
life. It can also affect many related functional 
domains, including mobility, falls, balance, 
reading, and more. Further study of how glau-
coma affects quality of life could lead to more 
informed medical decision-making, improved 
ability to counsel patients, and more effective 
rehabilitation strategies.      
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          12.1   Introduction 

 The impact of early and late age-related macular 
degeneration (AMD) on quality of life (QoL) has 
been comprehensively assessed to date 
(Lamoureux et al.  2011 ; Wong et al.  2004 ; 
Espallargues et al.  2005 ; Finger et al.  2011a ; 
Mangione et al.  1999  ) . Early stages of the disease 
are associated with little functional loss (i.e. nor-
mal visual acuity) and few symptoms. However, 
the prognosis is poor for most patients affected by 
either atrophic or neovascular late-stage AMD. In 
the late-stage condition, central vision can be 
severely impaired, leading to a central scotoma. 
The implications of this level of visual impair-

ment on daily functioning activities include 
inability to read, watch TV, recognise faces or do 
manual work requiring near central vision (Birk 
et al.  2004  ) . Vision impairment associated with 
AMD also impacts on falls, mobility and emo-
tional well-being (Parrish et al.  1997 ; Mackenzie 
et al.  2002  ) . However, to understand the impact of 
AMD on QoL, it is important to consider vision 
loss not in isolation, but in the context of a patient’s 
ability to adapt and cope (Slakter and Stur  2005  ) . 
For example, functional dif fi culties can be partly 
alleviated by using magnifying glasses, screen-
projection devices such as CCTVs and other low-
vision aids and devices. Despite this, patients with 
late-stage AMD remain severely limited in under-
taking many everyday activities. As highlighted 
in previous chapters (e.g. Chap.   3    ), the incidence 
of AMD is projected to increase due to current 
demographic trends, but less cases may progress 
to the more severe late stages due to treatment and 
other unknown factors in high-income countries. 
Thus, a large proportion of the elderly population 
is likely to experience serious QoL detriments 
associated with AMD. 

 This chapter summarises the current literature 
regarding the impact of early and late AMD on 
various aspects of QoL. Due to the magnitude of 
available information, this chapter is not designed 
to be all encompassing or to provide an exhaus-
tive review of the current and historical literature 
related to this topic. Rather, it provides an over-
view of the key research in this area. As QoL 
impact and severity of AMD are correlated, we 
discuss early- and late-stage AMD and their 
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impact on QoL separately in this chapter. First, 
however, we assess the emerging  fi eld of out-
comes assessment and discuss the merits of cur-
rently available patient-reported outcome 
measures in AMD research. Second, the impact 
of early and late AMD on QoL and the effect of 
treatment for late AMD on its QoL impact are 
depicted. The chapter concludes with an outlook 
on future developments in this area of research.  

    12.2   Measuring Quality of Life 
in AMD 

 To date, there is no consensus of a common 
de fi nition of QoL. The majority of de fi nitions use 
a multidimensional construct, including a physi-
cal dimension (disease symptoms and their treat-
ment), a functional dimension (self-care, mobil-
ity, activity level and activities of daily living), a 
social dimension (social contact and interper-
sonal relationships) and a psychological dimen-
sion (cognitive function, emotional status, 
well-being, satisfaction and happiness) (Aaronson 
 1988  ) . Generic or health-related QoL (HRQoL) 
instruments tend to include items in all four 
domains without little or no relevance to vision 
(de Boer et al.  2004  ) . Vision-related QoL 
(VRQoL) instruments tend to include items in all 
four domains as well, but with a focus on the 
impact of vision and its impairment on QoL. 
A subset of instruments focuses on the functional 
impact of vision impairment, with a number of 
items assessing vision-speci fi c functioning (VF). 

 There is a growing body of evidence demon-
strating the considerable impact of AMD, partic-
ularly in its late stages on vision-speci fi c 
functioning (VF), and vision- and health-related 
quality of life (VR and HRQoL) using a number 
of patient-reported outcome measures (PROs) 
(Finger et al.  2008a ; Scott et al.  1999 ; Weih et al. 
 2002  ) . Patient-reported outcomes, especially 
QoL, have been met with increasing interest over 
the last two decades. A recent statement by the 
Food and Drug Administration (FDA) of the 
United States assigned QoL a similar status to 
ef fi cacy in the drug regulatory process 
(O’Shaughnessy et al.  1991  ) . This is not yet the 

case in Europe, where safety and ef fi cacy remain 
the sole criteria for drug approval. However, the 
European Agency for the Evaluation of Medicinal 
Products (EMEA) has also recently acknowl-
edged the increasing importance of QoL in the 
drug regulatory process (Committee for Medicinal 
Products for Human Use  2005 ; Chassany et al. 
 2002  ) . Furthermore, a growing need to explain 
the results of clinical studies in the metric of 
everyday patient functioning has further advanced 
the use of PROs (Mangione et al.  1999  ) . 

 The use of PROs or questionnaires to assess 
the impact of vision impairment from the patient’s 
perspective is now common in ophthalmic 
research and clinical practice (Finger et al. 
 2008b  ) . As VRQoL is a complex, multidimen-
sional concept, few PROs are true QoL instru-
ments. Some questionnaires purely assess VF 
(e.g. the Visual Function Index – 14 items; 
VF-14), whereas others have been designed to 
capture the impact of visual impairment on 
aspects of QoL beyond VF, such as participation, 
and social and emotional well-being (e.g. the 
Impact of Vision Impairment (IVI) or the Daily 
Living Tasks Dependent on Vision (DLTV)). 
Generic HRQoL PROs such as the SF-36 have 
also been used to assess the QoL impact of AMD. 
However, while the use of generic tools can be 
important to delineate the impact of non-ocular 
conditions on QoL (Finger et al.  2011b  ) , this 
chapter focuses solely on vision-speci fi c PROs as 
these are most sensitive to the vision-speci fi c 
impairment associated with AMD. Overall, it is 
important to note that all PROs remain approxi-
mations of QoL. As measures of VF and QoL 
correlate most highly with the visual acuity of the 
better-seeing eye, this clinical outcome is most 
commonly used in VF and QoL research. 
Binocular visual acuity, which best re fl ects daily 
vision, is also often measured. 

 A large number of PROs are available to mea-
sure VRQoL, HRQoL, VF and other outcomes 
in AMD (Finger et al.  2008a  ) . To ensure high-
quality assessments and correct assumptions 
based on gathered data, psychometrically valid 
instruments are required (Lamoureux and 
Pesudovs  2011  ) . Commonly, patients are asked 
to rate the impact of their vision impairment 
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(if any) or ocular condition on various underly-
ing traits such as mobility, activity limitation, 
reading and accessing information or emotional 
well-being using a set of relevant items (ques-
tions) (Pesudovs et al.  2007  ) . Alternatively, 
patients may also be required to rate not only 
their impairment but also the importance of each 
item. These ratings are then multiplied (impair-
ment × importance) to arrive at an individually 
weighted impact score (Mitchell and Bradley 
 2004 ; Scheibler et al.  2010  ) . One questionnaire 
using a multiplicative rating scale speci fi cally 
designed to measure VRQoL in macular diseases 
such as AMD is the Macular Disease Quality of 
Life questionnaire (MacDQoL) (Mitchell and 
Bradley  2004 ; Mitchell et al.  2005  ) . However, 
there are various limitations associated with the 
MacDQoL when used in this way which are dis-
cussed in Sect.  2.1 , and recommendations for the 
usage of this instrument are provided. 

 An instrument’s ability to capture differences 
in disease severity and response to treatment (i.e. 
its discriminant ability) is a crucial characteristic, 
especially when using PROs as outcome mea-
sures of clinical trials. However, discriminant 
validity is rarely reported in studies using PROs. 
For example, only 20 % of studies have reported 
discriminant ability for the National Eye Institute 
Visual Function Questionnaire (NEI-VFQ)-52, 
Activities of Daily Vision Scale (ADVS), IVI 
questionnaire and VF-14 (Finger et al.  2008a  ) . 
Thus, it is important that the magnitude of a ques-
tionnaire’s responsiveness is considered against 
the tested intervention and its expected magni-
tude of effect. To date, the magnitude of a clini-
cally signi fi cant change in a questionnaire score 
has been reported only for the NEI-VFQ-25 
(Lindblad and Clemons  2005  )  whose accuracy is 
controversial (Marella et al.  2010  ) . 

 The psychometric properties of an instrument 
are also important. Psychometric evaluations 
have traditionally been based on classical test 
theory (CTT). However, CTT can have several 
erroneous assumptions due to the use of sum-
mary scoring. Rasch analysis, a form of Item 
Response Theory, has resolved some of the prob-
lems associated with CTT, and it is currently the 
preferred method to (re-)analyse an instrument’s 

measurement characteristics. Rasch analysis is a 
modern psychometric method that mathemati-
cally describes the interaction between respon-
dents and test items. The Rasch model states that 
the probability of a correct response is a logistic 
function of the difference between person ability 
(person measure) and item dif fi culty (item mea-
sure) and applies a strict model which the pattern 
of participants’ responses should satisfy 
(Garamendi et al.  2006 ; Norquist et al.  2004 ; 
Pesudovs  2004,   2006  ) . Estimates from matrices 
of response data based on the model are obtained, 
and raw ordinal scores are thus transformed into 
data that approximate interval-level measurement 
(expressed in log of the odds units or logits). The 
speci fi c methodology employed has been 
described in detail elsewhere (Revicki and Cella 
 1997  ) . Reassessing the psychometric properties 
of VRQoL instruments to con fi rm their reliability 
and validity has become an important recent 
development. To date, of the psychometric tools 
most commonly used in AMD research, the NEI-
VFQ-25 (Massof and Fletcher  2001 ; Langelaan 
et al.  2007  ) , IVI (Lamoureux et al.  2006,   2007a  ) , 
DLTV, (Denny et al.  2007  )  VF-14, (Velozo et al. 
 2000  )  ADVS (Pesudovs et al.  2003  )  and Low 
Luminance Questionnaire (LLQ) (Finger et al. 
 2011c  )  have been reassessed and potentially 
improved using Rasch analysis. The IVI and the 
DLTV have been most consistently shown to per-
form well under Rasch analysis and to be respon-
sive to a number of health states and clinical 
characteristics of AMD (Denny et al.  2007 ; 
Lamoureux et al.  2007b,   2008a  ) . 

    12.2.1    The MacDQoL  

 Due to the variety of PROs available, choosing 
which one to use can be dif fi cult. The MacDQoL 
has been designed to measure VRQoL in macular 
diseases, covering areas such as mobility, socio-
emotional well-being and near tasks, e.g. read-
ing. It starts with two overview items (general 
QoL and overall macular disease-speci fi c QoL), 
followed by 23 items with both ‘impairment’ and 
‘importance’ ratings, and  fi nally an open-ended 
question eliciting impact not covered by the 
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structured questionnaire. Items are phrased ‘If I 
had no macular disease, my… (e.g. family life) 
would be…’: with  fi ve response categories for 
impairment (i.e. very much better, much better, a 
little better, the same, worse) and four for impor-
tance (i.e. very important, important, somewhat 
important, not at all important). All items exclud-
ing the two overview items, the  fi nal question and 
item 4 (work) are weighted by multiplying 
impairment and importance ratings (scored −3, 
−2, −1, 0, 1 and 3, 2, 1, 0, respectively) and cal-
culating an average score. Its development was 
based on an existing instrument, the Audit of 
Diabetes-Dependent Quality of Life (the 
ADDQoL) as well as patient input (Mitchell and 
Bradley  2004  ) . Using CTT, its main psychomet-
ric properties were assessed as satisfactory 
(Mitchell et al.  2005  ) . However, there are impor-
tant limitations associated with the MacDQoL 
which have been highlighted using Rasch 
analysis. 

 For example, recent work by our group has 
found that the MacDQoL fails to meet the cri-
teria for a functioning scale when the suggested 
scoring algorithm is used. Item thresholds, 
which describe the item dif fi culty re fl ected in 
the response categories and how well an item 

matches levels of the measured construct, were 
severely disordered or overlapping beyond repair 
(Fig.  12.1 ), suggesting that respondents were 
unable to discriminate between the large number 
of response options required by the MacDQoL, 
thus demonstrating poor ability of the multipli-
cative rating scale to assess VRQoL. Omitting 
the importance rating and assessment of just the 
impairment scale also revealed issues with the 
response categories; however, after collapsing 
two response categories and utilising a four-point 
scale, these issues were resolved. Further assess-
ment of the impairment scale of the MacDQoL 
demonstrated multidimensionality and a number 
of mis fi tting items, and the scale was split into 
an activity limitation and mobility and a socio-
emotional well-being scale.  

 Our  fi nding that the multiplicative rating scale 
of the MacDQoL was  fl awed is supported by 
similar study  fi ndings in which the poor function-
ality of other multiplicative rating scales has been 
demonstrated by Rasch analysis (Gothwal et al. 
 2011  ) . These  fi ndings may be explained by con-
sidering the fundamental underlying assumptions 
of multiplicative rating scales employing impair-
ment and importance ratings. First, such systems 
assume that patients can completely differentiate 
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  Fig. 12.1    Category 
probability curves for all 
MacDQoL weighted 
response categories. 
Thresholds are disordered 
except for the two extreme 
response categories, and the 
 dark green curve  which 
peaks in the middle 
represents the score 0 which 
has a much higher probabil-
ity than any other score. 
None of the other categories 
are likely to be chosen, 
leaving just the extreme 
categories and 0 as most 
likely to be observed, 
irrespective of respondents’ 
location along the scale          
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between importance and dif fi culty. However, 
there is considerable evidence that importance is 
inherently incorporated into dif fi culty ratings and 
that patients cannot rate impairment or dif fi culty 
without incorporating the importance of the par-
ticular activity to them (Massof et al.  2005  ) . 
Thus, every dif fi culty rating implicitly incorpo-
rates the respondent’s importance rating. 

 The second assumption of multiplicative rat-
ing scales is that respondents can differentiate 
between the numerous response categories that 
result from multiplying the impairment and 
importance rating scales. In contrary, research 
into QoL measurement to date has shown that 
respondents can only differentiate between four 
to  fi ve response categories at most (Lissitz and 
Green  1975 ; Jenkins and Taber  1977  ) . Thus, 
many of the response categories in multiplicative 
scales are underutilised, while some are overutil-
ised as a result of the arithmetic required to derive 
the different response options (Pesudovs et al. 
 2003  ) . Moreover, more than one pair of responses 
can lead to the same score which means the cat-
egories defy hierarchical ordering. Therefore, 
measurement precision is not increased by 
employing a large number of response categories 
(Lissitz and Green  1975 ; Jenkins and Taber 
 1977  ) ; indeed it is considerably decreased (Bond 
and Fox  2001  ) . 

 Our  fi ndings indicate that the MacDQoL, a 
multiplicative scale, provides suboptimal mea-
surement of VRQoL in noninterventional clini-
cal trials or research involving interventions for 
AMD because its suggested scoring system is 
fundamentally  fl awed and, as such, is unlikely to 
provide a robust indication of treatment ef fi cacy 
and may in fact result in  fi ndings that are attenu-
ated compared to the true effect. Thus, researchers 
should consider using robust single scales instead 
(Gothwal et al.  2011  ) . Nevertheless, most of the 
MacDQoL’s major  fl aws can be remedied when 
using it as a non-multiplicative scale, i.e. by using 
only its impairment rating scale. However, QoL 
is an inherently multidimensional concept, and it 
is rarely useful to summarise QoL measurement 
with a single number, as this contributes to loss 
of information and measurement imprecision. 
Consequently, splitting its impairment scale into 

two separate scales, namely, activity limitation 
and mobility and socio-emotional well-being, 
represents the most optimal application of the 
MacDQoL. 

 While our results suggest the MacDQoL in its 
native form has no role in research studies where 
statistical averaging of multiple patients’ data 
occurs, there may be other scenarios where its 
importance and impairment scales may be valu-
able. In daily clinical routine or in individual 
evaluation of interventions, especially rehabilita-
tion, assessment of the importance of the tasks 
under question may be valuable. Therefore, selec-
tion of scales should be guided by the purpose of 
the intended measurement.   

    12.3   Impact of Early AMD on Quality 
of Life 

 Few studies have focused speci fi cally on the 
impact of early AMD on QoL and VF. Early 
stages of the disease are usually symptom free, 
and visual acuity is good. Using various PROs, 
early AMD has repeatedly shown no association 
with decrements in VF or VRQoL. For example, 
a study by Lamoureux and colleagues found no 
difference in VF scores between persons with 
early AMD and persons without AMD in a popu-
lation-based sample of the Singapore Malay Eye 
Study, using a Rasch-modi fi ed version of the 
VF-14 (VF-11) (Lamoureux et al.  2011  ) . 
Similarly, clinic-based studies employing the 
ADVS (Mangione et al.  1999  )  and the MacDQoL 
(Mitchell et al.  2005  )  have demonstrated 
signi fi cantly greater impact on patients’ VF and 
VRQoL in late AMD compared to early AMD. 
These  fi ndings suggest that early AMD has a 
relatively small impact on activities of daily liv-
ing that require good vision. Considering that 
vision impairment is the principal contributor to 
poor visual functioning, this  fi nding is not unex-
pected. Most VF and VRQoL instruments have 
been developed for use in visually impaired pop-
ulations and may not be sensitive enough to pick 
up a decrement in visual functioning where there 
is no decrement in visual acuity and only some 
loss of scotopic vision or contrast sensitivity. 
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 Once early AMD results in visual impairment, 
VF and VRQoL are impacted. We and others have 
previously reported that even mild visual impair-
ment (0.3 < LogMAR < 0.5) has a signi fi cant and 
independent impact on vision-speci fi c function-
ing (Finger et al.  2011a,   d  ) . While our sample 
was clinically based and moderate in size, this 
key  fi nding is supported by three population-
based studies. The Singapore Malay Eye Study 
(SiMES) found that unilateral mild vision loss or 
normal vision in one eye and low vision in the 
other were independently associated with poorer 
vision functioning (Lamoureux et al.  2008b  ) . 
Similar  fi ndings were observed in two popula-
tion-based cross-sectional eye health surveys 
conducted in Timor-Leste (du Toit et al.  2010  )  
and in a Mexican-American population: the 
Proyecto VER (Broman et al.  2002  ) . 

 Similarly, emotional well-being as part of 
VRQoL is affected in patients with even mild 
vision impairment (Finger et al.  2011a  ) . This is 
important as evidence suggests that patients with 
vision impairment and emotional distress are 
likely to show increased functional disability 
independent of that caused by their vision impair-
ment (Rovner et al.  1996,   2002 ; Rovner and 
Ganguli  1998  ) . Depression is considered to result 
in functional decline in this group by reducing 
motivation, initiative and resiliency, (Rovner 
et al.  2002  )  and people with depression are less 
likely to access vision rehabilitation services than 
those not depressed (Tolman et al.  2005 ; Horowitz 
et al.  2003  ) . 

 These  fi ndings are highly relevant to eye 
health professionals as they suggest that even 
patients at the mild spectrum of vision loss, i.e. 
with early AMD, should be targeted for treatment 
or referral as early as possible to prevent deterio-
ration in vision impairment and minimise the 
potential impact on their VRQoL. Similarly, 
intervention strategies aimed at patients with 
even mild vision impairment could substantially 
improve their daily functioning and emotional 
stability. Moreover, the common practice of 
deferring low-vision referrals until visual impair-
ment becomes severe should be reviewed 
(Lamoureux et al.  2008c  ) . 

    12.3.1    Low Luminance Visual 
Functioning  

 A hallmark of a decline of visual functioning in 
early AMD is various parameters of scotopic 
functioning, which is why persons affected by 
early AMD may report dif fi culties with visual 
activities at dusk or dawn or under dif fi cult light-
ing conditions (Scilley et al.  2002  ) . Using the 
ADVS scale, Owsley and colleagues found per-
sons with early AMD, even with good visual acu-
ity in the fellow eye, reported dif fi culty in night 
driving, near vision tasks and glare disability, 
which was related to scotopic dysfunction mea-
sured as scotopic light sensitivity, compared with 
age-matched controls with good retinal health 
(Scilley et al.  2002  ) . Night driving was the activ-
ity most affected. The common clinical notion 
that performance of most activities of daily life is 
unaffected “as long as a patient has one good 
eye” seems to be somewhat undermined by this 
 fi nding as patients with only one eye affected by 
early AMD had dif fi culties noteworthy enough to 
report (Scilley et al.  2002  ) . The work by Owsley 
and co-workers (Scilley et al.  2002  )  on the impact 
of different lighting conditions on AMD patients’ 
visual functioning led them to develop the Low 
Luminance Questionnaire (LLQ) to measure the 
impact of mesopic (intermediate levels of illumi-
nation) and scotopic (low levels of illumination) 
vision impairment on VF (Owsley et al.  2006a  ) . 
The LLQ has been shown to be internally valid 
and reliable (Owsley et al.  2006a  )  and responsive 
to interventions (Owsley et al.  2006b  ) . 

 We investigated the relationship between 
vision impairment and low luminance function-
ing in a clinical sample of German outpatients 
(Finger et al.  2011c  ) . We  fi rst assessed the psy-
chometric properties of the German version of 
the LLQ (30 items) using Rasch analysis. After 
collapsing disordered thresholds and removing 
seven mis fi tting items, we found the LLQ-23 to 
be a valid, reliable and unidimensional scale to 
assess low luminance functioning (Finger et al. 
 2011c  ) . Further analyses showed that vision 
impairment, AMD, cataract and poorer self-
 reported health were associated with poorer low 
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luminance functioning. Even at mild levels of 
vision impairment, participants reported poor 
low luminance functioning (Finger et al.  2011c  ) . 

 Our  fi nding of an independent association of 
retinal diseases such as AMD with low luminance 
functioning is not unexpected (Mangione et al. 
 1999,   2001 ; Scilley et al.  2002 ; Owsley et al. 
 2006a,   b,   2007 ; Ying et al.  2008  ) . Owsley and 
associates found that low luminance functioning 
as assessed by the LLQ was more responsive to 
changes in rod-mediated dark adaptation in AMD 
than general vision-speci fi c functioning as 
assessed by the NEI-VFQ (Owsley et al.  2007  ) . 
Furthermore, patients in this study reported 
greater impact on low luminance functioning 
than vision-speci fi c functioning in daytime con-
ditions (Owsley et al.  2007  ) . Our  fi nding that 
ocular conditions such as AMD were indepen-
dently associated with poor low luminance func-
tioning underlines that visual functions such as 
contrast sensitivity and mesopic and scotopic 
function may be as important as visual acuity in 
determining patients’ level of functional disabil-
ity. Controlling for conventional visual function-
ing (VF-14 scores), the only other ocular 
condition found to be associated with low lumi-
nance VRQoL in our study was cataract (Finger 
et al.  2011c  ) . 

 However, few PROs (with the exception of 
some glaucoma-speci fi c scales) suf fi ciently cap-
ture functioning in dif fi cult lighting conditions. 
Depending on the intended purpose of measure-
ment, additional PROs or items may need to be 
employed to capture decrements in VF and 
VRQoL in retinal diseases in their early stages 
where there is little or no visual impairment under 
standard (photopic) assessment conditions.   

    12.4   Impact of Late AMD on Quality 
of Life 

 Late AMD is characterised by either photorecep-
tor cell death in atrophic (dry) late-stage AMD or 
by destructive choroidal neovascularisation with 
subsequent oedema, haemorrhage and scarring in 
neovascular (wet) late-stage AMD. Both late 

stages almost always result in moderate to severe 
central visual acuity loss. The impact of late 
AMD on VF and VRQoL is considerable. 
However, most studies have demonstrated that 
decline in VF and VRQoL caused by late AMD 
is a function of the visual impairment it causes. 
A number of population-based and clinic-based 
studies have found that late AMD is not indepen-
dently associated with VF when visual acuity or 
present vision impairment is controlled for 
(Lamoureux et al.  2011 ; Mangione et al.  1999  ) . 
Similarly, using utilities elicited from patients 
with the time-trade-off method, Brown and co-
workers showed that similar levels of visual loss 
in diabetic retinopathy and AMD caused similar 
disutility, emphasising that patient-reported util-
ity (and QoL) scores are related more to the level 
of vision impairment than to the underlying cause 
of vision loss (Brown et al.  2002  ) . Severe visual 
impairment has been associated with higher lev-
els of depression (Brody et al.  2001  ) , greater life 
stress, lower satisfaction and activity levels 
(Brody et al.  1999  )  compared to none or mild lev-
els of vision loss. 

 Patients with late AMD have reported greater 
life stress, lower satisfaction and lower activity 
levels than controls (Brody et al.  1999  ) . Moreover, 
HRQoL in late AMD patients has been shown to 
be similar or even lower and emotional distress 
higher compared with other serious chronic 
health conditions such stroke or metastasised 
solid tumour (Williams et al.  1998  ) . A qualitative 
study of patients with advanced AMD in Australia 
reported that people resist asking for help for fear 
of becoming a burden and go to great lengths to 
remain independent. This can lead to social isola-
tion, itself a factor in the progression of depres-
sion and poor emotional well-being (Wong et al. 
 2004  ) . Participants in this study also felt con-
cerned about their ‘understanding of their condi-
tion’. Focus groups in Sweden have also 
demonstrated a need for more information about 
AMD and its consequences to be provided to 
patients, including how to prepare for a life with 
severe visual impairment (Ivanoff et al.  1996  ) . 

 Late-stage AMD usually occurs in one eye at 
a time. Progression from neovascular AMD in 
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one eye to binocular neovascular AMD leads to a 
substantial additional loss of VRQoL. Using the 
NEI-VFQ, progression to bilateral neovascular 
AMD led to a decrease of 6–10 points on the 
overall score, after adjusting for visual acuity and 
other factors (Dong et al.  2004  ) . Similarly, loss of 
ability to perform speci fi c activities, such as driv-
ing, is often associated with a considerable 
decrease in reported QoL. In the USA driving is 
an important daily activity for a large proportion 
of the population. In patients with AMD, even 
when the visual acuity level required for driving 
is maintained, dif fi culty with complex driving 
situations such as at night, in heavy traf fi c or in 
rain, are often reported (DeCarlo et al.  2003  ) . 
Inability to perform important daily activities can 
lead to a considerable decrease in QoL. Key 
activities are likely to vary between countries and 
cultures. For example, while driving is extremely 
important in the USA and Australia, it is less 
important for a large proportion of the European 
elderly population, where many elderly women 
do not have a driver’s licence. 

 Different measures of visual function beyond 
visual acuity, such as contrast sensitivity or depth 
perception, may also be important factors associ-
ated with performance of vision-related tasks and 
reported VRQoL in late AMD. Reduced visual 
acuity has been reported to be closely related 
with tasks involving good resolution and adapta-
tion to changing light levels, whereas contrast 
sensitivity may be more closely associated with 
distance judgement, night driving (or other 
mobility-related activities at low-light levels) and 
overall mobility. Reduced visual acuity and con-
trast sensitivity were found to be signi fi cant risk 
factors for self-reported disability in patients with 
late AMD (Rubin et al.  1994  ) . 

 In summary, there is little evidence to date that 
early AMD without associated visual impairment 
has a measurable effect on VF or VRQoL. While 
patients’ emotional well-being may be temporar-
ily affected at diagnosis, as long as function is not 
affected, patients are usually resilient and are able 
to fully cope with their condition (Knudtson et al. 
 2005  ) . Once vision is impaired, however, associ-
ated decreases in VF and VRQoL are observed, 
irrespective of the underlying condition. Late 

AMD which is associated with central  fi eld loss 
and a reduction of visual acuity has a considerable 
impact on all domains of QoL. In particular read-
ing or other activities which require high resolu-
tion and detail are adversely affected, which often 
leads to a considerable impact on various socio-
emotional domains, anxiety and depression. 

    12.4.1    Impact of Treatment on QoL 
in Late AMD  

 To date, only neovascular (nv) late-stage AMD is 
amenable to treatment. Available treatment does 
not cure the disease but rather leads to stabilisa-
tion and possibly some improvement in visual 
acuity of the affected eye. A number of treatment 
options are available, some of which, namely, 
retinal laser coagulation or transpupillary thermal 
therapy, have been abandoned in the wake of 
newer and more effective treatments such as the 
current gold standard, intravitreal injections of 
anti-VEGF (vascular endothelial growth factor) 
agents (Finger et al.  2007  ) . 

 There is little evidence for a positive effect of 
radiotherapy, submacular surgery or laser photo-
coagulation on VRQoL in nv AMD (Slakter and 
Stur  2005  ) . Photodynamic therapy (PDT) has 
been reported to have a positive effect on reported 
utilities, with a 10 % increase in quality-adjusted 
life years over 2 years, given the assumption that 
the better-seeing eye was treated and had a base-
line acuity of 20/40 (Sharma et al.  2001  ) . 
Assessing vision and visual functioning after 
treatment with PDT for nv AMD, Armbrecht and 
co-workers reported that although there were 
signi fi cant decreases in some of the QoL items 
tested, patients were signi fi cantly less anxious 
and more independent outdoors at the 12-month 
follow-up (Armbrecht et al.  2004  ) . However, 
PDT did not prevent further vision loss and, over-
all, reported QoL decreased when visual acuity 
decreased during follow-up (Armbrecht et al. 
 2004  ) . 

 In large phase III clinical trials (combined 
 n  > 1,000), anti-VEGF treatment for nv AMD has 
been shown to improve reported VRQoL, regard-
less of whether the worse- or better-seeing eye 
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was treated over 24 months of regular monthly 
treatments (Bressler et al.  2010  ) . Similarly, an 
increase in visual functioning and VRQoL, 
despite no improvement in binocular BCVA due 
to treatment of the worse eye, has been reported 
for other ophthalmic interventions, e.g. vitrec-
tomy for macular holes or epiretinal membranes 
(Hirneiss et al.  2006,   2007  ) . Other studies have 
shown less improvement in VRQoL with the 
same intervention outside highly standardised 
phase II or III clinical trials, where treatment was 
less intense (fewer injections) and VRQoL could 
only be maintained but not improved (Finger 
et al. WAVE-study, manuscript under review). 
Whether the demonstrated positive effect of anti-
VEGF treatment on VRQoL can be maintained 
beyond 2 years, and to what extent, remains 
uncertain. As highlighted above, reported QoL is 
closely related to current vision, and thus any 
treatment which improves or maintains vision is 
expected to have some impact on reported QoL.   

     Conclusions 

 AMD has a profound effect on patients’ VF and 
VRQoL especially once the disease has pro-
gressed to its late stages such as nv AMD. In 
early AMD, where visual acuity loss is absent 
or minimal, VF and VRQoL may also be 
affected due to poor contrast sensitivity, poor 
adaptation to low and changing light levels or 
poor mesopic sensitivity although this has not 
been detected by the majority of available PROs 
to date. Mild visual impairment can lead to a 
clinically meaningful reduction in VF and 
VRQoL. A reduction in both visual acuity and 
contrast sensitivity in AMD patients is unequiv-
ocally associated with visual disability. Late 
stages of the disease considerably impact VF 
and VRQoL, with reading and activities requir-
ing seeing detail as well as socio-emotional 
domains being most severely affected. Visual 
impairment associated with AMD is also a risk 
factor for depression. Treatment for AMD has 
been shown to lead to an improvement in 
VRQoL if vision is improved. However, almost 
all instruments still lack information as to how 
precise they capture a change over time and 
information about the magnitude of a change in 

the instrument’s score that is considered clini-
cally meaningful. Once these aspects have been 
established for commonly used instruments, 
they will very likely become part of the stan-
dard outcome measures used in clinical research 
and required by regulatory authorities. 

 Assessing the impact of disease from the 
patient’s perspective is gaining momentum, 
especially given the ageing population and the 
resulting increases in prevalence of AMD and 
related vision impairment. The use of psycho-
metrically valid PROs is rapidly increasing 
with numerous tools becoming available. 
However, the applicability and appropriateness 
of available PROs requires careful evaluation 
prior to use. Psychometric measurement theory 
may be further advanced in the years to come, 
allowing for an even higher degree of stan-
dardisation and increased precision. Computer-
adapted testing using item banks is a  fi rst step 
in this direction, (Lamoureux and Pesudovs 
 2011  )  and the  fi rst item banks will shortly 
become available for use in the major ocular 
conditions leading to visual impairment.      
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          13.1   Introduction 

 Older people are a large and growing sector of 
the driving population. In 2008, there were 32 
million licensed drivers aged over 65 years in the 
USA. These drivers represent 15 % of all licensed 
drivers in the USA and are the fastest growing 
segment of the driving population (National 
Highway Traf fi c Safety  2009  ) . Driving is the pri-
mary mode of transport for many older members 
of the population and facilitates the execution of 
routine daily activities, employment, and social 
interaction (Kostyniuk and Shope  2003  ) . The 
capacity to drive a private motor vehicle is linked 
to being able to live independently in the com-
munity. Loss of driving privileges reduces out-
of-home activity levels (Marottoli et al.  2000  ) , is 
predictive or earlier admission to residential care 
(Freeman et al.  2006a  ) , and increases prevalence 
of depressive symptoms (Dickerson et al.  2007  ) . 
Though giving up driving is a major life event, 
surveys  fi nd that older drivers tend not to plan 
for driving cessation and are not familiar with 

 alternative transport (Kostyniuk and Shope  2003  ) . 
In a large survey in Michigan in the USA, two-
thirds of survey respondents indicated that they 
would need to move from their home to a location 
with public or integrated transport if they could 
no longer drive (Kostyniuk and Shope  2003  ) . 

 While there are clear bene fi ts for mobility and 
community participation for older people who 
drive, concerns have been raised due to increased 
crash involvement and vulnerability to crash 
injury. Crash involvement per mile driven and 
likelihood for driver responsibility begins to 
increase from age 65 (Williams and Shabanova 
 2003  ) , and by age 85, likelihood of crash involve-
ment is approximately 2.5 times higher than that 
of the average driver (Cerrelli  2007  ) . Unlike 
younger drivers whose higher crash rate is attrib-
uted to inexperience and risky driving behavior 
(Williams and Shabanova  2003  ) , the high crash 
rate for older drivers is explained by a different 
set of factors. Crashes with older drivers are less 
likely to be associated with alcohol (National 
Highway Traf fi c Safety  2009  ) , are more likely to 
be at intersections, and are associated with evalu-
ation errors such as misjudging gaps in traf fi c 
(Ryan et al.  1998 ; Braitman et al.  2007  ) . 

 Older people are also more likely to be 
 seriously injured or to die as a result of a crash, 
and this is attributed in part to fragility of age 
(Meuleners et al.  2006 ; Hanrahan et al.  2009  ) . In 
England, those aged 60 years and over account 
for 10 % of all road casualties but represent 26 % 
of all road fatalities (Department of the 
Environment Transport and the Regions United 
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Kingdom  2000  ) . A Canadian study has found age 
to be a signi fi cant factor increasing the severity of 
injuries in motor vehicle traf fi c crashes with those 
aged 80 years and over having the highest risk of 
being severely injured or dying as a result of a 
crash (Zhang et al.  2000  ) . It is estimated that 
injury risk is nine times higher per mile driven in 
drivers 85 years and older compared to 25–69-
year-olds (Li et al.  2003  ) . 

 Age-related decline in physical, cognitive, and 
sensory function, including vision, has been pro-
posed as the reason for poor driving performance 
and increased crash involvement among older 
drivers. Motivated by safety concerns, many 
researchers have investigated functional changes 
in older populations and the impact of these 
changes on driving (Table  13.1 ). However, it has 
also been proposed that older drivers lose their 
driving skills when they start to drive less 
(Langford et al.  2006  ) . “The low mileage bias” 
may explain part of the increased crash risk or 
compound the effects of decline in function. 
Regardless of the mechanism, the larger number 
of older people who rely on driving for transport 
(Australian Bureau of Statistics  2008  ) , the aging 
of the population in western countries (Statistics 
Portal  2007  ) , and the increased risk of crash 
involvement and vulnerability to injury (Meuleners 
et al.  2006 ; Hanrahan et al.  2009 ; Lyman et al. 
 2002  )  make older driver safety a growing public 
health concern. The large volume of research into 
driving performance of older drivers and the role 
of functional loss has greatly informed our under-
standing of crash risk in this group.   

    13.2   Methods to Assess Driving 
Performance 

    13.2.1   On-Road Driving Assessment 

 An open- or closed-road driving assessment is the 
usual test of driving pro fi ciency for new drivers to 
gain their license and in assessment of  fi tness to 
drive. On-road assessment has been used by a 
number of research groups to measure driving 
ability in older populations (Adrian et al.  2011 ; 
Wood  2002 ; Richardson and Marottoli  2003 ; 

Bowers et al.  2005 ; Bedard et al.  2011 ; Gstalter 
and Fastenmeier  2010 ; Dawson et al.  2010  ) . In an 
on-road assessment, the test course is usually 
driven in a dedicated vehicle rather than the par-
ticipants own vehicle with dual  controls for safety 
during testing. Trained observers accompany the 
driver in the vehicle to score any errors as they 
happen, though some studies have used video data 
capture for subsequent analysis after completion 
of the trip (Adrian et al.  2011 ; Gstalter and 
Fastenmeier  2010 ; Dawson et al.  2010  ) . The dis-
advantage of on-road testing is lack of familiarity 
with the vehicle and also the fact that drivers are 
evaluated on a test course, rather than on their 
own habitual driving routes. However, the number 
of errors in on-road  assessment has been shown to 
be associated with  self-reported crash involve-
ment, providing supporting evidence for the rele-
vance of on-road testing (Wood et al.  2009a  ) .  

    13.2.2   Driving Simulators 

 Driving simulators are a laboratory-based method 
of assessing driving and involve interfacing pro-
grammable software to a driving cabin complete 
with accelerator, brake pedals and steering wheel, 
and projecting video of the computer-generated 
road environment at eye level. Steering move-
ments and pedal displacements are measured dur-
ing the driving sequences, and some systems 
include cameras to measure eye and head move-
ments (Pradhan et al.  2005  ) . These are intensive 
studies with relatively small sample sizes 
(Table  13.1 ). The advantage of simulator testing is 
that the driving situation can be  fi nely controlled 
including audio distraction and variable complex-
ity of the driving situation by changing presence 
of other vehicles and pedestrians and the road 
structure. All protocols usually involve a practice 
session before actual measurements commence. 
Two studies have compared simulator to on-road 
assessment and found results from the two meth-
ods to be positively associated (Lee et al.  2003  )  
and to detect the same types of errors detected 
(Shechtman et al.  2009  ) . A drawback for simula-
tors is that they are expensive and need to be used 
in a dedicated laboratory. In addition, they may 
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   Table 13.1    Studies which have evaluated functional characteristics of older drivers and the relationship to driving 
performance or crash risk using test courses   

 Study 
 Sample 
size 

 Age mean 
(range)  Outcome  Study  fi ndings 

  On - road assessment  
 Richardson and 
Marottoli  (  2003  )  

  n  = 35  80 (70+)  Errors per drive  Visual attention (number cancellation task), 
visual memory (visual reproduction), and 
executive function (TMT Part B) were 
predictive of driving performance 
(adjusting for distance vision) 

 O’Connor et al. 
 (  2010  )  

  n  = 160  78 (60+)  Errors per drive  Proposed a composite score which was 
predictive of driving performance including 
crash history, family concerns, clinical 
condition (medical issues which can impact 
vision included), and cognitive function 

 Dawson et al.  (  2010  )    n  = 111  72 (65–89)  Errors per drive  This study found that a cognitive battery of 
8 tests, UFOV, CS, VA, near VA, Structure 
from Motion, Functional Reach, Get-Up-
and-Go, and Grooved Peg-board, was 
predictive of driving errors 

  n  = 80  57 (40–64) 

 Adrian et al.  (  2011  )    n  = 42  (60–82)  Errors per drive  This study found extraverted drivers had 
better driving performance (adjusting for 
cognitive function) 

  Simulator studies  
 Shanmugaratnam 
et al.  (  2010  )  

  n  = 18  22 (<40)  Driver control, 
errors, and attention/
reaction time 

 Advocates a battery of cognitive and 
psychomotor ability tests to assess  fi tness 
to drive 

  n  = 18  65 (40+) 

 Park et al.  (  2011  )    n  = 48  34 (25–45)  Car crashes and 
driving errors 

 A computer-based battery of cognitive tests 
with pass/fail result was useful for 
predicting crash involvement and errors 

  n  = 55  69 (65+) 

 Andrews and 
Westerman  (  2012  )  

  n  = 22  (26–40)  Anticipating driving 
events, headway and 
lane position 

 Older drivers with higher cognitive ability 
anticipated traf fi c events more frequently   n  = 22  (60+) 

  Naturalistic driving  
 West et al.  (  2010  )    n  = 1,425  75 (67–87)  Not stopping at red 

traf fi c signals 
during 5-day period 
of monitoring 

 Reduced ability to pay attention to events 
in the vertical visual  fi eld (vertical AVF) 
was predictive of failing to stop at a red 
traf fi c light (models considered the effect 
of age, sex, race, education, health, visual 
and cognitive function) 

 Keay et al.  (  2009a  )    n  = 1,115  78 (67–87)  Stopping at stop 
sign intersections 
during 5-day period 
of monitoring 

 Drivers resident in rural areas were less 
likely to comply to stopping. Drivers 
resident in urban areas who had visual  fi eld 
loss were more likely to stop suggesting 
cautious driving in those with  fi eld loss 

 Munro et al.  (  2010  )    n  = 1,080  78 (67–88)  Lane change errors 
during 5-day period 
of monitoring 

 Poor cognition (attention and visual-motor 
integration) was related to lane change 
errors 

  Crash involvement  
 Ball et al.  (  1993  )    n  = 294  (55–90)  Self-reported 

at-fault police-
attended crashes in 
last 5 years 
(con fi rmed by state 
records) 

 UFOV was independently predictive of 
crash risk (CS, peripheral VF and eye 
health, mental predicted score on UFOV) 

(continued)
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not re fl ect an older driver’s actual  driving experi-
ence if she/he has limited their exposure to night 
driving or rush hour, for example.  

    13.2.3   Naturalistic Driving 

 Naturalistic driving or in-vehicle monitoring is 
being used increasingly in research into driver 
behavior. This is a product of reductions in cost 
and advances in Global Positioning Systems 
(GPS), data management, and telecommunica-
tions. Electronic data logging with GPS, video, 
and radars has now been used successfully in a 
number of studies (Porter and Whitton  2002 ; 
Baldwin et al.  2004 ; Niele et al.  2009  )  and shown 
to correlate well with self-report using driving 
diaries (Marshall et al.  2007  ) . An early use of this 
technology described differences in speed and 
deceleration in young, middle-aged, and older 
drivers (Porter and Whitton  2002  ) . The Salisbury 

Eye Evaluation Driving Study used a  purpose 
built system (Baldwin et al.  2004  )  to assess driv-
ing in a cohort of drivers aged 67–87 and explored 
the visual and cognitive predictors of driving per-
formance (Keay et al.  2009a ; Munro et al.  2010 ; 
West et al.  2010  ) . In-vehicle monitoring has had 
the most extensive application in the 100-Car 
study which was speci fi cally designed to explore 
driver distraction (Dingus et al.  2006  ) . This work 
is being extended into cohorts of older drivers 
(Antin  2010  ) . Blanchard and colleagues 
(Blanchard and Myers  2010  )  have used a driving 
system to measure driving habits of older drivers 
including trip lengths, duration, and distance 
from home. 

 A driver monitoring system has advantages 
over other methods of driving assessment. Unlike 
in laboratory-based tests such as simulators, the 
duration of assessment can be much longer with 
some studies assessing driving for periods of 12 
months (Dingus et al.  2006 ; Antin  2010  ) . Further, 

Table 13.1 (continued)

 Study 
 Sample 
size 

 Age mean 
(range)  Outcome  Study  fi ndings 

 Stutts et al.  (  1998  )    n  = 3,238  74 (65+)  Crash involvement 
from state driver 
history  fi le in 3 
years prior to 
assessment 

 Cognitive test performance (TMT, Traf fi c 
Sign Recognition, reaction time) associated 
with modest increase in crash risk after 
adjusting for age, race, and driving 
exposure 

 Staplin et al.  (  2003  )    n  = 1,876  68 (55–96)  2-year self-reported 
crash involvement 
after assessment 

 The predictive value of screening tests 
(Motor-Free Visual Perception Test, TMT 
Part B, Delayed Recall, UFOV, Rapid Pace 
Walk, Head-Neck Rotation) declines within 
2 years of assessment 

 Rubin et al.  (  2007  )    n  = 1,801  (65–84)  Involvement in 
crash according to 
the Maryland 
Automated 
Accident Report 
System in 5 years 
after assessment 

 Glare sensitivity, VF loss, and poor 
performance on UFOV were associated 
with crashes 

 Horswill et al.  (  2010  )    n  = 271  75 (65–96)  Self-reported crash 
involvement in last 
5 years 

 UFOV and hazard perception latency were 
both independently predictive of crash 
involvement (adjusting for age, sex, and 
driving exposure) 

 Meuleners et al. 
 (  2012  )  

  n  = 27,827  60+  Police-reported 
crash involvement 

 13 % reduction in crash risk after cataract 
surgery adjusting for sociodemographic 
factors and comorbidities 

   HC  high contrast,  LC  low contrast,  VA  visual acuity,  CS  contrast sensitivity,  VF  visual  fi eld,  AVF  attentional visual  fi eld, 
 MOMSSE  Mattis Organic Mental Status Syndrome Examination,  BTA  Brief Test of Attention  
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as the name “naturalistic driving” implies, there 
is less awareness of test conditions which could 
bias results. There are other applications of this 
technology such as integrated warning systems 
and interactive feedback for driver training 
(McLaughlin et al.  2008  ) .  

    13.2.4   Crash Involvement 

 As crashes are rare events, large sample sizes are 
required for research studies evaluating crash 
risk. Future naturalistic driving studies with large 
enough periods of monitoring and suf fi cient sam-
ple sizes will be able to evaluate crashes and 
near-crashes objectively; however, without such 
capacity, crash involvement is collected either by 
self-report or state records. A number of studies 
with crash involvement at the outcome have 
relied on retrospective self-report of crash 
involvement during periods of between 2 and 5 
years to increase the count of crashes (Staplin 
et al.  2003 ; Ball et al.  1993 ; Horswill et al.  2010 ; 
Stutts et al.  1998  ) . Others have relied on state 
records of crashes (Rubin et al.  2007 ; Ball et al. 
 2010  )  or a combination of self-report and state 
records (Ball et al.  1993  ) . McGwin et al.  (  1998  )  
compared self-report to state records and  fi nds 
signi fi cant underreporting (23 % of drivers) 
among drivers aged 55 years and older. Further, 
this analysis  fi nds that investigations into the pre-
dictors of crash involvement showed differential 
results, depending on case de fi nition. The restric-
tion to at-fault crashes is a logical distinction, but 
in practice this process can be quite subjective. 

 Some examples of large administrative data-
bases are the FARS (Fatality Analysis Reporting 
System   http://www-fars.nhtsa.dot.gov/Main/
index.aspx    ) which documents 30,000–40,000 
fatal crashes each year in the USA. The main dis-
advantage of these data sets is that they lack 
detailed individual level data. Predictive factors 
which can be considered when analyzing these 
data sets are limited to variables such as previous 
driving citations (Bedard et al.  2008  ) , type of 
crash (Braitman et al.  2007  ) , and events which 
are recorded in hospital records such as cataract 
surgery (Meuleners et al.  2012  ) . Data linkage has 

been used to evaluate crash involvement, com-
bining large population-based travel surveys 
(Langford et al.  2006  )  or hospital records 
(Meuleners et al.  2012  )  to police crash records.   

    13.3   Jurisdictional Control: 
Who Can Drive? 

 Driving is a visually demanding activity, and 
most jurisdictions have minimum visual acuity 
requirements for driving. A 2005 review of 
vision testing for older driver licensing in sev-
eral western jurisdictions (Australia, Canada, 
European Union, New Zealand, UK, USA) found 
similar criteria for visual acuity requiring 20/40–
20/50 (6/12–6/15) and at least 120° horizontal 
visual  fi eld and some authorities specifying ver-
tical visual  fi eld requirements (Bohensky et al. 
 2008  ) . The implementation of these require-
ments varied widely particularly with regard to 
renewal periods and assessment of  fi tness to 
drive (Bohensky et al.  2008  ) . A    review of licens-
ing policy and procedures (Dobbs  2008  )  found 
that age-triggered testing and shortening of the 
license renewal period for older drivers are not 
effective in reducing crashes but that in-person 
renewal showed some promise (Grabowski et al. 
 2004  ) . Despite these regulations, surveys  fi nd 
2.6 % of drivers have poor vision (6/12 or worse) 
and most of this is due to uncorrected refractive 
error (80 %) (Keeffe et al.  2002  ) , highlighting 
the importance of regular eye care for older 
drivers.  

    13.4   Visual and Other Factors 
Which Are Predictive of Driving 
Performance and Crash Risk 

 On-road assessment, simulator studies, naturalis-
tic driving, and studies of crash risk have all been 
used to assess the impact of de fi cits in vision on 
driving performance and crash risk (Table  13.1 ). 
Among the factors identi fi ed in these studies are 
poor contrast sensitivity, visual  fi eld loss, and 
glare sensitivity (Dawson et al.  2010 ; Ball et al. 
 1993 ; Rubin et al.  2007  ) . 

http://www-fars.nhtsa.dot.gov/Main/index.aspx
http://www-fars.nhtsa.dot.gov/Main/index.aspx


198 L. Keay and S.K. West

 Early research focused on measuring the 
effect of reduced visual acuity on crash risk. 
A study involving more than 13,000 drivers, 
published in 1976, found a correlation between 
increased crash risk and decreased acuity 
(Hofstetter  1976  ) . Gresset and Meyer  (  1994  )  
found that crash rates were only increased when 
reduced visual acuity was associated with com-
promised binocular vision (Gresset and Meyer 
 1994  ) . Data pertaining to crash rates and 
decreased visual acuity remain equivocal, and 
this may be a function of the fact that most per-
sons who drive do not have signi fi cant de fi cits in 
high-contrast acuity. 

 Contrast sensitivity appears to be a better pre-
dictor of driving performance than high-contrast 
visual acuity. Owsley et al.  (  2001  )  showed that 
contrast sensitivity was associated with crash 
involvement where visual acuity and glare sensi-
tivity showed no signi fi cant associations. The 
most common cause of reduced contrast sensitiv-
ity is cataract which causes predictable changes 
to vision. A literature review examining impact 
of unoperated cataract by Conner-Spady et al. 
 (  2007  )  reported an increased risk of motor vehi-
cle crashes. Older drivers with cataract have been 
found to be 2.5 times more likely to have a his-
tory of crash involvement, over a period of 5 
years, than those of the same age without cata-
ract, even after adjustments for age, general phys-
ical and mental health, and driving exposure 
(Owsley et al.  1999  ) . Owsley et al.  (  2002  )  also 
demonstrated the bene fi t of cataract surgery in 
decreasing crash risk in a longitudinal dataset. 
Patients who elected to have cataract surgery had 
approximately half the rate of subsequent crash 
involvement compared to those that declined 
 surgery during the 4-year follow-up. Additionally, 
when compared to the crash rates during the years 
prior to the study, the nonsurgical group had a 
signi fi cant (72 %) increase in crash rate 
 during the follow-up period, while the surgical 
group  demonstrated a statistically nonsigni fi cant 
increase of 27 %. 

 In a Swedish study (Monestam et al.  2005  ) , 
50 % of cataract patients reported visual 
dif fi culties with daytime driving. After surgery, 
this  fi gure decreased to 6 %. Before surgery, 69 % 

reported dif fi culties with driving in darkness. 
After surgery, only 24 % of patients had 
dif fi culties. Similarly, Elliot et al.  (  2000  )  reported 
that after bilateral cataract surgery, the perceived 
ability to drive at night as recorded by the 
Activities of Daily Vision Scale (ADVS) returned 
to age-matched norms. Another study by Wood 
and Carberry  (  2006  )  showed that objectively ana-
lyzed driving performance also improved follow-
ing cataract surgery on a closed-road circuit. 

 These  fi ndings with relation to cataract 
vision impairment are important as a large and 
increasing number of older drivers will require 
cataract surgery during the later stages of their 
driving career. These numbers will likely 
increase based on trends in aging of the popula-
tion (Statistics Portal  2007  ) , the increasing 
numbers of older people who drive (National 
Highway Traf fi c Safety  2009  ) , and prevalence 
of cataract in older age groups. A prospective 
multicenter survey of European drivers 
( n  = 2,211) (Nischler et al.  2010  )  found approx-
imately 1 in 5 drivers aged 75 years and older 
had moderate to severe bilateral cataract. This 
study also found that the prevalence of cataract 
in the older driving population varied between 
jurisdictions, most likely due to differences in 
mandatory vision tests with license renewal or 
ef fi ciency of surgical services. 

 Bohensky et al.  (  2008  )  reviewed the evidence 
for a relationship between visual  fi eld loss and 
driving performance or crash risk, referred to ear-
lier meta-analyses and reviewed recent evidence 
from 2004 to 2007. The data are somewhat equiv-
ocal, most likely due to differences in methodol-
ogy, and the strongest evidence comes from the 
Salisbury Eye Evaluation Study, a large popula-
tion-based study (Rubin et al.  2007  )  which found 
 fi eld loss to be predictive of crash involvement 
(Table  13.1 ). Loss in the inferior peripheral visual 
 fi eld was the most relevant to crash risk. This 
study also found that glare sensitivity and worse 
scores on a test of the useful  fi eld of view (UFOV) 
were predictive of crash involvement. A 40 % 
loss of the UFOV resulted in a two times increased 
crash risk. Loss of three letters of acuity in glare 
conditions was found to increase crash risk by 
approximately two times, and this type of loss 
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may be encountered in cataract which can cause 
symptoms of glare. 

 The  fi ndings relating to vision – contrast sensi-
tivity, cataract, and visual  fi eld loss – are not sur-
prising considering that drivers are strongly 
dependent on vision for navigation and operation 
of a motor vehicle. However, in older populations, 
measures of cognition such as visual attention are 
also predictive of driving performance. Loss of 
cognition is re fl ected in the type of crashes involv-
ing older drivers which are more likely to be at 
intersections and in complex driving situations 
where attention and rapid reactions would be crit-
ical to safe navigation (Ryan et al.  1998 ; Braitman 
et al.  2007  ) . The combined importance of vision 
and cognition has been shown in several research 
studies (Wood et al.  2009b ; Cantin et al.  2009  ) , 
and in one study of older drivers using a Driving 
Monitor System, errors in making lane changes 
were associated entirely with measures of cogni-
tive loss (Munro et al.  2010  ) . There are speci fi c 
tests of various cognitive domains which have 
been associated with driving performance or 
crash risk (Table  13.1 ). The Trail Making Test 
Part A is a test of visual scanning and processing, 
whereas Part B is a test of executive function but 
requires visual scanning and search (Bowie and 
Harvey  2006  ) . The test is paper-based and porta-
ble and proposed as a useful stand-alone test (Betz 
and Fisher  2009  )  or part of a screening and 
 evaluation process (Staplin et al.  2003 ; Park et al. 
 2011  )  for evaluating  fi tness to drive. Longer times 
to complete the TMT Part B have been associated 
with poor driving performance in a number of 
studies (Adrian et al.  2011 ; Richardson and 
Marottoli  2003 ; Freund and Colgrove  2008 ; 
Andrews and Westerman  2012  ) . 

 Ball and collaborators have proposed the 
“Useful Field of View” (UFOV) as a measure of 
both visual and cognitive function that is predic-
tive of crash involvement (Ball et al.  1993  ) . They 
have created two version of the UFOV, one, a 
measure of the extent of attentional visual  fi elds 
and the other, a  fi xed  fi eld in which processing 
speed is measured. In their statistical modeling, 
they demonstrated that central vision, peripheral 
vision, eye health, and mental status were predic-
tive of the UFOV result, which in turn predicted 

crash risk. They found that older adults with a 
40 % reduction in UFOV were approximately six 
times more likely to have been involved in crashes 
during the preceding 5 years (Ball et al.  1993  ) . 
The predictive value of the UFOV has been dem-
onstrated as an independent predictor of driving 
performance (Horswill et al.  2010  )  and crash risk 
(Rubin et al.  2007  )  and incorporated into a bat-
tery of tests designed to predict crash risk (Staplin 
et al.  2003  ) . Hassan et al.  (  2008  )  measured the 
attentional visual  fi eld using a divided attention 
protocol out to 20° from  fi xation. A restricted 
vertical visual  fi eld was associated with failure to 
stop at red traf fi c lights (West et al.  2010  ) , but to 
date, the attentional visual  fi eld test has not been 
evaluated with relation to crash risk. 

 While the results from the studies summarized 
in Table  13.1  may seem con fl icting, much of the 
differences are due to study design and differ-
ences in the set of functional tests and other fac-
tors considered in the analyses. Some studies have 
focused on visual factors and visual attention 
(Rubin et al.  2007  ) , while others have mostly tests 
of cognitive function (Staplin et al.  2003 ; Stutts 
et al.  1998 ; Park et al.  2011 ; Andrews and 
Westerman  2012 ; Shanmugaratnam et al.  2010  )  
or included simple measures of vision such as 
self-report of eye disease (O’Connor et al.  2010  )  
or visual acuity alone (Richardson and Marottoli 
 2003  ) . There are a small number of studies of 
driving performance or crash risk which have a 
comprehensive range of both vision and cognitive 
function testing (Dawson et al.  2010 ; Keay et al. 
 2009a ; Munro et al.  2010 ; West et al.  2010  ) .  

    13.5   Assessing Fitness to Drive 
in Older Populations 

 Mathias and Lucas reviewed cognitive tests 
which can predict driving performance and found 
that a variety of tests appear suitable (Mathias 
and Lucas  2009  ) . Choice of an appropriate test 
will therefore depend on the practical 
 considerations like portability and ease of use. 
Similar considerations apply for assessing driv-
ing. While on-road testing is a gold standard for 
evaluating  fi tness to drive, it is resource intensive. 
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An  off-road hazard perception suitable for use 
outside the laboratory has been developed called 
the Hazard Perception Test (Horswill et al.  2008  ) . 
After a preliminary video sequence used to famil-
iarize with the test, the participants watch traf fi c 
sequences and indicate every time a traf fi c con fl ict 
occurs. Response times have been measured to be 
longer with increasing age, and increased latency 
in hazard perception was related to crash risk 
(Horswill et al.  2010  ) . Break reaction time is 
another off-road test, similarly related to declines 
visual and cognitive function (Horswill et al. 
 2008 ; Martin et al.  2010 ; Zhang et al.  2007  ) . 

 Though there is considerable evidence for func-
tional de fi cits precipitating poor driving perfor-
mance or crash risk, proving the effectiveness of 
screening tests to determine  fi tness to drive has 
been fraught with controversy. A recent Cochrane 
review of vision screening tests, with the objective 
of examining the evidence for crash and injury 
prevention, found no evidence to support their use 
(Subzwari et al.  2009  ) . Review of a series of 
screening protocols concluded that none of the 
tests were cost-effective in identifying drivers at 
risk of crash (Viamonte et al.  2006  ) . Others have 
speculated that screening tests can never be cost-
effective (Bedard et al.  2008  )  and that on-road 
tests are more effective in identifying at-risk driv-
ers (Dobbs  2008  ) . While the strongest evidence to 
date are for perceptual/cognitive tests with relation 
to crash risk (Table  13.1 ), their practical applica-
tion may be best as an aid to planning the transi-
tion to not driving rather than a pass/fail screening 
tool (Langford  2008 ; Langford et al.  2008  ) .  

    13.6   Self-Regulation of Driving 
in Older Populations 

 While there are visual requirements and medical 
conditions which preclude driving in many juris-
dictions, self-regulation by older drivers is another 
strategy to modulate their safety. Approximately 
3–5 % (Foley et al.  2002 ; Freeman et al.  2005  )  of 
older drivers cease driving each year, but a larger 
proportion of drivers restrict the way they drive in 
some capacity. Population-based surveys  fi nd that 
one-quarter to one-third of older drivers have 

made at least one adaptation to the way they drive 
(Charlton et al.  2006 ; Gallo et al.  1999 ; Molnar 
and Eby  2008  ) . A national survey of a representa-
tive sample of older drivers in the USA aged 50 
years and older found that in practice, self-regula-
tion is a product of personal circumstances, vehi-
cle features and alternative transport, individual 
preferences, and con fi dence in driving ability 
(Donor fi o et al.  2009  ) . This explanation is sup-
ported by  fi ndings from epidemiologic studies 
(Tables  13.2  and  13.3 ) where gender differences 
exist and personality factors appear to play a role 
in driving behavior. Most studies examining self-
regulation conclude that women are more likely 
to regulate their driving than men (Kostyniuk and 
Molnar  2008 ; Brabyn et al.  2005  )  and that men 
were more likely than women to be drivers with 
similar levels of disability (Ross et al.  2009  ) . 
Personal preferences (Keay et al.  2009b  ) , depres-
sive symptoms (Keay et al.  2009b ; Brabyn  2005  ) , 
and social situation (housing, widowed/divorced, 
employment status) (Braitman and Williams 
 2011  )  also have a role in self-regulation.   

 Self-regulation has been documented in relation 
to health conditions and cognitive, sensory, and 
motor functioning (Tables  13.2  and  13.3 ). Self-
regulation may explain the paradoxical relation-
ship noted where lower crash risk is found in those 
with some increased glare sensitivity and visual 
 fi eld loss (within a subgroup with moderate to 
 better vision) (Rubin et al.  2007  ) . Molnar and Eby 
reported that drivers who avoided driving at night 
had worse performance in an on-road assessment 
(Molnar and Eby  2008  ) , and this further supports 
that poor drivers restrict their driving exposure. 

 Longitudinal studies and large cross-sectional 
studies documenting the link between functional 
status and driving cessation or self-regulation of 
driving are summarized in Tables  13.2  and  13.3 , 
respectively. Several studies have pointed to 
decline in cognitive function being the main pre-
dictor of driving cessation (Anstey et al.  2006 ; 
Edwards et al.  2008a ; Ackerman et al.  2008  )  
though visual function is also predictive, 
speci fi cally poor contrast sensitivity and visual 
 fi eld loss (Freeman et al.  2005  ) . Others have sug-
gested that while regulation of driving exposure 
is strongly related to function, cessation is more 
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likely a product of personal circumstances like 
no longer being employed, having a low income 
(Marottoli et al.  1993  ) , and poor general health 
and disability (Anstey et al.  2006 ; Marottoli et al. 
 1993 ; Siren et al.  2004  ) . Availability of a spouse 
or relative who drives is also of practical 
signi fi cance and enables some older drivers to 
give up driving knowing they have alternatives 
(Freund and Szinovacz  2002  ) . 

 In contrast self-regulation is closely related 
to functional status, and Freeman showed that 
types of restrictions such as reduced mileage 
and not driving at night were driven by dif-
ferent types of visual de fi cits (Freeman et al. 
 2006b  ) . Inclusion of a comprehensive battery 

of visual and cognitive tests in the Salisbury 
Eye Evaluation Driving Study found that both 
vision (poor contrast sensitivity) and cogni-
tion were related to self-regulation of driving 
(Keay et al.  2009b  ) . The ability to self-regulate 
appropriately requires that the driver is aware of 
functional limitations. This has been explored 
by several authors who  fi nd supporting data that 
there is often a gap between test performance and 
awareness of limitations (Horswill et al.  2011 ; 
Kay et al.  2009  ) . 

 Self-administered computer tools have been 
proposed to evaluate  fi tness to drive and encour-
age self-regulation (Edwards et al.  2008b ; 
Molnar et al.  2010  ) . These are new initiatives and 

   Table 13.2    Studies evaluating driving cessation   

 Study  Sample 
 Age mean 
(range)  Study  fi ndings 

  Longitudinal studies  
 Marottoli et al.  (  1993  )    n  = 589  65+  Older age and social factors such as not working and low 

income, neurologic disease, cataract, and increasing disability 
were predictive of driving cessation after 5 years 

 Freeman et al.  (  2005  )    n  = 1,824  73 (65–84)  Poor CS and central and peripheral visual  fi eld loss were 
predictive of driving cessation after 8 years. Glare sensitivity 
was not predictive 

 Anstey et al.  (  2006  )    n  = 753  (70+)  Self-related health and cognitive function were more 
important than medical conditions or sensory function for 
predicting driving cessation after 5 years 

 Edwards et al.  (  2008a  )    n  = 1,656  73 (65–91)  Slower speed of processing (Digit Symbol Substitution and 
UFOV) was predictive of driving cessation after 5 years after 
adjusting for baseline driving. Visual acuity and diagnosis of 
eye disease not predictive 

 Ackerman et al.  (  2008  )    n  = 1,838  73 (65+)  Older age, poorer balance, slower cognitive speed of 
processing (UFOV), and poor instrumental functional 
performance were predictive of driving cessation at 3 years 

 Edwards et al.  (  2010  )    n  = 1,248  70 (55–96)  Among a comprehensive battery of cognitive tests, older age 
and slower speed of processing (UFOV) were predictive of 
driving cessation at 10 years 

  Large cross - sectional studies  
 Freund and Szinovacz 
 (  2002  )  

  n  = 5,141  77 (70+)  Not being a current driver is related to poor function 
(cognition, vision, limitations on ADL) but also social 
circumstances such as having an alternative driver 

 Siren et al.  (  2004  )    n  = 4,970  All aged 70  People who gave up driving at age 70 had poor overall health 
and general well-being rather than conditions particularly 
relevant to driving ability 

 Ross et al.  (  2009  )    n  = 5,206  (65–103)  Men more likely to drive with higher levels of disability. 
Vision impairment, more medical conditions, and older age 
predictive of not driving. Higher-level occupation and married 
status increased likelihood of being a driver 

   HC  high contrast,  LC  low contrast,  VA  visual acuity,  CS  contrast sensitivity,  AVF  attentional visual  fi eld,  MMSE  mini-
mental state examination,  SF-36  short form-36,  TMT  trail making test,  ADL  activities of daily living  
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their effectiveness in preventing crashes is not 
proven (Bedard et al.  2011 ; Porter and Tuokko 
 2011  ) . It remains that while self-restriction is 
a promising tool to promote safety, external 
factors may override considerations of driv-
ing ability and prevent an informed and timely 
decision (Classen et al.  2007  ) . The  availability 

of  alternate transportation is an important con-
sideration for policy makers interested in pro-
moting safe mobility (Charlton et al.  2006  ) . 
Substantial educational resources are required 
to not only improve awareness of  functional 
limitations but to help plan for  alternatives to 
driving.  

   Table 13.3    Studies which have evaluated driver characteristics which predict self-regulation of driving behavior   

 Study  Sample 
 Age mean 
(range)  Outcome  Study  fi ndings 

  Longitudinal studies  
 Marottoli et al. 
 (  1993  )  

  n  = 589  65+  Low vs. high 
mileage at 5 
years 

 Increasing age and disability were predictive of 
low mileage. Women, older-aged drivers, those 
who are not working, drivers with low income, and 
individuals with increasing social activities were 
likely to be driving but at low mileage 

 Freeman et al. 
 (  2006b  )  

  n  = 1,605  (65–84)  Restricted 
mileage, avoiding 
night driving, or 
in unfamiliar 
areas at 2 years 
post assessment 

 Among a comprehensive battery of vision tests, 
differing aspects of vision accounted for types of 
restrictions: mileage (VA, CS, central and 
peripheral VF), night driving (CS, central and 
peripheral VF), or unfamiliar places (VA) 

 Keay et al. 
 (  2009b  )  

  n  = 1,237  75 (67–87)  Ceasing or 
restricting 
driving to local 
neighborhood 

 Within a comprehensive battery of tests of vision 
and cognition, poor CS, slow time for TMT Part A, 
poor visuo-motor integration (VMI), and prefer-
ence to not drive. Females were also more likely to 
cease or restrict driving. Depressive symptoms and 
driving preferences were also predictive 

 Braitman and 
Williams 
 (  2011  )  

  n  = 2,650 
( n  = 1,437 all 
4 surveys) 

 74 (65+)  Number of 
driving situations 
avoided or 
restricting 
driving to low 
mileage 

 This study considered self-reported dif fi culty with 
distance, near and peripheral vision, physical 
mobility impairment, and medical conditions, but 
these were not predictive. Memory and mobility 
impairment were predictive of avoiding driving 
situations. Reduced mileage was associated with 
personal and social situation (widowed or divorced, 
moved, retired, or lost job) 

  Large cross - sectional studies  
 Brabyn et al. 
 (  2005  )  

  n  = 752  73 (58–96)  Not driving at 
night 

 Analyzed data separately for men and women as 
factors differed and women more likely to change 
driving habits. Predictive factors in men: CS, age, 
depression, medical conditions, and cognition; in 
women: LCVA in glare, age, depression, medical 
conditions, and cognition 

 Freund and 
Szinovacz 
 (  2002  )  

  n  = 5,141  77 (70+)  Drives short 
distances only 

 Poor performance on an aggregate index of 
cognitive poor self-rated vision, limitations on 
ADL were predictive of only driving short 
distances 

 Kostyniuk and 
Molnar  (  2008  )  

  n  = 961  74 (65+)  Regulatory 
driving practices 
in driving 
scenarios (in rain 
etc.) 

 Worse mobility and poor vision increased 
likelihood of self-regulation. Women    more likely 
to self-regulate than older drivers 

   HC  high contrast,  LC  low contrast,  VA  visual acuity,  CS  contrast sensitivity,  AVF  attentional visual  fi eld  
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      Conclusions 

 Visual function is an important component 
of  fi tness to drive; however, measures which 
include cognitive function in addition to vision 
strengthen the ability to predict crash risk. 
A number of studies have shown evidence 
of cautious driving in the presence of visual 
and cognitive functional decline, though the 
safety bene fi ts of self-regulation remain to be 
 fi rmly established. Safety bene fi ts have been 
demonstrated for cataract surgery (Meuleners 
et al.  2012 ; Owsley et al.  2002  ) , and novel 
approaches such as cognitive training have 
shown promise (Ball et al.  2010  ) . It remains 
that the transition to not driving requires 
planning and constitutes a major life change. 
Collaboration between older drivers, their 
health care providers, family, and support net-
works can optimize this process.      
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          14.1   Introduction 

 Depression and cognitive impairment are two 
common psychiatric disorders in patients with 
age-related macular degeneration (AMD). 
Depression is fairly prevalent in AMD, and 
research that has studied its effects on quality of 
life and daily functioning are presented in this 
chapter. Methods for detecting depression are 
suggested. This is followed by a review of 
research that has tested the ef fi cacy of various 
behavioral interventions to treat or prevent 
depression in AMD, as well as a discussion on 
the impact of rehabilitation on depression. This 
chapter also reviews research that has docu-
mented relationships between AMD and cogni-
tive impairment. Theories that explain the 
mechanisms responsible for the co-occurrence of 
these two conditions are discussed.  

    14.2   Depression in Age-Related 
Macular Degeneration    

 Depression in older adults is a serious yet often 
underdiagnosed and undertreated medical condi-
tion. Current research estimates the prevalence of 
depression among community-dwelling older 
people to be approximately 12 % (for both major 
and minor depression combined) (Steffens et al. 
 2009  ) . Common risk factors for late life depres-
sion include female sex (Byers et al.  2010  ) , recent 
bereavement, physical disability, medical comor-
bidity, sleep disturbance, and previous depression 
(Cole  2005  ) . Vision impairment also confers a 
high risk for depression, with odds ratios averag-
ing around 1.9 (Nyman et al.  2009  ) . The preva-
lence of depression among older persons with 
impaired vision ranges from about 14–63 % 
(Brody  2001 ; Evans et al.  2007 ; Jones et al.  2009 ; 
Rovner and Ganguli  1998  ) . 

 A diagnosis of major depressive disorder is based 
on a speci fi c set of criteria whereby sad mood or 
an inability to experience pleasure (anhedonia), in 
addition to at least four other symptoms (e.g., sleep 
or appetite disturbance, trouble concentrating, feel-
ings of guilt, hopelessness), are present for at least 
2 weeks (American Psychiatric Association  2000  ) . 
Subthreshold depression is a syndrome whereby a 
patient has at least 1 but fewer than 4 depressive 
symptoms. Both types of depression are common 
in older adults with impaired vision. In fact, sub-
threshold depression in visually impaired people is 
a strong risk factor for a future depressive episode 
(Rovner  2001    , unpublished raw data). 
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 Most cases of late-onset vision loss in the US 
are attributable to age-related macular degenera-
tion (AMD), with almost ten million people being 
affected (Congdon et al.  2004  ) . The effect of AMD 
on a patient’s life can be devastating. In a study of 
86 AMD patients, overall ratings of quality of life 
were substantially lower than that of visually intact 
older people, older people with severe chronic 
obstructive pulmonary disease, and patients with 
AIDS (Williams et al.  1998  ) . Compared to nonvi-
sually impaired older people, patients with AMD 
were 8 times more likely to have trouble shopping, 
13 times more likely to have dif fi culty managing 
 fi nances, 4 times more likely to have problems 
with meal preparation, 9 times more likely to 
report dif fi culty with light housework, and 12 
times more likely to have trouble using a tele-
phone. AMD is also a risk factor for falls and sub-
sequent hip fracture (Crews and Campbell  2004  ) . 

 Given the disabling effects of AMD, it is not 
surprising that there is a high rate of depression 
in this population (most estimates hover around 
30 %) (Brody et al.  2001 ; Hayman et al.  2007 ; 
Horowitz et al.  2005a ; Rovner et al.  2002  ) . These 
high rates are alarming due to the serious health 
consequences related to untreated depression in 
people with vision loss. A population-based study 
showed that comorbid vision impairment and 
depression in older people is associated with 
smoking, obesity, physical inactivity, and worse 
self-rated health (Jones et al.  2009  ) . Vision 
impairment in older people is also a risk factor 
for suicide (Lam et al.  2008  ) . 

 Depression can amplify the disabling effects 
of AMD. Depressed individuals with vision loss 
experience worse function and disability com-
pared to their nondepressed counterparts (Jones 
et al.  2009  ) . This effect is upheld even when con-
trolling for severity of vision impairment (Rovner 
and Casten  2001  ) , and it has been replicated in at 
least two other studies. Brody et al.  (  2001  )  found 
that depressed patients with impaired vision 
reported greater disability than nondepressed 
patients. In Rovner and Ganguli’s  (  1998  )  study of 
872 older adults, having combined vision impair-
ment and depressive symptoms signi fi cantly 
increased the odds of functional impairment 
(Rovner and Ganguli  1998 ). 

 It is worth noting that subthreshold depression 
also has a profound effect on functioning. 
Horowitz et al.  (  2005b  )  compared functional dis-
ability ratings among three groups of older 
patients presenting for low-vision rehabilitation 
services: (1) those with major depression, (2) 
those with subthreshold depression, and (3) those 
with no depression. Those with subthreshold 
depression had levels of disability comparable to 
those with major depression; both depressed 
groups had signi fi cantly greater disability com-
pared to subjects with no depression. Similar 
 fi ndings were observed by Rovner et al.  (  2006  )  
who examined the relationships between disabil-
ity and subthreshold depressive symptoms in 206 
nondepressed AMD patients. Those with sub-
threshold depression had signi fi cantly worse 
vision function than those with no depression 
despite similar visual acuities. This rather robust 
 fi nding was evident for both self-reported vision 
function and function ratings based on observa-
tion of task performance (e.g., check writing, 
pouring liquid). 

 There are several potential explanations for 
the high rate of depression in AMD. Functional 
losses due to vision impairment can erode one’s 
sense of personal control and lead to feelings of 
inadequacy and helplessness. Social isolation can 
arise from mobility restrictions (e.g., dif fi culty 
driving, limited walking due to fear of falling), 
embarrassment about vision loss, and impair-
ments in processing visual stimuli (e.g., reading 
nonverbal facial cues). Moreover, vision impair-
ment can lead to a diminution or cessation of 
activities and pastimes that give life meaning and 
richness. Other factors that may increase the risk 
for depression in patients with impaired vision 
include negative life events (Rees et al.  2010  )  and 
dual sensory impairment (i.e., concurrent vision 
and hearing loss) (Crews and Campbell  2004  ) . 

 Research shows that concomitant disability 
and activity disengagement are common mecha-
nisms linking AMD to depression. The inability 
to partake in both discretionary activities (e.g., 
leisure, socializing) and activities that serve to 
maintain independence (e.g., driving, meal prep-
aration) are associated with the development of 
depression. This was con fi rmed in a longitudinal 
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sample of patients with recent onset bilateral 
AMD which showed that AMD is depressogenic 
to the extent that patients relinquish activities that 
are personally important (Rovner et al.  2002  ) . 
The relationship between dif fi culty caring out 
activities and depression is mediated by the sever-
ity of emotional distress caused by vision impair-
ment (Rees et al.  2010  ) . 

 Given the foregoing, helping people to main-
tain their independence, facilitating the accep-
tance of assistance when needed, and fostering an 
active lifestyle may be key to maintaining opti-
mal psychological well being. Patients with AMD 
may suddenly  fi nd that habitual ways of carrying 
out everyday activities are no longer effective 
(this may be particularly so in the case of neovas-
cular disease). These patients need guidance and 
support so that they can adapt effective coping 
strategies (i.e., learning new strategies for carry-
ing out familiar, routine activities, learning to 
accept assistance from others, acquiring new 
activities to replace ones that are no longer pos-
sible). We discuss ahead that activity disengage-
ment is also a risk factor for (or perhaps a 
prodromal symptom of) cognitive decline, and 
this too should be considered when fostering 
healthy adaptation to vision loss. 

    14.2.1   Preventing Depression 
in Age-Related Macular 
Degeneration 

 In view of the fact that depression (both major 
and subthreshold) can have such serious conse-
quences for people with impaired vision, there is 
a need for guidelines on how to best to deal with 
depression as it relates to AMD. Depression in 
this context needs to be considered on two levels: 
prevention of future cases and treatment of acute 
episodes. 

 The  fi rst step in dealing with acute depression 
is to identify it. There are several quick and easy 
to administer depression screening instruments 
that can be used by nonmental health profession-
als. Three commonly used ones are the Geriatric 
Depression Scale (GDS) (Yesavage et al.  1983  ) , 
the Center for Epidemiological Studies Depression 

Scale (CES-D) (Radloff  1977  ) , and the Patient 
Health Questionnaire (PHQ) (Kroenke et al. 
 2001  ) . Each of these instruments asks patients to 
rate the severity and/or frequency of depressive 
symptoms, and each yields quantitative scores 
that capture severity of depression. Each also has 
established cut points that indicate the possibility 
of major depression. 

 The most recent preferred practice guidelines 
from the American Academy of Ophthalmology 
 (  2008  )  recognize that depression is a common 
comorbid condition of AMD and that screening 
and providing appropriate referrals for depres-
sion are necessary when depression is suspected. 
However, depression screening should be consid-
ered for all AMD patients because relying on 
clinical judgment may not be the best strategy. 
Ophthalmologists often underestimate the nega-
tive effect of AMD on patients’ quality of life, 
particularly among patients with better acuities 
(Brown and Brown  2010  ) . Consequently, depres-
sion in older adults with vision loss is under-
treated. For example, a recent study of 143 older 
persons with vision loss found that only 20 % of 
the depressed patients (12 of 60) were being 
treated for their depression (Rees et al.  2010  ) . 
Moreover, research examining relationships 
between depression and severity of vision loss is 
mixed. Some studies show no relationship 
(Rovner et al.  2002 ; Rovner and Casten  2005  ) , 
while others indicate that depression severity is 
worse in those with more substantial vision loss 
(Augustin et al.  2007  ) . Until this uncertainty is 
resolved, it may be best to screen all AMD 
patients for possible depression, regardless of 
their acuity, disease stage, suspected presence of 
depressive symptoms, or AMD treatment received 
[20 % of patients undergoing anti-VEGF treat-
ment remain depressed 3 months post treatment 
(Casten et al.  2010  ) ]. 

 Focusing efforts on the prevention of depres-
sion in AMD may be a cost-effective strategy 
because treating an active depressive episode 
is expensive, untreated depression may have 
signi fi cant health consensuses (heart disease, 
increased disability), and depression treatment is 
moderately ef fi cacious at best (Gartlehner et al. 
 2007  ) . Preventative interventions are catego-
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rized at three levels: primary (goal is to decrease 
incidence), secondary (goal is to decrease 
prevalence), and tertiary (goal is relapse/recur-
rence prevention) (Mrazek and Haggerty  1994  ) . 
Prevention efforts in AMD tend to focus on 
primary prevention, that is, strategies for avert-
ing the onset of a depressive episode. Primary 
prevention is conceptualized at three levels, 
depending on the target population. Universal 
interventions are aimed at the general popula-
tion, for example, all patients who have AMD. 
Selected interventions target subgroups that have 
risk factors for depression (e.g., dual sensory 
loss), and indicated interventions are directed 
towards patients who are showing signs of the dis-
ease (i.e., subsyndromal depressive symptoms). 
A selected intervention approach is probably the 
most cost-effective strategy in AMD. Although 
the prevalence of depression is high (about 
30 %), most patients with AMD will not become 
depressed. 

 An ideal target for prevention is patients with 
a recent decline in vision and subsequent new 
functional losses. The “Preventing Depression in 
AMD” trial (Rovner et al.  2007  )  tested the 
ef fi cacy of a psychosocial intervention, problem-
solving treatment (PST), to prevent depression in 
patients with new onset vision loss due to AMD. 
This standardized intervention was based on the 
premise that inaccurate appraisals of problems 
and dysfunctional problem-solving skills contrib-
ute to the onset of depression. Teaching patients 
effective problem-solving skills, therefore, may 
foster independence, preserve function, and pre-
vent depressive symptoms. This study enrolled 
206 nondepressed patients with bilateral neovas-
cular AMD and recent vision loss. Subjects were 
randomized to either PST or a usual care control 
condition. The primary outcome was incidence 
of depressive disorders at 2 months (short-term 
effect); the trial also evaluated effects at 6 months 
(maintenance effect). A secondary goal was to 
determine whether PST could prevent the loss of 
participation in valued activities.    PST-treated 
subjects had 6 in-home sessions in which a spe-
cially trained interventionist taught subjects in a 
systematic, step-by-step process for dealing with 
vision-related problems (e.g., trouble cooking, 

dif fi culty reading). Results indicated that PST 
successfully prevented depression at 2 months. 
About 12 % of the PST group became depressed 
compared to 23 % of the usual care group 
( p  < .05). There was a parallel effect for function; 
23 % of PST-treated subjects relinquished an 
important activity versus 37 % of usual care sub-
jects. A meditational analysis determined that 
PST prevented depression to the extent that activ-
ity relinquishment was avoided. These effects, 
however, were not sustainable, as rates of depres-
sion were similar in both groups at 6 months 
(21 % of PST subjects developed depression vs. 
27 % of control subjects). 

 This trial demonstrated that depression can be 
prevented in the short term; however, bene fi cial 
effects decay over time. Because neovascu-
lar AMD is characterized by episodes of sud-
den vision loss and corresponding functional 
declines, ongoing efforts to prevent depression 
may be needed throughout the course of the dis-
ease. This may involve monitoring and screening 
for events that may trigger depression and then 
administering maintenance or booster treatments 
as needed. 

 Brody et al.  (  2002  )  evaluated the bene fi ts of 
self-management intervention in patients with 
AMD. Their 6-week intervention was led by a 
health professional and consisted of didactic 
instruction regarding basic information about 
AMD and rehabilitative strategies. It also con-
tained a behavioral component that emphasized 
dealing with some of the challenges presented by 
AMD. Their data showed that the intervention 
group evidenced a signi fi cant improvement in 
mood 6 weeks post baseline and that this effect 
was most pronounced for those who were 
depressed at baseline. Intervention subjects also 
displayed improved function, and again this 
effect was most apparent for depressed subjects. 
A follow-up study at 6 months supports the inter-
vention’s sustained effects; bene fi ts were greatest 
for subjects who were depressed at baseline. 
Importantly, the incidence of depression from 
baseline to 6 months was signi fi cantly lower in 
the intervention group. Discrepancies in long 
term effects between the Rovner and the Brody 
studies could be due to sampling differences. The 



21114 Depressive and Cognitive Disorders in Patients with AMD

Rovner study did not include depressed subjects, 
while the Brody study did, and the intervention 
was most advantageous for this subgroup. 

 Evidence for the bene fi t of low-vision reha-
bilitation on depression is mixed. In a group of 
older people newly referred for low-vision reha-
bilitation, active participation in rehabilitation 
was related to a decrease in depressive symptoms 
over a 2-year period (Horowitz et al.  2005a  ) . 
Girdler et al.  (  2010  )  compared the bene fi ts of a 
usual care model of low-vision rehabilitation 
with an enhanced one. The enhanced intervention 
included an intensive group-level component 
whereby subjects were taught self-management 
strategies. Subjects in the enhanced intervention 
reported higher levels of activity engagement. At 
12 weeks follow-up, 17 % of subjects in the 
enhanced intervention reported depressive symp-
toms, compared to 51 % of control subjects. This 
study shows that rehabilitation may not be enough 
to prevent and treat depression. Nevertheless, 
rehabilitation presents an optimal opportunity to 
improve function and possibly prevent or reduce 
depression. 

 AMD is a serious public health problem, rob-
bing patients of independence and destroying 
their quality of life. As the population ages, greater 
numbers of Americans will be affected by this dis-
ease and subsequent depression. Thus, targeting 
depression, a major contributor to vision-related 
disability, is one strategy for maintaining indepen-
dence and improving quality of life. Moreover, 
because depression and function are so closely 
intertwined in AMD, developing interventions 
that incorporate depression management into 
rehabilitation might be the best course of action.   

    14.3   Cognitive Decline in 
Age-Related Macular 
Degeneration 

 Many studies have linked vision loss with cog-
nitive decline and physical disability. Crews and 
Campbell  (  2004  )  examined the 1994 Second 
Supplement on Aging involving 9,447 older 
persons and found that those with self-reported 
vision loss were 2.2 times more likely to be 

 cognitively impaired than those without vision 
loss (Bäckman et al.  2003  ) . Reyes-Ortiz et al. 
 (  2005  ) , using the population-based Hispanic 
Established Populations for Epidemiologic 
Studies of the Elderly, found that objective mea-
sures of vision impairment were associated with 
cognitive decline (Bäckman et al.  2003 ; Breitner 
 2006  ) . Data from the Health and Retirement 
Study revealed that untreated poor vision is 
associated with Alzheimer’s disease (Rogers 
and Langa  2010  ) . Persons with poor vision who 
did not visit an ophthalmologist had a 9.5-fold 
increased risk of Alzheimer’s disease and a 
5-fold increased risk of cognitive impairment but 
no dementia. By contrast, individuals with very 
good or excellent vision had a 63 % reduced risk 
of dementia. The North Carolina Established 
Populations for the Epidemiologic Studies of the 
Elderly Participants found that individuals with 
coexisting visual and cognitive impairment were 
at high risk for disability in instrumental activi-
ties of daily living [odds ratio (OR) 6.50], mobil-
ity (OR 4.04), basic activities of daily living (OR 
2.84), and incident ADL disability (OR 3.66). 
These odds ratios were greater than the odds 
ratio associated with visual or cognitive impair-
ment alone, indicating that visual and cognitive 
impairment contribute additively to disability 
risk (Whitson et al.  2007  ) . 

 One mechanism that links cognitive decline 
and age-related changes in the visual system 
involves retinal vascular pathology. Because reti-
nal and cerebral arterioles share similar patho-
logic processes, microvascular disease in the 
retina (e.g., microaneurysms, hemorrhages, and 
soft exudates) may re fl ect microvascular dis-
ease in the brain. To better understand this rela-
tionship, Lesage et al.  (  2009  )  examined retinal 
microvascular abnormalities and longitudinal 
changes in cognition in a community population 
(Wang et al.  2006  ) . Participants underwent four 
cognitive assessments between 1990–1992 and 
2004–2006, using the Word Fluency Test (which 
assesses language and executive function), the 
Digit Symbol Substitution Test (which assesses 
visual processing and psychomotor speed), and 
Delayed Word Recall (episodic memory) as well 
as retinal photography in 1993–1995. Over time, 
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individuals with retinopathy showed declines in 
executive function and psychomotor speed com-
pared to those without retinopathy. This  fi nding 
indicates that retinal vascular changes can serve 
as markers of the cerebral microvasculature and 
highlight the importance of cerebral microvascu-
lar disease as a cause of cognitive decline in older 
persons. 

 Other researchers have noted intriguing rela-
tionships between age-related macular degenera-
tion (AMD) and cognitive decline (Klaver et al. 
 1999  ) . Clemons et al.  (  2006  )  found that increased 
macular abnormalities and reduced vision were 
associated with lower cognitive function and that 
persons with vision acuity worse than 20/40 in 
both eyes were more likely to be cognitively 
impaired than persons with better visual acuity 
(Crews and Campbell  2004  ) . Baker et al.  (  2009  )  
studied the association of early AMD and cogni-
tive function and dementia in the 2,088 persons 
aged 69–97 years who participated in the 
Cardiovascular Health Study. Cognitive function 
was assessed using the Digit Symbol Substitution 
Test and the Modi fi ed Mini-Mental Status 
Examination. After controlling for age, sex, race, 
and study center, persons with low Digit Symbol 
Substitution Test scores were more likely to have 
early AMD (OR, 1.38) than were persons with 
higher scores. In analyses controlling for educa-
tion, systolic blood pressure, cholesterol level, 
diabetes mellitus, smoking status, and apolipo-
protein E genotype, the association was even 
stronger (OR 2.00). 

 Similarities in the pathologies of AMD and 
Alzheimer’s disease (AD) also suggest a link-
age. Previous studies have observed degenera-
tion of the optic nerve and retina in Alzheimer’s 
disease (Clemons et al.  2006  ) . In both AMD and 
AD, misfolded amyloid beta peptides accumu-
late and may play a central role in their onset 
(Yoshida et al.  2005  ) . In AMD, an accumulation 
of drusen, which contain amyloid and the prod-
ucts of neurodegeneration, may promote further 
degenerative changes in the macula. In AD, 
increased production or reduced clearance of 
toxic amyloid oligomers leads to nerve cell dys-
function and cell loss. Some studies show that 

amyloid beta increases vascular endothelial 
growth factor (VEGF) and may lead to retinal 
pigment epithelium atrophy (Yoshida et al. 
 2005  ) . There are also similarities in vascular risk 
factors for both AMD and AD, such as advanced 
age, hypertension, unhealthy diet, physical inac-
tivity, obesity, and cigarette smoking. Both AMD 
and AD have also been linked to an increased 
risk of stroke (Mares et al.  2011 ; Middleton and 
Yaffe  2009 ; Tan et al.  2008  ) . The Atherosclerosis 
Risk in Communities study found that persons 
with signs of late AMD were signi fi cantly more 
likely than those without AMD to have incident 
coronary heart disease over 10 years (30.9 % vs. 
10.0 %) and higher incidence of stroke (4.1 % 
vs. 2.1 %) (Wong et al.  2006 ;  2007  ) . The patho-
genesis of both AMD and AD also appears to 
involve atherosclerosis, in fl ammation, and oxi-
dative stress, which provide further evidence of 
shared pathogenetic mechanisms in the two dis-
eases. Alternatively, vision loss may lead to cog-
nitive decline via deafferentation of the visual 
system from the sensory cortex (Lindenberger 
and Baltes  1994  ) . Interestingly, the two diseases 
apparently have different genetic risks (i.e., the 
APO 4 allele increases the risk for AD but 
decreases the risk for AMD) (Gandy  2005 ; 
Hinton et al.  1986  ) . 

 Vision loss may also result in behavioral 
changes, such as relinquishing valued activities 
like reading and socializing, that indirectly and 
adversely affect neural function and can lead to 
or unmask incipient cognitive decline (Hendrie 
et al.  2006  ) . To determine whether relinquishing 
cognitive, physical, and social activities is associ-
ated with an increased risk of cognitive decline in 
patients with AMD, we conducted a 3-year longi-
tudinal study of older, nondemented patients with 
AMD who had participated in the Preventing 
Depression in AMD Trial (Rovner et al.  2007  ) . 
This was a 12-month randomized controlled clin-
ical trial comparing the ef fi cacy of problem- 
solving treatment (PST) versus usual care to 
prevent depression in older patients with AMD. 
At the baseline visit of the clinical trial, we 
assessed the extent to which the 206 enrolled 
subjects had relinquished speci fi c activities that 
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other research suggests prevent cognitive decline. 
Then 3 years later, we interviewed the 160 avail-
able knowledgeable informants of subjects who 
were originally enrolled in the clinical trial to 
ascertain whether subjects had declined cogni-
tively. We tested the hypothesis that relinquishing 
more valued activities was associated with an 
increased risk for cognitive decline. 

 Over 3 years, 23 subjects (14.4 %) declined 
cognitively. Age, sex, education, decline in visual 
acuity, and number of dropped activities were 
associated with cognitive decline; each additional 
dropped activity increased the risk by 58 %. 
Subjects who relinquished 3 activities were 3.87 
times [95 % CI 1.95, 7.76] more likely to become 
demented than subjects who relinquished no 
activities; those who relinquished 5 activities 
were 9.54 times [95 % CI 3.05, 30.43] more 
likely. A multivariate model demonstrated that 
the number of dropped activities was a powerful 
predictor of cognitive decline after controlling 
for relevant risk factors, particularly for subjects 
less than 80 years of age. 

 In AD, we know that cognitive activities such 
as reading or playing board games or musical 
instruments reduce the risk of dementia as do 
physical and social activities (Bennett et al.  2006 ; 
Sturman et al.  2005 ; Verghese et al.  2003 ; Wang 
et al.  2006 ; Wilson et al.  2002  ) . The mechanism 
by which these activities maintain cognition is 
uncertain but may involve enhancing the brain’s 
capacity to tolerate neuropathology (i.e., increased 
neural reserve) via bene fi cial effects upon neuro-
plasticity, neurogenesis, or cortisol regulation 
(Bird  2005 ; Schmidt et al.  2002  ) . In our sample, 
activity loss may have triggered or hastened the 
onset of cognitive decline. Although other mech-
anisms are possible, our  fi nding that activity loss 
is associated with cognitive decline in AMD 
underscores the importance of maintaining activ-
ities in the face of vision loss. This  fi nding may 
also apply to patients with other chronic diseases 
that lead to the loss of or restrict participation in 
valued activities. If so, promoting optimal cogni-
tive and physical health has wide relevance to the 
care of the growing population of older adults 
with chronic disabilities.  

      Conclusion 

 There are a number of possible mechanisms 
that link vision loss, due to AMD in particular, 
with cognitive decline. They include a com-
mon pathogenesis that involves shared histo-
pathological features, in fl ammatory processes, 
and vascular risk factors.      
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  15

          15.1   Introduction 

 When visual system disorders result in bilateral 
visual impairments, patients have dif fi culty per-
forming their customary activities and experience 
a diminished quality of life (West et al.  2002  ) . 

Visual impairments increase patients’ risk of fall-
ing (Ivers et al.  1998  ) , injury (Salive et al.  1994  ) , 
poor general health (Crews and Campbell  2001  ) , 
depression (Casten et al.  2004  ) , and even death 
(Pedula et al.  2006  ) . Activity-limiting chronic 
visual impairments, collectively called “low 
vision,” most often are caused by age-related 
visual system disorders, with age-related macular 
degeneration, glaucoma, diabetic retinopathy, 
and cataract leading the list (Congdon et al. 
 2004  ) . Some visual system disorders, such as 
diabetic retinopathy, are manifestations of more 
general disorders that frequently produce co- 
disabilities. But most low vision patients are 
elderly, so comorbidities and co-disabilities from 
diseases unrelated to their visual system disorders 
are common (Ahmadian and Massof  2008  ) . Thus, 
for a large portion of the low vision population, 
activity limitations from visual impairments are 
superimposed on and worsen activity limitations 
from comorbidities (Langelaan et al.  2009  ) . 

 The prevalence of low vision in the USA is esti-
mated to be greater than 3.5 million people 
(Congdon et al.  2004 ; Massof  2002  ) . Eighty per-
cent of those with low vision are over age 65 years. 
The prevalence of moderate and severe cases of 
low vision is 1.5 million Americans and the annual 
incidence in the USA is 240,000 (Massof  2002  ) . 
In recent years, there have been dramatic advances 
in treatments of the diseases that cause low vision. 
Nevertheless, successful treatments typically result 
in chronic visual impairments, albeit not as severe 
as they would be without treatment (Chang et al. 
 2007 ; Bressler et al.  2010  ) . Consequently, the 
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prevalence and incidence of low vision is projected 
to double over the next 20 years as our population 
ages (Congdon et al.  2004 ; Massof  2002  ) . 

 By de fi nition, low vision is a chronic condi-
tion. To overcome activity limitations, low 
vision patients must learn to compensate for 
their chronic visual impairments and cope with 
the challenges they encounter in their daily 
lives, both within and outside their homes. Low 
vision rehabilitation and orientation and mobil-
ity instruction (LOVROM) aim to help patients 
live with low vision by providing tools and 
teaching strategies that will enable them to 
regain the ability to perform necessary daily 
activities, participate in society, and enjoy their 
lives. Existing LOVROM services employ four 
major approaches to intervention: (1) vision 
enhancement (e.g., magni fi cation, illumination 
control, contrast stretching); (2) visual skills 
training (e.g.,  fi xation or eccentric viewing 
training, visual awareness training, training in 
how to interpret visual information); (3) adaptations 
and accommodations (e.g., sensory substitution, 
environmental modi fi cations, problem-solving 
strategies); and (4) patient and family education 
(e.g., coping strategies, accessing social and 
community services). 

 Our current system of LOVROM is an exten-
sion of a system developed more than 60 years 
ago to serve blind children in need of education 
and blind adults wanting to return to work. But 
the demographics of low vision and blindness 
have changed, with eight out of ten cases now 
over age 65. Consequently, the greatest demand 
for rehabilitation of the blind and visually 
impaired has shifted from the education and 
social service systems to the healthcare system, 
and the demand for services is now driven much 
more by low vision than it is by functional blind-
ness. Over the past 15 years, LOVROM has been 
undergoing a gradual paradigm shift (Massof 
et al.  1995  ) . Low vision rehabilitation (LVR) is 
now formally recognized as a healthcare service 
within the professions of ophthalmology 
(American Academy of Ophthalmology Vision 
Rehabilitation Committee  2007  ) , optometry 
(American Optometric Association Consensus 
Panel on Care of the Patient with Low Vision 
 2007  ) , and occupational therapy (Warren  2008  ) . 

Nationwide coverage of LVR services by 
Medicare dates back only to 2002 (Centers for 
Medicare and Medicaid Services  2002  ) . Coverage 
of services provided by orientation and mobility 
(O&M) specialists was included in the Medicare 
Low Vision Rehabilitation Demonstration Project 
(Bishop et al.  2010  ) , but is not yet Medicare pol-
icy. And Medicare still explicitly excludes cover-
age of vision assistive equipment (VAE) for low 
vision patients (Morse et al.  2010  ) . 

 Past studies agree that LVR and O&M ser-
vices provided in the USA and other developed 
countries are minimally effective (Scott et al. 
 1999 ; Wolffsohn and Cochrane  2000 ; McCabe 
et al.  2000 ; Reeves et al.  2004 ; LaGrow  2004 ; 
Smith et al.  2005 ; Stelmack et al.  2006 ; de Boer 
et al.  2006 ; Hinds et al.  2007 ; Lamoureux et al. 
 2007 ; Walter et al.  2007 ; Court et al.  2011 ; Pierce 
et al.  2011  ) . This conclusion does not mean that 
current LOVROM methods and VAE are not 
ef fi cacious – there can be many reasons why 
ef fi cacious interventions fail to be effective. For 
example, recent studies have reported high VAE 
abandonment rates (Dougherty et al.  2011  )  and 
poor rates of completion of LVR programs (Matt 
et al.  2011  )  by low vision patients, factors that 
could contribute to the observed failures of the 
effectiveness of LOVROM. LOVROM services 
provided by Blind Rehabilitation Centers (BRC) 
in the Veterans Health Administration (VA) pro-
duce large improvements in patients’ functional 
ability (Stelmack et al.  2006  ) . The BRCs provide 
low vision and blind rehabilitation services 
through intensive 1- to 6-week inpatient pro-
grams that include visual skills training, activities 
of daily living training, O&M instruction, com-
munication skills instruction, manual skills training, 
computer access training, physical condition-
ing and recreation, and patient and family educa-
tion and counseling (Maino  2001  ) . These services 
are provided by a team of rehabilitation and 
healthcare professionals who work with the 
patient in 50-min sessions, 8 times/day, 5 days/
week. The VA classi fi es VAE as prosthetic 
devices and covers the costs of all prescribed 
equipment for BRC patients. Typically, BRCs 
serve self-selected low vision patients who are 
highly motivated veterans with more severe 
visual impairments (e.g., visual acuity <20/100 
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in the better eye). Observational outcome studies 
at a VA BRC show with patient-reported outcome 
measures that the BRC’s services are highly 
effective (Stelmack et al.  2006  ) . 

 The VA Low Vision Intervention Trial 
(LOVIT) tested the effectiveness of an intensive 
outpatient LVR program that provided services 
modeled after the inpatient services in the BRC 
(Stelmack et al.  2008a  ) . The participants were 
visually impaired veterans (visual acuity <20/100 
to >20/500) who were eligible for BRC services 
and were on the BRC wait list. LOVIT partici-
pants were given 10–12 h of outpatient LVR ser-
vices, provided mostly in the clinic over a period 
of 6 weeks (one session was provided in the 
patient’s home), and homework assignments to 
complete between sessions (Stelmack et al. 
 2008b  ) . As done for BRC patients, the VA cov-
ered the costs of all VAE prescribed to LOVIT 
participants. To prevent interruptions in the LVR 
schedule, free transportation was provided to par-
ticipants who needed it. With these optimized 
conditions for LVR service delivery, participants 
in the LOVIT treatment group exhibited a large 
improvement in self-reported functional ability. 

 A census of private and state-sponsored 
LOVROM in the USA concluded that at the end 
of 2007, there were 1,228 private practices, agen-
cies, or other non-VA entities, serving American 
low vision patients (Owsley et al.  2009  ) . 
Generalizing from the responses to a survey of 
these services (50 % response rate), 43 % are in 
private optometry practices, 17 % in private oph-
thalmology practices, 4 % in university-based 
ophthalmology practices, 3 % in university-based 
optometry practices, 4 % in other healthcare set-
tings, 11 % in private agencies, 8 % in state agen-
cies, and the remaining 8 % are other 
non-healthcare system private entities. Overall, 
96 % of low vision services provided in the pri-
vate healthcare system report that they offer train-
ing in the use of VAE, 50 % say they offer 
eccentric viewing training, 33 % say they offer 
scanning training, 23 % report they sometimes 
make visits to the patients’ homes, and 18 % say 
that O&M instruction is available. 

 Over the past decade,  fi ndings from observa-
tional outcome studies of private outpatient pro-
grams in several different countries concur that 

the effects of LOVROM are disappointingly 
small (Scott et al.  1999 ; Wolffsohn and Cochrane 
 2000 ; McCabe et al.  2000 ; Reeves et al.  2004 ; 
LaGrow  2004 ; Smith et al.  2005 ; Stelmack et al. 
 2006 ; de Boer et al.  2006 ; Hinds et al.  2007 ; 
Lamoureux et al.  2007 ; Walter et al.  2007 ; Court 
et al.  2011  ) . All the LVR outcome studies, includ-
ing the VA LOVIT, employed patient-reported 
outcome measures (PROM). But studies varied 
widely in their choice of PROM instruments and 
none, except LOVIT, employed an untreated con-
trol group. To compare studies, we converted 
their reported effects of intervention to Cohen’s 
effect size (i.e.,  d  =  D   m  /  s  ). Figure  15.1  illustrates 
effect sizes for different studies and different 
groups within studies. Three of the studies com-
pared primary care outcomes to comprehensive 
care outcomes. Effects were small to medium for 
both types of LVR, and none of the studies saw 
any difference between the two types of care 
(Reeves et al.  2004 ; Court et al.  2011 ; Pierce 
et al.  2011  ) . In the most direct comparison of pri-
vate service outcomes to VA BRC outcomes, 
Stelmack et al. reported that one private practice-
based and one university practice-based low 
vision service in the USA had effects of interven-
tion that were one- fi fth the size of the interven-
tion effect for the VA BRC (Stelmack et al.  2006  )  
(all three outcomes were estimated using the VA 
LV VFQ (Stemack et al.  2004  ) ).  

 The obvious differences between VA and pri-
vate healthcare system services that likely explain 
much of the large differences in outcomes 
include:
    1.    The VA pays all costs of prescribed VAE; in 

the private healthcare system, patients must 
pay 100 % of VAE costs. Consequently many 
patients do not acquire prescribed VAE.  

    2.    The VA programs are comprehensive and 
intensive; the private healthcare system pro-
grams concentrate on low vision device 
training.  

    3.    Service delivery in VA programs is consistent 
and complete; programs in the private health-
care system are inconsistently attended and 
often not completed by patients. Typical BRC 
patients are admitted as VA hospital inpatients 
for 4 weeks and stay focused exclusively on 
the rehabilitation program. LOVIT patients 
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had transportation services provided so that 
they did not miss their rehabilitation sessions 
in the clinic, were required to complete home-
work exercises between sessions to stay 
focused on their therapy, and had a home visit. 
In the private healthcare system, patients must 
provide their own transportation to the outpa-
tient clinic for rehabilitation sessions (which 
is dif fi cult because most patients cannot drive, 
appointments frequently are missed, and the 
dropout rate is very high), and services pro-
vided in the patient’s home are rare, so incon-
sistent and incomplete services are common.  

    4.    The VA BRC routinely provides O&M instruc-
tion; O&M instruction is rare in the private 
healthcare system.     
 Given these differences, it is reasonable to pro-

pose that private outpatient low vision services 
would be more effective if the services were com-
prehensive, intensive, well targeted to the patients’ 
needs, and made consistent by accommodating 
physical constraints imposed on patients by their 
health, mobility, and availability of assistance.  

    15.2   Optimizing Outpatient Low 
Vision Rehabilitation with 
a Feasible Service Delivery 
Model 

 LVR practitioners in the private healthcare sys-
tem employ one of three service delivery models. 
First is the “primary care model,” (Nowakowski 
 1994  )  in which clinicians dispense VAE, usually 
magni fi ers, and train the patient in the clinic how 
to use them. This model is described in the 
American Optometric Association’s low vision 
clinical practice guideline (American Optometric 
Association Consensus Panel on Care of the 
Patient with Low Vision  2007  )  and is the model 
most commonly employed in optometric prac-
tices (Owsley et al.  2009  ) . At the next level of 
service, eccentric viewing training and other 
types of visual skills instruction are offered in the 
clinic, in addition to training the patient to use 
VAE. Occasionally, some LVR therapists may 
make visits to some patients’ homes in addition 
to providing in-clinic services. This second LVR 
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service delivery model, which is most commonly 
employed in private ophthalmology practices, in 
practices associated with academic institutions, 
and in practices associated with rehabilitation 
agencies, often is called the “comprehensive care 
model” (Markowitz  2006  ) . This model is 
described in the American Academy of 
Ophthalmology’s Preferred Practice Pattern for 
LVR (American Academy of Ophthalmology 
Vision Rehabilitation Committee  2007  )  and is 
covered by Medicare part B as long as the LVR 
services are provided by a trained occupational 
therapist (OT) (Centers for Medicare and 
Medicaid Services  2002  ) . The third LVR service 
delivery model is the “home healthcare model.” 
This model, which rarely is employed, requires 
low vision patients to be referred by a physician 
to a licensed home healthcare agency, and all 
LVR services are provided in the patient’s home 
within a 60-day episode. Services provided under 
the home healthcare model are covered by 
Medicare part A for patients who meet the 
requirements of being homebound (most do 
because they cannot drive or travel indepen-
dently) and having at least one systemic disorder 
diagnosis besides low vision (70–80 % of low 
vision patients meet this requirement (Medicare 
Bene fi ts Policy Manual  2011  ) ). 

 There have been no formal outcome studies 
performed on the home healthcare model for 
LVR. At least two companies  (  Low Vision Works 
home page ;  HomeSight home page  )  have offered 
consulting services to home healthcare agencies 
with the aim of adding LVR to the agency’s list of 
specialty services. The consulting companies train 
their clients’ OTs and home healthcare nurses to 
provide LVR services and assist their clients with 
marketing LVR services to referring physicians 
and to the public. The LVR services provided by 
the agencies target patients with moderate and 
severe low vision who are homebound and have at 
least one other systemic disorder and thus meet 
eligibility requirements for Medicare coverage. 
All LVR services are provided in the patients’ 
home over a period of 60 days. The agencies must 
provide their LVR services pursuant to a physi-
cian’s orders (Goldberg-Dey et al.  2011  ) . The 
consulting companies and their client agencies 

claim excellent LVR outcomes, but to date, noth-
ing more than testimonials has been offered as 
supporting evidence. 

 There are two compelling reasons why pro-
viding LVR services to patients within their home 
instead of the clinic should be optimal. First, 
unlike most medical rehabilitation, which is 
aimed at restoring function to normal levels, LVR 
focuses on enabling patients to continue engag-
ing in everyday activities despite their chronic 
visual impairments. Most people with low vision 
live in their own homes or apartments and are 
responsible for meeting their daily needs within 
this speci fi c environment (O’Connor et al.  2008  ) . 
The type of lighting, contrast, and clutter within 
the patient’s environment can either facilitate or 
inhibit her/his ability to use remaining vision to 
perform daily tasks (Haymes and Lee  2006 ; 
Brunnstroom et al.  2004 ; Watson  2001 ; Wald 
et al.  1999  ) . Adequate simulation of the speci fi c 
qualities of the home environment within the 
arti fi cial con fi nes of the clinic is dif fi cult. 
Medicare, the main third-party payer of LVR, 
encourages providing rehabilitation services in 
the home and covers home services under both 
parts A and B. A report on LVR completed for 
the Centers for Medicare and Medicaid Services 
suggested adoption of the home healthcare model 
as an appropriate and effective method of provid-
ing LVR to Medicare bene fi ciaries (Bishop et al. 
 2010  ) . 

 Second, low vision patients experience unique 
transportation issues that create barriers to par-
ticipating in clinic-based rehabilitation programs. 
The visually impaired person rarely drives 
because of poor vision (DeCarlo et al.  2003 ; 
Massof et al.  2007a  ) , and frequently his or her 
spouse also does not drive. This situation forces 
reliance on adult children, friends, or service 
organizations who often are unable to be a con-
sistent source of transportation because of family 
and work obligations (Goldstein et al.  2012  ) . 
Thus, missed appointments and dropping out of 
LVR service are common. Providing in-home 
services should improve the likelihood of consis-
tent participation in the LVR services. 

 The home healthcare model promises to be an 
optimal approach to LVR in the private sector 
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because it increases the frequency and intensity 
of service and increases the likelihood the patient 
will complete the planned LVR. Also, the patient 
is not required to transfer skills learned in the 
clinic to a different environment and set of cir-
cumstances in the home. All LVR services can be 
customized to accommodate the unique charac-
teristics of each patient’s home environment, and 
environmental modi fi cations can be made to 
increase safety and accommodate the patient’s 
needs. The home healthcare model of LVR is fea-
sible because it is supported by Medicare part B, 
and when implemented through licensed home 
healthcare agencies, it also is supported by 
Medicare part A. But, despite all its pluses, the 
home healthcare model does not address prob-
lems the patient has functioning outside the 
home.  

    15.3   Providing O&M Instruction 
to Low Vision Patients 
as a Healthcare Service 

 Much of the emphasis of LVR currently is 
directed at restoring reading function and achiev-
ing goals related to activities normally performed 
inside the home (Markowitz  2006 ; Bachelda and 
Harkins  1995  ) . Most activities performed outside 
the home require the patient to be mobile. In the 
private healthcare system, O&M instruction typi-
cally is not included in the LVR regimen (Owsley 
et al.  2009  ) . Indeed, OTs consider O&M instruc-
tion to be outside their scope of practice 
(Riddering  2008  ) . But there is strong documenta-
tion that people with low vision, even those with 
moderate visual impairments, experience func-
tional limitations with mobility. (Marron and 
Bailey  1982 ; Leat and Lovie-Kitchin  2008  )  More 
important, because most low vision patients are 
elderly (Massof  2002 ; Owsley et al.  2009  ) , they 
are at increased risk of injury from falls and acci-
dents and increased risk of physical and mental 
health problems from reduced activity levels 
(Salive et al.  1994 ; Crews and Campbell  2001  ) . 
The mobility limitations of people with low vision 
potentially could be ameliorated with O&M 
instruction. Although most O&M  specialists are 

trained to work with low vision clients, the lay 
public, third-party payers, and many eye care 
professionals assume that O&M instruction is 
needed only by people who are functionally blind 
and assume that it is not a healthcare service. For 
example, in a recent poll of 120 optometrists, we 
asked respondents at what visual acuity they 
would  fi rst consider referring a visually impaired 
patient for O&M instruction; 93 % responded 
that they would require the patient to be legally 
blind. 

 Improving mobility function is medically nec-
essary for older low vision patients. The Safety of 
Seniors Act of 2007 has made preventing falls 
and increasing physical activity levels in the older 
population high priority health agenda items in 
the USA (Safety of Seniors Act of  2007  ) . The 
maintenance of balance and postural stability 
becomes more dif fi cult with age. Besides an 
increased prevalence of age-related musculoskel-
etal disorders, such as arthritis and peripheral 
artery disease, normal aging results in neurode-
generative changes in muscle and joint somatic 
receptors that interfere with accurate knowledge 
of the degree of  fl exion of the limbs and sense 
forces on the skin, muscles, and joints (Skinner 
et al.  1984  ) . Also typical with aging is a degen-
eration of hair cells in the vestibular organ, which 
interferes with sensing angular and linear accel-
eration (Ochs et al.  1985  ) . These losses put a 
greater demand on the visual system to provide 
sensory information needed to maintain  balance – 
even moderate visual impairments can lead to 
increased postural instability (Tobis et al.  1990 ; 
Turano et al.  1996  ) . Older people with low vision 
have slower walking speeds (Patel et al.  2006  ) , 
abnormal gait, and increased incidence of stum-
bles and near falls (Spaulding et al.  1994  ) . 
Epidemiological studies show that even mild 
visual acuity loss increases the risk of falling 
(Ivers et al.  1998 ; Klein et al.  2003 ; Abdelha fi z 
and Austin  2003  ) , with fall prevalence ratios (rel-
ative to 20/20 visual acuity) of 2 for visual acuity 
<20/30 in the better eye. Relative to older people 
with 20/20 acuity, the risk of hip fractures dou-
bles for older people with visual acuity in the 
20/30–20/40 range, triples for visual acuity in the 
20/50–20/70 range, and quadruples for older people 
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with visual acuity <20/70 (Dargent-Molina et al. 
 1996  ) . More than 50 % of accidental deaths in the 
older population are from falls. Relative to people 
with 20/20 visual acuity, the death rate for older 
people increases independently of age and comor-
bidities by 20 % for people with visual acuity of 
20/25 in the better eye, 35 % for people with 
visual acuity of 20/30, and 60 % for people with 
visual acuity <20/30 (Pedula et al.  2006  ) . 

 Approximately one-third of the older popula-
tion reports a fear of falling (Tinetti et al.  1994 ; 
Arfen et al.  1994 ; Vellas et al.  1997  ) , and about 
10 % report an intense fear of falling (Howland 
et al.  1998  ) . Fear of falling is associated with 
decreased activity levels due to self-limitations 
(Howland et al.  1998 ; Li et al.  2003 ; Scheffer 
et al.  2008  ) . Older people with low vision are 3.7 
times more likely to report a strong fear of falling 
than do normally sighted people in the same age 
group (Arfen et al.  1994  ) . Relative to people with 
20/20 visual acuity, the prevalence of physical 
limitations on activities (assessed with walking 
tests, balance tests, and stair climbing tests) 
ranges from 30 % greater in people with mild 
visual impairments, to twice as great in people 
with severe visual impairments (West et al. 
 2002  ) . 

 Recently, our group monitored physical 
activity levels in visually impaired AMD patients 
and normally sighted age-matched AMD 
patients   . A 0.1 log MAR decrement in visual 
acuity was associated with a 6.1 % decrease in 
daily steps. AMD patients were 3.5 times more 
likely not to leave their home in a day and took 
43 % fewer steps per day than controls (Chan 
et al.  2011  ) . 

 O&M instruction long has been identi fi ed with 
teaching blind people how to travel independently 
using a long white cane. But the  fi eld of O&M 
instruction has advanced considerably over the 
past 70 years to include a wide array of approaches 
to increasing mobility (Wiener and Siffermann 
 2010  ) . In the late 1960s, O&M instruction was 
extended from solely adults to blind children 
through schools for the blind. Beginning in the 
mid-1970s, O&M instruction was offered to peo-
ple with severe low vision. Instruction methods 
evolved as the served population expanded and 

diversi fi ed; with the addition of low vision cli-
ents, techniques were developed to optimize the 
use of remaining vision and interpret visual infor-
mation in the scene. From a health perspective, 
by improving mobility function, the O&M 
specialist explicitly addresses the healthcare 
aims of increased safety, increased physical activ-
ity, and increased socialization and community 
integration. 

 Low vision patients need to improve their 
mobility, but evidence of the effectiveness of 
O&M instruction is contradictory and based on 
studies with weak methodology and/or very small 
numbers:
    1.    Geruschat and De l’Aune compared outcomes 

of O&M instruction for three groups of VA 
Blind Rehabilitation Center (BRC) patients: 
those who used vision alone to travel (10 par-
ticipants), those who used vision and cane to 
travel (7 participants), and those who used 
cane alone to travel (2 participants) (Geruschat 
and De l’Aune  1989  ) . Outcome measures con-
sisted of instructors’ scores of errors partici-
pants made on a mobility course. The 
investigators observed a signi fi cant improve-
ment in scores post-rehabilitation for all 
groups combined.  

    2.    Straw et al. performed the only randomized 
controlled trial of O&M instruction. The  fi rst 
part of the study looked at 35 legally blind 
(low vision) participants (mean age 76) who 
were assigned to a treatment or control group. 
The treatment group received 10–12 weeks of 
90 min/week O&M instruction targeting the 
areas of orientation, independent mobility, and 
sighted guide mobility. The comparison group 
received  fi tness exercises as placebo training. 
The outcome measure consisted of perfor-
mance scores in each training area that were 
assigned by an expert O&M instructor (Straw 
et al.  1991  ) . The study was repeated with 32 
functionally blind participants (mean age = 77) 
(Straw and Harley  1991  ) . The baseline scores 
were lower for the functionally blind group 
than for the low vision group. A signi fi cant 
improvement in the overall O&M score was 
seen for the functionally blind group, but not 
for the low vision group.  
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    3.    Soong et al. conducted a study that compared a 
group of low vision patients (19) who received 
O&M instruction, including how to use the 
long cane, to another group of patients (18) 
who received no training (Soong et al.  2001  ) . 
The outcome measures were walking speed 
and counts of mobility errors on a course. 
These investigators saw no effect of training.  

    4.    Ramsey et al. looked at the effects of mobility 
training on gait and balance in an uncontrolled 
study (Ramsey et al.  2003  ) . Six VA BRC 
patients, who were approximately 70 years 
old and had visual acuity of 20/200 or less in 
the better eye, were participants. Baseline data 
were collected within 1 week of admission to 
the BRC, and follow-up data were collected at 
discharge. The investigators employed six 
performance measures (gait velocity, stride 
length, stride rate, double stance time, the 
Berg Balance test, and hand-grip strength). 
They also used a self-report questionnaire, the 
Fall Ef fi ciency Scale (FES), to estimate fear of 
falling. The investigators concluded that O&M 
instruction had no effect on any of the 
measures.  

    5.    Kuyk et al. employed Turano’s independent 
mobility questionnaire (Turano et al.  2002  )  to 
estimate the effects of O&M instruction on 
128 VA Blind Rehabilitation Center patients, 
more than half of whom had age-related mac-
ular degeneration (Kuyk et al.  2004  ) . The 
investigators reported signi fi cant improve-
ments in average response rank scores for each 
item. The investigators also saw an increase in 
patient-reported con fi dence with travel ability, 
a decrease in the percentage of patients who 
had fallen, and a decrease in the average num-
ber of falls among those who had fallen previ-
ously, but no change in the prevalence of fear 
of falling.     
 The indisputable fact is that the ever-growing 

low vision population has substantial functional 
problems due to limitations in mobility. While 
O&M instruction appears to be an obvious solu-
tion, perceptions by physicians and patients that 
O&M services are meant only for blind children 
and for blind adults seeking employment, the 
absence of a feasible reimbursement system, as 

well as the absence of de fi nitive evidence of the 
effectiveness of this type of rehabilitation have 
resulted in little utilization of O&M services. The 
literature strongly supports the thesis that low 
vision patients have a medical need for the pro-
fessional services of an O&M specialist, which 
are distinctly different from the services offered 
by OTs and other low vision rehabilitation pro-
fessionals. O&M instruction provided to low 
vision patients by an O&M specialist should 
improve their mobility function and balance. 
Potential downstream bene fi ts include decreased 
risk of injury, decreased fear of falling, and 
increased levels of physical activity, which ulti-
mately could lead to decreased morbidity and 
mortality and increased life space and commu-
nity integration. Overall, the functional gains 
from O&M services have the potential to improve 
the lives of low vision patients, which would 
manifest as measurable gains in quality of life 
that could inform health policy decisions. Past 
studies of O&M instruction outcomes produced 
equivocal results, so there is true equipoise with 
respect to evidence, even though there are indi-
viduals with strong personal opinions for and 
against the value of O&M instruction for low 
vision patients. Previous studies had weak designs 
and were grossly underpowered (Vigili and Rubin 
 2003  ) . Nevertheless, the results were encourag-
ing, especially the results of the Kuyk et al.  (  2004  )  
study, which used a self-report measure.  

    15.4   Approaches to Measuring 
the Effectiveness of LOVROM 

 There are many measurement strategies from 
which to choose:
    1.    Performance measures in the clinic such as 

reading speed (Legge et al.  1989  ) , reading 
comprehension (Watson and Wright  1996  ) , 
walking speed (Geruschat et al.  1998  ) , naviga-
tion accuracy (Turano et al.  2004  ) , and accu-
racy/speed of performing visual motor tasks 
(Owsley et al.  2001  )   

    2.    Real-world performance measures (e.g., phys-
ical activity levels in the home environment by 
accelerometers) (Chan et al.  2011  )   
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    3.    Rating of patient performance by clinicians 
(Babcock-Parziale et al.  2005  ) , as more com-
monly done in occupational and physical ther-
apy with instruments such as the Functional 
Independence Measure (FIM) (Granger et al. 
 1998  )  and the Assessment of Motor and 
Process Skills (AMPS) (Park et al.  1994  )   

    4.    Patient self-report instruments such as visual 
function (Massof  2007  )  and quality of life 
(Wolffsohn and Cochrane  2000  )  rating scale 
questionnaires     
 The limitation suffered by most clinic-based 

performance measures and ratings by expert 
judges is that they constitute observations of what 
the patient can do on surrogate tasks at that 
moment, under arti fi cial conditions; they do not 
measure what the patient actually does in every-
day life. Consequently, the most common perfor-
mance measures and clinician ratings can be used 
to measure the ef fi cacy of an intervention (how 
well an intervention works under ideal circum-
stances), but cannot be used to measure its effec-
tiveness (how well an intervention works in 
“real-world” settings). 

 When choosing an outcome measure for visual 
rehabilitation, one must keep in mind that, with 
the exception of improved refractive error correc-
tion, LOVROM services and VAE do not change 
the patient’s vision. Unlike medical and surgical 
procedures, which can improve visual acuity in 
some conditions, such as cataract, and have a pos-
itive effect on many aspects of the patient’s life, 
the effects of LVR are activity-speci fi c (e.g., a 
table top CCTV magni fi er may improve the 
patient’s ability to perform the activity of reading 
mail, but have no effect on the patient’s ability to 
perform the activity of reading price tags in a 
store). Consequently, outcome measures must 
have content that is chosen carefully to be relevant 
and responsive to the effects of LOVROM. Also, 
VAE, adaptations, visual skills training, and 
patient education require patients to participate, 
not simply comply, and they require the patient to 
compromise (e.g., magni fi cation is accomplished 
at the expense of  fi eld of view and/or working dis-
tance; adaptations and visual skills training require 
the patient to give up familiar routines and develop 
new habits). Consequently, LOVROM    outcome 

measures also must be sensitive to individual 
patient preferences and willingness to change 
because those factors will affect the importance 
and relevance of the measurement instrument’s 
content. Finally, patients may be capable of per-
forming activities but do not do so because they 
lack con fi dence or are fearful. Successful inter-
ventions, particularly O&M instruction, may 
achieve their effects, at least in part, by building 
the patient’s con fi dence and reducing fear. Thus, 
the optimal outcome measure also must be respon-
sive to changes in psychological variables that 
contribute to the patient’s activity limitations. 

 When evaluating patients, LVR therapists and 
O&M instructors do not simply assess functional 
abilities. Rather, they identify activities that are 
important to the patient and are dif fi cult or impos-
sible for the patient to perform with the current 
approach to performing the activity. Instead of 
intervening to restore a standard array of func-
tional abilities, many of which may have limited 
or no relevance to a speci fi c patient, LVR thera-
pists and O&M instructors are goal directed; they 
employ individualized intervention strategies 
based on vision enhancement, adaptations, and 
accommodations to make targeted activities eas-
ier to perform despite the patient’s limited func-
tional capabilities. For accurate assessment of the 
effects of services provided under goal-directed 
intervention, an approach that can capture 
improvement in attaining goals is required. 

 Measuring the effectiveness of goal-directed 
rehabilitation requires an adaptive patient- 
centered approach. Goals are the reasons for per-
forming activities. Goals are attained by 
completing a set of speci fi c cognitive and motor 
tasks (Massof  1995  ) . For a given goal, the speci fi c 
tasks that must be completed may vary among 
patients. For example, to attain the goal of cook-
ing daily meals may require one patient to read 
recipes, cut or chop food, measure ingredients, 
set stove and oven controls, pour liquids without 
spilling, and judge when the food has  fi nished 
cooking. For another patient, cooking daily meals 
may require only  fi nding the correct package in 
the freezer, reading the cooking instructions, and 
setting the controls on the microwave. For either 
example, if the individual tasks cannot be 
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 performed, the goal cannot be attained. The LVR 
therapist may train the  fi rst patient to use a 
magni fi er to read recipes, advise the patient to 
buy precut or pre-chopped food, mark measuring 
spoons with colored tape, use Velcro tape or 
Hi-Marks to label common stove and oven set-
tings, show the patient how to use a funnel to 
pour liquids, and teach the patient how to use a 
large print timer and/or talking food thermometer 
to judge when the food has  fi nished cooking. 
Such task adaptations, or accommodations in the 
case of cutting or chopping food, make the com-
ponent tasks easier to perform, or obviate them, 
so that the parent goal can be attained. For the 
second patient, the intervention is much simpler 
– organize the freezer and mark the packages 
with large print labels, teach the patient to use a 
magni fi er to read the cooking instructions, and 
mark the microwave controls with Hi-Marks or 
other markers. In both cases, successful rehabili-
tation means that the patient can attain the goal of 
cooking daily meals; but in neither case have the 
patient’s functional capabilities, which are traits 
of the patient, been improved. 

 The Activity Inventory (AI) (Massof et al. 
 2005a,   b ;  2007b  )  is an adaptively administered 
patient-reported outcome measure of the effects 
of goal-directed interventions. The AI has an 
item bank with 50 goals and a total of 460 tasks 
nested under the goals. The patient is presented 
with a goal and asked to rate its importance (not 
important, slightly important, moderately impor-
tant, or very important). Whenever a patient 
responds that the goal is not important, the inter-
viewer moves on to the next goal; otherwise the 
patient is asked to judge the dif fi culty of attaining 
the goal, and an ease of performance rank score is 
assigned to the response (4, not dif fi cult; 3, some-
what dif fi cult; 2, moderately dif fi cult; 1, very 
dif fi cult; or 0, impossible). Whenever a patient 
responds that the goal is not dif fi cult, the inter-
viewer moves on to the next goal; otherwise the 
patient is asked to rate the dif fi culty of each task 
nested under the goal (using the same  fi ve 
response categories) or respond that the task is 
“not applicable.” After all of the tasks under the 
goal have been rated, the interviewer moves on to 
the next goal. The AI is well validated and well 

studied and is or has been used as the primary 
outcome measure in four clinical trials (Pierce 
et al.  2011 ; Rovner et al.  2011 ; U.S. National 
Institutes of Health  2009 ;  U.S. National Institutes 
of Health 2006  )  and in prospective clinical out-
come studies in the UK; (Tabrett and Latham 
 2011  )  a Dutch version (D-AI) is being validated 
to be used as a clinical outcome measure in the 
Netherlands (Bruijning et al.  2010  ) . 

 Item responses are interpreted with a general 
scaling theory, and measures are constructed from 
responses to sets of AI items using Rasch analy-
sis. At the time of the baseline assessment, each 
low vision patient has some amount of functional 
ability. Depending on the visual requirements, 
each goal and task in the AI item bank demands of 
the person some minimum amount of functional 
ability in order to be performed with a criterion 
level of ease. When the patient is asked to rate the 
dif fi culty of an item, the patient judges the differ-
ence between his/her functional ability and the 
functional ability required to perform the goal or 
task described by that item. This difference is 
called “functional reserve” (Massof  1998  ) . 

 Interventions can have three possible effects 
that manifest as increases in functional reserve 
for a given patient (Massof  2013  ) . First, there 
could be an increase in the patient’s functional 
ability (e.g., due to correction of refractive error). 
Second, there could be a systematic reduction in 
the patient’s response criteria (e.g., due to an 
increase in the patient’s con fi dence or reduction 
in the patient’s fear). Third, because of adapta-
tions and/or vision enhancement, there could be a 
decrease in the functional ability demanded of 
the patient by selected items. Vision enhance-
ment and task adaptations are expected to 
decrease functional ability demands of targeted 
tasks, resulting in an overall increase in average 
functional reserve across tasks; accommodations 
are expected to reduce the number of dif fi cult or 
impossible tasks involved in a targeted goal by 
making obviated tasks “not applicable,” which 
also increases average functional reserve across 
tasks (Massof  2013  ) . 

 Because LVR and O&M instruction address 
different goals, they require different outcome 
measures. Some goals such as cooking daily 
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meals, managing personal  fi nances, and dressing 
typically are performed inside the home. Other 
goals such as shopping, attending church, and 
attending meetings are performed outside the 
home. Inside-the-home goal activities depend 
heavily on patients’ reading, visual information 
processing, and visual motor function and depend 
to a lesser extent on patients’ mobility. Outside-
the-home goal activities depend heavily on 
mobility but also on the other functions that are 
limited by visual impairments. The LVR thera-
pist addresses goal activities that normally are 
performed in the patient’s home; the O&M spe-
cialist addresses goal activities that normally are 
performed outside the home. Ideally, outcome 
measures of both types of services would be on 
the same scale but selectively responsive to the 
attainment of respective inside-the-home or out-
side-the-home goals that are indenti fi ed by the 
individual patient.  

     Conclusions 

 The Western world’s population is aging and 
both the incidence and prevalence of vision 
disabilities from age-related eye diseases will 
double over the next 20 years. Studies show 
that low vision not only results in reduced 
functional capabilities and reduced quality of 
life but also increases the risk of premature 
morbidity and mortality. Although the Low 
Vision Intervention Trial demonstrated that 
under optimal conditions low vision rehabili-
tation can restore the patient’s ability to func-
tion in daily life, other studies conclude that 
the effectiveness of current low vision reha-
bilitation practices is weak outside the US VA 
healthcare system. Furthermore, the supply of 
low vision rehabilitation services and quali fi ed 
service providers is inadequate to meet the 
current demand and third-party payment poli-
cies discourage growth in supply. The authors 
advocate a service delivery model that empha-
sizes the provision of low vision rehabilitation 
and orientation and mobility instruction in the 
patient’s home and in the patient’s community. 
It will be necessary to conduct rigorous clini-
cal research to prove the effectiveness and 
value of such a service delivery model and 

effect changes in healthcare policies. But 
future studies will have to accommodate the 
individualized nature of LOVROM and very 
carefully choose outcome measures that are 
responsive to the achievement of the individ-
ual rehabilitation goals for each patient.      
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