[y o
- —— = 8"

-
il
ol

1
.
1

e gevzeemiL. :.& .w

<l _.r.u_.w,w.,._ E

£ pemas
» r

o)

E-E |

Keend’
drrtrarirt st A I AN T r et et "‘d’-}"’?{!&ux e in s

- b
ef

WamENRNY

FUPRR AN
























Preface

This book is written for those seeking to understand the relation between dict
and long-term health and discase. A basic premise is that our understanding of
biologic mechanisms remains far too incomplete to predict confidently the ulti-
mate consequences of cating a particular food or nutrient. Thus. epidemiologic
studies directly relating intake of dietary factors to risk of death or discasc
among humans play a critical complementary role to laboratory investigations.
A great expansion of the literature in nutritional epidemiology and the devel-
opment of a firmer quantitative basis for this science have occurred in the last
ten years. Most importantly. the degree of variation in dictary factors among
individuals has been quantified in many populations, standardized question-
naires have been developed for use in large epidemiologic studics, and the degree
of accuracy of these questionnaires has been documented. Although most of the
questions regarding the relations of dietary factors to disease remain unan-
swered. the foundations for obtaining this information have been laid. Nutri-
tional Epidemiology represents an attempt to consolidate the substantial new
methodologic information and experience that have been developed during the
last decade.

I have written this book specifically for researchers actively engaged in stud-
ies of diet and disease and for persons seriously attempting to read and interpret
published epidemiologic information relating to nutrition. The book 1s not
intended for the casual reader seeking to learn what is known about the effects
of diet and nutrition on human discase; such a work would rapidly be out of
date. In addition. this book does not address issues related to child growth and
studies of nutritional deficiency in developing countries: both are important top-
ics but outside the scope of this text. However, 1 am confident that those
involved in nutritional studies in developing countries can benchit from the
material presented. as many of the principles are relevant.

Though I have not attempted to define or explain basic epidemiologic terms.
most of the chapters can be read by someone with elementary statistical knowl-
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edge but with no epidemiologic background. Readers without exposure to epi-
demiology would profit by referring to an introductory text such as MacMahon
and Pugh’s Principles of Epidemiology, Lilienteld’s Foundations of Epidemiol-
ogv, Ahlbom and Norell's Introduction to Modern Epidemiology, Friedman’s
Primer of Epidemiology, Kahn and Sempos’ Statistical Methods in Epidemiol-
ogyv, Hennekens and Buring's Epidemiology in Medicine, or Rothman's Modern
I-pidemiology—the latter being the most advanced text. Similarly, epidemiolo-
gists without formal exposure to nutrition can benefit by reading Guthrie’s /ntro-
ductory Nutrition and referring to standard texts such as Davidson and Pass-
more's Human Nutrition and Dietetics or Goodhart and Shils® Modern Nutrition
in Health and Disease.

As the content of different chapters varies considerably in depth. many read-
ers will want to reserve some sections for future reference rather than read the
book from cover to cover. Chapter 1 provides an overview of nutritional epi-
demiology for those unfamiliar with the ficld: experienced epidemiologists may
want to skim this material. Chapter 2 addresses the various perspectives from
which diet can be viewed and discusses the calculation of nutrient intakes from
data on food consumption. Chapter 3 provides a conceptual background regard-
ing sources of variation in diet for the novice to this field and also assembles
data on dictary variation that can be of use to the serious investigator. Chapter
4. written by my experienced colleague, Jelia Witschi, reviews the strengths, lim-
itations, and appropriate applications of short-term recalls and dietary records
as methods for measuring intake. Because of the central role of food frequency
questionnaires in nutritional epidemiology, the design and evaluation of these
questionnaires are examined in detail in Chapters 5 and 6. Recall of diet from
the remote past is of potential importance for diseases with a long latency: the
small but growing literature on this topic is reviewed in Chapter 7. The use of
spouse surrogates for reporting of diet is common in case-control studies: this
topic is covered in Chapter 8 by Jon Samet, who has contributed importantly to
this issue.

Chapter 9, written by my former graduate student and present colleague.
David Hunter. is divided into two parts. The first deals with conceptual and
general issues in the use of biochemical indicators for assessing intake of specific
dietary factors. The second part provides detailed information regarding the bio-
chemical measurement of specific nutrients; many readers will probably want to
use this material for reference. This chapter provides an epidemiologic perspec-
tive of the role of biochemical indicators in epidemiologic studies. Dr. Hunter
points out that close collaboration between laboratory scientists and epidemi-
ologists is essential when embarking on studies that involve biochemical mea-
surement. Chapter 10 addresses the use of measures of body size and composi-
tion. also with a special emphasis on epidemiologic applications.

Chapters 11 and 12, in contrast with others, probe issues in the analysis and
interpretation of epidemiologic data. Ironically, if the long-term eftfect of energy
intake is being researched. measurement of total energy intake is usually irrele-
vant in an epidemiologic study—yvet such a measurement is critical if nutrient
composition rather than total energy intake is of interest. These issues are con-
sidered in detail in Chapter 11. The effect of measurement error in epidemio-
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Overview of Nutritional Epidemiology

The field of nutritional epidemiology has developed from interest in the concept
that aspects of diet may influence the occurrence of human discase. Although 1t
is relatively new as a formal area of research. investigators have used basic epi-
demiologic methods for more than 200 years to identify numerous essential
nutrients. In the mid-eighteenth century. observations that fresh fruits and veg-
etables could cure scurvy led Lind (1753) to conduct one of the carliest con-
trolled clinical trials: lemons and oranges had the “most sudden and good
effects” on the course of this disease. which was ultimately found to be the result
of vitamin C deficiency. In an example from the late nineteenth century, the
unusual occurrence of beri-beri among sailors subsisting largely on polished rice
led Takaki to hypothesize that some factor was lacking in their diet: the addition
of milk and vegetables to their rations effectively eliminated this discase. Dec-
ades later a deficiency of thiamine was found to be primarily responsible for this
syndrome (Davidson and Passmore, 1971). Similarty, Goldberger used epide-
miologic methods to determine that pellagra was a disease of nutritional defi-
ciency. primarily associated with a corn meal subsistence diet in the southern
United States (Terris. 1963). More recently, Chinese investigators determined
by epidemiologic means that sclenium deficiency is responsible for the high inci-
dence of Keshan disease in central China (Guang-Qi, 1987).

Typically. deficiency syndromes occur with high frequency among thosc with
very low intake and rarely or never occur among those not so exposed. In addi-
tion. these deficiency diseases often have short latent periods; symptoms are
usually manifested within months of starting a deficient diet and can typically
be reversed within days or weeks. Hence, research has moved rapidly from
observations to experiments in both animals and humans.

Deficiency states for essential nutrients, such as scurvy and rickets. difter
from most issues confronting nutritional epidemiologists today. The primary
focus of contemporary nutritional epidemiology has been the major discases of
Western civilization, particularly heart disease and cancer. More recently, osteo-
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porosis, cataracts, stroke, diabetes, and congenital malformations also have been
the object of such research. Unlike nutrinional deficiencies. these diseases almost
certainly have multiple causes. potentially including not only diet but also
genetic, occupational, psychosocial. and infectious factors; level of physical
activity: behavioral characteristics such as cigaretie use; and other influences.
These multiple potential determinants may act alone or in combination. Also.
many of these discases have long latent periods; they may sometimes result from
cumulative exposure over many years and in other instances from a relatively
short exposure occurring many years before diagnosis. For most of these dis-
cases, the relevant period of exposure is unknown. It is possible that exposures
with short latent periods are also important for some of these discases. For
example, 1t 1s conceivable that smoking a cigaretie or consuming large amounts
of a certain food could, within hours, precipitate an acute myocardial infarction
or thrombotic stroke by altering blood coagulability even though the underlying
atherosclerosis has accumulated over decades. A third characteristic of these dis-
cases 1s that they occur with relatively low frequency despite a substantial cumu-
lative lifetime risk. In addition, these conditions are not readily reversible, and
may result from excessive, as well as insufhcient, intake of dietary factors. All
these features have important implications for the design of studies 1o elucidate
their etiologies.

The relationships between diet and the occurrence of the major diseases of
our civilization are of both scientific and practical importance to public health
nutritionists. The classic methods of nutritionists, such as basic biochemistry,
animal experimentation, and metabolic studies in humans, contribute substan-
tally but do not directly address these relationships. These issues should fall
naturally within the realm of epidemiology. a discipline whose focus is the
occurrence of human disease. Although epidemiologic efforts originally concen-
trated primarily on infectious diseases, during the last 30 years attention has
largely shifted to the etiology of chronic diseases. Thus contemporary epidemi-
ologists are accustomed to the study of diseases with low frequencies, long
latency periods, and multiple causes. For example, hypertension. hypercholes-
terolemia, and cigarette smoking have been identified as major determinants of
coronary heart disease: this knowledge has contributed to a major decline in this
cause of death during recent years.

Although epidemiology is logically equipped to address the dietary causes of
disease, the complex nature of diet poses an unusually difficult challenge to this
discipline (Willett, 1987). Cigaretie smoking is more typical of exposures studied
by epidemiologists: subjects or their spouses can report whether or not they
smoke cigarettes with a high degree of accuracy. Furthermore, individuals can
readily provide quantitative information on the number of cigarettes they
smoke per day. their usual brand of cigarettes, the age at which they started
smoking, and changes in their pattern of use. The case with which relatively
accurate information on cigarette smoking can be obtained has contributed 1o
the rapid accumulation of an enormous and remarkably consistent literature on
the health eftects of this habit. Diet, in contrast, represents an unusually complex
set of exposures that are strongly intercorrelated. With few exceptions, all indi-



OVERVIEW OF NUTRITIONAL EPIDEMIOLOGY 5

viduals are exposed to hypothesized causal factors; everyone eats fat, fiber, and
vitamin A, for instance. Thus, exposures cannot be characterized as present or
absent; rather they are continuous variables, often with a rather limited range of
variation. Furthermore, individuals rarely make clear changes in their diet at
identifiable points in time; more typically, eating patterns evolve over periods
of years. Finally. individuals are generally not aware of the content of the foods
that they cat; therefore, the consumption of nutrients is usually determined indi-
rectly based on the reported use of foods or on the level of biochemical
measurements.

Thus, the most serious limitation to rescarch in nutritional epidemiology has
been the lack of practical methods to measure diet. Because such epidemiologic
studies usually involve at least several hundred and somectimes tens of thou-
sands of subjects, dietary assessment methods must be not only reasonably accu-
rate. but also relatively inexpensive.

The difficulties in assessing diet have led some epidemiologists to believe
that it i1s unlikely that useful measurements of the diets of individual subjects
within free-living populations can be collected at all (Wynder, 1976). In addi-
tion. some belicve that the diets of persons within one country are 100 homo-
gencous to detect relationships with disease (Hebert and Wynder, 1987). Much
of this skepticism arose from the intense interest in dictary lipids. serum cho-
lesterol, and coronary heart disease beginning in the 1950s. Although 1t has been
demonstrated in controlled metabolic studies that increases in saturated fat and
cholesterol or decreases in polyunsaturated fat raise serum cholesterol. no cor-
relation between intake of these lipids and serum cholesterol was found in many
cross-sectional studies within the United States (Jacobs et al., 1979). Many con-
cluded that as an association clearly did exist, the measurement of diet was so
inaccurate that the relationship was obscured. In retrospect, it is apparent that
any expectation of a strong correlation is unrealistic, and that a lack of correla-
tion has several explanations. Most importantly, serum cholesterol is relatively
insensitive to dietary lipid intake; metabolic studies clearly show that substantial
changes in dietary intake produce rather modest changes 1n serum cholesterol
(sce Chapter 12). The expected correlation between cholesterol intake and serum
cholesterol in the populations studied would be only on the order of 0.10, even
with a perfect measure of dietary intake, because many factors, including genetic
determinants, influence serum cholesterol.

Example: In the data of Shekelle et al. (1981), the standard deviation (SD), for
dietary cholesterol is 68 mg/1000 kcal and the standard deviation for serum cho-
lesterol is 54 mg/dl. From metabolic ward studies of Mattson et al. (1972), a 10-
mg/1000-kcal change in dietary cholesterol causes 1.2 mg/dl change in serum
cholesterol; thus the expected SD in serum cholesterol due to dictary cholesterol
variation is 8.2 mg/dl. The theoretically expected correlation between choles-
terol intake and serum cholesterol 1s

L Expected SD due to diet 82 0.15
" Total SD for serum cholesterol 54
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The standard deviation in this example for dietary cholesterol is, in reality,
overstated as it included measurement error as well as true variation. Indeed,
Shekelle et al. (1981), found that the relationship (using regression analysis)
between dietary lipid intake based on carefully conducted interviews and serum
cholesterol was not markedly different than that obtained from metabolic stud-
ies. Because of other determinants of serum cholesterol, however, the correlation
between dietary lipid intake and serum cholesterol was only 0.08: as the study
population was large, this small correlation was highly statistically significant.
Furthermore, some factors are associated with both reduced cholesterol intake
and higher serum cholesterol, such as low levels of physical activity and knowl-
edge of hypercholesterolemia. These tend to distort the true relationship
between diet and serum levels toward an inverse association in cross-sectional
studies (Shekelle et al., 1982). In studies that examined the relationships
between change in diet and change in serum cholesterol using simple question-
naires, 1t has been possible to demonstrate rather strong correlations (see Chap-
ter 6). The methods of dietary intake measurement in many of the early studies
were very inadequate; most commonly these investigations used 24-hour recall
methods, which provide a poor assessment of usual intake (see Chapter 3). Nev-
ertheless, 1t is clear that the use of serum cholesterol as a criterion for the validity
of a dietary measurement method is inappropriate. From the standpoint of the
development of the field of nutritional epidemiology. the early focus on serum
cholesterol was unfortunate. If beta-carotene had been of major interest at that
time, the attitude toward the possibility of measuring diet in epidemiologic stud-
1ies might have been different, as it is easy to demonstrate an association between
intake measured by simple questionnaires and blood levels (see Chapter 6).

The resurgent interest in dietary ctiologies of disease. particularly cancer, has
stimulated the development and evaluation of methods for dietary assessment
in epidemiologic applications. Many, although not all. aspects of diet can now
be measured readily and inexpensively with sufficient accuracy to provide useful
information. These methods, consisting of food intake, biochemical and anthro-
pometric measurements, arc discussed in detail in later chapters. Equally impor-
tant, biologically meaningful between-person variation has been documented to
exist within populations for most nutrients that have been studied: without such
variation, observational studies of individuals would not be feasible.

EPIDEMIOLOGIC APPROACHES TO DIET AND DISEASE

The concepts, hypotheses, and techniques of nutritional epidemiology are
derived from many sources. Biochemistry, for example. has provided findings
that certain nutrients function as antioxidants that may protect critical cell com-
ponents from damage, potentially reducing the incidence of cancer (Ames.
1983). Cell culture methods have been used to identify compounds, such as pre-
formed vitamin A, that regulate growth and differentiation of cells. and that
may, therefore, influence the risk of cancer in humans. Experiments in labora-
tory animals have provided much information regarding the effects of diet on
the occurrence of disease and mechanisms of action. Metabolic and biochemical
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studies among human subjects have yielded essential information on the phys-
iologic effects of dietary factors. Findings from in vitro studies and animal exper-
iments, however, cannot be extrapolated directly to humans (Ames et al., 1987),
and physiologic and metabolic changes are several steps removed from the
actual occurrence of disease in humans; thus, epidemiologic approaches are
nceded to address diet and disease relationships directly. Nevertheless. these
basic science areas provide critical direction for epidemiologists and important
information for the interpretation of their findings.

Correlation Studies

Until recently, epidemiologic investigations of diet and disease consisted largely
of ecological or correlational studies, that is, comparisons of discase rates in
populations with the population per capita consumption of specific dictary fac-
tors. Usually the dictary information in such studies is based on disappearance
data, meaning the national figures for food produced and imported minus the
food that is exported, fed to animals, or otherwise not available for humans.
Many of the correlations based on such information are remarkably strong: for
example, the correlation between meat intake and incidence of colon cancer 1s
0.85 for men and 0.89 for women (Armstrong and Doll, 1975; Fig. 1-1).

The use of international correlational studies to evaluate the relationships
between diet and discase has several strengths. Most importantly, the contrasts
in dictary intake are typically very large. For example, within the United States,
most individuals consume between 30 and 45 percent of their calories from fat,
whereas the mean fat intake for populations in different countries varies from
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cancer in women in 23 countries. (From Armstrong and Doll, 1975, reproduced with
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I'l to 42 percent of calories (Hebert and Wynder, 1987). Second. the average of
diets for persons residing in a country are likely to be more stable over time than
are the diets of individual persons within the country: for most countries the
changes in per capita dietary intakes over a decade or two are relatively small.
Finally, the cancer rates on which international studies are based are usually
derived from relatively large populations and are, therefore, subject to only
small random errors.

The primary problem of such correlational studies is that many potential
determinants of discase other than the dietary factor under consideration may
vary between areas with a high and low incidence of disease. Such confounding
factors can include genetic predisposition; other dietary factors, including the
availability of total energy intake; and other environmental or life-style prac-
tices. For example, with few exceptions, such as Japan, countries with a low
incidence of colon cancer tend to be economically underdeveloped. Therefore,
any variable related to industrialization will be similarly correlated with the inci-
dence of colon cancer. Indeed, the correlation between gross national product
and colon cancer mortality rate is 0.77 for men and 0.69 for women (Armstrong
and Doll, 1975). More complex analyses can be conducted of such ecologic data
that control for some of the potentially confounding factors. For example,
McKeown-Eyssen and Bright-See (1985) have found that an inverse association
of per capita dietary fiber intake and national colon cancer mortality rates per-
sists after adjustment for fat intake.

Most correlational studies are also limited by the use of disappearance data
that are only indirectly related to intake and are likely to be of variable quality.
For example, the higher ““disappearance™ of calories per capita for the United
States compared with most countries is probably related in part to wasted food
in addition to higher actual intake. In addition, aggregate data for a geographic
unit as a whole may be only weakly related to the diets of those individuals at
risk of disease. As an extreme example, the interpretation of correlational data
regarding alcohol intake and breast cancer is complicated as. in some cultures.
most of the alcohol is consumed by men, but it is the women who develop breast
cancer. These 1ssues of data quality can potentially be addressed by collecting
information on actual dietary intake in a uniform manner from the population
subgroups of interest. This is currently being done in a study conducted in 65
geographic areas within China that are characterized by an unusually large vari-
ation in rates of many cancers (Chen et al., 1987).

Another serious limitation of the international correlational studies is that
they cannot be independently reproduced, which is an important part of the sci-
entific process. Although the dietary information can be improved and the anal-
yses can be refined, the resulting data will really not be independent; the popu-
lations, their diets, and the confounding variables are the same. Thus. it is not
likely that many new insights will be obtained from further ecologic studies
among countries. For this reason, the methodologic aspects of correlational
studies are not discussed further in this book.

The role of correlational studies in nutritional epidemiology is controversial.
Clearly these analyses have stimulated much of the current research on diet and
cancer and in particular they have emphasized the major differences in cancer
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rates among countries. Traditionally, such studies have been considered the
weakest form of evidence, primarily due to the potential for confounding by
factors that are difhicult to measure and control (Kinlen, 1983). More recently,
some have felt that such studies provide the strongest form of evidence for eval-
uating hypotheses relating diet to cancer (Hebert and Wynder, 1987; Prentice et
al., 1988). On balance, ecologic studies have unquestionably been useful, but are
not sufficient to provide conclusions regarding the relationships between dietary
factors and discase and may sometimes be completely misleading.

Special Exposure Groups

Groups within a population that consume unusual diets provide an additional
opportunity to learn about the relation of dietary factors and disease. These
groups arc often defined by religious or ethnic characteristics and provide many
of the same strengths as ccologic studies. In addition, the special populations
often hve in the same general environment as the comparison group, which may
somewhat reduce the number of alternative explanations for any difterences that
might be observed. For example, the observation that colon cancer mortality in
the largely vegetarian Seventh Day Adventists 1s only about half that expected
(Phillips et al., 1980) has been used to support the hypothesis that meat con-
sumption 1s a cause of colon cancer.

Findings based on special exposure groups are subject to many of the same
hmitations as ccologic studies. Many factors, both dictary and nondietary, arc
hkely to distinguish these special groups from the comparison population. Thus.
another possible explanation for the lower colon cancer incidence and mortality
among the Seventh Day Adventist population is that differences in rates arc
attributable to a lower intake of alcohol or higher vegetable consumption. Given
the many possible alternative explanations, such studies may be particularly
useful when a hypothesis i1s not supported. For example, the finding that the
breast cancer mortality rate among the Seventh Day Adventists 1s not apprecia-
bly different than the rate among the general United States population provides
fairly strong evidence that meat eating does not cause a major increasc in the
risk of breast cancer (see Chapter 14).

Migrant Studies and Secular Trends

Migrant studies have been particularly useful in addressing the possibility that
the correlations observed in the ecologic studies arce due to genctic factors. For
most cancers, populations migrating from an area with its own pattern of cancer
incidence rates acquire rates characteristic of their new location (Staszewski and
Hacnszel, 1965; Adelstein et al., 1979; McMichael and Giles, 1988), although,
for a few tumor sites, this change occurs only 1n later generations (Haenszel ct
al., 1972; Buell, 1973). Therefore, genetic factors cannot be primarily responsible
for the large differences in cancer rates among these countrics. Migrant studies
arc also useful to examine the latency or relevant time of exposure (seec Chapter
14).

Major changes in the rates of a disease within a population over time provide
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evidence that nongenetic factors play an important role in the etiology of that
disease. In the United States, for example, rates of coronary heart disease rose
dramatically over the first half of this century, and then subsequently declined
(Working Group on Arteriosclerosis, 1981). These secular changes clearly dem-
onstrate that environmental factors, possibly including diet, are primary causcs
of this disease, even though genetic factors may still influence who becomes
affected given an adverse environment.

Case-Control and Cohort Studies

Many of the weaknesses of correlational studies are potentially avoidable in
case-control studies (1in which information about previous diet 1s obtained from
diseased patients and compared with that from subjects without the disease) or
cohort investigations (in which information on diet 1s obtained from disease-
free subjects who are then followed to determine disease rates according to levels
of dietary factors). In such studies, the confounding effects of other factors can
be controlled either 1n the design (by matching subjects to be compared on the
basis ot known risk factors or by restriction), or in the analysis (by any of a
variety of multivariate methods) if information has been collected on the con-
founding variables. Furthermore, dietary information can be obtained for the
individuals actually affected by disease, rather than using the average intake of
the population as a whole.

Case-control studies generally provide information more efhiciently and rap-
1idly than cohort studies as the number of subjects is typically tar smaller and no
follow-up 1s necessary. It remains unclear, however, whether consistently vahd
results can be obtained from case-control studies of dietary factors and disease
because of the inherent potential for methodologic bias. This potential for bias
1s not unique for diet but is likely to be unusually serious for several reasons.
Due to the limited range of vanation in diet within most populations and some
inevitable error in measuring intake, realistic relative risks in most studies of
diet and disease are likely to be modest, say on the order of 0.5 to 2.0. These
relative risks may seem small, but would be quite important because the prev-
alence of exposure 1s high. Given typical distributions of dietary intake, these
relative risks are usually based on differences in means for cases and controls
(or those who become cases and those who remain noncases 1n prospective stud-
1es) of only about 5 percent (see Chapters 3 and 12). It 1s thus obvious that a
systematic error of even 3 or 4 percent can scriously distort such a relationship.
In case-control studies it 1s easy to imagine that biases (due to selection or recall)
of this magnitude could often occur, and it is extremely difficult to exclude the
possibility that this degree of bias has not occurred in any specific study. Hence,
it would not be surprising if case-control studies of dietary factors lead to incon-
sistent findings.

The sclection of an appropriate control group for a study of diet and discase
1s also usually problematic. One common practice is to use patients with another
disease as a control group, with the assumption that the exposure under study
1s unrelated to the condition of this control group. Because diet may well affect
many discases, it 1s often difhicult to identify disease groups that are definitely
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unrelated to the aspect of diet under investigation. A common alternative is to
use a sample of persons from the general population as the control group. In
many arcas, particularly large cities. participation rates are low: it 1S now com-
mon for only 60 or 70 percent of ecligible population controls to complete an
interview (Hartge ct al., 1984). Because diet 1s particularly associated with the
level of general health consciousness, the diets of those who participate may dif-
fer substantially from those who do not; unfortunately little information 1s avail-
able that directly bears on this 1ssue.

The many potential opportunities for methodologic bias in case-control stud-
ics of diet raise a concern that incorrect associations may frequently occur. Even
if many studies arrive at correct conclusions, distortion of true associations in a
substantial percentage produces an inconsistent body of published data, making
a coherent synthesis difhcult or impossible for a specific diet and disease rela-
tionship. Methodologic sources of inconsistency may be particularty trouble-
some in nutritional epidemiology due to the inherent biologic complexity of
nutrient-nutrient interactions. As the effect of one nutrient may depend on the
level of another (which can differ between studies and may not have even been
measured), such interactions may result in apparently inconsistent findings in
the context of epidemiologic studies. Thus. compounding biologic complexity
with methodologic inconsistency may result in an uninterpretable literature.
Existing data do not provide a clear answer as to whether consistent findings can
be expected to accrue from case-control studies of diet. In studies of green and
yellow vegetable intake in relation to lung cancer in men, remarkably consistent
inverse associations have been found (see Chapter 13). On the other hand. find-
ings from studies of fiber and fat intake in relation to large bowel cancer have
been inconsistent (Willett and MacMahon, 1984).

Prospective cohort studies avoid most of the potential sources of methodol-
ogic bias associated with case-control investigations. Because the dietary infor-
mation is collected before the diagnosis of discase. illness cannot aftect the recall
of diet. Distributions of dietary factors in the study population may be aftected
by selective participation in the cohort; however, low participation rates at
enrollment will not distort the relationships between dietary factors and disease.
Although losses to follow-up that vary by level of dietary factors can result in
distorted associations in a cohort study. follow-up rates tend to be rather high
as participants have already provided evidence of willingness to participate and
they may also be followed passively by means of diseasc registries and vital rec-
ord listings (Stampfer et al., 1984). In addition to being less susceptible to bias.
prospective cohort studies provide the opportunity to obtain repcated assess-
ments of diet over time and to examine the effects of dict on a wide variety of
diseases, including total mortality, simultancously.

The primary constraints on prospective studies of dict are practical. Even for
common diseases, such as myocardial infarction or cancers of the lung. breast,
or colon, it is necessary to enroll tens of thousands of subjects. The use of struc-
tured, self-administered questionnaires has made studies of this size possible,
although still expensive. For discases of somewhat lower frequency, however,
cven very large cohorts will not accumulate a sufficient number of cases within
a reasonable amount of time. Case-control studies, therefore, continue to play
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an important role in nutritional epidemiology. Given current uncertainty about
measuring diets early in life, it 1s possible that neither study design will be able
to address the influence of childhood diet on disease occurring decades later.

Controlled Trials

The most rigorous evaluation of a dietary hypothesis 1s the randomized tral,
optimally conducted as a double-blind experiment. The principal strength of a
randomized trial 1s that potentially distorting variables should be distributed at
random between the treatment and control groups, thus minimizing the possi-
bility of confounding by these extraneous factors. In addition, it 1s sometimes
possible to create a larger contrast between the groups being compared by use of
an active intervention. Such experiments among humans, however, are best jus-
tified after considerable nonexperimental data have been collected to ensure that
benehit 1s reasonably probable and that an adverse outcome 1s unlikely. Experi-
mental studies are particularly practical for evaluating hypotheses that minor
components of the diet, such as trace elements or vitamins, can prevent discase
as these nutrients can be formulated into pills or capsules (Stampfer et al., 1985).

Even if feasible, randomized tnals of dietary factors and disease are likely to
encounter several limitations. The time between change 1n the level of a dietary
factor and any expected change in the incidence of disease is typically uncertain.
Therefore, trials must be of long duration, and usually one cannot eliminate the
possibility that any lack of difference between treatment groups may be due to
insufficient duration. Comphance with the treatment diet 1s hikely to decrease
during an extended tnal, particularly if treatment involves a real change in food
intake, and the control group may well adopt the dietary behavior of the treat-
ment group if the treatment diet 1s thought to be beneficial. Such trends, which
were found 1n the Multiple Risk Factor Intervention Trial of coronary disease
prevention (Multiple Risk Factor Intervention Trnial Research Group, 1982).
may obscure a real benefit of the treatment.

A related potential limitation of trials 1s that participants who enroll in such
studies tend to be highly sclected on the basis of health consciousness and moti-
vation. It 1s possible, therefore, that the subjects at highest potential risk on the
basis of their dietary intake, and thus susceptible to intervention, are seriously
underrepresented. For example, 1if low beta-carotene intake is thought to be a
risk factor for lung cancer and a trial of beta-carotene supplementation is con-
ducted among a health conscious population that includes few individuals with
low beta-carotene intake, one might see no eftfect simply because the study pop-
ulation was already receiving the maximal benefit of this nutrient through its
usual diet. In such an instance, 1t would be useful to measure dietary intake of
beta-carotene before starting the trnal. Because the effect of supplementation is
likely to be greatest among those with low dietary intakes. it would be possible
cither to exclude those with high intakes (the potentially nonsusceptibles) either
before randomization or in subanalyses at the conclusion of the study. This
requires, of course, a reasonable measurement of dietary intake.

It 1s sometimes said that trials provide a better quantitative measurement of
the effect of an exposure or treatment because the difference in exposure between
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groups 1s better measured than in an observational study. Although this contrast
may at times be better defined in a trial (it 1s usually clouded by some degree of
noncomphiance), trials stitl usually produce an imprecise measure of the eftect
of exposure due to marginally adequate sample sizes and ethical considerations
that require stopping soon after a statisticatly significant effect is secen. For exam-
ple, with a p value close to 0.05, as was found in the Lipid Research Clinics
Coronary Primary Prevention Trial (Lipid Research Clinics Program, 1984), the
95 percent confidence interval extends from no effect to a strong effect that 1s
usually implausible. In an observational study an ethical imperative to stop does
not exist when statistical significance occurs: continued accumulation of data
can provide increasing precision regarding the relation between exposure and
discase. A trial can provide unique information on the latent period between
change in an exposure and change in diseasc; because spontancous changes 1n
diet are typically not clearly demarcated in time, the estimation of latent periods
for dictary effects 1s usually difficult in observational studies.

Although all hypotheses would ideally be evatuated in randomized trials, this
is sometimes 1mpossible for practical or cthical reasons. For example, our
knowledge of the effects of cigarette smoking on risk of lung cancer is based on
observational studies, and it is simitarly unhikely that randomized trials could
be conducted to examine the effect of alcohol use on human breast cancer risk.
It remains unclear whether trials of sufficient size, duration, and degree of com-
pliance can be conducted to evaluate many hypotheses that involve major
changes in eating patterns, such as a reduction in fat intake.

INTERPRETATION OF EPIDEMIOLOGIC DATA

The interpretation of positive (or inverse) associations in epidemiologic studies
has received considerable attention; however, the evaluation of null or statisti-
cally nonsignificant findings has received less. Because either finding is poten-
tiallty important, both are considered here.

If an association 1s observed in a epidemiologic study, we are usually con-
cerned whether it represents a true causc-and-effect relationship, that is, if we
actively changed the exposure, would that influence the frequency of disecasc?
Hill (1965) has discussed factors that have frequently been considered as criteria
for causality. These have inctuded the strength of association, the consistency of
a finding in various studies and populations, the presence of a dose-response
gradient, the appropriate temporal refationship, the biologic plausibility, and the
coherence with existing data. As has been pointed out by Rothman (1986). these
cannot be considered as criteria as exceptions are likely to be frequent; this is
particularly true in nutritional epidemiology. In this field, true associations are
not likely to be strong although relative risks of 0.7 or 1.5 could potentially be
important because the dietary exposures are common. The consistent finding of
an association that cannot be explained by other factors in various populations
markedly reduces the possibitity that chance explains the findings and increases
the likelihood of causality. Although the reproducibility of findings is extremely
important, null findings should sometimes be expected in nutritional epidemi-
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Figure 1-2. Hypothetical relationship between intake of an essential dietary factor
and health (from Mertz, 1981, reproduced with permission). If two points on the
ascending part of the curve are compared, it might be concluded that the nutrient
was beneficial; if points on the horizontal portion were compared, it might be con-
cluded that the nutrient had no effect; if points on the descending segment were
contrasted, it might be reported that the nutrient was deleterious. The health effects
of the nutrient can only be fully appreciated by an examination of the dose-response
relationship over the full range of exposures, which may not be possible within any
single study.

ology even when a causal relationship may exist; thus, absolute consistency 1s
not a realistic expectation. Dose-response relationships are likely to be nonlinear
and may be of almost any shape depending on our starting point on a hypo-
thetical spectrum of exposure (Fig. 1-2). Moreover, apparently clear dose-
response relationships can easily be the result of bias or confounding. Although
compatibility of a finding with an established mechanism of disease causation
supports causality, post hoc biologic explanations should be viewed cautiously
as they can usually be developed for most observations, including those that are
later refuted. Morcover, the pathophysiology of most cancers and many other
chronic diseases 1s poorly understood. so that lack of a well-defined mechanism
should not be construed as evidence against causality.

Knowledge that an association exists, even if deemed causal, is not sufficient
to make public or personal decisions. Such actions require some knowledge of
the shape and quantitative aspects of the dose-response relationship. For
istance, knowledge that total fat intake is associated with risk of colon cancer
would not provide a suthicient basis to recommend a universal reduction in fat
itake. It would be much more useful to know, for example, the change in risk
associated with a decrease in fat intake from 40 to 30 percent of total energy
intake, which has been considered realistic for the U.S. population (Committee
on Diet, Nutrition and Cancer, 1982), as well as the effect of a change from 30
to 20 percent of calories, which probably represents a limit of feasibility for the
United States. It 1s entirely possible that a strong relation between fat intake and
colon cancer nisk exists below 20 percent of calories, but that above that level
the relationship is nonhinear, flat, or too weak to be of importance (McMichael
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and Potter, 1985). In addition to this information. knowledge of the approxi-
mate latent period between alteration in diet and change in disease incidence
would be important. If this were several decades, older individuals might ration-
ally ignore the association in making decisions regarding their diet.

Interpretation of Null Associations

In a study of diet and disease, failure to observe a statistically significant asso-
ciation when such an association truly exists can occur in several circumstances
alluded to earlier. One possibility is that the variation in diet 1s insufhcient; in
the extreme. no associations can occur if everyone in the study population cats
the samc diet. Second, variation may exist for the study population. but only
within a ““flat” portion of the total dose-response relationship. A third possibility
is that the method of measuring dietary intake is not sufhiciently precise to mea-
sure differences that truly exist. Fourth, an association may be missed because
of low statistical power due to an inadequate number of disecased and nondi-
scased subjects. Fifth, a relationship could be undetected because the temporal
relationship between the measured exposure and the occurrence of discase did
not encompass the true latent period: this could ecasily happen if the critical
dietary exposure occurred during childhood and the discase was diagnosed dur-
ing adulthood. Sixth, an association could be undetected because some unmea-
sured third variable was related to exposure and disease in opposite directions,
in other words, negative confounding existed. In addition to these six largely
biologic reasons for failure to observe an association, methodologic sources of
bias could obscure a relationship.

It is obviously not informative to describe a study as null or nonsignificant
unless the possible explanations noted previously have been addressed. Clearly,
no single study can fully encompass the total possible range of human diets,
measure all aspects of diet with absolute precision, assess all potential latent per-
iods. and control for all potentially confounding variables. What must be done,
then. is to describe the conditions and limitations of the null findings. First, 1t
is critical to demonstrate that true variation in diet exists within the study pop-
ulation and that the method of measuring diet provides useful discrimination
among subjects (see Chapter 6). It is not adequate to demonstrate that dietary
variation exists on the basis of measurements using the study instrument alone
as this variation could merely represent error. On the other hand, demonstration
that measurements made using the study instrument correlate with measure-
ments made using another method with independent sources of crror provides
evidence both that diet does vary within the population and that the study
instrument is capable of detecting this variation.

Although confidence intervals are important for reporting positive associa-
tions. they are cven more critical for results that are near the null (c.g.. relative
risk = 1.0) or not statistically significant as they provide a sense of the range of
values that are still consistent with the data. Although it has seldom been done
in practice, confidence limits should ideally be adjusted for measurement error:
measurement error tends to make the true confidence intervals wider than those
usually calculated, assuming no such error (Rosner et al., 1988). It has become
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fashionable, and even required by some editors, to include a priori power cal-
culations in reports of study results. Because confidence intervals are deter-
mined by the observed data as well as the influence of chance. a priori power
estimates add little once the study is completed. (The use of power estimates to
interpret nonsignificant findings can easily be misleading; it is quite possible for
a study to have low a priori power to detect a positive association but have con-
fidence limits that widely exclude that positive association if the association is
in the opposite direction.) The range of latent periods encompassed by the study
should also be described; in dietary studies usually this is possible only crudely.
[f the study 1s a prospective cohort, or data are available in retrospect for several
points in time, analyses can be conducted to evaluate associations separately for
different latent periods (Rothman, 1986). Finally, it will be important to
describe the dietary and nondietary correlates of the primary exposure that have
been evaluated as potential confounding variables.

Because 1t 1s rare that all aspects of a hypothesis can be addressed in one
study, 1t 1s important to describe which aspects have or have not been evaluated.
For example, it 1s of hmited use to conclude simply that a given study of dietary
vitamin C intake and colon cancer was negative. It would be much more inform-
ative to say. for example, “Vitamin C intake determined by a detailed quanti-
tative method was 40 mg per day for the tenth percentile and 200 mg per day
for the 90th percentile. During a S-year follow-up period the observed relative
risk was 1.0 with a 95 percent confidence interval of 0.8 to 1.3 after adjusting
for exposure measurement error for a difference of 50 mg per day of vitamin C
intake, which corresponds to a 50 percent increase for the average subject.
Finally. adjustment for parental history of colon cancer and intakes of dietary
fiber and calcium did not alter the findings.™ It is thus clear from this description
that the eftects of very low and very high vitamin C intakes are not being eval-
uated nor is the influence of childhood diet, and that a 10 percent, but not a 30
percent, reduction in risk by a 50 percent increase in intake later in life is still
quite possible.

Multivariate Relationships of Diet and Disease

Relationships between dietary factors and disease are likely to be extremely
complex for both biologic and behavioral reasons. Types and amounts of food
caten may be related to important nondietary determinants of disease, such as
age, smoking, exercise, and occupation, which may both distort or confound and
modify relationships with diet. As discussed in the next chapter. intakes of spe-
cific nutrients tend to be intercorrelated so that associations with one nutrient
may be confounded by other aspects of the diet. Furthermore, the intake of one
nutrient may modify the absorption. metabolism. or requirement for another
nutrient, thus creating a biologic interaction. Due to these complexities, it is
generally unsatisfactory to examine the relationship between a single dietary fac-
tor and disease in isolation. In practice, it is almost always necessary to employ
multivariate techniques. including both stratified analyses and statistical mod-
els. to adjust for potentially confounding variables and examine interactions.
Nevertheless, this book focuses primarily on defining the association of one or
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two dietary factors at a ime, as more complex analyses must proceed from the
capacity to measure clearly and interpret bivariate relationships. Moreover. the
mechanical aspects of multivariate analysis are covered n other advanced epi-
demiology texts and are not unique to nutritional epidemiology.

The use of multivarnate methods in any particular analysis requires a careful
consideration of the precise question that i1s being posed and whether potential
co-variates are true confounders as opposed to effects of the primary exposure.
Confusion resulting from the inappropriate application of multivariate methods
is illustrated by the controversy surrounding the relation of relative weight and
risk of coronary heart disease (Manson et al.. 1987). In a number of reports,
blood pressure. glucose tolerance, and serum lipid levels were included in mul-
tivariate models along with a mcasure of relative weight. Because these other
risk factors are strongly influenced by obesity and are thus in the causal pathway
relating relative weight with coronary heart disease, their inclusion substantially
diminishes the apparent eftect of relative weight. Conclusions based on such
analyses that obesity has little relationship with coronary heart disease are mis-
leading as obesity cannot be stripped of its metabolic consequences by sophis-
ticated statistical methods. The application of multivariate methods in nutri-
tional epidemiology necessitates maximal use of existing knowledge regarding
the effects of dietary factors to avoid similar problems 1in the future.

SUMMARY

Our knowledge is still largely incomplete regarding the relationship between
dictary factors and the major illnesses of our culture. Thesc illnesses include not
only cancer and heart disease. which have received the most attention, but also
congenital malformations, degenerative conditions of the eye. fractures, and
many infectious diseases that arc hypothesized to be influenced by the nutri-
tional status of the host. Randomized trials may eventually provide definttive
answers 1o some of these questions. Our knowledge of many of these relation-
ships. however, depends largely on observational epidemiologic data for the
near future and. for some relationships, indefinitely. For this rcason, it is crucial
to refine maximally our methods of data collection, analytic procedures, and
interpretation of findings. The ensuing chapters arc intended to further our prog-
ress in this direction.
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Foods and Nutrients

The complexity of the human diet represents a daunting challenge to anyone
contemplating a study of its relation to discase. The foods we consume each day
contain literally thousands of specific chemicals, some known and well quanti-
fied, some characterized only poorly, and others completely undescribed and
presently unmeasurable. The chemicals that comprise our food can be described
by the following nonmutually exclusive categories:

20
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Essential nutrients. The essential nutrients, which include minerals. vita-
mins, lipids, and amino acids, have lttle in common except that insuffi-
cient intake results in predictable clinical signs and symptoms of defi-
ciency. Although it is likely that additional essential micronutrients
remain to be identified, most are already well characterized: this repre-
sents the remarkable achievement of twentieth-century nutritional
scientists.

Major energy sources. The substantial majority of the food we eat consists
of proteins, carbohydrates, fats, and alcohol that are oxidized to provide
cnergy. Proteins, carbohydrates, and fats are, of course, very heteroge-
ncous and it seems likely that the mix of these fuels influences the long-
term function of the human organism.

Additives. These substances are consciously added to our food for pur-
poses such as preservation (e.g.. nitrates, butylated hydroxy-toluene, and
salt), coloring, and enhancement of consistency or flavor. Although such
addiuives have elicited great public concern, they represent only a small
fraction of the substances in our food and are among the best character-
ized and most closely regutated. The health effects of these additives have
not been completely studied epidemiologically; however, evidence does
not presently exist that they contribute importantly to discase in the
United States (Doll and Peto, 1981).

Agricultural chemical contaminants. These products include pesticides,

herbicides. fungicides, and growth hormones for both plants and animals.
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5. Microbial toxin contamination. Aflatoxins produced by the mold Asper-
gillus flavus are a classic example of this class of substances. The contam-
ination of grains and other plant products by this mold 1s widespread,
particularly where storage conditions are poor. Although aflatoxins are
likely to contribute to the high rates of liver cancer in many developing
countries (Busby and Wogan, 1984), there is presently hittle direct evi-
dence that they are responsible for disease in the industrialized countries.

6. Inorganic contaminants. A wide variety of other chemicals inadvertently
enter our food supply, including metals such as cadmium and lead, and
synthetic compounds such as polychlorinated biphenyls.

7. Chemicals formed in the cooking or processing of food. Burning or char-
ring food creates many substances that are mutagenic using in vitro test-
ing systems. Recently, it has been found that even heating meat products
without burning can create a series of substances that are mutagenic
(Ames ct al., 1987; Sugimura, 1986). The relevance of these substances to
human health remains unknown.

8. Narural toxins. Many plants have. through cvolution, developed the
capacity to produce chemicals that are toxic to the mnsects or other ani-
mals that might attack them. Although many plants are recognized as poi-
sonous to humans, the foods we cat also contain natural pesticides cven
though they do not consistently produce acute symptoms.

9. Other natural compounds. In the process of eating plant and animal prod-
ucts, we consume the countless substances that are vital for maintaining
the structure and function of these living cells. For example, we consume
DNA and RNA, the specialized lipids of cell membranes, and thousands
of enzymes and enzyme inhibitors. Although some of these compounds
provide essential nutrients for humans, most are thought of as incidental
to the human diet. It is likely, however, that many of these compounds
influence the occurrence of chronic human diseases. For example, choles-
terol has an important structural role in the membranes of animal tissues:
however, the consumption of excessive cholesterol in the form of animal
products is likely to contribute to the occurrence of coronary heart dis-
ease. More recently, accumulating evidence suggests that protease inhib-
itors contained in certain plant products, particularly legumes, may
reduce the risk of some cancers (Troll et al., 1984).

The complex array of dietary chemicals outlined previously creates obvious
challenges for investigators seeking to understand the relationships of diet with
human disease. In particular, it is difficult to know where to begin the search
and how to set priorities for investigation along the way. Up to this point, most
research has focused on the first two categories: the essential nutrients and major
energy sources. This has some justification as a starting point. In gencral, living
organisms do not respond in cither a linear or an all-or-nothing manner to
increasing levels of an external exposure. This principle has been depicted graph-
ically for essential nutrients by Mertz (Mertz, 1981, sce Fig. 1-2). Given that
low intake of an essential nutrient produces clinical dysfunction in the short run,
it is reasonable to hypothesize that less extreme levels of intake might produce
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subclinical dysfunction that affects the probability of developing chronic disease
over a period of decades.

The additional focus on the major energy sources has justification in the sim-
ple fact that they are quantitatively so important in our diets. Furthermore, gross
and obvious differences exist in the mix of these energy sources among human
populations. As noted in Chapter 1, these differences are correlated with striking
variation in rates of many diseases; the temptation to invoke a causal interpre-
tation of these associations has been strong. Tradition based on the focus of
nutritionists earlier in this century, and convenience have also probably con-
tributed to the research emphasis on essential nutrients and €Nergy sources.
Many of us have become accustomed to first thinking of nutrients when the
topic of diet is raised. Moreover, decades of work have been invested in improv-
ing available data on the nutrient content of foods, so that much better infor-
mation is available for this group of dietary chemicals than for the other cate-
gories of substances in our foods.

Apart from essential nutrients and energy sources, the immense variety of
other dietary substances confronts investigators with the need to establish
research priorities. Additives and agricultural chemicals deserve attention
because they may be controlled and because accidents can lead to high local
concentrations. Ames and co-workers (1987) have provided an extensive review
of dietary chemicals with respect to their potential for causing cancer. They
pointed out that many of the naturally occurring substances are both more
potent toxins or mutagens and far more abundant in food than the manmade
chemicals that have been consciously or accidentally added to food. Although
there 1s good reason for the research emphasis to date, it is important that tra-
dition and convenience do not deter us from consideration that other aspects of
diet may be important influences on the risk of human disease.

NUTRIENTS VERSUS FOODS

Throughout nutrition in general and in the preceding discussion, diet has usually
been described in terms of its chemical composition, for example, its nutrient
content. Alternatively, diet can be described in terms of foods or food groups. It
may be useful to consider the advantages and disadvantages of representing diet
in these ways.

The primary advantage of representing diets as specific compounds or groups
of compounds is that such information can be directly related to our fundamen-
tal knowledge of biology. From a practical perspective, the exact structure of a
compound must usually be known if it is to be synthesized and used for supple-
mentation. In epidemiologic studies, calculation or measurement of total intake
of a nutrient (as opposed to using the contribution of only one food at a time)
provides the most powerful test of a hypothesis, particularly if a number of foods
cach contribute only modestly to intake of that nutrient. For example. in a par-
ticular study. it 1s quite possible that total fat intake could be clearly associated
with risk of discase, whereas none of the contributions to fat intake by individ-
ual foods would. on their own, be significantly related to discase.
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The use of foods to represent diet has several practical advantages when
examining relationships with disecase. Particularly when suspicion exists that
some aspect of diet is associated with risk but a specific hypothesis has not been
formulated. an examination of the relations of foods and food groups with risk
of discase provides a means to explore the data. Associations observed with spe-
cific foods may lead to a hypothesis relating to a defined chemical substance.
For example, observations that higher intakes of green and yellow vegetables
were associated with reduced rates of lung cancer led to the hypothesis that beta-
carotenc might protect DNA from damage due to free radicals and singlet oxy-
gen (Peto et al., 1981). The finding by Graham and co-workers (1978) that intake
of cruciferous vegetables was inversely related to risk of colon cancer supported
the suggestion that indole compounds contained in these vegetables may be pro-
tective (Wattenberg and Loub. 1978). Similarly, lower rates of coronary heart
discase among Eskimos and individuals who consume higher amounts of fish
has generated the hypothesis that omega-3 fatty acids reduce the risk of this dis-
case. perhaps by inhibiting the formation of thromboxane and thus the propen-
sity for intracoronary thrombus formation (Lands. 1986).

Even more seriously than the lack of a well-formulated hypothesis. the pre-
mature focus on a specific nutrient that turns out to have no relation with dis-
case may lead to the erroneous conclusion that diet has no effect. Mertz (1984)
has pointed out that foods are not fully represented by their nutrient COMposi-
tion. noting as an example that milk and yogurt produce different physiologic
cffects despite a similar nutrient content. Furthermore. the valid calculation of
a nutrient intake from data on food consumption requires that reasonably accu-
rate food composition information be available, which markedly constrains the
scope of dictary chemicals that may be investigated. as such information exists
for only several dozen commonly studied nutrients.

Epidemiologic analyses based on foods. as opposed to nutrients, are generally
most directly related to dietary reccommendations as individuals and institutions
ultimately manipulate nutrient intake largely by their chorce of foods. Even 1f
the intake of a specific nutrient is convincingly shown to be related to risk of
diseasc. this is not sufficient information on which to make dietary recommen-
dations. Because foods are an extremely complex mixture of chemicals that may
compete with, antagonize, or alter the bioavailability of any single nutricnt con-
tained in that food. it is not possible to predict with certainty the health effects
of any food solely on the basis of its content of one specific factor. For example.
there is concern that high intake of nitrates may be deleterious, particularly with
respect to gastrointestinal cancer. The primary sources of nitrates in our dicts,
however, are green. leafy vegetables, which. if anything, appear to be associated
with reduced risk of cancer at scveral sites. Similarly, because of the high cho-
lesterol content of eggs. their avoidance has received particular attention n dicts
aimed at reducing the risk of coronary heart disease: per capita consumption of
cggs declined by 25 percent in the United States between 1948 and 1980 (Welsh
and Marston, 1982). Eggs. however. are more than cholesterol capsules; they
provide a rich source of essential amino acids and micronutricnts, and are rel-
atively low in saturated fat. It is thus dithcult to predict the net effect of egg
consumption on risk of coronary heart discase, much less the cffect on overall
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health. At present there are few data indicating that individuals who consume
more eggs have a higher risk of coronary heart disease.

Given the strengths and weaknesses of using nutrients or foods to represent
diet, 1t appears that an optimal approach to epidemiologic analyses employs
both. In this way, a potentially important finding is least likely to be missed.
Moreover, the case for causality is strengthened when an association is observed
with overall intake of a nutrient and also with more than one food source of that
nutrient, particularly when the food sources are otherwise different. This pro-
vides, in some sense, multiple assessments of the potential for confounding by
other nutrients; if an association was observed for only one food source of the
nutrient, other factors contained in that food would tend to be similarly asso-
ciated with disease. As an example, the hypothesis that alcohol intake causes
breast cancer was strengthened by observing not only an overall association
between alcohol intake and breast cancer risk, but also by independent associ-
ations between both beer and liquor intake and risk of breast cancer. thus mak-
ing it less likely, but not impossible, that some factor other than alcohol in these
beverages was responsible for the increased risk.

One practical drawback to the use of foods to represent diet is their large
number and complex, often reciprocal, interrelationships that are largely due to
individual behavioral patterns. For example, in one unpublished analysis, we
found that potato chips was the food most strongly associated (inversely) with
blood carotene levels, presumably because potato chip consumers tend to avoid
vegetables and fruits in general. If carotene intake was truly protective for a cer-
tain disease, the resulting positive association between potato chip intake and
disease could be misleading, as the relationship would have been indirect, Many
other reciprocal relationships emerge upon perusal of typical datasets; for exam-
ple, dark bread eaters tend not to eat white bread. margarine users tend not to
eat butter, and skim milk users tend not to use whole milk. This complexity 1is,
of course, one of the reasons to compute nutrient intakes that summarize the
contributions of all foods.

An intermediate solution to the problem posed by the complex interrelation-
ships among foods is to use food groups or to compute the contribution of nutri-
ent intake from various food groups. For example, Manousos and co-workers
(1983), combined the intakes of foods from several predefined groups to study
the relation of diet with risk of colon cancer; they observed increased risk among
subjects with high meat intake and with low consumption of vegetables. The
computation of nutrient intakes from different food groups is illustrated by a
prospective study among British bank clerks conducted by Morris and co-work-
ers (1977), who observed an inverse relation between overall fiber intake and
risk of coronary heart disease. It is well recognized that fiber is an extremely
heterogeneous collection of substances and that the available food composition
data for specific types of fiber is quite incomplete. Therefore. these authors com-
puted fiber intake separately from various food groups and found that the entire
protective effect was attributable to fiber from grains; fiber from fruits or vege-
tables was not associated with risk of disease. This analysis both circumvents
the inadequacy of food composition databases. and provides information in a
form that is directly useful to individuals faced with decisions regarding choices
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of foods. Similarty, Witteman and colleagues (1987) found an inverse relation
between overall intake of calcium and incidence of hypertension, as well as inde-
pendent associations between calcium from dairy products, from grains, and
from other sources. Because these various sources of calctum differed widely
with respect to other factors, this added information provided further support
for the overall finding.

Another approach for dealing with the complex intercorrelations of many
foods is to use “pattern analysis™ as suggested by Jacobson and Stanton (1986).
This basically employs factor analysis or cluster analysis, which are both well-
developed statistical techniques, to aggregate empirically individuals with sim-
ilar diets based on their reported intake of foods, rather than according to pre-
defined scales as is done in the calculation of nutrient intakes. These methods
may be most useful when well-developed hypotheses do not exist or when asso-
ciations with specific nutrients have not been found, possibly because they do
not represent the relevant aspects of diet. A limitation of these approaches is the
need to provide a post hoc interpretation for the factors or clusters that evolve
from the data. Although their utility has not been established in nutritional
research, such approaches deserve consideration, particularly in situations
where our understanding of disease etiology 1s limited.

In summary, a single optimal representation of diet does not exist for epi-
demiologic analyses. The choices depend on the nature and refincment of the
hypotheses being addressed, the availability of food composition data, and the
form of the dietary data that are available. In general, maximal information is
obtained when analyses are conducted at the levels of nutrients, foods, and food
groups.

FOOD COMPOSITION DATA SOURCES AND COMPUTATION
SYSTEMS

To calculate the total intake of a nutrient for each subject in a study. information
is required on the content of each food that has been reported. In some
instances, existing databases and computer software can be used. particutarly for
standard summaries from diet records or 24-hour recalls (see Chapter 4). In
other situations. such as when a structured questionnairc has been created for a
specific application, it is necessary to assemble a special database for this pur-
pose. Because the size of many databases is formidable and these arc frequently
updated, it is not the objective of this section to provide primary information
on food composition. Rather, existing options and considerations in sclecting a
source of data arc discussed.

Before computing intake of a nutrient from information on the use of foods.
it is important to consider whether such a calculation is appropriate. The fun-
damental assumption underlying such a calculation is that the nutrient content
of a specific food is approximately constant; for example, that cach carrot caten
by every subject has the same beta-carotene content. We know that this assump-
tion is never completely correct; the beta-carotene content of a carrot will vary
with the size of the carrot and degree of maturity. Moreover, plant geneticists
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have selectively increased the carotene content of this vegetable in the United
States because marketing experts have found that Americans prefer dark orange
carrots. In other parts of the world, however. pale yellow carrots are especially
valued and plants are selected for this attribute; thus substantial genetic vari-
ability contributes to differences in the carotenoid content of carrots. Further
variation in the nutrient content of a food may arise from differences in the
growing and harvesting conditions, processing, storage, and cooking. Although
all these sources of variation contribute to error in the estimation of calculated
nutrient intake, the real question is whether these sources of variation are quan-
titatively large enough to distort calculations seriously. In the instance of beta-
carotenc intake, the assumption of constant nutrient intake does not appear to
be seriously violated; the finding that calculated beta-carotene intake is corre-
lated with plasma beta-carotene level provides direct evidence that the calcula-
tions are providing informative data. Although the carotenoid content of carrots
may vary by a factor of three or four, someone who eats carrots regularly will
sull. on average. consume more beta-carotene than someone who does not.
Morcover, if long-term beta-carotene intake is of interest. much of the variation
in nutrient composition will effectively be canceled out as we are really con-
cerned whether the average beta-carotene content of carrots caten by any one
subject varies substantially from person to person. These differences in average
beta-carotene content are probably substantially less than differences in beta-
carotenc content of carrots eaten by a person from one day to another. Such
sources of variation in nutrient content of food appear not to have been
addressed by any formal analysis.

Whereas the assumption of constant nutrient content in foods does not
appcar 1o be seriously violated in the case of beta-carotene. selenium provides
an example where this assumption is sufficiently incorrect so as to preclude use-
ful calculations of intake. The underlying reason for variation in the selenium
content of foods is that the selenium content of soil can vary tremendously; from
areas in South Dakota where animals grazing on fields will die within days of
selenium toxicity. to areas in New Zcaland where animals will die of deficiency
unless supplemented. Even within this country. the selenium content of corn can
vary by as much as 200-fold due to difterences in soil levels (Ullrey. 1981). This.
in turn. 1s reflected in an approximately 50-fold variation in selenium content
of swine muscle. Because of the complexities of the food distribution system
within most countries, it is extremely difficult to know the ultimate source of
any particular slice of bread or cut of meat. Hunter and colleagues (1987) have
provided evidence that the calculation of selenium intake is unlikely to provide
useful information on intake of this element; calculations of dietary selenium
intake (based on a version of the questionnaire used to estimate beta-carotene
intake in the example note previously) were not correlated with nail selenium
levels even though the use of selenium supplements within the range of normal
dietary intakes exhibited a clear dose-response relationship with nail levels.

Beta-carotene and selenium provide clear contrasts of nutrients for which the
assumption of constant nutrient content of foods is and is not reasonable: it is
not entirely clear where other nutrients lic on this spectrum. For many of the
major constituents of foods that are reasonably stable under typical preserva-
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tion, storage, and cooking conditions, such as the primary dictary fats. carbo-
hydrate fractions, and calcium, the assumption of constant nutricnt content is
probably not seriously violated. For some nutrients, such as fohic acid which is
rather labile. however, it is not yet clear whether calculated intake will reahisti-
cally reflect true intake. Recognizing that all specimens or examples of any par-
ticular food do not necessarily have the same nutrient content, the designers of
major food composition databases have attempted to provide increasingly spe-
cific information. For example, values are provided for specific cuts of meat.
specific methods of food preparation, and specific manufacturers of prepared
food. In some cases. this provides improved calcutations of nutrient intake: if
detailed food information is available, this would usually require data on a
meal-by-meal basis. Unfortunately, a high degree of specificity i1s generally not
useful in epidemiologic applications as such detailed information is usualty not
obtainable for food intake over extended periods of time. In the context of val-
idation studies (see Chapter 6), however, the maximal degree of specificity 1S
generally desirable.

Uncertainty regarding the constancy of the nutrient content of food raises
the issuc of how this assumption can be evaluated. One classic method of eval-
uating assumptions used in the calculation of nutrient intake is to collect reph-
cate food samples for single meals or 24-hour periods, meaning that for cach
food eaten an identical serving is placed in a container for analysis. Nutrient
intake is then estimated by calculation from the foods that were recorded as
caten and also by chemical analysis of a homogenate of the duplicate meals con-
sumed by cach subject. For example, Moser and Allen (1984) compared zinc
analyses of three 24-hour duplicate meals with calculated intakes among 36 tac-
tating or nonlactating postpartum women: calculated and analyzed mean valucs
were nearly identical. Although this method can be very useful for identifying
serious problems. the correlations between calculated and chemically analyzed
intakes are likely to be overly optimistic as the differences between subjects
based on single 24-hour periods will be much larger than the true long-term dif-
ferences between subjects (see Chapter 3). Some of the differences n nutrient
intake between subjects are due to differences in total food intake, thus adjust-
ment for total caloric intake reduces between-subject variation and. therefore,
correlation coefficients. even further. For example, it is possible that identical
mean values and positive correlations would be seen for selenium using this
method due to large intakes of meat, dairy products, or overall food intake on
some days, even though other evidence indicates that calculated intakes are
unlikely to be uscful in realistic epidemiologic settings.

A second and more rigorous method of cvaluating the assumption of con-
stant nutrient composition of foods is to examine the correlation of calculated
nutrient intakes with a biochemical indicator of nutrient intake. such as for beta-
carotene as discussed in the previous example. For a calculated intake and bio-
chemical indicator to be correlated requires that intake of foods be accurately
reported, the nutrient content of the foods be known accurately and be constant
within specific foods. the nutrients be similarly bioavailabte from the different
foods. and the level of the biochemical indicator be responsive to nutrient intake
over the range being studied. Thus, the demonstration of a positive corrctation
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provides evidence that the nutrient composition is reasonably accurate and con-
stant within foods. Failure to observe a correlation, however, does not imply
that composition data are faulty as any of the other assumptions may not be
met. As discussed later, responsive biochemical indicators of intake do not exist
for most nutrients of major interest, thus seriously limiting the application of
this approach.

Given the lack of more direct information, judgments about the appropri-
ateness of calculated intakes often needs to be made indirectly based on knowl-
edge about the stability of nutrients and their variability in foods. For example,
folic acid tends to be less stable during preservation, processing, and cooking
than many nutrients, thus raising uncertainty about the validity of calculated
values. For such a nutrient, the findings of epidemiologic studies need to be
interpreted cautiously as absence of an association with disease could be due to
large variation in the nutrient content of specific foods.

The calculation of nutrient intakes from information on food consumption
requires two resources: the food composition data itself and computer software
to perform the calculations (hand calculation now being obsolete). These are
discussed separately.

Food composition information is needed for two general purposes in epide-
miologic studies. The first is for the analysis of traditional open-ended dietary
data collected by short-term recall or meal-by-meal recording methods (see
Chapter 4). This requires an extensive and comprehensive database as nutrient
values are needed for all foods that might be reported by subjects. In contrast,
most epidemiologic studies employ a structured questionnaire consisting of not
more than 100 or 200 food items (see Chapter 5). To compute nutrient intakes
based on information obtained with such a questionnaire, a customized nutrient
database must be created to provide values for each nutrient to be computed for
every food on the questionnaire. Investigators need to compile this information.,
often by using an available comprehensive database supplemented with other
sources of information as needed. Whether an existing comprehensive or a cus-
tom database 1s used, several features need to be considered:

I. Most fundamentally, food composition data should be as accurate and as
up-to-date as possible. Not only are technologic advances making
improved analyses possible, but also food composition itself changes over
time due to selective plant and animal breeding and alterations in pres-
ervation and processing techniques. New foods and formulations are con-
stantly being added to the market.

Uniformity in the source of nutrient composition is desirable as it is

important that, for any one nutrient, all foods are analyzed by the same

method.

3. Comprehensiveness in the scope of foods is particularly important when
the database 1s used to analyze open-ended data on food intake, as all
foods reported must be assigned nutrient values.

4. Specificity may be especially important for some nutrients that are
affected by manufacturing or processing. For example. if sodium intake is
of particular interest when analyzing open-ended food intake informa-

_l\)
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tion, considerable specificity may be needed regarding brands and types
of processed food.

5. Completeness in nutrient values is of extreme importance when a data-
base is used to compute nutrient intakes; no food should have a blank
value as this will effectively be counted as zero when summarizing intake
of that nutrient for a person. This issue represents a continuing challenge
for persons maintaining a database because, even for a single nutrient,
food analysis laboratories rarely conduct measurements of all foods that
are listed in any single database. For example, cholesterol measurements
may well not be made on both fried eggs and poached eggs, although these
may be listed as scparate items in the databasc. Some database systems
have not been willing to make the rcasonable assumption that cholesterol
content is the same in both these items, even though only one has been
analyzed directly. Although blank values may be perfectly appropriate for
listings of food composition that are purely for reference purposes, this 1s
not tolerable in the case of computerized databases that are used to cal-
culate intakes as an intelligently imputed value based on analyses of sim-
ilar foods is almost always a better approximation to truth than a zero
value.

6. Comprehensiveness in the nutrients for which values are provided 1s a
highly desirable feature. No database can be truly complete because tech-
nology continually provides additional ways to subdivide and character-
ize the components of our food supply. Because it 1s rarely appropriate 10
examine only a few nutrients in isolation in epidemiologic studies, a data-
base should provide the ability to calculate simultancously at least the
major components of our food.

Specific Sources of Dietary Data

In constructing a food composition database for a specific application, 1t 1s typ-
ically necessary to use multiple sources of information. For example, to compile
values for the questionnaire used in a prospective study among U.S. nurses (Wil-
lett et al.. 1987), nutrient information was obtained from several governmental
and commercial sources. approximately 15 different manufacturers and 27 jour-
nal articles: this list continues to grow as the scope of nutrients computed
increases. Available sources of food composition data include the following:

I. United States Department of Agriculture (USDA) publications. The USDA
provides comprehensive and up-to-date information on food composi-
tion. This resource is almost always the starting point for any specific
database: an outline of available documents is included in Table 2-1. The
central publication is Composition of Foods—Raw. Processed. Prepared,
Agriculture Handbook No. 8 (U.S. Dept. of Agriculture, 1963). This 1s
published as a serics of revised sections with updated values for onc or
two food groups released annually. This information 1s also available on
magnetic tape (e.g., Nutrient Data Basc for Standard Reference, Release
6. 1987: available from the National Technical Information Service, U.S.
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Department of Commerce, Springfield, VA 22161). Databases used for
the National Food Consumption Survey and the National Health and
Nutrition Surveys inctude data for a large number of recipes and are also
available on tape from the National Technical Information Service,
Non-USDA food composition tables. A variety of food composition data-
bases have been published by other governmental units, or commercial
establishments. Several of the more commonly used references are noted
in Table 2-1.

3. Manufacturer’s data. In some instances information obtained from food
manufacturers is useful. Data on specific brands of breakfast cercals may
be particularly important because of extensive fortification with vitamins
and minerals and because of their regular use by many persons. Names
and addresses of food manufacturers are published periodically (Thomas
Publishing Co., 1985a, b).

4. Professional journals. For some nutrients that have not yet been incor-
porated into the major databases, it 1s sometimes necessary 10 usc pri-
mary published sources of food analyses.

.IJ

Nutrient Computation Systems

The computation of nutrient intakes from food consumption information
requires both a computerized food composition databasc and the software to
perform these calculations. The coding and entry of open-cnded food imforma-
tion. such as that obtained from a short-term recall, has been an extremely
tedious and expensive process requiring a highly trained person, preferably a
dietitian. Typically, every food is looked up in a book or list to obtain a code
number. which is then entered into a computer. A unit, such an ounce or cup,
is then designated and a multiplier is entered. Such time-consuming and crror-
pronc procedures have rapidly become archaic with the availability of inexpen-
sive computing resourccs. Recently several automated coding systems have becn
developed that allow direct entry of foods by name, avoiding the manuat enter-
ing of numerical codes by the user.

The available choices in food composition databases and nutrient anatysis
systems are presently in a state of rapid evolution, therefore, details of these are
not provided. A directory of nutrient data banks has been assembled by Hoover
(1987), which is updated annually. Features of several of the larger and more
commonly used systems that include both a database and some form of analysis
software are included in Table 2-2. The features of available analysis systems
are also summarized in the Annual Journal of Dietetic Sofiware (this may be
purchased from JDS, P.O. Box 2565 Norman. OK 73070).

In choosing a nutrient computation system, alt of the points noted previously
regarding the database employed should be considered. In addition, several fac-
tors related to the software should be considered:

I. The manual entry of coding numbers for foods should be avoided if pos-
sible: as discussed, coding should be provided as an automated feature
using an interactive computer system.
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Table 2-2. Examples of nutrient computation systems

No. Portion
of Nutrients  conversion
Systems foods per food capabilities Food entry Services Computer
Case Western Reserve 3000 71 Many Manual numerical  Sell, rent Vax
University coding processing AT&T
Ohio State Umiversity 9100 68 Many Manual numerical  Sell, rent IBM
coding processing
Nutrition 1800 71 Many Manual numenrical  Sell, IBM
Coordinating Center coding processing
(Minnesota)
University of 6000 53 Many Manual numerical Rent, CDC
Massachusetts coding processing
CBORD¢ 4000 upto 100 Many Direct entry of Sell, rent IBM-
foods processing PC

“Provides software to use other databases (e.g.. Ohio State University Database).
From Hoover, L. W., 1987.

o

The system should have the capacity to add foods or nutrients of partic-

ular interest for a specific study, and to update or modify existing values.

3. The system should provide flexibility for different portion units so that
the user does not have to convert manually various measures of volume
or weight.

4. The system should provide an option to display nutrients calculated for
each food, as well as summaries for each meal or day.

5. The system should allow common recipes to be compiled and entered as
a single 1tem, rather than reentering each of the components of the recipe
separately.

6. Transfer of data to other computers where the information will ultimately

be used should be easily accomodated.

At present, many of the most commonly used comprehensive nutrient anal-
ysis systems reside on mainframe computers. Some, like the Minnesota Nutri-
tion Coordinating Center, primarily process information that is submitted to the
central unit, which allows strict standardization of coding procedures. The avail-
ability of inexpensive hard disks on personal computers, however, now makes
it possible to maintain not only the entry systems, but also a comprehensive
database and analysis systems on such machines. Although efficient systems for
the analysis of open-ended dietary data will become increasingly available, this
will not reduce the need for careful training and monitoring of the personnel
who use them.
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Nature of Variation in Diet

For most epidemiologic applications, long-term diet, rather than intake on any
specific day or smatl number of days, is the conceptually relevant exposure. The
period of time may be years in studies of factors that affect atherogenesis or
cancer, or a critical period of a few weeks in studies of nutrients that influence
fetal matformation. In studies of physiologic intermediates. such as plasma lip-
ids or endogenous hormone excretion, dictary intake during several days. weeks,
or months may be of interest. Because we are usually interested in long-term
diet, an understanding of day-to-day variation in dietary intake is essential in
choosing an appropriate method to assess diet and to interpret data collected by
various approaches.

A central feature of the dictary intake of free-living individuals is variation
from day to day superimposed on an underlying consistent pattern. (If there
were no element of consistency, and daily intake were a completely random
event, there would be no hope of measuring the effects of nutrients epidemiol-
ogically.) A number of factors, such as day of the week or season, may contribute
to daily variation in dietary intake in a systematic manner. The magnitude of
these influences is largely determined by cultural and ecologic factors. For exam-
ple, 1t is traditional for many American families to have unusually large meals
on Sunday. In countries without extensive food preservation and transportation
systems, seasonal effects are relatively strong (Brown et al., 1982): for example,
in some parts of the world much of the vitamin A is consumed during a limited
portion of the year when certain fruits and vegetables are available. In industri-
alized societies, seasons make a relatively small contribution to variation in
nutrient intake (van Staveren et al., 1986b): however, intakes of some fruits and
vegetables may vary substantially according to the time of year (Ziegler et al.,
1987). Although there is evidence that total caloric intake varies with the men-
strual cycle (Dalvit, 1981), most of the variation in an individual's diet is with-
out an obvious pattern. This apparently random variation is largely due to true
variation in the food that is eaten, but also has a component of measurement
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error, meaning error in the measurement of food intake on a given day. Because
the topic of measurement error is discussed in detail in other chapters, this
source of variation is ignored for the moment.

The degree of random variation differs according to nutrient. For macronu-
trients, which make a large contribution to total caloric intake and thus may
have fairly constrained physiologic himits, there is less possibility for large
degrees of variation. As micronutrients tend to be concentrated in certain foods.
intake can be very low or very high, depending on food choices for that day. The
daily variation in total fat and total dietary vitamin A intake for three women
(one from ecach of the high, middle, and low quintiles of the 28-day average
intakes of these nutrients) is displayed in Figure 3—1. The data for these and the
other examples are based on diaries provided by 194 Boston-arca women who
recorded their daily food intake during four I-week periods over a year (Willett
et al.. 1985). It can be appreciated that on any single day. the individual intakes
overlap considerably, even though on the average they are distinct. It can be seen
that variability is greater for vitamin A than for total fat, and is also related to
the level of intake.

The consumption of a specific nutrient for a single individual can be
described as a frequency distribution of daily intakes with a mean and standard
deviation (Fig. 3-2); the individual’s rrue intake can be considered as the mean
for a large number of days. In most epidemiologic investigations we arc inter-
ested in mcasuring these true intakes for individual subjects. Collectively, these
true individual intakes define a frequency distribution for the study population
as a whole: this distribution characterizes the true population mean and stan-
dard deviation. Distributions for mean daily intakes of total calories. total fat,
and vitamin A for the group of 194 women are shown in Figurce 3-3. This figure
closely describes the true between-person variation for this population as the
day-to-day fluctuations will be dampened or canceled out by averaging many
days for cach person, in this example 28 days.

In reality, it is rarely possible to measure a large number of days of dictary
intake for an individual subject; therefore, intakes during a sample of one or
several days are usually measured. The effect of this sampling on the apparent
distribution of intakes for individual subjects will be to artificially increase the
standard deviation (i.e.. to broaden the tails of the distribution). This effect can
be appreciated by considering that individuals with the highest true intakes have
some days when their intake is higher than their long-term average, and indi-
viduals with the lowest true intake have days when their intake is below their
long-term mean. Thus, the observed distribution has exteme values that are
higher and lower than any of the true long-term averages for any subject. To
graphically demonstrate the effect of sampling a small number of days for an
individual on the apparent between-person distribution of dietary mtake, data
from the 194 Boston-area women who each recorded daily food intake during
four 1-week periods are shown in Figure 3-4.

The effect is fairly dramatic. In data based on a single day per subject, those
at the 90th percentile were consuming 3.0 times as much fat and 6.4 times as
much total vitamin A (excluding supplements) as were those at the tenth per-
centile. Using data based on | week of intake, these ratios were 2.2 for fat and
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Figure 3-4. Effect of sampling 1 day, 7 days, or 28 days per subject on the
observed distribution of fat and vitamin A intake. Data are based on diet records
provided by 194 women.

an academic matter. National nutrition surveys have traditionally employed
only a single 24-hour recall per subject; thus many major reports of the distri-
butions of dietary intake are extremely misleading. For example, it is not really
plausible that 5 percent of U.S. men aged 25-34 years consume less than 1250
calorics per day and that 10 percent consume more than 4000 calories per day,
as suggested by a publication based on the first National Health and Nutrition
Survey (NHANES I) (U.S. Dept HEW, 1979). Distributions for micronutrients
tend to be even more seriously distorted due to their grecater day-to-day
variation.

The variation in daily intake of specific nutrients has been studied formally
by Beaton and colleagues (1979 and 1983), Liu and colleagues (1978), Rush and
Kristal (1982), Sempos and colleagues (1985), and Hunt and collcagues (1983)
using analysis of variance techniques. In this approach, the daily nutrient intake
is the dependent (outcome) variable and explanatory variables are the indepen-
dent variables. Because within-person intake is being examined, at least 2 days
of information are needed for each person. The data are arrayed as shown in
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Table 3-1. Data arrayed for analysis of variance (ANOVA) using
the model described in Equation (3-1)

Nutrient (Y) Person Factor X Day of week
value | | | 1
value 2 | | 2
value 3 | 2 1
value 4 | 2 2
value 5 2 | 1
value 6 < 1 2
value 7 P 2 1
value 8 2 2 2
value 9 3 | |
value 10 3 | 2

Table 3-1 with repeated measurements for persons considered as separate
“records.”

Data are analyzed using a random effects (repeated measures) model of the
form:

Nutrient Y, = u + subject, + factor X, + day of week,; + ¢, (3-1)

In this model, the long-term average intake can vary between subjects, but
within a subject daily diet can be influenced by specific identifiable variables
denoted by factor X, such as season and day of the week. The error term (€,1)
represents the random within-person variance, that is, the day-to-day variance
within a person not explained by the other independent variables.

Among a group of adult men and women, Beaton and colleagues (1979)
found that the within-person and between-person factors were the major con-
tributors to variance for all nutrients examined (Tables 3-2 and 3-3). Days of

Table 3-2. Relative sources of variation for daily nutrient intake, not adjusted for
energy intake

Component
of variance Energy  Protein  Carbohydrate Fat SFA MFA PFA  Cholesterol

Men
Subjects 51.8% 39.2% 42.0% 48.6% 52.0% 42.8% 27.0% 25.7%
Sequence 0.4% 0 0 1.2% 0.4% 1.3% 1.1% 0.6%
Interviewer 0 0 0.5% 0 0 0 0 0
Day of
week 0 0 0 0 0 0 0 0.6%
Residual  47.7% 60.8% 57.5% 50.2% 47.6% 559% 72.0% 73.2%
Women
Subjects  41.9% 38.9% 44.3% 38.3% 41.3% 374% 21.2% 19.1%
Sequence 0 0 0 0.3% 0 1.4% 1.3% 0
Interviewer 0 0 0 0 0 0 0 0.6%
Day of
week 9.4% 5.3% 4.5% 5.7% 4.2% 5.2% 3.2% 4.6%
Residual  49.4% 55.7% 51.2% 55.7% 54.6% 56.1% 74.3% 75.8%

SFA, saturated fatty acids; MFA, monounsaturated fatty acids; PFA, polyunsaturated fatty acids.
From Beaton et al., 1979, reproduced with permission.
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Table 3-3. Relative sources of variation for daily nutrient intake divided by
energy intake

Cholesterol
Component mg/ 1000 mg/1000

of vaniance Protein Carbohydrate  Fat SFA MFA PFA P:Sratio kcal g fat
Men
Subjects  13.7% 31.3% 20.8% 23.2% 19.8% 16.4% 20.2% 10.5% 6.2%
Sequence 0 0 0.5% 0 0 1.7%  0.6% 0 0
Interviewer 0.3% 0 0 0 0 0.8% 0 0 0
Day of
week 0 0 0 0 0 0 0 0 0
Residual  86.0% 68.7% 78.7% 76.8% 80.2% 81.1% 79.2% 89.5% 93.8%
Women
Subjects  18.5% 37.2% 30.0% 33.9% 24.7% 8.8% 11.3% 12.8% 18.3%
Sequence 0 0 0 0 0 2.1%  1.7% 0.8% 0.8%
Interviewer 0 0.7% 1.3% 0 22% 0 0 1.4% 3.3%
Day of
week 0 0 0 0 0 0.4% 0 0 0
Residual  81.5% 62.1% 68.7% 66.1% 73.1% 88.8% 87.0% 85.0% 77.6%

SFA, saturated fatty acids; MFA, monounsaturated fatty acids; PFA, polyunsaturated fatty acids.
From Beaton et al., 1979, reproduced with permission.

the week (with intakes higher for Sundays) explained a small portion of variance
for women but not for men. Different interviewers and sequence of days of data
collection, however, made negligible contributions. Thus, dietary intake could
be reasonably well expressed by the simple model where € represents the day-to-
day variation:

Nutrient Y = u + subject, + « (3-2)

For total caloric intake, the within-person variance was approximately equal
to the between-person variance, but for specific nutrients the ratio of within-
person to between-person variance was greater than one; for polyunsaturated fat,
cholesterol, and most micronutrients the within-person variance was much
greater. When nutrient intakes were considered in relation to total energy intake,
expressed as a percentage of total calories, the differences between persons
decreased so that the relative importance of the within-person component of
variance was even larger, ranging from approximately 30 to 90 percent of total
variance for the nutrients examined.

As pointed out by Beaton and co-workers, the pattern of high within-person
variation in nutrient intakes is largely cultural and these findings may not nec-
essarily apply to other populations. In other U.S. studies, however, similarly
high within-person variation has been observed (Table 3-4).

The contribution of variable intervals of time between repeated measure-
ments to the variation in dietary intake deserves further consideration. In one
unpublished analysis among postmenopausal women, we observed less within-
person variation when the days were consecutive than when separated by sev-
eral months. This could have important implications for study design as
mislecading estimates of within-person variation may be obtained using consec-






NATURE OF VARIATION IN DIET 43

utively collected diet recalls or records. In addition. the scasonal contribution to
variance has not been explored carcfully. As mentioned previously, scasonal
variation in diet may not be large within the United States and other industri-
ahized countrics. In one study, the correlations between I-week diet records did
not vary appreciably when they were coltlected at intervals of 3. 6, 9. or 12
months (Willett et al.. 1985). Year-to-ycar variation was examined by Hunt and
colleagues (1983); for most nutrients the contribution was minor at a l-year
interval in comparison with day-to-day variation.

A basic assumption underlying the analytic methods described previously is
that the within-person component of variation is random, that is, for one per-
son. the deviation from their long-term average intake on | day 1s independent
from their deviation on the previous day. This assumption has been questioned
by El Lozy (1983). who pointed out that humans are subject to homeostatic
mechanisms (probably both physiologic and cultural) such that overeating on 1
day is hikely to be followed by undercating the next. Morgan and collcaguces
(1987) formally explored the assumption of independence for consecutive days
of dictary intake of energy. fat, vitamin A, and iron among 100 women. They
found auto-correlations for many subjects. meaning that intake on I day added
to the prediction of intake on the next, above and beyond the mcan intake for
a person. A simple pattern, however, was not evident as persons with positive
auto-correlations. indicating high intake on 1 day was associated with high
intake on the next, were simifar in number to those with negative auto-correla-
tions. indicating that high intake on 1 day was associated with lower intake on
the next. Morgan and co-workers also observed. as suggested in Figure 3-1B,
that those with higher mean intakes have greater within-person variation. For
this reason, it may be useful to transform data. such as by taking the natural
logarithm. before proceeding with analyses. Further investigation of the influ-
ence of 1 day’s diet on intake on the following day may eventually refine our
understanding of dietary variation. but is not likely to affect substantially the
implications of data already published. The possible nonindepcndence of intake
on consecutive days. however, argues for sampling days at random intervals
whenever possible.

Number of Days Necessary to Estimate True Intake

A single day provides a poor estimate of a person’s true long-term nutrient
intake. but this estimate can be improved by using the average of multiple days
of data for that person. The number of days nceded has been discussed by Liu
and co-workers (1978) and El Lozy (1983). Obviously. this number depends on
both the degree of accuracy that is needed and the variability of the nutrient in
qucstion.

Beaton and colleagues (1979) have provided a simple formula that may be
rearranged to calculate the number of days needed to estimate a person’s truc
intake with a specified degree of error:

n=(Z.CVv,/D,) (3-3)
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where: n = the number of days needed per person
Z, = the normal deviate for the percentage of times the measured value
should be within a specified limit
CV, = the within-person coeflicient of variation
D, = the specified limit (as a percentage of long-term true intake)

((

(4

The within-person coefhicient of variation (CV,) can be obtained from the
analysis of variance on repeated days of dietary intake; the square root of the
within-person variance is the within-person standard deviation and this value
divided by the mean (s/X X 100% ) is the within-person coefficient of variation.
Values for ¥, and the within-person and between-person coefficients of variation
for a variety of nutrients are shown in Table 3-3, based on data provided by the
same 194 Boston-area women (Willett et al., 1985). Although these coefficients
of variation may vary among different populations, they are remarkably similar
to those reported for both men and women by Beaton and colleagues (1979),
and thus probably are reasonable approximations for the general U.S.
population.

Example:  Suppose we wish to calculate the number of days needed to estimate
a person’s cholesterol intake to within 20 percent of their true mean 935 percent
of the time. Thus Z, = 1.96 and CV, from Table 3-5 is 62 percent:

n = (1.96 X 62%/20%)* = 37 days

Table 3-5. Means and within-person and between-person coefficients of
variation for daily intake of selected nutrients.

Coefhicient of variation (%)

Unadjusted nutrients Calorie-adjusted nutrients?
between- between-

Nutrient Mean within-person person within-person person
Energy (kcal) 1620 27.0 19.3

Protein (g) 68.3 33.9 16.4 25.0 14.0
Total fat (g) 68.6 38.4 22.6 27.3 14.1
Monunsaturated fat (g) 24.2 42.5 23.6 27.8 13.1
Polyunsaturated fat (g) 1.1 64.2 28.3 47.3 20.2
Cholesterol (mg) 311 6.2 23.8 61.5 24.1
Carbohydrate (g) 169.8 29.9 26.5 18.7 13.5
Sucrose (g) 46.9 60.3 45.3 50.1 29.1
Crude fiber (g) P 44.3 31.5 31.0 23.0
Vitamin B, (mg) 1.08 40.8 233 36.6 17.5
Vitamin B, (mg) 1.43 39.1 23.1 35.3 18.4
Vitamin B, (mg) 0.85 51.9 311 21.4 12.8
Vitamin C (mg) 106.5 55.3 38.6 54.9 37.6
Vitamin A (1U) 5252 105.0 30.7 104.7 31.9
Iron (mg) 11.6 34.1 19.6 28.7 16.0
Calcium (mg) 616.9 41.9 28.3 36.1 21.7
Potassium (mg) 252.1 30.5 21.9 27.0 19.9

“Adjusted for caloric intake using regression analysis (see Chapter 12).
Data are based on four l-week diet records completed by 194 U.S. women. (Willett et al.. 1985).
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Table 3-6. Number of repeated days needed per person for 95 percent of
observed values to lie within specified percent of true mean

Number of days needed to hie

Within-person o - .
o . within specified % of true means
coceflicient of B

Nutrient variation 10% 20% 30% 40%
Total fat 38.4 57 14 6 4
calone-adjusted? 19.8 15 4 2 I
Cholesterol 62.2 149 37 17 9
calorie-adjusted” 61.5 145 36 16 9
Sucrose 60.3 140 35 16 9
caloric-adjusted” 50.1 96 24 11 6
Vitamin A 105.0 424 106 47 26
calorie-adjusted 104.7 424 106 47 26

“Adjusted for total caloric intake using regression analysis.

Using such calculations, the number of days needed for the observed esti-
mate of a person’s intake to lie within a specified percentage of their true mean
95 percent of the time is given in Table 3-6. As can be appreciated, the days
nceded differ greatly for various nutrients. For many nutrients, obtaining a
highly accurate estimate of individual intake by using repeated measurements is
simply beyond practical possibilities in an epidemiologic study.

Implications for Developing Countries

The overwhelming importance of day-to-day variation in dietary intake has only
recently been described formally in industrialized countries. Few analyses have
been based on dictary intake within nonindustrialized populations. Conven-
tional wisdom suggests that diets of poor populations in nonindustrialized areas
are homogencous, so that within-person variation may not be a serious consid-
eration for epidemiologic studies. This issue deserves to be explored as 24-hour
recalls and direct observations for a limited number of days are commonly
cmployed in nonindustrialized countries.

Despite conventional wisdom it seems likely that important sources of vari-
ation in daily dictary intake may well exist in the developing world. even though
the number of foods available may be limited. Where economic resources are
severely restricted, food intake is strongly linked to income so that even small
economic differences are directly reflected in diet. This linkage would tend to
increase between-person variation. As in industrialized countries, individual
preferences and cultural taboos also contribute to between-person differences in
diet. Day-to-day variation may be particularly large in developing countries if
expensive foods can be afforded only irregularly. For example, if meat is only
eaten twice per week and caloric intake on other days is primarily obtained from
a carbohydrate staple, then protein intake may appecar high on some days and
inadequate on others; that is, the within-person variance may be large. If pres-
ervation and transportation facilities are lacking, the influence of scason may be
much stronger than in industrialized countries, again increasing within-person
variation.
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Figure 3-5. Seasonal variation of intake of leafy green vegetables and ripe fruit and
of serum vitamin A in Bangladesh. (From Schaefer, 1981.)

Data from a national nutrition survey in Bangladesh that included over
25.000 persons (Schaefer, 1981) provided a striking example of seasonal varia-
tion (Fig. 3-5). From November through March the intake of leafy green vege-
tables and ripe fruit is very low and is temporally associated with a striking rise
in the percentage of the population with low or deficient serum vitamin A levels
(less than 20 ug/dl). A single measurement of diet in June would obviously pro-
vide a very misleading representation of usual carotene intake for the population
as well as for most individuals.

The potentially large sources of between-person variation in diet in nonin-
dustrialized countries may provide excellent opportunities for epidemiologic
studies of the relation between diet and health. The similarly large potential for
day-to-day variation means that careful, formal studies must be undertaken in
such populations to measure the important components of variation. including
seasonality, before embarking on any study based on a short-term measure of
dietary intake.

Effects of Random Within-Person Variation
on Measures of Associations in Epidemiologic Studies

Day-to-day variation in individual dietary intake has important implications for
common measures of association in epidemiologic studies. If only one or a few
days are measured. a subject’s true long-term intake is likely to be misrepre-
sented, that is, his or her dietary intake may be misclassified. This within-person
variation. which may be regarded as random fluctuation above and below a per-
son’s true long-term average. can substantially distort correlation coefhcients,
regression coefhcients, and relative risks. The general effect is to reduce the
strength ot associations.
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The effect of within-person variation on the correlation between two nor-
mally distributed variables. x and y, has been discussed by Beaton and co-work-
ers (1979). Liu and co-workers (1978). and Madansky (1959). Within-person
variation (i.c.. random error) in cither x or y will cause the observed correlation
between these variables to be attenuated, meaning lower than the true correla-
tion between x and y. Specifically. let us consider the classical error model

X = u, + €
.“ = l’ll' »+- (\'

where ¢, ~ N(0. 6°). ¢, ~ N(O. ¢°). In this model. x and y represent observed
values for one person based on one or more (71,. n,) repeated measurements. The
underlying mean values are u, and g,, that 1s the mean values that would be
observed if no measurcment error were present (referred to as the true mean
values). and ¢, and ¢, represent measurement error about the true mean values.
If only a small number of measurements are made of v and y per individual.
then the observed correlation (r,, the correlation between x and y) 1s smaller
than the true correlation (r,. the correlation between u, and ). The true corre-
lation can also be interpreted as the correlation that would be observed if the
average of many measurements were used to compute v and y for cach person.

To estimate r, (the true correlation). two methods have been proposed. The
first is 1o collect a large number of replicate measurements for cach individual
and use the average of these 1o approximate the true value of x and y for that
subject in computing the correlation cocfhicient. For example, Liu and colleagues
(1979) have demonstrated that 14 24-hour collections of urine per subject are
necessary to obtain an observed correlation between sodium excretion and
another variable (say blood pressure), that is within 10 percent of the true cor-
retation. Similarly. Beaton and co-workers (1979) and Sempos and co-workers
(1985) have shown that. for most nutrients, many days of dietary intakes are
necessary to avoid a major attenuation in the correlation between a nutrient and
another factor. An alternative way to estimate the true correlation (r,) 1s to make
a small number of repeated measurements per subject and usc knowledge of the
within-person variance of x and/or y to estimate the true correlation. This
approach is discussed in Chapter 12.

van Staveren and colleagues (1986a) have provided an example of the degree
to which the use of a single 24-hour recall can reduce tae true correlation
between dictary intake and another variable. They first used the average of 19
24-hour recalls per person to compute the correlation between linoleic acid
intake (expressed as the ratio of linoleic acid to saturated fatty acid intake) and
the linoleic acid content of adipose tissuc among 59 Dutch women. This corre-
lation was 0.62. They then correlated each of the single days of linoleic acid
intake alone. that is. one per person with the adipose linoleic acid levels: these
correlations using individual 24-hour recalls were substant.ally lower, ranging
from 0.14 to 0.50, with a median of 0.28.

Regression cocfficients are attenuated by within-person variation in the inde-
pendent variable. In an experimental feeding study. for example, it has been
found that scrum cholesterol increases 12 mg/100 ml for each increase of 100
mg/ 1000 kcal in dictary cholesterol (Mattson et. al.. 1972). That is to say. the
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slope of the regression line relating these variables is about 0.12 mg/100 ml
change in serum cholesterol per milligram per 1000 kcal change in dietary cho-
lesterol. By contrast, Beaton and colleagues (1979) used their data on the within-
person variation of cholesterol intake to estimate that the observed regression
cocfhicient would be only about 0.01, rather than 0.12, if a single day of choles-
terol intake data were used to describe each subject’s diet. The statistical rela-
tionship between the true and observed regression coefficients is discussed fur-
ther in Chapter 12. In contrast with the effects of within-person error in the
independent variable, random variation in the dependent variable does not sys-
tematically bias (i.e., attenuate) the regression coefficient. Within-person error
in the dependent variable, however, increases the standard error of the regres-
sion coefhcient.

The effect of random within-person variation on relative risk estimates is
perhaps less obvious but no less important. Dietary factors are usually contin-
uous variables; thus, in epidemiologic studies we are fundamentally comparing
the distribution of a continuous variable among persons with a disease and with-
out the disease. (In a prospective cohort study, the previous diets of subjects who
became diseased would be compared with the previous diets of the total group
or of those who remained free of disease.)

These distributions can be portrayed as in Figure 3-6A where it is assumed
that diet 1s measured without random error, that is, there is no within-person
variation. To compute a relative risk, we need to specify a cut-point to define
high and low intakes. This point is sometimes rather arbitrary and often several
cut-points are used. For simplicity in this example we have used a cut-point (x,)
corresponding to | standard deviation (SD) above the mean of the noncases. Let
us assume that the distributions for both groups are normal and that the mean
nutrient intake for cases i1s 0.5 SD above the control value.

The proportions of subjects in each of the cells of a 2 X 2 table are then
described as the areas defined by these distributions, these values being obtained
from a table of normal deviates:

Nutrient intake

High Low
Cases ar= 031 b= 0.69
Noncases ca=J0I6 d = 0.84

where

a = area proportional to the number of cases above cut-point (x,)
b = area proportional to the number of cases below cut-point (x,)
¢ = area proportional to the number of non-cases above cut-point (x,)
d = area proportional to the number of non-cases below cut-point (x,)

The odds ratio is then computed as:

a/b0.31/0.69

= =2
c/d  0.16/0.84 it




NATURE OF VARIATION IN DIET 49

a. True
distribution

Al - - - - -

cases :
persons | non-cases —/£7

-+

x
o

> 3| e

x

OR= 2.36

.....

e
+ + -+ + +
+ - eens
vesss
N escsee
veesns!

b. Observed E
distribution !

2 2) = 1

(s, /s,°=3.0) :
cases f
NON-Cases —~ " : 1

44

¥ OR= 1.55

[T
: {1
g L

404

- b b bk -—— - - - - - - - - -

+
+
4
+
+

persons T

44

Nutrient intake ——»

a-M+MM o-L1"E ¢-[0 -8+

Figure 3-6. A. Hypothetical true distributions for noncases (mean nutrient = x,)
and cases (mean nutrient intake = x;, which is 0.5 standard deviation larger than
X,). X, Is an arbitrary cut-point 1.0 standard deviation above x,: values higher than x,
are considered high, values below x,, are considered low. B. Observed distributions
for the same cases and noncases based on a single observation per subject when
the within-to-between variance ratio for the nutrient = 3.0. The observed SD is now
twice the true SD.

Now let us assume that the single measurement of intake 1s subject to ran-
dom error. As described previously, the distributions for both cases and non-
cases are wider: the standard deviations are increased. In this example, assume
that the ratio of within-person to between-person variance is 3.0, which is real-
istic for many nutrients (see Table 3-4). Because the between-person variance 1s
unchanged, as the subjects are the same, this implies that the observed standard
deviation is twice as large as the true standard deviation, s,

observed SD = (s; + 3s7)!? = 2s,

These broader observed distributions are shown 1n Figure 3-6B; 1t i1s obvious
that the case and noncase distributions are now less distinct. The observed arcas
corresponding to the cells of a 2 X 2 table can be recalculated from a table of
normal deviates (note that the same change in nutrient intake corresponding to
| normal deviate for the true distribution 1s now 0.5 of a normal deviate for the
observed distribution):

Nutrient intake

High Low
Cases a = 041 b o= 0.59
Noncases ¢ = 0.31 d = 0.69

OR = 1.55
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[t 1s apparent that the observed odds ratio has been attenuated as it 1S now con-
siderably closer to the null value of 1.0.

SUMMARY

The day-to-day variation in nutrient intake among free-living subjects has con-
sistently proved to be large, although the magnitude varies according to nutrient.
Measurements of dietary intake based on a single or small number of 24-hour
recalls per subject may provide a reasonable (unbiased) estimate of the mean for
a group, but the standard deviation will be greatly overestimated. Furthermore,
measurements of association in epidemiologic studies, such as correlation and
regression coefhicients and relative risks, are substantially weakened, possibly to
the point of being undetectable.
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Short-Term Dietary Recall and
Recording Methods

JELIA C. WITSCHI

In 1938, Burke and Stuart had mothers keep a 24-hour., meal-by-meal food
intake record for their children who were enrolled in the Center for Research in
Child Health and Development at Harvard School of Public Health. The moth-
ers were then interviewed (as a cross-check) regarding their child’s previous 24-
hour food intake. This study was among the earliest descriptions of dietary
intake methodology and incorporated two of the approaches in common use
today: the 24-hour recall and the dietary record. In this chapter, short-term recall
and dietary recording methods are described and information regarding their
vahidity 1s reviewed. In particular, the limitations and utility of these approaches
in the context of epidemiologic studies is examined.

METHODOLOGY

Twenty-Four-Hour Recall

The 24-hour recall, pioneered by Burke (1947), McHenry (1939), and Kruse and
colleagues (1940), 1s the most widely used dietary assessment method. The
Nationwide Food Consumption Surveys (NFCS) (Pao et al., 1985), Ten-State
Nutrition Survey (1972), Health and Nutrition Examination Surveys (HANES)
(Carroll et al., 1983; Abraham et al., 1979), and other large studies, such as the
Multiple Risk Factor Intervention Trial (Tillotson et al., 1981), have used it as
the primary dietary assessment method, either alone or in combination with
other methods. Interviews are conducted by nutritionists or trained interviewers
using standardized forms and visual references. The method is relatively rapid.
requiring 10 to 20 minutes for trained interviewers, and is, therefore, attractive
from a budgetary perspective.

As 1ts name implies, the 24-hour recall is an attempt to define and quantify
food intake during a specific day just before the interview. Interviews may begin
at the present and look backward, or begin at breakfast of the proceeding whole
day and work forward. The success of 24-hour recalls depends on the memory,
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cooperation, and communication ability of the subject, and on the skill of the
Interviewcer.

The use of key questions and memory aids 1s crucial to obtaining accurate
information about types and quantities of foods eaten. Discussions may center
around the main dish in a meal, relate food intake to particular events or activ-
ities, or focus on nonmeal cating such as snacking while watching television.
Probing questions may be used to clicit more information, and checklists can be
helpful reminders of easily forgotten foods. Food modecls are often used to rep-
resent portion sizes. In a study of 30 couples, Moore and co-workers (1967)
found that estimations of food intake werc more accurate when food models
were used. Similarly, Guthrie (1984) determined that the ability of young adults
to select and immediately describe predetermined quantities of food without the
aid of measuring devices was poor.

Twenty-four-hour recalls conducted by telephone have been described by
several investigators (Krantzler et al., 1982a; Posner et al., 1982: Schucker,
1982). Posner and colleagues (1982) mailed a two-dimensional visual aid to par-
ticipants to assist in portion size estimation. Morgan and colleagues (1987) com-
pared use of telephone with personal interview dictary assessments, and con-
cluded that the telephone interview provided comparable data with less effort
and cost. Response rates were 71 to 81 percent throughout four contacts (com-
pared with 72 to 83 percent for personal interviews) and the total time required
for the telephone technique averaged less than 2 hours, which was shorter than
for personal interviews.

Dietary Records

Dietary records or food diaries are detailed descriptions of types and amounts
of foods and beverages consumed, meal by meal, over a prescribed period, usu-
ally 3 to 7 days. The record or diary may be a special form or booklet, lined or
unlined, with pages that are either blank or that contain suggested categories of
foods for each day. In some applications, foods are weighed or measured using
specified procedures. Regardless of the specific details, dietary recording places
a substantial burden on the subject, which limits the use of the method to per-
sons who are literate and highly motivated (Mahalko et al., 1985).

Recording procedures, particularly relating to the detailed descriptions of
types and quantities of foods, must be taught to participants. In general, imme-
diate recording is desirable to minimize memory loss. The act of recording may
raise awareness of food to the point of altering eating behavior (Mahalko et al.,
1985). This effect is undesirable when the records are being used to represent a
person’s usual intake. In dictary intervention programs, however, this height-
ened awareness can be used to advantage; thus diet records are frequently used
as a teaching device.

SOURCES OF ERROR IN SHORT-TERM RECALLS AND RECORDS

Three major sources of error potentially affect all dietary survey methodologies:
the respondent (recalls) or recorder (records): the interviewer (recalls) or inter-
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preter or reviewer (records); and the database from which nutrient intakes are
computed.

Respondent and Recorder Errors

The ability of respondents to provide rehiable dictary data depends on their
motivation, awareness of food intake, memory, and communication skills. In a
longitudinal study of adolescents, Hackett and co-workers (1985) found that sur-
vey fatigue, learning eftect, season of the year, day of the week, and the subjects’
knowledge of the study’s purpose influenced the measurement of food intake.
Kim and collecagues (1984a) indicated that longer study periods and continual
contact with the investigators contributed to the accuracy of reports. In some
instances subjects may be unwilling to report accurately; Paul and co-workers
(1963) found that ““the men often conceded that they were embarrassed to list
in some cases all that they really had consumed.”

The perception of foods eaten, both in type and amount, is obviously central
to the success of dietary recalls. Compared with weighing, the use of household
measures to determine food quantities in interviews or dietary records, which
are then converted to gram weights, clearly results in a loss of precision (Marr,
1971). Casual estimates of food quantity (large or small) are usually very inac-
curate and may produce the largest errors in the estimate of portion size. Guthrie
(1984) observed major discrepancies among 147 young adults between per-
ceived standard portions and amounts of food regarded as typical portions by
nutritionists. When asked to describe food portions in terms of common meas-
ures, these subjects both overestimated and underestimated predetermined serv-
ings of breakfast and luncheon foods. Amounts of butter, salad dressing, cereal.
and salads were overestimated by more than 51 percent up to two-thirds of the
time; intake of salad dressing, butter, sugar, and salad were underestimated by
at least 51 percent up to one-fourth of the time.

Lansky and Brownell (1982) found that differences in estimated quantities
account for substantial errors in self-reported food intake. In a study of 30 obese
female applicants to a weight reduction program, each subject was shown 10
commonly used foods and was asked to esiimate quantities and caloric equi-
valents of each food. Quantities were overestimated by an average of 63.9 per-
cent; the errors ranged from 6 percent (cola) to 260 percent (potato chips).

Memory curves demonstrate that the rate of forgetuing is a negatively accel-
erating phenomenon (Becker et al., 1960), and the memory of food intake fades
rapidly as the number of items increase. Selective suppression and distortion in
memory of specific foods may affect dietary assessment. Unpleasant events
(such as perceived poor meals) may be relegated to the subconscious and occurr-
ences that do not correspond to expectations may be suppressed. Socially accept-
able events and foods may be better remembered and reported than those that
arc less acceptable. Worsley and colleagues (1984) found that reported intakes
of certain foods (fresh fruits. vegetables, and sweet foods) are susceptible to
social desirability biases. Youland and Engle (1976) reported that the largest
source of error in HANES was the uncertainty of subjects about foods consumed
on the recall day.



SHORT-TERM DIETARY RECALL 55

The effects of age. sex, and environment on memory of foods consumed were
examined by Campbell and Dodds (1967) in a population of 200 clderly msti-
tutionalized persons over 65 years age. and 100 people 20 to 40 years old. After
a 24-hour recall, memory loss was evaluated by extensive probing including
reading back the recall and, for institutionalized persons, reading the previous
day’s menu. An additional 35 percent of calories were recalled from stitution-
alized men after probing: 28 percent from institutionalized women: and 21 per-
cent from younger men, 12 percent from younger women. The researchers con-
cluded that recall was better by women, by younger respondents. and by older
respondents living at home. Pekkarinen and co-workers (1967) found that,
among rural Finnish families, nutrient intakes could be overestimated or under-
estimated by a factor of up to three when a 24-hour recall was compared with a
more-or-less concurrent precise weighing technique, a situation that might be
expected to sensitize participants to report more accurately.

It has been suggested that obese subjects tend to underreport food intake:
however, this has been difficult to document without an objective measure of
true dictary intake suitable for usec among free-living persons. The recently avail-
able doubly labeled water method, which uses stable isotopes of hydrogen and
oxygen, can provide such an asscssment. Using this method. Prentice and col-
leagues (1986) compared total daily energy expenditures of 9 lean and 13 obese
postpartum women with their dictary records. Isotopically mcasured total
cnergy expenditures of obese subjects were 28 percent higher than lean controls
(2445 vs. 1911 kcal). Self-recorded mean energy intakes (obtained by weighing
all food and drink for 7 to 14 days). however, were underestimated by 837 kcal/
day among obese women. but were accurately estimated (within 34 kcal) by Iean
women.

The process of collecting dietary data may itself affect cating behavior (Marr.
1971). Kim and colleagues (1984b) determined that 28 of 29 subjects participat-
ing in a year-long study during which continuous datly diet records were sub-
mitted. decreased their energy intakes from 1.1 to 32.3 percent (mcan decreases
of 12.9 percent from yearly mean) during periods of duplicate food collections.
Greater decreases in specific nutrients, particularly protein and fat. suggested
that subjects selectively reduced their intake of more expensive foods during the
periods of duplicate collections. perhaps due to the need to purchase additional
food within constrained budgets.

Errors may be introduced by failure to report the extent of cating away from
home as the memory of these foods may be less accurate than for those caten at
home. Quantities consumed are more difhicult to estimate and spectfic details of
ingredients and food preparation may be unknown. The frequency of eating
away from home continues to rise and its importance in relation to the accuracy
of dietary recall has not been extensively studied.

Noncompliers to study protocols are likely to be different from persons who
comply (Morgan et al., 1971). so a low dropout rate may be important to main-
tain generalizability. Gersovitz and colleagues (1978) noted that as food record-
ings progressed toward the seventh day. bias was introduced because of dropouts
and decreased quality of records. The extent of bias contributed by nonrespon-
ders to a population study is difhcult to document.
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Interviewer and Reviewer Errors

Well-trained interviewers may obtain comparable results. Frank and co-workers
(1977) found that the rehability of the 24-hour recall was improved by training
interviewers using a detailed protocol. Standardized procedures for probing and
coding were thought to be particularly important (Frank et al., 1984). In a study
of sources of variance in 24-hour recalls, standardization and certification of
nutritionist interviewers was credited by Beaton and colleagues (1979) with hav-
ing climinated interviewer differences as an important source of variation. Ernst
and colleagues (1980) have described the components of a standardized system
for collecting and processing dictary information for use in large studies. Efforts
to develop objective, standardized coding procedures for portion sizes, gram-
weight conversions, food preparation factors, edible portions, and nutrient
absorptions have been reported by Hankin and Hunemann (1967) and Houser
and colleagues (1969).

Errors may be introduced by the interviewer because of behavioral factors,
such as the manner of asking questions. Information may vary depending on
whether probing is complete and detailed, or vague and general. Failure to probe
for details was a frequent source of error among interviews in HANES (Youland
and Engle, 1976). Other sources of error that are very difhcult to document may
be introduced by the interviewer. Mannerisms, various gestures, or nonverbal
body language may be distracting or suggestive of preferred or “‘appropriate”
responses. The interviewer may influence reporting by conveying personal opi-
nions through reactions to a subject’s responses. Social status and attitudes as
well as personal food habits of the interviewer may seriously influence reporting.
A feeling of rapport and an unbiased attitude toward the respondent are
essential.

Clerical or coding errors may seriously affect dietary data. Youland and
Engle (1976) developed a test for interviewers in HANES 1o determine the
degree to which they were following protocol and found that the most frequent
errors were use of wrong food codes and transformed numbers in coding. Adel-
man and colleagues (1983) compared nutrient data calculations by two experi-
enced users of a single computerized nutrient database using 3-day food records
supplied by 10 volunteers. No statistically significant differences in means were
found: however, the standard deviation of the difference between observers was
approximately 165 kcal/day for energy to 1.5 mg/day for iron. These sources of
error can potentially be reduced by interactive, computerized data-entry systems
that eliminate numerical codes for foods (see Chapter 2).

Nutrient Database Errors

Nutrient databases cannot provide an exact measure of an individual’s nutrient
intake (see Chapter 2). The nutrient data are derived from the analysis of food
samples from various sources and, as such, have limited accuracy when applied
in a particular case (Acheson et al., 1980; Jacobs et al., 1985). Although data-
bases have major limitations, they are, of course, far easier than direct labora-
tory analysis. Jacobs and colleagues (1985) submitied 24-hour records from 54
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middle-aged men to three different databases for nutrient computation and
found that differences were due principally to systematic coding and standard-
1zation procedures. Systems requiring hand calculations in coding procedures
(e.g.. converting servings to gram weights) exhibited the greatest errors. For
example. there were significant difterences in the computation of mean alcohol
intake (22.3 t0 27.2 g. p < 0.01), percent of calories from alcohol (7.0 to 8.9%.
p < 0.01). and percent of calories from carbohydrate (34.7 to 37.4%. p << 0.01).
These differences were believed to be related primarily to the way in which cal-
ories from alcohol were computed in one system. A difference was also seen in
distribution of fat among the systems; one system computed 1.4 percent more
calories from polyunsaturated fat.

In recent years, most nutrient database systems have improved. but substan-
tial differences still exist among them. Hoover (1983) compared analyses of
dietary records among 8. 7, and 11 different computerized nutrient databases in
3 successive years. Differences between highest and lowest values were greatest
in the first year (25% for carbohydrate to 66% for protein): difterences were
reduced by the third year (7% for protein to 45% for fat); the improvements were
believed due to improved quantification of portion sizes. Differences in the com-
putation of fat intake (60% in year 1, 66% in ycar 2. and 45% year 3), were attrib-
uted to variation in the nutrient databases.

Unavailable data for new foods or formulations and culture-specific foods
represent error sources of unknown dimensions. Little research has been done
regarding the optimal strategy for dealing with incomplete food composition
values, but it is reasonable to assume that there are significant effects (see Chap-
ter 2). Major disparities exist in knowledge of nutrient composition of foods:; for
example, information on amino acid content is complete for most foods.
whereas values for simple sugars are generally unavailable. The USDA National
Nutrient Data Bank has been described (Hepburn, 1982) as a significant devel-
opment that will lead to improved knowledge of nutrient composition of foods
through nationwide sampling, accurate and efficient analysis. improvement 1in
data handling and processing, and the standardized application of computerized
database information to surveys.

REPRODUCIBILITY AND VALIDITY
Reproducibility

The concept of reproducibility is complex when considering short-term dietary
records or recalls as diet itself varies dramatically from day to day. Because the
issue of temporal variation is discussed in detail in Chapter 3. reproducibility 1s
considered here in reference to simultancous measurements of the same indi-
viduals in the same situation and time frame (Becker et al., 1960). Such infor-
mation is obviously difficult to obtain as identical interview situations are never
achieved in practice. Thus it is difficult to distinguish real changes in diet from
errors in measurement (Rasanen, 1979). Because each assessment aftects sub-
sequent assessments, repeat interviews should ideally not be so close as to influ-
ence answers or so distant as to affect memory. Because these conditions are
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difficult to achieve, few data are available on the reproducibility of these short-
term methods. In one of the few such studies, Frank and co-workers (1984)
examined recording practices of two independent interviewers in the Bogalusa
Heart Study among a group of 18 10-year-olds. For the same 24-hour period the
two interviewers provided 71 to 82 percent agreement on food names. 66 to 100
percent agreement on food identification numbers, and 85 10 91 percent agree-
ment on food quantities. The greatest differences in quantitation appeared for
meats, hquids, and sweets.

Validity

To establish validity, by definition, requires a true, accurate measure of dietary
intake (see Chapter 6). Liu and colleagues (1978) have noted the dithculty of
determining the validity of dictary data of free-living people due to imitations
in measurement techniques. Although it is possible to structure research proce-
dures that can measure the vahdity of the 24-hour recall, validation studies of
dietary records are more dithcult, and few have been reported.

Attempts to measure validity inevitably involve a comparison of survey
instruments or procedures. Although there may be preferred methods for partic-
ular purposes, there is, unfortunately, no ideal method of dictary assessment
against which all other methods may be calibrated (Beaton et al., 1983). Vali-
dation of a method must be viewed in relation to the purposes for which the
research 1s being conducted; for example, whether it requires comparison of
groups, individuals, or only the identification of individuals at the extremes of
a distribution. Five general approaches to validate dietary methods are: (1)
observation of intake, (2) weighing food before selection and consumption. (3)
comparing two approaches of reporting intake, (4) laboratory analysis of dupli-
cate meals or food portions, and (5) biochemical determinations of a physiologic
variable related to a specific nutrient. Unobstrusive observation of actual food
intake by subjects has been used for the validation of the dietary recall method.
Karvetti and Knuts (1985) observed the actual intake of 140 subjects and later
interviewed them by 24-hour recall (Fig. 4-1). They found that subjects erro-
neously recalled foods that were not actually eaten, ranging from 3 to 29 percent
of spectfic foods and omitted foods that were actually eaten, ranging from 4 (fish)
to 50 percent (cooked vegetables). The correlations between nutrients calculated
from observed intake with those based on recalled intake ranged from 0.58 1o
0.74. Madden and colleagues (1976) compared observed intakes of noon meals
consumed by 76 elderly persons with recall of that meal within the following 24
hours. Significant ditterences in means were observed only for calories. with
recall being about 10 percent lower. Correlations between nutrient intakes
assessed by the two methods ranged trom 0.28 for protein to 0.87 for ascorbic
acid. Carter and co-workers (1981) studied 28 children. aged 10 through 12. and
found large and significant differences between recalled mean and observed
mean intake for kilocalories and protein. For kilocalories. the observed mean
was 2348, whereas the recalled mean was 1896 (p < 0.002): for protein, the
observed mean was 82 g and the recalled mean 66 g (p < 0.004).

The technique of weighing foods before consumption and administration of
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Figure 4-1. Percentage of times that 140 persons either failed to report or erro-
neously reported specific foods when 24-hour recalls were compared to observed

intake. (From Karvetti and Knuts, 1985; reproduced with permission.)

recall can evaluate accuracy in quantitation as well as memory of foods caten.
Greger and Etnyre (1978) studied 32 adolescent women for 30 days 1n a meta-
bolic ward. Twenty-four-hour recalls were conducted on the second and fifth
days of the study with 17 and 15 participants, respectively. On the first recall
day (Table 4-1). these girls recalled substantially less than actual intakes of vita-
mins A. thiamin. riboflavin, niacin, ascorbic acid, and iron: on the second recall
day.thcysﬁgniﬁcantbfoveremjnuncdrﬁachmlﬂboﬂavin‘andiron.FoodS(nniued
from the recalls (Table 4-2) ranged from 11.8 percent of beverage servings to
36.6 percent of other solid foods, whereas foods added or misidentified ranged
up to 9.4 percent of milk and milk products. Schnakenberg and colleagues (1981)
weighed and observed food intake of 62 military personnel to validate a diary/
interview technique and found that food item sclection agreed 80 percent of the
time and nutrients were underestimated by about 10 percent using the diary/
interview methods. with the exception of protein, fat, and niacin, which did not
differ. Fourteen percent of food items were observed but not reported to have
been consumed and 6 percent were reported but not observed.

A common validation procedure is to compare the mean values for a group
using two different dietary assessment methods. Mean nutrient intakes based on
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Table 4-1. Mean nutrient intakes from food: Actual (weighed)
versus recalled intakes

Day 1 (n = 17) Day 2 (n = 15)
Nutrient Actual Recall Actual Recall
Energy (kcal) 2172 2000 2474 2429
Protein (g) 44 51 46 54
Vitamin A (1U) 7663 33774 7602 8692
Thiamin (mg) 2.3 I.4¢ 1.8 2.1
Riboflavin (mg) 2.7 1.6¢ 1.8 2.5¢
Niacin (mg) 29 G 20 26°
Ascorbic acid (mg) 116 78¢ 201 174
Calcium (mg) 391 418 585 713
Iron (mg) 25.5 14¢ 18.6 23f
Zinc (mg) 6.7 8 12.2 i

4Significant differences (p < 0.001) between actual and recall.
bSignificant differences (p < 0.05) between actual and recall.
From Greger and Etnyre, 1978.

24-hour recalls were compared with those from I-day food records collected 2
days later by 2667 elderly persons (Fanelli and Stevenhagen, 1986). Remarkably
stmilar estimates of mean energy and nutrient intakes were found for both men
and women (Table 4-3). Rasanen (1979) compared 24-hour recalls and dietary
histories taken at the same interview from 741 children. ages 5 to 13. Mean
nutrient values obtained by the history method were significantly higher by 32
percent (carbohydrate and calcium) to 56 percent (vitamin A) than those from
24-hour recalls. Correlations ranged from 0.20 for vitamin A to 0.50 for energy.

The validation of diet records that measure intake for longer periods of time
may be extremely dithcult or impractical. Even short-term dietary records are
difficult to validate. In practice, dietitians normally check dietary records with
clients to complete inadequate descriptions and quantitation or to inquire about
possible forgotten or ignored food items. Unless recording is done immediately
after each meal, very himited probing is possible because the memory span for
food 1tems and quantities 1s so limited. The use of multiple options for units of
portion sizes, such as interchanging volumes and weights. within the same rec-
ord can increase imprecision.

Table 4-2. Frequency with which foods were omitted, added,
or misidentified in dietary recalls

Actual diet Percent of servings
(servings/person
Food group during 2 days) Omitted  Added/misidentified
Milk/milk products 2 12.5 9.4
Meats or alternate 5 18.7 5.1
Fruits and vegetables 14 29.4 6.8
Breads and cereals 9 26.3 2.5
Other beverages 6 1.8 1.0
Other sohid toods 12 36.6 1.4

From Greger and Etnyre, 1978.
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Table 4-3. Comparison of mean intakes of energy and 14 nutrients from 24-hour
recall and 1-day record for older men and women

Men Women

65-74 yr =75 yr 65-74 yr =75 vr

(n = 686) (i = 3240 (n = 1057) (n = 598)
Nutrient Recall Record Recall Record Recall Record Recall Record
Energy (kcal) 1.929 1.924 1,840 1.878 1.430 1.439 1,381 1.453
Protein (g) 78.8 79.9 74.0 76.3 60.4 61.7 55.6 59.3¢
Fat (g) 89.1 87.9 84.9 85.0 63.2 63.4 59.5 63.3
Carbohydrate (g) 203.3 201.6 196.7 201.8 157.2 157.5 158.3 164.6
Calcium (mg) 708 715 696 717 556 560 576 612
Iron (mg) 14.2 14.3 14.0 14.0 10.6 10.9 10.4 10.9
Magnesium (mg) 284 284 266 272 226 226 221 230
Phosphorus (mg) 1.209 1.216 1.144 1.174 913 927 890 945
Vitamin A (1U) 6.437 7.967 6.311 7.455 6.346 6,486 5.848 6.581
Thiamin (mg) 1.38 1.39 1.36 1.33 1.06 1.05 1.04 1.08
Riboflavin (mg) 1.78 1.88 1.72 1.80 1.38 1.42 1.37 1.48
Niacin (mg) 20.19 20.51 18.61 19.53 15.75 15.96 14.45 15.33
Vitamin By (mg) 1.55 1.60 1.50 1.54 1.24 1.30 1.16 1.25
Vitamin B> (ug) 5.04 7.11 4.52 6.04 4.01 4.81 3.80 4.40
Vitamin C (mg) 88 95 86 94 94 93 81 88

aSignificant difference (p < 0.001) between recall and record.
From Fanelli and Stevenhagen. 1986.

Laboratory analysis of duplicate meals or food samples has been used as a
validation technique. Witschi and colleagues (1985) used duplicate 24-hour food
collections to validate the use of simultancous 1-day food diaries in a subsample
of 24 high school students. A correlation coefhicient of 0.75 was observed
between sodium values computed from food diaries and laboratory analysis of
sodium in duplicate food collections.

Because of reported caloric decreases and apparently contradictory increases
in body weight over the same time in national surveys (NFCS and HANES 1
and I1). Mertz and Kelsay (1984) designed and conducted a comprehensive -
year dietary intake study of 13 men and 16 women, ages 19 to 50 years. Parti-
cipants submitted daily dietary records and four -week duplicate food collec-
tions spaced throughout the year. Miles and co-workers (1984) analyzed these
duplicate food collections for energy, which was compared with kilocalories cal-
culated from food tables. Calculated mean daily kilocalories for men were 2386,
whereas analyzed mean kilocalories were 2327, a difference of 59 (2.5%); for
women., 1638 kilocalories were calculated from food tables and 1685 were mea-
sured by analysis, a difference of —47 (—2.9%).

Investigators may indirectly validate dietary intake methods by comparing
assessments with biochemical measures that would normally be expected to
covary with dietary variables (Mahalko et al., 1985). For example, Caggiula and
colleagues (1985) obtained 1-day food records and, on the same day, 24-hour
urine collections from 55 adults to evaluate whether food records were appro-
priate for calculating sodium and potassium intake. They determined that for
sodium. mean calculated dictary intake was 113 mEq and laboratory determi-
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nation of average urinary excretion was 149.4 mEq; the correlation between the
measurements was 0.53. For potassium, mean calculated dietary intake was 67
mEq and the mean laboratory determination of urinary excretion was 65.8 mEq:
the correlation between measurements was 0.58. The authors concluded that the
food records gave good group estimates of the excretion of sodium and potas-
sium. Witschi and colleagues (1985) compared urinary sodium excretions with
sodium determinations from 24-hour food collections and obtained a correla-
tion of 0.58 for 24-hour urinary sodium (made on the same day), and a corre-
lation of 0.33 for overnight urinary sodium (after food collection).

Bingham and Cummings (1985) measured 24-hour urinary and fecal nitro-
gen excretion and assessed protein intake by dietary records and analysis of rep-
licate meals for three women and five men 24 to 57 years of age who were par-
ticipating in a metabolic ward experiment. During the 28-day study, they cach
ate foods typical of their previously assessed usual diet. Nitrogen intake aver-
aged 15.95 g/day by calculation from the diet record, 15.90 g/day by analysis of
replicate meals, and 14.92 g/day by urinary and fecal excretion. The correlation
between individual 28-day averages of calculated versus analyzed nitrogen
intakes was 0.97.

Mahalko and colleagues (1985) obtained 7-day food records for 54 adults and
observed a positive correlation (r = 0.34) between dietary iron and serum fer-
ritin among unsupplemented subjects. Plasma ascorbate correlated with dietary
intake examined by 7-day food records (r = 0.34) and with ascorbate supple-
ments (r = 0.53). van Staveren and co-workers (1986) performed fat biopsies
and also estimated diet in 59 Dutch women by taking the mean of 19 24-hour
recalls over a period of 18 months and found highly significant correlations
between hinoleic acid content of fat tissue and in the diet (r = 0.70).

The interpretation of data from validation studies such as these is considered
further in Chapter 6. In general, the validity of 24-hour recalls and diet records
is likely to vary depending on the study population, the skill of the investigator,
and the nutrients being measured.

LIMITATIONS OF SHORT-TERM RECALLS AND RECORDS

The choice of a dictary evaluation method depends on the objectives of the
study; the degree of accuracy and the type of data needed: the skill of the pro-
fessional and support staff: and the size. ability. and cooperation of the study
population. The limitations of short-term recalls and records. as well as their
appropriate place in nutritional epidemiology. is considered here.

Limitations of 24-hour Recalls

The most fundamental limitation of the 24-hour recall method is that dietary
intake from day to day is highly variable (see Chapter 3). Any given 24-hour
period 1s usually not typical or representative of long-term intake and may seri-
ously misrepresent actual nutrient intake for an individual. In addition. certain
days may be more representative of usual intake than others. Beaton and co-
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workers (1979) studied 24-hour recalls and found a significant and consistent
day-of-the-week effect for absolute nutrient intakes among women. with intakes
on weekends being higher. Balogh and colleagues (1971) indicated that because
of considerable variation in intake between days, the recalled day should be a
“representative” day: unfortunately, such a day is difficult or impossible to
identify.

Even for the day under consideration. evidence suggests that 24-hour recalls
are usually not completely accurate. Foods actually eaten are often not remem-
bered and reported foods are frequently not those consumed: selective recall
appears to be influenced by perceptions of desirability. Quantities of foods caten
arc casily forgotten; large intakes tend to be underreported and small intakes
tend to be overreported.

Twenty-four-hour recalls are not applicable to most epidemiologic studics
that require an assessment of tong-term food consumption. Morcover, in case-
control studies. past diet is of interest rather than current diet. which is provided
by short-term recalls. In addition, the cotlection and processing of recall infor-
mation is labor-intensive and subject to error. Bias may be introduced through
the necessity to probe for possible incomplete information, the interpretation
required to use the recalled information, and by the need to discard data that
are incomplete, questionable, or considered unusable.

Limitations of Dietary Records

Dictary records share some of the same hmitations as recall information. due to
day-to-day variability. Food intake during a single week, which provides sub-
stantially more information than a single 24-hour recall, cannot represent fully
usual dietary intake. The variability of intake for specific foods is even greater
than for nutrients (Salvini et al., 1988). How many and which days to record is
not clear. Hackett and co-workers (1985), using 3-day records in a study among
adolescents, found an unpredictable day effect and suggested that all days of the
week should be sampled. Richard and Roberge (1982) observed that higher cato-
ric intake on weekend days was related to higher alcohol consumption. Houser
and Bebb (1981) evaluated variation in 3-day diary data collected from 127 par-
ticipants at monthly intervals for 12 months and determined that a representa-
tive food intake must inctude both weekend days and weekdays, and that infre-
quent sampling throughout the year is more representative of usual food intake
than is the same number of days collected over a short period of time. Tradi-
tionally, it has been believed that dietary records must be repeated for seasonal
influence. but Kim and colleagues (1984a) did not find scasonal variation in
daily food records collected for 1 year from 29 U.S. adults.

Dietary record keeping requires a literate, motivated, and cooperative pop-
ulation. The burden on the participant is obviously large, often imposing mea-
suring or weighing of food, and attention to specific details of food preparation
and recipe ingredients. Cooperation of the subject and validity of the record may
decline in relation to the length of the recording process. Although it is dithcult
to document, the mere process of writing the record probably causes a change
in food intake through self-observation and awareness, by omission of cating to
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avoid the bothersome detail of measuring and writing, or by avoiding a normally
consumed food because of embarrassment about reporting 1t. Furthermore.
delay in recording meals and snacks obviously affects accuracy in quantification
as well as memory of foods consumed.

Dietary records are expensive to process as they require the expertise of die-
tiians or highly trained personnel for review, decision making, and coding.
Although advances in computer processing for translation to nutrient values
may make this process more efhicient and less prone to error, it will still remain
labor-intensive. Because of extensive personnel costs and respondent burden, a
frequent compromise 1s to decrease the number of days of recordings. Dietary
records are generally not appropriate for use in case-control studies as present
diet 1s usually not directly relevant to the etiology of most diseases once they are
identified and, furthermore, the disease and its diagnosis and treatment fre-
quently alter diet. In unusual situations, such as in the study of cancer precursor
lesions where the condition being investigated could not have affected diet, diet
records may be a reasonable method of dietary assessment; even then a substan-
tial number of days are required.

APPROPRIATE APPLICATIONS OF SHORT-TERM RECALLS AND
RECORDS

Appropriate Applications of 24-hour Recalls

The value of the 24-hour recall in assessing the average intake of groups is well
established (Block, 1982); it can provide estimates of the average intake of large
groups that are comparable to those obtained with more cumbersome tech-
niques (Beaton et al., 1979). Twenty-four-hour recalls have been consistently
used to typify food intake of large population groups such as those surveyed in
HANES I and II. NFCS (The National Food Consumption Survey), and the
Ten-State Survey. Because the method is essentially open-ended, it is particu-
larly useful for assessing mean nutrient intakes among culturally different
groups, and to compare nutrient intakes within groups over time. The 24-hour
recall method may be particularly useful to evaluate the effectiveness of dietary
intervention programs, which involves comparing the means of the intervention
and control groups, as its administration should minimally alter the eating
behavior of the subjects being observed. Multiple short-term recalls improve the
accuracy of individual intake estimates. The eftects of errors caused by intrain-
dividual variation in dietary intake may be compensated by statistical correc-
tion procedures (sece Chapter 12). The 24-hour recall may be useful for validating
other dietary assessment methods among populations with limited motivation
or literacy, particularly if muluple recalls are obtained for each person.

Appropriate Applications of Dietary Records

Dietary records may be used as a practical dietary assessment method with small
numbers of literate, highly motivated subjects to obtain information about the
frequency and consistency of eating, to characterize specific food frequencies, to
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determine food quality, and to calculate nutrient data. These records may be
used to monitor group compliance in dietary intervention trials; however, the
possibility that compliance may be atypically good during the period of record
keeping crecates concerns that this information may be biased. As discussed n
Chapter 6, dictary records are probably the optimal method for validating food-
frequency questionnaires or dictary histories.
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Food Frequency Methods

Because short-term recall and diet record methods are generally expensive,
unreprescntative of usual intake, and inappropriate for assessment of past diet,
investigators have sought alternative methods for measuring long-term dietary
intake. Burke (1947) developed a detailed dietary history interview that
attempted to assess an individual’s usual diet; this included a 24-hour recall. a
menu recorded for 3 days. and a checklist of foods consumed over the preceding
month. This method was time consuming and expensive, and a highly skilled
professional was needed for both the interview and the processing of the infor-
mation. The checklist. however, was the forerunner of the more structured
dietary questionnaires in usc today. During the 1950s Stephanik and Trulson
(1962), Heady (1961), Wiehl and Reed (1960). and Marr (1971) developed food-
frequency questionnaires and evaluated their role in dietary assessment. Ste-
phanik and Trulson found that a food-frequency questionnaire discriminated
between groups of subjects defined by ethnicity, but did not consider that such
a questionnaire could be useful in computing nutrient intakes. Heady (1961),
using diet records collected by British bank clerks, demonstrated that the fre-
quencies that foods were used correlated highly with the total weights of the same
foods consumed over a several day period. He then designed a self-administered
questionnaire for use in large populations based strictly on the frequencies that
foods were eaten: unfortuntately, this questionnaire was apparently never
employed for its intended use. Nichols and co-workers (1976) use a food-fre-
quency questionnaire in the Tecumseh Heart Study population and failed to find
an association between intake of fat, sugar, or starch-containing foods and level
of serum cholesterol. Perhaps in part because of this failure to observe correla-
tions with serum cholesterol, interest in food-frequency questionnaires (and
nutritional epidemiology in general) waned during the early 1970s, but has
greatly increased more recently. (In retrospect, correlation with serum choles-
terol was an unfortunate criterion for validity as it is only moderately sensitive
to changes in diet, see Chapters 1 and 6.) Multiple investigators have converged,
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apparently independently, toward the use of food-frequency questionnaires as
the method of dietary assessment best suited for most epidemiologic applica-
tions. During recent years substantial refinement, modification, and evaluation
of food-frequency questionnaires has occurred, so that data derived from their
usc has become considerably more interpretable.

RATIONALE AND CONCEPTUAL BASIS

The underlying principle of the food-frequency approach is that average long-
term diet, for example, intake over weeks, months, or years, is the conceptually
important exposure rather than intake on a few specific days. Therefore. it may
be advantageous to sacrifice precise intake measurements obtainable on 1 or a
few days in exchange for more crude information relating to an extended period
of time. Moreover, it is typically easier to describe one’s usual frequency of con-
suming a food than to describe what foods were eaten at any specific meal in the
past. This concept 1s supported by recent cognitive research (Bradburn et al.,
1987) and has long been used by infectious discase epidemiologists investigating
foodborne outbreaks; even when interest is focused on a specific meal, subjects
find 1t dithcult to recall their food intake at that time. Therefore, general ques-
tions are often posed as to whether a specified food is almost never eaten. or
whether 1t 1s usually eaten, if available.

The basic food-frequency questionnaire consists of two components; a food
list and a frequency response section for subjects to report how often each food
was eaten. Questions related to further details of quantity and composition may
be appended. In the following sections, considerations for the design of such
questionnaires are discussed.

THE FOOD LIST

A basic decision in designing a questionnaire is whether the objective is to mea-
sure intake of a few specific foods or nutrients, or whether a comprehensive
assessment of dietary intake 1s desired. A comprehensive assessment is generally
desirable whenever possible. 1t i1s often impossible to anticipate at the beginning
all the questions regarding diet that will appear important at the end of a study;
a highly restricted food list may not have included an item that is. in retrospect.
important. Furthermore, as discussed in Chapter 12, total food intake, repre-
sented by energy consumption, may be related to disease outcome and thus con-
found the effects of specific nutrients or foods. Even if total energy intake is not
related to a disease outcome, adjustment for total intake may increase the accu-
racy of specific nutrient measurements (discussed in Chapter 11). Nevertheless,
epidemiologic practice 1s usually a compromise between ideal and reality, and
it may simply not be possible to include a comprehensive diet assessment in a
particular interview or questionnaire, especially if diet is not the primary focus
of the study.
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A second questionnaire design issue is whether the primary objective is 1o
rank individuals (i.c.. to discriminate among subjects according to dictary
intake) or to provide a measure of absolute intake. In most epidemiologic appli-
cations ranking is the primary objective, and conversion to absolute intake may
even be done by post hoc statistical methods (see Chapter 12). In either circum-
stance, it is important to select carefully the most informative items for the food
list to avoid fatigue and boredom that can impair concentration and accuracy.
We have been impressed that individuals are willing to complete relatively long
dietary questionnaires, probably because of strong general interest in food. Our
current questionnaire, however, which includes approximately 120 food 1tems,
seems to be approaching the mit. Even in a highly motivated cohort (Willett
et al., 1987), approximately 5 percent of women willing to complete a two-page,
health-related mailed questionnaire did not complete an additional 61-1tem
dictary questionnaire (unpublished data).

For a food item to be informative it must have three general characteristics.
First, the food must be used reasonably often by an appreciable number of indi-
viduals. Second. the food must have a substantial content of the nutrient(s) of
interest. Third. to be discriminating, the usc of the food must vary from person
to person. To iltustrate the last point, a question about carrots would not help
to rank subjects according to carotene intake if everyone ate onc carrot a day.
On the other hand, an item about spinach, which is often either avoided or is
enjoyed and caten frequently, may provide much more information even though
it has a somewhat lower carotene content or lower average frequency of use. In
theory. if the intake of two foods were very highly correlated, 1t would not be
necessary to include them both; however, we have yet to observe a good example
of this situation. These three characteristics can be summarized by calculating
the contribution of each food to the between-person variance in the intake of
specific nutrients; an application of this approach using stepwisc regression anal-
ysis is described later. Apart from considerations of nutrient intake, foods may
be included on a questionnaire on the basis of prior information, epidemiologic
or otherwise. that an association might exist. For example, we have included
mushrooms in a study of diet and cancer on the basis of a strong effect on stom-
ach cancer in animals (Toth et al., 1982).

Several approaches can be used to compile a food list. The simplest is to
examine published food composition tables and identify the foods that contain
substantial amounts of the nutrient(s) of interest. Although rapid and simple,
this strategy would lead to the inclusion of foods that have high nutrient con-
centration, such as brains, which are exceedingly rich in cholesterol, but are not
eaten with sufficient frequency to be important.

Another approach is to start with a long list of foods that are potentially
important nutrient sources, and systematically reduce this list. The original hst
may be derived from food composition tables, or informally with the help of an
experienced dietitian. Reduction of the list can be accomplished by pilot testing
of the questionnaire. The easiest method is to simply delete items that are infre-
quently used. This process, however, ignores the fact that foods with high
between-person variation in their use are more informative than those that are
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of similar average use, but used uniformly by all persons. A more sophisticated
approach 1s to use stepwise regression analysis of pilot study data to identify the
most discriminating food items (Heady, 1961).

We used stepwise regression to develop a questionnaire used in a cohort of
over 100,000 women (Willett et al., 1985). The objective was to measure a fairly
comprehensive list of 18 nutrients, but the space and the cost of data entry con-
strained the form to approximately two pages. A four-page pilot questionnaire
including approximately 120 items was developed by consultation with an expe-
rienced dietitian and we conducted small-scale pilot studies to eliminate very
infrequently used items. A four-page form consisting of about 100 food items
was then mailed to a sample of 2000 cohort members and returned by 86 per-
cent. For every individual we computed a total intake score for each of the 18
nutrients (computation detailed later). We then conducted a separate stepwise
multiple regression anlaysis for each nutrient with the total nutrient intake as
the dependent variable. In this process the computer algorithm identifies the
food that explains the most between-person variance in nutrient intake as the
first independent variable, the food that explains the most variance not
accounted for by the first food as the second independent variable. and so on.
The contribution a food makes is reflected in the change in cumulative R*. This
analysis thus identifies the foods that most discriminate between individuals.
rather than those that contribute most to absolute intake. Results for animal fat,
vegetable fat, cholesterol, and vitamin C are shown as examples in Table 5-1.
It will be appreciated that R* values accumulate much more rapidly for those
nutrients that are highly concentrated in a few foods (e.g., vitamin C) than those
that are dispersed through many foods (e.g., protein). We were able to account
for at least an R* of 80 percent (and often much more than 80%) for each of the
I8 nutrients using only a modest number of foods. Several foods. such as meat.
were important contributors to more than one nutrient. By selecting the most
discriminating foods, and by collapsing several nutritionally similar items into
one, we constructed a 61-1tem questionnaire, which was then mailed to over
120.000 cohort members (See Appendix).

Some caution should be entertained in using regression analysis to design a
form. Because several hundred food variables may be included in an original
long list of potential foods. some will enter as “statistically significant™ predic-
tors on the basis of chance alone. Therefore, the sample should be large. prob-
ably on the order of 1000 to 2000 rather than a few hundred. With this sample
size, even unimportant contributors to cumulative R* may be statistically sig-
nificant, but can be ignored. Even with a large sample, a few foods may occa-
sionally make a modest contribution to R°, but not make sense in terms of con-
taining the nutrient being predicted or having an obvious association with a food
rich in that nutrient. For example, in Table 5-1, corn entered as a modest pre-
dictor of cholesterol intake even though it contains none: this is presumably the
result of correlation between the use of corn and another food, perhaps butter.
It must be appreciated that this type of analysis used to identify items for inclu-
sion on a questionnaire is in no sense a test of validity. Even though a high
cumulative R° is obtained. the dependent variable, total nutrient score, is cal-
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culated using the same food items so that the cumulative R° would be 1.00 1f all
food 1tems are entered as predictors.

A third approach to constructing a questionnaire 1s to usc open-ended data,
such as that obtained by diet records or 24-hour recalls, to identify the foods
that contribute most importantly to the total absolute intake of a nutrient by the
group as a whole. In this type of analysis, which has been used by Block and co-
workers (1985), who employed 24-hour recall data from the NHANES study:.
individuals are 1gnored; only the pooled information 1s examined (by necessity
when using NHANES data, as only one 24-hour collection was available per
subject). Howe and colleagues (1986) have used this strategy. based on data from
a comprehensive diet history, to identify a short list of foods contributing the
most to intake of N-nitrosamines or their precursors. Similarly, Stryker (1987)
used data from the 28 days of diet recording by 194 women in the Nurses Health
Study validation study to compile lists of foods that contributed to the intake of
I8 nutrients.

An advantage of this open-ended approach i1s that important contributors to
nutrient intake are unlikely to be missed. Many arbitrary decisions, however.,
must be made regarding the collapsing of variables as the open-ended methods
are typically coded in much finer detail than would be appropriate for items on
a questionnaire. For example, in conducting this type of analysis using diet rec-
ord data (Willett et al., 1988), over 300 codes for beef, pork, and lamb were
collapsed 1nto two categories that corresponded to our questionnaire. In addi-
tion, carefully collected open-ended methods often include mixed dishes, baked
goods, and prepared foods that have been “*dissected™ and coded into ingredi-
ents (e.g., flour and shortening) that would not be included on a questionnaire,
even though the final product (e.g., bread or cake) would be listed. Thus, the use
of open-ended dietary data to identify foods for a questionnaire can require a
major investment of time, and still be subject to arbitrary groupings of foods
that may not correspond to the perception of persons completing the final
questionnaire.

A modification of the open-ended approach would be to tally the foods from
diet recalls or records collected from a sample of the study population without
calculating nutrients. This might be particularly useful in situations when the
size of the study or available resources would not justity a major investment in
questionnaire development. An advantage of this approach is that information
will be gained regarding the fanmiliar names and descriptions of foods, which
may be useful for studies among migrants or ethnic minority groups. At the
same time, a tally of portion sizes of foods could be made: the use of such infor-
mation 1s discussed later.

Byers and colleagues (1985) analyzed data to determine the relative contri-
bution of 20 foods to absolute intake and to between-person variance expressed
as cumulative R* (Fig. 5-1 for an example). These investigators observed that a
relatively small list of foods. identified by stepwise regression, was able to
explain a substantially higher percentage of between-person variance than the
percentage of absolute total intake. Stryker and co-workers (1987) conducted
stmilar analyses, based on 4-wecek diet records collected by 194 women, that sup-
ported the observation that a relatively short list of foods selected by stepwise
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Figure 5-1. Cumulative R* and percentage of nutrients accounted for according to
the number of food items included in the nutrient index. (From Byers et al., 1985;
reproduced with permission.)

regression could account for a high portion of between-person variation. Some
foods. such as meat. which was eaten regularly by nearly all persons and was the
most important single contributor to absolute intake of calories and total fat,
contributed less impressively to between-person variance in these nutrients than
did foods such as cake and cookies, which were eaten frequently by some but
avoided by other participants. The contribution of supplements to between-per-
son variance was particularly striking, although not unexpected as their use is
an all-or-nothing phenomenon. These data suggest that the method of identify-
ing foods simply on the basis of their contribution to absolute intake may not
lead to the optimal questionnaire when the number of items is constrained by
cost, space, or time. Furthermore, foods or groups of foods that are most dis-
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criminating among persons should probably be asked about with greater detail
than those that are less discriminating.

Assembling a selected list of foods into a clear and unambiguous question-
naire 1s critical. To some extent this is a process of trial and error, but the fol-
lowing considerations may be helpful. The organization and structure of a food
list i1s important because one item can change the interpretation of another. For
this reason, related items should be clustered together, such as by traditional
food groups. For closely related foods. more specific items should precede gen-
eral items (e.g., "“low calorie salad dressing” should appear first, then “other
salad dressing’). It 1s tempting to maximize the comprehensiveness of a ques-
tionnaire while maintaining brevity by combining or collapsing several foods
into single questions. Our experience suggests that this should be avoided; mul-
tiple simple, clear questions are preferable to a single longer, complex question.
For example, on our original questionnaire we asked how often “"peaches, apri-
cots or plums” were eaten over the past year. If more than one of these fruits
are eaten it 1s a very challenging task for respondents to consider each separately,
integrate information over a year, and then describe a summary frequency. It
would probably be better to ask three separate questions or drop one or two of
the fruits entirely. In a related example, we found that the deletion of a clarifying
item can alter response to another item. In the stepwise regression analysis
described previously, we found that lettuce did not contribute importantly to
variance for any nutrient and so we dropped this item. We had, however,
included another item “*Spinach and other greens’ that was an important pre-
dictor of carotene intake. With the lettuce item deleted, we discovered that
reporting of. “spinach and other greens” increased, apparently because some
may have interpreted this to include lettuce. Although we thought we may have
been gaining information on possible use of kale, collard, and mustard greens
with our more comprehensive question, we probably gained statistical noise
instead; 1t would have been better to simply ask about “*spinach.” Arriving at
the optimal balance between splitting foods into many detailed separate ques-
tions or collapsing (combining) items into a few broad questions 1s extremely
important. Because 1t 1s critical that the person completing the questionnaire has
the same mental picture of the foods as intended by the investigator, simplicity
and clarity are paramount. Cognitive rescarch indicates that subjects often
decompose a question into several steps when they are unable to retrieve and
count separate incidents, such as the repeated use of a food (Bradburn et al.,
1987). Thus, much may be learned from pilot studies that include informal or
structured interviewing of participants as to their interpretation of questionnaire
items.

An alternative to designing a questionnaire de novo is to use or modify an
cxisting questionnaire. This will be particularly attractive when time (often
years) and resources are not avilable for a major investment in questionnaire
development. There appears to be general willingness on the part of epidemi-
ologists to share their questionnaires for legitimate scientific purposes. If the
hypotheses are adequately addressed by an existing questionnaire and the form
1s reasonably appropriate for the cultural background of the study population.
this may be the best approach. When the number of questions is severely con-
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strained and the focus 1s on one or a few nutrients only, it may be reasonable to
select a list of foods i1dentified by other investigators as important predictors if
the general cultural background of the study population is similar.

FREQUENCY RESPONSE SECTION

For most epidemiologic purposes, dietary intake over a number of years is the
exposure of conceptual interest. Because diets tend to be reasonably correlated
from year to year (see Chapter 8), we and most others have asked subjects to
describe their frequency of using foods in reference to the preceding year. This
provides a full cycle of seasons so that, in theory, the responses should be inde-
pendent of the time of year. For other purposes, the time frame could be 1n
reference to a period 5 years previously (such as in a case-control study of colon
cancer), the first 2 months of pregnancy (in a study of congenital malforma-
tions), or the preceding month (in a study of plasma HDL-cholesterol). The
relevant reference period is a function of both the physiology or the pathophys-
iology of the outcome being studied as well as the metabolism of the dictary
factor under investigation. In the case of congenital malformations, the occur-
rence of the critical event, such as the closing of the neural tube, can be identified
with precision to within several days. Because most nutrients (e.g., vitamin A)
have long half-lives in the body, however, the nutritional status at the time of
neural tube closure will depend on intake over the preceding weeks or months.

Response formats to frequency questions may appear to be a simple issue,
but opportunities exist for serious pitfalls. Most investigators have provided a
multiple-choice responsc format, with the number of options usually ranging
from five to ten. If the same options are to be used for all food questions, how-
ever, five choices are likely to be too few and will usually result in serious loss
of information. This can be appreciated by examining the frequency distribu-
tions for selected items in our pilot study of 1742 women (Table 5-2). For some
items (such as butter), most of the information on between-person variation 1s
captured at the high end of the scale, but for other items (e.g., liver). most of the
information is at the low end. Broadening the response categories to reduce their
number would decrease the discrimination capacity of questions. For example,
Gray and colleagues (1984) compared a food frequency questionnaire having a
small number of response options with a detailed dictary interview and
observed a poor correlation. They attributed this to the limited response
options, as for many items most subjects fell into a single category that encom-
passed a possible fourfold variation of intake. In an early questionnaire, Ste-
phanik and Trulson (1962) perceptively created ten categories so that the range
of intake within a category was no more than twofold:

never

once a month or less
2-3 times per month
once per week

2-4 uumes per week






FOOD FREQUENCY METHODS 79

5-7 times per week

over one, under two times a day
2-3 times per day

4-6 times per day

over 6 times per day

This produces a scale with greater detail at the high frequency end, which is
appropriate as foods consumed less than once per weck make relatively little
contribution to nutrient intake. We have modified these categories shightly (see
appendix 5-1). collapsing two low-frequency responses into one, thus more cth-
ciently using contemporary data-processing facilities (because nine possible
responses plus “blank™ use a single column of data storage).

One approach is to use an open-ended format and provide subjects the
option of answering in terms of frequency per day, week, or month (Block et al.,
1986). In theory. an open-ended frequency response format might provide for
some enhanced precision in reporting as the frequency of use is truly a contin-
uous rather than a categorical variable. It 1s unlikely, however, that the overall
increment in precision is large as the estimation of the frequency a food 1s used
is inherently an approximation. Moreover, tendencies to overestimate or under-
estimate will in part be compensated for by adjusting for total food intake (see
Chapter 11). Nevertheless, formal investigation of possible refinements in
response formats i1s warranted.

OPTIONS FOR PORTION SIZE INFORMATION

Whether or not to collect additional data on portion sizes has been a controver-
sial topic: relevant data are only now becoming available. Several options cxist.
The first is to collect no additional information on portion sizes, that is, to use
a simple frequency questionnaire. A sccond possibility is to specify a portion
size as part of the question on frequency, that is, to ask how ofien a glass of milk
is consumed rather than only how often milk s consumed. This has been termed
a semiquantitative food frequency questionnaire. For foods that come in natural
units (such as a slice of bread, one egg. a cup of coffee) this additional specifi-
cation can add clarity to the question. For example, if we just ask about “milk.”
a thoughtful subject will not know if we are asking about the milk added to coftee
and breakfast cercal. or whether three glasses consumed at one meal should
count as one or as three. Because the specification of unit size does not require
an additional question and should provide additional information and clarity.
there is little reason not to pose questions in this way. The issuc is less clear for
foods that do not come in natural or typical units, such as meat or rice. It 1s
possible to specify a typical portion (e.g.. 4 to 6 ounces for & serving of meat or
half a cup of rice); if a subject’s usual portion is twice that amount, they would
be expected to double their reported frequency of use. We have informally eval-
uated whether participants in the Nurses Health Study Cohort responded 1n this
way by providing them with a hypothetical eating pattern and asking them to
complete questions describing the diet. Although items about foods with natural
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units were consistently interpreted correctly, the portion size specification for
foods without natural units, such as meat, was sometimes ignored. Whether or
not 1t i1s advantageous to include a portion size specifically for these toods
deserves further investigation (discussed later).

A third alternative 1s to include an additional item for each food to describe
the usual portion size. This may involve describing a typical portion size in
words and asking subjects to describe their usual portion as a multiple of the
specified portion (Block et al., 1986), using a realistic food model or a simple
shape as a unit of reference (Morgan et al., 1978). or providing pictures of dif-
ferent portion sizes as a multiple-choice question (Hankin et al., 1983). The
descriptions of usual serving sizes can also be lett as completely open-ended
items, although this will be expensive to code and process.

To provide useful information on serving sizes, subjects must be able to con-
ceptualize the umt clearly and relate this to their own habits. Guthrie (1984) has
observed, however, that individuals are generally unable to accurately describe
their portion sizes. When subjects were asked. immediately after a meal, to
describe the portions of foods they had just consumed. for most of the foods
evaluated, fewer than half of the participants were accurate to within 25 percent.
Furthermore, substantial within-person variation exists in portion sizes for most
foods (Hunter et al., 1988). For example, beef is eaten in a variety of forms and
circumstances in which the portion size may vary substantially.

In Table 5-3 the within-person and between-person coefhicients of variation
for portion sizes of several commonly eaten foods are provided. Among a total
of 66 foods examined, the average ratio of the within-person to between-person
variance was approximately four (Hunter et al., 1988). This large within-person
variation raises doubt about the concept of “usual™ portion size. Indeed, in
some situations we would not really be interested in the mode serving size for
an individual if it was substantially smaller than another commonly used serv-
ing size. For example, a common serving size reported for yogurt is one table-
spoon. Even if yogurt 1s consumed as a tablespoon serving size at, say, three
times the frequency as a cup, we would still be more interested in learning about
the frequency that the cup serving was used as it will provide a greater source of
nutrients.

Samet and colleagues (1984) have addressed the contribution of portion-size
questions to the ranking of individuals. They calculated intake of vitamin A in
two ways; the first was based on simple frequency questions atone and the sec-
ond by weighting frequency responses by ““usual” portion sizes obtained for
these same foods during an in-person interview that emploved food models. The
correlation between the methods was 0.86 for controls and 0.91 for cases. indi-
cating that the portion-size questions provided little additional information.
Furthermore. vitamin A intake calculated with and without portion sizes was
similarly related to a reduced risk of lung cancer (Humble et al.. 1987).

We have conducted similar analyses using data collected as part of a case-
control study of coronary heart disease (unpublished data). Participants com-
pteted a mailed setf-administered food-frequency questionnaire that specified
units for foods commonly consumed in “natural units but did not specity por-
tions for items such as meat, cooked vegetables, rice, and mashed potatoes. After
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completing the questionnaire, subjects were interviewed by a dietitian who used
realistic food models to estimate usual portion sizes. Nutrient intakes were then
calculated 1n two ways: first, assuming common portion sizes for all subjects
and, second, using the portion size data obtained at the interview. For cach
nutrient examined, the correlation between these methods of computation was
greater than 0.90 (Table 5-4). Ninety-eight male control subjects in this study
also collected a 1-week diet record after completing the questionnaire. Nutrients
calculated with and without the additional portion-size data correlated equally
well with those esimated by the diet record (Hernandez-Avila et al.. 1988).
Although 1t remains possible that a more detailed assessment of usual portion
sizes would slightly improve measurements of nutrient intake, 1t 1s apparent that
the data collected (at considerable expense) during the personal interview added
little to the assessment of nutrient intake. In a study among 37 postmenopausal
women, Cummings and co-workers (1987) found that calcium intake calculated
from a questionnaire, which included ratings of portion sizes as small, medium,
and large, correlated only somewhat and nonsignificantly more with calculations
from a diet record (r = 0.76) than did the questionnaire without added infor-
mation on serving sizes (r = 0.64). A questionnaire completed by the same
women that asked for portion sizes in ounces or cups performed less: the cor-
relation with diet records was 0.49. Although Hankin and colleagues have sug-
gested that additional questions on portion sizes may be important. they found
that the use of data obtained using color photographs ot different portion sizes
only shightly increased correlations between intake of foods assessed by a ques-

Table 5-4. Spearman correlation coefficients comparing semiquantitative food-
frequency questionnaire nutrient intakes with and without data on portion sizes

Cases Controls Cases + controls
Nutrient (n=113) (n=114) (n=229)
Protein 0.94 0.94 0.94
Animal fat 0.94 0.93 0.93
Vegetable fat 0.99 0.99 0.99
Saturated fat 0.97 0.96 0.97
Oleic acid 0.95 0.96 0.96
Linoleic acid 0.98 0.98 0.98
Crude fiber 0.93 0.94 0.94
Dictary fiber 0.93 0.95 0.94
Pretormed vitamin A 0.99 0.95 0.99
Carotene 0.90 0.91 0.91
Cholesterol 0.96 0.96 0.96
Vitamin C 0.97 0.98 0.97
Vitamin B, 0.93 0.95 0.94
Vitamin E 0.98 0.99 0.99
Sucrose 0.99 0.99 0.99
Total carbohydrate 0.97 0.98 0.98
Total calornies 0.97 0.97 0.97

Calculated assuming common portion sizes for all subjects and using data for individual portion sizes col-
lected during an interview.,

Unpublished data derived from a case-control study of mvocardial infarction.
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tionnatre completed at an interview and by a 1-week diet record (Hankin et al..
1975). For 30 food items examined, the average Spearman correlation only
mcreased from 0.55 to 0.59.

As pointed out by Samet and colleagues (1984) and Pickle and Hartman
(1985). for most foods. portion sizes vary less among individuals than do fre-
quencics of use. Because most of the variation in intake of any food 1s explained
by frequency of use, it is not surprising that portion-size data are relatively
unimportant. Furthermore, these investigators found that portion sizes were
positively correlated with frequency of use, meaning that some of the informa-
tion on portion size was already accounted for by frequency of use. The finding
by Hunter and co-workers (1988) that, for most foods, portion sizcs vary con-
siderably more within a person over time than between persons of similar age
and sex. means that the concept of usual portion size is inherently complex and
unlikely to be reported precisely.

Although the potential contribution of additional questions on portion siz¢
deserves further investigation, available data suggest that such questions do not
add substantially to the assessment of dietary intake. This has important impli-
cations for study design as the cost of data collection by mail or telephone is far
less than the cost of personal interviews, which are necessary if food models are
10 be uscd for assessing portion sizes. It should be noted that the relative impor-
tance of portion sizes arc, in part, culturally based. It is possiblc to concetve of
other situations: for instance, a culture in which meat 1s usually eaten once a
week. but the amount eaten on that day varies substantially between persons; in
this case. a question focused on the amount of meat eaten could be quite
informative.

COMPUTATION OF NUTRIENT INTAKES

Although the data on frequency of food use obtained from a questionnaire 1s
intrinsically useful, most investigators also want to examine the relationships of
nutrient intakes with health outcomes. A nutrient database and analysis pro-
gram must be compiled to calculate these intakes. In constructing the database,
a value for each nutrient being computed must be assigned to each food. It por-
tion sizes have been specified on the questionnaire, the nutrient values relate to
that portion size. If no portion sizes have been specified, the nutrient content
for a typical or average portion size should be used. Sources of nutrient com-
position data and their limitations are discussed in Chapter 2; because most pub-
lished databases are incomplete, it 1s often necessary to use more than one
source for less common nutrients when compiling the database for a spectfic
study. If open-ended questions are included, such as for types and brands of
breakfast cereal or multiple vitamins, it is necessary to obtain specific data for
each possible response.

Total intake of a nutrient can be calculated as the sum of the products of the
frequency weight and the nutrient content for each food, 1.e.. £ (frequency
weight X nutrient content). For frequency weights, it 1s simplest to assign a
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Never or
lessthan [ 1-3 | 1 | 24|56 1 23 45| 6+
FOODS AND once per | per | per | per | per | per | per | per | per
AMOUNTS mo mo | wk | wk | wk | day | day | day | day

Eggs (1) O 10l®|0|0 @000
B | Whole milk (8 oz glass) O O @ O O @ ‘ O O
C Ice cream (Y% cup) O O @ O ‘ @ O O O

Figure 5-2. Example of calculation of daily cholesterol intake. From a food com-
position table the cholesterol contents are: 1 egg = 274 mg, 1 glass of milk = 33
mg, % cup of ice cream = 29.5 mg. Thus, the average daily cholesterol intake for
the person completing this abbreviated questionnaire would be: 274 mg X 1 + 33

mg X 2.5 + 29.5 mg X 0.8 = 380.1 mg/day. (From Sampson, 1985, reproduced
with permission.)

weight of 1.0 to once a day, and proportional weights to the other responses, that
1s, “2-3 times a day” = 2.5. The calculation of intake based on a section of a
semiquantitative food-frequency questionnaire 1s shown in Figure 5-2. It sepa-
rate portion-size questions were asked, the product for each food would also be
multiplied by a weight proportional to the usual serving size.

In more complex questionnaires, the nutrient content of some foods may be
modified by responses to other questions. For example, the composition of the
cold breakfast cereal item could be modified by the brand and type of cereal, or
the values of margarine might be modified by whether stick or tub margarines
are usually used. Similarly, the nutrient values for baked goods made at home
may be modified by the type of fat used (e.g.. margarine vs. butter), which, in
turn, can be modified by the type of margarine.

Because opened-ended questions relating to specific types or brands of foods,
such as for cold breakfast cereal or margarine, require an additional coding step.
they add appreciably to the cost of processing a questionnaire. We, therefore,
examined the increment 1n validity provided by open-ended questions for type
of breakfast cercal, multiple vitamins, and cooking oil. Nutrient intakes com-
puted with and without them (assuming a common value tor all breakfast cere-
als, multiple vitamins, and cooking oil) were compared with intakes measured
by diet records (Willett et al., 1988). In the case of breaktast cercals and cooking
oil, correlations for each nutrient examined were essentially unchanged; the type
of multiple vitamin did contribute to the estimation of vitamins and iron (e.g..
the correlation for 1ron was 0.55 with the brand and type of multiple vitamin
and 0.42 when a common type of vitamin was assumed for all subjects). The
added costs of open-ended questions related to detatils of foods and supplements
thus appear to provide only a small increment to the estimation of nutrient
itake if the basic questionnaire 1s reasonably complete. This 1ssue, however,
deserves further examination as 1t might not apply to other populations and for
all nutrients.
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USE OF EMPIRICAL PREDICTOR SCORES

An alternative to the calculation of nutrient intakes from food-frequency ques-
tionnaires using values from published food composition tables is to employ
empirically derived weights for each food item. The rationale for such a proce-
dure 1s that the importance of a food item should reflect not only the nutrient
content of the food, but also the validity of the responses to that particular item.
Calculation of empirical weights require that an external measurement of intake
be available for a group of subjects who completed the questionnaire:; this inde-
pendent measurement could be based on either diet-records or a biochemical
parameter, such as plasma beta-carotene. Weights for the questionnaire food
items can be obtained by fitting a multiple regression model with the external
mecasurcment as the dependent variable and the food items as the independent
variables. The coefhicients for the food items would serve as weights that could
then be applied to questionnaire responses in other studies.

This empirical approach has the advantage that 1t avoids many assumptions
regarding portion sizes, nutrient composition, and bioavailability. Furthermore,
questions that are unclear and thus improperly answered tend to receive low
weights, thereby reducing error as persons who might have been erroncously
assigned extreme values will be given a more average value. The use of empirical
weights 1s limited largely by practical considerations. For their computation, the
regression coefhcients for individual foods must be estimated with considerable
precision; it 1s of minimal use to simply know whether they are significantly
different from zero. When many foods contribute to intake of a nutrient, the
coefhicient for any single food is relatively small and a number of variables are
likely to be statistically significant on the basis of chance alonc. For these rcasons
the generation of reasonably precise empirical predictor weights requires a large
sample. probably many hundreds or several thousand subjects. Unless a large
sample is used. weights corresponding to values from food composition tables
will probably be more accurate than the empirical weights. In an exploratory
analysis, we found that empirical weights provided a better prediction of plasma
vitamin E (alpha-tocopherol) levels when tested in an independent dataset than
did weights from a food composition table (unpublished data). The appropriate
role for empirical weights is not yet clear and deserves examination in other
settings.

OVERALL QUESTIONNAIRE DESIGN AND ADMINISTRATION

Basic principles of survey rescarch (Rossi and Wright, 1985; Bradburn et al.,
1987; Worsley, 1981) are likely to apply to the collection of food frequency data;
however, this method of dietary assessment does not appear to have received
formal investigation by this field. Although a detailed discussion of these prin-
ciples 1s beyond the scope of this book, Babor and collcagues (1987) have pro-
vided an outline of sources of bias and solutions (Table 5-5).
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Table 5-5. Procedures for minimizing response bias and enhancing validity

Source of bias Solution
Ambiguous role ~equirements or Guarantee anonymity/confidentiality
task definition Give clear instructions/examples
Emphasize scientific role
Specificity of desired responses Question wording

Multiple questions
Probe questions
Interviewer bias and unrehability Interviewer training
Standardized protocols
Interview techniques
Forgetting, telescoping Increase question length
Better instructions
Aided recall
Memory aids
Bounded recall
Response distortion Alert subject to problem
Recognition questions
Diaries/calenders/time-line
Motivation Commitment agreement
Clear instructions
Bounded recall
Prompts/encouragement/reinforcement
Session feedback
Bogus pipeline

From Barbor et al., 1987.

The accurate collection of dietary data requires a motivated subject; thus,
emphasizing the scientific importance of the information and assuring confiden-
tiality 1s basic. Clear instructions are essential, which can usually be enhanced
by the use of relevant examples. As already discussed, clarity of questions i1s
paramount, which can often be improved by feedback from subjects during
questionnaire development.

If a questionnaire 1s to be used in an interview tformat, standardized proce-
dures are essential. Interestingly, Babor and co-workers (1987) suggest that
longer questions may be helpful in an interview as this may provide subjects
with a longer time to think about their response. The use of memory aides and
prompts, perhaps related to well-known events, has been used for many types
of surveys, but their utility for the recall of dietary data remains to be docu-
mented. Among the recall aides, Babor and colleagues note that fixed response
choices, as we have emploved for frequency-of-use, can reduce memory errors.

A number of the other suggestions oftered by Babor and colleagues have not
been used or evaluated in the collection of food-frequency data. One interesting
approach. which they have called bogus pipeline, 1s to ask subjects to provide
information under conditions where they are led to believe that objective, exter-
nal validation of their responses, such as by blood test, will also be available to
the investigator. This technique has been proven to enhance the validity of
reporting of alcohol intake. Although conveying ““bogus™ information to study
participants would trouble most epidemiologists. circumstances may actually
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exist in dietary studies where blood or other tissues are being collected, fre-
quently to assess a limited number of nutrients; explicitly linking these sources
of data when describing the study might be useful. Although most of the general
principles of survey research are already incorporated into standard epidemio-
logic practice, some of the methods developed to enhance recall of past infor-
mation deserve consideration and evaluation in the context of food-frequency
questionnaires.

SUMMARY

Food-frequency questionnaires have become the primary method for measuring
dictary intake 1n epidemiologic studies. Such questionnaires are directed to the
dietary exposure of conceptual interest in most applications, which is average
intake over an cxtended period of time. Food-frequency questionnaires are
extremely practical in epidemiologic applications as they are easy for subjects to
complete, often as a sclf-administered form. Processing is readily computerized
and inexpensive, so that even prospective studies involving tens of thousands
of subjects are feasible. In constructing food-frequency questionnaires, carcful
attention must be given to the choice of foods and the format of the frequency
response scction. The actual performance of such questionnaires in terms of
reproducibitity and vahdity 1s considered in the next chapter.

APPENDIX: 1980 NURSES” HEALTH STUDY DIETARY
QUESTIONNAIRE WITH FREQUENCY DISTRIBUTION OF
RESPONSES (%)

For each food listed, check the box indicating how often, on average, you have used the amount specified during the past year. If your
intake of a food item has greatly increased or decreased during the past 10 years, indicate this in the fast 2 columns.

Average use last year

6+ |46} 23| 1 56 | 2-4 1 1-3
FOOD AND AMOUNTS per | per | per |per | per | per | per | per [Almost

day [ day | day |day | week | week [week |month | Never
Dairy Foods
Skim or low fat milk (8 oz. glasses) 0] 112 120 5 12 6 5 39
Whole milk (8 oz. glasses) 0 0 4 | 10 2 8 7 7 62
Yoghurt, (1 ¢.) o| 0| o | 2 1 8 9 | 20 61
fce cream ('2-c.) 0 0 0 3 3 18 __22 32 22
Cottage cheese ('2-c.) o O 1 3 3 18 17 29 28
Hard cheese, plain or as part of
a dish (slice or servings) 0] 0 3 |12] 13 | 36 | 20 1" 5
Margarine (pats added to food or bread) 2| 4128 |23 9 m| 4 3| 17
Butter (pats added to food or bread) 1 210 |10 4 7 4 | S5 | 58
Fruits
Fresh apples or pears (1) 0 2 3 |15 4_6 27 | 19 20 1
Oranges (1) o| o] 2 { 11 4 |22 |19 | 23 19
Orange or grapefruit juice (small glass) 41 3 4 |35 9 | 19 | 10| 10 13
Peaches, apricots or plums
(fresh, Y-c. canned, or dried) of 1| 1] 3| 2|14 | 19| 32 | 30
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- Average use last year
6+ [4-6 |2-3 | 1 56 | 2-4 1 1-3
FOOD AND AMOUNTS per |per | per |per | per | per | per | per [Almost
day |day |day |day | week | week |week month | Never

Bananas (1) o[ o] of 6| 4 |23 [25] 27 | 15
Other fruits (fresh, or ¥2-c. canned) 0] 0 21} 9 6 [ 24 |23 | 23 | 14
Vegetables
String beans (2-c.) 0 0 O} 2| 3 {30 |46 | 16 3
Broccoli (Y2-¢.) 0 0 i 1 16 42 29 1
Cabbage, cauliflower, brussels 7 o
sprouts (%2-c.) 0 0 0 1 1] 12 34 7_37 5.
Carrots (whole or '2-c. cooked) 0 0 0 3 e 21 39 26 7
Corn (ear or %2-c.) o/l o| o o] 1|13 |38 32| 15
Spinach or other greens ('2-c.) 0 0 2 |10 8 21 30 20 10
Peas or lima beans ('2-c. fresh, frozen _
or canned) 0 0 0 | 1 13 39 29 15
Yellow (winter) squash ('2-c.) 0 0 0 0 4 14 34 48
Sweet potatoes ('2-c.) 0 0 0 1 4 29 67
Beans or lentils, dried ('2-c.) 0 0 0 0 0 3 12 36 48
Tomatoes (1) or tomato juice (4 0z.) 0 0 1| N 12 33 24 15 q
Meats
Chicken, without skin (6-8 0z.) 0} 0| O 1 2 19 | 36 16 26
Chicken, with skin (6-8 0z.) 0 0 0 1 11 35 16 37
Hamburgers (1) o 0 0 o 1 22 52 19 5
Hot dogs (1) 0 0 0 0 0 | 27 37 30
Processed meats (sausage, salami,
bologna, etc.) (piece or slice) 0 0 0 2 3 15 20 27 32
Bacon (2 slice servings) 0| O 0 1 1 9 24 33 31
Beef, pork or lamb as a sandwich or
mixed dish (stew, casserole, lasagne, etc.){ O [ @ O | 2 3 | 25 | 34 | 26 9
Beef, pork or lamb as a main dish
(steak, roast, ham, etc. 6-8 oz.) 0| v+ 5|10 | 41 | 31| 10 3
Fish (6-8 0z.) o0 1] 2 15 39 | 34 9
Eggs (1) 0 2 8 48 20 9 5
Sweets, Baked Goods, Cereals
Chocolate (1 0z.) . 1_ﬁ_4-‘ 3 | 12 | 18 28 34
Candy without chocolate (1 0z.) - 0] 2 1 6 | 13 26 51
Pie, home made (slice) m E 0 _0__,2_ v 8n JO 50
Pie, ready made (slice) o, ojo0o} 0| 1 | 4| 21 74
Cake, (slice) o] o o 1| 1| 7 |17 |45 | 30
Cookies (1) o] 1| s| 5| 9|20 | 16|24 20
Cold breakfast cereal (Y2-c.) 0 0| o|10| 6 j 21 | 13 14 35
White bread (slice) 0 2117 |15 9 17 | 7 6 27
Dark or whole grain bread (slice) 0 __1 14 17 | 10 20 9 12 17
Miscellaneous
Peanut butter (tbsps) o, 0| 114/ 4 13 15 | 23 40
Potato or corn chips (small bag or 1 0z.) _E-_ 0| O 1 2 | 8 | 17 28 44
French fried potatoes (4 0z.) 0| o 0 __O_ﬁ 0| 4 | 19 36 41
Nuts {1 0z.) 0| 0 1] 2 2 | 9 | 15 36 34
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Average use last year
6+ [4-6 [2-3 | 1 5-6 2-4 1 1-3
FOOD AND AMOUNTS per |(per |per |per | per | per | per | per [Almost
| day |day |[day |day {week | week [week |month| Never
Potatoes, mashed ("2-c.) or baked (1) 0 0| 0| 4| 7 |35 26 | 18 9
Rice or pasta (Y2-c.) 0p 0] o0 1 2 |27 38 | 23 | 9
Cotfee, not decaffinated (cups) | 8 [17 (33 11 2 | 3 | 1] 2 23
Tea (cups) 1] 4 15 H_167< 4 10 8 g 1 | 30
Beer (bottles or cans) - | 0, 0] 1] 1 11 4 | 5 9 78 |
Wine (glasses) | 0] 0] 2] 6| 3 | M 10 | 23 | 44 |
Liquor - whiskey, gin, etc. (drinks) 0 0 2| 4, 2 | 8 8 18 56
Coca Cola, Pepsi, other cola (glasses) 0 0 2|/ 5| 3| 9 | 9| 14| 57
Low calorie carbonated drink (glasses) 0| 1] 7/10 5 nj| 6| 9 50
Other carbonated beverage (root beer,
ginger ale, 7-Up, etc.) (glasses) 0 0 1 2___1_ 6 9 20 62
Fruit-flavored punch or non-carbonated
beverage (glasses) 0 0] 1] 2 6 6 12 7
Home-fried food, any type (servings) 0 oy 0] 2 3 15 18 | 23 38
Artificial sweetner (packet, tablets, etc.) 2 4| 9| 6 2 4 2 4 68
How often do you eat liver (3-4 0z servings)? Y 1 per week = 2-3 per month 32 1 per month or less e never
What do you do with the visible fat on your meat? & eat most of it 4 eat some o! 1t 79 eat as little as possible
What kind of fat do you usually use for baking? 4 lard or butler i vegetable ol 29 vegetable shortening e margarine
What kind of fat do you usually use tor frying? 3 lard or butter il vegetable ol i3 vegetable shortening e margarine
Do you use a microwave oven? Y Yes v No I yes, for how many years?
Are you currently on a special diet? 1 Yes 0 No If yes. tar years type of diet
In what form do you usually use your margarine? e Stick torm 34 Tub form
Do you currently take any of the following vitamins ? YES NO
Multiple vitamins S =L
Vitamin A : 96
Vitamin C ) 81
Vitamin E S 87
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Reproducibility and Validity
of Food-Frequency Questionnaires

For reasons discussed in Chapter 5, the food-frequency questionnaire is usually
the most appropriate method for dietary assessment in epidemiologic studies. It
i1s. therefore, crucial to consider in detail the degree to which such questionnaires
can measure true dietary intake. This chapter deals with approaches used to
evaluate dietary questionnaires, the design of validation studies, and the analy-
sis and presentation of data from validation studies.

In this chapter reproducibility refers to consistency of questionnaire mea-
surements on more than one administration to the same persons at different
times, realizing that conditions are never identical on repeated administration.
Repeatability and reliability are frequently considered to be synonymous with
reproducibility; however, the latter term has taken different meanings in other
disciplines so that it is not used here. Validity refers to the degree to which the
questionnaire actually measures the aspect of diet that it was designed to mea-
sure. This implies that a comparison i1s made with a superior, although always
imperfect, standard. Reproducibility and validity can be addressed from several
aspects. Most common 1s the relative ordering of subjects by the repeated mea-
surements or different methods, which is typically evaluated by correlation coef-
ficients. Comparisons of absolute levels can also be made, which usually involve
examination of means and standard deviations; other methods of comparing
measurements are discussed later in the chapter. The quantitative implications
of different levels of reproducibility and validity are discussed in Chapter 12.

Because even subtle changes in the design of food-frequency questionnaires
may aftect their performance (see Chapter 5), ecach instrument should ideally be
cvaluated separately. Moreover, these structured questionnaires are culture-spe-
cific; even within a population they may perform differently among various
demographic groups and subcultures. Thus, it is important to document the
reproducibility and vahdity of any new questionnaire and to measure the per-
formance of previously tested questionnaires for use in substantially different
populations. As discussed in Chapter 2, an examination of dictary associations

92
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with disease at the level of individual foods, food groups, and nutrients is ire-
quently useful. Thus, studies of questionnaire reproductbility and validity at
thesc three levels are important.

APPROACHES FOR EVALUATING DIETARY QUESTIONNAIRES

Various approaches that have been used to assess the performance of food-fre-
quency questionnatires include the following:

I. Comparison of means

Proportion of total intake accounted for by foods inctuded on the
questionnaire

Reproducibitity

Validity (comparison with an independent standard)

Comparison with biochemical markers

Correlation with a physiologic response

The ability to predict discase

!\)

SRR R

Comparison of Means With Data From Other Sources

The comparison of mean nutrient intakes computed from a questionnaire with
values derived from another source provides a simple and inexpensive method
to assess performance. The comparison data may be cxternal, such as the
NHANES study (United States National Center for Health Statistics, 1979). or
internal, based on another dietary assessment method among the same individ-
uals who completed the questionnaire. For example, we have compared mean
nutrient intakes based on a semiquantitative food-frequency questionnaire with
means calculated from a l-year diet record completed by 27 men and women
(Willett et al., 1987; Table 6-1).

Although simple and inexpensive, a comparison of means provides hmited
information on validity. Similar mean values provide some reassurance that the
questionnaire is reasonably comprehensive. It remains possible, however, that
important items were not included on the questionnaire, but that the portion
sizes assumed in the calculation of nutrient intakes were erroncously high: such
compensating errors could produce correct mean values. Most seriously, such
comparisons of means provides no information on the ability of the question-
naire to discriminate among persons.

Proportion of Total Intake Accounted for by Food Items Included
on the Questionnaire

In developing a food-frequency questionnaire, one approach to the selection of
foods for inclusion has been to use an open-ended method, such as 24-hour
recall or diet record, to identify those foods that contribute importantly to abso-
lute nutricnt intake for a group as a whole (see Chapter 5). Such data have also
been used as support for the completeness of the questionnaire.
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Table 6-1.

NUTRITIONAL EPIDEMIOLOGY

Comparison of mean nutrient intakes measured

among 27 men and women using a 116-item food-frequency
questionnaire, and T-year diet record’

Nutrient Diet record mean Questionnaire mean
Total energy (kcal) 2,229 + 706.9" 2114 £ 1,012
Protein (g) 82.0 £ 248 87.0 £ 40.0
Total tat (g) 8§9.9 + 30.1 81.9 + 45.8
Saturated fat (g) 335 + 13.1 31.9 £ 18.0
Linoleic acid (g) 14.0 £ 4.1 139 + 7.8
Total carbohydrate (g) 258 + 96 263 £ 116
Crude fiber (g) 44 + 1.6 5.1 + 2.8
Cholesterol (mg) 362 £ 122 332 £ 151
Oleic acid (g) 30.9 + 9.85 294 £ 17.0
Vitamin A (1U) 6.434 + 2679 10,553 + 6.194¢
Niacin (mg) 21.9 = 6.41 27.0 £ 12,2
Vitamin C (mg) 125 £ 87 146 + 88
Calcium (mg) 894 + 446 917 + 586
Phosphorus (mg) 1,384 + 504 1,420 £ 717
Thiamin (mg) .50 + 0.55 .30 + 0.63
Riboflavin (mg) 1.91 £ 0.86 2,19 = 1.31
Potassium (mg) 2.778 + 1.045 3.076 + 1,559
Iron (mg) 14.6 £ 5.92 13.6 £ 5.89

“Data were provided by 27 men and women aged 20 to 54.
"Mean + standard deviation.

‘Discrepancy for vitamin A is in part due to use of new USDA 1ables, which have
dramatically changed vitamin A values for several vegetables. Use of older USDA
values reduced this value to 8,511 [U.

From Willett et al., 1987,

As an example, we calculated the percentage of total nutrient intakes that
were accounted for by food items on a compressed questionnaire (displayed in
Appendix 5-1) and on a more comprehensive questionnaire that has been used
in a wide variety of studies including, in slightly revised format. the 1984 Nurses
Health Study (Willett et al., 1987a; Table 6-2). In this analysis. diet records com-
pleted by 194 women were used to compute the true total intake of 26 nutrients.
Then we used the diet records to calculate the contribution of foods that were
listed on the questionnaires to this true total nutrient intake: if all the foods
recorded on the diet records had been listed on the questionnaire, the contri-
bution would be 100 percent. In performing these calculations it quickly
becomes apparent that there i1s not a one-to-one correspondence between foods
on the questionnaire and foods reported in the diet record. For example, we had
to collapse several hundred difterent codes for meat items on the diet records 1o
correspond to the two meat 1tems on the questionnaire. In addition, the coding
of diet records and 24-hour recalls frequently requires the ““dissection” of recipes
into the basic ingredients such as the flour, shortening, and eggs used in baking.
These basic ingredients would not be reported as such on the questionnaire, but
would probably be recognized as the final products, such as cake or muffin.
Because calculations like those shown in Table 6-2 include basic ingredients in
the denominator (i.c.. the total nutrient intakes from the diet records) but not
in the numerator (i.c., the foods recorded in the diet records that are also listed
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Table 6-2. Percentage of total nutrient intakes accounted for by foods listed on a
61-item compressed food-frequency questionnaire (see Appendix 5- 1) and on an
expanded 116-item revision of this questionnaire.

Percentage of intake accounted for by foods on
questionnaire

Nutrient Compressed questionnaire Revised questionnaire
Total calories 69 93
Protein 77 95
Total fat 70 96
Saturated fat 75 96
Polyunsaturated fat 51 95
Monounsaturated fat 72 96
Cholesterol 85 97
Total carbohydrate 6l 90
Crude Fiber 64 86
Sucrose 78 92
Total vitamin A 77 96
without supplements 73 95
Vitamin C 34 93
without supplements 76 90
Vitamin B, 81 95
without supplements 67 91
Vitamin B, 85 95
without supplements 75 92
Vitamin By 97 99
without supplements 84 95
Calcium 77 94
without supplements 77 94
Phosphorus (no supplements) 77 94
Potassium (no supplements) 73 93
Iron 75 93
without supplements 69 91
Mean 75 94

Percentages are underestimated because ingredients of recipes (e.g.. flour, shortening) were included in the
denominators but could not be attributed to specific foods. Nutrient intakes are based on four 1-week diet
records completed by 194 women 1n 1980.

Adapted from Willett et al., 1987.

on the questionnaire), they will tend to underrcpresent the proportions of
nutrients accounted for by items on the questionnaire. Thus the data in Table
6-2 represent a conservative evaluation of the questionnaire by this particular
criterion.

As a measure of performance, the approach of calculating the percentages of
nutrients accounted for by a questionnaire is limited. A low percentage of nutri-
ent intake accounted for would raise concern regarding the comprehensiveness
of the form. As discussed in Chapter 5, however, such a questionnaire might still
be reasonably discriminating if the foods had been carefully selected so as to
explain maximally the between-person variation in nutrient intake. More seri-
ously, a high percentage of nutrients accounted for does not guarantee vahdity,
as the questionnaire may be inadequately interpreted by potential respondents.
For example, it is tempting to use broad categories of foods on a questionnaire
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such as “bread, crackers, and other baked goods.” Although such questions
account for a large percentage of absolute nutrient intake, they are likely to be
more difficult to answer than a series of shorter specific questions. A series of
more specific questions is thus likely to provide more accurate information.
even though they may collectively account for a lower proportion of absolute
nutrient intake.

The highest priority in designing a dietary questionnaire is usually to dis-
criminate among persons with respect to their intake, rather than to estimate
their absolute intake. Thus, it may be useful to employ diet record or short-term
recall data to examine the proportion of between-person variance in specific
nutrient intake that is accounted for by food items on a questionnaire. Although
usually of more conceptual interest than an analysis based on absolute nutrient
intakes, this computation requires a data set with many days of dietary intake
for each subject. Stryker and colleagues (1987) have conducted such analyses for
purposes of i1dentifying items to be included on questionnaires. This approach.
using open-ended dietary data, has apparently not been used to evaluate existing
questionnaires.

Reproducibility

The reproducibility of questionnaire measurements made at two points in time
can provide a useful first approximation of questionnaire performance. In con-
ducting a reproducibility study, it is unrealistic to administer the questionnaire
ata very short interval, such as a few days or weeks, as subjects may simply tend
to remember their previous responses. When a longer interval of time is used.
true changes in dietary intake, as well as variation in response. contribute 1o
reduced reproducibility. Although it may be viewed as a disadvantage that such
a measure of reproducibility reflects both the performance of a questionnaire
and the true change in diet, both sources of variation realistically contribute to
misclassification of long-term dietary intakes. Therefore, the difhiculty in sepa-
rating variation due to questionnaire performance from true change 1n diet 1s
not extremely serious from the standpoint of evaluating measurement error.,
This feature, however, does hinder our capacity to measure the constancy of diet
within individuals; the reproducibility correlation provides only an estimate of
a lower imit of consistency. Assessment of the reproducibility of a method over
several intervals of time may be useful in this respect. If a questionnaire refers
to intake over the past year, administrations a few months apart should largely
reflect variation associated with completing the questionnaire, whereas further
decreases in reproducibility assessed at longer intervals, such as several yea<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>