
Abstract

The purpose of this study is to better characterize factors associated with the likelihood of
macronutrient excess or inadequacy among U.S adults by modeling parts of the condition-
al distribution of dietary intakes other than the conditional mean.  The risk of dietary inad-
equacy or excess faced by an individual tends to increase as his or her intake moves from
the mean of a nutrient intake distribution toward its tails.  Therefore, marginal effects of
explanatory variables estimated at the conditional mean using ordinary least squares may
be of limited value in characterizing these distributions.  Quantile regression is effective in
this situation since it can estimate conditional functions at any part of the distribution.
Quantile regressions based on data from USDA’s 1994-96 Continuing Survey of Food
Intakes by Individuals indicate that differences in mean macronutrient intakes based on
sociodemographic characteristics can be quite different from intake differences at other
parts of the distributions.  Therefore, judging dietary disparities between subpopulations by
comparing mean intakes only, and not by comparing intakes at other parts of the distribu-
tions, may lead to misleading or incomplete conclusions.
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Summary

Diet-related diseases and health conditions account for a major share of morbidity and mortality in the United States.
Just seven diet-related health conditions cost the United States $71 billion (in 1995 dollars) annually in medical costs
and productivity losses, according to the latest ERS estimates.  Healthier diets can help reduce these costs.  Various
segments of the U.S. population bear this burden differently.  Differences related to gender, race, ethnicity, income,
and educational attainment are major sources of health disparities in the United States.  Reducing such health dispari-
ties, and disparities in related risk factors, such as obesity and poor diets, is a goal of the Federal Government’s
Healthy People 2010 initiative.

With better knowledge of the dietary differences and potential excessive energy intakes among population subgroups,
public health professionals can devise more effective strategies for improving the diets and correcting the caloric
imbalance among vulnerable subgroups.  A number of past studies have assessed dietary differences among various
subpopulations, but most have drawn conclusions based on a comparison of average nutrient intakes, either unadjust-
ed or adjusted for sociodemographic differences.  This approach overlooks an important feature of nutrient intake dis-
tributions.  For many nutrients, the risk of dietary excess or inadequacy, and therefore, the risk of adverse health
effects, is greater at the upper or lower parts of the nutrient intake distributions rather than at the mean.  Therefore,
judging intake difference between subpopulations by comparing their mean intakes only, and not differences at other
parts of the intake distribution, could lead to incomplete or potentially misleading conclusions.

The purpose of this study is to more accurately characterize differences in nutrient intake among U.S. adults by
focusing on the tails of the distribution of intakes instead of the mean.  The study specifically examines the intakes of
five macronutrients—energy, total fat, saturated fat, cholesterol, and fiber.  First, the study examines the differences
in nutrient intakes between selected sociodemographic groups by comparing their percentile curves.  Second, the
study uses quantile regression to estimate intake differences at various percentiles attributable to specific characteris-
tics, while controlling for other characteristics.  By estimating a family of quantile regressions for each nutrient, the
study assesses intake differences between sociodemographic groups—not just at the mean, but along the entire distri-
bution of nutrient intake.

The results of this study indicate that, for many sociodemographic subpopulations, differences in mean macronutrient
intakes can be quite different from intake differences at other parts of the distributions.  For example, based on esti-
mates of the mean and the quantiles adjusted for other characteristics, both Black men and Black women consume
significantly larger amounts of cholesterol than White men and White women, respectively.  However, quantile esti-
mates suggest a narrower disparity at the lower quantiles and a much wider disparity at the upper quantiles between
these groups, compared with estimates at the mean.  Since the risk of excess intake is greater at the upper quantiles,
this suggests a more serious nutritional problem than if the conditional differences had been uniform across the distri-
bution of cholesterol intakes.

In economic models of health, educational attainment plays a crucial role as a determinant of health outcomes by
influencing health behaviors and choices.  Results of this study confirm previous findings that education is positively
correlated with better diets.  However, compared with previous findings, the results here, especially for men, also
show something new.  The beneficial effects of education are larger at parts of the conditional distribution that matter
most—at the upper quantiles of fat and cholesterol intakes where the risk of excess are higher.  Together with similar
findings regarding the effects of income and age, this result suggests that, compared with younger, less educated, and
lower income men, older, more educated, and higher income men may have benefited more from health and nutrition
information initiatives such as the Nutrition Labeling and Education Act.

The results from this study have important implications for future studies evaluating the dietary impact of many nutri-
tion-related policy interventions such as food assistance programs and food labeling regulations.  For such studies to
fully uncover the extent and nature of the behavioral impact of interventions, it may be essential to look beyond the
conditional mean to parts of the dietary intake distributions where the risks of inadequacy or excess are higher.



Introduction

The flood of scientific evidence on the health effects
of foods, nutrients, and other dietary components has
heightened interest in the composition of U.S. food
demand and supply, as well as the quality of American
diets and their determinants (Adelaja, Nayga, and
Lauderbach, 1997; Bowman et al., 1998; Frazao, 1999;
Gould, 1996; Kantor, 1998;  Lin, Guthrie, and Frazao,
1999; Nayga, 1994).  It is well established that dietary
excesses and inadequacies are associated with several
chronic health conditions that can reduce productivity
and hasten mortality (National Research Council,
1989).  Just seven diet-related health conditions cost
the United States $71 billion (in 1995 dollars) annually
in medical costs and productivity losses, according to
the latest ERS estimates.  Healthier diets can help
reduce these costs. 

This study focuses on macronutrient intake in the
American diet.  For significant proportions of the U.S.
adult population, excess intakes of total fat, saturated
fat, and cholesterol and inadequate intake of fiber con-
stitute a persistent nutritional problem.1 Further, the
rapid rise in the prevalence of obesity among adults
suggests an imbalance between total energy intakes
and energy use through physical activity (Koplan and
Dietz, 1999).  Excess dietary fats may contribute to the
energy imbalance that leads to obesity.  High-fiber
diets may protect against obesity by lowering insulin
levels (Lichtenstein et al., 1998; Ludwig et al., 1999).

Coexisting with these nutritional excesses and inade-
quacies for the overall population is the evidence that
intake levels differ substantially among population
subgroups (U.S. Department of Agriculture, 2000).  An
accurate understanding of these dietary intake differ-

ences is crucial, given the goal, set by national initia-
tives such as the Healthy People 2010, of reducing
health disparities.  Besides the obvious use for moni-
toring relative nutritional status and guiding nutrition
policy, a clear assessment of dietary differences is
helpful for other uses such as targeting nutrition edu-
cation efforts and forecasting dietary trends due to
changing demographics.

Understandably, explaining dietary intake differences
in the population by identifiable characteristics such
as gender, age, income, and racial and ethnic identity
has been an active research area.  Dietary disparities
due to these characteristics have been examined in
many studies (e.g., Adelaja, Nayga, and Lauderbach,
1997; Chavas and Keplinger, 1983; Murphy et al.,
1992;  Nayga, 1994).  Such studies have typically
used the least squares multiple regression method to
estimate the regression-adjusted differences (or mar-
ginal effects) in the conditional mean of intakes due
to the characteristics.  However, when studying dis-
tributions such as those of nutrient intakes, marginal
effects at the conditional mean provide only a very
limited characterization of distributional differences
among subpopulations.  This is because, for many
nutrients, the risk of dietary excess or inadequacy,
and therefore, the risk of adverse health effects, is
greater at the upper or lower parts of the intake distri-
butions than at the mean.  Therefore, for one to infer
intake differences between subpopulations by looking
at the differences in their conditional mean intakes
only, and not differences at other parts of the intake
distribution, could lead to incomplete or potentially
misleading conclusions.
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1Dietary fiber is not strictly a macronutrient but a dietary compo-
nent.  For ease of exposition, we include fiber under the term
macronutrient in this report.
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A man was searching under a streetlight.  A
passerby stopped and asked, “What are you
looking for?”  “My keys” the man replied.
“Where did you lose your keys?” the passerby
asked.  “Over there” the man said, pointing
to the shadows.  “Then why are you looking
over here?” the passerby inquired.  “Because
the light is better here” the man replied.
Anonymous



Consider figure 1 where the bell-shaped curve on the
left shows the distribution of the usual intakes of a
hypothetical nutrient whose excess intake is of concern
(Institute of Medicine, 2000).  The “S” shaped curve
on the right shows the cumulative distribution of the
required intakes for the same nutrient.  This risk curve
gives the probability that any given intake exceeds the
requirement for the individual consuming that intake.
For example, for an individual with observed intake at
the median requirement level (denoted by the dotted
line), there is a 50-percent probability that his or her
intake is excessive.  For this hypothetical nutrient, the
mean intake is well to the left of the risk curve so that
the risk of excess at the mean is close to zero.
However, a significant portion of the intake curve to
the right of the mean overlaps with the risk curve.  For
individuals consuming the nutrient at these levels, the
probability of their exceeding the requirement rises
rapidly with intake.

Table 1 reports the mean and selected percentiles of the
intakes of five macronutrients by U.S. adults, excluding
pregnant or lactating women.  These statistics were
estimated from USDA’s 1994-96 Continuing Survey of
the Food Intakes of Individuals (CSFII).  For compari-
son, table 1 also reports the daily intake levels for these
macronutrients recommended by the health authorities
for the relevant gender and age groups.

Comparing the intake distributions with the recom-
mended intake levels, it is clear that the mean and
median intakes of fats and cholesterol are at or close to
adequate levels.  For example, the recommended total
fat intake for men between 21 and 50 years of age is
less than or equal to 96.7 grams of fat per day based
on a 2,900-calorie diet.  The mean and median intakes
of total fat for this group of men during 1994-96 were
about 98 and 90 grams, respectively, which are close
to the recommended level.  However, total fat intake at
the 90th percentile is 153 grams, considerably above
the healthful level.  For women aged 21-50, the cho-
lesterol intake even at the 75th percentile, 277 mil-
ligrams (mg), is below the recommended daily intake
of 300 mg, whereas at the 90th percentile, the intake is
402 mg, well above the healthful level.

Clearly, from a public health and nutrition policy per-
spective, regression-adjusted intake difference between
population subgroups at the 75th and 90th percentiles
for total fat, saturated fat, and cholesterol are of
greater interest than those at the mean.  Similarly, for

fiber, although the mean intake is substantially below
the recommended level, one would be more interested
in the intake difference at the 10th or 25th percentiles.

Using marginal effects estimated at the conditional
mean to characterize intake differences over the whole
distribution would be meaningful if these effects were
equal to the marginal effects estimated at all other
parts of the conditional intake distribution.  This equal-
ity will be realized only under the strict assumption
that the intake distributions are identically and sym-
metrically distributed with respect to the subpopula-
tions of interest.  If the intake distribution differs in
variance and shape among population subgroups, then
the marginal effect of the explanatory variable will not
be equal across different parts of the intake distribu-
tion and instead will differ from point to point along
the distribution.  In this case, knowing the marginal
effect at the riskier parts of the distribution would be
more useful for policy purposes than knowing the mar-
ginal effects at the conditional mean.

The purpose of this study is to better characterize the
macronutrient excess or inadequacy among U.S. adults
by modeling parts of the conditional distribution of
dietary intakes other than the conditional mean.  This
is achieved by employing the method of quantile
regression proposed by Koenker and Bassett (1978).
While the classical least squares regression estimates
the conditional mean of a dependent variable as a lin-
ear function of explanatory variables, the quantile
regression enables the estimation of any conditional
quantile of the dependent variable as a linear function
of explanatory variables.  Therefore, the estimation of
quantile regressions allows us to obtain a more com-
plete characterization of the dependence of macronu-
trient intakes on population characteristic of interest.
More specifically, quantile regression enables us to
look at the marginal differences in macronutrient
intakes among subpopulations at specific points of
interest along the conditional distribution, such as the
90th percentile for total fat, saturated fat, and choles-
terol, and the 10th percentile for fiber.

The rest of this report is organized as follows:

� The next section discusses a theoretical framework in
economics for examining nutrient intake behaviors.

� The empirical approach for estimating and testing
marginal effects of key sociodemographic variables
on nutrient intakes are presented next.
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Table 1—Recommended intakes of macronutrients and their observed distributions among U.S. adults

Observed daily intake

Percentile Mean
Nutrient Units Recommended

daily intake 10 25 50 75 90

Men, 21-50 years:

Energy Calories 2900 1463.0 1900.2 2396.4 3083.0 3758.1 2576.9

Total fat Grams ≤96.7 48.0 65.7 90.9 121.8 153.3 98.1

Saturated fat Grams <32.2 14.9 21.3 30.0 41.4 53.2 33.4

Cholesterol Milligrams ≤300 127.6 189.1 289.3 437.2 607.2 340.9

Fiber Grams 33.4 8.1 11.7 16.3 23.2 29.8 18.2

Men, >50 years:

Energy Calories 2300 1172.7 1535.8 1972.2 2450.8 2932.1 2035.1

Total fat Grams ≤76.7 35.6 51.4 72.3 96.4 122.8 76.7

Saturated fat Grams <25.6 11.1 15.9 22.7 32.0 41.6 25.2

Cholesterol Milligrams ≤300 110.0 163.2 258.7 391.6 542.5 300.3

Fiber Grams 26.5 7.9 11.7 16.4 22.5 29.8 18.0

Women, 21-50 years:

Energy Calories 2200 990.9 1292.7 1618.9 2036.9 2460.6 1693.8

Total fat Grams ≤66.7 29.0 42.1 58.6 78.3 100.8 62.5

Saturated fat Grams <22.2 9.0 13.1 19.4 26.4 35.0 20.9

Cholesterol Milligrams ≤300 72.9 116.3 179.9 277.2 402.2 215.1

Fiber Grams 23 5.8 8.4 12.3 16.5 22.0 13.3

Women, >50 years:

Energy Calories 1900 879.4 1115.2 1444.8 1754.5 2081.8 1464.7

Total fat Grams ≤63.3 24.9 36.5 50.5 67.2 83.6 53.2

Saturated fat Grams <21.1 7.6 10.9 16.1 22.5 28.6 17.3

Cholesterol Milligrams ≤300 72.4 112.7 171.7 264.4 371.6 201.8

Fiber Gram 21.9 6.5 9.2 12.9 17.6 22.7 14.0

Note: Estimates based on two nonconsecutive days of intakes from the 1994-96 CSFII, using sampling weights. The recommended intakes are from Lin, Guthrie, 
and Frazao (1999), table 4, p.6.



� Details of the data and specific variables used in the
analysis are described.

� The results are discussed next.

� The final section presents the conclusions of the
study and the implications for future research.

Economics of Nutrient Intake 

Why do some consumers have healthful diets while
others do not?  If healthful diets are a critical compo-
nent of healthful living and avoidance of chronic dis-
ease, why do some people choose poor diets?  To
economists, at the simplest level, the answer is that
individuals choose foods not only to meet nutritional
requirements but also for other reasons such as taste,
preferences, and pleasure.  Further, these choices are
constrained by the income at their disposal, food
prices and prices of other consumption goods, time
available for cooking and food preparation, and the
ability to combine foods and other resources to pro-
duce a nutritious diet.  The observed dietary differ-
ences among individuals are the outcomes of a com-
plex interplay of tradeoffs among desires for health,
tasteful foods, other goods and services, and the con-
straints of limited resources.  On a more formal level,
economists have brought together these preferences
and constraints, and the resulting choices, within a
framework called the theory of household production.

The theory of household production grew out of
Becker’s (1965) study of the allocation of time in
households and Lancaster’s (1966) development of the
characteristics model of consumer demand, which
views purchased goods in terms of their product attrib-
utes.  The theory integrates a variety of biological,
sociodemographic, and economic factors, all of which
interact and influence household consumption deci-
sions.  Household production models developed from
the theory have been used to analyze many types of
consumer and household behaviors (Strauss and
Thomas, 1996).  Such models are powerful tools for
analyzing choices involving intrafamily interaction,
such as maternal influence on children’s health.
Where intrafamily effects are not of interest, the mod-
els can be simplified to focus on individuals’ choices.

Households seek to maximize satisfaction (or utility)
through consumption of commodities.  While some of
these commodities, such as cars, clothing, or food are
purchased in the market, others are “produced” by the
households for their members’ consumption.  For

example, a household may purchase a variety of food
items and combine it with cooking skills, nutrition
knowledge, preparation time, and kitchen appliances
to produce healthful meals.  The objects of desire,
including good nutrition, children’s health, as well as
the health of other family members, are not market
goods, but are produced with inputs of market goods
and time.

The household utility maximization is subject to an
array of income, time, and technology constraints.
Technology constraints are represented by production
functions which capture the notion that all households
are not able to produce the same amount of commodi-
ties, such as household members’ health, from a given
quantity of inputs.  Households vary in their efficien-
cy of producing commodities, depending on house-
hold members’ sociodemographic and other character-
istics.  For example, each family member’s health is
determined by a unique production function, which
depends on time, health inputs, the sociodemographic
characteristics of the household, community charac-
teristics, and the genetic endowment of the individual.
These production functions could be interrelated
because some of the commodities are intermediate
goods produced by households as inputs into the pro-
duction of a final commodity.  For example, nutrients
produced by combining foods with cooking time and
nutrition knowledge appear as inputs in the health
production function.

Income constraint ensures that the household expendi-
ture on purchased goods and services does not exceed
money income, which is equal to the sum of earnings
from wages and any non-labor income.  The time con-
straint ensures that the sum of all time inputs into the
production of commodities plus leisure time and time
spent at work does not exceed the total time available.
Since labor earnings depend on time spent at work,
income and time constraints can be combined into one
“full income” constraint.

The solution to the household maximization problem,
subject to technology and full income constraints,
gives the demand functions for commodities produced
by the household (such as nutrients and health) and
commodities purchased in the markets (such as foods
and medical services).  These functions depend on
prices of all purchased consumption goods and inputs,
wage rates, and household income, as well as the
sociodemographic characteristics of the households.

4 � Factors Affecting the Macronutrient Intake of U.S. Adults/TB-1901 Economic Research Service/USDA



Grossman (1972) pioneered the use of the household
production model to study the determinants of health,
health behaviors, and health inputs.  Grossman’s
approach grew out of the recognition that many con-
sumer choices, such as those relating to the amount of
exercise, the nutritional quality of diets, and the pur-
chase of medical services, are not made because con-
sumers gain utility from these choices directly, but
rather because these choices influence health.  Health,
in turn, is demanded because it is a source of utility
and because it determines income and wealth.  The
dependence of income as well as mortality (and thus
future time available for work and leisure) on health
implies that a fully specified Grossman-type model
would be a dynamic programming problem in which
households maximize the current value of its stream of
future utilities (Sickles and Taubman, 1997).  Because
of the complexity and very specific data needs to solve
these types of problems, fully specified dynamic
health models have been used only in very specialized
cases (Sickles and Yazbeck, 1998).

In the absence of detailed longitudinal data on prices,
income, wages, and consumption, most of the empiri-
cal work using Grossman-type models have focused
on estimating static (or one-period) reduced-form input
demand and production functions (Strauss and
Thomas, 1996).  Even here the estimation is often not
trivial since the production technologies and input
choices are simultaneously determined.  Nevertheless,
the static approach can still answer important ques-
tions.  For example, estimating health production func-
tions along with health input demands can be useful
for examining pathways through which choice of
inputs factors affect the health outcomes of interest
(Rosenzweig and Schultz, 1983). 

In this study, we estimate a set of nutrient intake func-
tions for U.S. adults that express the quantity of nutri-
ents consumed as a function of income and sociode-
mographic and anthropometric characteristics.  These
functions are not structural equations derived from a
fully specified household utility maximization prob-
lem.  Rather, they may be viewed as linear approxima-
tions of reduced-form health input demand functions
derived from the household production model, or alter-
natively, as Engle functions derived from the tradition-
al consumer theory (Adelaja, Nayga, and Lauderbach
1997; Chavas and Keplinger, 1983).  Viewing the esti-
mated functions as reduced-form health input demand
functions has the advantage that the effects of key

sociodemographic variables such as educational attain-
ment and age can be interpreted in the context of pre-
dictions from the household production theory.

Under the household production theory, sociodemo-
graphic factors such as education and age enter input
demand functions because they influence production
efficiency.  Educational attainment affects health pro-
duction by raising technical and allocative efficiencies
of input use (Grossman and Kaestner, 1997).
Technical efficiency causes the more educated to pro-
duce a larger health output from a given level of health
inputs.  Allocative efficiency causes the more educated
to acquire and use information about the true effects of
inputs on health.  Similarly, if the demand for health is
inelastic, and if health stock depreciates at an increas-
ing rate with age, then health investment will increase
with age (Grossman, 1972).  In terms of nutrient
intake, this implies that older individuals will be more
likely to have better diets than younger individuals.

Income enters the nutrient intake functions because it
represents the budget constraint facing the consumer.
However, the household production theory does not
offer a clear prediction of the effect of income on the
intake of nutrients.  This is because consumers choose
foods for multiple attributes that often have opposing
effects on health.  For example, higher income may
increase consumption of fat-rich foods with taste-
enhancing attributes.  Higher income may also pro-
vide better access to health information that tends to
reduce consumption of these fat-rich foods.  The net
effect of income will depend on which of these effects
is dominant.  If the informational effect is dominant,
then income will have an effect similar to the effect
of education.

Other sociodemographic factors such as age, gender,
race, ethnicity, and a person’s height and weight may
also influence nutrient intakes, both by affecting the
relative amounts of food consumed and by influencing
the health production efficiency.  Most of the effects of
age, gender, and anthropometric characteristics on
macronutrient intakes will be due to differences in the
amounts of foods consumed.  Thus, lower intakes are
expected for older adults, women, and those with
lower weights and shorter stature.  Both cultural differ-
ences in food choices and differences in health produc-
tion efficiencies may be reflected in the influence of
race and ethnicity on macronutrient intakes.  As with
income, the net effect of racial and ethnic status is
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uncertain, and left to be resolved through empirical
estimation.

Empirical Approach

To estimate the impact of income, educational attain-
ment, age, and other sociodemographic and anthropo-
metric characteristics on macronutrient intakes of
U.S. adults, we specified nutrient intake functions of
the form:

(1)   yi =β0 +β1 Incomei+β2 Εducationi +β3 Agei

+β4x4i +....+βKxKi +εi,

where yi denotes the intake of a nutrient by the ith
individual, i=1, …, N, x4i, …, xKi represent additional
explanatory variables influencing yi, β1, …, βK repre-
sent the coefficients of the explanatory variables, and
εi represents a random error term that accounts for
unobserved factors influencing yi.

With intake data and the observed characteristics for N
individuals obtained from food consumption surveys,
equation (1) is typically estimated using Ordinary
Least Squares (OLS) regression.  In this case, the β
coefficients represent the marginal change in nutrient
intake for a unit change in the explanatory variable at
the conditional mean of intake.  Estimating the effect
of explanatory variables on intake at the conditional
mean is a convenient choice, often dictated by the ease
of applying and interpreting OLS regression.
However, this focus on change at the conditional mean
is not dictated by theory.  Neither the theory of con-
sumer demand nor the household production theory
gives any guidance as to the parts of distribution of
intakes where the effects of income, age, education, or
other explanatory variables are likely to occur.
Therefore, the question as to which part of the distrib-
ution to study will be answered by (a) the nature of the
observed distribution of the choice variable in the rele-
vant population and (b) the potential implications of
the fact that underlying behavior is different at differ-
ent points of the distribution.  In fact, as noted earlier,
for the macronutrient intakes of the U.S. adult popula-
tion, finding the effects of explanatory variables at the
tails of the conditional intake distributions is likely to
be more interesting and useful than finding the effects
of explanatory variables at the conditional means.

This goal can be accomplished by estimating equation
(1) for various quantiles of yi by quantile regression.

Quantile Regression
Koenker and Bassett (1978) introduced quantile
regression as a generalization of the sample quantile to
the conditional quantile, where the conditional quantile
is expressed as a linear function of explanatory vari-
ables.  This is analogous to the OLS regression where
the conditional mean of a random variable is expressed
as a linear function of explanatory variables.  By
enabling the estimation of any conditional quantile,
quantile regression allows one to describe the entire
conditional distribution of a dependent variable given
a set of regressors.  The Least Absolute Deviation
(LAD) estimator is a special case of quantile regres-
sion that expresses the conditional median as linear
function of covariates.

The key factor that makes quantile regression’s ability
to characterize the entire conditional distribution so
useful is the presence of heteroskedasticity in the data
(Koenker and Bassett, 1982; Deaton, 1997).  When the
data are homoskedastic, the set of slope parameters of
conditional quantile functions at each point of the
dependent variable’s distribution will be identical with
each other and with the slope parameters of the condi-
tional mean function.  In this case, the quantile regres-
sion at any point along the distribution of the depen-
dent variable reproduces the OLS slope coefficients,
and only the intercepts will differ.

However, when the data are heteroskedastic, the set of
slope parameters of the conditional quantile functions
will differ from each other as well as from the OLS
slope parameters. Therefore, estimating conditional
quantiles at various points of the distribution of the
dependent variable will allow us to trace out different
marginal responses of the dependent variable to
changes in the explanatory variables at these points.
Figure 2 illustrates this point.  It shows the scatter dia-
gram of total fat intake against age for a 10-percent
random sample of men from the 1994-96 CSFII.  A
visual examination of the scatter shows that the data
are clearly heteroskedastic with a declining variation
in intake by age.  Regression lines estimated by OLS
and by quantile regression at the 0.1 and 0.9 quantiles
are superimposed on the scatter diagram.  Clearly, the
line at the 0.9q has a greater negative slope than the
line at the conditional mean.  If the data were
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homoskedastic, the three lines would have identical
slope and thus would be parallel to each other.

Two additional features of the quantile regression
model are relevant to our application (Buchinsky,
1998).  First, the classical properties of efficiency and
minimum variance of the least squares estimator are
obtained under the restrictive assumption of indepen-
dently, identically and normally distributed (i.i.d.)
errors.  When the distribution of errors is non-normal,
the quantile regression estimator may be more efficient
than the least squares estimator.  Second, the quantile
regression estimator is “robust” when the dependent
variable has outliers or the error distribution is “long-
tailed.”  Since the objective function from which the
quantile regression estimator is derived is a weighted
sum of absolute deviations, the parameter estimates
are less sensitive to a few large or small observations
at the tails of the distribution.2 The distributional sta-
tistics reported in table 1 show that the mean intakes
of macronutrients are consistently higher than the
median (50th percentile) intakes.  This suggests that
the intakes are asymmetrically distributed with some
influential observations at the upper tails (a feature
visible in fig. 2).  Quantile regression ensures that the

parameter estimates are less sensitive to such observa-
tions compared with OLS.

Estimation and Testing

The quantile regression model for equation (1) can be
written as

(2)  

where xi denotes a (K+1)×1 vector of the explanatory
variables, βθ is the corresponding vector of coeffi-
cients, and Qθ(yi|xi) denotes the θth conditional quan-
tile of yi, (0 < θ < 1).  From equation (2), the quantile
regression estimator of βθ is obtained by solving
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Figure 2
Regression of total fat intake on age for a 10-percent random sample of men, CSFII 1994-96

2 This can be seen by comparing the objective function for the
conditional quantile (equation 3) with the objective function for
OLS, which is min .  The OLS estimator is sensitive
to outliers because the objective function is squared; the farther
an outlier, the greater its influence on β.  In the quantile objective
function, βθ is chosen so that is positive for (θ *100)%
of the observations and negative for the remainder.  Therefore, an
increase in the value of any observation above or below a condi-
tional quantile has no influence on it.
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(3)

When K = 0 and xi is a (1×1) vector that includes only
the intercept for all i, this minimization problem
reduces to an estimator of the sample θ-quantile.  The
minimization problem in equation (3) has a linear pro-
gramming representation, which is guaranteed to have
a solution in a finite number of simplex iterations
(Buchinsky, 1998).  Several estimators for the asymp-
totic covariance matrix for obtained from the above
minimization are available, but for obvious reasons,
those that rely on the assumption of i.i.d. errors are of
limited value (Deaton, 1997).  Buchinsky (1995) has
shown that the design matrix bootstrap estimator pro-
vides a consistent estimator for the covariance matrix
under very general conditions.  In the design matrix
bootstrap, quantile regression is estimated on a sample
of N observations drawn randomly
with replacement from the original sample.  The
process is repeated B times to obtain bootstrap esti-
mates, , b = 1, …, B.  The covariance matrix of 
is then obtained as the covariance of computed from
the B bootstrap estimates with as the pivotal value.

The minimum-distance method can be used to test 
for the equality of slope coefficients of a given 
dependent variable across all estimated quantiles
(Buchinsky, 1998).  Let be a 
(KP+1) × 1 stacked vector of unrestricted parameter
estimates from quantile regressions at P quantiles.
Let be a (K+P) × 1 vector com-
prising P unrestricted intercepts and K restricted slope
parameters.  The restricted parameter vector is
obtained by minimizing

(4)

where A is a positive definite matrix and R is the
appropriate restriction matrix.  Under the null hypothe-
sis of equality of slope coefficients, NQ(βR) is distrib-
uted χ2 with (PK-K) degrees of freedom.  Since the

equality of slope parameters will hold if the i.i.d.
assumption is valid, this is a general test for het-
eroskedasticity.  The optimal choice for A is the vari-
ance-covariance matrix of , denoted by 
(Buchinsky, 1998).  Given , the usual
F-statistic for testing liner restrictions can be used to
test for the equality of the slope parameters for a spe-
cific explanatory variable at symmetrical quantiles
such as 0.1q and 0.9q.  If the null hypothesis of
homoskedasticity or the equality of the slope coeffi-
cients is not rejected, the restricted slope estimates βR

give an optimal combination of the quantile slope esti-
mates (Buchinsky, 1998).  Also, given , the vari-
ance-covariance matrix of the restricted parameter vec-
tor can be obtained as 

The quantile regression parameter estimates are
obtained by estimating a separate equation for each
quantile of each macronutrient.  The variance-covari-
ance matrix of the estimates can be obtained by boot-
strapping each of these equations separately.
However, to carry out tests of the equality of slope
coefficients for a given dependent variable across the
P estimated quantiles and to obtain the restricted para-
meter estimates and their standard errors, it is neces-
sary to have , the variance-covariance matrix of
the stacked vector of parameter estimates at the P
quantiles.  This can be obtained by simultaneously
estimating quantile regressions at the P quantiles for
each bootstrap sample.  Thus, the following procedure
was used for the estimation and testing of the quantile
regressions for each macronutrient.  First, the coeffi-
cient estimates for a macronutrient were obtained by
running quantile regressions separately at the P desired
quantiles.  Second, a bootstrap sample was drawn for
that macronutrient and the bootstrap estimates for the
P quantiles were obtained by running quantile regres-
sions separately at the P quantiles for that sample.
Finally, after repeating the bootstrap procedure B
times, was calculated to obtain the standard errors
of the coefficient estimates and to conduct the equality
tests.  This estimation process was carried out in Stata
using the sqreg procedure (Gould, 1997).  Additional
details regarding the estimation of the quantile regres-
sion model and the asymptotic covariance matrix of
the parameters are discussed in Buchinsky’s (1998)
methodological survey.
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Data

The macronutrient intake data for men and women
were obtained from USDA’s 1994-96 CSFII (Tippett
and Cypel, 1997).  Each year of the 3-year CSFII com-
prised a nationally representative sample of noninstitu-
tionalized persons residing in the United States.
Dietary data for selected members from a screened
sample of 9,664 households were collected on two
nonconsecutive days through in-person interviews
using 24-hour recalls.  A sample of 15,303 people pro-
vided information on food intakes for both days giving
a 2-day response rate of 76.1 percent.  From the sam-
ple persons providing complete 2-day dietary intake
records, we selected adults aged 18 or above and
excluded pregnant and lactating women.

By combining the food records with a nutrient data-
base, CSFII provides information on the intakes of a
variety of macronutrients, vitamins, and minerals.  In
this study, we focused on the five major macronutri-
ents—energy, total fat, saturated fat, cholesterol, and
fiber.  As noted earlier, these nutrients have drawn
interest because of their links to obesity, cardiovascu-
lar disease, and certain types of cancer (National
Research Council, 1989).  The means of the 2-day
intakes were used to represent the daily intakes of
these nutrients.

Along with the quantities of foods and nutrients con-
sumed by individuals, CSFII provides a detailed set of
personal and household characteristics of each sample
person.  From this set, we selected explanatory vari-
ables for quantile regressions of the macronutrient
intakes based on our theoretical discussion in section 2
(Economics of Nutrient Intake) as well as evidence
from previous literature.  The selected explanatory vari-
ables, along with their means, are listed separately for
men and women in appendix table 1.  The explanatory
variables fall into three groups: household characteris-
tics, personal characteristics, and survey-related vari-
ables.  Income, household size, education level, age,
height, and weight are continuous variables.  The
remaining variables are dummy indicator variables.

Income is the gross household income in the previous
calendar year from all sources before taxes.  Rather
than restrict the effects of income and household size
by entering income on a per capita basis, we included

income and household size as separate variables.  The
region and urbanization variables are included to cap-
ture possible variations in intakes due to geographic
differences in food prices and other location-related
factors.  Education is represented by years of school-
ing completed at the time of survey.  On average, the
adults in our sample had completed about a year more
than high school.  The average age for men and
women was about 49 years.  The height and weight of
the respondents were included to control for the influ-
ence of body mass on the amount of food intake.
While previous studies have often used the Body Mass
Index (BMI) for this purpose, estimating a single coef-
ficient for BMI implies a restriction on the coefficients
for BMI components, height, and weight (Bhargava,
1994).  Therefore, we left height and weight in the
unrestricted form.

Racial and ethnic indicator variables are included to
capture differential food intakes due to differences in
culture and traditions.  While Asians and other race
groups (Asian/Pacific Islander, Aleut, Eskimo, or
American Indian) are included in the sample, we do
not focus on the estimates for these groups due to their
relatively low proportions in the sample (see appendix
table 1).  Fairly significant proportions of men and
women (15 and 21 percent, respectively) were report-
ed to be on special diets at the time of the survey.  A
significant part of the variation in food intakes mea-
sured through consumption surveys can be attributed
to factors such as survey season, whether the intake
was recorded for a weekend, and whether, for a variety
of reasons, a person’s food intake on the day of record-
ed intake was less than or more than his or her usual
intake.  We included a detailed set of variables to con-
trol for such sources of variation in nutrient intakes.

Numerous intermediary variables such as nutrition
knowledge, nutrition label use, and food program par-
ticipation affect nutrient intakes.  These variables may
act as pathways through which basic sociodemograph-
ic variables influence dietary behavior (Gould and Lin,
1994; Kim, Nayga, and Capps, 2000; Variyam,
Blaylock, and Smallwood, 1996).  However, the objec-
tive of this study was not to estimate the effects of
consumers’ intermediate choices on dietary intakes.
Rather, the objective was to map the net effect of key
sociodemographic variables at different points along
the conditional intake distribution.  Therefore, we
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excluded such intermediary variables from our esti-
mated functions.  After dropping observations that
were incomplete with respect to the included explana-
tory variables, the final sample sizes were 4,725 men
and 4,362 women.

Results

Based on our discussion of the household production
theory, we expect to find specific relationships in the
behavior of macronutrient intakes with respect to
changes in the level of education and age.  More edu-
cated and older people are likely to have lower intakes
of energy (calories), total fat, saturated fat, and choles-
terol, the overconsumption of which is a problem.  For
dietary fiber, which is underconsumed by most, more
educated and older people are likely to have higher
intakes.  Evidence on these relationships as well as
evidence on the effects of income, race, ethnicity, and
other sociodemographic factors have been provided in
many previous studies (Murphy et al., 1992; Nayga,
1994).  But, as noted earlier, this previous evidence
pertains to the relationships estimated at the condition-
al mean where the risk of inadequacy or excess for
macronutrient intakes is relatively small.  
A more interesting type of evidence is the effect of
sociodemographics at the parts of the distribution
beyond the mean, such as the tails where the risk of
dietary inadequacy or excess are higher.  We begin
looking for such evidence by examining the bivarate
relationships between intakes and sociodemographics
at various points along the distribution of intakes.

Bivariate Associations
The mean and five selected percentiles of macronutri-
ent intakes by categories of household income
(expressed as a percentage of poverty level), years of
education completed, age, race, and ethnicity are
reported in appendix tables 2-6.  Certain bivariate rela-
tionships between intakes and the explanatory vari-
ables are evident by comparing the mean intakes
across categories of the explanatory variables.
However, the comparison of mean intakes tells only
part of the story of the relationships between the
explanatory variables and macronutrient intakes.  A
more complete picture of the relationships emerges
when one looks at the differences in intakes across cat-
egories of the explanatory variables at the five per-
centiles reported in appendix tables 2-6.  For easier
comparison of percentiles, intakes at the 10th to the

90th percentile for the outer categories of income, edu-
cation, and age are shown in figures 3-8.

Men with income below 130 percent of the poverty
threshold consume about 230 more calories on average
than men with income above 350 percent of the pover-
ty threshold.  Low-income men have higher mean
intakes of total fat, saturated fat, and cholesterol, than
high-income men.  The percentiles of intakes by
income levels in appendix tables 2-5 and fig. 3 give a
clearer picture of the intake difference associated with
income.  The energy, fat, and cholesterol intakes of
men are not uniformly different between the income
categories across the percentiles.  The higher intakes
of low-income men come almost entirely from the
upper end of the distributions, notably above the 70th
percentile for energy and fat.  In fact, low-income men
have lower intakes of energy and fats at the bottom
part of the distributions.  For cholesterol, although
lower income men have higher intakes at all parts of
the distribution, the differences are much larger at the
upper parts of the distribution than at the lower parts.

The differences in women’s cholesterol intake by
income level has a pattern similar to men’s (appendix
table 5; fig. 4).  Lower income women have higher
mean cholesterol intake than higher income women
and the differences are larger at the upper end of the
cholesterol intake distribution.  However, the relation-
ship of women’s energy intake with income is the
reverse of men’s (appendix table 2; fig. 4).  Women
under 130 percent of the poverty threshold consume
117 fewer calories of energy than women above 350
percent of the poverty threshold.  Energy intake differ-
ences between the two groups of women are much
larger at the bottom part of the distribution.

Although men’s mean energy intake does not differ
much by level of education, men with more than high
school have higher intakes for much of the distribution
except at the upper end above the 85th percentile (fig.
5).  A similar pattern is evident for fat intake as well.
The behavior of men’s cholesterol intake by education
level is very similar to that by income.

Unlike in the preceding examples, the difference at the
mean is representative of the difference at other parts
of the intake distribution for women’s energy intake by
education level.  The energy intake of women with
more than a high school education is uniformly higher
at all parts of the distribution between the 10th and the
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90th percentiles (fig. 6).  The situation is similar for
women’s total fat intake as well.  For cholesterol, the
pattern noted for income reemerges with the difference
in intakes between less than high school and more than
high school groups widening at the upper end of the
distribution.

For both men and women, the strongest and most con-
sistent association for energy and fat intakes is with
age.  The mean intakes by age groups show that intakes
decrease with age, and the percentiles show that the
intake differences by age widen at higher percentiles.

Fiber is different from energy, fat, and cholesterol
because its dietary inadequacy is the issue rather than
dietary excess.  This explains the different nature of
associations between explanatory variables and fiber
intake evident in appendix table 6 and figures 3-8.
Unlike energy, fat, and cholesterol, men’s mean fiber
intake either increases or remains unassociated with
increases in income, education, and age.  However, the
percentiles show slightly wider differences at the bot-
tom in men’s intakes by income and education level.
Among women, fiber intake differences by the level of
income, education, and age are fairly uniform at the
different percentiles.

These bivariate associations between macronutrient
intakes and key explanatory variables across various
percentiles have clearly shown how the mean differ-
ences can mask a richer pattern of differences at other
parts of the distribution.  However, the bivariate asso-
ciations may not capture the true association between
an explanatory variable and intakes since the relation-
ship may be confounded by other variables.  For
example, the association between education and
income may confound the bivariate association
between men’s intakes and their educational attain-
ment.  To estimate the marginal effects of explanatory
variables at different parts of the intake distribution
after controlling for such confounding effects, we
employed the method of quantile regression.

Quantile Regression Results

Test Statistics

The purpose of using quantile regressions is to esti-
mate the marginal effects (or the slope coefficients) of
explanatory variables at various points along the con-
ditional distribution of the dependent variable.
However, as noted earlier, if the distribution of the

dependent variable is homoskedastic (that is, the con-
ditional variance of dependent variable’s distribution is
constant by the level of independent variables), the
estimated marginal effects will be identical between
quantiles and the conditional mean estimated by
Ordinary Least Squares (OLS).  In this case, the quan-
tile slope coefficient estimates do not provide any
additional information about the behavior of the
dependent variable with respect to the explanatory
variables beyond the information conveyed by the
OLS slope estimates.  Therefore, the first step after
estimating quantile regressions is to test whether the
estimated slope coefficients are equal across the quan-
tiles.  As shown by Koenker and Bassett (1982), such
a test for the equality of slope coefficients across
quantiles is a robust test for heteroskedasticity.

We estimated conditional quantile functions for the
intake of the five macronutrients by men and women
at five selected quantiles (P=5).  The equality of slope
coefficients across the five quantiles for each nutrient
was then tested by computing the minimum-distance
estimator in equation (4).  The resulting chi-square test
statistics are reported in table 2.  Since K=30 and P=5,
these χ2 statistics have 120 degrees of freedom.  The
null hypothesis of homoskedasticity is rejected deci-
sively (p<.01) in all cases.  This implies that the slope
coefficients differ significantly across quantiles and are
likely to provide additional information about the
behavior of intakes beyond that conveyed by the OLS
estimates alone.

In tables 3 to 7, we report coefficient estimates for
energy, total fat, saturated fat, cholesterol, and fiber.
To keep the discussion manageable, the tables report
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Table 2—Tests for equality of regression 
coefficients across the five quantiles

Macronutrient Men Women

Energy 417.3 336.0

Total fat 391.5 252.1

Saturated fat 370.3 261.4

Cholesterol 430.8 281.0

Fiber 271.5 216.1

Note: Under the null hypothesis of equality, the test statistic Q ~ χ2(120).



only the estimates for five key variables of policy
interest—income, education, age, race (Black com-
pared with White) and ethnic origin (Hispanic com-
pared with non-Hispanic).  For comparison with the
quantile estimates, the second column in each table
presents the OLS estimates.  The restricted coeffi-

cient estimates are reported in the last column of
the tables.  The standard errors for the quantile
regression estimates were obtained using the design
matrix bootstrap with B = 500 replications.  The stan-
dard errors for the OLS estimates were computed
using White’s method.

The R2s for the estimated regressions are generally
low, indicating high variation in the mean 2-day
intakes, but are in line with previous studies (Adelaja,
Nayga, and Lauderbach, 1997; Chavas and Keplinger,
1983).3 The F-tests for the OLS regressions showed
high significance levels (p<.001) in all cases.

Although the joint equality of all coefficients across
the five quantiles was rejected for all nutrients, it still
leaves open the possibility that the coefficients of indi-
vidual explanatory variables may be equal across the
quantiles.  Therefore, we also tested for the equality of
the slope coefficients of the selected explanatory vari-
ables across quantiles.  While equality across any com-
bination of quantiles could be tested, in table 8, we
present test statistics (F-values) for slope equality at
symmetrical quantiles (0.1q = 0.9q and 0.25q = 0.75q).
The p-values of the test statistics are reported in paren-
thesis.  As noted earlier, if an F-test does not reject the
equality of slopes at symmetrical quantiles, then the

restricted coefficient estimate gives the optimal
combination of the five quantile slope coefficients.
Such estimates, in general, have lower variance than
least squares estimates (Buchinsky, 1998).  Comparing
the restricted estimates with the corresponding OLS

estimates, we found that in almost all cases was
more precisely estimated with lower standard errors
than the corresponding OLS estimates (see also foot-
note 5).

Marginal Effects

The OLS income coefficients for both men and
women, for energy, total fat, and saturated fat intakes
are statistically insignificant, implying no relationship
between household income and the consumption of
these macronutrients, when other explanatory variables
are held constant.  The income coefficients at the five
quantiles, and their weighted combination given by the
restricted estimate, however, portray a more subtle
influence for income.  Income appears to have a
slightly positive effect on energy intake at the lower
quantiles with the effect declining toward the upper
quantiles (table 3).  A better view of this trend can be
found in figures 9 and 10.  These figures display plots
of income coefficients for each macronutrient against
the quantiles at which they were estimated.4 The
income coefficients for energy intake tend to decline
from 0.1q to 0.9q, especially for women.  However,
except at the 0.25q of men’s energy intake, none of the
income quantile coefficients are statistically significant
in table 3.  Therefore, this apparent trend has to be
interpreted with caution.  The income coefficients for
total and saturated fat are mostly insignificant at the
five quantiles, and although the restricted estimates for
men are significant, the magnitudes are small.

The additional information revealed by the quantile
estimates compared with the OLS estimate comes into
sharper focus for cholesterol (table 6).  The OLS esti-
mates show that income has a negative (and health-
wise, beneficial) effect on cholesterol intake of both
men and women.  The quantile estimates reveal that
this beneficial effect is almost entirely located at the
upper quantiles.  As the observed distribution showed,
at these upper quantiles, cholesterol intakes tend to
exceed the recommended level (table 1).  For men, the
effect of income on cholesterol intake at 0.9q is 115
percent larger than the OLS estimate.  This implies
that, as income increases, the upper conditional quan-
tiles of cholesterol intake are decreasing more rapidly
than is the conditional mean.  This trend is clearly visi-
ble in figures 9 and 10 where the income coefficients
on cholesterol intake reveal greater negative impact at
higher quantiles.  For men and women, the equality
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3 The R2 for the quantile regressions are analogous to the conven-
tional OLS R2.  Let be the solution to equation (2) and let 
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restrictions on income coefficients across symmetrical
quantiles (0.1q = 0.9q and 0.25q = 0.75q) are rejected
at the 10-percent level (table 8). 

Income has a significant positive effect on fiber intake
at all quantiles.  However, for men and women, the
largest effect is at 0.9q.  Since dietary risk for fiber
(inadequacy) is relatively greater at the lower end of
the intake distribution, one might expect to find the
largest effect for income at the bottom quantiles.  This
was not the case, likely because, as table 1 shows,
most adults have inadequate intake even at the 90th
percentile.

The estimated effects of educational attainment on
men’s macronutrient intake clearly illustrate the impor-
tance of examining the whole conditional distribution
rather than focusing on just the conditional mean.  The
OLS coefficient for education on men’s energy intake
is insignificant, implying that energy intake does not
change in response to a change in the education level.
However, the quantile estimates reveal a more interest-
ing pattern that is masked by the OLS estimate.  The
education coefficients for energy at the 0.1q and 0.25q
are both positive and statistically significant (p<0.1).
Thus, as education increases, energy intake actually
increases at the lower quantiles.  Meanwhile, educa-
tion coefficients at 0.5q and above are negative and the
estimate at 0.75q is significant (p<0.1).  Thus, energy
intake declines in response to an increase in education
at upper quantiles.  The plot of education coefficients
for energy intake in figure 11 displays this pattern
clearly.  Therefore, when the effect of education over
the entire distribution is considered,  the implication is
that greater educational attainment influences men
toward moderating their energy intake.

The differential effects of education across quantiles
are even more striking for men’s intake of fats and
cholesterol than they are for energy (tables 4-6).  For
instance, an additional year of education reduces
men’s saturated fat intake by 0.18 gram at the condi-
tional mean.  However, at 0.9q, a similar increase in
education reduces saturated fat intake by 0.52 gram, a
nearly 200-percent larger estimated effect.  Both for
saturated fat and total fat, quantile estimates below the
median are insignificant.  In fact, for total fat, the mar-
ginal effect of education at 0.1q is positive and numer-
ically large (0.32 gram).  This is not surprising since,
at 0.1q, the observed intakes are substantially below
the recommended levels.

Educational attainment influences men’s cholesterol
intake in a similar fashion.  The reduction in intake
attributable to education is larger at the upper condi-
tional quantiles compared with the conditional mean or
the lower quantiles.  The trend of larger negative
effects for education on the intakes of fats and choles-
terol as one moves from the lower to the upper quan-
tiles is strikingly visible in figure 11.  Tests of equality
of education coefficients at symmetrical quantiles for
men’s energy, total fat, saturated fat, and cholesterol
are rejected at the 5-percent level (table 8).

For men’s fiber intake, education has a more uniform
effect across the quantiles (fig. 11).  The equality of
education coefficients at symmetrical fiber intake
quantiles could not be rejected (table 8).
Consequently, this is one instance where it is meaning-
ful to compare the restricted estimate, which is a
weighted combination of quantile estimates, with the
OLS estimate.  From table 7, it can be seen that the
restricted estimate outperforms the OLS estimate in
precision with a larger t-value.5

Taken together, the results for men confirm previous
findings that education is positively correlated with
better diets, just as it has been shown to be positively
correlated with other desirable health behaviors
(Grossman and Kaestner, 1997).  However, our results
also show something new.  The beneficial effects of
education are much larger at parts of the conditional
distribution that matter most—at the lower quantiles
for energy where the risk of inadequacy is greater and
at the upper quantiles for energy, fats, and cholesterol
where the risk of excess intakes is the largest.  For
fiber, the size of the education coefficients were statis-
tically similar across the quantiles.  Similar to our rea-
soning for income, one explanation for not finding
larger effects for education at the bottom quantiles
may be that for the most part, the entire observed dis-
tribution of fiber intake is below the recommended
fiber intake level.
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5 Since the standard errors for the OLS estimates were computed
using White’s method and the standard errors for the quantile
estimates were computed using design matrix bootstrap, the t-val-
ues of the OLS estimates and the restricted estimates in tables 3-7
are not strictly comparable.  Therefore, we computed OLS stan-
dard errors using design matrix bootstrap with 500 replications.
The OLS education coefficient on men’s fiber intake had a boot-
strap standard error of 0.0512.  The standard error of the restrict-
ed estimate was 0.0321—37 percent smaller than the OLS boot-
strap standard error.



There is less evidence of an increasing marginal effect
of education at the higher quantiles for women.
Women’s energy intake increases significantly with
education at all quantiles except at 0.90q.  Although a
trend of smaller influence at upper quantiles is visible
in figure 12, equality of coefficients at symmetrical
quantiles cannot be rejected (table 8).  The restricted
quantile estimates suggest that for each additional year
of education, energy intake among women increases
by about 13 calories.  However, this increase has to be
viewed in the context that the major part of women’s
energy intake distribution lies below the recommended
level (table 1).  Surprisingly, education tends to have a
positive effect on women’s total fat intake.  However,
the effects are significant only at 0.25q and 0.50q.
Education has no significant impact on women’s satu-
rated fat intake, while for cholesterol the expected
negative effect is found.  Similar to the effect for men,
the effect of women’s educational attainment on their
fiber intake is significant at all quantiles.

Consistent with the prediction from Grossman’s
model, men’s energy, total fat, saturated fat, and cho-
lesterol intakes decline with age, but more interesting-
ly, the rates of decline rise steadily from the lower to
the upper quantiles (fig. 13).  The differences in the
estimated effects between 0.1q and 0.9q are over 200
percent.  The strong intake response to age is not sur-
prising given that the health risk of poor diets is likely
to be cumulative and increasing with age.  Therefore,
older individuals will display a greater propensity to
improve their diets than younger individuals.  In addi-
tion, our results show that the age effect is stronger at
parts of the intake distributions where the risk of inad-
equacy or excess are greater.

Women’s age has a similar pattern of impact across
quantiles of energy, total fat, and saturated fat intakes.
For cholesterol, the women’s age coefficient is
insignificant under OLS and at all quantiles.  However,
the optimally combined restricted estimate is signifi-
cant, showing that cholesterol intake among women
does decline with age.  The age effect on women’s
fiber intake is uniformly positive across the OLS and
quantile estimates.  The age effect on fiber intake of
men shows conflicting results under the different esti-
mators.  While the OLS and lower quantiles estimates
are insignificant, the 0.9q estimate is negative and sig-
nificant.  However, the restricted estimate is positive
and significant in accordance with our expectation,
although the numerical effect is small (0.013).  It is

not clear why age, which had sizable effects on other
macronutrient intakes, would have such limited impact
on men’s fiber intake.

The difference in energy intake between Black and
White men is surprisingly large, with Black men con-
suming about 209 fewer calories than White men at
the conditional median.  Although low t-values make
it hard to discern a trend by quantiles, the restricted
estimate shows that Black men have significantly
lower total fat and saturated fat intakes than White
men.  For both intakes, interquantile equality cannot
be rejected and the restricted estimate is more precise
than the OLS estimate.  While Black men’s intakes
look better than White men’s in terms of energy, total
fat, and saturated fat, the picture is starkly different
for cholesterol and fiber.  After controlling for other
effects, Black men have higher cholesterol intake and
lower fiber intake than White men.  The quantile esti-
mate shows that Black men consume 116 milligrams
more cholesterol than White men at the 90th per-
centile.  This is twice the difference at the conditional
mean.  Black men also have lower fiber intakes than
White men across all quantiles, with the restricted
quantile estimate giving a Black-White difference of
about 1.9 grams.

Although the OLS estimate shows a lack of Black-
White difference in women’s energy intake, the 0.25q
and the restricted estimates suggest that Black
women’s energy intake is significantly lower than
White women’s.  Similar to the Black-White differ-
ence for men, Black women have higher cholesterol
intake and lower fiber intake than White women.  The
Black-White difference in cholesterol is large, particu-
larly at the upper quantiles and the interquantile
equality tests show significant difference between
intakes at the lower and upper quantiles.  The restrict-
ed estimate suggests that Black women consume 1
gram less fiber than White women.  The restricted
estimate has a much higher t-value than the OLS esti-
mate.6 Unlike Black men though, Black women’s
intakes of total and saturated fats were not significant-
ly lower than White women’s.

Hispanic men’s diets are significantly lower in total fat
and saturated fat intakes than the diets of non-Hispanic
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6 The bootstrap standard error for the restricted quantile estimate
is only 0.191 compared with a bootstrap standard error of 0.343
for the OLS estimate.



men.  For energy, the evidence is inconclusive since
only the Hispanic coefficient at the conditional median
is significant.  Based on the restricted estimate,
Hispanic men consume 4.4 grams less total fat than
non-Hispanic men.  For saturated fat, the quantile esti-
mates indicate that the relative difference is located at
the upper ends of the distribution.  This is confirmed
by interquantile equality tests, which are both rejected
at the 10-percent level.  Due to the relatively low t-val-
ues, no significant differences between the Hispanic
and non-Hispanic groups are evident for cholesterol
and fiber intakes at various quantiles.  However, the
restricted estimate does show a higher fiber intake of
0.86 gram by Hispanic men than non-Hispanic men.

Both the OLS estimate and the restricted quantile 
estimate show significantly lower energy intake by
Hispanic women than non-Hispanic women.  Here
again, the restricted estimate is far more precise than
the OLS estimate.  Hispanic women consume about 4
grams less total fat and 0.8 gram less saturated fat than
non-Hispanic women, based on the restricted esti-
mates.  While the quantile estimates for cholesterol
intake show an interesting trend with the
Hispanic/non-Hispanic difference reversing in sign
from lower to upper quantiles, none of the estimates
are significant.  Hispanic women’s fiber intake is sig-
nificantly higher at the bottom end of the distribution.
At 0.1q, the unconditional estimate of which is well
below the recommended level, Hispanic women tend
to have about 1 gram of higher fiber intake than non-
Hispanic women.  Overall, the results for men and
women show that the Hispanics tend to have a healthi-
er macronutrient intake profile than non-Hispanics.

The data tables compiled from the 1994-96 CSFII can
be used to speculate on the likely food sources of the
intake differences by race and ethnicity (U.S
Department of Agriculture, 2000).  For example, Black
men over age 20 consume only 7 grams of cheese
compared with the 20 grams consumed by White men
over age 20.  The most recent study on the sources of
nutrients based on the 1989-91 CSFII shows that
cheese is the largest source of saturated fat and the
fourth largest source of total fat among U.S. adults
(Subar et al., 1998).7 Black men also tend to consume
lower amounts of whole and low-fat milk, another
major source of fats, than White men.  However, Black
men consume lower amounts of yeast bread and ready-
to-eat cereals, and higher amounts of eggs than White
men, which may account for their lower fiber intake

and higher cholesterol intake.  Based on Subar et al.
estimates, yeast bread and milk are also the top and
third largest sources of energy among U.S. adults.  The
1994-96 CSFII data tables show that Black men over
20 consume only 178 grams of total milk and milk
products per day compared with 262 grams consumed
by White men over 20.  The lower caloric intake by
Black men may therefore be partly due to their lower
consumption of these energy sources.

The picture is not as clear regarding the sources of
Hispanic/non-Hispanic differences.  For example,
Hispanic men over age 20 consume higher amounts of
beef and about the same amount of cheese as non-
Hispanic White men over age 20.  Consequently, the
difference in their total and saturated fat intakes must
come from other sources.  Similarly Hispanics con-
sume less yeast bread and ready-to-eat cereal than
non-Hispanic Whites.  Therefore, the higher fiber
intake of Hispanics must come from other fiber
sources such as legumes.  Indeed, the 1994-96 CSFII
data tables show that Hispanics do consume larger
amounts of legumes than non-Hispanic Whites.

Conclusions

Understanding and quantifying the relative differences
in food and nutrient intakes among population sub-
groups are important for targeting nutrition promotion
programs and expenditures.  The results can also con-
tribute to improved understanding of health risk
behavior at a time of rapid change in the health infor-
mation environment.  However, the nature of intake
distributions is such that the risk of dietary excess or
inadequacy is greater at the tails of the distributions
than at the mean.  Consequently, it is questionable to
assume that the marginal effects of population charac-
teristics will be constant along all parts of the condi-
tional distribution of intakes.  In this case, any analysis
that focuses on only one part of the distribution, such
as the conditional mean, may give an incomplete pic-
ture of the sources of intake difference among popula-
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7 The food intakes reported in the data tables are mean amounts
based on day-1 of the 1994-96 CSFII (U.S. Department of
Agriculture, 2000).  The dietary sources of nutrients are based
on day-1 of the 1989-91 CSFII and are not separated by race or
sex (Subar et al.).  These comparisons are meant to be illustra-
tive, especially considering that the estimated differences report-
ed in this paper are conditional (ceteris paribus), whereas the
figures from the data tables and the dietary sources study are
unconditional.



tion subgroups.  In this study, we used quantile regres-
sion, a method suited for characterizing the entire dis-
tribution of intake, to examine macronutrient intakes
among U.S. adults.

The findings clearly suggest that for key sociodemo-
graphic variables such as age, education, and income,
the marginal effects at the tails of the intake distribu-
tion are often quite different from those at the mean.
A more complete picture of the location of differences
among population subgroups emerges from the quan-
tile regression estimates than was available from the
OLS estimates alone.  Of course, this requires consid-
ering a larger number of parameter estimates.  But in
most cases, an optimal combination of the quantile
estimates—the restricted estimates—outperformed the
OLS estimates in precision.

These results have important implications for future
studies evaluating the dietary impact of many nutri-
tion-related policy interventions such as food assis-
tance programs and food labeling regulations.  For
such studies to fully uncover the extent and nature of
the behavioral impact, it is essential to look beyond
the conditional mean to parts of the dietary intake dis-
tribution where the risk of inadequacy or excess is
greatest.

One plausible interpretation of these results is that
individuals, particularly men, at higher age, education,
and income levels may have benefited more from

health and nutrition information initiatives such as the
Nutrition Labeling and Education Act.  Certainly, this
explanation is consistent with the effect of human cap-
ital on health behavior predicted by the household pro-
duction model.  By comparing the influence of these
variables on food and nutrient intakes over a suffi-
ciently long timespan, it may be possible to verify the
validity of this potentially important linkage.

The results reported here have to be interpreted and
generalized cautiously given that the analysis is based
on self-reported food intakes recorded from 2 days of
24-hour dietary recall.  Such data are well-known to
be prone to underreporting and may not fully represent
a person’s usual intake.  In this study, we have
attempted to control for underreporting and day-to-day
intake variations to the extent possible by including
sources of these variations such as season, whether the
intake was recorded for a weekend day, and self-
reported assessment whether the recorded intake was
less than or more than a person’s usual intake.
Nevertheless, as with most previous studies based on a
few days of recall data, the possibility cannot be ruled
out that some of the estimated effects may have been
influenced by underreporting or day-to-day variation.
Estimation of conditional quantile models based on
intake data from alternative data sources, which better
represent usual intakes and may have lower incidence
of underreporting, such as food-frequency question-
naires, may be able to resolve this issue.
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Percentiles of macronutrient intake among men by income level
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Figure 4

Percentiles of macronutrient intake among women by income level
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Figure 5

Percentiles of macronutrient intake among men by education level
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Figure 6

Percentiles of macronutrient intake among women by education level
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Percentiles of macronutrient intake among men by age level
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Figure 8

Percentiles of macronutrient intake among women by age level
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Figure 9

Marginal effect of a $1,000 increase in income on the macronutrient intake of men across quantiles
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Marginal effect of a $1,000 increase in income on the macronutrient intake of women across quantiles
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Marginal effect of an additional year of education on the macronutrient intake of men across quantiles
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Marginal effect of an additional year of education on the macronutrient intake of women across quantiles
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Marginal effect of an additional year of age on the macronutrient intake of men across quantiles
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Marginal effect of an additional year of age on the macronutrient intake of women across quantiles
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Table 3—Quantile regression estimates: Energy intake, 1994-96

Variable OLS Quantile

0.10 0.25 0.50 0.75 0.90

Men:
Income (×10-3) .167 .888 1.125 .709 .532 -.327 .311

(.31) (1.47) (2.06) (1.15) (.68) (.30) (.88)

Education -1.360 13.65 9.205 -.365 -11.93 -6.875 9.772
(.32) (2.70) (1.77) (.07) (1.72) (.73) (3.26)

Age -17.38 -9.972 -11.83 -15.91 -20.97 -24.26 -13.86
(21.39) (11.41) (14.67) (16.46) (16.75) (14.93) (26.57)

Black -154.06 -126.07 -121.03 -209.08 -234.25 -159.95 -175.73
(3.40) (2.61) (2.43) (4.11) (4.19) (1.68) (5.87)

Hispanic -75.27 -28.67 -37.99 -133.90 -94.69 -87.85 -47.34
(1.45) (.49) (.71) (2.45) (.99) (.66) (1.36)

R2 .191 .093 .093 .106 .122 .147 —

Women:
Income (×10-3) .213 .866 .426 .467 -.419 -.252 .355

(.58) (1.63) (1.01) (1.08) (.77) (.32) (1.29)

Education 15.01 21.06 17.31 19.20 16.17 5.127 12.57
(4.90) (4.95) (3.95) (5.69) (3.27) (.64) (5.12)

Age -6.743 -2.572 -4.555 -5.896 -7.457 -10.74 -5.900
(12.19) (3.40) (8.06) (8.64) (8.24) (8.87) (14.99)

Black -8.483 -51.170 -75.33 -5.308 6.334 12.72 -47.94
(.29) (1.47) (2.31) (.18) (.18) (.20) (2.52)

Hispanic 60.06 53.01 -48.77 -58.31 -144.46 -117.03 -92.67
(1.74) (1.34) (1.18) (1.55) (1.68) (1.61) (3.80)

R2 .125 .072 .071 .068 .073 .090 —

— = Not applicable.
Note: Absolute t-values reported in parentheses. All regressions included an intercept and 25 additional explanatory variables; see appendix table 1 for definitions.
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Table 4—Quantile regression estimates: Total fat intake, 1994-96

Variable OLS Quantile

0.10 0.25 0.50 0.75 0.90

Men:
Income (×10-3) -.009 .009 .030 .001 .022 .022 0.043

(.35) (.33) (1.25) (.03) (.56) (.38) (2.67)

Education -.358 .320 .179 -.194 -.952 -1.158 -.354
(1.76) (1.50) (.77) (.73) (3.02) (2.38) (2.54)

Age -.661 -.316 -.452 -.594 -.797 -1.053 -.411
(17.69) (7.79) (12.53) (13.84) (14.47) (10.99) (16.44)

Black -3.823 -4.230 -2.926 -4.397 -5.934 -7.744 -3.325
(1.80) (1.95) (1.32) (1.88) (1.92) (1.31) (2.42)

Hispanic -5.095 -2.679 -2.250 -8.437 -9.026 -3.545 -4.407
(2.13) (1.11) (.83) (2.63) (2.14) (0.53) (2.66)

R2 .155 .082 .080 .085 .098 .107 —

Women:
Income (×10-3) .011 .031 .044 .014 .021 .018 .012

(.65) (1.56) (2.13) (.63) (.74) (.42) (.94)

Education .245 .234 .327 .319 .208 .086 .289
(1.58) (1.41) (1.80) (1.72) (.93) (.24) (2.79)

Age .245 .100 .138 .239 .298 .385 -.163
(9.30) (3.15) (4.46) (6.92) (6.77) (5.87) (8.24)

Black 1.746 .817 1.522 1.074 1.826 .721 1.216
(1.35) (.51) (.91) (.63) (.95) (.19) (1.22)

Hispanic 3.573 .671 1.760 2.833 5.596 4.734 -4.012
(2.03) (.32) (1.06) (1.24) (1.75) (1.07) (3.38)

R2 .108 .049 .054 .056 .065 .084 —
— = Not applicable.
Note: Absolute t-values reported in parentheses. All regressions included an intercept and 25 additional explanatory variables; see appendix table 1 for definitions.
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Table 5—Quantile regression estimates: Saturated fat intake, 1994-96

Variable OLS Quantile

0.10 0.25 0.50 0.75 0.90

Men:
Income (×10-3) -.016 -.009 -.005 -.011 -.016 -.019 -.012

(1.73) (.94) (.53) (1.11) (1.09) (.84) (1.97)

Education -.177 .053 .004 -.154 -.264 -.521 -.024
(2.36) (.65) (.05) (1.74) (2.13) (2.56) (.50)

Age -.243 -.126 -.169 -.222 -.277 -.363 -.183
(17.01) (9.15) (13.98) (15.49) (13.11) (10.60) (21.50)

Black -2.154 -1.182 -1.501 -1.967 -2.687 -2.046 -1.425
(2.85) (1.54) (2.28) (2.59) (2.54) (1.13) (3.06)

Hispanic -2.464 -1.507 -.747 -2.735 -3.756 -5.635 -1.71
(2.88) (1.72) (.98) (2.57) (2.35) (2.51) (3.21)

R2 .153 .078 .084 .087 .098 .105 —

Women:
Income (×10-3) -.010 .010 .001 -.012 -.009 .018 .007

(1.47) (1.64) (0.07) (1.68) (.84) (1.11) (1.62)

Education .035 .039 .042 .047 .015 .035 .031
(.64) (.74) (.65) (0.70) (.17) (.26) (.83)

Age .101 .036 .056 .096 .125 .150 -.058
(10.47) (3.65) (5.01) (9.23) (7.72) (6.58) (9.43)

Black -0.057 -.333 .099 .577 -.632 .328 -.470
(0.11) (.64) (.18) (1.16) (.85) (.27) (1.56)

Hispanic 1.459 .704 1.118 1.503 1.291 1.561 -.820
(2.29) (.99) (2.00) (1.98) (1.25) (1.21) (2.13)

R2 .104 .049 .050 .061 .065 .079 —
— = Not applicable.
Note: Absolute t-values reported in parentheses. All regressions included an intercept and 25 additional explanatory variables; see appendix table 1 for definitions.
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Table 6—Quantile regression estimates: Cholesterol intake, 1994-96

Variable OLS Quantile

0.10 0.25 0.50 0.75 0.90

Men:
Income (×10-3) -.388 -.060 .052 -.315 -.615 -.835 -.197

(3.13) (.62) (.47) (2.60) (3.46) (2.70) (2.96)

Education -5.440 .411 -1.830 -5.195 -9.945 -7.131 -1.700
(5.19) (.48) (2.05) (4.65) (5.49) (2.80) (2.97)

Age -1.306 -.415 -.807 -1.174 -1.215 -2.357 -.721
(7.09) (2.95) (4.68) (5.59) (4.36) (5.21) (7.12)

Black 56.514 16.259 36.393 46.731 89.803 115.965 24.773
(4.86) (1.85) (3.43) (3.36) (3.50) (3.72) (3.92)

Hispanic -6.454 -1.759 -2.825 -.361 10.891 25.56 -11.118
(.47) (.18) (.25) (.02) (.48) (.77) (1.49)

R2 .084 .035 .035 .047 .062 .065 —

Women:
Income (×10-3) -.217 .022 .067 -.108 -.445 .363 .003

(2.44) (.31) (.84) (1.24) (2.75) (1.55) (.07)

Education -1.458 -.261 -1.215 -1.366 -1.271 -3.508 -2.439
(1.84) (.33) (1.80) (1.72) (.97) (1.58) (5.54)

Age .179 .032 .138 .114 .045 .073 -.180
(1.29) (.29) (1.28) (.80) (.19) (.18) (2.49)

Black 36.176 13.846 25.535 35.149 58.40 63.415 14.068
(4.88) (2.70) (4.14) (4.16) (4.96) (3.18) (3.81)

Hispanic 3.366 5.829 6.473 2.241 2.314 14.023 1.871
(.39) (.79) (.86) (.20) (.18) (.61) (.39)

R2 .060 .030 .030 .034 .046 .051 —
— = Not applicable.
Note: Absolute t-values reported in parentheses. All regressions included an intercept and 25 additional explanatory variables; see appendix table 1 for definitions.
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Table 7—Quantile regression estimates: Fiber intake, 1994-96

Variable OLS Quantile

0.10 0.25 0.50 0.75 0.90

Men:
Income (×10-3) .024 .017 .020 .021 .035 .040 .019

(4.08) (2.82) (3.19) (3.51) (4.12) (2.75) (5.03)

Education .239 .196 .291 .292 .284 .303 .248
(4.47) (3.77) (5.34) (5.61) (3.81) (2.22) (7.70)

Age -.004 .007 .010 .007 -.013 -.037 .012
(.50) (.96) (1.16) (.78) (1.00) (1.96) (2.52)

Black -2.188 -1.465 -1.444 -2.300 -2.780 -2.073 -1.866
(4.97) (3.16) (3.58) (5.65) (3.47) (1.80) (7.14)

Hispanic .789 .586 .173 .767 1.511 .984 .855
(1.39) (1.01) (.30) (1.14) (1.54) (.64) (2.25)

R2 .078 .049 .045 .050 .054 .057 —

Women:
Income (×10-3) .023 .016 .020 .026 .020 .039 .017

(5.18) (4.45) (5.00) (4.84) (3.05) (3.65) (6.93)

Education .351 .253 .270 .387 .470 .354 .277
(8.54) (6.15) (6.76) (8.15) (6.94) (4.79) (9.71)

Age .035 .029 .030 .042 .048 .035 .035
(5.18) (4.48) (4.80) (5.09) (4.80) (1.96) (8.30)

Black -.847 -.682 -1.195 -1.069 -1.206 -.660 -1.049
(2.61) (2.37) (3.84) (2.92) (2.18) (.82) (5.50)

Hispanic .836 .995 .918 1.047 1.036 .763 .927
(1.98) (2.29) (2.48) (2.23) (1.49) (.76) (3.57)

R2 .104 .063 .067 .066 .069 .067 —
— = Not applicable.
Note: Absolute t-values reported in parentheses. All regressions included an intercept and 25 additional explanatory variables; see appendix table 1 for definitions.
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Appendix table 1—Explanatory variables, means, and sample size

Variable Men Women

Household characteristics

Gross annual income ($000) 39.5 36.1

Household size 2.9 2.8

Region (Northeast omitted)
Midwest .24 .25
South .36 .37
West .21 .20

Urbanization (city omitted)
Suburb .46 .44
Nonmetro .26 .25

Personal characteristics 

Level of education (years) 12.7 12.6

Age (years) 49.0 49.1

Height (inches) 69.8 64.0

Weight (pounds) 183.4 151.7

Race (White omitted):
Black .10 .13
Asian .02 .02
Other1 .05 .04

Ethnic origin-Hispanic .08 .08

On any kind of diet .15 .21

Survey-related characteristics

Year (1994 omitted)

1995 .34 .34

1996 .34 .32

Day-1 season (Winter omitted)
Spring .18 .18
Summer .29 .29
Fall .28 .28

Day-2 season (Winter omitted)
Spring .16 .16
Summer .29 .29
Fall .29 .29

Day-1 on weekend .30 .29

Day-2 on weekend .25 .25

Day-1 intake (Usual omitted)

Less than usual .19 .20

More than usual .10 .12

Day-2 intake (Usual omitted)

Less than usual .20 .21

More than usual .09 .10

Sample size (N) 4725 4362

1Asian/Pacific Islander, Aleut, Eskimo, or American Indian.
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