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Abstract

Poor diets and rising obesity rates among Americans have persisted despite increased
awareness and publicity regarding the benefits of a healthy lifestyle. This analysis of
consumer food choice developed a consumer demand model to illustrate how both long-
term health objectives and immediate visceral influences—long intervals between meals
and away-from-home eating—can affect individuals’ food choices. The model predicts
that dietary knowledge will have less influence on food choices in the face of imme-
diate visceral factors. The model predictions were tested using data from the 1994-96
Continuing Survey of Food Intake by Individuals and the companion Diet Health and
Knowledge Survey. Longer intervals between meals and consumption of more food away
from home both contribute to one’s consuming more calories and more calories from
solid fats, alcohol, and added sugars. Longer intervals between meals are also associated
with lower diet quality.

Keywords: behavioral economics, food consumption, obesity, fixed effects, instrumental
variables.
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Summary

Poor diets and rising obesity rates among Americans have occurred concur-
rently with increased awareness and publicity regarding the benefits of a
healthy lifestyle. This seeming contradiction provides an opportunity to
incorporate elements of behavioral economics into consumer food choice
analysis. This report presents a consumer demand model to illustrate how
both long-term health objectives and immediate visceral influences—Ilong
intervals between meals, eating away from home, or time pressures—can
drive individuals’ food choices.

What Is the Issue?

A better understanding of how situational factors affect food choices will
strengthen public programs aimed at improving diet, health, and nutrition.
Knowing when individuals are more likely to forgo health concerns may
suggest ways to combat the effect of such situations or to identify commit-
ment mechanisms more in keeping with long-term health goals. And the
likely relationship between visceral factors and food choices implies that
analysis over shorter time periods, such as per eating occasion, may uncover
important information that is hidden when food choices are aggregated over
an entire day or more.

What Did the Project Find?

When individuals extend the interval between meals or consume more of
their food away from home, they are significantly more likely to consume
more calories and more calories from solid fats, alcohol, and added sugars
(discretionary calories) at each eating occasion. For example, going 5 hours
between meals instead of 4 adds about 52 calories for someone on a diet of
2,000 calories per day; extending that interval from 4 to 6 hours would add
about 91 calories to the meal.

Going longer stretches between meals is also estimated to lower diet quality
at each meal. The location at which someone makes his or her food choices
and when these choices are made significantly affect what and how much

is consumed. Not surprisingly, people are estimated to cosume more calo-
ries when eating foods from a restaurant compared with foods prepared at
home—about 107 more calories per meal.

The model suggests that people who work more hours in a week—a proxy
for time pressures—are also more influenced by the interval between meals
than those who work fewer hours. As an individual who works more hours
in a week goes longer between meals, he or she will choose a meal that is
significantly higher in calories, higher in discretionary calories, and lower in
diet quality. At 4 hours between meals, an individual who works 40 hours a
week is estimated to eat about 20 percent more calories than someone who
is not employed. At 8 hours between meals, the calorie discrepancy jumps to
nearly 40 percent.

Our model shows that a situational change in caloric intake and diet quality
is more pronounced among individuals who are less informed about diet and
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nutrition. A person with a knowledge score of 50 (from USDA’s Diet and
Health Knowledge Survey) is estimated to increase per-meal caloric intake
by about 28 percent when eating away from home, while a person whose
score is 100 points is estimated to eat about only 12 percent more calories.

As people change their dietary goals based on prevailing nutritional beliefs,
situational factors like hunger and time pressures will continue to interfere
with long-term health objectives. Making specific reference to such situations
and suggesting ways to mitigate their effects should enhance the usefulness of
educational campaigns designed to improve diet quality. For example, encour-
aging consumers to take more active control in limiting the interval between
meals and choosing nutrient-dense snacks, such as fruits and vegetables, may
help them better align their intentions to eat well with their actual behavior.
Limiting intake of foods prepared away from home is also estimated to signifi-
cantly decrease caloric consumption. Thus, another possibility would be to
encourage individuals to plan ahead or seek out information about nutrient and
caloric content of foods prepared away from home.

How Was the Project Conducted?

A theoretical model of both long-term health objectives and short-term
situational factors affecting food choices predicts that when individuals

face intense visceral influences, such as hunger or stress, their information
about health and nutrition will have a smaller impact. It also predicts that
individuals who are less informed about health and nutrition, or face higher
levels of stress, will be more likely to eschew their long-term goals when
faced with visceral factors such as hunger. These hypotheses are tested using
data from the 1994-96 Continuing Survey of Food Intake by Individuals

and the companion Diet Health and Knowledge Survey, both administered
by USDA. The analysis of choices made at each eating occasion enables

the use of a fixed-effects estimator. This then controls for the endogeneity
between dietary information and food choices. Instrumental variable estima-
tors further account for endogeneity that may exist between food choices and
meal timing.

iv
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Introduction

The public policy approach to improving the nutritional quality of
Americans’ diets has relied heavily on disseminating information, such as
MyPyramid, about why and how to make food choices that promote health
and prevent disease (USDA, 2006). Educational efforts like this may be
paying dividends. For example, a 2001 study found that nearly 60 percent
of sampled shoppers indicated that their grocery purchases were strongly
affected by some health concern and 76 percent felt that healthy eating was
a better way to manage their health than medication. These statistics had
increased to 80 percent and 86 percent by 2002 (FMI, 2001, 2002). Sales
of organic foods increased 17-21 percent per year between 1997 and 2004.
Sales of functional/ fortified foods increased 34 percent between 2003 and
2004, whereas total food sales increased 2.4 percent over the same period
(Food Institute Reports, 2004, 2005). In addition, the large volume of diet
books and products sold to American consumers suggests we are aware of
diet and health issues, curious about slimming down, and mindful of good
health (Ackman, 2005).

While shopper surveys and sales figures imply a national interest in
improving diet, aggregate health statistics do not reflect these concerns. As of
2003-04, 66 percent of American adults were overweight and over one-third
were also obese. Between 1976 and 2000, the number of individuals classi-
fied as obese more than doubled (Centers for Disease Control and Prevention
(CDC), 2003).! During the same time span, there was a parallel rise in the
incidence of diseases highly correlated with poor nutrition and overconsump-
tion: cancer, strokes, heart disease, and diabetes (Surgeon General, 2001).

In 2000, obesity accounted for an estimated $117 billion a year in direct and
indirect economic costs; diabetes is estimated to account for another $132
billion (CDC, 2005).

These conflicting trends highlight a disturbing inconsistency. While
Americans demonstrate a concern about eating well and using diet to manage
their health, they are getting heavier and increasing their risk of suffering
from diet-related illnesses. A rift between long-term objectives and short-
term desires can lead to time-inconsistent choices, where people switch
their preference for a smaller, yet more immediate, reward over a larger

but delayed reward when the time delay between receiving either reward is
changed equally. A common example describes an individual who prefers 1
apple right now to 2 apples tomorrow, yet also prefers 2 apples in 51 days to
1 apple in 50 days (Thaler, 1981). Understanding which situations are more
conducive to making these seemingly inconsistent choices can improve our
understanding of the sometimes tenuous relationship between diet/health
knowledge and food choices.

The burgeoning literature on behavioral economics suggests that insights
gleaned from economic analysis can be improved by incorporating the pres-
ence and level of confounding factors, such as drive states (e.g., hunger,
pain, fear), environmental factors, and other short-term circumstances
(Loewenstein, 1996, 2000; Laibson, 2001; Read and van Leeuwen, 1998;
Herman and Polivy, 2003). In turn, this may clarify how and when inten-
tions are more likely to translate to actual behavior. The model developed by

1
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Loewenstein (1996) shows that in the presence of intense visceral factors,
such as hunger, thirst, or addiction, an individual will be compelled to make
choices that undermine long-term health objectives. Using experimental
results in conjunction with Loewenstein’s model of visceral factors, Read
and van Leeuwen (1998) found subjects’ levels of hunger to be significantly
correlated with observed inconsistencies. The snacks chosen for immediate
consumption were significantly less healthful than those chosen for future
consumption, while for both future and immediate consumption, the choices
made by hungry individuals were less healthful. Herman and Polivy (2003)
also examined whether behavioral economics models might be appropriate
for the study of dieting and food choice. They find that when presented with
tempting foods, dieters are more likely to display uninhibited eating in the
presence of some motivational disruptions, such as emotional arousal, intoxi-
cation, or distress.

These findings indicate that there are situations where individuals behave
in ways contrary to their own long-term self-interests. As O’Donoghue and
Rabin (1999) point out, evidence of present-biased preferences brings up
complex questions for public policy. In terms of obesity and poor nutrition,
time-consistent preferences assume that an overweight or unhealthful indi-
vidual may be making an optimal choice if he or she derives more pleasure
from unhealthy behaviors than good health. As such, a heavy-handed nutri-
tion policy, like taxing unhealthy foods to raise diet quality, would unam-
biguously make that person worse off. On the other hand, present-biased
preferences assume that, while a person may respond rationally to current
situations and make unhealthful choices, finding incentives that would make
one less responsive to these situations will improve long-term well-being.

Such findings have important implications for econometric analysis of
consumers’ food choices. For one, empirical estimation that does not include
relevant visceral factors, such as an individual’s level of hunger, will yield
biased estimates of the relationship between dietary information and food
choices. Also, a better understanding of how situational factors affect food
choices will strengthen programs aimed at improving diet, nutrition, and
health outcomes. Knowing when individuals may be more likely to forgo
health concerns might suggest ways to reduce the deleterious impact of such
situations, or to identify commitment mechanisms that help individuals make
choices that are more in keeping with their own long-term health goals.

Another important implication of the likely relationship between visceral
factors and food choices is that analysis over shorter time periods, such

as per eating occasion, may uncover important information that is hidden
when food choices are aggregated over an entire day or more. Using the
Continuing Survey of Food Intakes by Individuals (CSFII) and Diet and
Health Knowledge Survey (DHKS) data to analyze food choices on this level
transforms what is traditionally a cross-sectional data set into one more akin
to a panel data set. This provides an opportunity to employ fixed-effects esti-
mators, and this circumvents some of the endogeneity issues that can plague
cross-sectional analysis of food demand. Instrumental variable estimators
further reduce problems of endogeneity.

2
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Theoretical Background

In economics, food can be viewed as both a consumption good and an
investment. Through flavor, texture, and relief from hunger, food provides
immediate gratification. Through nutrients and calories, it also confers costs
and benefits for future health and well-being. Thus, economic models often
employ a dynamic framework to model demand for health (Grossman, 1972),
nutrient intake (Behrman and Deolalikar, 1990; Barrett, 2002), food choices
as they relate to health and labor market activities (Pitt et al., 1990), and food
choices as they relate to health and body weight (Cawley, 2004; Cutler et al.,
2003). Typically, such models assume that individuals maximize utility over
some timeframe using a discounted utility model:

U,(c,....cp)=U(c, )+ i 8" U (c,,.)-
=1

In this model, U(c,, ,) is considered to be the individual’s well-being at time
t+ 7, and 07 is the individual’s discount function, or the relative weight
attached at time 7 to one’s well-being in period t + 7. As such, the value

we place on future well-being is less than the value of today’s well-being,
and the value of each subsequent period decreases at a constant rate.
Although this assumption—referred to as exponential discounting—has
become the norm in economic analysis, empirical findings often violate its
theoretical predictions or underlying assumptions (Frederick et al., 2003).
One frequently observed anomaly is that individuals tend to behave more
patiently (by making choices that are consistent with their future savings or
health goals) when evaluating tradeoffs that will occur at some point in the
future than they would if these same tradeoffs were to occur more immedi-
ately. For example, most individuals will prefer $110 in 31 days over $100 in
30 days. Yet many of these same individuals will also prefer $100 right now
over $110 tomorrow. In contrast, an exponential discounting model would
predict that an individual who chooses $110 in 31 days over $100 in 30
would also choose $110 tomorrow over $100 today.

Repeated observance of time-inconsistent preferences has led some
researchers to develop models in which individuals have preferences that are
biased to prefer immediate rewards and delayed costs. These present-biased
preferences allow individuals to have a declining discount rate between now
and the next period, and a constant discount rate from then on. The result

is that individuals will prefer an alternative that is usually less desirable or
valuable over some time period simply because it is available sooner. These
models have been extended to model individual consumption and savings
behavior (Thaler and Shefrin, 1981; Akerlof 1991; Ainslie and Haslam,
1992; Laibson, 1997; Mullainathan and Thaler, 2000; O’ Donoghue and
Rabin, 1999, 2001).2 They have also been used to explain why individuals
have problems related to self-control, why they demonstrate reversals in
preference, and how they can improve their longrun well-being through some
commitment, such as 401(k) plans, that limit current consumption levels and
thereby preclude procrastination.

For food choice analysis, these models may not be entirely applicable
because time-inconsistent behavior is attributed entirely to a reward’s

3
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temporal proximity (Frederick et al., 2003; Loewenstein, 1996, 2000). In
terms of food consumption, this means an individual will always be expected
to choose the more immediately available food, regardless of his or her level
of hunger. In reviewing the literature on weight loss, Herman and Polivy
(2003) emphasize that making food immediately available is not sufficient to
induce uninhibited eating bouts. Loewenstein (1996) develops a model that
includes visceral influences—such as hunger, thirst, pain, and stress—in an
individual’s instantaneous utility function. An advantage of this model over
the present-biased model described above (also referred to as hyperbolic or
quasi-hyperbolic discounting models) is that it allows a broader range of situ-
ations to trigger present-biased behavior. At sufficient levels, visceral factors
can create discrepancies between intended and actual behavior because an
individual becomes unwilling to give up a good that alleviates the effects of
a visceral influence in exchange for other goods that do not. For example,

a man dying of thirst is unlikely to trade a glass of water for anything. This
causes a collapsing of one’s time perspective toward the present. Also, the
discrepancy between the actual and desired value placed on a particular good
or activity is assumed to increase with the intensity of the immediate good-
relevant visceral factors.

To represent the influence of visceral factors on behavior, Loewenstein
develops a representation of preferences that includes a set of variables, a,;,
which represent how changing levels of the visceral factors affect intertem-
poral utility:

U=Zu( X5 X s o+ - D

tn’ Ttn?

where U represents total utility experienced at time t, (X,;5...,X,,) is @ vector
of consumption goods, and (@,,,...c,,) is a vector of visceral factors, such as
hours of food deprivation, experienced at time t. This model assumes prefer-
ences are separable temporally so that visceral factors experienced at time

t only influence the value of goods consumed at that same time. It is also
assumed that visceral factors can be partitioned into subsets that influence
only a single consumption variable. In the simplest case, each consumption
variable x; is influenced by at most one ¢y, and can be represented as follows:

U=2Zu(v, (X, @p» 5.0V, Xy Ty D),

where v, () is the value of consuming x,, at time t in the presence of some
visceral factor a,;. Each v, function is assumed to be increasing in the good
offered, decreasing in time delay, and either increasing or decreasing in ;.
Also, x,; and a; are assumed to be complements. For example, hunger can be
argued to improve the enjoyment of eating food, but can make you feel worse
when there is none available. In short, this model explicitly assumes that
consumer choices will be significantly affected by strong visceral factors.

This model can illuminate how and why certain situations give rise to seem-
ingly inconsistent food choices. Under a more neutral state, an individual
may choose to consume the types and quantities of foods that are consistent
with his or her long-term health objectives. As visceral factors intensify,
however, the value of current utility increases relative to the value of future
utility and the consumption of goods that provide immediate gratification will
be consumed in greater amounts than when visceral factors are less intense.

4
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Theoretical Model

For this study, we use a relatively simple, two-period utility maximization
problem that incorporates Loewenstein’s visceral factors approach. Although
a dynamic model may be more realistic, the general insights derived from a
two-period model are the same. We assume that consumers make consump-
tion decisions on a per meal basis and discount future well-being by some
factor, d, that is strictly less than one. In both the current and future periods,
utility is derived from food (F), a composite nonfood item (N), and the
individual’s health status (H). For simplicity, we assume strong separability
between food and nonfood, such that the utility received from food is not
influenced by the amount of nonfood at that time. An individual’s level of
health, however, is assumed to complement both food and nonfood consump-
tion. We also assume the utility function to be continuous, twice continu-
ously differentiable, strictly increasing, and strictly concave in health, food,
and nonfood items.

A vector of relevant visceral factors («) experienced at the time an individual
makes his or her consumption decision influences the level of utility received
at that time. To isolate the effects of visceral factors on food consumption
decisions, it is assumed that « influences only the utility derived from food
consumed at that time. Holding all else constant, we assume that increasing
visceral factors, such as the level of hunger experienced at the current time,
will increase the marginal utility from food consumption so that an individual
will require more food to provide the same level of utility compared to some
neutral level of hunger. Thus, food and hunger are assumed to be comple-
ments. Individuals are assumed to be naive and treat these visceral factors

as exogenous- so that utility in both periods is derived from consumption

of nonfood items, food (which is influenced by visceral impacts), and one’s
current level of health.

U= U(F(F; @), N H, +0U, (F(F,; @), N,, Hs). (1)

To isolate how individuals choose to balance immediate gratification
from food against possible future health implications of these decisions,
we assume that one’s current health is a function of his or her past dietary
choices. For simplicity, we also assume that only less healthful foods have a
positive impact on current utility from food and that these same foods have
a negative impact on future health. How much an individual knows about
health and nutrition (7) is assumed to affect how well he or she translates
poor dietary choices into future health effects. Individuals who know more
about the links between diet, nutrition, and health perceive a greater health
impact from an unhealthy diet than individuals who know little about diet
and health. This then leads to the following health production function:
H=H(F 7., t=12 )
Finally, in both the current and future periods, an individual faces the
following budget constraint:

PyN+P,F=Y, 1=12, 3)
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where Py, is the price of nonfood items, Py, is the price of food, and Y, is the
individual’s income. Substituting the health production function (2) into (1),
the Lagrangian for this two-period optimization problem can be written as:

L= UI(F(FI;GI), Nl’ H1 (F(); ho)) + dU2 (F(Fz; 02), Nza H2 (Fl;hl))
+II(YI_PFIFI_PNIN1)+|2(Y2_PF2F2_PN2N2)' 4)

The first-order conditions for optimal consumption of unhealthful foods and
nonfood items (¥, N,) at time 1 are:

Lpy=Up + AUy Hypy = |y Py =0 (5a)
Lyy=Upy =11 Py =0 (5b)
Ly=Y -Pp F—-PyN=0, (5¢)

where U, and U, are the current marginal utilities from food and nonfood
consumed in the first period, U, is the marginal utility from health expe-
rienced in period 2, H,, is the marginal impact of the current period’s poor
food choices on next period’s health, and |,is the current marginal utility

of wealth. For simplicity, we normalize prices and set Py, equal to one. To
be certain that these values of F|, N, yield optimal values, we require the
following condition to hold:

19U 1310 Hopt| < | PplPU yypy+ Uy oy + Uy By o |- (6)

Condition (6), along with Cramer’s rule, can be used to determine how F,
will change with specific parameters, such as current visceral influences and
dietary awareness, and how the effect of dietary awareness on unhealthful
food choices will change with the intensity of visceral influences.*

Proposition 1: OF, /0o, >0

Increasing visceral factors in the current period will cause an individual to
choose more unhealthful foods at that time.

Differentiating equations 5a-c with respect to a, rewriting the system of
equations in matrix form, and solving this system of three equations using
Cramer’s rule, we find that the optimal choice of unhealthful foods will
increase in the presence of relevant visceral factors as long as food and
visceral factors (hunger, stress) are complements. Since U, 5, > 0 is true by
construction, proposition 1 holds.

Proposition 2: OF, /0on, <0

Increasing an individual’s awareness about the negative impact of poor dietary
choices on future health will cause him or her to eat fewer unhealthful foods.

Using the same technique and differentiating the first-order conditions

with respect to A and again solving this system of equations via Cramer’s
rule, individuals with higher levels of health information will choose fewer
unhealthful foods as long as U, ,,,H, -, < 0. We assume that an individual
who is more informed about the links between diet and health will be better
able to assess the negative health effects of his or her poor food choices, thus

6
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H,., /1 <0.’ This then ensures that an individual will respond to an increase
in health information by choosing fewer unhealthful foods for current
consumption.

Proposition 3: 0°F, /0,00, =0°F, /do,,0m, <0

As visceral factors increase at a given time or eating occasion, an indi-
vidual’s health information will have less impact on his or her food choice.
Alternatively, individuals with higher levels of health and dietary information
will be less affected by visceral factors than individuals with lower levels of
dietary information.

Again, differentiating the first-order conditions with respect to 77, and then
differentiating each with respect to «;, we find that 9°F, /on,do, is less than
zero as long as

8U2H2H2F1FlnlaFl /aa1|<|U1F1szlaFl /om, +8U2H2H2H2FlnlaFl /o0yl (7)

Our goal is to sign comparative statics for a typical individual, not all math-
ematically possible utility and health production functions. We therefore
make additional, but reasonable, assumptions. The first is that the health
production function is convex—the negative effect of poor food choices on
health increases as an individual’s health status decreases. Another is that
better dietary information is assumed to simply shift the health production
function inward while leaving the rate at which poor food choices affect
overall health unchanged. Thus, H,p = 0. Similarly, we can assume

that increasing visceral factors simply causes an outward shift in the utility
one receives from food. We can also assume that increasing visceral factors
causes the marginal utility received from food to increase, but at a decreasing
rate. Simply put, as visceral factors like hunger or stress intensify, additional
amounts of food increase overall utility at lower rates. This conforms with
the idea that many people tend to make poorer food choices when hungry or
under stress. As long as we assume that U,z z,; <0, condition (7) will hold.
This in turn implies that d*F, /dn,do, <0 .

7
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Empirical Implications
and Economic Model

The theoretical model implies that demand for unhealthful foods at time t
will be a function of income, prices, visceral factors, and health at time t. To
test whether visceral influences weaken the impact of health information on
food choices, we also include the interaction of visceral factors and nutrition
information. Empirically, demand for unhealthful food in the current period
can be specified as follows:

Fy=B"Xy+u+e,, (8)

where F, is the amount of unhealthful food individual i consumes at each
eating occasion t, X, is a vector of the aforementioned parameters—income,
prices, current health status, visceral factors—and the interaction of dietary
information and visceral influences, u; is the individual effect, and e;, is the
individual, time-specific error term. If there is more than one observation for
an individual, as there is in this study, ordinary least squares (OLS) estimates
will yield inefficient parameter estimates if the error terms are correlated
across observations for a given individual.

A random-effects (RE) model will yield efficient and consistent estimates
as long as the individual specific disturbance (u,) is uncorrelated with the
other regressors, X;. However, given the interdependence of current health,
dietary awareness, and food choices, this condition will likely not be met.
For example, an individual recently diagnosed with diabetes may be more
aware of diet and nutrition. This same person would also have greater
incentives to improve his or her diet quality and manage the timing of his
or her meals. Not accounting for this health condition in the RE estimator
would then bias estimates on both the impact of dietary awareness and the
interval between meals.

As such, a fixed-effects (FE) model, as specified below, will yield consistent
estimates as long as the remaining individual-specific, time-specific distur-
bance (e;,) is also uncorrelated with the regressors (Green, 1990):

(Fy —F)=p" (X;; = X;) + (¢;, =€), 9)

where I?l., )_(i, and e, represent individual averages. Continuing with the
previous example, a fixed-effects estimator allows one to tease out the impact
of time-varying variables, such as the interval between meals. In this case,
the FE estimates would measure the impact of meal timing on diet quality
for a given individual with specific health conditions and dietary aware-

ness. If, however, the time-specific disturbances are also correlated with the
regressors, a fixed-effects model with instrumental variables (FE-IV) can be
used to obtain unbiased estimates (Evans et al., 1993). Theoretically, there is
reason to suspect that the error terms will be correlated with the explanatory
variables because some visceral factors, such as how long one goes between
meals, are arguably endogenous and/or possibly measured with error. Thus,
we attempt to circumvent this issue through the use of instrumental variables.
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We use Stata 9.0 for our empirical analysis. Specifically, we use xtset to
identify the nature of our panel data. We specify each individual as the

panel variable and each meal as the time variable. We then use xtivreg, a
fixed-effects instrumental variable (FE-IV) estimator that uses a two-stage,
least-squares within estimator. We also employed random-effects (RE) and
fixed-effects (FE) estimators, using generalized least squares. However, the
Hausman test statistics indicate that these results were biased.® We therefore
only describe variables used in the FE-IV estimation and limit our discussion
and presentation of these FE-IV results.
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that the difference between the FE and
FE-IV coefficients are not systematic
for one model. However, even if the null
hypothesis is rejected, FE-IV estimates
are consistent.



Data

The data for this study come from the USDA’s 1994-96 Continuing Survey
of Food Intakes by Individuals (CSFII) and the companion Diet and Health
Knowledge Survey (DHKS). Through dietary recalls, the CSFII contains
information on the foods and nutrients consumed over 2 nonconsecutive
days. The DHKS provides information on peoples’ attitudes and knowledge
about diet, health, and nutrition. In each CSFII household, the DHKS was
administered to only one adult over 20 years old who reported at least 1 day
of food intake. To maintain a clear link among food consumption, visceral
influences, and dietary awareness, this analysis includes only individuals
who were also given the DHKS. In total, we have information on 5,645 indi-
viduals who reported an average of 6.4 eating occasions, for a total sample of
36,312 observations. Descriptions of variables used in the empirical analysis
and their summary statistics are in table 1.

Dependent Variables

Calories. For the empirical analysis, the first step is to provide a suitable
and measurable definition of unhealthful food choices made at each eating
occasion. As energy imbalance and large portion sizes are often linked to
weight gain and ultimately poor health, one measure used in this study is the
number of calories consumed at an eating occasion. As such, one dependent
variable is the share of recommended calories consumed at a specific eating
occasion.” It is the number of calories an individual consumes divided by an
individual’s daily estimated energy requirement (EER), multiplied by 100.
An individual’s EER is calculated using the equations from the Institute of
Medicine (2002), which is a function of an individual’s age, gender, height,
weight, and physical activity.® As an example, if an individual’s daily EER
is 2,000 calories and he or she consumes 500 calories at breakfast, then the
dependent variable at that eating occasion is 25.

Healthy Meal Index. Low nutrient intake is also correlated with poor health
and weight outcomes. Ideally, we would like a measure of nutrient intake per
unit of energy consumed, such as nutrient density relative to energy density.
At this time, however, there is no standard definition for this measure. To
deal with this issue, we try three separate measures of nutrient quality. The
first makes use of calculations from an individual’s Healthy Eating Index

for 1994-96. We refer to this measure as the HEI score. This index, which
ranges from 0 to 100, summarizes how well an individual’s daily food intake
conforms to the 1995 Dietary Guidelines for Americans. The components of
this index are an individual’s intake of fruits, vegetables, grains, dairy prod-
ucts, meat, fat, saturated fat, sodium, and cholesterol (Bowman et al., 1998).
To make this measure usable on a per-meal basis, we use a SAS program
(available upon request from the USDA) to calculate an individual’s daily
HEI score.” We then augment the program to calculate what each person’s
daily score would have been in the absence of each eating occasion on a
specific day.

The dependent variable at each eating occasion is the difference between what
that individual’s HEI score actually was on that day of intake and what it
would have been in the absence of that specific eating occasion. For example,
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7A potential weakness of looking at
the relationship between meal timing and
calories consumed on a per meal basis
is that calories consumed at each meal
may not adequately reflect total calories
consumed over a day. Someone who fre-
quently eats small meals could ultimately
consume more total calories over the day.
Using the same CSFII data and looking
at calories consumed throughout the day,
however, Mancino and Kinsey (2004)
also found a positive and significant cor-
relation between time between meals and
total calories consumed.

8In our calculations, we assume that
all individuals are inactive because the
activity data available in the CSFII are
not precise enough to include as part of
the EER calculation.

9The official HEI score also includes
a variety component. However, it is
very difficult to calculate the change
in daily HEI score while including this
component. For that reason, the HEI
scores in this study only include 9 com-
ponents. Thus, the range of scores is
from O to 90. We feel this does not alter
results dramatically, especially since
the HEI-2005 score does not include a
variety component.



Table 1
Variables, definitions and summary statistics

Variable Definition

Calories Percent of daily energy requirements consumed at eating occasion

Healthy Meal Index (HMI) How much higher HEI score (0-100 points) would have been without
eating occasion

HMI2005 HEI 2005 density score at eating occasion ( 0-100 points)

SOFAAS per meal Calories from solid fats, alcohol, and added sugar (0-20 points)

Interval Hours elapsed between current and previous eating occasion

Share restaurant food Share of food from restaurant (calories)

Brunch 1 if classified as brunch; 0 otherwise

Lunch 1 if classified as lunch; 0 otherwise

Dinner 1 if classified as dinner; 0 otherwise

Snack 1 if classified as snack; 0 otherwise

Weekend 1 if dietary recall occurred on a weekend; 0 otherwise

Knowledge Score on dietary knowledge assessment (0-100)

Work hours Number of hours worked in previous week

Interaction: Interval* knowledge Interval*score on dietary knowledge assessment (0-100)
Interaction: Interval*work hours Interval*Number of hours worked in previous week
Interaction: Sharefafh*knowledge Share of restaurant food*score on dietary knowledge assessment

Interaction: Sharefafh*work hours  Share of restaurant food*Number of hours worked in previous week

Mean
(standard deviation)

22.26
(19.68)

3.44
(6.21)

37.70
(13.22)

10.29
(9.30)

3.66
(2.22)

13.39
(33.51)

0.01
0.22
0.30
0.42
0.26

71.71
(13.35)

23.46
(23.39)

260.51
(164.64)

86.40
(117.23)

954 .42
(2,434.42)

400.55
(1,314.51)

Each variable’s standard deviation is listed below its mean for all continuous variables.
Sample size is 36,312, with 5,645 individuals who report an average of 6.43 eating occasions.

if an individual’s HEI score on the first day of intake was 65 and that score
would have been 60 had he or she not eaten breakfast that day, the dependent
variable for that individual at that breakfast eating occasion would have a value
of 5. Thus, higher values for this variable represent meal choices that are more
nutritious. We refer to this variable as the Healthy Meal Index (HMI) to be
clear that it is meant to gauge the nutritional quality of each eating occasion,
whereas the HEI measures diet quality over an entire day.

Each of the 10 HEI components falls within the range of 1 to 10. Thus,
someone who ate more than his or her recommended levels of fruit or vege-
tables could not score bonus points by doing so. Similarly, there are limits

to “penalties” for overconsumption of salt, cholesterol, fat, and saturated fat.
This top and bottom coding within components enables the HEI score to be
more than a simple linear function of each meal’s score. In the absence of
such coding, however, the sum of HMI scores over an entire day would equal
an individual’s daily HEI score.
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Healthy Meal Index, 2005. In 2005, the USDA and Department of Health and
Human Services updated the Dietary Guidelines for Americans. More recently,
the USDA has created the HEI-2005 (Guenther et al., 2007), which reflects the
2005 Dietary Guidelines and addresses some shortcomings of the HEI score.
For example, it did not assess caloric intake or excesses of some components
such as added sugars or alcohol. Also, the HEI score did not differentiate
between types of vegetables, grains, or fats. As such, a serving of french fries
and a serving of kale contributed equally to an individual’s HEI score.

Intuitively, it seems better to gauge the links between dietary knowledge

in 1994-96 and dietary intake in 1994-96 using the HEI score derived from
the dietary guidelines promoted during this same time. However, we also
run estimates using a Healthy Meal Index based on the HEI-2005 score to
see how visceral influences, dietary knowledge, and meal location influence
alternative measures of diet quality. The 12 components that make up the
HEI-2005 score are total fruit, whole fruit, total vegetables, dark green and
orange vegetables and legumes, total grains, whole grains, milk, meat and
beans, oils, saturated fat, sodium, and calories from solid fats, alcohol, and
added sugar (SOFAAS). Scoring for 10 of the 12 components is based on
caloric density—either cups, grams, or ounce equivalents per 1,000 grams.
Scoring for sodium and SOFAAS is calculated as a percent of energy. As
such, it is easier to translate this daily measure into a per meal measure. We
simply calculate each of the 12 components using the calories consumed at
that meal instead of the total calories consumed over the entire day. We refer
to this measure as the Healthy Meal Index 2005 (HMI-2005).

Calories from Solid Fats, Alcohol, and Added Sugar (SoFAAS). The
twelfth component—SoFAAS—measures discretionary calories. Excess
calories and energy imbalance are the cause of weight gain, and limiting
discretionary calories is an effective way to reduce caloric intake without
necessarily reducing nutrient intake. We run a final model that estimates how
visceral influences and other explanatory variables influence intake of discre-
tionary calories, or SOFAAS, at a meal.

Explanatory Variables

According to the theoretical model, per-meal food demand will be a func-
tion of food prices, income, current health, and meal-specific visceral factors
such as hunger.!? Although the CSFII does not explicitly ask individuals how
hungry they were at each eating occasion, it does provide information on the
time elapsed between eating occasions. We therefore use the interval between
meals, measured in hours, as a proxy for an individual’s level of hunger at a
specific eating occasion. This effect may change after longer periods without
food, so we also include a quadratic term for the interval between meals.

We include the type of eating occasion (breakfast, lunch, dinner, or snack)
and whether or not the dietary recall occurred on a weekend or weekday, as
these variables may also affect individuals’ food choices. The data on dietary
intake come from 2 nonconsecutive days, so there are two observations each
day (the first eating occasion) where it is not possible to calculate the interval
between meals. Rather than lose these observations, we assign the mean
interval between meals for each individual and use that as the level of hunger
for the first eating occasion (Cohen et al., 2003).
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results of the random effects (RE)
estimates in the body of the paper, we
do not describe the time-invariant ex-
planatory variables, such as proxies for
health status, income, and prices, that
were used in these models.



To test the proposition that dietary awareness will have less influence on
food choice in the presence of strong visceral influences, we include an inter-
active term to estimate the effects of dietary knowledge as hunger increases.
Responses from the DHKS are used to create an index to measure knowledge
about health and nutrition for each individual. One-third of this knowledge
index is created by summing the number of questions an individual answered
correctly about the links between diet and health.!! Specifically, individuals
were asked if they knew how many servings of fruit, vegetables, meat, dairy,
and grains they should consume each day. They scored one point for each
correct answer. Another third of this index is created from scoring correct
answers about the amounts of cholesterol, fat, and saturated fat in specific
foods. The remaining third of the information index comes from the DHKS
questions on the importance of certain dietary practices, such as eating
enough fruits, vegetables, and fiber; limiting intake of fat, cholesterol, satu-
rated fat, salt, and sugar; and maintaining a healthy body weight.

Where an individual makes his or her food choices may affect the types and
amounts of foods consumed. To gauge this effect, we calculate the share of
calories consumed at each meal that come from a restaurant (restaurants with
table service, fast-food places, pizza places, and bars/taverns).'> We also esti-
mate if the effect of dietary knowledge wanes when consuming foods away
from home because typically there is less health information about foods
purchased at restaurants.

Finally, stress of time pressures associated with work and family require-
ments may be a visceral influence that, like hunger, affects food choice. As

a proxy for work requirements, we use the number of hours worked in the
previous week. Although this specific variable is not in our empirical estima-
tion, we do include an interactive term to determine whether hunger has a
stronger effect on individuals who are more time constrained through work.
We also interact hours worked with food away from home to estimate if time
stresses increase an individual’s vulnerability to certain pitfalls of eating
away from home, such as an expanded array of unhealthy food choices or
less information about diet/nutrition.

Instrumental Variables

Using a fixed-effects estimator should drastically reduce the correla-

tion between the disturbance terms and the other explanatory variables.
However, it is possible that the variable we use to proxy an individual’s
level of hunger may be correlated with some unobserved time-varying
factor. Obtaining unbiased, efficient estimates requires that the additional
variables be both relevant and independent. Because we assume a fixed-
effects estimator, the instruments also need to vary across observations for
a single individual. Therefore, some time-invariant variables, such as health
conditions of other family members, are not viable options. In the fixed-
effects model, there are four variables that are created using the interval
between meals (hunger, hunger squared, the interaction of hunger with
dietary knowledge, and the interaction of hunger with hours worked).!3
Thus, these variables may be correlated with the individual-specific, time-
varying error term. One possible instrument is to use the time of day an
eating occasion occurred. The time of day is exogenous—while people may
choose how long they go between meals, they do not choose the actual time
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Specific questions and answers
used to create the dietary knowledge
score are available from the authors
upon request.

12ZWe chose this technique over
creating a similar dichotomous variable
because some eating occasions contain
foods from multiple sources.

13The share of calories consumed
away from home may also be corre-
lated with the time-specific error term.
We had originally treated this variable
as endogenous, but the resulting in-
strumental variable (IV) estimator was
overidentified. We chose to focus on the
endogeneity involved with the interval
between meals because of our theoreti-
cal model.



of day. However, certain times, such as 4 p.m., may be more correlated
with longer intervals between meals compared to 12:30 p.m. Following the
technique developed by Arellano and Bond (1991), we also use lags of the
endogenous variables as instruments.!* How long one has gone between
meals previously is likely to be correlated with how long one has gone
between meals at present. However, feeling hungry at lunch should not
influence how hungry one feels at dinner.!3

In summary, we employ a fixed-effects estimator with instrumental variables
(FE-IV) described as follows:

(Fyy-F)=B'(X;;-X;) + 7' (0 @) +(ey;-€) (10a)
(= @) = &§'+(Z; =Z)) + (&, —¢)). (10b)

We use four different dependent variables: the share of an individual’s
recommended daily caloric intake consumed at an eating occasion; the
difference between what an individual’s HEI score would have been in

the absence of that specific eating occasion and what it was on that day of
intake (HMI); the HEI-2005 density score per eating occasion (HMI-2005);
and the share of discretionary calories consumed at each eating occasion
(SoFAAS). In each model, we include proxies for visceral factors—stress
and hunger—and the interaction of these visceral factors with nutrition
information as explanatory variables.
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Park and Davis (2001) and Abdulai and
Aubert (2004) is to follow the method
developed by Lewbel (1997), where
the second and third moments of the
endogenous variables are used as addi-
tional instruments in the IV estimation.
We pursued this strategy as well, but
found that in all cases, the models were
overidentified.



Results

Estimation results, the Hausman test statistic comparing the FE-IV results

to the FE results, and the Godfrey-Hutton test for overidentification are
reported in table 2. In three out of the four models, the high values on the
Hausman tests indicate that there are systematic differences between the
instrumental (IV) and non-IV estimates. For estimation of the HMI-2005
scores, we cannot reject the hypothesis that the FE-IV estimates do not differ
significantly from the FE estimates. However, the results of the FE-IV model
are still consistent under the null hypothesis. Thus, we focus on the FE-IV
estimates and discuss only those results that are statistically significant at the
5-percent level or above. However, we are more confident of our model’s
estimating changes in calories and changes in diet quality using the HMI
score because the higher values of the Godfrey-Hutton test indicate that the
models for SOFAAS and HMI-2005 may be overidentified, meaning that not
all of the instruments are valid.

The interaction terms make it difficult to judge the impact of time between
meals and eating food away from home by simply looking at the estimated
coefficients. Thus, we ran simulations using the sample means and changing
variables of interest to measure the impact of changing specific variables.!®

Our results indicate that increasing the interval between meals will have a
significant impact on consumption volume and diet quality. In general, as
the time interval between eating occasions increases, the calories consumed
at the latter meal increase, nutritional quality (HMI, HMI-2005) of that meal
decreases, and consumption of discretionary calories (SOFAAS) rises. Our
estimates suggest that going 5 hours between meals instead of 4 adds about
52 calories for someone on a diet of 2,000 calories per day; extending that
interval from 4 to 6 hours would add about 91 calories. The impact on diet
quality is also significant. Recall that a higher HMI or HMI-2005 implies a
more nutritious meal or snack and a higher SOFAAS score indicates fewer
discretionary calories consumed. Using the HMI score, going from 4 to 5
hours is estimated to reduce diet quality by 0.4 point, while going from 4 to 6
hours lowers this score by 0.6 point. Using the HMI-2005 score, these same
changes in the timing between meals lead to a 0.75- and 1.25-point reduc-
tion in HMI-2005 score and a 1.7- and 2.7-point reduction in the per-meal
SoFAAS score (out of a total score of 20).

The location at which someone makes his or her food choices (share restau-
rant food) and when these choices are made significantly affect what and how
much is consumed. Not surprisingly, people are estimated to eat more caloric
meals when eating foods from a restaurant compared with foods prepared at
home—about 107 more calories per meal. They also consume more discre-
tionary calories (solid fats, alcohol, and added sugars) when eating meals
away from home—our estimates indicate an individual’s SOFAAS score
would fall by 2 points when eating away from home.

A surprising finding, however, is that overall diet quality is estimated to
significantly improve when eating foods prepared away from home. The
HMI estimates suggest that meals away from home would add about 5 points
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to estimate the effect of changing
values of interest.



Table 2
Estimation results

FE-IV Estimates? Calories Healthy Meal Index | Healthy Meal Index 2005 | SOFAAS per meal
Parameter estimates
(Standard errors)
Interval 3.384* -1.417* -2.351* -3.463***
(1.637) (0.599) (1.227) (0.945)
Interval? -0.305*** 0.109*** 0.137* 0.313**
(0.0957) (0.0353) (0.0718) (0.0553)
Share restaurant food 0.133** 0.0216*** 0.0249* -0.0296***
(0.0185) (0.00686) (0.0140) (0.0108)
Brunch 2.935** 0.668 -0.310 -0.0938
(1.208) (0.444) (0.906) (0.698)
Lunch 5.494** 2.866™* 2.869"* 0.330
(0.931) (0.342) (0.703) (0.542)
Dinner 12.46** 4.843*** 4.658*** -0.412
(0.947) (0.348) (0.713) (0.549)
Snack -8.103*** -0.0609 -4.961*** -0.957***
(0.564) (0.207) (0.426) (0.328)
Interval*knowledge 0.00784 0.00453 0.00715 -0.00613
(0.0176) (0.00639) (0.0131) (0.0101)
Interval*work hours 0.0289*** -0.00782** -0.00402 -0.0141**
(0.0102) (0.00376) (0.00767) (0.00591)
Sharefafh*knowledge -0.000730*** -0.000340*** -0.000670*** -0.0000397
(0.000247) (0.0000914) (0.000187) (0.000144)
Sharefafh*work hours -0.000610*** 0.00000157 0.000286*** 0.000268***
(0.000139) (0.0000515) (0.000105) (0.0000811)
Weekend 1.431* 0.00916 -0.795*** -0.628***
(0.246) (0.0904) (0.185) (0.142)
Constant 8.153** 4.085*** 42.85*** 21.05**
(1.846) (0.678) (1.384) (1.066)
Overall R2 2911 0.0724 0.0704 0.0159
Sample size 35,151 35,835 35,452 35,452
Hausman Test Statistic? 32.32"* 25.95*** 14.60 66.36**
Godfrey-Hutton J-statistic® 7.03 0.00 10.64** 31.91**

Note: Instruments: Time of eating occasion, lagged values of each endogenous variable. *** p<0.01, ** p<0.05, * p<0.1

a Endogenous variables: Interval, Interval?, Interval*knowledge, and Interval*work hours.
b HO: Difference between FE and FE-IV estimates is not systematic.
¢ HO: All of the instruments are valid.
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to one’s total daily HEI score, whereas the HMI-2005 suggests a meal away
from home would add 3 points compared with meals at home.

People eat more at brunch, lunch, and dinner than at breakfast. Lunch and
dinner are also estimated to significantly add to daily diet quality—both the
HMI and HMI-2005 scores indicate lunches were almost 3 points higher

than breakfast, and dinners were over 4 points higher than breakfast. Food
consumed as snacks is significantly smaller compared to other eating occa-
sions, but may lower diet quality—both the HMI-2005 and the SOFAAS were
significantly lower for snacks.

Examining the interaction of dietary information and visceral factors
provides mixed support for our theoretical hypotheses. In all cases, the coef-
ficient on the interval*knowledge variable is not significant. One way to
interpret this would be that dietary knowledge has no impact on one’s reac-
tion to longer intervals between meals. Or, the length of the interval between
meals may have no effect on the relationship between dietary knowledge and
food choices.

In support of our hypothesis, however, we find that our proxy for time pres-
sures interacts significantly with the interval between meals (interval*work
hours). Our estimates suggest that people who work more hours in a week
are also more influenced by the interval between meals than those who work
fewer hours. As an individual who works more hours in a week goes longer
between meals, he or she will choose a meal that is significantly higher

in calories, higher in discretionary calories, and lower in diet quality, as
measured by the HMI-2005. At 4 hours between meals, an individual who
works 40 hours a week is estimated to eat about 20 percent more calories
than someone who is not employed. At 8 hours between meals, the fully
employed individual is estimated to eat nearly 40 percent more calories than
someone who is not employed.

We also find that a situational change in caloric intake and diet quality is
more pronounced among individuals who are less informed about diet and
nutrition. A person with a knowledge score of 50 is estimated to increase per-
meal caloric intake by about 28 percent when eating away from home, while
a person whose score is 100 points is estimated to eat about only 12 percent
more calories when eating away from home. Using the 1994-96 measure of
diet quality, we find that increasing health information is associated with
making healthier choices, both at home and away from home. When eating
at home, a person with a knowledge score of 100 scores about 1 point higher
on the HMI than someone with a score of 50. However, this difference falls
to 0.8 point when eating away from home. This may be because informa-
tion about nutrient content is more difficult to obtain on foods prepared away
from home.

However, when using the HMI-2005 to measure diet quality, we find that
diet quality responds differently to knowledge depending on whether a
person is eating at home or away from home. At home, a person who scored
100 on the knowledge index scored about 1.43 points higher than someone
who scored 50 on the knowledge index. Away from home, however, the
person with a perfect knowledge score was estimated to score nearly 2 points
lower on the HMI-2005 than someone who scored 50 on the knowledge
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index. However, it should be noted that in all cases—calories, HMI, and
HMI-2005—the estimated effect of this variable is relatively small and not
statistically significant.

Contrary to our theoretical hypothesis, the interaction between hours worked
and eating away from home was estimated to significantly improve diet
choices (share restaurant food*work hours). While individuals who are fully
employed are again estimated to eat more calories at each meal than individ-
uals who are not, this difference shrinks as the share of food away from home
increases. When eating at home, individuals who work 40 hours a week are
estimated to eat about 92 calories more per meal than those who worked 0
hours. When eating away from home, this difference shrinks to 43 calories
per meal. Thus, we find that people who report working more hours away
from home are also better able to make healthful choices when eating out,
perhaps because it is something they do more regularly.

18

Is Dietary Knowledge Enough? / ERR-62
Economic Research Service/USDA




Conclusion

The sharp increase in overweight and obesity among Americans has occurred
concurrently with increased awareness and publicity regarding the benefits
of a healthy lifestyle. Examining this phenomenon provides an opportunity
to incorporate elements of behavioral economics into consumer food choice
analysis. In such analysis, both long-term health objectives and short-term
situational factors drive individuals’ food choices.

The interaction among these long-term goals and short-term situations can
then explain seemingly time-inconsistent choices. The resulting theoretical
model predicts that when individuals are experiencing strong visceral influ-
ences, such as hunger or stress, their information about health and nutri-
tion will have less impact on their actual food choices. It also predicts that
individuals who are less informed about health and nutrition, or consume
more food prepared away from home, will be more likely to eschew their
longrun goals when faced with short-term situational factors such as hunger.
The value of this model is that it explicitly identifies elements that increase
demand for goods and services that offer more immediate gratification.

The empirical results confirm that incorporating findings from behavioral
economics into the analysis of nutrient intake illuminates how situational
factors and long-term health objectives affect our food choices. Specifically,
when individuals extend the period between meals or consume more of their
food away from home, they are significantly more likely to consume more
calories at each eating occasion. Going longer intervals between meals, espe-
cially when working more hours in a week, also reduces the diet quality of
specific meals.

This study also suggests that in the face of visceral influences, one’s inten-
tions may have little to no impact on actual food choices. As people change
their dietary goals based on prevailing nutritional beliefs, situational factors
like hunger and time pressures will continue to interfere with their long-term
health objectives. Making specific reference to such situations and suggesting
ways to mitigate their effects should enhance the usefulness of educational
campaigns designed to improve diet quality. For example, encouraging
consumers to take more active control in limiting the interval between meals
and choosing nutrient-dense snacks, such as fruits and vegetables, may

help them better align their intentions to eat well with their actual behavior.
Limiting intake of foods prepared away from home is also estimated to
significantly decrease caloric consumption. Thus, another possibility would
be to encourage individuals to plan ahead or seek out information about
nutrient and caloric content of foods prepared away from home.
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