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ABSTRACT

Time Discounting and the Body Mass Index”

In many Western countries, the relative weight of people - measured by the Body Mass Index
(BMI) - has increased substantially in recent years, leading to an increasing incidence of
overweight and related health problems. As with many forms of risky behavior, it is plausible
that overweight is related to the individual discount rate. Increases in credit card debts, the
rise in gambling and the development of a more hedonic life style, suggest that the average
discount rate has increased over time. This increase may have been the cause of the
increase in BMI. Applying a large set of indicators for the individual discount rate, this paper
analyzes whether changes in time discounting can account for differences in body mass
between individuals at a given point in time and whether changes in the average individual
discount rate can explain the remarkable increase in BMI experienced in recent years. We
find some evidence for a link between time discounting and differences in BMI between
people, but this relationship depends strongly on the choice of the proxy for the discount rate.
Giving our hypothesis the best chance, we analyze the development of the time discounting
proxies that are most strongly related to BMI. We find no evidence for a change of these
proxies over time. Our main conclusion therefore is that overweight might be related to the
way people discount future health benefits, but the increase in BMI has to be explained by
shifts in other parameters that determine the intertemporal decisions regarding the trade-off
of current and future health and satisfaction.
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1 Introduction

In recent years, many Western countries have experienced a substantial increase in the
average body mass of their population. This steady increase has serious consequences for life
expectancy and health in general. It therefore raises the question why people take in more
calories than recommended at the expense of future health, and why this behavior has
changed so much in the past decade. Comparable to many other forms of risky behavior, it is
plausible to assume a link between the individual discount rate and overweight. People who
trade off current benefits against future costs at a high discount rate, put great weight on
current pleasure and comfort obtained through eating, while giving relatively low weight to
the potential future health problems related to this behavior. Increases in credit card debts, the
rise in gambling and the development of a more hedonic life style, suggest that the average
discount rate has increased over time. Along this argument, an increase in the average
individual discount rate, could therefore explain the recent increase in the average Body Mass
Index (BMI).

The aim of this paper is to investigate (i) whether differences in BMI between people
at a certain moment of time are related to the individual discount rate, and (ii) whether a
positive trend in time discounting can account for the increase of BMI over time. To analyze
this question we use data of a survey among a sample of the Dutch population, for the period
1995-2004. This data set contains information about weight and length, and has a very large
set of questions concerning the financial situation and attitude of the respondents. These
questions offer ample opportunities for proxies to measure the individual discount rate. In
2004 we added a supplementary questionnaire to this survey with standard psychological
questions for measuring the individual discount rate. On the basis of the 2004 data we are able
to directly investigate the link between the discount rate and BMI, and to investigate the
validity of a wide range of financial questions as proxies for the discount rate. Using the
validated proxies we investigate the development of the individual discount rate and its link
with BMI over time.

Our main findings are that differences in BMI between people in a specific year in the
sample are related to some of our measures of the individual discount rate. Especially
measures that are related to difficulties to manage expenditures are correlated with BMI.
Comparing different years, however, it turns out that the average individual discount rate did
not change from 1995 — 2004. The upward trend in BMI can therefore not be accounted for by

an increase in the individual discount rate.



The cross-sectional correlation between the individual discount rate and BMI differs
substantially between the sexes and age groups. On the basis of our theoretical model, we
hypothesize that alternative possibilities to invest in human capital and to engage in risky
behavior which are substitutes and/or complements to overconsumption of food could
contribute to the explanation of these differences. Keeping in mind the broad character of
human capital, these intervening alternatives could be related to health, but also to education
and work. Consequently, the recent increase in BMI can also be related to price changes of
these complements and substitutes.

This paper is related to the recent literature investigating the causes of the remarkable
increase in BMI (Popkin and Doak, 1998; Flegal et al., 1998; Mokdad et al., 1999; Philipson,
2001; Komlos and Baur, 2004; Ogden et al., 2004). Technological change has been put
forward as an explanation for increasing weights because it has simultaneously lowered the
relative price of food and reduced the amount of physical activity required at work and in
daily activity (Philipson and Posner, 1999; Lakdawalla and Philipson, 2002; Philipson, 2001).
Cutler, Glaeser and Shapiro (2003) argue that the decrease in the price of calories is of the
right magnitude to explain the increase in BMI, while the downward trend in physical activity
is far too small to account for this development.

The paper is also related to the literature about differences in individual discount rates.
On the basis of the human capital theory, which regards healthy behavior as an investment, as
introduced by Becker (1964) and further developed by Grossman (1972), variations in health
outcomes are often explained by differences in discount rates. Empirically, these relationships
are not very robust however. Among others, Fuchs (1982) and Chapman and Coups (1999)
find only minor relations between discount rates and health behavior, where the relations are
not found for all measures of time preference or for all behaviors. Chapman and Elstein
(1995) and Chapman, Nelson and Hier (1999) find only weak correlations between discount
rates for money and for health. On the other hand, Bickel, Odum and Madden (1999), Kirby,
Petry and Bickel (1999), Madden et al. (1997) and Vuchinich and Simpson (1998) find
consistent relations between time preference and addictive behaviors. More in general, the
individual discount rate is expected to play a crucial role in educational participation, and
behavior in the labor market. Empirical evidence is scarce, however. Fersterer and Winter-
Ebmer (2003) show that young people who stay in school longer tend to have a lower
discount rate. DellaVigna and Paserman (2004) investigate job search behavior focusing on
two opposing effects of time discounting. They find that more impatient workers search less

intensively for a job, set a lower reservation wage and exit unemployment later, as predicted



by a hyperbolic discounting model. Munasinghe and Sicherman (2000) find that workers with
higher measured impatience select jobs with flatter wage profiles. Several other authors point
at alleged contradictions with respect to time discounting. Komlos, Smith and Bogin (2004)
put forward that while BMI increased, investments in fitness equipment also increased. Ruhm
(2000) shows that in economic booms, health outcomes deteriorate, while health improves
during recessions. Despite these ambiguous findings, many papers use risky behavior, e.g.
smoking, as a proxy for time discounting (e.g. Sykes, Evans and McCrum, 1990; Evans and
Montgomery, 1994; Chevalier and Walker, 1999; Munasinghe and Sicherman, 2000; Fersterer
and Winter-Ebmer, 2003). Frederick, Loewenstein and O’Donoghue (2002) give a more
extensive overview of these findings.

The literature on changes in the discount rate over time is less extensive. Some
evidence seems to suggest that the average discount rate has increased. The National
Gambling Impact Study Commission (1999) reports an increase in legal gambling in the U.S.
over the past three decades. Blaylock et al. (1999) note that personal savings in America has
decreased and that credit card debt has risen. Parker (1999) documents the decline in personal
savings since 1980, as well as the decline in private savings and the rise in personal
consumption as a percentage of GDP.

Blaylock et al. (1999) and Levy (2002) provide theoretical models explaining obesity
using individual differences in the discount rate. In a recent paper Komlos, Smith and Bogin
(2004) are the first to hypothesize that the trend in obesity could be related to an increase in
time preference. They provide evidence from a cross-country comparison of average BMI and
saving rates, and time series evidence about these variables for the US, consistent with their
hypothesis. However, as they acknowledge, these aggregate variables are probably poor
proxies for the discount rate, which ask for more direct data about the discount rate at a micro
level to investigate this hypothesis. Cutler and Glaeser (2005) investigate the link between
time discounting and obesity by comparing BMI with other forms of risky behavior and
conclude that time discounting cannot explain obesity. Allowing for substitutability or
complementarity between investments and risky behaviors, we will show that the individual
discount rate might have very different impacts on each form of behavior.

The remainder of this paper is organized as follows. Section 2 introduces the model.
Section 3 is concerned with the description of the data. Section 4 investigates the cross-
sectional relationship between time discounting and BMI. Section 5 analyzes the relationship

between time discounting and BMI over time. Section 6 discusses the findings.



2 The Model

Theoretically, BMI and the individual discount rate are related because the immediate
consequences of calorie intake differ from the future consequences. Excessive food intake
leads to immediate pleasure or reduction of distress, while it reduces future health and
physical appearance. This is a similar trade-off as in many other investment decisions
regarding health, education, etc. In a two-period setting, assume that the utility of an agent in
period 1 equals U, =y,A® (with ya> 0 and 0 < & < 1), and utility in period 2 equals U, = —A,
in which A represents a certain form of behavior that increases utility in period 1, but
diminishes utility in period 2. The disutility of A in period 2 is used as unit of measurement. &
and ya are parameters regarding the diminishing marginal utility of A and the pleasure one
derives of A, respectively. The price of A in period 1 — e.g. the price of food — equals Pa. An
agent with an individual discount rate p, who maximizes the discounted utility for both

periods, will maximize:

1) UzUl—PAA+U2:yAA6—PAA—iA.
1+p

The optimal level of A equals:

PA+L
1+p

This expression for A provides potential explanations for why people differ in calorie intake
and consequently in BMI. Assuming the technical parameter 6 to be equal for all individuals,
differences can be related to Pa, p, Or ya. At a certain moment in time, all agents will face the
same prices, so cross-sectional variation in this model can only be related to differences in the
discount rate and differences in ya, reflecting differences in the relative importance of calorie
intake compared to the future consequences of this behavior. Examples of this variation could
be simple differences in the preferences for food, but also differences in the health risk of

obesity to different people. The function shows that people will gain more weight if ya



increases, if prices decrease, or the discount rate increases. The same expression also provides
a framework for understanding shifts over time in the average BMI of the population. Since
we are looking at averages, the increasing trend in BMI could be explained by an increase of
the average individual discount rate, p, the average relative pleasure of people in food
consumption ya, and of course changes in the average price of calorie-rich food. Note that
when there are individual differences in the discount rate, such changes can shift the BMI of
all people simultaneously, but can also affect high discounters more than low discounters. In
the specification that has been chosen here, a change in the price of food would increase the
BMI of all agents simultaneously, while a change in the average ya, would increase the
average BMI by widening the gap between the BMI of high and low discounters.

When the individual discount rate is interpreted as a parameter of the utility function,
an increase in BMI does not necessarily imply a fall in welfare. In that situation a fall in prices
always implies improved welfare, with people apparently preferring to enjoy high levels of
food consumption at the cost of future health problems. Cutler, Glaeser, and Shapiro (2003)
argue that with hyperbolic discounting it is possible that lower prices lead to behavior
associated with a loss of welfare. A more general interpretation of time discounting in which
the discount rate also reflects a lack of power of imagination (see Becker and Mulligan, 1997,
and Borghans and Golsteyn, 2005) leads to similar conclusions.

In the setting presented here, the absence of an empirical link between individual
discount rates and BMI is almost equivalent to a rejection of the Discounted-Utility Model
(Samuelson, 1937; Koopmans, 1960; Lancaster, 1963; Fishburn, 1970). Several authors have
put forward arguments against this model. For example, Loewenstein (1992) argues that a
utility function with one single parameter to describe intertemporal decisions is too restrictive,
and proposes specifications with separate “discount rates” for each individual good. Mulligan
(2005) argues that there can be no variation in individual discount rates, because people with
discount rates that differ from the market discount rate would be exploited by profit
maximizing firms.

In practice, however, overconsumption of food is not the only temptation in life. In a
more general framework alternative possibilities to either invest in future benefits or enjoy life
have to be considered simultaneously. Suppose, an agent has to decide about two forms of

behavior, A and B, which both provide utility in period 1 and disutility in period 2.
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Generalizing the utility function in period 1 to U, =(yAAV +yBBV)v, (v<1) and utility in

period 2to U, =—-A— B, with prices Pa and Pg, leads to the following optimal level of AL

L
1 84 \1-5
1-5 L 1 v
8 Slv A PB +1+
(3) A= Ll 14| YA 719
P, +— Ve Py +—
1+p 1+p

The first part of this equation is almost identical to (2). The second part, however, reveals an
interesting interaction between different forms of intertemporal trade-offs. When A and B are
no perfect substitutes (so v =1), differences between people in parameters with respect to
aspect B, and changes of the price of B and the averages in the distribution, are also going to
affect A. The impact of these differences depends on the degree of complementarity of A and
B. The switching point is when &/v =1. In practice, there are many applications of two
aspects that can be substitutable or complementary. For example, when people need
distraction to cope with stress, one could imagine smoking and eating to be substitutes. Also,
when someone works long hours to invest in a career, food intake could substitute for what
the rest the body is asking for. Empirical studies find negative relations between smoking and
various outcomes that may be influenced by high discount rates, e.g. health, educational
attainment, earnings levels, use of seatbelts, physical exercise, teeth brushing, and teeth
flossing (Hersch and Viscusi, 1990; Hersch, 1996; Levine, Gustafson and Velenchik, 1997;
Hersch, 2000; Viscusi and Hersch, 2001). On the other hand, e.g. Gulliver (1995), Burton and
Tiffany (1997) and Picone, Sloan and Trogdon (2004) provide evidence for the
complementarity of smoking and drinking, while Cawley, Markowitz and Tauras (2003) find
that girls with higher BMI are on average more likely to start smoking.

It is very interesting to note that the impact of the interaction between two aspects A
and B can be different for different values of the individual discount rate. So when the price of
B is very low, and thus investing in low B’s is beneficial, it will be especially low discounters
who do so. When these aspects are substitutes, this will increase consumption of A, reversing

the relationship between the discount rate and the form of behavior. An example is again the

! One could further generalize the model by introducing a CES utility function for the second period. In such a
model, the future consequences of one type of behaviour also depend on other forms of behaviour.



situation in which people who work hard to make a career, consume more food to keep on
going. If the benefits from investing in the career exceed the costs of increased BMI, a low
discount rate could in theory be related to high BMI. These extensions show that in a more
general setting, the link between the individual discount rate and BMI becomes an empirical

question, which we try to answer in this paper.

3 The data and empirical strategy

Our analyses are based on the DNB household Survey, formerly known as the CentER
Savings Survey, collected by CentER (Tilburg, the Netherlands). The data are unique for our
purposes, because they contain both questions about body length and weight and questions
that seem to be very good proxies for time discounting for 1995-2004. In a supplementary
survey in 2004, questions are asked that measure time discounting following the tradition in

psychological literature.

The data

The survey is taken in March. The samples are representative for the Dutch population
of 16 and older. From 1995, this annual survey contains a large number of questions about
financial behavior and attitudes, with almost no change in the questions that are used. We use
the data from 1995 — 2004. Table 1 provides information about the sample size per year. In
1995, the sample contained 4,854 people. This decreased to 2,059 respondents in 2004. In
2000, most of the questions that are relevant for our analyses have only been asked to
respondents with a job. This was presumably due to an error in the routing of the
questionnaire. Since the distribution of characteristics of the working population differs
clearly from the characteristics of the population as a whole, we do not use the data for 2000

in the analyses.

-- Table 1--

In October 2004, a supplementary survey has been carried out, targeted at the same
respondents as the Basic DNB household Survey of 2004, including two questions that
measure the individual discount rate, following the tradition in psychology (Rachlin, Raineri
and Cross, 1991).



Apart from the anthropometric measures, the questions about financial behavior and
attitudes that provide many proxies for the individual discount rate and the two psychological
questions, the survey provides information about sex, age, educational attainment, and

income.

BMI

Using the information on length and weight, we calculated the BMI as weight in
kilograms over the square of length in meters. The data on length and weight are self-
assessed, and may therefore be subject to some bias. Cawley (2000) shows that women, on
average, underreport their weight by 1.5%, where underweight women overreport and
overweight women underreport. This under- and overreporting hence reduces the standard
deviation of BMI and plausibly therefore self-assessed BMI data should be interpreted
slightly different than true BMI measures. However, since the under- and overreporting is
related to BMI levels only, relations between BMI and other variables will not be affected by
this bias. In addition, the data contains a small fraction of implausible answers. To reduce the
impact of outliers, we leave out 7 cases of 2,059 for those claiming to weigh less than 35 or
more than 135 kilograms. The average male respondent in our sample in 1995 is 180.6 cm tall
and weighs 79.7 kilograms. In 2004, these averages increased to 180.8 cm and 83.4 kg.
Consequently, the average male BMI increased from 24.4 in 1995 to 25.5 in 2004. For
females, the average height was stable from 168.3 cm in 1995 to 168.2 cm in 2004 while
average weight increased from 67.2 kg to 71.9 kg in 2004. Their BMI increased from 23.7 in
1995 to 25.4 in 2004. A person with a BMI below 18.5 is considered undernourished. A BMI
between 25 and 29.9 is overweight, while a BMI above 30 is obese. Table 2 shows that in
1995, 5.4 percent of the population was obese. In 2004, the percentage of obese people
increased to 12.2 percent. The percentage of overweight people increased from 30.2 to 37.0

percent.

-- Table 2 --

Figure 1 gives the development of BMI in the population between 1995 and 2004. To
facilitate visual comparison of the size of the developments in the graphs, the vertical axes in
all graphs are scaled from the average value in the population in all years minus 0.5 standard

deviation in this variable, to the same average plus 0.5 standard deviation. The figure clearly



shows the large increase in BMI over this period, and shows that women experience a larger
increase than men. Figure 2 provides more detailed information for women, breaking down
the development of BMI over time by age group. The largest increase in BMI has taken place
among the women below 40. The gaps in average BMI between the age groups diminished
considerably. Figure 3 breaks down the development in BMI for men by age group. For men
the increase has been similar in the three age groups, keeping the gap between men under 40

and the older two age groups intact.

--Figure 1-3--

Empirical strategy

In the supplementary survey of 2004, we were able to include a few questions that aim
at measuring the discount rate. Our empirical strategy is, first, to investigate the validity of
these psychological discount questions. Second, we compare these measures of the discount
rate with a list of potential proxies for the individual discount rate, which are available in the
regular survey. Third, we investigate for 2004 the relationship between these proxies and
BMI. Fourth, we select the proxies that are most successful in explaining BMI, check the
robustness of these results and investigate whether this relationship between a proxy for time

discounting and BMI can explain the rise in obesity that is observed in the past decade.

Measuring the discount rate

Following the psychological tradition (Rachlin, Raineri and Cross, 1991) we included

a battery of six questions, like:

“Please indicate, which alternative you would choose.
1 50 euro now

2 70 euro a year from now”

Varying the amount of money in alternative 1 and 2, and the timing of the first and second
periods, makes it possible to vary an implicit discount rate and to determine the individual
discount rate. Several papers show that the psychological measures to determine the discount

rate are rather sensitive to the wording of the question, and to anchoring effects, i.e. imputed



discount rates tend to be biased in the direction of the discount rate that equates the first pair
of options to which the responds are exposed (Green et al, 1998). We checked the sensitivity
of the answers to the level of the awarded money. For a random group of 50% of the
respondents all questions have been asked using amounts that are a factor 10 larger (so “500
euro now” and “700 euro a year from now”). As found in several other papers (see e.g.
Thaler, 1985), although the implicit discount rates are the same, the level of the results turns
out to depend on the exact question. People who are asked the set with the low money values
score significantly higher on the discount rate (t = 6.699). Verifying the correlation with a
large set of other variables, however, we find no significant differences, which suggests that
apart from this level effect, different wordings reflect similar differences between people in
their trade-off between the present and the future. In all regressions, we include a dummy
variable that equals 1 if the low amounts are asked, and 0 if the high amounts are asked, to
control for the specific wordings of the question. Table 3 provides information about the
answers of the respondents on these discount rate questions. For the question mentioned
above as an example, which has an implicit break-even discount rate of 40%, approximately
50% of the respondents prefer the money now, while 50% prefer to wait. As usually found,
this median individual discount rate is much higher than typical interest rates at a bank. This
may in part be due to the wording of the question and anchoring effects, but also reveals that
many people tend to put high weight on immediate gratification compared to their future well-
being. We use the number of answers in which a respondent prefers to get the money early as

a measure for the discount rate.

-- Table 3 --

As an alternative to the standard battery with monetary choices, some authors apply
the idea to specific cases instead (see e.g. Frederick, 2005). To investigate the validity of this
measure of the individual discount rate, we asked the following additional question following

their methodology:

“Suppose you win a 10-day holiday trip to an interesting destination. To spread
participation, you are asked if you can delay your trip by three years in exchange for a
longer vacation. How many days should you be offered in addition to accept the offer

in 3 years’ time?”

10



Answers varied from 0 to 365 days, with a mean of 13.8 days and a standard deviation of
33.2. This corresponds to a discount rate of 24.6%. 97.7% of the observations are in the 0-50
days interval. We truncate our measure at 50 days before calculating the implicit annual

days +10

discount rate (
10

1/3
j - j We find a very significant relationship between this

measure and the discount rate based on the monetary questions (t-value =5.141).
Proxies for the discount rate

The basic questionnaire includes a wide variety of questions that are clearly related to
the concept of an individual discount rate. We selected 25 questions which seemed to be most
appropriate from a theoretical point of view. Table 4 contains the wordings of all these
questions. The first three questions are related to the management of income and the question
whether the respondent spent more money than he received in the past 12 months. The next
group of seven questions concerns statements about saving behavior. In the six questions
named SAVEL to SAVESG the respondent is asked to indicate to what extent he agrees with
the statements on a 7-point scale. RISK asks how risky the investments of the respondent
have been. These seven questions seem to be more related to risk aversion than to time
discounting, but since risk aversion is known to be related to time discounting (e.g. Gafni and
Torrance, 1984) we included them in our set. The next 11 questions (hamed FUTUREOL to
FUTUREL1) are again statements about the attitude referring to the trade-off between the
present and the future. Based on the wordings of the statements one expects these questions to
be very good reflections of the individual discount rate?. The questions SPEND and PLAN
ask whether the respondent tends to spend income immediately and whether it is difficult for
him to plan expenditures. The survey monitors in great detail all different accounts, savings,
and loans. ASSETS is the total value of the accounts and different kinds of savings, while
LIABILITIES reflects the aggregate value of loans and credits, excluding the mortgage on the
first house. We apply these two financial summary statistics in euros and as a ratio to yearly
net income.

2 Several proxies for time discounting could be combined to reduce measurement error. We prefer the analyses
of the separate proxies since for most of them, the correlation with the psychological measure of the discount
rate is sufficiently large, while furthermore this approach reveals the sensitivity of the results to the specific
proxy used.

11



-- Table 4 --

Table 5 provides some statistics for these proxy variables for the individual discount

rate.

-- Table 5 --

4 Cross-sectional relationship between time discounting and BMI

To investigate the link between time discounting and BMI, we analyze whether the proxies
based on financial information and attitudes are indeed related to the individual discount rate.
Using the data for 2004, we regress BMI on each of these proxies, saturating the model for
age and sex (i.e. we included a full set of sex-age dummies, to ensure that all age and sex
differentials are excluded from the analyses). The first column of Table 6 provides the
estimates of the parameters for the proxy of the discount rate. With a few exceptions, we find
a strong significant relationship between the proxies and the psychological measure of the
discount rate. Very interesting exceptions are the assets and liabilities of the respondent.
ASSETS is significantly related to the psychological measure of the discount rate, but when
the assets for the inco