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Abstract. In this paper, I combine economic theories of health behavior and ad-
diction in order to explain the phenomenon of anorexia nervosa and its impact on
health and longevity. Individuals consume normal goods and foods and can work
off excess calories with physical exercise. There exists a healthy body mass index
and deviations from it increasingly cause health deficits due to obesity or under-
weight. There exists also a subjective target weight and being heavier than target
weight causes a loss of utility from body image. Individuals for whom the utility loss
from missing target weight is large exert more weight control, i.e. they eat less and
exercise more. Anorexia is initiated in individuals who are particularly successful
in weight control and prone to addiction. Addiction to weight control motivates
anorexic individuals to perpetually adjust their target weight downwards and to eat
less and exercise more. With declining weight, health deficits accumulate faster and
mortality risk rises. I calibrate the model to a reference American with bmi 28. Due
to weight loss addiction, the bmi gradually declines to a level of 15 and causes a loss

of 21 years of life expectancy at the age of 20.
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“It is the way it starts as a need, a compulsion to lose weight or gain control, then
the habits you develop to fulfill that become ingrained and the compulsion is no longer
owned by you, you become addicted and sticking to your rules is the most important
thing. It also makes recovery hard because trying to ignore the compulsions you feel
1s like trying to get a heroin addict to turn down heroin- near on impossible.”

(Anonymous anorexia patient, quoted from Godier and Park, 2015)

1. INTRODUCTION

In this paper, I propose an economic theory of anorexia nervosa (henceforth anorexia) and
its impact on health and longevity. Anorexia is a severe and potentially life-threatening eating
disorder, which affects about 0.1 percent of the U.S. population, with similar prevalence rates
in other Western countries (GBD, 2016). In order to be diagnosed with anorexia, a person must
meet the following DSM-5 criteria: (i) restriction of energy intake leading to significantly low
body weight (ii) intense fear of gaining weight or becoming fat, (iii) distorted body image per-
ception, i.e. perceiving oneself as too fat when being underweight (APA, 2013). A significantly
low body weight is commonly conceptualized as 15% or more below the expected weight for
one’s age, gender, and height and expressed in a body mass index (bmi) below 17.5 kg/m?2. In
the brain, anorexia is associated with increased activity of the nucleus accumbens, a region of
the ventral striatum that controls reward and motivation. The cause of the disease is basically
unknown and treatment remains ineffective for most patients, with only 30 percent fully recov-
ering over the course of their life with various behavioral therapies (Nestler, 2003). It has been
estimated that more than half the risk of developing anorexia is due to genetic factors (Bulik
et al., 2000). Anorexia is about ten times more prevalent among women than men. Other risk
factors are being an adolescent, having an obsessional style, and the exposure to thin peers and
role models.

Anorexia exhibits the highest mortality rate of any psychiatric illness. Up to 10 percent of
anorexia patients are estimated to die from suicide (Pompili et al., 2006). Here, we focus on the
long-run consequences that are caused by the inadequate supply of energy and nutrients and lead
to faster health deficit accumulation, frail bodies, and premature death by ‘natural causes’ such
as cardiac diseases and organ failure. Among the long-term effects of anorexia are osteoporosis,
cardiovascular disturbances, diabetes mellitus, thyroid disorders, and gastrointestinal disorders.
About 80 percent of anorexic patients have cardiac complications, and most sudden cardiac

death in anorexic patients is due to abnormal heartbeat (Meczekalski et al., 2013; Casiero and



Frishman, 2006). The mortality rate for all causes of death is estimated to be up to six times
higher than that of the general population and Canadian women diagnosed with anorexia by
the age of 20 had a predicted life expectancy of 36 years compared to 60 years in the general
female population (Harbottle et al., 2008; Meczekalski et al., 2013).

For the general population, it has been shown that the trait of high self-control is predictive
for restrained eating, exercise and weight loss (Crescioni et al., 2011; Cobb-Clark et al., 2014;
Stutzer and Meier, 2016). Since anorexia patients are particularly “successful” in weight loss, it
has been argued that individuals with anorexia are characterized by a high levels of high self-
control (Fairburn et al., 1999; Steinglass et al., 2012; Butler and Montgomery, 2005) and that
high self-control partly explains the persistence of the disease and the resistance to treatment
(Pauligk et al., 2021). Walsh (2013) argues that anorexia is initiated in young women by
initial successes in weight control, which then ‘takes on a life of its own and evolves into an

> Reinforcement mechanisms

unrelenting pursuit that becomes the individual’s primary focus.
make restrained eating and exercise a habit and anchored in neural mechanisms that underlie
the formation and persistence of habits. This way, Walsh argues, anorexia resembles the neural
mechanisms underlying addiction to substance abuse.

The similarity of anorexia to addiction and substance dependence has been highlighted in a
series of studies (e.g. Barbarich-Marsteller et al., 2011; Kaye et al., 2013; Godier and Park, 2014,
2015; Compan et al., 2015). The onset of the anorexia, characterized by an initial success in
weight loss is experienced as rewarding and pleasurable (resembling the initial phase of an ad-
diction). The positive experiences motivate anorexic individuals to continue setting increasingly
more ambitious weight goals (resembling the tolerance effect in addiction). As the disease con-
tinues, individuals find it increasingly more difficult to give up restrained eating and to return
to healthy behavior and healthy body weight (resembling the withdrawal effect in addictions).
The initially positive feelings associated with weight loss, however, cannot be maintained and
are replaced by negative feelings associated with not being able to reach the increasingly ambi-
tious target weight. The target weight adjustment implies that, despite increasing emaciation,
individuals perceive themselves as to fat (distorted body image) such that the relentless pursue
of weight loss turns into a joyless and painful activity. It is thus understandable that anorexia
patients perceive their behavior as an illness and want to be cured from the disease (resembling

substance addicts). Aside from searching professional help they form self help groups such as



anorexic anonymous that resemble similar self help groups of substance addicts. A high level of
self-control, however,is uncommon in substance addicts. It is a distinctive feature of anorexia. In
fact, it has been argued that high-self control protects individuals with anorexia from substance
abuse (Kaye et al., 2013).

In the health-economic theory of anorexia proposed below, I take these features into account.
I set up a life cycle model of endogenous health deficit accumulation (based on Dalgaard and
Strulik, 2014), in which individuals consume food and non-food goods and invest in their health
and exercise. Body size increases with food consumption and declines with exercise. Deviations
from a healthy bmi accelerate the speed of health deficits accumulation and, at any age, survival
depends on the level of health deficits. Additionally, individuals derive positive or negative utility
from body image, depending on the relative deviation of actual bmi from target bmi. Target bmi
may deviate from the healthy bmi because it is socially constructed. In non-anorexic individuals
target bmi is constant or changes only occasionally and exogenously. Anorexia is characterized
by a habituation process (addiction) that leads to a continuous reduction of target bmi. It is
initiated by weight loss successes in individuals who are (genetically) susceptible to target weight
updating and for whom body imagine is an important factor of experienced utility, a feature
which implies a high level of self-control in terms of body weight. Individuals are assumed to
be perfectly rational except for the fact that they cannot plan their target weight updating. I
model this as an imperfectly controlled addiction as proposed in Strulik (2018, 2021). Anorexia
is conceptualized as a disease because addiction is unplanned and involuntary. This feature
deviates from the standard economic theory of rational addiction built on Becker and Murphy
(1988) where addiction is an optimally planned process and therefore cannot be understood as
a disease.

While there exists a rich economic literature on overweight and obesity, relatively little at-
tention has been paid to the phenomenon of underweight. Ham et al. (2013) show that bulimia
nervosa is to a large extent driven by path dependence and argue that the eating disorder shares
many characteristics with common addictions (substance abuse). Costa-Font and Jofre-Bonet
(2013) show that European women are more likely to be anorexic when they are exposed to low
peer-group bmi (whereby anorexia is defined as bmi below 17.5 and seeing oneself as fine or too
fat). Arduini et al. (2019) show that eating disorders (purging) of female adolescents are influ-

enced by peers’ body size through interpersonal comparisons. Goldfarb et al. (2009) propose a



static model of rational thinness and underweight. Dragone and Savorelli (2011) developed a
theory of body size evolution where food consumption causes utility, deviations from healthy
body weight as well as deviations from socially desirable weight cause utility losses, and eating
increases body weight. They show that one of several steady states to which rational individual
converge is characterized by underweight and underconsumption of food. In a society in which
individuals are heterogenous with respect to healthy weight and face the same exogenously de-
termined desirable weight, a higher desirable weight reduces the prevalence of unhealthy thinness
but may exacerbate the prevalence of obesity. Strulik (2014) proposed a theory in which social
approval of physical appearance is endogenous and shows how this feature explains the obesity
epidemic. The theory focusses on obesity but also considers the whole distribution of body
weights in society.

The paper is organized as follows. In the next section, I set up the theoretical model, derive
the implied dynamics for life cycle behavior, and obtain analytical solutions for optimal food
consumption and optimal exercise. In Section 4, I calibrate a benchmark version of the model to
an average 20-year-old American male such that predicted health behavior supports a bmi of 28.7
and a life expectancy at 20 of 57 years. An otherwise identical individual endowed with a greater
importance of body image (greater self-control) is predicted to achieve a bmi of 19 and a 2.5
years higher life expectancy. In Section 4, I show that if this individual is additionally susceptible
to anorexia, a process sets in such that target bmi is continuously reduced to approach a value
around 14 and eating is restricted and exercise increased such that actual bmi reaches a trough
at 15. The entailed acceleration of health deficits reduces life expectancy at 20 to 36 years.

This paper was partly inspired by the fate of Bahne Rabe, a 2 meter tall German rower who
won the Olympic gold medal with the eights in 1988 when he had a bmi of 23.7 and who died of
a lung infection in 2001 shortly before his 38th birthday with a bmi of 14.6 (Kurbjuweit, 2001).
In fact, anorexia appears to be particularly prevalent among professional athletes (Sudi et al.,
2004) and using the model I offer an explanation for the phenomenon of anorexia athletica.
I then turn to a calibration for an adolescent girl and try to give an explanation of why the
disease is much more common among women than men. I use this model version to discuss the
failure and success of two stylized therapies (target weight reset and body image reset). Section

5 concludes the paper.



2. THE MODEL

Individuals are assumed to consume non-food goods ¢ and food u. For non-food consumption
we maintain the conventional assumption of an iso-elastic utility function, (¢!~ —1)/(1 — o),
in which ¢ is the inverse of the elasticity of intertemporal substitution. For food consumption
we assume a quadratic utility function, cu — 3/2u?. This form allows us to derive some results
analytically. It also captures the natural feature that for food consumption (in contrast to
non-food consumption) there exists satiation. After a certain threshold is crossed (here, u =
a/f), utility from eating would decline if individuals were forced to eat even more. Individuals
have the possibility to work off body weight by physical exercise x. Physical exercise may
provide utility to some individuals and disutility to others. In order to avoid unnecessary case
differentiation, we assume that exercise competes with other more pleasurable ways to spend
leisure time. Normalizing the utility from these other (sedentary) forms of leisure to zero, we
assume a quadratic disutility function for exercise. Additionally, we assume that the disutility
from exercise increases as the individual ages and becomes more frail. With D denoting health
deficits, the utility function is given by —§/2(D/D)"z2, in which D is a normalizing constant,
specifying the state of best health. Summarizing, instantaneous utility is given by

-~ 1=r 1 6 (D
Ulc,u,z) = %+au— §u2— 5 <D> z2. (1)

In order to avoid unnecessary complications, I assume that all individuals share the same
given height but may differ in weight. In order to arrive at closed-form solutions, I assume that
food consumption and exercise exert linear effects on body mass b, measured by the body mass
index (bmi), such that

b=rvu— ex. (2)

We can imagine v is an “energy exchange rate” that converts units of food consumption into
calories. The parameter ¢ measures the efficacy of physical exercise in working off excess calories.
Since height is a given constant, (changes of) weight and bmi can be considered to be equal up
to a constant and they are treated interchangeably.

Individuals face the budget constraint

k=w+rk—c—qu— ph, (3)



in which k is financial wealth, r is the interest rate, w is labor income, h is health expenditure,
and g and p are the relative prices of unhealthy goods and health care.

Following the gerontological literature, physiological aging is conceptualized as the accumula-
tion of health deficits. The frailty index, denoted by D, measures the relative number of health
deficits present in a person (from a long list of potential health deficits). As individuals age,
health deficits grow at a natural rate p (Mitnitski et al., 2002). As in Dalgaard and Strulik
(2014), we assume that health investments slow down the rate of health deficit accumulation.
Moreover, deviation from healthy body mass increases health deficit accumulation such that the

change in health deficits is given by
. B 9
D=p D—Ah7+§(b—b[{) —al. (4)

The parameters A and 7 determine the available medical technology, as explained in detail in
Dalgaard and Strulik (2014). The parameter B determines the unhealthiness of deviating from
(ideal) healthy BMI by. In contrast to a related model on obesity (Strulik, 2019), we assume
that health damage increases quadratically in the deviation from ideal BMI, in order to capture
in a convenient way that the marginal damage from gaining or losing body weight is greater
when the individual is already severely overweight or underweight.

The health deficit model is particularly useful to discuss anorexia since its physiological foun-
dation is based on the depletion of redundancy in human bodies (Gavrilov and Gavrilova, 1991;
Dalgaard et al., 2021). Insufficient nutrition leads to faster depletion of redundancy in organ
and tissue reserve such that health deficits accumulate faster in emaciated bodies, expressed as
an increasing frailty index D. The accumulation of health deficits reduces survival probability
and ultimately leads to death. Death is a stochastic event such that, at any age, the survival
probability is given by S(D) with S’(D) < 0. This modeling captures the biological approach
to aging, which replaces chronological age as a proximate determinant of death by the loss of
bodily function as a deep determinant of death (Arking, 2006). We exclude the possibility of
an infinite life. This means that there exists an upper limit of health deficits D beyond which
life ends with certainty, S(D) = 0. Formally, the human life cycle is thus characterized as a free
terminal time problem.

Individual utility is also affected by physical appearance. Specifically, we assume that utility

declines in body mass and that individuals have a target bmi by defined as the threshold at



which satisfaction with appearance turns into dissatisfaction with appearance. We conceptualize
perceived overweight as relative deviation of actual bmi from individual-specific target bmi by.

Total instantaneous utility is thus given by

UzU(c,u,x)—w(b;TbT>. (5)

The parameter w > 0 measures how much an individual cares about physical appearance.
The individual assignment of great importance of physical appearance is thus another motive
of restrained food consumption and physical exercise, aside from the consideration of health
effects. Target bmi by may or may not coincide with healthy bmi by such that by = by /z. For
z > 1, target bmi is lower than healthy bmi, perhaps because celebrities or other peers convey
the image of being thin as desirable. While healthy bmi is conceptualized as a given population-
specific constant, target bmi is conceptualized as an individual-specific and malleable expression
of preferences.

The subutility I = —w(b — by) /by is the model’s conceptualization of body image, defined as
the thoughts, feelings and perception of the aesthetics or attractiveness of an individual’s own
body (Grogan, 1999). Most of the research on body image has focussed, as the present study,
on (dis-) satisfaction with weight and the desire to be thin (Grogan, 1999). A distorted body
image is defined as an bmi below the healthy level but above the individual target weight b,
i.e. by the feature that an undernourished individual considers himself or herself as “too fat”.

Since the size of w determines, ceteris paribus, the individual effort in weight reduction through
restrained eating and physical exercise, it may be interpreted as will power or self-control. This
conceptualization of self-control, however, deviates from the one in Strulik (2019). There, self-
control was conceptualized as impulse control of a dual-self personality, based on Fudenberg
and Levine (2006). Here, because of the different focus of analysis, we ignore aspects of af-
fective behavior and non-anorexic individuals are considered to be fully rational. They take
the consequences of health behavior on health and longevity fully into account and, if they are
overweight or obese, their body weight is simply explained by a relatively high preference for
food consumption and/or a relatively strong dislike of exercise in combination with a relatively
low regard of body image.

For non-anorexic individuals, target bmi is treated as a given parameter. Anorexic individuals,

in contrast, continuously adjust their target bmi downwards. As in the economics of addiction



this behavior is modeled as an adaptation to past behavior. Formally, it is captured by a gradual
increase of the factor z by which target bmi falls short of healthy bmi. The level of z is determined
by past experiences of weight control. A stock variable summarizing past consumption behavior
has been conceptualized as “habit stock” in the economics of habit formation (e.g. Dynan,
2000; Caroll et al., 2000) and as “addictive capital” in the economic of addiction (e.g. Becker

et al., 1991; Strulik, 2018). In the present context, z could be labeled as “anorexic capital”.

é:maX{O, 0(%"5— >} (6)

with § > 0 and 0 < k < 1. Anorexia is characterized by z > 0. We define § > 0 as (genetic)

Specifically, we assume:

susceptibility to anorexia. For most individuals # = 0, and anorexia is no issue. For individuals
susceptible to anorexia, § > 0, and anorexia can be triggered by sufficiently large successes in
weight control. For k = 0, anorexia is triggered in susceptible individuals when actual weight
b is reduced below target weight, i.e. for b < by = by /z. As a response, Z > 0, implying that
target weight bz /z declines. For k > 0, it requires a smaller weight loss to trigger addiction but
then the disease takes a more severe turn. To see this, note that 92/0z = (k — 1)byz""2 < 0.
The feature that 92/0z < 0 is conducive to stability, i.e. for the convergence of z towards an
upper limit. The speed of convergence is slower and the upper limit is higher for larger . For
given k, the speed at which addiction develops is determined by 6. The interaction between
parameters 6 and x thus determines the severity and speed at which the disease develops.

A characteristic feature of anorexia is that individuals derive no pleasure from being thin.
The initially experienced utility gain from weight loss that triggered the disease vanishes and
turns into a utility loss. To see this feature in the model, notice from (6) that target weight
stops declining when b > 2" by > by /z = bp such that at best the individual achieves target
weight. A sufficient (not necessary) condition for b > by at the steady state is k > 0. It implies
that in the progression of the disease a point is reached where the individual does no longer
manage to achieve target weight and thus experiences disutility from body image. In simple
words, individuals who are unhealthily thin perceive themselves as being “too fat”. They have

developed a distorted body image.

IThe reason why k > 0 is not necessary to generate disutility from body image is that the model allows
overshooting of z such that b > by /z at the steady state even for k = 0 (see Section 4.2.).



Whereas an “ordinary addiction” is promoted by consumption of addictive goods, in the
present context, mot consuming food goods and thus being thin promotes the development of
anorexia. Formally, this feature is expressed by 9Z/0b < 0. As in ordinary addictions, there
are tolerance, withdrawal, and reinforcement effects. Tolerance is expressed by the feature
that utility (5) declines in the level of addictive (anorexic) capital z. The withdrawal effect is
reflected by the feature that the utility loss experienced from returning to healthy weight by is
the larger the lower the individual target weight by = by /z, i.e. the further an addiction has
advanced. Reenforcement is reflected the negative cross derivative 0I%/020b = —w, implying
that the utility gain from weight loss (lower b) is larger when z is high (at an advanced stage of
the addiction). Notice that the strength of the reenforcement effect is increasing w, i.e. in the
importance of body image.

Individuals maximize expected lifetime utility V = [ e=?*S(D) {U(c,u, x) —w <%) } dt
subject to (1)—(4). Individuals fail to take into account the law of motion (6). This behavior has
been introduced in Strulik (2018) as imperfectly controlled addiction and contrasted with Becker
and Murphy’s (1988) theory of rational addiction. The theory of imperfectly controlled addiction
is a minimal-invasive deviation from rationality that allows us to conceptualize addiction as a
disease, i.e. as welfare reducing behavior that is not under individual control. According to
Becker and Murphy (1988) and the economic literature of rational addiction, individuals develop
addictive behavior only if addiction enhances lifetime utility, which makes it impossible to discuss
addiction as a disease. The theory of imperfectly controlled addiction is minimal-invasive because
it allows individuals to behave fully rational with respect to all other decisions aside from the one
on body weight. More severe deviations from rationality, such as time-inconsistency (e.g. due
to hyperbolic discounting) could also explain welfare reducing addiction but they would imply
suboptimal decision making in all other domains of human life as well. Individuals subject to
imperfectly controlled addiction correctly perceive the health consequences of their behavior and
correctly take them into account in their fully rational decisions in all other domains of their
life. The only imperfection is that they fail to control their weight loss addiction. In contrast to
the theory of rational addiction, imperfectly controlled addiction fulfils the DSM-5 diagnostic
criterion of addiction requiring that addicted individuals experience impaired control over the
use of a substance (APA, 2013) with the distinction that, in the case of weight loss, the addiction

concerns not using goods, namely not consuming food in sufficient amounts.



The current value Hamiltonian associated with problem (1)—(4) is given by

M = S(D) [U(c, 0 ) — w (;b _ 1)}

H

B
+ \g [w + 1k — ¢ — qu — ph] + App [D—Ah7+2(uu—ea:—bH)2—a , (7)

with U(c, u, x) given by (1). Individuals maximizes (7) by controlling consumption of food and
non-food, health investments, and physical exercise. The optimal solution fulfils the first order

conditions (8)—(11) and the costate equations (12)—(13):

S(D)e™ = M, (8)

S(D)(« — pu) = % + A\eqg — ApuBr(vu — ex — by) 9)

— S(D)AppAyh’~! = Nep, (10)

S(D)E — ApueB(vu — ex — by) = S(D)6 <D>n © (11)
br Dy

AT = Ap — )\k (12)
. 5 n .

S (D)U(-) — S(D)5 <50) %:;:2 + Apit = App — Ap. (13)

Condition (8) requires that the marginal utility from non-food consumption is equal to the mar-
ginal cost, which is given by a unit less of savings evaluated by the shadow price of capital Ag.
Condition (9) requires that the marginal utility of food consumption is equal to the marginal
cost. Additional to the marginal cost from saving ¢ units of income less, the marginal cost
consists of the marginal disutility from weight gain plus the health cost of the induced change
in body weight. To see the latter, notice that the shadow price of health deficits Ap is negative
since health deficits increase mortality and reduce lifetime utility. If the individual is overweight,
actual bmi exceeds the healthy bmi, b = vu — ex > by, and an additional unit of food consump-
tion leads to health deficits pBv(vu — ex — byr) which the individual evaluates at shadow price
Ap. Condition (10) requires that marginal utility of health expenditure equals marginal costs.
The marginal utility of health expenditure consists of the reduction in health deficits —puAyhY~1,
evaluated at the (negative) shadow price of health deficits, the marginal cost consists of p units
less savings evaluated at Ag. Condition (11) requires that the marginal utility from a unit of

exercise equals the marginal cost. The marginal utility consists of the direct utility gain from

10



weight loss and the impact that the reduced weight has on health deficits, evaluated at the
shadow price for health deficits. The marginal cost consists of the disutility of exercise.
A part of the model is accessible via an explicit analytical solution. From (8)—(11) we obtain

the interior solution for food consumption and exercise as:

aias + as [a162 + agubH} — agrwz /by (14)

u = 9
Bas + as [562 + G/QVQ]
_ €{azfarv — Bbu] + Bwz/br}

Bas + as [562 + CL2V2]

(15)

D\" B
with a1 = o — ¢ 7, a2E5(DO) > 0, CL3E%>O-

The compound variable as measures the marginal disutility of a unit of exercise. The compound
variable a3 is the health effect of a unit of weight gain on lifetime utility measured in terms of
utility from non-food consumption. In principle, the optimal solution could be at a corner (no
food consumption and/or no exercise). In order to avoid uninteresting case differentiation, we

assume that parameters and initial conditions are such that the solution is interior.

PROPOSITION 1. For given state of health and given expenditure on health care and non-food
consumption, individuals for whom body image is important (large w) or who aspire a low target

weight (large z) eat less and exercise more.

The proof follows from inspection of (14) and (15). The interesting observation here is that
an increase in w and an increase in z are observationally equivalent in their impact on food
consumption and exercise. Anorexic behavior can be thus perceived as continuous decline in
target bmi, or as continuous increase in the importance of body image for utility, or both. The
result also implies that the observation of low food consumption and a high levels of exercise
(and thus low body weight) is insufficient to diagnose anorexia for the model-individual. We may
equivalently observe a healthy individual with very low ideal weight and/or great importance of
body image for utility (for example, an ascetic monk). Distinctive features of anorexia are (i) a
continuous update of target weight and, in the advanced state of the disease (ii), a dissatisfaction
with weight loss achievements, i.e. the experiences of being too fat while actually being emaciated
(distorted body image).

Inspection of (14) and (15) lets us also conclude that individuals with a high preference for

food consumption or individuals facing a low relative price of food (large a;) eat more and
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exercise more while individuals in bad health (large as) eat less and exercise less. Aside from
these intuitive results of comparative statics, the model cannot be assessed analytically. In order
to facilitate a numerical solution we first eliminate the costate variables and obtain from (8) to

(15) the dynamic solutions for non-food consumption and health expenditure:

¢ r—p

g 16

. (16)

h ' F d (D\"n ,

- = —pu—=S(D)U(- D)y- (=) = 1

hT 1T r+m—u—S(D)U()+S( )2<D0> ke (17)
with mortality rate m = —S/S. Equation (16) is the familiar Ramsey rule or Euler equation for

consumption. Equation (17) is the dynamic condition for optimal health expenditure. Without
uncertainty (for § = S’ = 0) and without consideration of physical exercise (for z = 0) it
collapses to the Health-Euler-equation in Dalgaard and Strulik (2014).

The life cycle problem is fully described by the solution of (1)—(6) and (14)—(17) that fulfils
the initial conditions k(0) = 0, D(0) = Dy, 2(0) = 2¢ the terminal time conditions k(7)) = 0,
D(T) = D, and the transversality condition H(T") = 0.

3. CALIBRATION

As a benchmark, the model is calibrated to approximate a single, white, 20-year-old U.S.
American male in the year 2010, such that results will be comparable to those of earlier ap-
plications of the health deficit model (Dalgaard and Strulik, 2014; Strulik, 2018, 2019). Since
anorexia is more prevalent in women and frequently starts already in adolescence, we will later
also consider a calibration approximating a 16-year-old U.S. American women. The benchmark
American does not suffer from anorexia but from overweight. His bmi is 28.7, according to the
average male bmi in 2010 (Abarca-Gomez et al., 2017). The benchmark individual is assumed
to be immune to anorexia by setting 8 = 0.

A parsimonious representation of the survival function is given by the concave function:

¢
1—xD’

S(D) = (18)

In order to determine the parameters, I feed in the estimates from Mitnitski et al. (2002) on
the association between age 7 and health deficits D and adjust the parameters of (18) such
that the predicted association of age and survival S(7) = S(771(D)) approximates the actual

S(7) estimated from U.S. life tables (taken from Strulik and Vollmer, 2013). This leads to the
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estimates ¢ = 1.93, ¢ = 0.85, and £ = 3.18. Figure A.1 in the Appendix shows the implied S(D)
function and the match of the predicted S(¢) curve and the data. From Mitnitski et al. (2002),
I set the force of aging u to 0.043 and infer initial health deficits at age 20 as D(0) = 0.0273.

When the individual is below age 65, I set w = 27,928, which is the average labor income for
single men in the year 2010 (BLS, 2012). For older individuals, I set w = 0.45 - 27,928 using
an average replacement rate of 0.45 from the OECD (2016). In order to assure that the savings
motive is confined to that of health and consumption expenditure, I assume that the initial and
final capital stock are zero. I set r to 0.07 according to the long-run real interest rate on equity
and real estate (Jorda et al., 2019). I normalize p = ¢ = 1 and D = 0.0273. I set D = 0.18,
which will imply a maximum age at death of 95 for the benchmark individual. It should be
noted, however, that individuals who live a healthier life can face a much higher maximum age
due to their slower accumulation of health deficits. Finally, I set the healthy bmi by to 24 and
the target bmi by to 19, which provides z(0) = 1.26. The assumed value of by is needed to be
from the upper range of the values considered as healthy (CDC, 2021) because the quadratic
damage function requires the distance between healthy weight and severe underweight to be
large in order to calibrate plausible effects of low body weight on mortality. The value of by
is somewhat arbitrary but its value is also not decisive for any of the results. It seems to be
reasonable (but not essential) to assume that the aspired weight lies below the healthy weight
due to the influence of role models of thin actors and celebrities.

The remaining parameters are calibrated jointly to match the following stylized facts. In the
year 2010, the average life expectancy of a 20-year-old American male was 57.1 years, i.e the
expected age at death was 77.1 (NVSS, 2014). As a stylized fact, as individuals age, they spend
more on health, exercise less, and spend a smaller fraction on food while there seems to be
little variation in BMI across the ages. For health care expenditure, the calibration matches
average expenditure of male Americans in the year 2010 at the age of 35 and 70 (MEPS, 2010).2
Physical exercise is measured in metabolic equivalents (MET), defined as the energy cost of
a given physical activity divided by energy expenditure at rest. This metric allows for the
aggregation of different kinds of physical exercise and to compare them across individuals and

across ages. The average U.S. American spends about 1.14 MET per day (8 MET per week)

2The health data from MEPS (2010) represent total health services including inpatient hospital and physician
services, ambulatory physician and nonphysician services, prescribed medicines, home health services, dental
services, and various other medical equipment and services that were purchased or rented during the year.
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on physical exercise, an equivalent of about 23 minutes of brisk walking per day (Moore et al.,
2003). We thus calibrate an average life cycle level of x of 1.14. Studies from the UK (Townsend
et al., 2015) and Canada (Statistics Canada, 2007) suggest that physical exercise declines by
about a factor of 2 from age 35 to age 70. Assuming that British and Canadian men are in
this regard sufficiently similar to Americans, the calibration matches this age-gradient together
with the average level of physical activity. The weight loss in middle aged overweight men due
to low-level exercise has been estimated to be on average 1.3 kg (Slentz et al., 2004). Given an
average height of men born 1990 of 1.77 meters, low level exercise reduces bmi by 0.74, which is
the value targeted by the calibration. As individuals age, they also tend to consume less food.
I use data from BLS (2015) and try to match the food expenditure share at age 20, 40, and
60. The effects of declining food consumption and declining exercise roughly neutralize each
other since there is no pronounced age gradient of obesity (CDC, 2016). While the CDC reports
period data, a study by Cook and Daponte (2008) suggests that the secular increase of body
weight is largely driven by period effects rather than cohort or age effects.

The calibration leads to the following parameter estimates: a = 0.0127, A = 0.0016, B =
5-107%, a = 0.0016, 3 = 3.7-1077, v = 0.26, § = 0.005, € = 0.39, n = 0.75, v = 0.008, p = 0.05,
o = 1.20, w = 0.20. The predicted life cycle trajectories for health deficits, survival probability,
exercise, food expenditure share, bmi, and health spending are shown by blue (solid) lines in
Figure 1. Dots indicate calibrated data points. As a first exercise and plausibility check, we
consider an individual who puts more importance on body image and set w = 1.7. This value
is chosen such that the individual achieves about target weight (bmi 19). All other parameters
and initial values are kept from the benchmark American. Predicted life cycle trajectories
are shown by green (dash-dotted) lines in Figure 1. The greater importance of body image
leads to more healthy behavior, the mean exercise level increases to about 3.6, a more than
threefold increase of benchmark exercise, and food consumption declines pronouncedly. The
income saved from reduced food expenditure is partly spent on health care such that the health
expenditure trajectory lies slightly above the one of the benchmark individual. With increasing
age, exercising becomes harder and body size increases somewhat but remains close to target
weight throughout life. As a result, survival prospects improve, and life expectancy at age 20
rises to 79.6. The predicted difference in life expectancy compared to benchmark is 2.5 years,

a value that is close to the empirical estimates of years lost of life expectancy at age 40 due to
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FIGURE 1: BENCHMARK CALIBRATION AND BENCHMARK ANOREXIA
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Blue (solid) lines: calibrated benchmark American. Dots indicate calibrated data points, see
text for details. Green (dash-dotted lines): individual with higher self-control (w = 1.7). Red
(dashed) lines: anorexic individual: high self-control and addiction to weight control (6 = 0.6,
k= 0.18).
overweight (defined as 25 < bmi < 30), see Peters et al. (2003) and Grover et al. (2005). As
another plausibility check, I compute the value of life of the benchmark individual as $ 10.6

million.3

This prediction agrees reasonably well with empirical estimates of the value of life,
ranging from $ 7 million (Murphy and Topel, 2006, Fig. 3) to $ 11.6 million (U.S. Department

of Transportation 2021).

4. RESULTS

4.1. A benchmark Case of Anorexia. In order to set up a case of severe anorexia, I consider
the benchmark individual with strong importance of body image (w = 1.7) and adjust 6 and &
to match a life expectancy at 20 of 36 years (Harbottle et al., 2008; Meczekalski et al., 2013)

and a lifetime minimum bmi of 15. The latter value is chosen because the starvation threshold

3The value of life converts expected lifetime utility measured in “utils” into monetary equivalents and is given
by VoL = [ e *7S[D(7)]U[c(7),u(r), z(7), b(7)]d7 /Uc[c(0)] where U, denotes the marginal utility of consump-
tion.

15



is estimated to be around a bmi of 14 for men (Henry, 2001). We thus assume that death from
starvation is avoided and that the low life expectancy is caused by the fast accumulation of
health deficits in undernourished bodies. This provides the estimate 8 = 0.6 and x = 0.18. All
other parameters are taken from the benchmark calibration. The anorexic individual thus differs
from the individual with healthy weight (green lines in Figure 1) only by being susceptible to
weight loss addiction.

The predicted lifetime trajectories are shown by red (dashed) lines in Figure 1. The positive
utility experienced from the initial success in weight loss (b < by /2'~") triggers anorexia (¢ > 0)
and the individual further reduces his target bmi. In order to achieve the more ambitious
weight goals, he eats less and exercises more than needed to sustain a healthy body weight.
In a vicious cycle of adaptation, downward adjustment of ideal body weight, and less food
consumption, bmi reaches as trough at a level of about 15. The level of z reaches a steady
state when the body is too weak to push weight loss ambitions further downwards, i.e. formally
when b > bgz"~1. After target bmi stabilizes at a bmi level of about 14, the individual slowly
regains weight because working off calories with exercise becomes harder due to the accumulated
health deficits. Eventually, exercise falls below the level maintained by the healthy individual.
Due to the low level of food consumption, however, bmi stays below 17 throughout life. As
a result of the undernourished and weak body, health deficits accumulate quickly and survival
probability decreases drastically (upper left and right panel in Figure 1), an outcome that cannot

be prevented by health expenditure, which is above the calibrated benchmark level (lower right

panel).
FIGURE 2: ASPIRED BMI AND UTILITY FROM BoODY IMAGE
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Green (dash-dotted lines): individual with higher self-control (w = 1.7). Red (dashed) lines:
anorexic individual: high self-control and addiction to weight control (6 = 0.6, x = 0.18).
Parameters as for Figure 1.
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As discussed above, a key feature of the disease is that the anorexic individual fails to enjoy
his low body weight. Even without the detrimental side effects on health and longevity and
ignoring the forgone utility from food consumption, the individual would be better off without
the disease. This feature is illustrated in Figure 2, which shows additional life cycle outcomes for
the individual with healthy body weight (green dash-dotted lines) and the anorexic individual
(red dashed lines). All parameters are as for Figure 1. The healthy individual maintains a target
bmi of 19 throughout life (panel on the left hand side). Until his mid-thirties, he experiences
positive utility from body image by (mildly) surpassing target weight (panel on the right-hand
side). Later in life, utility from body image turns negative due to the (mild) weight gain and the
failure to maintain the target weight. The anorexic individual, in contrast, enjoys utility from
body image only in the initial period. The success in weight loss triggers a continuous downward
adjustment of target bmi, which is, however, never reached again such that the utility from body
image declines. Due to the distorted body image, the individual perceives himself as “too fat”
notwithstanding the continuously deteriorating bmi. However, regaining weight and returning
to the initial situation, would cause an even greater disutility from body image and is thus
not considered as a solution by the anorexic individual. This lock-in feature resembles the

withdrawal effect in ordinary addictions.

4.2. Sensitivity Analysis: Different Turns of the Disease. In this and the next subsection
we consider by way of example the sensitivity of behavior and outcomes to alternative parameter
values. The parameter x controls susceptibility to disease and the self-productive nature of
weight loss addiction. A lower value of x implies that a larger initial success in weight loss is
needed to trigger the disease and that the weight loss goals are less ambitious. This claim is
verified for the case of kK = 0.16 (instead of 0.18). The predicted life cycle trajectories are shown
by green (dashed-dotted) lines in Figure 3. Similarly, the disease takes a weaker course for lower
levels of 6 (not shown).

These results of comparative statics hold, of course, only ceteris paribus and the disease can
take a more severe turn even for lower levels of x when body image becomes more important.
This feature is verified for the case w = 1.9 (instead of 1.7) and x = 0 (instead of 0.16) The
predicted life cycle trajectories are shown by red (dashed) lines in Figure 3. The high importance
of body image (i.e. the high level of self-control in weight management) enables the individual to

relentlessly pursue his weight loss goals and to adjust the target bmi further downward to a level
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around 13. The predicted life cycle behavior and health outcomes resemble those of benchmark

anorexia in Figure 1 and life expectancy at 20 is obtained as 33 years. These predictions are

in line with studies finding that a high level of self-control conducive to the development of

anorexia (see Introduction).

FIGURE 3: SENSITIVITY ANALYSIS: DIFFERENT TURNS OF THE DISEASE
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Green (dash-dotted lines): k = 0.16: Red (dashed) lines: k = 0, w = 1.9. All other parameters
as for benchmark.

4.3. Anorexia Athletica. Anorexia athletica is a variant of anorexia, which is particularly

prevalent in athletes and characterized by excessive exercise in addition to restrained eating. Its

implementation requires a re-interpretation of utility from body imagine, which is now to a lesser

degree driven by social or cultural norms of thinness but by the requirements and prospective

gains from being thin in terms of success in sports. Naturally, the phenomenon is prevalent

mostly in sports where low weight provides an advantage such as ski jumping, road cycling,

figure skating, ballet, or horse riding (Sudi et al., 2004; Sundgot-Borgen and Torstveit, 2004).

In order to capture the phenomenon by the model, we set w = 1.5 and 2(0) = 1.3 (implying

an initial target bmi of 18.5) and consider two values for the disutility from exercise: 0.0048
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FIGURE 4: SENSITIVITY ANALYSIS: ANOREXIA ATHLETICA
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Green (dash-dotted lines): § = 0.0048 (as in benchmark): Red (dashed) lines: § = 0.0016. Both
lines: w = 1.5, z(0) = 1.3. All other parameters as for benchmark.

(benchmark) and 0.0016 (a threefold lower value). All other parameters values are as for the
benchmark calibration, except that both individuals face the benchmark addiction parameters
(0 = 0.6, k = 0.18). The calibration is specified such that preferences for exercise are conducive
to the development of the disease. Although both individuals are susceptible to anorexia, the
disease does not develop in the individual with the larger disutility from exercise. As shown
by green (dashed-dotted) lines in Figure 4, this individual is predicted to maintain a healthy
bmi around 19 and life cycle behavior and outcomes resembles those of the healthy individual
of the benchmark run (green lines in Figure 1). Although the individual faces an ambitious
weight goal, he is protected from the disease by his distaste for exercise. The individual with
the low disutility from exercise is represented by red (dashed) lines in Figure 4. The high level of
physical exercise (center-left panel) leads to greater initial success in weight loss and triggers the
disease: the individual responds with downward adjustment of target bmi, even more restraint
in eating behavior, and, at least in the early phase, with even more exercise. In the course of

the disease, bmi reaches a trough at about 15 and the life cycle trajectories resemble those of
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conventional anorexia in Figure 1 with difference that now the disease is driven to a greater
extent by excessive exercise. The predicted life expectancy at 20 is 38 years.

Exercise attains a maximum of 16 MET hours per day, i.e. 116 MET hours per week, a level
that can be achieved by about 20 hours of vigourous exercise per week. This is a very high but
not implausibly high exercise effort. It is commonly seen in people training for competition in
marathons or triathlons. There is a debate in the literature whether excessive exercise causes
cardiac problems and faster aging of the heart (see e.g. O’Keefe et al., 2016; Abdullah et al.,
2016), a phenomenon, which would not be captured by the model. Excessive exercise, however,
is certainly health-damaging when it occurs in conjunction with insufficient food intake. The
anorexic individual is predicted to eat about as much as the healthy individual (center right
panel in Figure 4) although he spends up to three times more MET hours on exercise (center
left panel). As the individual ages and accumulates health deficits, MET hours declines due to
the increasing pain from exercise. However, even close to death, the exercise level exceeds the
level exerted by the healthy individual.

The model can be applied to the example of Bahne Rabe from the Introduction. All of
the members of the Olympic eight rowing team likely shared a trait of high self-control and a
penchant for exercise (low ¢§), features that enabled them to train very hard and win the gold
medal. But only Bahne developed anorexia. The explanation offered by the model is that only
Bahne had a genetic disposition for the disease (# > 0). Bahne’s brother and sister also suffered
from anorexia in adolescence (Kurbjuweit, 2001). But only Bahne developed a severe, persistent,
and eventually fatal form of the disease. The explanation offered by the model is that the Rabe
family shared a genetic disposition for the disease, which, however, only occurred in Bahne in
combination with high level of self-control and a penchant for exercise, which enabled the severe
development of the disease.

Another interesting observation is that one cannot be a top athlete without being healthy.
In the model, a low level of initial health deficits reduces the disutility from exercise. Ceteris
paribus, being healthy induces not only a high level of exercise, it is also conducive to develop
the anorexia athletica (given genetic susceptibility). In other words, for given preferences, being
unhealthy is protective against the diseases. We would thus expect anorexia to be more prevalent

among young and healthy people than among the unhealthy.
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4.4. Anorexia in Women. We next consider a recalibration for women. This exercise adds
more relevance since anorexia is more widespread among women. Moreover, a comparison with
the calibration for men will provide an explanation for the greater prevalence of the disease
among women. In order to capture an onset of the disease in adolescence, I set the initial
age to 16. As for men, I take the data for women and feed into the survival function (18)
the estimates from Mitnitski et al. (2002) on the association between age 7 and health deficits
D and adjust the parameter values such that the predicted association of age and survival
S(r) = S(r~Y(D)) approximates the actual S(7) estimated from U.S. life tables. This leads
to the estimates » = 1.40, ¢ = 0.35, and & = 3.60. Red lines in Figure A.1 in the Appendix
show the implied S(D) function and the match of the predicted S(7) curve and the data. From
Mitnitski et al. (2002), I set the force of aging p to 0.031 and infer initial health deficits at age
16 as D(0) = 0.0360. We thus observe the compensation effect of morbidity, i.e. the feature that
women are initially less healthy than men but age slower than men (see Gavrilov and Gavrilova,
1991; Mitnitski et al., 2002, Abeliansky and Strulik, 2018, for a discussion) and the morbidity
mortality paradox, i.e. the feature that women are for given age less healthy than men but live
longer (see Case and Paxson, 2005; Kulminsky et al., 2008; Schuenemann et al., 2017, for a
discussion).

When the individual is below age 65, I set w = 17,303, which is the average labor income
for single women in the year 2010 (BLS, 2012). I keep the interest rate, the time preference
rate, and all prices from the benchmark calibration. I set the bmi to 28.6, according to the
average female bmi in 2010 (Abarca-Gomez et al., 2017), a value that basically coincides with
the benchmark value for men. I set the same healthy bmi (24) and target bmi (19) and thus
the same 2(0), as for the benchmark model. I also keep the parameters on metabolism, exercise,
and health from the benchmark model (6 = 0.048; € = 0.39; n = 0.75; v = 0.0078; a = 0.0127,
v =0.26, A =0.00159, B = 5-10"%). Given that women display the same bmi as men but earn
substantially less, the food expenditure share will be higher for women. According to the BLS
(2021), total food expenditure of single women is 94 percent of that of single men while food at
home expenditure of single women is 111 percent that of single men. Instead of targeting the
food expenditure share, I thus require that the benchmark woman spends in terms of lifetime
averages about as much on food as the benchmark man. I estimate the remaining parameters

in order to match food expenditure, health expenditure, and a life expectancy at 20 of 61.7
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(expected death at age 81.7), in accordance with actual female life expectancy at 20 in 2010
(NVSS, 2014).

This leads to the estimates 0 = 1.42, o = 0.0015, and w = 0.30. The result for ¢ indicates
that the utility function for non-food consumption exhibits more curvature for women (as in
Schuenemann et al., 2017). It implies that women face a higher degree of relative risk aversion,
as found in experimental and non-experimental studies (Croson and Gneezy, 2009; Cohen and
Einav, 2007; Mazzocco, 2008). The result for « implies that women experience slightly lower
utility from eating than men and the result for w implies that women put more emphasis on
body image than men. The implied life cycle trajectories are shown by blue lines in Figure 5,
data points are indicated by circles. The higher value of ¢ for women is needed to match the
higher health expenditure for women compared to men of the same age. More curvature of the
utility function, i.e. more steeply declining marginal consumption, implies that women put less
emphasis on instantaneous consumption and more emphasis on a long life (a feature that is in
detail explained in Dalgaard and Strulik, 2014). They thus spend more on health and live longer
than men.

As for men, we next consider a women with healthy bmi. An average bmi of about 19 is elicited
by setting w = 1.35 and the associated life cycle trajectories are shown by green (dash-dotted)
lines in Figure 5. Remarkably, the healthy behavior is elicited for a much lower value of body
image utility (self-control) for woman than for men (for men, w = 1.70 was needed to produce
about the same behavior). The reason is that women experience less utility from consumption
because (i) they earn less and spend less on consumption and (ii) utility from consumption
exhibits more curvature (marginal utility is more steeply declining). This means that, for given
size of w, utility from body image plays a relatively larger role for total utility of women such
that a smaller value of w is needed to elicit strong responses of eating behavior and exercising.

We next consider women susceptible to anorexia (6 = 0.6, as for men). In order to create
a case of fast onset of the disease in adolescence and severe progression with a minimum bmi
level of about 14, I set w = 1.46 and x = 0. The resulting health behavior and health outcomes
are shown by red (dashed) lines in Figure 5. The high importance of body image leads to large
initial successes in weight reduction and triggers the disease. The predicted life cycle trajectories
resemble those obtained for anorexic men (cf. Figure 1 and 3). The implied life expectancy at

16 is 46.
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FIGURE 5: BENCHMARK CALIBRATION AND ANOREXIA: WOMEN
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Blue (solid) lines and green (dash-dotted lines): as for Figure 1: Red (dashed) lines: anorexic
individual: high self-control and addiction to weight control (6 = 0.6, x = 0.18).

By comparing men and women, we can derive an explanation for why anorexia is more wide-
spread among women. To this end, we note that a level of w = 1.46 would not induce anorexia in
the calibrated average American man. Similar behavior as for women required a value of w = 1.7
for men. Thus, if we assume that w as well as (genetic) susceptibility to anorexia (captured by
0 and k) are equally distributed among men and women, there will be more women suffering
from the disease. The reason is that women experience lower utility from consumption such that
body image becomes relatively more important and a lower level of w is sufficient to elicit the
initial weight reduction needed to trigger the disease. This outcome would be further amplified
if women put actually more emphasis on body image, expressed by, on average, higher values of

w than for men.*

41t can be shown that the lower income of women is not driving these results. If the calibrated woman is
endowed with the male reference income, she will spend more health and therefore develop health deficits more
slowly. The predicted eating and exercise behavior and thus predicted bmi, however, almost match the trajectories
shown by red lines in Figure 5. The minimum bmi is 14.5 instead of 14.0, as in the benchmark run.
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4.5. Anorexia Therapies. While there is still no established treatment or cure for anorexia in
practise, it is interesting to use the model to investigate how stylized therapies work in theory.
We first consider an addiction reset. In addictions to the consumption of goods (e.g. drugs,
collecting, or gambling), the easiest albeit potentially painful reset of addiction can be generated
by abstention from consumption. Here, the addiction is concerned about not consuming food and
an analogous withdrawal effect is conceptually more difficult. Perhaps, a reset can be realized
by removing the individual from an anorexic environment or by persuading the individual to
abandon the very low target weight. Anyway, the point is, that the model-therapy does not
work. To see this, we consider the calibrated anorexic women from above and assume a reset
of z, i.e. a reset of target bmi from 14 to 19 at age 20. The resulting behavior and outcome is
shown by blue (solid lines) in the panels on the left hand side of Figure 6. Red (dashed) lines
re-iterate the anorexia trajectories from Figure 5. To save space, the figure focusses on exercise,
nutrition, and bmi. The other trajectories look similar as in Figure 5. As response to the target
weight reset, the individual eats more, exercises less, and gains weight. However, the fact that
the actual bmi is still sufficiently below the target bmi, rekindles the disease and the therapy
remains unsuccessful in the long-run.

Next, we consider a successful model-therapy, namely a reset of the importance of body image
to benchmark value (from 1.46 to 0.3) at age 20. Here, too, it remains unclear how such a therapy
could be realized in practice. Perhaps a new normal- or overweight friend at school could cause
such a reset. Or taking up of a new hobby increases utility from consumption and/or the
disutility from exercise, which would mean that body image becomes relatively less important.
As shown by blue (solid) lines in the panels on the right-hand side of Figure 6, the therapy is
successful in terms of long-run weight gains. The individual eats more and exercises less because
being thin is less important. The individual, however, still suffers from failing to meet the low
target bmi. This problem can be solved by a combined model therapy that resets w and z at age
20. The resulting trajectories are shown by green (dash-dotted) lines in Figure 6. Withdrawal
and resetting the target weight are now also successful in the long-term. Withdrawal amplifies
the positive effects of reduced body image on food consumption and exercise and the individual
regains a healthy bmi. In summary, it can be said that a therapy with the aim of reducing
the importance of body image is successful in isolation, a therapy with the aim of restoring the

target weight is only successful in conjunction with the body image therapy.
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FIGURE 6: ANOREXIA THERAPIES
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Red (dashed) lines: benchmark anorexia, as red (dashed) lines in Figure 5. Panels on the left-hand side: Blue
(solid) lines: reset z = 1.26 (br = 19) at age 20. Panels on the right-hand side: Blue (solid) lines: w = 0.2 at
age 20. Green (dash-dotted lines): w = 0.3 and reset z = 1.26 (br = 19) at age 20.

5. CONCLUDING REMARKS

In this paper, I proposed a health-economic theory of anorexia that combines eating and
exercising behavior in a model of endogenous health and longevity with an economic theory
of addiction. The theory emphasizes the importance of body image and self-control for the
development of the disease, which is conceptualized as a habituation process that leads to
a continuous downward adjustment of target weight. Although the model is stylized, it is
sufficiently detailed to allow a calibration of life cycle choices and health outcomes of an average
American man at age 20 and an average American adolescent woman. As any economic theory,
the model is explorative in nature. It emphasizes particular mechanisms by suppressing other
details. It has not the ambition to take into account all aspect of the complex disease of
anorexia, which to this day is not fully understood. Recent advances in cognitive psychology
and neurobiology suggest that habituation processes and self-control issues in combination with
a distorted body image are at the core of the disease and are of first order importance for

behavioral therapies while self-esteem, emotional problems, and family difficulties, are perhaps
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less important than conventionally thought (Fairburn et al., 1998; Walsh, 2003). The proposed
model supports this view, formalizes it in an economic life cycle theory, and discusses the long-
term implications for health behavior and health outcomes. In contrast to other economic
models of underweight and in contrast to the economic theory of rational addiction, anorexia,
conceptualized as addiction to weight control is not the outcome of optimal life cycle planning.
It is a disease with severe health implications and those suffering from it would benefit greatly

from treatment in terms of health, longevity, and the value of life.
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APPENDIX

Figure A.1: Health-Dependent Survival and Survival by Age
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S(t) is the unconditional probability of surviving until age t. Left: Assumed function S(D). Middle:
Estimated association D(t) (Mitnitski et al., 2002). Right: Predicted (line) and estimated (stars) association

between age and survival probability (estimates from Strulik and Vollmer, 2013). Blue (solid) lines: men;
red (dashed) lines: women.
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