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Abstract:

Using longitudinal data that tracks bulimic behavior among young girls (National Heart, Lung, and Blood Institute Growth
and Health Study), we examine (1) whether the persistence in bulimia nervosa (BN) can be attributed to slow learning about
the deleterious health effects of BN or if it reflects tolerance formed from an addiction; and 2) whether bulimic behavior is
consistent with addiction criteria as stated in the Diagnostic and Statistical Manual of Mental Disorders DSM-IV. To ad-
dress the endogeneity of past behavior, we use instrumental variables, and show that past BN positively and significantly im-
pacts current BN after controlling for individual heterogeneity. When accounting for BN ”stock,” the parameter estimates
of past behavior are not negative, which casts doubt on the importance of learning. Making the case for treating BN as an ad-
diction has important policy implications. First, it suggests that the timing of educational policy and treatment is crucial:
preventive educational programs aimed at instructing girls about the deleterious health effects of BN, as well as treatment in-
terventions, will be most effective if provided in the early stages. Second, it would put those exhibiting BN on more equal

footing (from a treatment reimbursement perspective) with individuals with drug or alcohol addictions.
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Background

Eating disorders (ED) are a growing health concern. Estimates from the National Eating Disorders Association indicate that as
many as 20 million women in the US are battling with an ED [1]. It is estimated that up to 4% of females in the United States will
engage in the bingeing/purging form of an ED, bulimia (BN) during their lifetime [2]. They typically start when they are teenagers.
However, the onset age appears to be dropping, where the behavior is increasingly seen among children as young as 10 [3]. Bu-
limia is especially serious given that a primary characteristic is the increasingly compulsive nature of the behavior. Individuals suf-
fering from BN report requiring more of the behavior to produce the same effect, parallel to the behavior associated with drug ad-
dictions. Also, it is well-documented that addicts exhibit higher BN prevalence rates relative to non-addicts [4]. These findings
suggest that there may be an addictive component to BN. On the other hand, a common set of traits may predispose an individual
to excessive behaviors. That is, some individuals may have strong (unobservable) tastes for bingeing and purging which are persis-
tent over time or evolve slowly. As a result, the propensity to engage repeatedly in bulimic activities may arise solely from differ-
ences across individuals (individual heterogeneity) and/or could be driven by (true) state dependence, which is consistent with the
potentially addictive nature of BN (i.e., a randomly chosen person becomes chemically/ biologically addicted to the process over
time if they binge and purge now). Previous studies overlooked the relative importance of state dependence versus individual
heterogeneity in explaining BN persistence. A notable exception is [5], which, to the best of our knowledge, is the first work to doc-
ument that unobserved heterogeneity plays a role in the persistence of BN, but strikingly up to two-thirds of BN persistence is due
to true state dependence (i.e., the causal effect of lagged BN). Having established robust evidence of state dependence in BN in [5],
the purpose of this work is now to use econometric techniques to examine the addictive nature of BN. Specifically, we examine

whether persistent behavior can primarily be attributed to tolerance or to slow learning about the deleterious health effects of BN.

In order to draw a quantitative link between addiction and state dependence, we use the National Heart, Lung, and Blood Institute
Growth and Health Study (henceforth NGHS). A notable aspect of the data is that for each respondent it contains information
about an Eating Disorders Inventory index developed by a panel of medical experts, which was designed to assess the psychologi-
cal characteristics relevant to bulimia [6], and a number of indices that measure a respondent's potential for personality traits/dis-
orders that are highly correlated with BN, such as tendencies toward perfectionism, feelings of ineffectiveness, and interpersonal

distrust [6].

We exploit these longitudinal data on individuals' history of bulimic behavior to estimate a dynamic model where the past be-
havior may affect the current tendency towards BN. As in any dynamic model, we first need to address the endogeneity of the past
behavior. To this end, we consider the lags of the personality traits/disorders as instruments for past BN, and use instrumental vari-
ables techniques to examine whether persistent behavior can be attributed to tolerance or to slow learning about the deleterious
health effects of BN. Our results cast doubt on slow learning as a driving force in state dependence. We first show that the past
four years of behavior positively and significantly impacts current behavior when controlling for individual heterogeneity. We also
find that when accounting for the ”stock” of bulimic behavior, the parameter estimates of past behavior are not negative, which
casts doubt on the importance of learning. Finally, we link our findings to the Diagnostic and Statistical Manual of Mental Disor-
ders DSM-IV [7] addiction criteria, and combine our results with other evidence in the medical literature to make the case that BN

should be considered an addiction.

Our work is related to the growing literature on food addiction, which considers that processed foods may be addictive and hence
lead to eating behaviors that exhibit addictive components [8-11]. The primary way in which our study differs from previous work
is that we use estimates from a dynamic model of BN behavior to show that a significant part of the persistence in BN can be at-
tributed to true state dependence (and not to unobserved het- erogeneity) that is not the result of slow learning. This provides evi-
dence that BN exhibits tolerance, which is one of the DSM-IV criteria for addictive behavior. In addition, our data has the advan-

tage that all individuals were evaluated regarding bulimic behaviors independent of any diagnoses or treatment they had received.
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Treating BN as an addiction has important policy implications. First, if BN reflects an addictive component, policy timing is cru-
cial and policy interventions will be more effective if provided in the early stages. Second, making the case for BN as an addiction
would put those exhibiting BN on more equal footing (from a treatment reimbursement perspective) with individuals abusing
drugs or alcohol. Recent estimates show that only 6% bulimics receive mental health care [12], while a majority of states cover
treatment for alcohol and drug addiction [13]. Finally, the typical coverage by insurance companies for eating disorders failed to

provide adequate reimbursement for the most basic treatment as recommended by the American Psychiatric Association [14].

Methods
Data

We use longitudinal data collected by the National Heart, Lung, and Blood Institute Growth and Health Study for 2,379 girls start-
ing in 1988, when the girls were aged 9-10. The same cohort was interviewed once a year until 1997. The follow-up rate was 89% af-
ter ten years. Participants were recruited from three clinical centers: University of California at Berkeley, University of Cincin-
nati/Cincinnati Children's Hospital Medical Center, and Westat, Inc./Group Health Association. Berkeley recruited from public
and parochial schools in the Richmond Unified School District, chosen for equal representation of Black and White children and
minimal racial income disparity. Cincinnati recruited from schools in greater Cincinnati (which includes inner city, urban residen-
tial, and suburban areas), aiming for a racially and socioeconomically representative sample of Hamilton County. We stat random-
ly selected 9 to 10 years old girls from potentially eligible families enrolled in the prepaid medical program of Group Health Associ-
ation in Washington, DC. To address the lack of White girls in the Group Health Association, a Girl Scout troop from the predom-
inantly White clinic area was recruited. Examinations were conducted in schools in Berkeley and Cincinnati, while Group Health
Association clinics served as the examination sites in Washington, DC. In order to ensure consistent data collection across the
three centers, a designated "master trainer” was selected from the collaborating investigators. This master trainer then proceeded
to train and certify a local trainer at each site. These local trainers were responsible for training, certifying, and overseeing the data

collection conducted by the field staff at their respective sites.

Girls were eligible for enrolment if identified as Black or White (Hispanics and other ethnic groups were excluded), were within
two weeks of age 9 or 10 at the time of the first visit, had parents of the same race, and completed a household demographic infor-
mation form with parental consent. Throughout the 5 years of the study, the children are seen at 1-year intervals. Parental data col-
lected at baseline included demographic data on education, income, family composition, diet, physical-activity, and eating be-
haviors. Further details on the methodology and the selection criteria can be found in [29]. The survey is an exogenously stratified
sample, designed to be equally distributed across race, income, and parent's education as the descriptive statistics in Table 1 con-

firm.

Table 1: Means and Standard Deviations

Variable Mean Standard Deviation Minimum | Maximum
Overall | Between | Within

EDe«BN Index* 1.279 | 2.682 1.968 1.91 0 21
Distrust Index* 3.589 | 3.492 | 2783 | 2.233 0 21
Ineffectiveness Index* 2.752 | 3.915 3.158 | 2.494 0 29
Perfectionism Index* 6.468 | 3.29 2.543 2177 0 18
Age* 14.363 | 2.991 1.028 2.561 9 21

European American 0.48 | 0.499 0 1
Parents High School or Less 0.255 | 0.436 0 1
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Parents Some College 0.393 | 0.488 0 1
Parents Bachelor Degree or More 0.352 | 0.477 0 1
Income less than $20,000 0.318 | 0.466 0 1
Income in [$20000, $40000] 0.315 | 0.465 0 1
Income more than $40,000 0.367 | 0.482 0 1

Variable labels are: ED«BN Index (The Eating Disorders Inventory Bulimia subscale).

* For those variables that change over time we report the Standard deviation overall, within and between individuals.

Outcomes

Our outcome variable is a measure of bulimic behavior (yit), which is constructed based on questions asked every other year in the
NGHS starting when the girls were aged 11-12. These questions about BN were refined to be easily understood by young respon-
dents [15]. These include 1) I eat when I am upset; 2) I stuff myself with food; 3) I have gone on eating binges where I felt that I
could not stop; 4) I think about bingeing (overeating); 5) I eat moderately in front of others and stuff myself when they are gone;
6) I have the thought of trying to vomit in order to lose weight, and 7) I eat or drink in secrecy. The responses (“always”=1, “usual-
ly”’=2, "often”=3, "sometimes”=4, “rarely”’=5, and “never’=6) were used to construct an Eating Disorders Inventory Bulimia subs-
cale (hereafter the ED-BN index). A response of 4-6 contributes zero points to the ED-BN index; a response of 3 contributes 1
point; 2 contributes 2 points; and 1 contributes 3 points. The ED-BN index is the sum of the contributing points. A value greater
than 10 indicates clinical bulimia. Note that the answers to the individual questions are not available in the data. See [6] for details.
The index is widely used to assess the psychological traits relevant to bulimia [16]. As Table 1 indicates, the mean ED-BN index is
1.2.

In Table 2, we report the centiles of the ED-BN index. The median ED-BN index is 0, and 5 percent of the respondents report a
score higher than seven. As shown in Figure 1, which reports the histogram of the ED-BN index in the first and last waves, the dis-

tribution of the ED-BN index is relatively stable over time.

5
ED+BMN Index
BN year==1989 [ ] year==1996

Figure 1: ED-BN Histogram First and Last Waves
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Table 2: Centiles

Variable Percentiles
25th 50th 75th 95th
EDeBN Index 0 0 1 7
Distrust Index 1 3 5 11
Ineffectiveness Index 0 1 4 11
Perfectionism Index 4 6 9 12

Empirical Framework

We wish to examine the associations between past and current bulimic behavior and to assess the role played by slow-learning on
current behavior. To do so, we regress the outcome variable on lags of the ED-BN index (yit-1 and yit-2), demographic characteris-
tics (D1, discussed shortly), and personality traits (Xit, discussed shortly). The vit is a normally distributed shock that accounts for

non-observable time changing factors. Specifically, we estimate

Vi = PBo + [Slyitfl + ﬁlyit72 + B;D; + B.X, + v, (1)

where we cluster the observations at the individual level to control for any unobserved shock that correlates observations within an
individual and report robust standard errors to control for heteroskedasticity. As in any dynamic model, we need to address the en-
dogeneity of lagged behavior. In order to obtain a consistent estimate of 1 we use an instrumental variables (IV) approach, name-
ly the Two-Stage-Least-Squares (henceforth, 2SLS) approach. In particular, we use the time changing portion of the personality

traits Xit-1 as excluded instrumental variables to obtain an estimate of f1 that reflects only state dependence.

To formally illustrate the identification strategy and keep the notation simple, let us focus on the case with only one endogenous
variable (yit-1). The argument can be easily extended to the case with two endogenous variables (yit-1 and yit-2). The first-stage

equation is given by
Yier = Vo + ViXy + v, X +viD; + ¢, ,(2)
and the second-stage equation is given by
Vie = To + Iy + Iy + 5D + v, (3)

To avoid the weak IV problem, our results depend on Xit-1 making a sufficient contribution to the prediction of yit-1 conditional

on Xit and Di.We then form

YAitfl = VAo + VAIXit + VA2X't71 +vADi+ e, (4)

1

and substitute into the second stage equation to get

Vi = (1o + 1,V°0) + (1, + 1, )X + 1,v", X, ) + (15 + 1,v75)D; + v (5)

As it is common in the estimation of dynamic models, identification of state dependence comes from the coefficient on v"2Xit-1.
As in the work of [5], our results hinge on v*2Xit-1 being correlated with yit conditional on Xit and Di, In words, the identification
assumption is that the lagged personality characteristics only affect current BN through lagged BN, conditional on the current val-

ues of the personality characteristics and the (time-invariant) demographics. If this condition did not hold, we would expect to see
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the over identifying restrictions violated [17], but this is not the case in our work, as we show in section 3.1. Figure 2 shows the
posited relationship between the instrumental variables (i.e., lagged values of the personality indices), the outcome variables, and

the covariates. This approach requires variation in the personality traits over time, which we discuss in more detail in section 2.6.

Relationship between Instruments, Outcomes, and Covariates
Lagged Personality Traits Lagged Bulimic Outcome
(Instruments) {Endogenous)
LN \
Covariates f
(Parental Education, Household Current Bulimic
Incomne, Age, Rnce, and Current - Outcome

Personality Traits)

L

Figure 2: Relationship between Instruments, Outcomes, and Covariates

Lagged Outcomes

To examine how past bulimic behavior affects the current propensity to engage in BN we propose a number of measures of past be-
havior. We first consider an AR (2) process, that is both yit-1 and yit-2 matter in explaining yit (this is the specification presented

»

in equation 1). We then construct an”intensity” stock variable that is the sum of the ED-BN index over all previous periods. We al-
so consider a “threshold” stock in which past behavior contributes to the stock only if the girl engaged in more intense BN be-
havior in the past (defined as a value of the ED-BN greater than 6). The threshold stock reflects the idea that a person learns the
harmful consequences of BN only when the intensity of the past behavior is relatively high. Note that while such stock measures
could be problematic in samples with older individuals (as earlier behavior would be out of sample and thus unobserved), this is
not an issue in our sample since the girls are quite young when first interviewed. We present summary statistics on the persistence
in the ED-BN index to motivate our dynamic estimation. To look at persistence in the ED-BN index we consider four categories:
equal to 0, in the range [1-5], in the range [6-10], and greater than 10. Table 3 provides the transition rates across two year inter-
vals for these categories. Note first that the higher is the ED-BN category the lower is the probability of having an index value of 0
two years later (i.e., at time t + 1). Second, the higher the category for the index in t, the more likely the ED-BN index lies between
6 and 10 in t + 1. Finally the higher the ED index in t, the more likely is the girl to be in the greater than 10 category at t + 1, i.e.,
the more likely she is to have clinical bulimia. For instance, the conditional probability of having clinical bulimia in t + 1 given that
a girl has it in t is 20%, while the same probability for someone with a ED-BN index in the range [1-5] in t is 2% and it is less than
0.5% for someone with an index equal to zero in t. The same general pattern comes through when we consider a more narrow
breakdown of the ED-BN index. If we simply look at the correlation between the index in t and the index in t+ 1, we estimate it to
be 0.48, and, not surprisingly, this estimate is very statistically significant. In conclusion, there is substantial persistence in the ED-

BN index and the incidence of clinical BN, motivating our use of dynamic models.
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Table 3: Transition Probabilities of ED-BN and Personality Traits

ED«BN Index Range at t ED«BN Index Range at t+2

0 [1,5] [6,10] >10

0 80.32 | 17.76 1.5 0.43
(1,5] 51.65 | 4001 | 6.5 1.84
[6,10] 31.68 | 4232 | 17.97 8.04
>10 21.62 | 38.38 20 20
Distrust Index Range at t Distrust Index Range at t+2

1 [2,4] [5,10] >10

1 55.44 | 15.07 3.76 25.74

[2,4] 24.26 | 41.83 | 15.89 | 18.01

(5,10] 893 | 2698 | 40.86 | 23.23

>10 7.61 8.16 25.79 | 58.44
Ineffectiveness Index Range at t IneffectivenessIndex Range at t+2

0 [1,4] [5,10] >10

0 54.53 | 15.74 2.52 27.21

[1,4] 247 | 49.22 7.31 18.77

[5,10] 9.33 35.81 | 33.36 21.5

>10 7.56 12.61 | 26.22 | 53.61
Perfectionism Index Range at t Perfection ism Index Range at t+2

4 [4,6] | [7,10] | >10

4 46.22 | 20.84 | 10.61 | 22.32
[4,6] 20.99 | 32.62 | 2442 | 21.96
[7,10] 8.16 16.67 | 45.29 | 29.88
>10 6.26 6.16 28.06 | 59.53

Note: Time interval is two years.

Covariates

We construct a number of variables to control for the impact of covariates on bulimic behavior. First, we include time-invariant de-
mographics (captured in Di). These include parental (or guardian) educational attainment (in brackets), household income (in
brackets), age, and race (European American or African American). Second, the NGHS contains questions used to measure perso-
nality traits/disorders, such as tendencies toward: perfectionism (the perfection- ism index), feelings of ineffectiveness (the ineffec-
tiveness index), and interpersonal distrust (the distrust index). These covariates are denoted by Xit. The perfectionism index is
based on subject responses to six items: 1) In my family everyone has to do things like a superstar; 2) I try very hard to do what my
parents and teachers want; 3) I hate being less than best at things; 4) My parents expect me to be the best; 5) I have to do things per-
fectly or not to do them at all; 6) I want to do very well. The subjects are offered the same responses, and the responses are scored

in the same way as the ED-BN index.

The ineffectiveness index is based on subject responses to ten items: 1) I feel I can't do things very well; 2) I feel very alone; 3) I feel
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I can't handle things in my life; 4) I wish I were someone else; 5) I don't think I am as good as other kids; 6) I feel good about my-
self; 7) I don't like myself very much; 8) I feel I can do whatever I try to do; 9) I feel I am a good person; 10) I feel empty inside. The
scoring rule is as follows: "always”=1, "usually’=2, "often”=3, “sometimes”=4, "rarely”=5, and “never’=6 in questions 1,2,3,4,5,7,
and 10; and “always”=6, "usually”=5, often”=4, “sometimes”=3, “rarely”’=2, and “never’=1 in questions 6,8, and 9. A response of
4-6 on a given question contributes zero points to the ineffectiveness index; a response of 3 contributes 1 point; a response of 2 con-

tributes 2 points; and a response of 1 contributes 3 points. The ineffectiveness index is a sum of all contributing points.

The distrust index is based on subject responses to seven items: 1) I tell people about my feelings; 2) I trust people; 3) I can talk to
other people easily; 4) I have close friends; 5) I have trouble telling other people how I feel; 6) I don't want people to get to know
me very well; and 7) I can talk about my private thoughts or feelings. The scoring rule is as follows: “always”=1, usually”=2,
“often”=3, “sometimes”=4, “rarely’=5, and "never’=6 in questions 5 and 6; and “always”=6, “usually’=5, “often”=4, “some-
times”=3, rarely”=2, and "never”=1 in questions 1, 2, 3, 4, and 7. A response of 4-6 on a given question contributes zero points to
the distrust index; a response of 3 contributes 1 point; a response of 2 contributes 2 points; and a response of 1 contributes 3

points. The distrust index is a sum of all contributing points.

The correlations between the ED-BN index and the perfectionism, ineffectiveness, and dis- trust indices are 0.23, 0.44, and 0.21, re-
spectively. These are consistent with papers in the medical literature who document the high comorbitity of BN with personality
characteristics and report several personality traits that increase risk for BN [18-20]. Table 2 reports the centiles of the perfection-

ism, ineffectiveness, and distrust indices.

We should note that our sample is limited by the fact that the personality indices are not available in wave 7. However, we can dou-
ble our sample size if we assume that the personality indices values vary smoothly from waves 5 to 9, and use interpolated values in

wave 7 when we estimate the 2SLS model.

Instrumental Variables

As mentioned above, our identification assumption is that, once we condition on the current values of personality traits and demo-
graphics, lagged personality characteristics affect current BN through lagged BN. This is a reasonable assumption as long as person-
ality traits evolve over time. Therefore, before turning our attention to the 2SLS estimates, we quantify the short-term changes (for

intervals of two years) in personality traits.

Table 3 reports the two-year transition rates of the personality traits. (The index ranges are based on the centiles presented in
Table 2.) The fraction of respondents whose personality trait index remains stable over the interval is on the diagonal of the transi-
tion matrix. Note that, while there is persistence in the personality traits, for each trait about 50% of the sample experiences
changes in their personality indices. These findings indicate a relatively significant level of change in personality traits in the short
term. This likely arises because our sample is a cohort of young girls over a developmental period (12-19 years old on average),
which is characterized by rapid physical, cognitive, and social change. Our finding of short-term changes in personality indices are
consistent with other studies that examine individual-level changes over similar age periods in personality development, rather

than rank-order stability or mean-level change of personality traits [21,22]

Results

In this section, we discuss the results aimed at determining if bulimic behavior exhibits tolerance or can be explained by slow learn-

ing.
Tolerance or Slow Learning?

Note that a positive association between past and current BN (i.e., state dependence) is necessary for BN to reflect tolerance, but it
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is not sufficient. In fact, there may be competing explanations that generate state dependence, but that do not involve tolerance or
increased use over time. For instance, it may be that individuals are initially uncertain of the deleterious side effects associated with
bulimia, but they slowly learn through experimentation that BN is harmful. The slow learning explanation for state dependence
has the implication that the longer individuals have experienced bulimic behavior the less likely they are to experience it in the fu-
ture. We now explore the potential for the slow learning explanation, and test whether we can rule it out. We first consider an
AR(2) process, that is both yit-1 and yit-2 matter in explaining yit, and then construct an "intensity” stock variable that is the sum
of the ED-BN index over all previous periods. We also consider a “threshold” stock in which past behavior contributes to the stock
only if the girl engaged in more intense BN behavior in the past (de- fined as a value of the ED-BN greater than 6). The threshold
stock reflects the idea that a person learns the harmful consequences of BN only when the intensity of the past behavior is relative-
ly high. Note that while such stock measures could be problematic in samples with older individuals (as earlier behavior would be
out of sample and thus unobserved), this is not an issue in our sample since the girls are quite young when first interviewed. The re-
sults in Table 4 provide strong evidence against the slow learning interpretation. All results are based on 2SLS estimation where we
treat the lagged ED-BN index as endogenous and include demographics and personality indices (using interpolated values in wave
7).

Table 4: Two-Stage Least Squares Estimates of ED-BN Persistence

Variables 1 2 3 4
One Period 0.149%** 0.120* 0.140%** 0.136***
(0.035) (0.065) (0.042) (0.045)
Two Periods 0.111%**
(0.037)
Stock Variables
Intensity Stock (sum of EDeBN Index) 0.007
(0.017)
Threshold Stock (sum of binary if EDeBN
Index > 6) 0.138
(0.269)
Control Variables
European American «0.134* (0.084) | «0.064 (0.076) | +0.130* (0.069) | +0.131* (0.069)
Age o 0.065*** 0.048* «0.070*** «0.071%**
(0.018) (0.026) (0.02) (0.02)
Parents Some College + 0.066 «0.040 +0.065 +0.061
(0.097) (0.09) (0.081) (0.082)
Parents Bachelor Degree or more o 0.035 0.044 «0.032 «0.029
(0.105) (0.1) (0.092) (0.093)
Income in [$20000, $40000] o 0.240%%* «0.022 0(.237%* ¢ 0.237°%*
(0.097) (0.093) (0.083) (0.083)
Income more than $40,000 o 0.288%** «0.112 «(0.286*** 0 0.287**
(0.094) (0.1) (0.089) (0.089)
Distrust Index o 0.002 0.012 «0.003 «0.003
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(0.015) (0.012) (0.01) (0.011)
Ineffectiveness Index 0.230*** 0.191*** 0.230*** 0.230***
(0.022) (0.016) (0.012) (0.012)
Perfectionism Index 0.096*** 0.044*** 0.095*** 0.095***
(0.013) (0.012) (0.01) (0.01)
Constant 1.138%** «0.849% 1.212%** 1.227*%*
(0.33) (0.467) (0.335) (0.339)
Sample Size (N) 5426 3402 5426 5426

Standard errors robust to heteroskedasticity and intraegroup correlation are reported in parenthesis. * indicates significant at 10%; ** signifi-
cant at 5%; *** significant. One Period is two years. The excluded case is parents without tertiary education, African American, income less
than $20,000.

Table 5 Reports the first-stage results of the 2SLS regressions to investigate the issue of weak instruments. Note that the lags of the

perfectionism and ineffectiveness indices are significant in all specifications.

Table 5: First-Stage Least Squares Estimates

Columns in Table
(1) (2) (3) (4)
(4)
Measures of past EDeBN Index (Instrumented Variables):
One One Period Two One Period Intensity | One Period Threshold
Period Periods Stock Stock
IVs for one lag:
Distrust Index «0.002 « 0.034 « 0.010 « 0.010
(0.015) (0.025) (0.02) (0.02)
Ineffectiveness | ) oenx | 1400 02534+ 0.253%*+
Index
(0.013) (0.025) (0.019) (0.019)
Perfectionism
0.165%** 0.169*** 0.187%** 0.187%*+*
Index
(0.014) (0.025) (0.019) (0.019)
IVs for two Lags
(or Stock in
Columns (3) & (4))
of:
Distrust Index « 0.016 e 0.050%** « 0.002
(0.019) (0.017) (0.002)
Ineffectiveness 0.272%%* 0.285%%* 0.019%**
Index
(0.017) (0.016) (0.001)
Perfectionism 0.191%%* 0.162%%* 0.009***
Index
(0.018) (0.015) (0.001)
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Other Controls:
European * * * ° %% ® %%
Ameriar £0.249% | o 0244 | o 0273 | 0. |« 0556 0ageee | *0:034
(0.08) (0.095) (0.107) (0.081) (0.144) (0.081) (0.013)
Age ¢ 0.078%** * o 0.063%* | &« 0.043 | o 0.350%** | o 0.043 | «0.020***

0.100**

(0.018) (0.032) (0.036) (0.031) (0.056) (0.031) (0.005)

Parents Some

«0.171* e 0116 | « 0.143 | o 0.167% | o 0363 | ¢ 0.167* | «0.051***
College

(0.095) (0.112) (0.128) (0.095) (0.169) (0.095) (0.015)

Parents Bachelor

0 0.266™ | o 0.133 | o 0.238% |« 0.259% | ¢ 0.611"% | o 0.259** | «0.057***
Degree or more

(0.107) (0.125) (0.142) (0.107) (0.191) (0.107) (0.017)

Income in [$20000’ *% ° % % *%% *% >t
$40000] 0227 3pgeee | * 0227 |« 0.230% |« 04497 |+ 0230 | +0.032
(0.095) (0.113) (0.095) (0.095) (0.17) (0.095) (0.016)
Income more than o . N . o .
$40,000 «0.248 03epeee | ¢ 0248 | e | e 04247 L | #0020

(0.103) (0.121) (0.103) (0.103) (0.183) (0.103) (0.017)

Distrust Index 0.023 0.012 0.011 0.024* 0.028 0.024* 0.005**

(0.015) (0.022) (0.026) (0.015) (0.026) (0.015) «0.002

Ineffectiveness

0.032%* 0.021 0.036 0.032%* | 0.066"* | 0.032** 0.004*
Index
(0.013) (0.022) (0.025) (0.013) (0.024) (0.013) (0.002)
Perfectionism 0.019 0.063*** 0015 | « 0018 | « 0025 | « 0018 | 0.003
Index
(0.014) (0.022) (0.025) (0.014) (0.025) (0.014) (0.002)
One Lag Distrust 0.034 . 0035 «0.002
Index
(0.029) (0.036) (0.003)
One Lag
Ineffectiveness « 0.013 0.055* «0.001
Index
(0.027) (0.033) (0.003)
One Lag
Perfectionism .« 0.005 0.009 0.005*
Index
(0.028) (0.034) (0.003)
ReSquared 0.213 0.194 0.231 0.216 0.3 0.216 0.183

Standard errors robust to heteroskedasticity and intrasgroup correlation are reported in parenthesis. * indicates significant at 10%; ** signifi-
cant at 5%; *** signifcant at 1%. One Period is two years. The excluded case is parents without tertiary education, African American, income

less than $20,000.
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For comparison purposes, in the first column of Table 4 we repeat the results from Ham et al. [5], which include only the first lag
of ED-BN index. We obtain an estimated coefficient of 0.14. To test if lags of personality traits are valid instruments, we consider
two diagnostics: i) a test statistic for weak instruments; and ii) a Wald statistic to test the overidentifying restrictions that the instru-
ments are valid. In calculating the former test, we take into account the fact that there will be heteroskedasticity in the first-stage re-
gression equation for a censored dependent variable, and we use the conjecture by [23] that in the presence of heteroskedasticity,
the Wald statistic should be greater than 32. We obtain a test statistic for weak instruments of 221, so we pass this test. Further,
when we consider the three instruments on an individual basis, the first stage estimates of the lagged values of all the personality
traits are significant, and we pass the weak IV test for the perfectionism and ineffectiveness indices. The additional first-stage esti-
mates are available on request. In diagnostic ii), the critical value is x2(I); where 1 is the degree of overidentification. Intuitively the
test can be thought of as assuming that one of the instruments is valid, and then seeing whether the other instruments have a zero

coefficient in the structural equation. In this case, the overidentification test statistic is 2.74 (p-value 0.21).

In sum, both diagnostics indicate that our instruments are not weak, and the overidentifying restrictions are not rejected. We refer
the reader to [5] for a thorough discussion of the methodology and tests. Column (2) specifies an AR (2) process where one and
two lags of the personality indices are used as instrumental variables. Column (3) includes one lag of the ED-BN index and the in-
tensity stock, while column (4) replaces the intensity stock with the threshold stock. In columns (3) and (4) we use the lag and the

sum over all previous waves of each personality index as instrumental variables.

Our results in column (2) show that the first and second lag coefficients (recall that each lag is two years) are both statistically signi-
ficant and equal to 0.12 and 0.11, respectively. These results cast doubt on slow learning as a driving force in state dependence, as
the latter suggests that experiencing BN for four years would most likely reduce current behavior. Further evidence against the
learning interpretation comes from columns (3) and (4). If learning was important we would expect the coefficients on the stock
variables to be negative and statistically significant, but instead they are both positive and insignificant. Thus we conclude that
slow learning does not explain state dependence in BN persistence. These findings corroborate our hypothesis that it is tolerance

that explains state dependence.

Discussion

In this section we examine the potential addictive nature of BN and discuss robustness checks.

Fit of BN with Addiction Diagnostic Criteria

According to the DSM-IV, a behavior (or use of a substance) is an addiction if it satisfies at least three of seven criteria in a given
year: 1) experiencing a persistent desire for or an inability to reduce or control the behavior, 2) the behavior continuing despite
known adverse consequences, 3) withdrawal, 4) tolerance (more is needed for the same effect), 5) engaging in the behavior for a
longer period than was intended, 6) spending much time seeking or recovering from its effects, and 7) the behavior interfering
with important activities. It is straightforward to note that BN fulfils criterion 1 (inability to control its use) as one of the diagnos-
tic criteria for BN involves loss of control over the eating process. Regarding criterion 2, it has been shown that young women per-
sist in BN [5]. Due to data limitations we are not able to determine if the respondents are aware of the negative consequences of
their behavior, however a number of the adverse health effects will be readily apparent, such as an irritated esophagus, tooth decay,
muscle weakness, gastric rupture, and anemia. In this sense the continued behavior is consistent with addiction criterion 2 (i.e.,
use continues despite known adverse consequences). There is separate scientific evidence of withdrawal (criterion 3) in laxative
use, which is a purging behavior [24]. In the previous subsection, we provided empirical evidence in favor of criterion 4 (toler-

ance).

In summary we argue that BN fulfills at least three of the DSM-IV criteria necessary to be classified as an addiction, which pro-

vides a basis for BN to be classified as an addiction. In line with our argument, two works that studied eating disorders from an ad-
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diction perspective, used a structured interview for the assessment of addictive disorder criteria in individuals with anorexia ner-
vosa (AN), BN, or BED.2 They document that the majority of participants (65%) with BN and between 35 and 48% of participants
with AN or BED satisfied the criteria for an addictive disorder [31], [32]. Furthermore, [25] note that other diagnostic criteria for
bingeing related disorders approximate the DSM-IV criteria for addiction. These include binge-type consumption, (i.e., criterion
5); bingeing is followed by inappropriate compensatory behavior (i.e., criterion 2); bingeing occurs at least twice a week for 3
months (i.e., criterion 5). Their argument is not based on an empirical analysis, but rather on the relation between the DSM-IV ad-
diction and BN criteria. Note that the use of the DSM-IV criteria might have the drawback of being overly cautious, and may un-
derestimate the actual prevalence of BN when compared with the DSM-V classification, whose primary objective is to reduce the
fraction of the DSM-IV residual cat- egory diagnosis Eating disorder not otherwise specified (EDNOS)3. In this respect, a recent
study of 2,822 Australian adolescents, whose parents were recruited from prenatal clinics and tracked until age 20, shows that us-
ing DSM-V criteria instead of DSM-IV criteria considerably increased the prevalence rates of eating disorders [33]. Similarly, the
change in classification from the DSM-IV to DSM-V led to an increase in the proportion of BN of 4.5 percentage points of all eat-
ing disorders in a sample of young Americans aged 8 to 21 who were newly diagnosed with eating disorders [34].4 As the criteria

for BN have been expanded in the DSM-V, all the discussion above readily follows for this classification.

More specifically, when they consider a model where the only explanatory variable is the (assumed to be exogenous) lagged depen-
dent variable; its coefficient is estimated at 0.44 and, not surprisingly, it is very statistically significant. Regarding the effect of past
ED-BN experience on current behavior, this coefficient can be interpreted as an elasticity since we would expect the mean of a vari-
able and its lag to be equal, so they obtain a relatively large estimate of the elasticity of 0.44. After they add the controls, Xit, and
Di, and treat the lagged dependent variable as endogenous (employing the instrumental variable approach outlined above), the esti-
mated elasticity is 0.149, which indicates that up to two-thirds of the variation in the persistence can be attributed to state depen-

dence. See Goodman [30] for a description of the addiction criteria used in these studies.

Robustness Checks

One concern is that any observed changes in personality traits may be the result of measurement error rather than actual changes
in traits. In particular, suppose Xit and yit (and by extension Xit-1 and yit-1) are each a function of some variable plus random
noise. In that case a first stage regression of yit-1 on Xit-1 and Xit can generate significant coefficients on both regressors in the
presence of measurement error in Xit. To address this concern, we exploit the longitudinal nature of our data to investigate the sin-
gle factor hypothesis. We decisively reject the null hypothesis that changes in our variables over time are simply due to measure-
ment error5. Our results are in line with recent articles surveyed in a review [22] on individual differences in changes of personali-
ty traits, which used the reliable change index, and conclude that reliable differences in changes of personality traits during child-

hood and adolescence exist and are not attributable to measurement error.

We also consider whether our results are robust to not using the interpolated data. Recall, the estimates in Table 4 have been ob-
tained using interpolated values of personality traits in wave 7. Table 6 presents results for column (1) of Table (4) without using
the interpolated values in wave 7. A comparison of the 2SLS estimates, with and without interpolated indices, suggests that the use
of imputed values does not invalidate the main results. Further, both the diagnostics still show that our instruments are not weak,
and the over identifying restrictions are not rejected. In particular, we obtain i) a test statistics of 143.20 and ii) the over identifica-
tion test statistic is 1.796 (p-value 0.407) when not using the imputed values in wave 7. Table 6: Two-Stage Least Squares Estimates
Interpolation Robustness Finally, note that the distrust index is the only IV that is not significant in the first stage results (see
Table 5).
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Table6: 2SLS Estimates with and without interpolated Indices

Variables (1) 2)

Lagged EDeBN Index 0.190*** 0.149**
(0.048) (0.035)
European American « 0.105 «(0.134*
(0.12) (0.069)

Age « 0.021 0.065***
(0.025) (0.016)
Parents Some College 0.017 +0.066
(0.144) (0.081)
Parents Bachelor Degree or More + 0.009 «0.035
(0.164) (0.092)

Income in [$20000, $40000] 00.524*** «0.240***
(0.147) (0.083)

Income more than $40,000 «0.463** «(0.288***
(0.158) (0.089)
Distrust Index « 0.040** «0.002
(0.017) (0.01)

Ineffectiveness Index 0.258%** 0.230%**
(0.017) (0.012)

Perfectionism Index 0.129*** 0.096***
(0.016) (0.01)

Constant 0.515 1.138%**
(0.414) (0.285)

Interpolated Indices No Yes
Weak IV Test 143.2 221.89
Over identification Test 1.796 2.736
(0.407) (0.213)
Sample Size 2285 5426

Notes: Standard errors robust to heteroskedasticity and intrasgroup correlation are reported in parenthesis. * indicates significant at 10%; **

significant at 5%; *** significant at 1%. The excluded case is parents without tertiary education, African American, income less than $20,000.

We then consider only the perfectionism and ineffectiveness indices as IV, and we obtain an estimate for the lagged coefficient of
the ED-BN index of 0.163 when we estimate the specification of column (1) in Table 4, suggesting that the results are robust to the
exclusion of the distrust index. Partial forms of AN, BN, purging disorder, and BED were all under this general heading "ED-
NOS."" In order to accomplish the targeted decrease of this residual category - labeled "other specified feeding and eating disor-
der’” (OSFED) in the DSM-V, the criteria for AN and BN have been widened, and BED has been included as a defined eating dis-
order. As a result, OSFED only includes atypical forms of AN, BN, and BED of low frequency or limited duration, as well as purg-
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ing disorder and night eating syndrome. For a detailed comparison between DSM-IV and DSM-V classification for bulimia ner-

vosa see [35]. More details of the test and the test results are available on request.

Conclusions

This study presents evidence that suggest BN fulfills at least three of the DSM-IV criteria for an addiction. Our case can be made
even stronger by noting that BN presents important similarities to drug and alcohol abuse. First, individuals suffering from ED re-
port requiring more of the behavior to produce the same effect, parallel to the behavior associated with drug or alcohol addictions.
Medical research has found that the auto-addiction-opioid theory posits that ED is an addiction to the body's production of opi-
oids [26]. Starving, bingeing, purging, and exercise increase the body's f-endorphin levels resulting in the same chemical effect as
that delivered by exogenous opiates. Medical research provides further support of this hypothesis. For instance, opioid receptor
binding in the area of the brain involving the anticipation and reward of eating in bulimic women is lower than in healthy women
[27] and this reaction has been found in other studies of addictive behavioral disorders, including drug addiction and gambling. Se-
cond, patients with BN seem to respond to treatment initially aimed at combatting drug and alcohol abuse. For example, Naltrex-
one, an anti-addiction opioid antagonist normally used in the treatment of alcohol dependence, has shown signs of success in nor-

malizing eating patterns in those suffering from anorexia and bulimia [28].

These results suggest directions for policy aimed at combating BN. Our results strongly suggest that BN should be treated as an ad-
diction. This is important in the sense that we argue those exhibiting BN should be treated in an analogous way (from a treatment
reimbursement perspective) to those individuals abusing drugs or alcohol. In many states this is a policy issue. According to the
National Eating Disorders Coalition even among those states that provide some coverage it is often inadequate. Eating disorders
(and hence BN) are not included under the Obamacare benefits categories, instead the definition of a required “mental health ser-
vice” is left to the discretion of the states and insurance companies. In the majority of the states treatment for alcoholism and drug
addiction is covered whereas treatment for ED is not covered [29], and when available the coverage can be inadequate. Our study
suggests avenues for additional research. First, while one benefit of the data is that it contains information on bulimic behaviors
for all girls, a limitation is that it does not contain information on actual BN diagnosis. Thus it would be valuable to consider this
study applied to a longitudinal dataset on women who have been diagnosed with BN to determine the extent to which the results
are robust to diagnosis. For example, it may be the case that tolerance is even more pronounced among this group of women. Se-
cond, it would be valuable to examine more demographic groups as the current study only allows us to consider African Ameri-
cans and European American girls. It does not let us say anything about other ethnic groups or minorities where the effect of BN
may be different due to cultural differences. Third, it would be worthwhile to further understand the mechanisms through which
the addictive behavior operates - is it related to social interactions, family influences, media exposure, etc. This current study does

not enable us to address these important questions.
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