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eAppendix 1. Microsimulation Model

We developed a microsimulation model in Java to simulate the course of eating disorders from
birth until age 40. The model uses an annual cycle and follows a cohort of 100,000 individuals
(50,000 males and 50,000 females) as they transition between a set of health states. We assumed
that eating disorders were mutually exclusive, and modeled 6 health states in total: Healthy,
Anorexia Nervosa (AN), Binge Eating Disorder (BED), Bulimia Nervosa (BN), Other Specified
Feeding or Eating Disorder (OSFED), and Dead.

Using a microsimulation (i.e. individual-level) model allows us to condition transition
probabilities on an individual’s history of eating disorder episodes and treatment. For example,
we model higher remission probabilities for individuals who receive treatment for eating
disorders. Also, considering an individual’s history of eating disorders allows us to model
probabilities of relapse that are much higher than general incidence for people without a history
of eating disorders. Empirical studies have found that the lifetime prevalence of eating disorders
by middle age is generally 2-3 times higher than 12-month period prevalence at earlier ages. This
suggests that the risk of eating disorders is concentrated among a subset of people who may
repeatedly transition between ‘Healthy’ and an eating disorder state. Rather than assuming all
individuals have independent, identical probabilities of eating disorder incidence, a
microsimulation allows us to model this concentration of risk and take heterogeneity into
account.

We calibrated the model parameters (i.e. annual probabilities of transitioning between each state)
so that the predicted prevalence of eating disorders from the model (12-month period prevalence
and cumulative lifetime prevalence) was consistent with empirical data. Prior probability
distributions for each parameter (i.e. initial search bounds) were set based on empirical data, as
described below.
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eAppendix 2. Model Parameters: Priors

Incidence

Estimated incidence rates for AN and BN by sex and age group were available from the Global
Burden of Disease (GBD) 2017. We converted these incidence rates to annual probabilities and
used the 95% Cls to inform the upper bound of the initial search bounds.

For BED and OSFED, 8-year cumulative incidence estimates were reported in Stice 2013 among
a sample of 496 adolescent females. BED was reported for 13 out of 496 individuals (2.6%). To
estimate the cumulative incidence of OSFED we summed cases of other reported eating
disorders: Feeding or Eating Disorder-Not Elsewhere Classified (n=53), Atypical anorexia
nervosa (n=14), Subthreshold bulimia nervosa (n=19), Subthreshold binge eating disorder
(n=17), and Purging disorder (n=17). This yielded 120 out of 496 individuals (24.2%). Note
however that these categories were not mutually exclusive in the Stice analysis, so to the extent
that individuals have multiple eating disorders, summing across categories may overestimate
OSFED incidence. Because we had no data on OSFED incidence or prevalence for males we
constrained the incidence probabilities for males to be less than females, for which we have
incidence estimates and a calibration target at age 20 (see Targets below).

We estimated 95% Cls for these estimates (BED and OSFED incidence) using Beta distributions.
We then converted these estimates of 8-year cumulative incidence to annual probabilities,
assuming a constant rate over the period. Lastly, we imputed age-group specific estimates by
scaling the average shape of the GBD age-group estimates for AN and BN so that the mean
adolescent incidence probabilities coincided with the reported estimates for BED and OSFED.

We set the lower bound for each incidence prior to 0 to encourage the model to search lower
probabilities of incidence since we account for much higher probabilities of relapse among
individuals with a history of eating disorders (see below). We also set the initial upper bound for
the prior distribution to the estimated lower bound from the GBD for AN and BN to narrow the
parameter space.

The incidence for each age group was sampled independently, but we enforced the structure of
the age curves (i.e. the relative shapes of the curves were preserved during calibration). Age-
specific (single-year) incidence probabilities were linearly interpolated using the midpoint of the
sampled age-group probabilities.

Here we plot the prior bounds:

© 2019 Ward Z] et al. JAMA Network Open.
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Relapse

Studies have found that the risk of eating disorders is concentrated among subsets of people. For
example, a genetics study by Trace (2013) found that 50-80% of the risk for AN and BN is
genetic. Another study found that about half the risk for BED is genetic (Ulfvebrand 2015).

In addition, people with eating disorders often have psychiatric co-morbidities. For example, 33-
50% of AN patients have a comorbid mood disorder, such as depression, and about half of AN
patients and more than half of BN patients have comorbid anxiety disorders (Ulfvebrand 2015).
About half of BED patients have a comorbid mood or anxiety disorder (Ulfvebrand 2015). And
about 1 in 10 BED and EDNOS (now OSFED) patients have a comorbid substance abuse
disorder (Ulfvebrand 2015).

Also, a study of over 10,000 adolescents found that the ratio of 12-month to lifetime prevalence

of eating disorders ranged from around 50-70% (Swanson 2011), indicating that eating disorders
frequently persist (or recur) among the same individuals over time. Similar results were found in
a nationally representative household survey (Hudson 2007).

This clustering of co-morbidities, together with the relatively low lifetime prevalence of eating
disorders compared to 12-month prevalence, suggests that eating disorders are clustered among a
subset of people. Therefore, we need to take into account higher risk of incidence (i.e. relapse)
among those with a history of eating disorders.

Studies have found a substantial risk of relapse. A systematic review (Berends 2018) found that
31% of anorexia patients relapsed after treatment, with the highest risk in the first year. A relapse
rate of 31% was observed during the two-year follow-up period among 48 female patients with
BN who had achieved symptom control (Olmsted 1994). Another study found the rate of rapid
relapse (= 8 episodes per month for 3 months starting within 6 months of treatment completion)
was 27.6% (Olmsted 2015). A randomized trial of the efficacy of lisdexamfetamine dimesylate
in adults with moderate to severe BED found that 3.7% of those on the drug met the relapse
criteria, compared to 32.1% for placebo (Hudson 2017). Lastly, a prospective study (Stice 2013)
found the following recurrence rates, which, though based on small samples are still informative:
25% for AN, 23% for BN, 33% for BED, and around 20%-30% for other eating disorders.

Given these findings, we set initial search bounds for the annual probability of relapse to 5%-
40%. We constrained OSFED relapse probabilities for males to be lower than females since we
do not have a calibration target for males with OSFED.

We assume that the probability of relapse declines over time. We modeled this using a declining
exponential function p, = p, * a® where p, is the probability of relapse in the first year after
remission, t is the number of years since remission, and « is a parameter in [0,1] that controls
how quickly the probability declines over time - smaller values of « result in faster declines. We
set a uniform prior on « over [0,1].

© 2019 Ward Z] et al. JAMA Network Open.
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Remission

Baseline remission rates are used to model the probability of transitions back to Healthy in the
‘natural history’, that is, in the absence of treatment. For individuals who are treated for eating
disorders we model a treatment effect that increases their probability of transitioning to Healthy
(see below).

Remission estimates were available from a prospective study of 496 adolescent females (Stice
2013).

Three out of the 4 participants (75%) with AN, 13/13 (100%) participants with BN, and 14/15
(93%) participants with BED showed remission within 1 year. Based on reported data, we
calculated that 117/128 (91%) individuals with other eating disorders (which we combined as a
proxy for OSFED) were reported in remission after 1 year. We present the breakdown of the
other eating disorders reported in Stice 2013 here:

Diagnosis Remission | Total
FED-NEC 51 57
Atypical AN 10 14
Subthreshold BN | 22 22
Subthreshold BED | 18 18
PD 16 17
Total 117 128

However, these estimates are based on individuals who have been identified with ED and
enrolled in a trial. Rates of remission are expected to be lower in the absence of diagnosis and
treatment. Indeed, clinical trials find much lower remission rates among controls. For example,
Bergh 2002 found that 10/11 (91%) treated participants with AN were in remission after a
median of 14.4 months of treatment, while none of the 8 participants assigned to the delayed-
treatment control group went into remission during the 21.6-months observation period. A
Cochrane Review (Hay 2009) of 8 studies of psychological treatments for BN and binging found
that only around 5% (10/172) of participants in the control group were in remission at the end of
treatment. Based on the evidence, we thus assume that remission rates are quite low in the
absence of treatment, and set priors for the annual probability of remission between 0-10%.

Natural History Remission Probabilities (Males) Natural History Remission Probabilities (Females)
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Treatment

Estimates of eating disorder prevalence are based on data from the population, in which some
proportion of people have received or are currently receiving treatment for eating disorders,
which would change their probabilities of remission (see above). In the model we therefore
assume that some proportion of people with eating disorders are on treatment, and that this
increases their probabilities of remission. We model the proportion on treatment informed by
data from a nationally representative household survey (Hudson 2007) and implement treatment
efficacy as a remission rate ratio that is inferred via calibration.

Proportion on Treatment

The 12-month probability of treatment for females is reported in Hudson 2007 (Table 8b) for BN
and BED, while only the lifetime probability of treatment is available for AN. We constructed
search bounds for BN and BED based on the reported estimates and standard errors, and used the
ratios of lifetime treatment for BN and BED to 12-month treatment to estimate 12-month
treatment for AN. We see that the 12-month treatment proportion is about half of the lifetime
probability for BN and BED, so we assume that it is similar for AN. We also assume that the
search bounds for OSFED are the same as for AN in the absence of any data. We summarize the
initial search bounds below:

Disorder | Females - Estimate | LB | UB | Notes

AN 0.15 0 |0.3 | Assume 50% of lifetime
BED 0.316 0.1 | 0.53 | Based on 95% ClI

BN 0.171 0 |0.37 | Based on 95% ClI
OSFED | 0.15 0 [0.3 | Assumesameas AN

Similar estimates are available for males (Hudson 2007, Table 8c), but 12-month treatment is
only reported for BED. We therefore estimated 12-month treatment probabilities for males based
on lifetime probabilities as described above:

Disorder | Males - Estimate | LB | UB | Notes

AN 0.25 0 |05 [ Assume 50% of lifetime

BED 0.215 0 |0.51 | Based on 95% ClI

BN 0.15 0 |0.3 | Assume 50% of lifetime

OSFED | 0.15 0 |0.3 | Assume same as Female OSFED

© 2019 Ward Z] et al. JAMA Network Open.
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Treatment Efficacy

Estimates of treatment efficacy were based on two Cochrane systematic reviews.

Hay 2009 compared cognitive behavioral therapy (CBT) for bulimia nervosa and binging versus
no treatment/waiting list. Eight studies based on 349 participants yielded a relative risk of no
remission (i.e. not 100% binge free) of 0.69 (95% CI 0.61 to 0.79) in favor of CBT. We used the
inverse to estimate the relative risk of remission: 1.45 (95% CI 1.26 to 1.64). A comparison of
any psychotherapy (other than CBT) versus no treatment/waiting list based on six studies with
291 participants found a relative risk of no remission of 0.63 (95% CI 0.48 to 0.83). Taking the
inverse yields remission RRs of 1.59 (95% CI 1.20 to 2.08). Based on these estimates we set
priors of 1.2 to 2.0 for treatment efficacy for BN and BED.

Hay 2015 examined outpatient individual psychological therapy for adults with AN. However,
estimates for treatment efficacy compared to no treatment were not available except for one
small study (Bergh 2002) in which 10 of 11 treated participants were in remission after a median
of 14.4 months of treatment, while none of the 8 participants assigned to the delayed-treatment
control group went into remission during the 21.6-months observation period, yielding a RR of
7.69 (95% ClI 1.67 to 33.3). Similar time to remission was observed in the study for AN, BN, and
EDNOS. We therefore used the same priors for OSFED as for BN and BED, and set wide priors
from 1.5 to 10 for AN informed by the magnitude in the Bergh study.

We did not find any estimates of treatment efficacy on risk of future relapse or mortality, so we
assumed that treatment only affects remission probabilities in the model.
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Interdisorder Transitions

Data were obtained from PEDSnet, a clinical data research network. PEDSnet represents a
consortium that includes eight children’s hospitals (Boston Children’s Hospital, Children’s
Hospital of Philadelphia, Cincinnati Children’s Hospital Medical Center, Children’s Hospital
Colorado, Nationwide Children’s Hospital, Nemours Children’s Health System, Seattle
Children’s Hospital, and St. Louis Children’s Hospital). Condition concept IDs included in
patient visit conditions and problem lists were mapped to the eating disorder health states used in
the model. Probabilities of transitioning between health states in the year after diagnosis were
estimated using survival analysis.

As detailed in Rodriguez et al., transition probabilities in the first year were estimated based on
84,909 observations on 9,713 individuals. There were 76,311 observations on 8,568 females and
8,598 observations on 1,145 males. While the data contains a few visits as early as 2002 and as
late as 2018, over 90% of the visits occurred between 2009 and 2017.

Note that the estimated transition probabilities from this dataset are conditional on still having an
ED and still seeking treatment at a participating children’s hospital. Therefore, all of these
probabilities need to be scaled down. However, they are still useful to inform the relative disease
dynamics. For example, the data reveal that AN to BN transitions are rare, a finding supported
by the different behaviors associated with these diagnoses. Because this sample is comprised
entirely of individuals receiving treatment we expect remission rates to be quite high. For
example, Stice 2013 reports one-year remission rates of 75-100%. We therefore scaled these
probabilities down by 90% when constructing prior bounds.

Estimates for BED were not available, so we assumed that OSFED included BED. Based on
lifetime prevalence estimates from Stice 2013 and Hudson 2007, we assume that BED accounts
for about 1/4 of BED+OSFED and split the probabilities accordingly.
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Mortality

Background mortality (i.e. mortality for Healthy) was modeled based on sex-/age-specific US
lifetables for 2012 (Arias 2016).

Mortality estimates were based on a meta-analysis of 36 studies (Arcelus 2011) which reported
the following standardized mortality ratios (SMR):

Diagnosis | SMR

AN 5.86 (95% ClI 4.17-8.26)
BN 1.93 (95% CI 1.44-2.59)
EDNOS | 1.92 (95% CI 1.46-2.52)

We assumed that the SMR estimated for EDNOS was applicable for OSFED in our model.

A systematic literature review for BED (Agh 2015) found that although BED mortality was not
reported in any of the included studies, one study found that the ORs for suicidal ideation and
attempt were 2.6 and 3.1, respectively, comparing BED to asymptomatic individuals (Ackard
2011). We therefore used the same EDNOS SMR bounds from Arcelus 2011 for BED.
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eFigure 1. Incidence

Black lines: Prior Search Bounds, Blue lines: Top 100 Parameter Sets
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eAppendix 3. Calibration

We calibrated the model to fit to empirical data on the prevalence of eating disorders by age. We
fit to 12-month prevalence estimates at different ages, and cumulative lifetime prevalence
estimates at age 40.

A directed search algorithm (simulated annealing) was used to find good-fitting parameter sets.
We used a greedy implementation of simulated annealing where the variance of the proposal
distribution followed an exponential cooling schedule (o = at, where t is the iteration in the
search chain and we set « = 0.996). This approach allowed the search algorithm to better
explore the parameter space (i.e. larger step sizes) early in the search chain, and iteratively fine-
tune the parameters (i.e. smaller step sizes) as the search chain progressed. We ran 10,000
independent searches of 1,000 iterations each, selecting the final best-fitting 100 sets.

During calibration, if a sampled set of parameters was invalid (i.e. probabilities sum to more than
1.0) the lower bounds of the relevant search bounds were iteratively lowered until a valid
parameter set was sampled.

Targets

12-month Prevalence

Prevalence targets were available for different ages. Adolescent estimates were available from a
nationally-representative sample of 10,123 adolescents aged 13 to 18 years (Swanson 2011).
Estimates for older ages were available from a nationally-representative household survey of
over 9,000 people (Hudson 2007), for the age groups 18-29 and 30-44. Because we model a
cohort of individuals (i.e. everyone is the same age as the model progresses), we assumed that
these estimates were representative of the midpoint of the reported age groups. That is, we
compared our model predictions at single-year ages to the estimates by age group. Target ages
were evaluated at the beginning of the cycle, before any transitions occurred for that age.

Model AN Prev. % BN Prev. % BED Prev. %

Age Sex (SE) (SE) (SE) Source

16 Both 0.2 (0.05) 0.6 (0.15) 0.9 (0.16) Swanson 2011
Male 0.2 (0.08) 0.3(0.22) 0.4 (0.09) Age Group: 13-18
Female 0.1 (0.06) 0.9 (0.17) 1.4 (0.33)

23 Both — 0.3(0.2) 1.4 (0.4) Hudson 2007
Male — — 0.1(0.1) Age Group: 18-29
Female — 0.6 (0.3) 2.4 (0.7)

37 Both — 0.4 (0.2) 1.1 (0.3) Hudson 2007
Male — — 0.9 (0.4) Age Group: 30-44

© 2019 Ward Z] et al. JAMA Network Open.



Female 0.7 (0.3) 1.3(0.4)

Cumulative Lifetime Prevalence

Stice 2013 reports lifetime prevalence at age 20 for 496 adolescent females, finding that 57
(11.5%) had Feeding and Eating Disorders Not Elsewhere Classified (FED-NEC), which we use
as a proxy for OSFED. Although OSFED also includes other diagnoses such as as atypical AN
which are also reported in Stice, because the categories are not mutually exclusive we did not
want to overestimate the prevalence of OSFED. Our estimates of OSFED prevalence by age 20
may thus be conservative. We constructed 95% Cls using a Beta distribution.

The following estimates of cumulative lifetime prevalence are from Hudson 2007 (Appendix
Table 1) for the age group 30-44. We assumed that these estimates were representative of 40-
year-olds in our model.

Sex AN % (SE) | BED % (SE) | BN % (SE)
Males | 0.6 (0.4) 2.5(0.8) 0.1(0.2)
Females | 0.9 (0.5) 3.7(1.0) 2.0 (0.6)
Total 0.8 (0.3) 3.1(0.7) 1.1(0.3)

References:

Hudson JI, Hiripi E, Pope HG, Kessler RC. The Prevalence and Correlates of Eating Disorders in
the National Comorbidity Survey Replication. Biol Psychiatry 2007; 61(3): 348-358.

Swanson SA, Crow SJ, Le Grange D, Swendsen J, Merikangas KR. Prevalence and Correlates of
Eating Disorders in Adolescents. Arch Gen Psychiatry 2011; 68(7): 714-723.
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eFigure 2. Scores

We scored the goodness-of-fit of each parameter set as the sum of the distance-squared

(i.e. quadratic loss function) between each prevalence target and model prediction. We weighted
each prevalence target by the inverse of its standard error, allowing more precise targets to have
more influence during the calibration.

We selected the 100 best-fitting parameter sets to use in the final model, highlighted in red
below.
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eFigure 3. 12-Month Prevalence Targets
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eFigure 4. Cumulative Lifetime Prevalence Targets

Black lines: Calibration Target 95% Cls, Blue lines: Top 100 Parameter Sets
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eFigure 5. Modeled Prevalence vs GBD 2017 Estimates
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eFigure 6. Relapse

Black lines: Prior Search Bounds, Blue lines: Top 100 Parameter Sets

Probability of Relapse (Males)

06 08 10
I

04

Annual Probability

0.0

1.0

Annual Probability
04 06 08
1

02
|

Probability of Relapse over Time - AN (Males)

1.0

08

Probability of Relapse
04

02

o0
I

Years since Remission

© 2019 Ward Z] et al. JAMA Network Open.

Annual Probability

Annual Probability

Probability of Relapse

02 04 08 08 10

0.0

02 04 06 08 10

0.0

02 04 06 08 10

o0

Probability of Relapse (Females)

Probability of Relapse over Time - AN (Females)

Years since Remission



Probability of Relapse Probability of Relapse

Probability of Relapse

02 04 06 08 10

o0

02 04 08 08 10

00

02 04 08 08 10

0.0

Probability of Relapse over Time - BED (Males)

Years since Remission

Probability of Relapse over Time - EN (Males)

Years since Remission

Probability of Relapse over Time - OSFED (Males)

Years since Remission

© 2019 Ward Z] et al. JAMA Network Open.

Probability of Relapse Probability of Relapse

Probability of Relapse

02 04 06 08 10

o0

02 04 08 08 10

00

02 04 08 08 10

0.0

Probability of Relapse over Time - BED (Females)

Years since Remission

Probability of Relapse over Time - BN (Females)

Years since Remission

Probability of Relapse over Time - OSFED (Females)

Years since Remission



eFigure 7. Remission

Black lines: Prior Search Bounds, Blue lines: Top 100 Parameter Sets
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eFigure 8. Treatment
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eFigure 9. Interdisorder Transitions
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eFigure 10. Mortality

Black lines: Prior Search Bounds, Blue lines: Top 100 Parameter Sets
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eFigure 11. Annual Prevalence by Age
Shaded areas indicate 95% Uls.
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