
Psychological Medicine

cambridge.org/psm

Original Article

Cite this article: Javaras KN, Franco VF, Ren B,
Bulik CM, Crow SJ, McElroy SL, Pope Jr HG,
Hudson JI (2024). The natural course of binge-
eating disorder: findings from a prospective,
community-based study of adults.
Psychological Medicine 1–11. https://doi.org/
10.1017/S0033291724000977

Received: 19 May 2023
Revised: 2 March 2024
Accepted: 3 April 2024

Keywords:
binge-eating disorder; eating disorders;
epidemiology; machine learning; natural
course; outcomes; predictors; relapse;
remission

Corresponding author:
Kristin N. Javaras;
Email: kjavaras@mclean.harvard.edu

© The Author(s), 2024. Published by
Cambridge University Press

The natural course of binge-eating disorder:
findings from a prospective, community-based
study of adults

Kristin N. Javaras1,2 , Victoria F. Franco1, Boyu Ren1,2, Cynthia M. Bulik3,4,5,

Scott J. Crow6,7, Susan L. McElroy8,9, Harrison G. Pope Jr1,2 and

James I. Hudson1,2

1McLean Hospital, Belmont, MA, USA; 2Department of Psychiatry, Harvard Medical School, Boston, MA, USA;
3Department of Psychiatry, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA; 4Department of
Medical Epidemiology and Biostatistics, Karolinska Institutet, Stockholm, Sweden; 5Department of Nutrition,
University of North Carolina at Chapel Hill, Chapel Hill, NC, USA; 6Department of Psychiatry, University of
Minnesota, Minneapolis, MN, USA; 7Accanto Health, Saint Paul, MN, USA; 8Lindner Center of HOPE, Mason, OH,
USA and 9Department of Psychiatry & Behavioral Neuroscience, University of Cincinnati College of Medicine,
Cincinnati, OH, USA

Abstract

Background. Epidemiological data offer conflicting views of the natural course of binge-eat-
ing disorder (BED), with large retrospective studies suggesting a protracted course and small
prospective studies suggesting a briefer duration. We thus examined changes in BED diagnos-
tic status in a prospective, community-based study that was larger and more representative
with respect to sex, age of onset, and body mass index (BMI) than prior multi-year prospect-
ive studies.
Methods. Probands and relatives with current DSM-IV BED (n = 156) from a family study of
BED (‘baseline’) were selected for follow-up at 2.5 and 5 years. Probands were required to have
BMI > 25 (women) or >27 (men). Diagnostic interviews and questionnaires were administered
at all timepoints.
Results. Of participants with follow-up data (n = 137), 78.1% were female, and 11.7% and
88.3% reported identifying as Black and White, respectively. At baseline, their mean age
was 47.2 years, and mean BMI was 36.1. At 2.5 (and 5) years, 61.3% (45.7%), 23.4%
(32.6%), and 15.3% (21.7%) of assessed participants exhibited full, sub-threshold, and no
BED, respectively. No participants displayed anorexia or bulimia nervosa at follow-up time-
points. Median time to remission (i.e. no BED) exceeded 60 months, and median time to
relapse (i.e. sub-threshold or full BED) after remission was 30 months. Two classes of machine
learning methods did not consistently outperform random guessing at predicting time to
remission from baseline demographic and clinical variables.
Conclusions. Among community-based adults with higher BMI, BED improves with time,
but full remission often takes many years, and relapse is common.

Introduction

Existing epidemiological data support conflicting views (Keski-Rahkonen, 2021; Wilfley,
Wilson, & Agras, 2003) of the natural course of binge-eating disorder (BED), the most preva-
lent eating disorder in the United States (Hudson, Hiripi, Pope, & Kessler, 2007; Taylor,
Caldwell, Baser, Faison, & Jackson, 2007; Udo & Grilo, 2018). Community-based studies
using retrospective assessments, including three nationally representative samples, suggest a
protracted course for BED, with mean durations ranging from 7 to 16 years (Hudson et al.,
2007; Pope et al., 2006; Taylor et al., 2007; Udo & Grilo, 2018). By contrast, several small pro-
spective, community-based studies potentially suggest a more transient course (Brown, Klein,
& Keel, 2015). For example, in an eight-year longitudinal study (Stice, Marti, & Rohde, 2013)
of incident eating disorder cases in girls ages 12–15 years at baseline, 14 of 15 (93%) partici-
pants who met DSM-5 criteria for BED at some point during the study had gone at least a
month without meeting full criteria for BED by 2-year follow-up. (Results for DSM-IV
BED in the same sample were similar [Stice, Marti, Shaw, & Jaconis, 2009]). In a longitudinal
study (Fairburn, Cooper, Doll, Norman, & O’Connor, 2000) of 48 women with DSM-IV BED
who were age 16–35 years at baseline, seven (18%) of the 40 participants with follow-up data
met criteria for an eating disorder at 5-year follow-up, including four (10%) participants who
still had BED. In a study (Cachelin et al., 1999) of 31 women with DSM-IV BED and a mean
age of 31.8 years, 11 (52%) of the 21 participants with follow-up data met full criteria for
DSM-IV BED at six months follow-up, and the remaining 10 (48%) experienced less than
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one binge-eating episode/week. However, no participants experi-
enced more than two months without binge-eating episodes at
either 3-month or 6-month follow-up.

All of these prior studies have limitations: the retrospective
studies are subject to recall bias, whereas the prospective studies
have been extremely small, excluded males, and either lacked
longer-term follow-up (Cachelin et al., 1999) or included partici-
pants who were not representative of individuals with BED in
terms of age of onset or BMI (Fairburn et al., 2000; Stice et al.,
2013). More specifically, mean age of onset was approximately
17 years in Fairburn et al. (2000) and Stice et al. (2013), which
is earlier than the 23–25 years reported in large nationally repre-
sentative, community-based studies (Kessler et al., 2013; Taylor
et al., 2007; Udo & Grilo, 2018). Similarly, of 36 participants
with BED and recorded BMI in Fairburn et al. (2000), only
22% had a BMI of 30 or greater, in contrast to 68% of participants
with 12-month BED in the most recent nationally representative
study (Udo & Grilo, 2018). Thus, larger multi-year prospective
studies that include men, middle-aged adults, and more indivi-
duals with higher BMI are needed to better understand the nat-
ural course of BED.

Further, little is known about the demographic and clinical
predictors of the natural course of BED. One study (Cachelin
et al., 1999), which used multiple linear regression to identify pre-
dictors of binge-eating frequency at 3- and 6-months follow-up in
21 participants, found that older age predicted greater frequency
of binge eating at 3-month, but not 6-month, follow-up.

Thus, in this study, our primary aim was to characterize the
course of BED, including time to remission and time to relapse
after remission, based on prospective data from a longitudinal
study (Hudson et al., 2010) of adults with BED. Our secondary
aim was to apply machine learning methods to examine
whether common, easily collected demographic and clinical
measures from baseline could be used to predict time to remis-
sion. Note that the goal of prediction is fundamentally different
from the goal of ‘explanation,’ or identification of causal struc-
ture (Diemer, Hudson, & Javaras, 2021; Yarkoni & Westfall,
2017).

Methods

Participants

At baseline, 156 individuals (99 probands and 57 relatives) with
current DSM-IV BED were selected for a longitudinal follow-up
study (Hudson et al., 2010) from among participants in a family
study of BED (Hudson et al., 2006). Previous investigations using
the family study data have examined the (retrospectively assessed)
age of onset and diagnostic stability of BED (Pope et al., 2006),
the familial aggregation and heritability of BED (Hudson et al.,
2006; Javaras et al., 2008a), and the co-occurrence of psychiatric
and other medical disorders with BED (Javaras et al., 2008b); in
addition, a previous investigation using the longitudinal study
data has examined the onset of metabolic syndrome components
in BED (Hudson et al., 2010). Notably, probands in the family
study were required to have body mass index (BMI) greater
than 25 kg/m2 (women) or 27 kg/m2 (men), because a major
aim of that study was to examine the familial aggregation of
BED controlling for familial aggregation of higher BMI.

Of the 156 individuals selected for longitudinal follow-up, 19
(12 probands and 7 relatives) could not be assessed at 2.5-year
follow-up, and an additional eight participants (5 probands and

3 relatives) could not be assessed at 5-year follow-up, correspond-
ing to follow-up rates of 87.8% (2.5 years) and 82.7% (5 years),
respectively.

Procedures and materials

Participants completed interviews and questionnaires at baseline
and at 2.5-year and 5-year follow-up timepoints. Baseline assess-
ments were conducted from October 2002 to July 2004. The lon-
gitudinal study protocol specified that the 2.5- and 5-year
follow-up assessments would occur 24–36 months and 54–66
months, respectively, after the baseline assessment. There were
three deviations from this timeline (two participants interviewed
at 36.1 and 36.3 months for the 2.5-year follow-up, and one par-
ticipant interviewed at 71.5 months for the 5-year follow-up).

Participants were interviewed by the same of three psychia-
trists (including JIH and HGP) at all three timepoints. At each
timepoint, the interviewer administered the Structured Clinical
Interview for DSM-IV (SCID-IV) (First, Spitzer, Gibbons, &
Williams, 2001), which included assessment of BED diagnostic
status at that timepoint. At follow-up timepoints, the interviewer
also gathered detailed information on any changes in BED symp-
toms since the last assessment, using questions based on the
SCID-IV, together with the participants’ retrospective chronology
of these changes, which was recorded to the nearest month using
a timeline that was reviewed with the participant. These assess-
ments yielded information on: (a) BED diagnostic status (i.e.
full DSM-IV BED, four sub-threshold forms of BED, and no
BED; see Table 1) at each timepoint; and (b) changes in BED
diagnostic status throughout the follow-up interval, along with
the time at which the changes occurred, provided that the new
status lasted for at least 3 months. The baseline SCID-IV informa-
tion on other lifetime psychiatric disorders was used to create
baseline predictors of time to remission from BED.

Additionally, at baseline, participants completed several ques-
tionnaires tapping constructs relevant to BED, including the
Eating Disorder Inventory–2 (EDI-2; Garner, 1991), the Three
Factor Eating Questionnaire (Stunkard & Messick, 1985), and
the Barratt Impulsiveness Scale–11 (Patton, Stanford, & Barratt,
1995). Subscale scores for these questionnaires were used as pre-
dictors of time to remission from BED.

Table 1. Definitions of BED diagnostic statusa

BEDb Meets full DSM-IV criteria for BED (including
eating binges that average ⩾ 2 days a week)

Sub-threshold BED A Meets all DSM-IV criteria for BED except for
criterion B and/or C (associated features)

Sub-threshold BED Bb Eating binges that average ⩾ 1 day a week, but
< 2 days a week

Sub-threshold BED C Eating binges that average ⩾ 1 day a month,
but < 1 day a week

Sub-threshold BED D Eating ‘mini-binges’ that (a) do not fully meet
DSM-IV criterion A for amount of food
consumed or loss of control, but where the
amount of food was at least somewhat large,
and there was at least some loss of control,
and (b) average ⩾ 2 days a week

No BED No BED and no sub-threshold BED

Abbreviation: BED, binge-eating disorder.
aA (change in) status was recorded only if the new status was experienced for 3 or more
months.
bMeets criteria for DSM-5 BED.
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This study was approved by the Mass General Brigham
Institutional Review Board, and all participants provided informed
consent after the study procedures had been fully explained.

Analyses

We used R version 4.3.2 to perform all data analyses.
Below, remission refers to the first occurrence of no BED

within the follow-up period, and relapse refers to the first occur-
rence of sub-threshold or full BED within the follow-up period
following remission.

To graphically display how BED diagnostic status differed at
the three assessment timepoints (baseline, 2.5 years, and 5
years), we used the ggplot function from the ggalluvial package.
To visualize time to remission and time to relapse after remission,
we used the survfit function from the survival package to calculate
Kaplan–Meier curves with confidence intervals that account for
clustering by family. To investigate the relationship between indi-
vidual variables (e.g. duration of BED) and time to remission, we
used Cox proportional hazards models (i.e. Cox regression) with
robust variance estimation that accounted for clustering of obser-
vations by family.

For the main machine learning analyses, we used 38 demo-
graphic and clinical variables (see online Supplemental
Materials Table S1) from the baseline timepoint to predict the
time to remission for the 137 participants with follow-up data.
The predictors were selected based on statistical and, more
importantly, practical considerations: our goal was to pose a well-
defined prediction problem using common and easily collected
demographic and clinical measures from baseline as predictors
of time to remission. We considered four machine learning meth-
ods (standard Cox regression; penalized Cox regression with lasso
or elastic-net penalties; and random survival forests), which
represent a combination of regression-based and tree-based meth-
ods similar to those we have used previously (Hudson et al.,
2023), and that have been used in a prior study predicting treat-
ment outcomes in a randomized controlled trial in BED (Forrest,
Ivezaj, & Grilo, 2023). Because 1.0% of the predictor values were
missing, we first created five imputed datasets. Then, for each
imputed dataset, we performed 100 replicates of 5-fold cross-
validation with pre-selected seeds to examine the performance
of the four methods. We tuned hyper-parameters for penalized
Cox regression and random survival forests via nested 5-fold
cross-validation. To obtain a summary of our two chosen per-
formance statistics (the concordance index and R2 based on
Schmid’s robust estimate of prediction error [Rahman, Ambler,
Choodari-Oskooei, & Omar, 2017; Schmid, Hielscher, Augustin,
& Gefeller, 2011]), we then calculated the mean of the 500 per-
formance statistics (5 folds times 100 replicates) for each method
for a given imputed dataset, and then took the median of the
mean performance statistics for each method across imputations
(Marshall, Altman, Holder, & Royston, 2009; Wood, Royston, &
White, 2015). We also performed six sensitivity analyses. More
details of the machine learning analyses are provided in the online
Supplemental Materials.

Results

Sample characteristics

Table 2 presents summary statistics for participants with
follow-up data (n = 137). For these participants, the mean

reported age was 47.2 years (standard deviation [S.D.] = 13.2);
78.1% reported their sex as female, and 21.9% reported their
sex as male; and 87.6%, 11.7%, and 0.7% reported identifying as
White non-Hispanic, Black non-Hispanic, and White Hispanic,
respectively. Gender identity was not assessed. Regarding educa-
tion, 23.4% reported completing high school (or equivalent) or
less education, 31.4% reported completing some college, 17.5%
reported completing a 2- or 4-year college, 10.9% reported com-
pleting some graduate or professional school, and 16.8% reported
completing graduate or professional school. Information on
income or net assets was not available. The mean duration of
BED was 22.3 years (S.D. = 15.4), and the mean BMI was 36.1
kg/m2 (S.D. = 7.5). Also, only a small proportion of participants
(n = 8, 5.8%) had a history of DSM-IV anorexia nervosa (exclud-
ing the amenorrhea criterion) or bulimia nervosa at baseline.

Natural course of BED

We first present statistics calculated from participants’ diagnostic
status at the baseline and 2.5- and 5-year follow-up timepoints
(see Fig. 1). The percentage of participants with full BED
decreased over time, and the percentages with sub-threshold
BED and no BED increased over time. Specifically, at the
2.5-year follow-up, 61.3%, 23.4%, and 15.3% of assessed partici-
pants had full BED, sub-threshold BED, and no BED, respectively,
and, at the 5-year follow-up, 45.7%, 32.6%, and 21.7% of assessed
participants had full BED, sub-threshold BED, and no BED,
respectively. Notably, there was no diagnostic cross-over (e.g.
from BED to anorexia nervosa or bulimia nervosa) at either of
the follow-up timepoints. Additionally, for participants assessed
at both follow-up timepoints, 35.0% of those experiencing remis-
sion (i.e. no BED) at 2.5-year follow-up had relapsed to either full
or sub-threshold BED at 5-year follow-up.

We next present statistics calculated from participants’ diag-
nostic status transition data across the 5-year follow-up period
(see Fig. 2). The median time to remission (i.e. no BED) exceeded
60 months. The median time to relapse (i.e. to full BED or sub-
threshold BED) after remission was approximately 30 months.

Predictors of time to remission

In the main analyses and the sensitivity analyses, none of the four
machine learning methods had a summary measure of concord-
ance better than random guessing for both performance statistics
(see online Supplemental Materials for method performance in
the main and sensitivity analyses).

Similarly, in standard Cox regression models for time to remis-
sion as a function of each baseline predictor (see online
Supplemental Materials Table S1), no predictors would survive
correction for multiple comparisons.

Discussion

We examined the natural course of BED, including time to remis-
sion and relapse, over a 5-year follow-up period for a community-
based sample of men and women with BED (by DSM-IV criteria)
whose ages ranged from 19 to 74 years and whose BMI ranged
from 22.8 to 63.4 kg/m2. We also used two classes of machine
learning methods to predict time to remission as a function of
baseline demographic and clinical variables.

In our sample, BED status improved from baseline to 2.5-year
follow-up, and from 2.5-year follow-up to 5-year follow-up.
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Table 2. Summary statistics for baseline and 2.5- and 5-year follow-up variables

Variable Summary Statisticsa

Baseline variables:

Sex

Female 107 (78.1%)

Male 30 (21.9%)

Race/ethnicity

White non-Hispanic 120 (87.6%)

White Hispanic 1 (0.7%)

Black non-Hispanic 16 (11.7%)

Age (years) 47.2 (13.2) [19–74]

Education

Seventh to twelfth Grade, without high school degree 7 (5.1%)

Completed high school or equivalent 25 (18.2%)

Partial college 43 (31.4%)

Completed 2-year college 11 (8.0%)

Completed 4-year college 13 (9.5%)

Partial graduate or professional school 15 (10.9%)

Completed graduate or professional school 23 (16.8%)

Marital status

Married 63 (46.0%)

Widowed 6 (4.4%)

Divorced 29 (21.2%)

Separated 5 (3.6%)

Never married 34 (24.8%)

Current BMI (kg/m2) 36.1 (7.5) [22.8–63.0]

BMI suppressionb (kg/m2) 3.2 (4.1) [−0.6–22.0]

Lowest BMI since 18 years 23.7 (4.6) [14.6–41.0]

BED duration (years) 22.3 (15.4) [1–65]

BED family historyc (proportion with BED) 0.34 (0.32) [0.00–1.00]

Past anorexia nervosad

Absent 135 (98.5%)

Present 2 (1.5%)

Past bulimia nervosae

Absent 130 (94.9%)

Present 7 (5.1%)

Any lifetime substance use disorderf

Absent 91 (66.4%)

Present 46 (33.6%)

Any lifetime major anxiety disorderg

Absent 80 (58.4%)

Present 57 (41.6%)

Lifetime post-traumatic stress disorder

Absent 123 (89.8%)

Present 14 (10.2%)

(Continued )
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However, almost two-thirds (61.3%) of participants assessed at
2.5-year follow-up and almost half (45.7%) of participants
assessed at 5-year follow-up still met criteria for full (DSM-IV)
BED at those follow-up timepoints. Moreover, the percentages
meeting the broader DSM-5 BED criteria at these follow-up time-
points would be even higher (i.e. 67.9% and 58.9%, respectively).
Further, only a minority of individuals assessed at 2.5-year
follow-up (15.3%) and 5-year follow-up (21.7%) experienced
remission at those timepoints, respectively. Similarly, the diagnos-
tic status transition data suggested that the median time to remis-
sion exceeds 5 years. Taken together, these results suggest that,

under naturalistic circumstances, the majority of individuals
with BED will experience some improvement in binge eating
within a 5-year period, but achieving full remission within this
time frame is not common – at least for prevalent cases of BED
in adults with generally higher BMI. These results are consistent
with findings from community-based studies using retrospective
lifetime interviews (Hudson et al., 2007; Pope et al., 2006;
Taylor, 2015; Udo & Grilo, 2018), including the family study
from which our participants derived (Pope et al., 2006), all of
which suggest that BED tends to have a multi-year course.
These results are less consistent with findings from two prior

Table 2. (Continued.)

Variable Summary Statisticsa

Lifetime obsessive-compulsive disorder

Absent 127 (92.7%)

Present 10 (7.3%)

Any lifetime major mood disorderh

Absent 57 (41.6%)

Present 80 (58.4%)

Barratt Impulsiveness Scale – 11

Attentional Impulsiveness 14.5 (4.0) [0–23]

Motor Impulsiveness 21.7 (4.8) [0–32]

Nonplanning Impulsiveness 19.6 (5.9) [2–34]

Eating Disorder Inventory – 2

Drive for Thinness 8.8 (5.4) [0–20]

Bulimia 7.3 (4.3) [0–17]

Body Dissatisfaction 19.5 (7.0) [0–27]

Ineffectiveness 6.1 (6.6) [0–30]

Perfectionism 5.8 (4.5) [0–18]

Interpersonal Distrust 3.3 (3.6) [0–15]

Interoceptive Awareness 5.4 (4.9) [0–21]

Maturity Fears 4.2 (3.7) [0–19]

Three Factor Eating Questionnaire

Dietary Restraint 7.6 (4.6) [0–22]

Disinhibition 13.3 (2.0) [8–16]

Hunger 10.2 (3.2) [1–14]

2.5-Year follow-up variables:

Assessment timing (months since baseline) 31.2 (2.7) [25.9–36.3]

5-Year follow-up variables:

Assessment timing (months since baseline) 61.4 (2.1) [54.4–71.5]

Abbreviations: BED, binge-eating disorder; BMI, body mass index.
aSummary statistics presented for n = 137 participants who contributed to follow-up analyses. For continuous variables, summary statistics are mean, (standard deviation), [range]. For
categorical variables, summary statistics are number and (percent) belonging to each category.
bBMI suppression defined as highest lifetime BMI – current BMI.
cBED family history defined as the proportion of the participant’s interviewed relatives who met criteria for (full) DSM-IV BED based on the SCID-IV at baseline.
dPast anorexia nervosa defined as meeting criteria for DSM-IV anorexia nervosa (excluding the amenorrhea criterion).
ePast bulimia nervosa defined as meeting criteria for DSM-IV bulimia nervosa.
fAny lifetime substance use disorder defined as meeting criteria for any of the following lifetime DSM-IV disorders based on the SCID-IV: alcohol abuse; alcohol dependence; drug abuse; drug
dependence.
gAny lifetime major anxiety disorder defined as meeting criteria for any of the following lifetime DSM-IV disorders based on the SCID-IV: panic disorder without agoraphobia; panic disorder
with agoraphobia; agoraphobia without panic disorder; social phobia; generalized anxiety disorder.
hAny lifetime major mood disorder defined as meeting criteria for any of the following lifetime DSM-IV disorders based on the SCID-IV: bipolar I disorder; bipolar II disorder; major depressive
disorder.
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prospective, community-based studies with multi-year follow-up
periods (Fairburn et al., 2000; Stice et al., 2013, 2009), as well
as those from two multi-year prospective, community-based stud-
ies that followed adolescent girls (Glazer et al., 2019) or pregnant
young adult women (Knoph et al., 2013) with BED-like presenta-
tions based on questionnaires that assessed some, but not all, BED
criteria. Although different definitions of remission preclude fully
comparing these prospective studies’ results to our own, these
prior studies suggest that BED is more transient, with few indivi-
duals meeting full criteria for BED at follow-up. In contrast to our
study, which sampled prevalent cases from among adults with
higher BMI or at familial risk for higher BMI (that is, having a
proband relative with higher BMI), the prior prospective studies
of BED focused on incident cases (Stice et al., 2013, 2009) and/

or on adolescent (Stice et al., 2013, 2009) or young adult
(Fairburn et al., 2000) females only, which may account for the
more favorable prognosis in these other samples – especially
given some evidence that younger age predicts better natural out-
comes (Cachelin et al., 1999). Also of note, outcomes in our nat-
uralistic study were generally worse than 4-year outcomes in a
longitudinal follow-up study that recruited participants from
both specialty clinics and the community (Agras, Crow,
Mitchell, Halmi, & Bryson, 2009). Of the 104 participants with
DSM-IV BED at baseline in this latter study, 82% no longer
met criteria for an eating disorder at some point during the
4-year follow-up period, although a high proportion of these
experienced a subsequent relapse (i.e. meeting criteria for any eat-
ing disorder). Notably, 70% of participants with BED reported

Figure 1. Alluvial plot for diagnostic status at baseline and 2.5- and 5-year follow-up timepoints. The figure illustrates diagnostic status at each timepoint, as well as
transitions among these statuses. The non-italicized numbers refer to timepoint percentages (i.e. out of all 156 participants, what percentage belonged to each
diagnostic status at a given timepoint); for the sub-threshold BED status, the numbers in the parentheses further represent the percentage with each type of sub-
threshold BED (i.e. [A | B | C | D]). The italicized numbers refer to transition percentages (i.e. out of all participants with a given diagnostic status at a given time-
point, what percentage transitioned to each diagnostic status at the next timepoint). Abbreviations: BED, binge-eating disorder; sub-BED, sub-threshold
binge-eating disorder.
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Figure 2. Survival curves for time to remission and time to relapse after remission during the 5-year follow-up period. Remission is defined as not having either (full) BED or sub-threshold BED for at least 3 months. Relapse is defined
as having either (full) BED or sub-threshold BED for at least 3 months after experiencing remission. In the plots, the solid gray line is the Kaplan–Meier survival curve, and the dotted gray lines are the corresponding 95% confidence
interval. The horizontal black line represents the median.Abbreviation: BED, binge-eating disorder.
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outpatient or inpatient treatment for BED at baseline (Agras et al.,
2009), which likely exceeds the prevalence of specialty treatment
for BED in our sample (Hudson et al., 2007). Likewise, outcomes
of our naturalistic study are considerably worse than 6-year
follow-up outcomes for 68 women who had DSM-IV BED at
the time they received inpatient treatment for eating disorders
(Fichter, Quadflieg, & Gnutzmann, 1998)

Outcomes in our naturalistic study were also generally worse
than long-term outcomes for specific psychological interventions
for BED in clinical trials, which is not surprising given evidence
for the effectiveness of psychotherapy for BED in the long term
(Hilbert et al., 2012), coupled with the finding that the majority
of individuals with BED in the community do not receive treat-
ment for their eating disorder (Coffino, Udo, & Grilo, 2019;
Hay et al., 2020; Kessler et al., 2013). More specifically, after
receiving cognitive-behavioral therapy or interpersonal psycho-
therapy for BED, a larger proportion of individuals reported sus-
tained remission at 2 years post-treatment (Wilson, Wilfley,
Agras, & Bryson, 2010) than at 2.5-year follow-up in this study,
and a smaller proportion of individuals continued to binge eat
at least once weekly at approximately 4 years post-treatment
(Hilbert et al., 2012) than at the 5-year follow-up in this study.
Less is known about the long-term effectiveness of pharmacologic
treatment for BED, including lisdexamfetamine (Feltner et al.,
2022; McElroy et al., 2016), the only medication that has gained
regulatory approval for marketing for BED in the United States
and other countries. However, in a placebo-controlled trial to
assess relapse prevention after achieving response to a medication,
treatment with lisdexamfetamine was associated with a markedly
lower rate of relapse of BED (3.7%) than treatment with placebo
(32.1%) over a six-month period (Hudson, McElroy,
Ferreira-Cornwell, Radewonuk, & Gasior, 2017). Our results
thus provide additional evidence that more widespread dissemin-
ation of psychotherapy and potentially efficacious pharmacologic
treatment for BED would reduce the burden of disease due to
BED (Moessner & Bauer, 2017), with the caveat that it is not
known whether results from treatment-seeking samples generalize
to the broader population.

Notably, there was no diagnostic crossover (e.g. from BED to
anorexia nervosa or bulimia nervosa) in our study. This result
contrasts with that of some prior prospective, community-based
studies, which found that crossover from BED to bulimia nervosa
was relatively common in adolescent females (Allen, Byrne, Oddy,
& Crosby, 2013; Stice et al., 2013, 2009). However, another pro-
spective, community-based study in young adult women found
that crossover from BED to bulimia nervosa was relatively uncom-
mon (Fairburn et al., 2000). Collectively, these results suggest that
the likelihood of crossover from BED to bulimia nervosa may
decrease with age and with longer BED duration.

In our sample, approximately one-third (35.0%) of individuals
experiencing remission at 2.5-year follow-up subsequently
relapsed to either full or sub-threshold BED at 5-year follow-up.
Further, based on the diagnostic status transition data, time to
relapse after remission was approximately 2.5 years. Taken
together, these results suggest that relapse after remission is rela-
tively common – at least among prevalent cases of BED in adults
with generally higher BMI. Although methodological differences
make it difficult to compare our relapse results to those of prior
studies with similar follow-up periods (Fairburn et al., 2000;
Stice et al., 2013, 2009), our relapse results appear similar to
some (Stice et al., 2013, 2009), but higher than others (Fairburn
et al., 2000).

Regarding the machine learning analyses, which aimed to
build prediction models of time to remission from baseline demo-
graphic and clinical variables, no machine learning methods
strongly or consistently outperformed random guessing. These
results suggest that the demographic and clinical measures we
included are not strongly predictive of time to remission for
BED in community-based samples. These findings are consistent
with a prior prospective, community-based study that found no
consistent predictors of objective binge-eating episodes at both
3- and 6-month follow-up (Cachelin et al., 1999). Our findings
are also consistent with machine learning results from a rando-
mized controlled trial of behavioral weight loss v. stepped care
in BED, where area under the receiver operator characteristic
curve values from cross-validation ranged from 0.49 to 0.51 for
traditional logistic regression, elastic-net, and random forest mod-
els that predicted binge-eating abstinence during the last month of
treatment as a function of treatment condition, demographic
information, and baseline clinical characteristics (Forrest et al.,
2023). Thus, the factors that contribute to a better or worse nat-
uralistic course of BED – or to binge-eating cessation in the treat-
ment context – remain to be fully elucidated. One possibility is
that the natural course of BED is influenced by changes in the
individual’s familial, social, professional, or broader environment
that are not related to the individual’s baseline characteristics.

Overall, our study has several strengths. To the best of our
knowledge, it is the largest prospective, community-based study
of individuals with BED and is more than three times larger
than prior multi-year prospective, community-based studies of
BED (Fairburn et al., 2000; Stice et al., 2013). Further, it includes
men, who were excluded from all prior prospective, community-
based studies of BED (Cachelin et al., 1999; Fairburn et al., 2000;
Stice et al., 2009). Additionally, the mean age of BED onset for
our participants was approximately 25 years, which is similar to
the mean age of onset in large, community-based retrospective
studies; in contrast, the mean age of onset was approximately
17 years in prior multi-year prospective, community-based stud-
ies (Fairburn et al., 2000; Stice et al., 2013). Likewise, 77% of par-
ticipants in our study had a BMI of 30 or above at baseline, which
is not far from the analogous percentage (68%) in the most recent
nationally representative study (Udo & Grilo, 2018); in contrast,
the analogous percentage was 22% (Fairburn et al., 2000) or possibly
even lower (Stice et al., 2013) in prior community-based studies.
Additionally, the collection of diagnostic status transition data
allowed us to use survival methods to examine the time to remis-
sion and the time to relapse after remission. Further, a host of
clinically relevant variables were measured at baseline, thereby
providing numerous predictors for machine learning analysis.
Also, our use of a machine learning framework – through divid-
ing the dataset into a training and test set, and fitting multiple
classes of models – allowed for more rigorous assessment of the
baseline variables’ predictive value, compared to simply fitting a
regression model with all predictors to the entire dataset.

Our study findings should be interpreted in light of certain
limitations. First, we sampled prevalent, rather than incident,
cases of BED, and more transient cases of BED may have been
underrepresented in our sample due to length bias in sampling.
One would expect this bias to be worse for probands than rela-
tives, given that the former were selected for inclusion in the ori-
ginal family study based on their BED status. However, proband
status was not associated with time to remission (estimated Cox
proportional hazard ratio for relative v. proband [95% confidence
interval]: 0.97 [0.54–1.74]), nor was BED duration (for 5-year
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increase: 0.97 [0.88–1.07]), which suggests that this source of bias
may be small. Second, in our study, diagnosis was based on
DSM-IV criteria, which raises the question of whether the results
would generalize to BED by DSM-5 criteria, which requires only
one binge-eating episode per week over three months, as opposed
to two days per week with binge-eating episodes over six months
in DSM-IV. Notably, within our family study sample, only three
additional individuals met the broader DSM-5 criteria for BED
at baseline (Hudson, Coit, Lalonde, & Pope, 2012), and including
those individuals in the present follow-up study would thus have
little impact on the findings as a whole. However, as noted above,
using DSM-5 criteria to assess diagnostic status at follow-up time-
points would increase the percentages of individuals with (full)
BED at those timepoints. Third, as implemented in many clinical
drug trials, the same rater who interviewed the participant at
baseline also interviewed them at the follow-up timepoints, to
minimize measurement error due to intra-participant assessment
variability over time, because our focus was detecting change in
BED status. Thus, interviewers were not blinded to participants’
prior BED status, which could have introduced bias (e.g. if inter-
viewers were predisposed to see participants as unchanged, even if
they had improved). However, the baseline assessment included
extensive consensus ratings of BED and sub-threshold BED
among all three interviewers, which likely helped to standardize
their assessments of BED status. Fourth, the questions used to
assess diagnostic changes over follow-up intervals have not been
published or validated, and the accuracy of participants’ reports
of these changes may have been reduced by the limitations of
memory over an approximately 2.5-year period. However, the
same approach (i.e. focusing on changepoints along a timeline)
is utilized in a highly-regarded interview assessing longitudinal
changes in eating disorders (Eddy, Murray, & Thomas, 2015).
Further, using only information on diagnosis status at follow-up
timepoints leads to the same conclusions regarding remission
and relapse in our study, with the exception of the median time
to remission, which is greater than 2.5 years when using only
this information. Fifth, we examined remission from BED based
on the absence of binge-eating episodes, but we did not assess
either researcher- or individually-defined recovery, which can
reflect improvements in eating disorder cognitions and other
domains instead of or in addition to cessation of regular binge
eating (Bardone-Cone et al., 2010; Silén et al., 2021; Slof-Op ’t
Landt, Dingemans, de la Torre, Rivas, & van Furth, 2019).
Sixth, importantly, although our sample was more representative
of individuals with BED in the general population in terms of sex,
age of onset, and BMI compared to other prospective studies
(Fairburn et al., 2000; Stice et al., 2013, 2009), all but one partici-
pant in our study identified as White or Black non-Hispanic, lim-
iting generalizability to other racial and ethnic groups (Goel et al.,
2022). Likewise, only three participants in our sample had BMI
less than 25 at baseline, limiting our findings’ generalizability to
individuals with lower BMI. Seventh, in our analyses, we consid-
ered four machine learning methods to predict time to remission,
three of which belonged to the same class (i.e. Cox regression). It
is possible that other methods not included in our a priori data
analysis plan (such as support vector machines or neural net-
works) may have yielded better predictions, although standard
Cox regression and random survival forests have demonstrated
better predictive accuracy for survival outcomes than these
other methods in simulations (Wang et al., 2022). Further, it is
possible that predictive power may have been better with mea-
sures not included among our baseline predictors (e.g. frequency

of objective binge-eating episodes, shape/weight overvaluation
(Forrest, Jacobucci, & Grilo, 2022), scores on the Binge Eating
Scale (Gormally, Black, Daston, & Rardin, 1982) or the
Yale-Brown Obsessive Compulsive Scale modified for Binge
Eating (Deal, Wirth, Gasior, Herman, & McElroy, 2015), or
measures of depressive symptoms), or for outcomes other
than BED remission (e.g. overall eating disorder symptoms
[Forrest et al., 2023]). Additionally, our sample size, although
considerably larger than existing studies, was not large in abso-
lute terms, and less than half the sample experienced remission,
limiting our ability to detect weak effects of the baseline vari-
ables and to achieve high predictive power, especially for ran-
dom survival forests.

In conclusion, these limitations notwithstanding, our results
suggest that, among adults with generally higher BMI in
naturalistic circumstances, BED improves with time, but full
remission often takes multiple years, and relapse is relatively
common.
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