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Abstract

Background: Weight suppression (WS), which is the difference between a patient’s highest and current weight, has
been associated with bulimic symptom severity in adults with bulimia nervosa (BN). However, the impact of WS on
eating disorder psychopathology in youth with BN is unknown.

Methods: Participants included 85 youth with DSM-5 BN who presented for outpatient treatment. Current WS was
calculated as the difference between highest and current body mass index z-score (BMIz), while greatest WS was
the difference between highest and lowest BMIz, both assessed at participants’ current height. Separate
multivariable linear regressions were conducted to determine if current or greatest WS was significantly associated
with frequency of binge eating, compensatory behaviors, or dietary restraint. A secondary analysis was conducted

on youth ages 16 and older, given the limitation of assessing WS at current height in younger participants with

greater height instability.

Results: Youth with higher levels of greatest WS (but not current WS) were older, had a longer duration of illness,
and reported greater weight and shape concern. When adjusting for BMIz, neither current nor greatest WS was
significantly associated with bulimic behaviors or dietary restraint in the full sample. However, in the subset of
youth ages 16 and older, current WS moderated the effect of BMIz on binge eating and compensatory behaviors.
For youth with high WS, those with a high current BMIz engaged in more frequent binge eating than those with
low current BMIz, and the negative impact of BMIz on compensatory behaviors became weaker.

Conclusions: Our findings suggest that WS is clinically relevant in the presentation of youth with BN, and that it
may need to be addressed as one important factor in BN psychopathology. Future studies using growth charts to
determine historically highest and lowest BMIz may help to further elucidate the link (or lack thereof) between WS

and BN psychopathology in youth.
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Background

Weight suppression (WS)—the difference between a pa-
tient’s highest and current weight—may be an important
factor in conceptualizing and treating bulimia nervosa
(BN). Early theoretical models of BN in adults posit that
dietary restraint contributes to binge eating and purging
[1, 2]. Thus, WS resulting from restraint may exacerbate
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a psychobiological drive to engage in bulimic behavior.
It is also likely that greater shape and weight concern
and restraint predict greater WS, although research has
been unable to examine these factors naturalistically as
potential predictors of WS. Cross-sectional studies have
found that WS is directly related to the frequency of
binge eating and purging in treatment-seeking women
with BN, even after adjusting for body mass index (BMI)
and level of dietary restraint [3, 4]. High WS also predicted
long-term increases in bulimic behavior in a community
sample of women [5]. As a result, it has been suggested that
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WS may be a negative prognostic indicator for patients
with BN. Indeed, high WS among adults with BN predicts
treatment dropout [6, 7], longer time to remission [8], and
the persistence of bulimic behaviors after treatment [6].
However, results are mixed, with several contrasting
studies finding no relation between WS and treatment
outcome [7, 9, 10].

BMI might moderate the WS-binge eating association,
such that women with high WS and low BMI display the
highest levels of binge eating [3]. This interaction may be
the result of individuals with high WS and low BMI being
more metabolically or biologically predisposed to engage in
binge eating than those with high WS and a higher BMI, a
profile which may instead increase attempts at dietary
restraint and use of compensatory behaviors. Research also
suggests that the effects of historical WS may be long-
lasting, with greatest WS predicting binge eating frequency
and its interaction with BMI predicting purging frequency
[3] as well as predicting long-term weight gain [7].

Importantly, the link between WS and bulimic behaviors
in the context of adolescent development is understudied.
The impact of WS on the clinical presentation of youth
may differ from that of adults because of an earlier age of
symptom onset [11] and shorter duration of illness, with
sustained WS potentially strengthening the relation
between WS and BN psychopathology. Furthermore, oper-
ationalizing WS in youth is more complex since BMI
change is expected with typical development. Because BMI
percentile fails to adequately capture degree of weight
change at the upper and lower percentiles, BMI z-score
(BMIz) may be more appropriate to capture WS in youth.

The aims of the present study were 1) to describe the
magnitude of WS in a treatment-seeking sample of youth
with BN, 2) to explore the relation between WS (current
and greatest) and other demographic and clinical factors,
including eating disorder psychopathology, and 3) to
examine the effect of WS on bulimic behaviors and dietary
restraint, as well as the effect of WS x BMIz on bulimic
behaviors and dietary restraint. We hypothesized that WS
would be positively associated with bulimic behaviors,
dietary restraint, and weight and shape concern, given that
WS is likely driven by higher weight and shape concern
and related dietary restraint, which is hypothesized as a
main contributor to bulimic behaviors [1, 2]. Clarifying
the relation between WS, bulimic behaviors, and dietary
restraint may help to understand the model of BN psycho-
pathology and inform treatment targets.

Methods

Participants included 85 youth up to age 18 who were
evaluated at The University of Chicago Eating Disorders
Program between 1999 and 2014 and met DSM-5
criteria for BN [12]. Youth and at least one caregiver
provided informed assent and consent, respectively.
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Assessment

Weight and height

Patients’ highest and lowest weights (with corresponding
ages) at their current height were assessed by patient
and caregiver self-report. All BMIz calculations were
based on CDC norms for age and sex [13]. Current WS
was calculated as the difference between highest BMIz
and current BMIz, using weight and height measured at
the assessment. Greatest WS was the difference between
highest BMIz and lowest BMIz.

Eating disorder examination (EDE, version 12.0)

The EDE was administered as a diagnostic instrument, and
its global and subscale scores were used to assess eating
disorder pathology in the past month, including dietary
restraint (Cronbach’s alpha =.733) and weight and shape
concern (Cronbach’s alpha =.899, calculated by combining
items on weight concern and shape concern subscales into
one subscale, with the overlapping item included only once
in the combined subscale) [14]. The EDE has demonstrated
good reliability and validity [15, 16]. However, eating con-
cern was not examined due to poor internal consistency
within this sample (Cronbach’s alpha = .599).

Analyses
IBM SPSS Statistics 22 was used for all analyses. Pearson
correlations were examined between WS (current and
greatest), BMIz (current and lowest), age, duration of
illness, past month objective binge episode frequency, past
month compensatory behavior frequency (i.e., vomiting,
laxative misuse, diuretic misuse, and driven exercise), diet-
ary restraint and weight and shape concern. Separate mul-
tivariable linear regressions were conducted to determine
if WS (current or greatest) or its interaction with BMIz
(current or lowest, respectively) were significantly ass-
ociated with frequency of objective binge eating, compen-
satory behaviors, and dietary restraint in the past month.
Independent variables were centered. Since our assess-
ment of WS was contingent on height stability, leading to
possible underestimation of WS in younger youth with
more frequent changes in growth, we also re-ran these
models in the subset of youth ages 16 and older (n = 60).
Missing data were not associated with age, gender, race,
ethnicity, history of previous psychotherapy, previous
hospitalization, percent of expected body weight (% EBW),
or global EDE score (ps>.05). However, missing comp-
ensatory behavior data were associated with longer duration
of illness (39.40 v. 23.43 months, ¢t = -2.241, p =.029). The-
refore, duration of illness was included as a covariate in
analyses. Multiple imputation was used to handle missing
data, including dietary restraint (n=9, 10.6 %), objective
binge eating episodes (1 = 10, 11.8 %), compensatory behav-
ior (n=10, 11.8 %), lowest/highest BMIz (lowest: n =26,
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30.6 %; highest: n =25, 29.4 %), and duration of ill-
ness (n =13, 15.3 %).

Results

Youth were mostly non-Latino (n =71, 85.5 %) White (n =
76, 91.6 %) girls (n =82, 96.5 %) with a mean age of 16.6
(SD=1.5; range [12, 17]). Mean duration of illness was
23.5 months (SD =19.8), and mean global EDE score was
3.59 (SD = 1.31). BMI z-scores were as follows: current (M
=0.46, SD =0.79, range: [-1.34, 2.39]), lowest (M =-0.31,
SD =1.19, range: [-5.28, 2.16]), and highest (M =1.15, SD
=0.69, range: [-0.87, 2.53]). On average, current WS was
0.75 standard deviations (SD =0.72, range: [0.00, 3.07]),
which represented a mean difference of 9.4 kg. Average
greatest WS was 1.51 standard deviations (SD = 1.01, range:
[0.26, 5.35]), which represented a mean difference of
18.1 kg. Greatest WS was higher in youth with a history of
previous outpatient psychotherapy compared to no prior
outpatient psychotherapy treatment (1.67 v. 1.08; t=
-2.060, p = .044). There were no other differences in WS by
gender, race/ethnicity, or history of outpatient psychother-
apy or hospitalization (ps > .05).

Eating disorder psychopathology

Current and greatest WS were not significantly correlated
(r=.302, p=.060). Current WS was negatively correlated
with current BMIz (r = —.640, p < .00001); similarly, greatest
WS was negatively correlated with lowest BMIz (r=-.817,
p <.00001). Greatest WS (but not current WS) was posi-
tively associated with age (r=.311, p =.007), duration of
illness (r=.423, p =.0003), and weight and shape concern
(r=.221, p=.048). Neither current nor greatest WS was
correlated with dietary restraint or bulimic behaviors.

Objective binge eating, compensatory behaviors, and
dietary restraint

After adjusting for age, duration of illness, dietary restraint,
and weight and shape concern, there were no significant ef-
fects of WS (current or greatest) or BMIz (current and low-
est) on binge eating (ps >.05) in the full sample. However,
in youth ages 16 and older (see Table 1a), there was a sig-
nificant current BMIz x current WS interaction (B = 4.865,
SE =2.326, t =2.091, p = .037) on binge eating, such that for
older youth with high current WS, higher current BMIz
was associated with more frequent binge eating than lower
BMIz, but for those with low current WS, lower current
BMIz was associated with more frequent binge eating than
higher BMIz.

After adjusting for age, duration of illness, dietary re-
straint, and weight and shape concern, there were no
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significant effects of WS (current or greatest) or BMIz
(current and lowest) on compensatory behaviors (ps >
.05) in the full sample. However, in youth ages 16 and
older (see Table 1b), there was a significant main effect of
current BMIz on compensatory behaviors (B = -8.987, SE
=3.581, t=-2.509, p = .013), such that older youth with a
lower current BMIz engaged in more compensatory be-
haviors in the past month than those with a higher current
BMIz. There was also a significant current BMIz x current
WS interaction (B = 4.865, SE =2.326, t=2.091, p =.037),
indicating that the effect of BMIz on compensatory behav-
iors was weaker for those with high current WS. There
were no significant effects of greatest WS or lowest BMIz
on compensatory behaviors (ps > .05).

After adjusting for age, duration of illness, and weight
and shape concern, there was a significant main effect of
current WS on dietary restraint (B =0.374, SE=0.124, t=
3.022, p=.003) in the full sample, such that youth with
higher current WS reported higher levels of dietary
restraint in the past month. In a separate parallel model,
there were significant main effects of lowest BMIz (B =
0.229, SE=0.093, t =2.467, p = .014) and greatest WS (B =
0.277, SE =0.114, t = 2416, p = .016), such that both youth
with higher lowest BMIz and higher greatest WS reported
greater levels of dietary restraint in the past month. The
pattern of results remained the same for both WS models
in youth ages 16 and older (see Table 1c).

Discussion
This study examined the association between WS and
bulimic symptoms in a sample of treatment-seeking youth
with BN. Youth with BN reported substantial WS at
presentation to treatment (ie, mean current WS was
three-quarters of a standard deviation, representing 9.4 kg)
as well as a history of substantial weight variability over
time (i.e, mean greatest WS was one-and-a-half standard
deviations, representing 18.1 kg), based on the CDC
population BMI distribution [13]. Interestingly, current WS
and greatest WS were highly negatively associated with
current BMIz and lowest BMIz, respectively, despite non-
significant associations in adults with BN [3, 5, 17, 18]. This
may reflect the fact that youth with BN who have low
current BMIz or low historical BMIz engage in weight loss
behaviors developmentally earlier or more effectively than
those with higher BMlIz, resulting in greater current or
historical weight loss, whereas those with higher BMIz may
not yet have effectively engaged in behaviors that lead to
WS, regardless of possible efforts to do so. In contrast, the
non-significant association found in adults indicates that
similar levels of WS are achieved across the BMI distribu-
tion, possibly related to greater age and more enduring
attempts to suppress weight.

In keeping with WS findings in adults with BN, multi-
variable analyses with older youth suggest that as
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Table 1 Association between weight suppression (current and greatest) and objective binge eating, compensatory behaviors,

and dietary restraint in the past month
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1a. Objective Binge Eating Current WS
B SE t
WS (current or greatest) -0.18 232 -0.077
BMIz (current or lowest) -1.10 249 -0443
WS x BMIz 370 1.62 2289
Age -5.01 1.83 -2.742
Duration of illness —0.05 0.08 —0.599
EDE shape and weight concern 438 1.30 3374
EDE restraint 322 1.08 2982
1b. Compensatory Behaviors Current WS
B SE t
WS (current or greatest) —-0.60 334 -0.179
BMIz (current or lowest) -8.99 3.58 -2.509
WS x BMIz 4.87 233 2.091
Age 1.09 263 0415
Duration of illness 038 0.12 3.226
EDE shape and weight concern 11.91 1.87 6.378
EDE restraint -1.18 1.56 —0.758
1c. Dietary Restraint Current WS
B SE t
WS (current or greatest) 037 0.12 3.022
BMIz (current or lowest) 0.16 013 1.181
WS x BMIz 0.01 0.08 0.142
Age 0.05 0.10 0471
Duration of illness 0.01 0.00 1331
EDE shape and weight concern 0.72 0.06 12.900

Greatest WS
p-value B SE t p-value
94 041 261 0.155 88
66 =127 2.32 -0.546 59
023 0.67 148 0451 65
006 -529 1.85 —2.850 005
55 -0.07 0.09 -0.779 44
001 4.64 1.26 3.6%4 001
003 3.19 1.09 2933 004
Greatest WS
p-value B SE t p-value
86 -3.72 3.80 -0.979 33
013 -5.06 3.39 -1.491 14
037 -042 217 -0.194 85
68 0.02 2.70 0.007 99
001 043 0.12 3470 001
001 10.52 1.83 5.740 001
45 -0.57 1.58 —-0.360 72
Greatest WS
p-value B SE t p-value
003 0.34 0.14 2468 014
24 0.30 0.12 2422 016
89 0.06 0.08 0.734 46
64 0.00 0.10 0.019 99
18 0.01 0.01 1.290 20
001 0.70 0.05 12.87 001

current WS increases, those with a high current BMIz
engage in more frequent binge eating, while those with a
low current BMIz engage in less frequent binge eating.
This may highlight the fact that youth with lower BMIz
and high WS have been more “successful” at restriction
or that abstaining from binge eating becomes easier at a
lower BMIz, potentially due to a dampening of hunger
cues at a highly suppressed low weight. Conversely,
youth with higher BMIz and high WS might be less
“successful” at restricting, and more susceptible to binge
eating. This suggests that WS may have a greater effect
on youth with relatively higher premorbid BMIz.

Current WS was also related to compensatory behaviors
in older youth with BN, in that lower current BMIz was
associated with more frequent compensatory behaviors
than higher current BMIz. Though the impact of BMIz on
compensatory behaviors was weakened in youth with

higher current WS, this finding likely suggests that youth
who engage in more compensatory behaviors achieve lower
BMlIz, rather than the alternative potential explanation that
youth with low BMIz engage in more compensatory
behaviors. However, the impact of BMIz on compensatory
behaviors was diminished by WS, which may reflect the
fact that compensatory behaviors are less effective for main-
tenance of low weight in youth with higher WS.

Current and greatest WS were also associated with higher
levels of dietary restraint, such that a history of WS predicts
later dietary restraint, in addition to the contemporaneous
relation between WS and restraint. This suggests that youth
who were previously successful at restricting their intake
(ie., achieved high historical WS) are likely to continue
engaging in higher levels of dietary restraint. In other
words, historical WS can be viewed as a potential risk
factor for ongoing dietary restraint. The relation between
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current WS and dietary restraint also suggests that youth
with BN are relatively successful in their efforts to restrict.
Despite small to medium correlations between greatest WS
and older age, longer duration of illness, and greater weight
and shape concern, greatest WS was not associated with
bulimic behaviors after adjusting for these variables, despite
the association found in adults with BN [3]. Together, these
findings suggest that current WS is important in the
conceptualization of BN psychopathology in youth, whereas
historical WS (i.e., greatest WS) is less relevant given its
association with dietary restraint only.

To our knowledge, this is the first study of WS in a sam-
ple of youth with BN. In keeping with the adult literature,
analyses examined the potential interaction between WS
and BMIz and adjusted for dietary restraint, as well as
additional factors associated with WS (e.g., age, duration
of illness, and weight and shape concern). Several limita-
tions include the use of cross-sectional data within a
modestly-sized treatment-seeking sample with missing
data on weight history and the inability to examine WS in
relation to eating concern. Furthermore, WS calculations
were limited to using youth’s current height, which may
have underestimated greatest WS. Reliance on self-report
may have further biased WS estimates. Indeed, the dis-
crepant results for youth ages 16 and older suggest that
this method of assessing WS might have been inadequate
for youth with more frequent changes in height (using age
as a proxy for height stability). WS assessment in develop-
ing youth still growing in height may require a more so-
phisticated, developmentally sensitive approach given the
need to account for age, height, and weight to properly
calculate WS at times of interest. Rather than assessing
highest and lowest weight, patient’s historical BMI-for-age
growth charts should be used to determine highest and
lowest BMI percentiles, using multiple weights, heights,
and ages from medical records to calculate BMIz. Com-
prehensive growth charts for each patient would have pro-
vided a better estimate of WS, which was unfortunately
not possible in the current study.

Conclusions

This study suggests that WS is an important marker of BN
psychopathology in youth, which should be assessed at the
start of treatment. Given the challenges in assessing WS in
developing youth, additional studies using more complete
records of WS history (i.e., BMI-for-age growth charts) are
needed to further clarify the impact of WS on the develop-
ment and maintenance of bulimic symptoms in youth.
Future studies should also examine its prognostic value in
youth, given some research in adults suggesting that WS
may be related to poorer treatment outcomes.

Page 5 of 6

Abbreviations

BMI, body mass index; BMIz, BMI z-score; BN, bulimia
nervosa; DSM,

diagnostic and statistical manual for mental disorders;
EDE, eating disorder examination; M, mean; SD, stand-
ard deviation; WS, weight suppression

Acknowledgements
We would like to acknowledge the youth who participated in this study.

Funding

Funding support for this study was provided by National Institute of
Mental Health grants T32 MH082761, K23 MH001923, and ROT MH079979
(Le Grange) as well as by the Agency for Healthcare Research and Quality
grant T32 HS000078. Funding for open access fees was provided by the
UCSF Open Access Publishing Fund.

Availability of data and materials

Due to lack of informed consent from participants to publish patient data,
the datasets analyzed during the current study are not publicly available in
order to maintain participant confidentiality and but are available from the
corresponding author on reasonable request pending approval from the
relevant institutional review boards.

Authors’ contributions

ECA and JL contributed to the conception and design of the study. ECA and
DL contributed to the acquisition of data, and JL contributed to preparing
the data. ECA conducted data analyses. All authors made substantial
contributions to the interpretation of data. ECA drafted the manuscript
whilst JL, SBM, AEK, and DL reviewed it critically for accuracy and theoretical
integrity and contributed intellectually to the writing. All authors read and
approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Ethics approval and consent to participate

Informed assent/consent to participate was obtained from all participants,
and all protocols were approved by The University of Chicago Institutional
Review Board.

Author details

'Department of Psychiatry, UCSF Weill Institute for Neurosciences, University
of California, San Francisco, 3333 California Street, LH Suite 245, Box 0503,
San Francisco, CA 94143, USA. *Department of Psychiatry and Behavioral
Sciences, University of Miami Miller School of Medicine, Miami, FL, USA.
3Department of Psychiatry and Psychology, Mayo Clinic School of Medicine,
Rochester, MN, USA. “Department of Medicine, The University of Chicago,
Chicago, IL, USA. SDepartmem of Pediatrics, University of California, San
Francisco, CA, USA.

Received: 15 March 2016 Accepted: 11 July 2016
Published online: 27 July 2016

References

1. Fairburn CG. Eating disorders. In: Clark DM, Fairburn CG, editors. Science and
practice of cognitive behaviour therapy. Oxford: Oxford University Press;
1997. p. 209-41.

2. Heatherton TF, Polivy J. Chronic dieting and eating disorders: a spiral model.
In: Crowther JH, Tennenbaum DL, Hobfold SE, Parris MA, editors. The
etiology of bulimia nervosa: the individual and familial context. Washington,
DC: Hemisphere; 1992. p. 133-55.

3. Butryn ML, Juarascio A, Lowe MR. The relation of weight suppression and
BMI to bulimic symptoms. Int J Eat Disord. 2011;44:612-17.

4. Lowe MR, Thomas JG, Safer DL, Butryn ML. The relationship of weight
suppression and dietary restraint to binge eating in bulimia nervosa.

Int J Eat Disord. 2007,40:640-44.

5. Keel PK, Heatherton TF. Weight suppression predicts maintenance and
onset of bulimic syndromes at 10-year follow-up. J Abnorm Psychol.
2010;119:268-75.



Accurso et al. Journal of Eating Disorders (2016) 4:21

Butryn ML, Lowe MR, Safer DL, Agras WS. Weight suppression is a robust
predictor of outcome in the cognitive-behavioral treatment of bulimia
nervosa. J Abnorm Psych. 2006;115:62-7.

Carter FA, McIntosh WW, Joyce PR, Bulik CM. Weight suppression predicts
weight gain over treatment completion or outcome in bulimia nervosa.

J Abnorm Psychol. 2008;117:936-40.

Lowe MR, Berner LA, Swanson SA, Clark VL, Eddy KT, Franko DL, ... Herzog
DB. Weight suppression predicts time to remission from bulimia nervosa.
J Consult Clin Psych. 2011,79:772-6.

Dawkins H, Watson HJ, Egan SJ, Kane RT. Weight suppression in bulimia
nervosa: relationship with cognitive behavioral therapy outcome.

Int J Eat Disord. 2013;46:586-93.

Zunker C, Crosby RD, Mitchell JE, Wonderlich SA, Peterson CB, Crow SJ.
Weight suppression as a predictor variable in treatment trials of bulimia
nervosa and binge eating disorder. Int J Eat Disord. 2011,44:727-30.
Hudson JI, Hiripi E, Pope HG, Kessler RC. The prevalence and correlates of
eating disorders in the National comorbidity survey replication. Biol
Psychiat. 2007,61:348-58.

American Psychiatric Association. Diagnostic and statistical manual of mental
disorders: DSM-5. Washington, D.C: American Psychiatric Association; 2013.
Centers for Disease Control and Prevention. CDC growth charts for the
United States: development and methods. Atlanta: GA: Centers for Disease
Control and Prevention; 2002.

Fairburn CG, Cooper Z. The eating disorder examination (12.0D). In: Fairburn
CG, Wilson GT, editors. Binge eating: nature, assessment and treatment.
New York: Guilford Press; 1993. p. 317-60.

Cooper Z, Cooper PJ, Fairburn CG. The validity of the eating disorder
examination and its subscales. Brit J Psychiat. 1989;154:807-12.

Rizvi SL, Peterson CB, Crow SJ, Agras WS. Test-retest reliability of the eating
disorder examination. Int J Eat Disord. 2000;28:311-16.

Lowe MR, Davis W, Lucks D, Annunziato R, Butryn M. Weight suppression
predicts weight gain during inpatient treatment of bulimia nervosa. Physiol
Behav. 2006,87:487-92.

Herzog DB, Thomas JG, Kass AE, Eddy KT, Franko DL, Lowe MR. Weight
suppression predicts weight change over 5 years in bulimia nervosa.
Psychiatry Res. 2013;46:586-93.

Page 6 of 6

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BioMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Assessment
	Weight and height
	Eating disorder examination (EDE, version 12.0)

	Analyses

	Results
	Eating disorder psychopathology
	Objective binge eating, compensatory behaviors, and dietary restraint

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Ethics approval and consent to participate
	Author details
	References

