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Abstract

Objective—This study examined pre- and post-prandial glucagon-like peptide 1 (GLP-1) levels
in women with bulimia nervosa (BN), purging disorder (PD), and non-eating disorder control
women to better understand whether alterations in satiation-related hormones in BN may be linked
to binge-eating episodes or other altered ingestive behaviors.

Method—~Participants included women with BN (n = 19), PD (n = 14), or controls (n = 14).
Participants provided subjective ratings for hunger and fullness and plasma samples before and
after consumption of a standardized test meal.

Results—As expected, GLP-1 levels increased significantly following test meal consumption;
however, participants with BN displayed significantly lower GLP-1 levels compared to PD and
control participants both before and after consumption of the test meal. There were no significant
differences between PD and control participants in GLP-1 levels, but individuals with PD
displayed significantly higher levels of fullness throughout the test meal as compared to both
control and BN participants.

Discussion—Our findings provide preliminary evidence that reduced GLP-1 levels in
individuals with BN may be associated with binge-eating episodes. Additionally, increased
fullness in individuals with PD does not appear to be accounted for by exaggerated post-prandial
GLP-1 release.

Bulimia nervosa (BN) is characterized by recurrent objectively large binge-eating episodes,
defined by a “loss of control” during consumption of excessive quantities of food. These
objectively large feeding bouts are accompanied by compensatory behaviors (e.g., self-
induced vomiting), which are used in an effort to prevent weight gain and/or influence body
shape (1). Several studies have reported that individuals with BN experience altered
perceptions of hunger, satiation, and fullness (2, 3, 4, 5, 6). These experiences suggest
deficits in satiation which have been implicated in the propensity to consume large
quantities of food, and investigators have sought possible physiological alterations that
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could account for satiation deficits. Examination of pre- and post-prandial levels of feeding-
related hormones (e.g., cholecystokinin [CCK]) has revealed reductions in individuals with
BN compared to controls, providing insight about the physiological correlates for the
reported alterations in satiation in this group (7, 4, 5, 8). However, most studies have
compared individuals with BN to healthy control participants. Thus, differences in satiation-
related hormones may be linked to binge-eating episodes in BN or other altered ingestive
behaviors in this group, such as dietary restriction or purging behavior.

Purging disorder (PD) is another specified feeding and eating disorder (OSFED) (1) that is
characterized by purging behaviors (e.g., self-induced vomiting) after consumption of
normal or small amounts of food among individuals who are not underweight (9). Thus, a
key difference between PD and BN is the absence of objectively large binge-eating episodes
in PD, making PD an excellent comparison group for understanding factors that are uniquely
related to the presence of binge-eating episodes in BN. Keel and colleagues (5) found that
individuals with BN reported both lower satiation and postprandial fullness in response to a
standardized test meal compared to individuals with PD. Furthermore, individuals with BN
demonstrated significantly lower post-prandial CCK response compared to individuals with
PD. Of interest, participants with PD reported greater levels of post-prandial fullness as
compared to controls. This elevation in post-prandial fullness could not be completely
attributed to alterations in CCK levels, as those with PD did not differ from controls on
postprandial CCK response. To follow up on these observations, the goal of this preliminary
investigation was to examine pre- and post-prandial glucagon-like peptide-1 (GLP-1) levels
in individuals with BN, PD, and non-eating disorder controls.

GLP-1 is a feeding-related hormone that is synthesized in intestinal enteroendocrine L cells
and released in response and in proportion to nutrient stimulation of the gut (10, 11).
Delivery of GLP-1 reduces food intake and increases satiation in a dose-dependent manner
in humans (12). Furthermore, rodent studies have provided evidence that peripherally
released GLP-1 plays a physiological role in satiation (13) and central GLP-1 receptors
mediate nutrient-induced satiation (14, 15). Thus, alterations in GLP-1 release may be a
physiological mechanism that underlies deficits in satiation in individuals with BN, elevated
fullness in individuals with PD, or both.

Participants in the current study included women with BN (n=19), PD (n=14), and no
history of any eating disorder (n=14) who participated in one of two larger studies
examining the pathophysiology of BN and PD (5, Keel et al., in prep). GLP-1 has gained
relatively recent attention in the ingestive behaviors literature, and, thus, assays of GLP-1
were not included among the original specific aims of either study. However, examination of
peptides that influence ingestive behaviors was included among broad aims and was
described in consent forms completed by all participants.

Pre- and post-prandial plasma GLP-1 levels were assessed in back-up samples for 47 female
participants (RIA: 12 BN, 8 PD, 8 Controls; ELISA: 7 BN, 6 PD, 6 Controls). All BN
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participants met DSM-1V (16) diagnostic criteria that were modified in light of anticipated
revisions to be made in DSM-5 criteria, including engaging in binge-eating and purging
episodes (e.g., self-induced vomiting, laxative misuse) at least once per week, averaged over
the past three months, and endorsing undue influence of shape and weight on their self-
evaluation. Similarly, individuals in the PD group met research criteria (17) which included
purging episodes (e.g., self-induced vomiting, laxative misuse) in the absence of objectively
large binge-eating episodes at least once per week, averaged over the past three months, to
control their weight or shape and undue influence of weight or shape on their self-
evaluation. Individuals with PD were excluded if they endorsed a history of recurrent
objectively large binge-eating episodes. Additionally, participants were excluded if they met
DSM-1V (16) criteria for current mood disorder or substance dependence. Exclusion criteria
for the control participants were current dieting to lose weight and/or a history of any eating
or other major psychiatric disorder.

Participants were recruited from the surrounding communities via local advertisements.
Telephone screens were conducted to determine initial eligibility, which was later confirmed
via face-to-face structured clinical interview. All participants were between the ages of 18-
45 years and fell within a body mass index (BMI) range of 18.5-26.5 kg/m?, as assessed by
objective measurements during the study visits. Participants were free of medication, with
the exception of oral contraceptives, and were instructed to abstain from consumption of
alcohol for at least 72 hours prior to the visit in which blood samples were taken.

During the first study visit, eating disorder diagnoses and control status were confirmed
using the Eating Disorder Examination (EDE) (18) and Structured Clinical Interview for
DSM-IV Axis | Disorders (SCID-1) (19). The study visit from which samples for GLP-1
were obtained occurred after an overnight fast (i.e., participants were instructed to consume
nothing but water from 11:00 pm until arrival at the study center at 8:00 am). Following a
brief medical screen, participants had an indwelling intravenous catheter inserted into their
arm. Participants were then given a standardized test meal (Ensure Plus, 900 kcal in 600 g of
liquid) and instructed to consume it over a 5-minute window. For one study from which
samples were taken (5), blood was collected into chilled EDTA-treated tubes with 150 pl of
aprotinin prior to, 15 and 30 minutes (min) after test meal consumption. In the other study
(Keel et al., in prep), blood samples were collected prior to, 10, 20, 30, 50, 90, and 120 min
after test meal consumption. Given the time over which GLP-1 is released following food
ingestion, samples taken at baseline, 10, 15, or 20, and 30 min after the test meal were used
in analyses for the current study. After collection, blood samples were immediately
centrifuged at 4° C and plasma was moved to separate aliquot tubes and stored at -80° C
until assayed (samples for radioimmunoassay stored for 8.2 (+ 0.4) years; ELISA stored for
2.4 (+ 1.3) years). Additionally, during each time point, participants completed visual analog
scales (VAS) to obtain subjective measures of hunger and fullness. Responses were
indicated by placing a vertical line on a 100 mm horizontal scale anchored from “not at all”
to “extremely.”
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GLP-1 analysis

Dependent on the study sample, plasma GLP-1 (total) concentrations were determined using
either commercially available radioimmunoassay (RIA) or commercially available enzyme-
linked immunosorbant assay (ELISA) kits (EMD/Millipore, St. Charles, Missouri). Total
GLP-1 was assayed because preservation of back-up samples did not permit evaluation of
the active form of GLP-1, which has been shown to degrade within 2 min of release.
However, total GLP-1 levels reflect the accumulated release of the active form and thus
provide a good initial proxy for a preliminary examination of GLP-1 levels in these groups.
The detection limits were 3 pM and 1.5 pM for the RIA and ELISA assays, respectively.
The maximum accepted coefficient of variation for each assay type was 15%, representing
an acceptable range between duplicate samples using these assay methods.

Data analyses

Results

Repeated measures collected before and after the standardized test meal were analyzed using
multilevel model (MLM) analyses to examine change over time as a consequence of the test
meal intake (level 1) and between-subjects predictors of change (level 2). This method was
utilized above repeated measures ANOVA because it allowed assay and assay method (RIA
vs. ELISA) to be included as covariates in analyses. Because assay method varied by the
study from which samples were taken, controlling for assay method also controlled for
study. In addition, MLM permits variation in timing of repeated observations (e.g., these
models treat time as a continuous variable such that individuals may differ in whether their
mid-point GLP-1 concentration was sampled 10, 15, or 20 min post-prandially). Within
these models, time and time-squared were entered as continuous linear and quadratic
predictors, respectively, of within-person change in GLP-1 levels, and group was entered as
a between subjects predictor of GLP-1 levels. Finally, the interaction of Group x Time was
included to test whether groups differed on change in GLP-1 levels in response to the
standardized test meal. We also tested for the significance of potential covariates of GLP-1
levels, including age, BMI, hormonal contraceptive use in all participants, duration of illness
and purging frequency in BN and PD participants, and binge-eating frequency in BN
participants. Of these, only BMI was a significant covariate and was therefore included in
models.

A model including the main effects of time, time-squared, group, and covariates of BMI,
assay and assay method supported that each variable was a significant predictor of GLP-1
levels over the course of the test meal visit. Consistent with the effect of food intake on
GLP-1 release, GLP-1 levels increased over time (Estimate (SE) = 1.08 (0.24), t(138)=4.45,
p<0.001). Consistent with the short-term response of GLP-1, rate of growth decreased as a
quadratic effect of time (Estimate (SE) = —0.02 (0.008), t(138)= —2.98, p=0.003). In addition
to these main effects of time and time-squared, there was a main effect of group (F(2,
138)=8.23, p<0.001). Post-hoc comparisons supported significantly lower GLP-1 levels
throughout the test meal in BN participants compared to both control (t(138)=-2.36,
p=0.019) and PD participants (t(138)= —4.00, p<0.001). There was no significant difference
between control and PD participants on GLP-1 levels (p=0.15). BMI was a significant
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predictor of GLP-1 levels (Estimate (SE) = 1.55 (0.39), t(138)=4.00, p<.001). Assay method
(RIA vs. ELISA) was a significant predictor of GLP-1 levels, with values from ELISA
significantly higher than values from the RIA (t(138)=8.60, p<0.001). Higher values from
ELISA likely reflect both differences in sensitivities of methods and differences in duration
of storage of back-up plasma samples from the studies from which samples were drawn (see
Figure 1).

Adding the interaction of Group x Time to the main effects model resulted in worse model
fit compared to the main effect models (BIC=1068.262 vs. BIC=1059.334, respectively),
and there was no significant interaction for group x time (F(2, 138)=0.47, p=0.63). Thus,
group differences in GLP-1 levels did not change over time or in response to the test meal.
This may reflect our measurement of total GLP-1 rather than active GLP-1 levels.

For analyses of subjective ratings of fullness, a model including the main effects of time,
time-squared, and group supported that each variable was a significant predictor over the
course of the test meal. Subjective feelings of fullness increased after the test meal (Estimate
(SE) =5.36 (0.57), t(140)=9.36, p<0.001). In addition, the quadratic effect of time indicated
that feelings of fullness peaked and then subsided somewhat by 30 min after the meal
(Estimate (SE) = -0.12 (0.02), t(140)= -6.60, p<0.001). In addition to these main effects of
time and time-squared, there was a main effect of group (F(2, 140)=6.78, p=0.002). Post-hoc
comparisons supported significantly higher fullness levels throughout the test meal in PD
participants compared to both control (t(140)=2.77, p=0.006) and BN participants (t(140)=
3.53, p=0.001), who did not differ significantly from one another (p=0.59) (see Figure 2).
Adding the interaction of Group x Time to the main effects model resulted in worse model
fit compared to the main effect models (BIC=1301.894 vs. BIC=1295.428, respectively),
and there was no significant interaction for group x time (F(2, 140)=1.73, p=0.18). Thus,
changes in fullness following the test meal did not differ by group; however, this may reflect
limited power to detect the interaction effect.

For analyses of subjective ratings of hunger, a model including the main effects of time,
time-squared, and group supported significant effects for time and time-squared. Subjective
feelings of hunger decreased after the test meal (Time: Estimate (SE) = -2.84 (0.60),
t(141)=-4.74, p<0.001), and change over time was non-linear (Time Squared: Estimate (SE)
=0.06 (0.02), t(141)=3.26, p=0.001). There was no significant effect of group or group x
time interaction in either the main effects model or a model including the two-way
interaction (p-values > 0.10).

Discussion

This is the first study to examine GLP-1 levels in individuals with BN in direct comparison
with individuals with PD as well as controls. Previous reports compared individuals with
BN to controls, which does not permit evaluation of whether alterations in gut peptides are
linked to objective binge-eating episodes or purging behavior. The current study found that
individuals with BN displayed lower pre- and post-prandial GLP-1 levels compared to PD
and control participants. In addition, we found that individuals with PD displayed similar
GLP-1 levels as controls, but reported significantly higher fullness throughout the test meal
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study. These findings provide evidence that alterations in peripheral total GLP-1 in
individuals with BN may be linked to objective binge-eating episodes rather than to purging
behavior. Additionally, the lower concentrations of GLP-1 in participants with BN before
and after the test meal also resemble patterns for subjective ratings of reduced satiation
reported by the larger sample of BN participants from which these samples were taken (Keel
et al., 2007). These findings extend our understanding of physiological mechanisms that
may contribute to decreased satiation and increased vulnerability to binge-eating episodes in
individuals with BN to another feeding-related hormone important in the regulation of food
intake.

Our findings of reduced pre- and post-prandial total GLP-1 levels in individuals with BN
compared to controls are consistent with those of Naessén et al., (8). Indeed, Naessén and
colleagues (8) found both lower fasting and lower post-prandial serum concentrations of
total GLP-1 in women with BN compared to control participants. However, our findings are
inconsistent with findings from Brambilla et al. (20) who found no differences in GLP-1
levels between controls and participants with BN at any time point examined. This latter
discrepancy may be due to differences in the composition of the test meal used between
studies, particularly with regard to protein. Consumption of protein has a dose-dependent
relationship with GLP-1 release and subjective appetite ratings in humans (21).
Additionally, examination of meal composition on f-cell response found that a fat-rich test
meal was less effective at stimulating GLP-1 release as compared to a carbohydrate-rich test
meal (22). The test meal in the current study and the study by Naessén et al. (8) were rich in
carbohydrate and protein (30% vs. 28% fat, 55% vs. 54% carbohydrate, 15% vs. 18%
protein, respectively) and both studies found a significant post-prandial rise in GLP-1. In
contrast, the test meal used by Brambilla et al. (20) was primarily comprised of fat (75% fat,
15% carbohydrate, 10% protein), which may not have been sufficient to elicit group
differences in GLP-1 release. However, there is a clear need for future studies to
systematically examine GLP-1 release following ingestion of different types and amounts of
macronutrients, which will allow for clear interpretation of assay results in comparison to
other studies.

One explanation for the reduction in GLP-1 levels in BN participants may be that these
individuals have an enlarged gastric capacity (23) and delayed gastric emptying (4).
Previous studies have shown individuals with BN require more nutrients delivered at a faster
rate to achieve similar satiation levels as control subjects (24). This method of ingestion may
compensate for reduced release of GLP-1 and CCK in individuals with BN. Such patterns
may contribute to rapid consumption of large amounts of food during binge-eating episodes
before feelings of satiation are stimulated. Consumption of a large amount of food may then
increase gastric capacity over time, and enlarged gastric capacity may reduce gastric stretch-
induced vagal stimulation in individuals with BN. This vagal stimulation plays an important
role in signaling satiation to the central nervous system (25) and alterations in this signaling
could contribute further to overconsumption of food, capturing women with BN in a vicious
cycle.

In contrast to the GLP-1 levels observed in BN, GLP-1 levels in individuals with PD did not
differ significantly from levels observed in controls, despite increased fullness reported by
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the PD participants. These findings suggest that GLP-1 levels do not contribute to excessive
“fullness” reported by this group. Although total GLP-1 levels failed to explain the
elevations in post-prandial fullness in participants with PD, alterations in other satiety-
related hormones, such as peptide YY (PYY), should be examined for their possible
relevance. In Sedlackova et al., (26) women with BN displayed increased post-prandial
levels of PYYY as compared to controls, which is opposite of what is observed with GLP-1.
These differences suggest that GLP-1 and PY'Y may be differentially influenced by eating
disorders such as BN and PD. Another possible explanation for elevated fullness to a fixed-
volume meal in PD compared to the other participants is a reduction of gastric capacity in
PD. A previous study by Geliebter et al. (27) revealed that dietary restriction significantly
reduced gastric capacity, so dietary restriction in the absence of objectively large binge-
eating episodes may decrease gastric capacity in PD. A reduction in gastric capacity would
lead to greater gastric distention, which in turn stimulates vagal afferents (28) that activate
GLP-1 neurons within the hindbrain (29). Stimulation of these hindbrain GLP-1 neurons
leads to the release of GLP-1 via ascending projections to the forebrain (30) where
activation of GLP-1 receptors can ultimately influence food intake (31, 32). As such, it
would be important for future studies to examine gastric capacity in individuals with PD as
well as PY'YY response to a test meal in disorders characterized by binge-eating, purging, or
both.

This study had several strengths and limitations to acknowledge. Participants were well-
matched on BMI, age, race and educational status, which is often not possible when
studying consecutive referrals in a clinical sample. We used a commercially available
standardized test meal that has been used in prior investigations (4), and this allows for
precise replication of our study procedures in future studies. Finally, we used a sophisticated
method of analysis that allowed for evaluation of changes over time in GLP-1 levels and
subjective test meal responses, despite differences in assay methods and timing of samples
and assessments between the parent studies from which back-up samples were drawn. In
terms of limitations, we examined total rather than active GLP-1 due to limitations in
preservation of samples originally collected as back-up samples for assay of other gut
peptides. GLP-1 is rapidly degraded by the ubiquitous enzyme dipeptidyl peptidase 1V,
leaving the amount of biologically active GLP-1 greatly reduced within minutes of release.
Active rather than total GLP-1 would more precisely reflect factors that influence
stimulation of the vagus nerve and might better capture patterns related to subjective test
meal response. Because we used back-up samples, these samples were stored at —80°C for
more than one year, this duration of storage may have compromised the amount of
detectable GLP-1 in our study. Additionally, because we utilized back-up samples, we had a
relatively small sample. Thus, replication of this preliminary study is needed, using larger
samples and collection methods to allow for assay of active GLP-1. Future studies also
should examine GLP-1 in individuals who experience binge-eating episodes in the absence
of purging (e.g., BN with non-purging compensatory behaviors), which may provide insight
into the underlying pathological hormonal profile as it relates to binge-eating more broadly.
Finally, in the absence of official diagnostic criteria for PD in the DSM-5, we employed a
definition that has been recommended in the literature but that may differ from that used by
other researchers. In addition, for the purposes of this study, we excluded participants with
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PD who had a history of BN as a means of ensuring that we were not studying one illness at
different stages. However, in future nosological schemes, this requirement may not have
clinical utility.

In summary, we documented lower total GLP-1 levels at baseline and following a
standardized test meal in individuals with BN compared to both PD and control participants,
who did not differ significantly from each other. Alterations in GLP-1 release in individuals
with PD do not appear to explain the elevated fullness reported post-prandially in these
individuals, suggesting that other meal-related hormones may contribute to these feelings.
Findings of the present study extend the current literature of the pathophysiology of binge-
eating episodes in BN, which may ultimately help inform potential targets for intervention.
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Figure 1. GLP-1 Concentrations over Time across Groups by Assay M ethod
Plasma levels of GLP-1 in women with bulimia nervosa (BN), purging disorder (PD), and

healthy control subjects (Control) in response to a test meal. Baseline pre-prandial
measurement is designated as 0 on the x-axis. Values obtained via ELISA represented by
filled markers and values obtained via RIA are represented by open markers. Plasma
concentrations of GLP-1 pre- and post-prandially are lower in women with BN as compared
to Controls (p<0.05) and PD participants (p<0.001). GLP-1, glucagon-like peptide 1. RIA: n
=12 BN, n=8PD, n =8 Controls; ELISA: n=7 BN, n =6 PD, n =6 Controls.
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Figure 2. Subjective Ratings of Fullness over Time across Groups
Visual analog scale (VAS) ratings of fullness collected from women with bulimia nervosa

(BN, n =19), purging disorder (PD, n = 14), and healthy control subjects (Control, n = 14)
in response to a standardized test meal. Participants with PD report significantly elevated
fullness as compared to control (p=0.006) and BN participants (p=0.001).

Int J Eat Disord. Author manuscript; available in PMC 2016 March 01.



