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Abstract:
Background: Zinc plays an important role in appetite regulation.
L-Carnosine, an endogenous dipeptide, may also regulate eating behavior
via its histaminergic and antiglutamatergic properties. Polaprezinc (zinc–
L-carnosine complex) is a medication for gastric ulcers. A small case series
reported successful treatment of binge eating with add-on polaprezinc.
Methods: This was an open trial of add-on polaprezinc in patients with
binge eating disorder (BED; n = 22) or bulimia nervosa (BN; n = 7) receiv-
ing antidepressants. A 4-week baseline period was followed by a 16-week
polaprezinc treatment at 150 mg/d (containing 34 mg zinc and 116 mg
L-carnosine) in addition to ongoing psychotropic medications. We also
assessed their zinc status via a laboratory index and zinc deficiency–
related symptoms.
Results: At the study end, both conditions showed a significant reduction
in the 4-week frequency of combined objective and subjective binge eating
episodes, the 4-week frequency of days when at least 1 such episode oc-
curred (only in BED), several aspects of eating disorder psychopathology
(rated by the Eating Disorder Examination–Questionnaire), and comorbid
depressive symptoms (rated by the 16-item Quick Inventory of Depressive
Symptomatology [Self-Report]). Serum copper/zinc ratio decreased from
1.4 to 1.1 on average in both conditions. All patients had multiple zinc
deficiency–related symptoms at baseline that substantially improved after
polaprezinc treatment. Overall, the effectiveness of polaprezinc was greater
in BED patients than in BN patients, with minor adverse effects.
Conclusions: These findings offer preliminary evidence for the effec-
tiveness of polaprezinc in treating BED and BN and suggest the involve-
ment of zinc deficiency in these conditions.
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P sychopharmacologic treatment options for binge eating disorder
(BED) and bulimia nervosa (BN) are limited to lisdexamfetamine

and fluoxetine, respectively. Moreover, these treatments are only
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approved in some countries.1 Here we focus on 2 nutrients, zinc
and L-carnosine, as potential therapies for these conditions.
Zinc plays an important role in appetite regulation.2 In rats, re-
duced food intake and a cyclic feeding pattern are indicative of
zinc deficiency.2 Individuals who binge eat also often show cyclic
up-and-down appetite with episodes of either binge eating or
almost no eating. This similarity with rat models led us to hypoth-
esize that individuals who binge eat have a zinc deficiency. Zinc
deficiency has been reported in BN patients3,4 but not in BED
patients.

L-Carnosine is an endogenous dipeptide composed of β-
alanine and L-histidine.5 The latter is a precursor of histamine.
The central histaminergic system is implicated in the regulation
of eating behavior.6 The administration of histamine, L-histidine,
and L-carnosine has reduced food intake in certain animal stud-
ies.7,8 The central glutamatergic system also participates in food
intake regulation, and increased glutamate neurotransmission
has been associated with appetite enhancement.9 L-Carnosine
can reduce the extracellular glutamate level in the brain and pro-
tect against its excitotoxicity.10

Polaprezinc is a zinc–L-carnosine complex that is prescribed
in Japan for the treatment of gastric ulcers.11 It is given at a daily
dose of 150 mg that contains 34 mg zinc and 116 mg L-carnosine.
Thus, a synergistic effect of zinc and L-carnosine on binge eating
is anticipated. Previously, a small case series reported successful
treatment of binge eating with add-on polaprezinc to ongoing an-
tidepressant treatment.12

We conducted an open trial of polaprezinc in 29 patients with
BED or BN to investigate (1) its effectiveness and safety, and (2)
their zinc status via a laboratory index and zinc deficiency–related
symptoms. As in the previous study, we recruited patients receiv-
ing antidepressants (regardless of the presence/absence of other
concomitant psychotropic medications) and added polaprezinc
to their regimen.
MATERIALS AND METHODS

Design
This was a prospective, open-label study with a 4-week base-

line period followed by 16 weeks of adjunct polaprezinc (Zeria
Pharmaceutical Co, Ltd, Tokyo, Japan) at 150 mg/d (divided into
2 doses) to the ongoing treatment regimen at the initial dose. Some
patients were given polaprezinc at 75 mg/d (once per day) for
4 weeks, which was then increased to 150 mg/d for the remaining
study period. Use of benzodiazepine receptor agonists as required
was permitted. Furthermore, only minimal supportive psychother-
apy was administered.
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Participants
We recruited outpatients attending Keieikai Yashio Hospital

or Keieikai Yuai Clinic (both in Saitama, Japan) between March
2016 and July 2018. The inclusion criteria included the following:
meeting the Diagnostic and Statistical Manual of Mental Disor-
ders, Fifth Edition (DSM-5) criteria for BED or BN; treatment
with antidepressants at a stable dose for a minimum of 8 weeks;
and aged between 18 and 65 years. Exclusion criteria included
the following: a history of a personality disorder that might inter-
fere with assessment or adherence to study procedures; serious
suicidal risk; clinically unstable medical illness; pregnancy, preg-
nancy plans, or lactating during the study period; receiving
cognitive-behavioral or interpersonal therapy; and having received
polaprezinc within the past 6 months.

The study was approved by the Ethics Committee of the Jikei
University School of Medicine (Tokyo, Japan) and the Institu-
tional Review Boards of Keieikai Yashio Hospital and Keieikai
Yuai Clinic. All patients provided written informed consent after
the study procedures were fully explained. The study was con-
ducted in accordance with the Declaration of Helsinki and is reg-
istered in the Clinical Trials Registry of the University Hospital
Medical Information Network (identifier: UMIN000021368).

Definition of Binge Eating
“Objective binge eating” is a form of binge eating defined by

theDSM-5 as eating of an unusually large amount of food in a dis-
crete period with a sense of loss of control while doing so. Among
BED and BNpatients, “subjective binge eating” is also commonly
experienced, where the patient experiences a loss of control during
eating but the amount of food consumed is not large, although the
patient views it as excessive.13 Because of its clinical significance,
subjective binge eating has been included in the diagnostic criteria
for BED and BN in the new International Classification of Dis-
eases, 11th Revision.14 In addition to objective binge eating, we
included subjective binge eating in the measurement of binge eat-
ing episodes.

Schedule of Assessments and Study Instruments
The patients were receiving antidepressants for their different

psychiatric disorders for at least 8 weeks before study enrollment.
At the initial visit (visit 1), interested patients were evaluated for
study eligibility. Binge eating disorder or BN diagnosis was first
assessed, followed by assessment for comorbid psychiatric diagnoses,
both based on information obtained from theMini-International Neu-
ropsychiatric Interview for DSM-IV,15 additional unstructured in-
terviews, chart reviews, and, if applicable, the Conners' Adult
ADHD Diagnostic Interview for DSM-IV.16 Each diagnosis was
finally made according to the DSM-5 criteria. We made this
choice because theMini-International Neuropsychiatric Interview
and Conners' Adult ADHDDiagnostic Interview forDSM-5were
unavailable.

A total of 34 patients were tentatively eligible at this point.
We then asked them to record the number of binge eating episodes
on a take-home diary. A binge eating episode was defined as (1)
eating a large amount of food in a discrete period (ie, within a
2-hour period) and (2) a sense of loss of control over eating during
the episode (ie, a feeling that you cannot stop eating or control
what or how much you are eating). An episode was considered
completed when 30 minutes or more passed without the patient
eating. Whether the amount of food was large was determined
by the patient; that is, binge eating episodes included both objective
and subjective binge eating. Finally, they underwent a physical ex-
amination and were interviewed for zinc deficiency–related symp-
toms, including hair loss, dermatitis, acne, nail fragility, dysgeusia,
600 www.psychopharmacology.com
stomatitis, glossitis, diarrhea, and dysphagia.17 We included dyspha-
gia because it is often associated with iron deficiency, and because
zinc participates in iron metabolism,17 it may also appear in zinc
deficiency.

We observed the patients every 4 weeks during the 20-week
study period (visits 1–2 during the baseline period; visits 2–6 dur-
ing the adjunct polaprezinc period). At visit 2, we reassessed
whether the patient met the BED or BN diagnostic criteria through
clinical interviews and reviewing their diaries. In addition, we admin-
istered the Eating Disorder Examination–Questionnaire (EDE-Q)18

to confirm the BED or BN diagnosis and to rate the severity of
the eating disorder psychopathology. Consequently, of the 34 ten-
tatively eligible patients at visit 1, 2 were excluded based on an in-
sufficient frequency of objective binge eating to satisfy criteria for
BED or BN diagnosis. Other 3 patients withdrew consent before
visit 2. The remaining 29 patients were formally enrolled and en-
tered the adjunct polaprezinc period. During visit 2, the enrolled
patients also completed the 16-item Quick Inventory of Depres-
sive Symptomatology (Self-Report; QIDS-SR16)

19 to rate the se-
verity of their depressive symptoms.

Polaprezinc treatment was begun after visit 2. At visit 2 and
the following visits, we assessed the number of binge eating epi-
sodes and binge eating days (days when at least 1 binge eating ep-
isode occurred) since the previous visit through clinical interviews
and reviewing the patients' diaries. We also assessed the EDE-Q
and QIDS-SR16 scores, body mass index (BMI) and weight, ad-
verse events, and performed routine hematologic and biochemical
tests, as well as assessments for serum levels of zinc, copper, iron,
and ferritin. Blood samples were collected in the fasting state be-
tween 8 and 9 A.M. and assessed in a commercial laboratory (LSI
Medience Corporation, Tokyo, Japan). At the final visit, we in-
terviewed the patients on whether their zinc deficiency–related
symptoms had improved, deteriorated, or were unchanged.
EDE-Q and QIDS-SR16

The EDE-Q is a self-report measure that assesses attitudes,
feelings, and behaviors related to eating and body image over the prior
28 days. Based on the EDE-Q, the baseline period and assessment in-
terval were set at 4 weeks in the present study design. The EDE-Q
provides a Global score and 4 subscale scores (Restraint, Eating Con-
cern, Shape Concern, and Weight Concern). Each score ranges from
0 to 6, with higher scores indicating greater severity. The validity of
EDE-Q for BED and BN has been previously reported.20,21

The QIDS-SR16 is a self-report measure of depressive symp-
toms over the prior 7 days. The score ranges from 0 to 27, with
higher scores indicating more severe symptoms. For patients with
a QIDS-SR16 score of 11 or higher at baseline (indicating moder-
ate or more severe depression), treatment response and remission
for depression were defined as follows: response, a 50% or more
reduction in the QIDS-SR16 score from baseline at final visit; and
remission, a QIDS-SR16 score of 5 or less at 2 consecutive sched-
uled follow-up visits.
Outcome Measures
The primary outcome measure was the 4-week frequency of

binge eating episodes. Secondary outcome measures were the
4-week frequency of binge eating days, EDE-Q and QIDS-SR16

scores, BMI, weight, serum levels of zinc and copper, and the se-
rum copper/zinc ratio. In addition, we calculated the baseline
prevalence of zinc deficiency–related symptoms and traced their
alterations with polaprezinc treatment. Safety parameters were
assessed for detailed self-reports on adverse events and clinical
laboratory data.
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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Statistical Analysis
We statistically evaluated changes in the outcome measures

during the follow-up period through the Friedman test. We quan-
tified the effect sizes for its test using eta squared (η2).22 A P value
of less than 0.05 was considered statistically significant. All anal-
yses were performed using PROC FREQ in SAS software (ver-
sion 9.1; Cary, NC).

RESULTS
All the 29 enrolled patients successfully completed the

16-week polaprezinc treatment. Table 1 shows their baseline char-
acteristics, mean imipramine-equivalent daily antidepressant dose,
and current psychiatric comorbidities, by the type of eating disor-
der. Most of the BED and BN patients hadmultiple comorbidities.
Only 2 patients had no comorbidity (1 BED and 1 BN). The fre-
quent comorbidities were a cluster of bipolar and related disorders
that comprised bipolar I, bipolar II, cyclothymic, and other speci-
fied bipolar and related disorders (73% in BED, 86% in BN);
panic disorder (77% in BED, 86% in BN); and social anxiety dis-
order (55% in BED, 57% in BN).

Table 2 presents the observed mean values for the outcome
measures (shown only at baseline, weeks 8 and 16). For the BED pa-
tients, there was a highly significant and steady decrease in the
4-week frequency of binge eating episodes, the 4-week frequency
of binge eating days, EDE-Q scores, and QIDS-SR16 score over
the course of treatment (P < 0.001 for all measures), except for the
EDE-Q Restraint score (P = 0.361). Of the 22 BED patients, 19
(86%) had a 75% or more reduction in the 4-week frequency of
binge eating episodes, and 5 (23%) achieved remission (no episodes)
at week 16. Based on the QIDS-SR16 scores, of the 19 BED patients
who had a baseline QIDS-SR16 score of 11 or higher, 8 (42%) re-
sponded to treatment for depression and none were remitted.
TABLE 1. Baseline Characteristics and Psychiatric
Comorbidities of the 29 Patients, Classified by Type of Eating
Disorder

Variable
BED

(n = 22)
BN

(n = 7)

Mean age (SD), y 37.6 (9.5) 31.0 (11.0)
Male/female ratio 5/17 3/4
Mean duration of illness (SD), y 7.9 (9.0) 9.9 (10.7)
Mean daily dose of
antidepressants (SD), mg*

55.3 (46.6) 100.4 (128.5)

Comorbidity (current), n (%)
Bipolar I disorder 2 (9) —
Bipolar II disorder 7 (32) 4 (57)
Cyclothymic disorder — 1 (14)
Other specified bipolar and
related disorder

7 (32) 1 (14)

Major depressive disorder 2 (9) —
Panic disorder 17 (77) 6 (86)
Social anxiety disorder 12 (55) 4 (57)
Generalized anxiety disorder 2 (9) —
Posttraumatic stress disorder 1 (5) 1 (14)
Alcohol use disorder 3 (14) —
Borderline personality disorder 6 (27) 3 (43)
ADHD 7 (32) 2 (29)

*Imipramine-equivalent dose.

ADHD, attention-deficit/hyperactivity disorder.

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
Among the BN patients, there was a significant and almost
steady decrease in the 4-week frequency of binge eating episodes
(P = 0.048), EDE-Q Eating Concern (P = 0.032) andWeight Con-
cern (P = 0.044) scores, and QIDS-SR16 score (P = 0.010); how-
ever, the 4-week frequency of binge eating days and the remaining
EDE-Q scores did not improve. Of the 7 BN patients, 3 (43%) had
a 75% or more reduction in the 4-week frequency of binge eating
episodes and 1 (14%) achieved remission at week 16. For depres-
sion, of the 6 BN patients who had a baseline QIDS-SR16 score of
11 or higher, 1 (17%) responded to treatment and was remitted.

Therewas no change in the BMI and weight among the BED
and BN patients. Serum zinc levels increased significantly in the
BED patients (P < 0.001) and numerically, but not significantly,
in the BN patients (P = 0.243). Serum copper levels remained un-
changed in both patient groups. Consequently, the serum copper/
zinc ratio decreased significantly in the BED patients (P < 0.001)
and numerically, but not significantly, in the BN patients
(P = 0.108). Serum ferritin (in both patient groups) and iron (in
BN patients) levels remained unchanged; serum iron levels in
the BED patients fluctuated significantly (P = 0.036), but without
a regular direction.

Table 3 presents 9 zinc deficiency–related symptoms ob-
served in our patients. At baseline, all patients had 3 or more of
the 9 symptoms (mean, 6.5). Notably, almost all patients had hair
loss (91% in BED, 86% in BN) and dermatitis (95% in BED, 86%
in BN). Only 1 patient (in BN) had neither hair loss nor dermatitis.
Instead, the patient had acne, dysgeusia, stomatitis, glossitis, diar-
rhea, and dysphagia. Table 3 also shows the responses of these
symptoms to the 16-week polaprezinc treatment; a substantial
number of the symptoms improved in both patient groups, espe-
cially in BED patients, whereas none deteriorated.

The reported adverse events were drowsiness (n = 2), nausea
(n = 2), dizziness (n = 1), constipation (n = 1), and stomachache
(n = 1), and were all mild and transient without requiring treat-
ment. For laboratory indices, 2 patients showed mild to moderate
elevation of liver enzymes and thus were given ursodeoxycholic
acid (UDCA). In the moderate case, aspartate aminotransferase,
alanine aminotransferase, and γ-glutamyl transferase decreased
from 82 to 49U/L, 182 to 101 U/L, and 78 to 46U/L, respectively,
after 12 weeks on 300 mg/d of UDCA, whereas those enzyme
levels changed little after 8 weeks on 150 mg/d of UDCA in the
mild case. No significant changes were observed in the other lab-
oratory parameters.

DISCUSSION
In this open-label study on BED and BN patients, adjunct

polaprezinc treatment was associated with a significant reduction
in the frequency of binge eating episodes, the frequency of binge
eating days (only in BED patients), several aspects of eating disor-
der psychopathology (rated by EDE-Q), and depressive symp-
toms (rated by QIDS-SR16) (Table 2). It should be noted that the
“overeating with a sense of loss of control”measured in this study
denoted the characteristic compulsive overeating observed in the
BED and BN patients, and included both objective and subjective
binge eating. Therefore, the recorded number of binge eating ep-
isodes was probably greater than those specified by DSM-5,
which limits only to objective ones. For EDE-Q in the BED pa-
tients, only the Restraint subscale score did not show a significant
change; however, unlike the other subscale scores, it was low at
baseline, indicating it as a differential feature between BED and
BN. For EDE-Q in the BN patients, only the Eating Concern
and Weight Concern subscale scores showed a significant im-
provement. Changes in the QIDS-SR16 score indicated that 42%
of the BED patients and 17% of the BN patients who had moder-
ate or more severe depression at baseline achieved a treatment
www.psychopharmacology.com 601
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TABLE 2. Outcome Measures at Baseline and After Polaprezinc Treatment in the 29 Patients, Classified by Type of Eating Disorder

Outcome Measure Baseline, Mean (SD) Week 8, Mean (SD) Week 16, Mean (SD) P* η2†

BED (n = 22)
Binge eating episodes/4 wk‡ 57.7 (48.5) 27.7 (24.1) 11.2 (19.7) <0.001 0.742
Binge eating days/4 wk‡ 21.2 (6.7) 15.4 (9.1) 6.4 (9.6) <0.001 0.681
EDE-Q score

Global 3.1 (1.0) 2.1 (1.1) 1.9 (1.2) <0.001 0.375
Restraint 0.8 (1.0) 0.9 (1.0) 0.9 (1.1) 0.361 0.049
Eating concern 3.4 (1.6) 1.3 (1.0) 1.0 (0.9) <0.001 0.574
Shape concern 4.2 (1.3) 3.1 (1.7) 3.0 (1.8) <0.001 0.279
Weight concern 4.0 (1.4) 2.9 (1.6) 2.7 (1.7) <0.001 0.255

QIDS-SR16 score 16.8 (5.4) 11.5 (4.7) 9.5 (6.0) <0.001 0.483
BMI, kg/m2 25.9 (5.2) 25.8 (5.3) 25.6 (5.2) 0.250 0.061
Weight, kg 68.2 (19.0) 68.2 (19.7) 67.6 (19.3) 0.250 0.061
Biochemical variables

Zinc, μg/dL 90.6 (9.5) 114.6 (19.4) 108.3 (24.3) <0.001 0.265
Copper, μg/dL 119.5 (32.8) 118.1 (39.9) 119.1 (35.5) 0.556 0.035
Copper/zinc ratio 1.3 (0.4) 1.1 (0.5) 1.2 (0.5) <0.001 0.310
Ferritin, ng/mL 81.52 (79.62) 75.24 (73.95) 79.38 (93.85) 0.647 0.029

BN (n = 7)
Binge eating episodes/4 wk‡ 34.9 (19.4) 27.6 (26.6) 17.6 (17.7) 0.048 0.342
Binge eating days/4 wk‡ 19.1 (6.6) 15.6 (9.4) 12.4 (11.0) 0.093 0.285
EDE-Q score

Global 3.3 (0.9) 2.9 (1.3) 2.6 (1.4) 0.102 0.276
Restraint 1.6 (1.0) 2.5 (1.7) 2.0 (1.8) 0.516 0.116
Eating concern 4.2 (1.4) 2.9 (1.6) 2.5 (1.7) 0.032 0.378
Shape concern 3.8 (1.6) 3.3 (1.9) 3.1 (1.9) 0.508 0.118
Weight concern 3.5 (1.9) 3.0 (2.1) 2.5 (1.9) 0.044 0.349

QIDS-SR16 score 17.6 (4.8) 11.7 (5.1) 12.6 (7.2) 0.010 0.475
BMI, kg/m2 21.4 (2.7) 21.3 (2.8) 20.8 (3.0) 0.167 0.231
Weight, kg 60.0 (10.2) 59.8 (10.3) 58.3 (9.5) 0.167 0.231
Biochemical variables

Zinc, μg/dL 86.0 (10.6) 108.2 (47.1) 118.4 (42.8) 0.243 0.214
Copper, μg/dL 117.4 (40.5) 106.5 (33.0) 105.9 (23.1) 0.460 0.141
Copper/zinc ratio 1.4 (0.5) 1.2 (0.6) 1.0 (0.5) 0.108 0.296
Ferritin, ng/mL 109.16 (68.90) 86.25 (61.31) 111.60 (79.46) 0.714 0.083

For simplicity, only the results at baseline, weeks 8 and 16 are listed.

*Data on changes over the study period, including the data at nonlisted time points, were statistically analyzed by the Friedman test.
†Effect size was calculated as eta squared (η2).
‡Includes both objective and subjective binge eating.

Sakae et al Journal of Clinical Psychopharmacology • Volume 40, Number 6, November/December 2020
response for depression. These findings offer preliminary evidence
for the effectiveness of polaprezinc in treating BED and BN.

The adverse events were minor, of which only elevated liver
enzymes required treatment. Furthermore, results from a Japanese
large clinical trial of polaprezinc for gastric ulcers have reported
an incidence of elevated liver enzymes of 0.1% to less than 1%
and few significant adverse events.23

There were no significant changes in the BMI and weight in
both patient groups, with only slight weight loss (−0.6 kg [0.9%]
in BED, −1.7 kg [2.8%] in BN) (Table 2). Nevertheless, given the
likely occurrence of weight gain as a natural course, weight main-
tenance is still a positive outcome in both BED and BN.24 More-
over, the 5 BED patients who achieved binge eating remission lost
more weight (−2.1%) compared with the nonremitted BED pa-
tients (−0.6%). This is consistent with findings from other studies
that reported more weight loss in remitted BED patients.25,26 The
baseline mean BMI of the BED patients was 25.9 kg/m2, with a
602 www.psychopharmacology.com
minority being obese (4 of 22 [18%], as defined by a BMI of
≥30 kg/m2). Many BED patients have been reported to be of a
healthy weight or overweight but not obese (obesity rate,
~40%).27 Japanese BED patients are reported to have a mean BMI
of approximately 24 kg/m2 and an obesity rate of only 7.3%.28,29

Thus, the observedmodest weight loss effect of polaprezinc indicates
that it could be safely applied to the high proportion of nonobese
BED patients. Unfortunately, we did not collect data on the purg-
ing episodes for the BN patients, and thus could not determine
whether these behavioral changes affected the weight outcome.

Based on all the outcomes, the magnitude of the effective-
ness of polaprezinc was smaller in the BN patients than in the
BED patients. To explore the factors contributing to this differ-
ence, we analyzed baseline differences between the BED and
BN patients regarding age, duration of illness, number of psychi-
atric comorbidities, frequency of binge eating episodes and days,
EDE-Q and QIDS-SR16 scores, and biochemical variables. The
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 3. Baseline Prevalence of Zinc Deficiency–Related Symptoms and the Responses After 16-Week Polaprezinc Treatment in the
29 Patients, Classified by Type of Eating Disorder

BED (n = 22) BN (n = 7)

Baseline Week 16 Baseline Week 16

Symptom n (%) IM/UC ratio n (%) IM/UC ratio
Hair loss 20 (91) 17/3 6 (86) 3/3
Dermatitis 21 (95) 20/1 6 (86) 6/0
Acne 14 (64) 13/1 6 (86) 6/0
Nail fragility 15 (68) 13/2 5 (71) 3/2
Dysgeusia* 15 (68) 15/0 6 (86) 5/1
Stomatitis 13 (59) 12/1 5 (71) 3/2
Glossitis 12 (55) 12/0 4 (57) 2/2
Diarrhea 12 (55) 9/3 5 (71) 3/2
Dysphagia 17 (77) 16/1 6 (86) 4/2

At baseline, all patients exhibited ≥3 of the 9 symptoms (mean, 6.5).

No symptoms deteriorated.

*Only subjective, not including objective dysgeusia.

IM, improved; UC, unchanged.
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results showed that only EDE-Q Restraint score was significantly
high in the BN patients. Besides, there was no significant differ-
ence in the elevated serum zinc levels at study end between the
BED and BN patients; thus, loss of polaprezinc in BN patients
through vomiting was unlikely. Therefore, one reason for the ef-
fectiveness differencemight be because of intense dietary restraint
in the BN patients. The effectiveness difference is similar to that
observed for other treatments in previous studies,30 which is also
noted in the DSM-5. It possibly results from severity differences
between the 2 disorders. That is, BN has been characterized by
more disordered eating behaviors (greater amount of food con-
sumed by binge eating, fewer calories consumed when eating
but not binge eating),31 more intense dietary restraint that in-
creases the risk for binge eating,32 higher severities in clinical
and psychopathological variables,33,34 poorer prognosis,24,33 and
lower placebo response rate.35,36

Notably, our patients had a high frequency of psychiatric co-
morbidity (Table 1). This could be attributed to the naturalistic de-
sign of the study, the setting of minimal inclusion and exclusion
criteria to enhance generalization of the results, and the recruit-
ment of patients already receiving treatment for different psychiat-
ric disorders. Generally, both BED and BN patients have a
reported broad range of psychiatric comorbidities, especially mood
and anxiety disorders.27 Regarding mood disorders, the presence of
hypomanic symptoms has been associated with binge eating.37–39

Also among our patients, bipolar spectrum (ie, bipolar I, bipolar
II, or subthreshold bipolar disorder) frequently co-occurred with a
severe degree of depression (as expressed by a baseline mean
QIDS-SR16 score of 17). Despite their mood/emotional instability
possibly causing binge eating, a limited number of the patients took
mood stabilizers. Instead, antidepressants were used at a relatively
low dose to prevent manic switch or activation syndrome. Report-
edly, BED and BN patients with multiple comorbidities like
ours may be less responsive to treatment than those without
comorbidities.40,41

We detected high rates of zinc deficiency–related symptoms
in both BED and BN patients (Table 3). There is no sensitive bio-
marker of zinc status, and therefore, the most reliable diagnostic
method for zinc deficiency is confirming its deficiency based on
the clinical response to a zinc load.42 Baseline serum zinc level
of our patients was relatively high (89.5 μg/dL vs reference range
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
of 80–130 μg/dL, in the morning and fasting43). However, we left
our blood samples at room temperature from the morning of blood
collection until the evening of measurement. Therefore, because
erythrocytes contain approximately 10 times more zinc than se-
rum, it is possible that microhemolysis elevated serum zinc levels
by approximately 20%.44 Zinc and copper antagonize each other's
intestinal absorption, and the balance between them is more im-
portant than their actual levels in zinc deficiency diagnosis.45 A
previous study indicated that a serum copper/zinc ratio of 1.1 or
greater might be an effective marker for the diagnosis of taste dis-
orders derived from zinc deficiency (under the same measurement
condition as the present study).45 According to this value, 21 of
our 29 patients (16 of 22 in BED, 5 of 7 in BN) were zinc deficient
at baseline. However, upon polaprezinc addition, all patients (re-
gardless of baseline serum copper/zinc ratio) showed high treat-
ment response rates (50%–100%; mean, 87%) for their zinc
deficiency–related symptoms, when the rate was calculated as
the ratio of the number of improved symptoms to the total number
of improved and unchanged symptoms. This suggests that zinc
deficiency existed even in patients with a baseline serum
copper/zinc ratio of less than 1.1. Overall, the decrease in serum
copper/zinc ratio from 1.4 at baseline to 1.1 at the study end sug-
gests an improvement in zinc deficiency. Incidentally, iron defi-
ciency often coexists with zinc deficiency, and iron-deficiency
symptoms partially overlap with those of zinc deficiency.17 There-
fore, we hypothesized that some of our patients might have had an
iron deficiency. We found 4 of all 29 patients to be iron deficient,
defined as a serum ferritin level of less than 12 ng/mL at base-
line.46 Thus, to some extent, iron deficiency might have contrib-
uted to our patients' symptoms.

Zinc and L-carnosine have potentially common mechanisms
of action against binge eating, for example, by modulating gluta-
mate neurotransmission and reducing oxidative stress and inflam-
mation. The glutamate system plays an important role in the
regulation of food intake.9 Animal studies have shown that central
injection of glutamate or its receptors agonists rapidly elicits a
feeding response47 and that centrally injected mGluR5 agonists
stimulate feeding, whereas its receptor antagonists inhibit food in-
take.48 Thus, this system could be a treatment target for binge eat-
ing. Indeed, glutamate-modulating agents (topiramate, memantine,
and acamprosate) have offered promise against BED or BN.49–51
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Zinc binds with the glutamate N-methyl-D-aspartate receptor and
serves as its inhibitory modulator.52 L-Carnosine exists in glial cells
throughout the brain.5 L-Carnosine has been reported to reduce glu-
tamate excitotoxicity by upregulating the glutamate transporter 1,10

the primary controller of extracellular glutamate levels located on
astrocyte membranes. Oligodendrocytes release L-carnosine in a
process mediated by their own glutamate receptor,53 indicating that
L-carnosine interacts with glutamate in neuron-to-glia communica-
tion. Thus, L-carnosine plays a putative role in glutamate modula-
tion via glial cells.

Meanwhile, both zinc and L-carnosine have antioxidant and
anti-inflammatory properties.54,55 Because oxidative stress and in-
flammation can induce glutamate excitotoxicity,56,57 zinc's and
L-carnosine's ability in reducing these conditions may benefit
binge eating. In addition, zinc is essential for the immune system
as its deficiency results in multiple immunologic dysfunctions.54

Recently, eating disorders have been linked to immunologic ab-
normalities, as shown by abnormal cytokine production58 and a
link with autoimmune disease in cohort studies.59 Thus, balancing
the immune function by zinc supplementation could lead to eating
disorders alleviation.

Our patients' emotional improvement may reflect a positive
psychological effect secondary to their binge eating improvement
or might be directly because of polaprezinc as demonstrated by
supporting evidence. Zinc deficiency induces depression, irritabil-
ity, and mood lability,60 with zinc supplementation improving
these symptoms. L-Carnosine induces glial cells to secrete
neurotrophins that activate neuronal cells,61 and can inhibit mono-
amine oxidase in the brain,62 indicating its potential for mood im-
provement. L-Carnosine also ameliorates amygdaloid-kindled
seizures via its histaminergic action,63 which could be beneficial
for inhibiting trauma-related fear memory that occurs in binge eat-
ing patients. So far, L-carnosine has shown antidepressant-like ac-
tivity in rats64 and improved mood in healthy individuals,65 and
its therapeutic potential for depression has been proposed.66 Finally,
because glutamatergic hyperactivity, oxidative stress, and inflam-
mation are implicated in mood disorders,57,67 the counteractive
activity of zinc and L-carnosine may have a potential application
against these disorders.

Our study has several limitations. First, because of its uncon-
trolled open-label design, our findings should be interpreted cau-
tiously. The simple act of recording binges is a means of
psychological accountability that could reduce binge frequency.
Binge eating disorder is particularly associated with a substantial
placebo response rate (38% in a pooled analysis, as defined by a
≥75% reduction in binge eating episodes).36 The higher propor-
tion (86%) of our BED patients achieved a response, although
we are unable to directly compare the 2 studies because of our in-
clusion of subjective binge eating. Second, the small sample size,
relatively short treatment duration, and few obese BED patients
limit our findings. Third, we did not have data on the food con-
sumed during binge eating and the number of objective binge
eating episodes. Fourth, our patients are not representative of
the general patient population because of their relatively se-
vere psychopathology requiring psychiatric treatment. Fifth,
although no patients receiving polaprezinc dropped out and
treatment-emergent adverse events were minimal and accept-
able, the established doctor-patient relationship before study
enrollment may have operated advantageously to the absence
of dropouts. Sixth, the use of benzodiazepine receptor agonists
as required and supportive psychotherapy could be confounding
factors, although the frequency of medication use did not change
significantly and psychotherapy wasminimal during the study pe-
riod. Seventh, we did not assess dysgeusia using the taste test but
instead assessed it based on its awareness; therefore, its prevalence
604 www.psychopharmacology.com
(21 of 29 patients) may have been underestimated. Finally, treat-
ment response rate for zinc deficiency–related symptoms did
not correlate with a baseline zinc-deficient state determined by
the serum copper/zinc ratio. Thus, there is still a possibility that
the symptoms are nonspecific.

In summary, this open-label trial found add-on polaprezinc to
be effective and well-tolerated in reducing the frequency of com-
bined objective and subjective binge eating, some eating disorder
psychopathology, and comorbid depressive symptoms in BED
and BN patients. Despite its limitations, this is the first study to
formally examine the effectiveness and safety of polaprezinc for
BED and BN by focusing on its 2 components, that is, zinc
for appetite regulation and L-carnosine for histaminergic and
antiglutamatergic properties. In addition, it indicated the possi-
ble involvement of zinc deficiency in these conditions and the
need for zinc supplementation for their improvement. Because
of its benign adverse effect profile and low cost, polaprezinc
merits further exploration as a novel therapy for BED and BN. Fu-
ture studies should evaluate the effectiveness of polaprezinc as a
monotherapy and the effectiveness of zinc and L-carnosine alone.
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