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Objective: To investigate individual and interactive associations of baseline serum leptin levels and physical comorbidity
with short- and long-term treatment outcomes in outpatients with depressive disorders who received stepwise anti-
depressant treatment in a naturalistic prospective study design.

Methods: Baseline serum leptin levels were measured, and the number of concurrent physical disorders ascertained
from 1,094 patients. These patients received initial antidepressant monotherapy; then, for patients with an insufficient
response or who experienced uncomfortable side effects, treatment was administered using alternative strategies every
3 weeks in the acute treatment phase (at 3, 6, 9, and 12 weeks) and every 3 months in the continuation treatment
phase (at 6, 9, and 12 months). Then, 12-week and 12-month remission, defined as a Hamilton Depression Rating
Scale score of <7, was estimated.

Results: In multivariable logistic regression analyses, individual effects were found only between higher baseline serum
leptin levels and 12-week non-remission. Significant interactive effects between higher leptin levels and fewer physical
disorders (< 2 physical disorders) on 12-week non-remission were observed. However, neither individual nor interactive
effects between leptin levels and physical comorbidity were associated with 12-month remission.

Conclusion: The combination of serum leptin level and number of physical disorders may be a useful predictor of
short-term treatment responses in patients with depressive disorders receiving pharmacotherapy.
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INTRODUCTION

Depressive disorders are a major cause of disability,
with a prevalence of more than 264 million people glob-
ally [1,2]. Antidepressants are the first-line treatment for
moderate to severe major depressive disorder [3]. How-
ever, currently used antidepressants lead to remission in
less than one-third of patients after 8 —12 weeks in the
first trial [3-5]. Currently, the selection of antidepressants
is based on the subjective assessment of symptoms.
Peripheral biomarkers could help overcome this limi-
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tation by identifying homogenous groups of patients who
will benefit most from a particular treatment. Therefore, it
is necessary to discover biomarkers that predict anti-
depressant treatment outcomes to aid selecting personal-
ized treatment strategies for depressive disorders.

Leptin, an adipocyte-derived hormone that can cross
the blood-brain barrier (BBB), exerts its biological func-
tion by binding to a leptin receptor (LepRb) in the central
nervous system (CNS) [6-8]. Previous animal studies re-
ported that leptin levels were decreased in chronic stress
mouse models [9,10], and ob/ob mice, which cannot pro-
duce leptin due to a mutation in the ob gene, exhibited se-
vere depressive behavior in a forced swimming test [11].
Moreover, several animal studies reported the anti-
depressant effect of leptin, and LepRb signaling in the
CNS, rather than leptin concentration in the periphery, is
considered an essential factor determining this effect
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[9,11-13]. It has been suggested that leptin exerts anti-
depressant effects by influencing monoamine neurotrans-
mission, neurotrophic effect, and hypothalamus-pituitary-
adrenal (HPA) axis [9,14-18]. However, clinical studies
focused on the effects of peripheral leptin levels have
found conflicting results with respect to depression risk
and treatment responses. Some studies have reported that
leptin levels were lower in patients with depression
[19-21], whereas others have found that leptin levels were
higher in such patients [22-24]. Moreover, previous stud-
ies reported inconsistent results regarding associations be-
tween peripheral leptin levels and depression treatment
outcomes. Two studies have reported that higher leptin
levels were associated with a better treatment response in
initial antidepressant trials [25,26]. Among studies con-
ducted on patients with treatment resistance to initial anti-
depressant treatment, some reported that higher leptin
levels were associated with a better treatment response
[27], whereas others found a worse treatment response
[27] or no significant association [28]. Association be-
tween higher leptin levels and lower depression risk or
better treatment response was explained by the anti-
depressant effect of leptin through LepRb signaling in the
CNS [9]. On the other hand, association between higher
leptin levels and higher depression risk or worse treatment
response was explained by leptin resistance, which inter-
prets increased peripheral leptin levels as a surrogate for
decreased central LepRb signaling [29].

Physical comorbidities are frequently found in patients
with depressive disorders [30]. Depression comorbid
with physical disorders is reportedly associated with
worse treatment outcomes [4,31-34]. In addition, leptin
levels are elevated in many physical disorders [35-40].
Because physical comorbidities are closely related to both
leptin levels and depression, it could be postulated that a
potentially complex relationship between leptin levels
and physical comorbidities may exist in the depression
treatment outcomes. However, this has not been studied
to date. Despite the close link of physical comorbidities
with leptin and depression, previous studies did not con-
sider its influence on the association between leptin levels
and future antidepressant treatment outcomes. This may
be the cause of inconsistent results regarding the associa-
tion between peripheral leptin levels and antidepressant
treatment outcomes in previous clinical studies.

Using data from a prospective study of Korean patients

with depressive disorders receiving stepwise antidepressant
treatments, we investigated the individual and interactive
effects of baseline leptin levels and physical comorbidities
on short- and long-term remission.

METHODS

Study Outline

This study was carried out as a component of the MAKE
Biomarker discovery for Enhancing antidepressant Treat-
ment Effect and Response (MAKE BETTER) program.
Details of the study have been published as a design paper
[41] and registered with cris.nih.go.kr (identifier:
KCT0001332). Data on socio-demographic and clinical
characteristics were obtained using a structured clinical
report form (CRF) by clinical research coordinators, who
were blind to treatment modalities. They were trained in
CRF implementation and data collection methods by the
research psychiatrists. Patients’ data were recorded on a
CREF, registered via the website of the MAKE BETTER study
(http://icreat.nih.go.kr/icreat/webapps/com/hismainweb/
jsp/cdc_n2.live) within 3 days, and monitored by data
management center personnel. This study was approved
by the Chonnam National University Hospital Institutional
Review Board (CNUH 2012-014).

Participants

Patients with depressive disorders were recruited from
March 2012 to April 2017 who had attended the out-
patient psychiatric department of Chonnam National
University Hospital. All inclusion instances represented
new treatment episodes, i.e., newly initiated antidepressant
treatment, regardless of whether depressive symptoms
were first onset or recurrent. Research psychiatrists as-
sessed and diagnosed depressive disorders using the
Mini-International Neuropsychiatric Interview [42], a struc-
tured diagnostic psychiatric interview based on the
Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition (DSM-IV) criteria. As the aim of the study
was to reflect the real-world clinical setting as closely as
possible, broad inclusion criteria and minimal exclusion
criteria were applied. Inclusion criteria were: i) aged older
than 7 years; ii) diagnosed with MDD, dysthymic disorder,
or depressive disorder not otherwise specified (NOS); iii)
Hamilton Depression Rating Scale (HAMD) score > 14
[43]; iv) able to complete questionnaires, understand the
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objective of the study, and sign the informed consent
form. Exclusion criteria were as follows: i) unstable or un-
controlled medical condition; ii) unable to complete the
psychiatric assessment or comply with the medication
regimen, due to a severe physical illness; iii) current or
lifetime DSM-IV diagnosis of bipolar disorder, schizo-
phrenia, schizoaffective disorder, schizophreniform dis-
order, psychotic disorder NOS, or other psychotic dis-
order; iv) history of organic psychosis, epilepsy, or seizure
disorder; v) history of anticonvulsant treatment; vi) hospi-
talization for any psychiatric diagnosis apart from depres-
sive disorder (e.g., alcohol/drug dependence); vii) electro-
convulsive therapy received for the current depressive ep-
isode; viii) pregnant or breastfeeding. All participants re-
viewed the consent form and written informed consent
was obtained. For participants aged under 16, written
consent was obtained from a parent or legal guardian, and
written assent was obtained from the participant.

Primary Measures

Serum leptin

Participants were instructed to fast (except water) start-
ing the previous night for blood sampling. They were to sit
quietly and relax for 25—45 minutes before blood sam-
ples were obtained. Serum leptin levels were measured
using Human Leptin ELISA (BioVendor Laboratory Medicine,
Inc., Modrice, Czech Republic) at Global Clinical Central
Lab (Yongin, Korea). Serum samples were incubated in
microplate wells pre-coated with polyclonal anti-human
leptin antibody. After 60 minutes’ incubation and wash-
ing, polyclonal anti-human leptin antibody conjugated
with horseradish peroxidase (HRP) was added and in-
cubated for 60 minutes with captured leptin. Following
another washing step, the remaining HRP conjugate was
allowed to react with the substrate solution. The reaction
was stopped by addition of acidic solution, and the ab-
sorbance of the resulting yellow product was measured.
The absorbance was proportional to the concentration of
leptin. A standard curve was constructed by plotting ab-
sorbance values against the concentration standards, and
the concentrations of unknown samples were determined
using this standard curve. Patients were divided accord-
ing to leptin levels into low- and high-leptin groups based
on the median value. In the baseline characteristics analy-
sis, the low- and high-leptin groups were divided accord-

ing to the median leptin level of all participants in the
study (n = 1,086). Because the sex differences in leptin
levels were marked, as has been shown in previous stud-
ies [44, 45], the low- and high-leptin groups were divided
by the median leptin level for each sex in further analyses.

Physical disorders

Information on concurrent physical disorders at base-
line was gathered using a questionnaire enquiring about
15 different systems or disorders including allergic or im-
munologic disorders; cardiac disorders; hypertension; stroke;
dermatologic disorders; ear, nose, and throat disorders;
endocrine disorders; eye disorders; gastrointestinal dis-
orders; genitourinary disorders; hematologic or oncologic
disorders; musculoskeletal disorders; neurologic disorders;
respiratory disorders; and others. Concurrent physical dis-
orders were totaled to generate a summary score, and par-
ticipants were divided into two groups, based on the me-
dian value: fewer than two physical disorders (< 2 phys-
ical disorders) and two or more physical disorders (= 2
physical disorders).

Baseline Covariates

Socio-demographic characteristics obtained comprised
age, sex, years of formal education, marital status (currently
married or not), cohabiting status (living alone or not), re-
ligion (religious observation or not), occupation (current
employed status or not), income (above or below 2,000
USD), and body mass index (BMI). BMI was compared as
a binary variable (< 23 vs. > 23) in the additional analysis
based on the criterion for overweight in Asian populations
[46]. Clinical characteristics evaluated comprised diag-
noses of depressive disorders as mentioned above with
certain specifiers, age at onset and duration of illnesses,
history of previous depressive episodes (recurrent or first
episode), number of previous depressive episodes, dura-
tion of present episode, family history of depression, and
history of suicide attempt. Assessment scales for investi-
gating symptoms and function were administered. Depressive
symptoms were evaluated by the HAMD, anxiety symp-
toms by the Hospital Anxiety Depression Scale-anxiety
subscale [47], quality of life by the EuroQol-5D (EQ-5D)
[48], and functioning levels by the Social and Occupational
Functioning Assessment Scale.
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Pharmacotherapy

Details of the treatment in this study have been pre-
viously published [41,49]. Before treatment commence-
ment, a comprehensive review was made of the patients’
clinical manifestations (e.g., psychotic and anxiety symp-
toms), severity of illness, physical comorbidity and medi-
cation profiles, and history of previous treatments. Minimal
and maximal dosages of pharmacological agents were de-
termined considering existing treatment guidelines [50,51].
In the first treatment Step 1, patients received antidepressant
treatment, taking into consideration these data and treat-
ment guidelines [51-53], for 3 weeks. Antidepressants
used were bupropion, desvenlafaxine, duloxetine, escita-
lopram, fluoxetine, mirtazapine, paroxetine, sertraline,
venlafaxine, and vortioxetine. After Step 1 antidepressant
monotherapy, next step pharmacotherapy could be ad-
ministered every 3 weeks during the acute treatment
phase (3, 6, 9, and 12 weeks with a 3-day allowable win-
dow) and every 3 months during the continuation treat-
ment phase (6, 9, and 12 months with a 7-day allowable
window), whenever needed. At the end of each step,
overall effectiveness and tolerability were reviewed for
proceeding with measurement-based next-step treatments.
In cases of insufficient improvement (a HAMD score re-
duction of < 30% from the baseline) or intolerable side
effects, patients were instructed to choose whether they
would prefer to remain in the current step or enter the next
step strategies with switching (S), augmentation (A), com-
bination (C),S + A, S+ C A+ C andS + A+ C
treatment. A decline of < 30% in HAMD score from the
baseline over 3 weeks was adopted because most pre-
vious studies have defined early non-improvement as a
decline of < 20% in HAMD score over 2 weeks [54-56].
Patients were also allowed to receive next step treatment
if they showed sufficient improvement (a HAMD score re-
duction of = 30% from the baseline) and absent/tolerable
side effects. For determining treatment strategies, each pa-
tient’s preference was given priority to maximize medi-
cation compliance and treatment outcomes [57]. Antide-
pressants switched or combined were bupropion, desven-
lafaxine, duloxetine, escitalopram, fluoxetine, mirtaza-
pine, paroxetine, sertraline, venlafaxine, and vortioxetine.
Augmented drugs were buspirone, lithium, triiodothyr-
onine, and atypical antipsychotics including aripiprazole,
risperidone, olanzapine, quetiapine, and ziprasidone.

Outcome

Remission was defined as a HAMD score < 7. Remission
at 12 weeks and at 12 months was used in order to inves-
tigate the individual and interactive effects of baseline se-
rum leptin levels and number of physical disorders on the
short- and long-term treatment outcomes, respectively.

Statistical Analysis

Baseline data were compared by leptin levels and BMI
in the acute treatment phase (up to 12 weeks) using in-
dependent ¢ tests or chi-square tests. Correlations of base-
line serum leptin levels and baseline BMI with the number
of physical disorders were quantified by Spearman’s
rank-order correlations. Unadjusted individual associa-
tions of baseline serum leptin levels, number of physical
disorders, and baseline BMI with 12-week and 12-month
remission were investigated using Mann —Whitney U tests
for the continuous variables and chi-square tests for the
binary variables (leptin low vs. high, number of physical
disorders < 2 vs. = 2, and BMI < 23 vs. > 23).
Unadjusted individual association of serum leptin levels
(low vs. high) with 12-week and 12-month remission ac-
cording to initially prescribed antidepressant types, in-
cluding selective serotonin reuptake inhibitors (SSRIs),
noradrenergic and specific serotonin antidepressants
(NaSSA), serotonin—norepinephrine reuptake inhibitors,
and norepinephrine —dopamine reuptake inhibitors, as
well as treatment steps and treatment strategies were in-
vestigated using chi-square tests. Unadjusted interactive
effects of binary variables on leptin and number of phys-
ical disorders on remission status were evaluated using
the Breslow-Day test. Main individual and two-way inter-
active effects of leptin and number of physical disorders
on remission status were estimated by using multinomial
logistic regression tests after adjusted for relevant covariates,
chosen considering baseline variables significantly asso-
ciated with leptin levels (p value < 0.05). Additionally,
individual and two-way interactive effects of BMI and the
number of physical disorders on remission status were es-
timated using multinominal logistic regression tests after
adjustment for relevant covariates, chosen considering
baseline variables significantly associated with BMI
(p values < 0.05). All statistical tests were two-sided with
a significance level of 0.05. Statistical analyses were per-
formed using IBM SPSS Statistics (version 25; IBM Co.,
Armonk, NY, USA).
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RESULTS rum leptin levels were measured in 1,094 (86.7%), and

1,086 (86.1%) were followed up at least once during the

Recruitment and Treatment Flow 12-week treatment period. Reasons for drop-out were a
Patient flow over the 12-month period is described in lack of treatment effect (n = 4) and loss to follow-up (n =
Figure 1. Among 1,262 patients evaluated at baseline, se- 4). After the acute treatment phase, 884 (81.4%) patients

Baseline participants (n = 1,262)

A

Refused to offer blood sample (n = 168)

Baseline serum leptin measured (n = 1,094)

v

Dropped out after baseline (n = 8)

A 4

Followed-up at least once during
the 12-week treatment period (n = 1,086)

»  Dropped out after 12-week (n = 202)

Followed-up at least once after

12-week up to 12-month treatment period (n = 884) Fig. 1. Participant recruitment and

flow.

Table 1. Baseline characteristics by serum leptin levels in patients with depressive disorders

Up to 12-week treatment (n = 1,086)

Variable

Low leptin (n =543) High leptin (n = 543) Statistical coefficients p value
Age (yr) 55.6 £15.2 58.3+14.4 t=—2.947 0.003
Sex, female 267 (49.2) 478 (88.0) x> =190.320 < 0.001
Education (yr) 9.8+4.7 8.4+4.38 t=5.060 < 0.001
Marital status, unmarried 154 (28.4) 172 (31.7) ¥’ =1.420 0.233
Living alone 76 (14.0) 91 (16.8) ¥ =1.592 0.207
Religious observance 272 (50.1) 335(61.7) ¥’ =14.825 < 0.001
Unemployed status 149 (27.4) 167 (30.8) ¥ =1.446 0.229
Monthly income, < 2,000 USD 305 (56.2) 343 (63.2) xz =5.525 0.019
Body mass index (kg/m’) 22228 243 +3.2 t=—11.678 < 0.001
Major depressive disorder 451 (83.1) 474 (87.3) % =3.858 0.050
Melancholic feature 88(16.2) 74 (13.6) ¥’ =1.422 0.233
Atypical feature 33 (6.1) 36 (6.6) x> =0.139 0.709
Age at onset (yr) 51.5+16.8 52.2+16.5 = —0.667 0.505
Duration of illness (yr) 41x76 6.1 +10.2 t=—3.628 < 0.001
Recurrent depression 268 (49.4) 302 (55.6) ¥’ =4.268 0.039
Number of depressive episodes 1.0+1.5 1.1+1.5 t=—1.320 0.187
Duration of present episode (mo) 7.1+£9.6 77111 =—1.092 0.275
Family history of depression 79 (14.5) 79 (14.5) x> = 0.000 1.000
History of suicide attempt 52(9.6) 43(7.9) ¥’ =0.934 0.334
Hamilton Depression Rating Scale 20.6 +4.1 209 +4.2 t=—1.441 0.150
Hospital Anxiety & Depression Scale-anxiety subscale 11.7 £4.0 11.9 £ 4.1 t=—0.607 0.544
EuroQol-5D 8.8x1.5 9.1+1.5 = —2.800 0.005
Social and Occupational Functional Assessment Scale 559=%7.5 56.0 7.5 t=—0.081 0.935

Values are presented as mean + standard deviation or number (%).
*Independent two sample t test or y” test, as appropriate.
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Fig. 2. Rates of remission according to baseline serum leptin levels and the number of physical disorders.

the baseline leptin levels and proportion of patients with
high leptin levels were higher only in the 12-week non-re-
mission group compared to the remission group. The
12-week and 12-month remission rates by baseline serum
leptin levels and number of physical disorders are dis-
played in Figure 2. The association between higher base-
line leptin levels and 12-week non-remission was sig-
nificant in patients with < 2 physical disorders (x> =
20.232, p < 0.001), but not in patients with = 2 physical
disorders (x> = 2.320, p = 0.128), reflecting a statistically
significant interaction (x> = 4.569, p = 0.033). However,
in neither patients with < 2 physical disorders (x* =
0.188, p = 0.664) nor patients with = 2 physical dis-
orders (x* = 0.209, p = 0.647) was there an association
between higher baseline leptin levels and 12-month
non-remission. Baseline serum leptin levels are compared
between those with and without remission in the acute
and continuation treatment phases according to initial an-
tidepressant types in Supplementary Table 1 (available
online). In the acute treatment phase, the non-remission
group showed a higher frequency of patients who had
high leptin levels among those who received SSRIs and
NaSSA. In the continuation treatment phase, the fre-
quency of patients who had high leptin levels did not dif-
fer between the non-remission and remission groups for
all types of antidepressants. Baseline serum leptin levels
are compared between those with and without remission
in the acute and continuation treatment phases according
to treatment steps in Supplementary Table 2 (available on-
line). In the acute treatment phase, the non-remission
group showed a higher frequency of patients who had

high leptin levels among those who received Step 2 treat-
ment. In the continuation treatment phase, the frequency
of patients who had high leptin levels did not differ be-
tween the non-remission and remission groups in all steps
of treatment. Baseline serum leptin levels are compared
between those with and without remission in the acute
and continuation treatment phases according to treatment
strategies in Supplementary Table 3 (available online). In
the acute treatment phase, the non-remission group
showed a higher frequency of patients who had high lep-
tin levels among those who received treatment strategy A.
In the continuation treatment phase, the frequency of pa-
tients who had high leptin levels did not differ between
non-remission and remission groups for all treatment
strategies.

Adjusted Associations of Serum Leptin Levels and
Number of Physical Disorders with Remission Status
The results of multivariable logistic regression analysis
for individual and interactive effects of baseline serum
leptin levels and number of physical disorders as binary
variables (low vs. high leptin and < 2 vs. > 2 physical
disorders) on 12-week and 12-month remission are sum-
marized in Table 3. Higher baseline serum leptin levels
were associated with 12-week non-remission after adjust-
ment for age, sex, education, religious observance,
monthly income, BMI, duration of illness, recurrent de-
pression, and EQ-5D score, but the presence of > 2 phys-
ical disorders was not significantly associated. Neither
higher baseline serum leptin levels nor the presence of =
2 physical disorders was associated with 12-month non-
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Table 3. Multivariate analysis examining the individual and interactive effects of baseline leptin levels and the number of physical disorders on the

12-week and 12-month remission

12-week remission

12-month remission

Exposure variable
Individual effect

Interactive effect

Individual effect Interactive effect

Leptin (high vs. low)
Number of physical disorders (= 2 vs. < 2)
Leptin x number of physical disorders

1.194 (0.917 —1.555)

0.545 (0.415-0.715)7  0.265(0.121-0.580)"  1.000 (0.748—1.336)  1.347 (0.536—3.387)
0.623 (0.289—1.344)
0.591 (0.361—0.966)*

1.007 (0.730—1.390)  1.485 (0.588—3.752)
1.230 (0.684 —2.210)

Values are presented as odds ratio (95% confidence interval).

All data were adjusted for age, sex, education, religious observance, monthly income, body mass index, duration of illness, recurrent depression,

EuroQol-5D, and initial antidepressant types.
*0 < 0.05; Tp < 0.01; Tp< 0.001.

remission after adjustment. In the interaction model, the
leptin x number of physical disorders interaction ex-
hibited a significant effect on 12-week remission status,
with non-remission being significantly predicted by the
combination of higher leptin levels and the presence of < 2
physical disorders. However, the leptin x number of phys-
ical disorders interaction had no effect on 12-month re-
mission status.

Associations of Baseline BMI and Number of Physical
Disorders with Remission Status

Baseline characteristics by BMI in patients who under-
went up to 12 weeks of treatment (acute treatment phase)
are shown in Supplementary Table 4 (available online).
Age, sex, education, and HAMD score differed signifi-
cantly between the < 23 BMI and = 23 BMI groups.
Considering these findings, four variables (age, sex, edu-
cation, and HAMD score) were included as covariates in
the later adjusted analysis. Baseline BMI and the number
of physical disorders were significantly positively corre-
lated in the 1085 study participants (rs = 0.175, p <
0.001). Baseline BMI is compared between those who did
and did not achieve remission in the acute and con-
tinuation treatment phases in Supplementary Table 5
(available online). Among the 1085 patients in the acute
treatment phase, neither baseline BMI nor the proportion
of patients with = 23 BMI differed between the non-re-
mission and remission groups. Among the 883 patients in
the continuation treatment phase, baseline BMI was sig-
nificantly higher in the remission compared to the non-re-
mission group, whereas the proportion of patients with =
23 BMI did not differ between the non-remission and re-
mission groups. The 12-week and 12-month remission
rates by baseline BMI and number of physical disorders

are displayed in Supplementary Figure 1 (available on-
line). Neither patients with < 2 physical disorders (x° =
0.679, p=0.410 in 12-week remission and ° = 1.449, p =
0.229 in 12-month remission) nor patients with = 2 phys-
ical disorders (x* = 0.202, p = 0.653 in 12-week remission
and ¥* = 1.988, p = 0.159 in 12-month remission)
showed an association between higher BMI and non-re-
mission at 12-weeks and 12-months. The results of multi-
variable logistic regression analysis for individual and in-
teractive effects of baseline BMI and the number of physical
disorders as binary variables (< 23 vs. = 23 BMI and <
2 vs. = 2 physical disorders) on 12-week and 12-month
remission are summarized in Supplementary Table 6
(available online). Neither = 23 BMI nor the presence of
> 2 physical disorders were associated with 12-week or
12-month non-remission after adjustment for age, sex, ed-
ucation, and HAMD score. In addition, the BMI x number
of physical disorders interaction had no effect on 12-week
and 12-month remission status.

DISCUSSION

In the present study, using data from a naturalistic pro-
spective stepwise pharmacotherapeutic study, which re-
flects real-world clinical practice, we found that higher
baseline leptin levels predicted 12-week non-remission in
patients with depressive disorders. Moreover, this associa-
tion was more prominent in patients with fewer physical
disorders than in those with more, reflecting a significant
interaction.

Associations of peripheral leptin levels with anti-
depressant treatment outcomes have been inconsistent in
previous clinical studies. Some studies conducted on pa-
tients who received initial antidepressant treatment or pa-
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tients who received adjunctive treatment after inadequate
response to initial antidepressant trial have reported that
higher leptin levels predicted better treatment responses
[25-27]. Based on results showing that leptin admin-
istration activates LepRb signaling in the CNS, resulting in
an antidepressant effect by modulating monoamine neu-
rotransmission, neurotrophic effects, and the HPA axis in
animal studies, high baseline leptin levels may predict
better antidepressant effects [9,14-18]. In addition, high
leptin levels accompanied by high inflammatory activity
in patients who received L-methylfolate calcium after
showing an inadequate response to a SSRI might have
predicted a better treatment response due to the restora-
tion of monoamine synthesis by increasing tetrahy-
drobiopterin [27]. However, another study reported that
higher leptin levels predicted a poorer treatment response
in patients with insufficient response to SSRIs [27]. Given
that the antidepressant role of leptin is mainly attributable
to LepRb signaling in the CNS and, although controversy
remains, elevated peripheral leptin levels have been sug-
gested as a surrogate marker of attenuated central LepRb
signaling [12,13,29], high baseline leptin levels may pre-
dict a poorer antidepressant response. The source of the
discrepancy in the results of previous studies does not ap-
pear to be differences in study design. The treatment re-
sponse was assessed at around 4 to 8 weeks in all studies.
Moreover, except for one study that included bipolar dis-
order patients with depressive episodes [25], most studies
were conducted on patients with major depressive
disorder. Although treatment strategies varied from study
to study, inconsistent results were also found in two stud-
ies with similar study designs conducted on patients with
insufficient treatment response to selective serotonin re-
uptake inhibitors [27]

Previous studies related to the predictive effect of base-
line leptin levels on antidepressant treatment responses
did not consider the interactive role of leptin levels with
other variables except BMI, which exhibits collinearity
with peripheral leptin levels [27]. This may be the cause
of the conflicting results regarding the association be-
tween baseline peripheral leptin levels and future anti-
depressant treatment responses. Our finding that higher
leptin levels predicted a poorer short-term treatment re-
sponse only in patients with fewer physical disorders (< 2
physical disorders) may provide clues for addressing the
controversy to date. The interactive effects between leptin

levels and the number of physical disorders on the
12-week antidepressant treatment outcome in depressive
disorders in our cohort are plausible for several reasons.
First, elevated peripheral leptin levels represent leptin re-
sistance, which implicates leptin signaling disruption
caused by leptin transport dysfunction through the BBB
and intracellular LepRb signaling pathway defects [58].
Because the antidepressant role of leptin is determined by
the activation of the LepRb signaling pathway in the CNS
rather than by peripheral levels of leptin, increased leptin
levels, which represent attenuated LepRb signaling, may
predict poor antidepressant treatment outcomes. Second,
increased leptin levels in patients with the higher number
of physical disorders are more likely to be secondary ele-
vations by various types of physical disorders [35-40],
meaning that increased leptin levels in this subgroup may
be more dependent on physical disorders rather than
depression. A higher number of physical disorders might
have been a confounding factor in the association be-
tween baseline serum leptin levels and short-term anti-
depressant treatment outcomes in patients with depres-
sive disorders. In patients with < 2 physical disorders, the
impact of peripheral leptin levels due to physical dis-
orders per se would have been less; as a result, a clear as-
sociation between higher leptin levels and 12-week non-
remission might have been found.

Unlike in previous studies that analyzed the association
between leptin levels and antidepressant treatment out-
comes in patients who exhibited insufficient response in
an initial antidepressant trial [27,28], we conducted the
study without selecting patients. Moreover, we evaluated
the treatment response up to not only 12 weeks but also
12 months. However, in contrast to the results for the
acute treatment phase, neither higher leptin levels nor the
interaction between higher leptin levels and low physical
comorbidity was associated with 12-month non-remission.
From these results, we speculate that higher baseline lep-
tin levels affect the treatment response up to 12 weeks, but
the effect of higher leptin does not last until 12 months if
appropriate antidepressant treatment is continued. Because
our results were drawn from a naturalistic prospective co-
hort study using various treatment strategies, the combi-
nation of baseline serum leptin levels and concurrent
physical comorbidity warrants further evaluation as a use-
ful predictor of short-term treatment outcomes in re-
al-world clinical practice.
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Because peripheral leptin levels are highly correlated
with BMI [59] and BMI measurements are a more readily
available method in real-world clinical settings compared
to leptin measurements, we evaluated whether BMI could
be used as a predictive marker of antidepressant response
instead of leptin. Interestingly, BMI did not show in-
dividual effects or interactive effects with the number of
physical disorders on 12-week non-remission. Considering
that leptin levels increase in proportion to fat body mass
[60] whereas BMI does not differentiate between fat and
lean body mass, high fat mass, not high body mass, may
be an important factor predicting the 12-week anti-
depressant treatment response.

In this study, we performed subgroup analysis accord-
ing to initially prescribed antidepressant types, treatment
steps, and treatment strategies to find clues as to which
treatment method would be effective in patients with high
leptin levels. The results revealed that among patients
who received SSRIs, Step 2 treatment, and the A strategy,
there was a significant association between the frequency
of high leptin levels and 12-week non-remission. These
findings suggest that, in cases with high leptin levels, us-
ing non-SSRI antidepressants initially, using the S or C
rather than the A strategy as an adjunctive treatment, and
proceeding to Step 3 treatment as soon as possible if an in-
sufficient response occurred in Step 2 treatment might
maximize the pharmacotherapeutic response in patients
with depressive disorders.

This study has several limitations. First, we were not
able to assess the associations between treatment-related
changes in serum leptin and treatment outcomes, as lon-
gitudinal data on serum leptin levels were lacking. Given
that the leptin/LepRb signaling pathway exerts anti-
depressant effects, treatment-related changes in serum
leptin may be associated with treatment outcomes.
Second, because of the naturalistic design of the study,
treatment was decided by patient preference under physi-
cian’s guidance rather than by a determined protocol;
thus, inter-physician variability might have influenced the
outcomes. However, as physicians guided treatment deci-
sions without awareness of the baseline leptin levels, it is
unlikely that inter-physician variability affected the
outcomes. Third, follow-up rates for the continuation
treatment phase were relatively low compared to those for
the acute treatment phase. Due to poor prognosis-associated
characteristics of the participants who were lost to fol-

low-up, such as unemployed status, melancholic features,
and higher EQ-5D scores, their absence might have af-
fected the results. However, this possibility is unlikely, as
baseline leptin levels and the number of physical dis-
orders did not vary with continuation treatment phase fol-
low-up status. Fourth, because various antidepressants
were initially used and different treatment strategies
(switching, augmentation, and combination or mixtures
of these approaches) were applied from 3 weeks after the
start of antidepressant monotherapy, too many variables
were in play to evaluate the effect of leptin on the anti-
depressant response depending on the individual psycho-
pharmacological treatments. However, since our results
were drawn after adjusting for initial antidepressant type,
the predictive value of leptin levels for 12-week non-re-
mission is more likely to be a generalized conclusion irre-
spective of the type of treatment regimen. Fifth, physical
comorbidities were assessed by number of physical dis-
orders arbitrarily rather than well validated scales such as
Charlson comorbidity index [61].

Despite the clear antidepressant role of leptin/LepRb
signaling pathways in animal studies, the association be-
tween baseline peripheral leptin levels and antidepressant
treatment outcomes in clinical studies has been contro-
versial. This study verified that higher baseline serum lep-
tin levels and the interaction between higher leptin levels
and fewer physical comorbidities predicted 12-week
non-remission in patients with depressive disorders who
received stepwise antidepressant therapy. Based on these
results, we suggest that the combination of baseline serum
leptin level and number of concurrent physical comorbid-
ities could be a useful predictor of future 12-week anti-
depressant treatment outcome. As this was a non-
randomized trial, the effectiveness of baseline serum lep-
tin levels and the interaction between serum leptin levels
and physical comorbidities as a predictor of treatment
outcomes in patients who receive antidepressants should
be evaluated in randomized trials in the future.
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