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A B S T R A C T

Circulating levels of adipokines are known to be associated with depression. This study aimed to investigate a
possible association between leptin, adiponectin and dimensional measures of depressive symptoms in young
adults with and without psychiatric illness. Total plasma adiponectin and leptin levels were measured in 194
young adults seeking psychiatric ambulatory care and 57 healthy controls. Depressive symptoms were assessed
using the Montgomery-Åsberg Depression Self-Rating Scale (MADRS-S). Analysis was performed on men and
women separately. P-leptin levels were significantly elevated in patients compared with controls and correlated
with total MADRS-S scores in the women. Women with P-leptin in the highest quartile reached a significantly
higher MADRS-S score than women in the lowest quartile, but this difference disappeared after adjusting for
body mass index (BMI) and antidepressant use. MADRS-S score was associated with P-leptin in female patients
without antidepressant use, independently of BMI. There was no association between P-leptin levels and current
major depression. P-adiponectin levels were not associated with depressive symptoms or current major de-
pression. The findings indicate that P-leptin levels are associated with depressive symptom severity in young
women; however, the association is linked to other factors, which challenges its usefulness as a biomarker for
depression in clinical psychiatry.

1. Introduction

Emerging data indicate a pathophysiological link between in-
flammation, alterations in the hypothalamic-pituitary-adrenal (HPA)
axis and depression, making immunologically active proteins important
biomarker candidates (Dowlati et al., 2010; Miller et al., 2009; Miller
and Raison, 2016).

Leptin is an adipocyte-derived hormone with pro-inflammatory and
anorexigenic properties that is involved in the regulation of the HPA
axis (Ahima and Osei, 2004; Bonnavion et al., 2015; Fantuzzi and
Faggioni, 2000; Licinio et al., 2004). Leptin crosses the blood-brain
barrier (BBB) through receptor-mediated transport (Banks et al., 1996;
Caro et al., 1996; Schwartz et al., 1996) and leptin receptors are widely
expressed in the human brain, including the hypothalamus and amyg-
dala (Burguera et al., 2000). Cumulative evidence suggests an anti-
depressant effect by leptin in animal models (Hryhorczuk et al., 2013).

Adiponectin is an adipocyte-derived hormone with mostly anti-in-
flammatory properties (Matsuzawa et al., 2004; Ouchi and Walsh,

2007; Scherer et al., 1995; Yokota et al., 2000). This hormone is present
in cerebrospinal fluid (CSF) and its receptors are expressed in the
human pituitary, hypothalamus and hippocampus (Ebinuma et al.,
2007; Kos et al., 2007; Kusminski et al., 2007; Neumeier et al., 2007;
Psilopanagioti et al., 2009; Zhang et al., 2011). Adiponectin crosses the
BBB in mice and rats and there is evidence indicating that it also
transverses the BBB in humans (Kos et al., 2007). In-
tracerebroventricular injection of adiponectin decreases depressive-like
behaviour in mice. Additionally, intracerebroventricular injection of an
adiponectin neutralising antibody stimulates stress-induced depressive-
like behaviour (Liu et al., 2012; Yau et al., 2014).

Studies showing an association between leptin and major depressive
disorder (MDD) or depression severity are inconsistent (Carvalho et al.,
2014; Hryhorczuk et al., 2013). Two studies describe a specific asso-
ciation between elevated leptin levels and MDD with atypical features
(Gecici et al., 2005; Milaneschi et al., 2017). One study indicates that
elevated leptin levels at delivery are a protective factor for the devel-
opment of depressive symptoms postpartum (Skalkidou et al., 2009),

https://doi.org/10.1016/j.psychres.2018.11.075
Received 26 February 2018; Received in revised form 18 September 2018; Accepted 30 November 2018

Abbreviations:UPP, Uppsala Psychiatric Patient Samples
⁎ Corresponding author.
E-mail address: janet.cunningham@neuro.uu.se (J.L. Cunningham).

Psychiatry Research 272 (2019) 1–7

Available online 03 December 2018
0165-1781/ © 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/BY-NC-ND/4.0/).

T

http://www.sciencedirect.com/science/journal/01651781
https://www.elsevier.com/locate/psychres
https://doi.org/10.1016/j.psychres.2018.11.075
https://doi.org/10.1016/j.psychres.2018.11.075
mailto:janet.cunningham@neuro.uu.se
https://doi.org/10.1016/j.psychres.2018.11.075
http://crossmark.crossref.org/dialog/?doi=10.1016/j.psychres.2018.11.075&domain=pdf


whereas another suggests elevated leptin levels 24–48 h after delivery
are a risk factor (Chen et al., 2016).

Most studies observe lower levels of adiponectin in serum (Diniz
et al., 2012; Lehto et al., 2010; Shelton et al., 2015) and plasma (Cizza
et al., 2010; Leo et al., 2006) in patients with MDD compared with
controls but report conflicting results on the possible association be-
tween adiponectin levels and depression severity. One recent study
reports elevated serum adiponectin in women with depressive symp-
toms 10 days postpartum (Yildiz et al., 2017).

To our knowledge no study has addressed the issue of dimension-
ality in depressive symptoms in relation to circulating levels of adipo-
nectin and leptin in a general psychiatric population of young adults.
Young adults are of interest in research on psychiatric illness given that
most mental disorders have relatively early ages of onset (i.e. by the age
of 24 years) with later onsets being mostly comorbid conditions
(Kessler et al., 2005). Young adulthood is also a time of transition and
mental disorders may be particularly detrimental for employment and
education in this age group (Suvisaari et al., 2009). Early diagnostics
and treatment of MDD is crucial in decreasing the risk of complications
later in life (e.g., early cardiovascular disease) (Goldstein et al., 2015).

To assess the usefulness of leptin and adiponectin as biomarkers for
depression in young adults we investigated to what extent circulating
levels of leptin and adiponectin are associated with dimensional mea-
sures of depressive symptoms in young adults with and without current
mental disorder.

2. Methods

2.1. “Uppsala Psychiatric Patient Samples” (UPP)

Data and samples used in this study were obtained from the patient
cohort “Uppsala Psychiatric Patient Samples” (UPP). The UPP is an
infrastructure for the collection of biological material from patients
with psychiatric symptoms at the Department of General Psychiatry at
Uppsala University Hospital, Sweden (Cunningham et al., 2017;
Sundberg et al., 2016; Syk et al., 2017). The infrastructure was estab-
lished in October 2012 and all consecutive new patients aged 18 to 25
years who received ambulatory care at the “Young Adults” section were
asked to participate in the UPP. The patient data and samples in this
study were gathered between 2012 and 2014.

Since 2013, individuals without previous or current contact as pa-
tients within psychiatry were recruited to the UPP from a pool of uni-
versity students and personnel and included in a control cohort. The
control data and samples comprising this study were collected between
2013 and 2015.

Participants in the UPP (both patients and controls) first underwent
an initial clinical health examination at the time of inclusion. Blood
pressure was measured while seated, weight was measured with a di-
gital scale in kg and waist and hip circumferences were measured with
the patient standing in light clothing. Body mass index (BMI) was cal-
culated as weight in kgs divided by height in squared meters. The

Fig. 1. Flowchart of exclusion criteria. Total (women/men).
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participants returned for a second visit in which questionnaires on
socio-demographics, medical history, heredity and current medication
were answered in conjunction with blood sample collection.

Psychiatric diagnoses were assessed using the Diagnostic and
Statistical Manual of Mental Disorders (DSM)-IV criteria
(Association, 2000). Patients were interviewed at the clinic, either by
trained medical doctors or psychologists. The assessment was based on
two meetings: at the first meeting, a clinical interview was performed
and at the second a diagnostic interview, either the M.I.N.I.-Interna-
tional Neuropsychiatric Interview (M.I.N.I. 6.0) (Sheehan et al., 1998)
or the Swedish version of the Structural Clinical Interview for DSM IV
axis I disorders (SCID-I) (First et al., 1996). Diagnostic interviews were
conducted to evaluate the criteria; however, the validity of the assess-
ment was increased through the interviewers’ previous clinical eva-
luations. After study initiation, an extra step was added to the study
protocol, wherein the controls were interviewed with the diagnostic
interview M.I.N.I. 6.0. Depressive symptoms were assessed in all par-
ticipants with the Montgomery-Åsberg Depression Self-Rating Scale
(MADRS-S) in parallel with blood sample collection (Mattila-
Evenden et al., 1996). It is a self-rating 9-item scale assessing nine
domains: mood, feelings of unease, sleep, appetite, ability to con-
centrate, initiative, emotional involvement, pessimism and zest for life.
The items are rated on a Likert scale from 0 to 6 points and the total
score ranges from 0 to 54 points, with higher scores indicating greater
severity (Cunningham et al., 2011).

2.2. Study design and participants

The study was designed as a cross-sectional observational study.
During the study period, 623 patients were invited to participate in the
UPP and 230 agreed to participate, of whom 194 (84%) were included
in this study. Of 60 available controls, 57 (95%) participated (see Fig 1
for details).

Exclusion criteria were cancer, systemic inflammatory disease,
coeliac disorder, diabetes mellitus, treatment with testosterone, preg-
nancy or incomplete data or insufficient diagnostic assessments, or if
≥4 months had passed between the health examination and the blood
sample collection. Controls were excluded if they had a current de-
pressive episode. History of depression or insufficient diagnostic as-
sessment with a structured interview did not serve as exclusion criteria
for the controls. In total, 194 patients (151 females, 43 males) and 57
controls (44 females, 13 males) were included in the study. Thirty-six of
the female controls and 12 of the male controls were interviewed with
M.I.N.I. 6.0.

2.3. Blood sample collection and analysis

Whole blood was collected from non-fasting participants during
office hours. Plasma was isolated and stored frozen at −80 °C at
Uppsala Biobank. Total adiponectin and leptin were measured in du-
plicate with a solid phase two-site sandwich enzyme-linked im-
munsorbent assay (ELISA) (Mercodia AB, Uppsala, Sweden) in plasma
according to the manufacturer's instructions, with a deviation of use of
lower sample volume (10 µl for adiponectin and 10 µl and 25 µl for
leptin) for sample dilution. Assay sensitivity was 1.25 ng/mL for adi-
ponectin and 0.05 ng/mL for leptin. Analysis was performed on two
occasions (t1 and t2). At t1, blood samples collected from patients were
analysed; at t2, blood samples collected from controls were analysed.
The ELISA sensitivity analysis for P-leptin had a cut-off value at
1.05 ng/L at t1 and 0.09 at t2. Values below the cut-off levels were
analysed as null. P-leptin was below the cut-off value for three patients
at t1 and five controls at t2. The total assay mean coefficient of variation
was 5.6% for adiponectin and 5.0% for leptin. For two individuals, a
limited sample prevented analyses at t1.

2.4. Ethics

Ethics approval was obtained from the Regional Ethical Review
Board in Uppsala, Sweden (Dnr 2012/081, 2012/081/1, 2012/081/2
and 2013/219). Fully informed and written consent were obtained from
each participant. Patients were given both written and verbal in-
formation about the study and seemed to understand the information
and appreciate the reasonably foreseeable consequences of a decision to
participate or not to participate. We have also monitored the patients’
response to participation in research, which was overwhelmingly po-
sitive (Cunningham et al., 2017).

2.5. Statistics

Data were analysed using IBM SPSS Statistics version 21 software.
Statistical significance was defined as p<0.05. Data were regarded as
normally distributed if the following conditions were met: skewness
divided by the standard error of skewness between±2 and visually
estimated normal distribution (histogram, box-plot). The total MADRS-
S scores were normally distributed. The waist-to-hip ratio was normally
distributed for the women but not for the men. BMI, P-leptin and P-
adiponectin were not normally distributed. Categorical comparisons
were calculated using Chi-square tests or Fisher's exact test when ap-
plicable. Spearman's correlation was used to analyse the relationship
between continuous variables and the Mann-Whitney test was per-
formed to compare differences between two groups when the depen-
dent variable was continous or ordinal. A Kruskal Wallis test was con-
ducted to evaluate differences when more than two groups were
compared.

A generalized linear model for quartiles of P-leptin in relation to
total MADRS-S scores was carried out first without and then with the
inclusion of potential confounding factors (BMI and antidepressants).
As a subanalysis, BMI was replaced as a predictor by the waist-to-hip
ratio. BMI was chosen for the primary analysis because BMI was
available for a larger sample than the waist-to-hip ratio. Smoking was
not included in the analysis because of missing data and other variables
(e.g., age, thyroid disorder, hormonal contraceptives, mood stabilisers/
anti-psychotics and alcohol addiction) were considered as potential
confounders but not included in the analysis because of the absence of
significant correlations with total MADRS-S scores or P-leptin in a
Spearman's bivariate analysis.

3. Results

3.1. Participant characteristics

Participant characteristics are described in Table 1. There was an
overrepresentation of women (n=195) compared with men (n=56)
in the population. Women and men did not differ in total MADRS-S
scores or BMI. No difference was noted in BMI between patients and
controls but the waist-to-hip ratio was higher in patients. The patients
were younger and female patients had a higher prevalence of smoking
than female controls. There was no difference in P-leptin or P-adipo-
nectin between female smokers and female non-smokers where data
was available (n=176), but the smokers had higher MADRS-S scores
(p<0.01).

3.2. Elevated P-leptin and P-adiponectin in women compared with men

P-leptin and P-adiponectin were elevated in women when compared
with men (p<0.01). Therefore, subsequent analyses were performed
on women and men separately. P-leptin levels were elevated in patients
compared with controls in both women (p=0.02) and men (p=0.03).
No significant difference was observed in P-adiponectin between pa-
tients and controls (Table 1).
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3.3. P-leptin levels correlate with BMI and the waist-to-hip ratio

BMI correlated with P-leptin in both women (r=0.66) and men
(r=0.49), ps<0.01 and inversely correlated with P-adiponectin in
women but not in men (r=−0.28, p<0.01 vs. −0.19, p=0.15).
There was no association between total MADRS-S scores and BMI. The
waist-to-hip ratio correlated with P-leptin in both women (r=0.31)
and men (r=0.39), ps<0.01 and inversely correlated with P-adipo-
nectin in women but not in men (r= - 0.23, p<0.01 vs. −0.041,
p=0.77).

3.4. Positive association between P-leptin levels and MADRS-S scores in
women

P-leptin levels were positively correlated with total MADRS-S scores
in women (r=0.18, p=0.01) but not in men. To gain a better visua-
lisation of the skewed P-leptin values P-leptin levels were divided into
quartiles in the female study population. Fig 2 illustrates elevated
MADRS-S scores in the quartile with the highest P-leptin levels
(≥28.87 ng/ml).

Table 2 presents a generalized linear model showing that women
(patients and controls) with P-leptin in the highest quartile reported
approximately a six-point higher MADRS-S score than women in the
lowest quartile (P-leptin ≤9.99 ng/ml, p<0.01). However, in a second
model the difference between the groups was no longer significant after
controlling for BMI and the use of antidepressants. The model remained
statistically significant when BMI and the use of antidepressants were
controlled for separately. Replacing BMI with the waist-to-hip ratio did
not affect the statistical significance of these results. When a general-
ized linear model was performed on the female patient population
without controls (n=151), the same pattern appeared, with the
women in the highest quartile (P-leptin ≥32.44 ng/ml) reporting sig-
nificantly higher total MADRS-S scores than those in the lowest quartile

(P-leptin ≤10.15 ng/ml, p<0.05). Again, the difference was not sig-
nificant in a second model (n=144) that controlled for BMI and the
use of antidepressants. The model was still statistically significant when
only the use of antidepressants was controlled for but was no longer
statistically significant when BMI was included in the model. Subgroup
analysis of women with BMI <25 (n=142) did not change the results
(data not shown).

To further explore the association between MADRS-S and P-leptin a
subgroup analysis was performed on female patients without anti-
depressant use using a generalized linear model with the MADRS-S
score as the dependent variable. In this subgroup a correlation was
found between total MADRS-S scores and P-leptin levels when con-
trolling for BMI (n=79, B=0.17, p<0.02). Using a generalized
linear model, we observed no association between MADRS-S scores and

Table 1
Basic participant characteristics and clinical data.

Women Men
Controls (n=44) Patients (n=151) P-value Controls (n=13) Patients (n=43) P-value

Basic characteristics
Age (years) (Md (Q1, Q3) 22 (20; 24) 21 (19; 23) ** 24 (22; 26) 21 (19; 23) **
Current smoker (n (%)) a 1 (2) 49 (32) ** 1 (8) 3 (7) –
Psychiatric characteristics (n (%))
Antidepressants b 3 (7) 70 (46) ** 0 (0) 22 (51) **
Mood stabilisers and/or anti-psychotics c 0 (0) 44 (29) ns 0 (0) 13 (30) ns
Any anxiety disorder d 1 (2) 97 (64) ** 0 (0) 27 (63) **
Current MDD 0 (0) 66 (44) ** 0 (0) 19 (44) **
Life-time history of depressive episode 3 (7) 136 (90) ** 2 (15) 32 (74) **
Bipolar Disorder (I, II,UNS) 0 (0) 26 (17) ** 0 (0) 5 (12) ns
Alcohol and/or substance addiction e 1 (2) 15 (10) ns 0 (0) 4 (9) ns
Bulimia nervosa f 0 (0) 15 (10) * 0 (0) 1 (2) ns
Anorexia nervosa f 0 (0) 3 (2) ns 0 (0) 0 (0) –
Other diagnosis 1g(2) 5 (3) ns 0 (0) 2 (5) ns
MADRS-S total score (Md (Q1, Q3)) 5 (2; 7) 24 (17; 30) ** 6 (3; 11) 22 (11; 29) **
Metabolic status (Md (Q1, Q3))
BMI (kg/m2) h 22.4 (20.2; 23.7) 22.6 (20.3; 26.2) ns 22.5 (21.8; 24.8) 22.5 (20.4; 25.5) ns
Waist-to-hip ratio i 0.71 (0.68; 0.75) 0.74 (0.72; 0.79) ** 0.80 (078; 082) 0.83 (0.80; 0.87) *
P-leptin (ng/ml) 13.08 (9.20; 20.80) 18.41 (10.15; 32.43) * 1.78 (0.63; 4.26) 3.88 (2.17; 8.27) *
P-adiponectin (μg/ml) 10.40 (8.87; 12.46) 10.48 (8.41; 12.72) ns 7.86 (5.65; 8.94) 8.28 (6.18; 9.32) ns

*Significant at the <0.05 level; **Significant at the <0.01 level; ns=Nonsignificant; Q1=25th percentile; Q3=75th percentile; Md=Median;
a Missing data=15 female patients, 4 female controls, 39 male patients and 8 male controls;
b SSRI, SNRI, mirtazapine, tricyclic antidepressants and/or bupropion;
c lamotrigine, lithium, quetiapine, haloperidol and/or olanzapine;
d Missing data=7 female patients;
e Missing data=7 female patients and 1 male patient;
f Missing data= 8 female patients and 1 male patient;
g Anxiety UNS;
h Missing data=7 female patients;
i Missing data= 14 female patients, 2 female controls and 4 male patients.

Fig. 2. Boxplots illustrating differences in total MADRS-S scores between the
quartiles of P-leptin in the total female study population.
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P-leptin when controlling for BMI in female patients currently using
antidepressants (n=65).

3.5. Post-hoc analysis of P-leptin levels in relation to DSM-IV diagnostic
groups

A post-hoc analysis of P-leptin levels in relation to DSM-IV diag-
nostic groups revealed that female patients with bipolar depression had
elevated P-leptin values when compared with controls (p=0.01). This
difference did not remain significant after controlling for BMI in a
generalized linear model with a gamma distribution. P-leptin levels did
not differ between controls and patients with current MDD. Treatment
with mood stabilisers or anti-psychotics (lamotrigine, olanzapine, ha-
loperidol, quetiapine or lithium) was not associated with P-leptin levels.

3.6. No association between P-adiponectin and depressive symptom severity

P-adiponectin was not correlated with total MADRS-S scores in
women or men and there was no difference in total MADRS-S scores
between quartiles of P-adiponectin in the female study population. P-
adiponectin levels did not differ between controls and patients with
current MDD.

4. Discussion

Analysis of plasma levels of leptin in young adults as regards di-
mensional measures of depressive symptoms revealed a positive asso-
ciation between P-leptin levels and self-reported depressive symptoms
in women. Additionally, no relationship was found between plasma
levels of adiponectin and degree of depressive symptoms. Importantly,
these findings reflect a clinically relevant population in the sense that a
high proportion of new patients have been prescribed antidepressant
treatment before referral to specialist psychiatric care.

Results of previous studies are conflicting, with some describing a
negative association and others a positive association between leptin
and depression (Carvalho et al., 2014; Chen et al., 2016; Hryhorczuk
et al., 2013; Morris et al., 2012; Skalkidou et al., 2009). A recent meta-
analysis suggests that this discrepancy might partly be caused by the

effects of BMI and differences in BMI between controls and patients
with MDD (Carvalho et al., 2014). Age or inclusion of patients with
different subtypes of MDD might also contribute to diverse results be-
tween studies (Gecici et al., 2005; Hryhorczuk et al., 2013; Milaneschi
et al., 2017). In our study the positive association between P-leptin and
the severity of depressive symptoms in a population with mostly mild to
moderate depressive symptom severity is in line with the results from
the meta-analysis by Carvalho et al. describing higher peripheral leptin
levels in participants with mild to moderate MDD compared with
controls but no significant difference between controls and individuals
with severe depression (Carvalho et al., 2014).

Our results are also consistent with Esel et al.’s study that reported a
positive correlation between MADRS scores and P-leptin levels only in
female patients with MDD, but not in male patients (Esel et al., 2005).
Given that many studies mix male and female study participants, a sex
difference in the association between P-leptin and depression might
partly explain the contradictory results in the literature (Esel et al.,
2005; Hafner et al., 2012; Rubin et al., 2002). Peripheral leptin values
have been shown to correlate with C-reactive protein (CRP) in women
(Samara et al., 2010) and, hypothetically, may be related to in-
flammation-induced changes in mood and behaviour more frequently
seen in women (Moieni et al., 2015). However, considering the limited
size of the male study population and that P-leptin levels were elevated
in male patients compared with controls, the lack of association be-
tween P-leptin and depressive symptoms in males should be interpreted
with caution.

The association between MADRS-S scores and P-leptin did not re-
main significant when BMI and antidepressants were controlled for in
the analysis. However, there was a significant association, independent
of BMI, between MADRS-S and P-leptin in the female patients without
use of antidepressants. This finding is consistent with the Esel et al.
study as it describes a positive association in drug-free women with
MDD before and after controlling for BMI as a covariate (Esel et al.,
2005). Our results suggest that the positive association might be clini-
cally relevant only for patients who have yet to begin treatment with
antidepressants. One possible explanation for these findings would be
that some antidepressants increase P-leptin levels, which has previously
been described in a few longitudinal studies (Esel et al., 2005; Schilling
et al., 2013).

Previous studies suggest that the association between leptin and
depressive symptoms is modulated by abdominal adiposity (Milaneschi
et al., 2014; Morris et al., 2012) Although this was not directly adressed
in the study, a close link was observed between leptin levels, depressive
symptoms and BMI.

In animal models leptin has an antidepressant effect
(Hryhorczuk et al., 2013). That we still see a positive association be-
tween severity of depressive symptoms and leptin levels might be ex-
plained by variations in leptin sensitivity related to adiposity. This
speculation is in line with studies suggesting that low leptin biological
signalling is associated with increased risk of depressive symptoms
(Hryhorczuk et al., 2013; Milaneschi et al., 2014). That leptin resistance
might be a possible treatment target in obese patients with depression is
supported by a recent study indicating that fluoxetine induces leptin
sensitivity via brain-derived neurotrophic factor (BDNF) in mice
(Scabia et al., 2018).

Previous work on adiponectin and depression can be divided into
two camps: one with no differences found between depressed patients
and controls and the other with lower levels in patients with MDD.
Carvalho et al.’s meta-analysis revealed that peripheral adiponectin
levels were significantly lower in MDD patients than in controls when
assayed with radioimmunoassay (RIA), but not with ELISA
(Carvalho et al., 2014). This finding could possibly explain the results of
our study in that adiponectin was measured with ELISA. Another pos-
sible explanation of our results is that adiponectin levels might be de-
pendent on disease progress (Jeong et al., 2012). Regrettably, because
of lack of data on disease duration, P-adiponectin levels could not be

Table 2
Generalized linear model for the total MADRS-S score and P-leptin levels
in the female study population (Model 1, N=195). The association between
high P-leptin and high MADRS-S scores was not significant after inclusion of
BMI and antidepressants in the analysis (Model 2, n=188).

MADRS-S score
Model 1 Model 2
B (95% CI) P-value B (95% CI) P-value

P-leptin: 1st quartile
compared with 4th
quartile

−6.12⁎⁎ <0.01 −5.06 0.05
(−10.22-
−2.02)

(−10.13 to
0.024)

P-leptin: 2nd quartile
compared with 4th
quartile

−5.26* 0.01 −3.46 0.15
(−9.36-
−1.16)

(−8.21 to
1.29)

P-leptin: 3rd quartile
compared with 4th
quartile

−5.24* 0.01 −3.99 0.09
(−9.34-
−1.16)

(−8.57 to
0.58)

BMI 0.113 0.55
(−0.26 to
0.48)

Antidepressantsa 4.25⁎⁎ <0.01
(1.14 to
7.36)

⁎ p<0.05;
⁎⁎ p<0.01; P-leptin levels: 1st quartile: ≤9.99 ng/ml; 2nd quartile:

10.00–17.34 ng/ml; 3rd quartile: 17.35–28.86 ng/ml; 4th quartile: ≥28.87 ng/
ml;

a SSRI, SNRI, mirtazapine, tricyclic antidepressants and/or bupropion.
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compared between patients with new onset MDD and chronic MDD.
The passage of adiponectin across the BBB has not yet been proven

in humans, but the reports of some studies indicate that adiponectin
does traverse the BBB (Ebinuma et al., 2007; Kos et al., 2007; Kusminski
et al., 2007; Neumeier et al., 2007; Psilopanagioti et al., 2009; Yau
et al., 2014; Zhang et al., 2011). However, even if adiponectin crosses
the BBB, total adiponectin concentration in plasma might not be a good
representation of the concentration of different adiponectin isoforms in
plasma or CSF. Adiponectin circulates in human plasma in multiple
isoforms: high, medium and low molecular weight forms
(Kadowaki and Yamauchi, 2005). High molecular weight adiponectin
does not seem to cross the BBB and low molecular weight and medium
molecular weight adiponectin concentrations remain mostly stable in
CSF in obese mice even when total peripheral adiponectin is decreased
(Kadowaki et al., 2008). If there is an association between depression
and just one of the adiponectin isoforms in plasma or CSF, it might not
have been detected in this study given that only total plasma adipo-
nectin was measured.

This study differs from earlier work in some important ways. First,
our analysis is conducted on a comparatively large general psychiatric
population of young adults in ambulatory care without selection based
on DSM-IV diagnosis criteria. An argument for this method can be that a
subanalysis of patients based on DSM-IV diagnoses revealed no sig-
nificant differences between diagnosis groups after controlling for BMI.
In addition, most patients have a lifetime experience of depression and
comorbidity is common. That there was no significant difference in P-
leptin between controls and patients with MDD could indicate that a
potential association between P-leptin and depressive symptoms might
not be specific to MDD or to the typical subtype of MDD. Second, data
analysis based on depressive symptoms combined both controls and
patients and thereby allowed for a much larger dimensional range.

A limitation of this study is that it was conducted on non-fasting
blood samples collected during office hours. However, although per-
ipheral adiponectin and leptin levels have diurnal variation, one study
with repeated measures indicates that they are relatively stable during
the day (Cizza et al., 2010). Still, leptin levels are influenced by sleep
patterns and eating behaviour, which were not controlled in this study
(Farr et al., 2015). There was no association between P-leptin levels and
mood stabilising treatment or antipsychotics in our study population,
but it is possible that this lack of association is due to the pooling to-
gether of medications with different pharmacological mechanisms. In
fact, previous studies have described an association between leptin
concentration and antipsychotics (Potvin et al., 2015).The MADRS-S is
limited in that it does not measure increased need of sleep and in-
creased appetite. Therefore, atypical features of depression were not
evaluated. The range of MADRS-S scores satisfactorily covers the
bottom and middle range of values. However, only patients receiving
outpatient care were included, making it difficult to generalise the re-
sults to an inpatient care population. Because of the cross-sectional
study design, no conclusions can be drawn about the causality of the
association between P-leptin and depressive symptoms. Because of
missing data, smoking status was not included in the multivariate
analyses. This exclusion might be a limitation as some studies have
reported decreased adiponectin levels in current smokers (Kotani et al.,
2012). The small size of the male study population influences gen-
eralisation of conclusion, i.e. the size was too small to perform sub-
group analyses for the men. One possible reason for the small number of
male controls is selection bias. However, for the male patients, a more
likely reason is the patient configuration of the young adult psychiatric
outpatients in Uppsala, Sweden. Twenty-two per cent of the patients
and 23% of the controls in this study were men, which correspond well
with the expected percentage of young men seeking ambulatory psy-
chiatric care in Uppsala (20%) (Ramirez et al., 2009).

Our findings indicate that P-leptin is associated with the severity of
depressive symptoms in young women, but the effects of BMI and the
use of antidepressants might limit its usefulness as a clinical biomarker

for depression. Moreover, we report that total P-adiponectin was not
associated with the severity of depressive symptoms or current MDD in
young adults.

Acknowledgement

The authors thank Ulla Nordén for her excellent research assistance,
Hans Arinell for exemplary statistical advice and the Uppsala Biobank
for collaboration in sample management.

Funding

This work was supported by grants from Märta och Nicke Nasvells
fund, Stiftelsen Apotekare Hedbergs fund, Erik, Karin and Gösta
Selanders Stiftelse, Fredrik and Ingrid Thurings Stiftelse, Stiftelsen
Söderström-Königska sjukhemmet, Swedish Medical Association and
Medical Training and Research Agreement (ALF) Funds from Uppsala
University Hospital. The funders had no role in study design, data
collection, analysis and interpretation, decision to publish, or pre-
paration of the manuscript.

Declaration of interest

None.

References

Ahima, R.S., Osei, S.Y., 2004. Leptin signaling. Physiol. Behav. 81 (2), 223–241.
Association, A.P., 2000. Diagnostic and Statistical Manual of Mental disorders: DSM-IV-

TR, 4th ed. Author, Washington, DC.
Banks, W.A., Kastin, A.J., Huang, W., Jaspan, J.B., Maness, L.M., 1996. Leptin enters the

brain by a saturable system independent of insulin. Peptides 17 (2), 305–311.
Bonnavion, P., Jackson, A.C., Carter, M.E., de Lecea, L., 2015. Antagonistic interplay

between hypocretin and leptin in the lateral hypothalamus regulates stress responses.
Nat. Commun. 6, 6266.

Burguera, B., Couce, M.E., Long, J., Lamsam, J., Laakso, K., Jensen, M.D., et al., 2000. The
long form of the leptin receptor (OB-Rb) is widely expressed in the human brain.
Neuroendocrinology 71 (3), 187–195.

Caro, J.F., Kolaczynski, J.W., Nyce, M.R., Ohannesian, J.P., Opentanova, I., Goldman,
W.H., et al., 1996. Decreased cerebrospinal-fluid/serum leptin ratio in obesity: a
possible mechanism for leptin resistance. Lancet 348 (9021), 159–161.

Carvalho, A.F., Rocha, D.Q., McIntyre, R.S., Mesquita, L.M., Kohler, C.A., Hyphantis, T.N.,
et al., 2014. Adipokines as emerging depression biomarkers: a systematic review and
meta-analysis. J. Psychiatr. Res. 59, 28–37.

Chen, C., Gao, J., Zhang, J., Jia, L., Yu, T., Zheng, Y., 2016. Serum leptin level measured
48 h after delivery is associated with development of postpartum depressive symp-
toms: a 3-month follow-up study. Arch. Womens Ment. Health 19 (6), 1001–1008.

Cizza, G., Nguyen, V.T., Eskandari, F., Duan, Z., Wright, E.C., Reynolds, J.C., et al., 2010.
Low 24-h adiponectin and high nocturnal leptin concentrations in a case-control
study of community-dwelling premenopausal women with major depressive disorder:
the Premenopausal, Osteopenia/Osteoporosis, Women, Alendronate, Depression
(POWER) study. J. Clin. Psychiatry 71 (8), 1079–1087.

Cunningham, J.L., Wernroth, L., von Knorring, L., Berglund, L., Ekselius, L., 2011.
Agreement between physicians' and patients' ratings on the Montgomery-Asberg
Depression Rating Scale. J. Affect. Disord. 135 (1–3), 148–153.

Cunningham, J.L., Zanzi, M., Willebrand, M., Ekselius, L., Ramklint, M., 2017. No regrets:
young adult patients in psychiatry report positive reactions to biobank participation.
BMC Psychiatry 17 (1), 21.

Diniz, B.S., Teixeira, A.L., Campos, A.C., Miranda, A.S., Rocha, N.P., Talib, L.L., et al.,
2012. Reduced serum levels of adiponectin in elderly patients with major depression.
J. Psychiatr. Res. 46 (8), 1081–1085.

Dowlati, Y., Herrmann, N., Swardfager, W., Liu, H., Sham, L., Reim, E.K., et al., 2010. A
meta-analysis of cytokines in major depression. Biol. Psychiatry 67 (5), 446–457.

Ebinuma, H., Miida, T., Yamauchi, T., Hada, Y., Hara, K., Kubota, N., et al., 2007.
Improved ELISA for selective measurement of adiponectin multimers and identifi-
cation of adiponectin in human cerebrospinal fluid. Clin. Chem. 53 (8), 1541–1544.

Esel, E., Ozsoy, S., Tutus, A., Sofuoglu, S., Kartalci, S., Bayram, F., et al., 2005. Effects of
antidepressant treatment and of gender on serum leptin levels in patients with major
depression. Prog. Neuropsychopharmacol. Biol. Psychiatry 29 (4), 565–570.

Fantuzzi, G., Faggioni, R., 2000. Leptin in the regulation of immunity, inflammation, and
hematopoiesis. J. Leukoc. Biol. 68 (4), 437–446.

Farr, O.M., Tsoukas, M.A., Mantzoros, C.S., 2015. Leptin and the brain: influences on
brain development, cognitive functioning and psychiatric disorders. Metabolism 64
(1), 114–130.

First, M.S.R., Gibbon, M., Williams, J, 1996. Structured Clinical Interview For DSM-IV
Axis I Disorders, Clinician Version (SCID-CV). American Psyhiatric Press,
Washington, D.C.

M. Syk et al. Psychiatry Research 272 (2019) 1–7

6

http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0001
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0002
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0002
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0003
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0003
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0004
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0004
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0004
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0005
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0005
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0005
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0006
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0006
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0006
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0007
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0007
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0007
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0008
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0008
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0008
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0009
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0009
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0009
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0009
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0009
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0010
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0010
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0010
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0011
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0011
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0011
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0012
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0012
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0012
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0013
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0013
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0014
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0014
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0014
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0015
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0015
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0015
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0016
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0016
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0017
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0017
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0017
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0018
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0018
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0018


Gecici, O., Kuloglu, M., Atmaca, M., Tezcan, A.E., Tunckol, H., Emul, H.M., et al., 2005.
High serum leptin levels in depressive disorders with atypical features. Psychiatry
Clin. Neurosci. 59 (6), 736–738.

Goldstein, B.I., Carnethon, M.R., Matthews, K.A., McIntyre, R.S., Miller, G.E., Raghuveer,
G., et al., 2015. Major depressive disorder and bipolar disorder predispose youth to
accelerated atherosclerosis and early cardiovascular disease: a scientific statement
from the American Heart Association. Circulation 132 (10), 965–986.

Hafner, S., Baumert, J., Emeny, R.T., Lacruz, M.E., Thorand, B., Herder, C., et al., 2012.
Sleep disturbances and depressed mood: a harmful combination associated with in-
creased leptin levels in women with normal weight. Biol. Psychol. 89 (1), 163–169.

Hryhorczuk, C., Sharma, S., Fulton, S.E., 2013. Metabolic disturbances connecting obesity
and depression. Front. Neurosci. 7, 177.

Jeong, H.G., Min, B.J., Lim, S., Kim, T.H., Lee, J.J., Park, J.H., et al., 2012. Plasma adi-
ponectin elevation in elderly individuals with subsyndromal depression.
Psychoneuroendocrinology 37 (7), 948–955.

Kadowaki, T., Yamauchi, T., 2005. Adiponectin and adiponectin receptors. Endocr. Rev.
26 (3), 439–451.

Kadowaki, T., Yamauchi, T., Kubota, N., 2008. The physiological and pathophysiological
role of adiponectin and adiponectin receptors in the peripheral tissues and CNS. FEBS
Lett. 582 (1), 74–80.

Kessler, R.C., Berglund, P., Demler, O., Jin, R., Merikangas, K.R., Walters, E.E., 2005.
Lifetime prevalence and age-of-onset distributions of DSM-IV disorders in the
National Comorbidity Survey Replication. Arch. Gen. Psychiatry 62 (6), 593–602.

Kos, K., Harte, A.L., da Silva, N.F., Tonchev, A., Chaldakov, G., James, S., et al., 2007.
Adiponectin and resistin in human cerebrospinal fluid and expression of adiponectin
receptors in the human hypothalamus. J. Clin. Endocrinol. Metab. 92 (3),
1129–1136.

Kotani, K., Hazama, A., Hagimoto, A., Saika, K., Shigeta, M., Katanoda, K., et al., 2012.
Adiponectin and smoking status: a systematic review. J. Atheroscler. Thromb. 19 (9),
787–794.

Kusminski, C.M., McTernan, P.G., Schraw, T., Kos, K., O'Hare, J.P., Ahima, R., et al.,
2007. Adiponectin complexes in human cerebrospinal fluid: distinct complex dis-
tribution from serum. Diabetologia 50 (3), 634–642.

Lehto, S.M., Huotari, A., Niskanen, L., Tolmunen, T., Koivumaa-Honkanen, H.,
Honkalampi, K., et al., 2010. Serum adiponectin and resistin levels in major de-
pressive disorder. Acta Psychiatr. Scand. 121 (3), 209–215.

Leo, R., Di Lorenzo, G., Tesauro, M., Cola, C., Fortuna, E., Zanasi, M., et al., 2006.
Decreased plasma adiponectin concentration in major depression. Neurosci. Lett. 407
(3), 211–213.

Licinio, J., Caglayan, S., Ozata, M., Yildiz, B.O., de Miranda, P.B., O'Kirwan, F., et al.,
2004. Phenotypic effects of leptin replacement on morbid obesity, diabetes mellitus,
hypogonadism, and behavior in leptin-deficient adults. Proc Natl Acad Sci USA 101
(13), 4531–4536.

Liu, J., Guo, M., Zhang, D., Cheng, S.Y., Liu, M., Ding, J., et al., 2012. Adiponectin is
critical in determining susceptibility to depressive behaviors and has antidepressant-
like activity. Proc Natl Acad Sci USA 109 (30), 12248–12253.

Matsuzawa, Y., Funahashi, T., Kihara, S., Shimomura, I., 2004. Adiponectin and meta-
bolic syndrome. Arterioscler. Thromb. Vasc. Biol. 24 (1), 29–33.

Mattila-Evenden, M., Svanborg, P., Gustavsson, P., Asberg, M., 1996. Determinants of
self-rating and expert rating concordance in psychiatric out-patients, using the af-
fective subscales of the CPRS. Acta Psychiatr. Scand. 94 (6), 386–396.

Milaneschi, Y., Lamers, F., Bot, M., Drent, M.L., Penninx, B.W., 2017. Leptin dysregula-
tion is specifically associated with major depression with atypical features: evidence
for a mechanism connecting obesity and depression. Biol. Psychiatry 81 (9), 807–814.

Milaneschi, Y., Sutin, A.R., Terracciano, A., Canepa, M., Gravenstein, K.S., Egan, J.M.,
et al., 2014. The association between leptin and depressive symptoms is modulated
by abdominal adiposity. Psychoneuroendocrinology 42, 1–10.

Miller, A.H., Maletic, V., Raison, C.L., 2009. Inflammation and its discontents: the role of
cytokines in the pathophysiology of major depression. Biol. Psychiatry 65 (9),
732–741.

Miller, A.H., Raison, C.L., 2016. The role of inflammation in depression: from evolu-
tionary imperative to modern treatment target. Nat. Rev. Immunol. 16 (1), 22–34.

Moieni, M., Irwin, M.R., Jevtic, I., Olmstead, R., Breen, E.C., Eisenberger, N.I., 2015. Sex
differences in depressive and socioemotional responses to an inflammatory challenge:
implications for sex differences in depression. Neuropsychopharmacology 40 (7),
1709–1716.

Morris, A.A., Ahmed, Y., Stoyanova, N., Hooper, W.C., De Staerke, C., Gibbons, G., et al.,
2012. The association between depression and leptin is mediated by adiposity.

Psychosom. Med. 74 (5), 483–488.
Neumeier, M., Weigert, J., Buettner, R., Wanninger, J., Schaffler, A., Muller, A.M., et al.,

2007. Detection of adiponectin in cerebrospinal fluid in humans. Am. J. Physiol.
Endocrinol. Metab. 293 (4), E965–E969.

Ouchi, N., Walsh, K., 2007. Adiponectin as an anti-inflammatory factor. Clin. Chim. Acta
380 (1-2), 24–30.

Potvin, S., Zhornitsky, S., Stip, E., 2015. Antipsychotic-induced changes in blood levels of
leptin in schizophrenia: a meta-analysis. Can. J. Psychiatry 60 (3 Suppl 2), S26–S34.

Psilopanagioti, A., Papadaki, H., Kranioti, E.F., Alexandrides, T.K., Varakis, J.N., 2009.
Expression of adiponectin and adiponectin receptors in human pituitary gland and
brain. Neuroendocrinology 89 (1), 38–47.

Ramirez, A., Ekselius, L., Ramklint, M., 2009. Mental disorders among young adults self-
referred and referred by professionals to specialty mental health care. Psychiatr. Serv.
60 (12), 1649–1655.

Rubin, R.T., Rhodes, M.E., Czambel, R.K., 2002. Sexual diergism of baseline plasma leptin
and leptin suppression by arginine vasopressin in major depressives and matched
controls. Psychiatry Res. 113 (3), 255–268.

Samara, A., Herbeth, B., Aubert, R., Berrahmoune, H., Fumeron, F., Siest, G., et al., 2010.
Sex-dependent associations of leptin with metabolic syndrome-related variables: the
Stanislas study. Obesity (Silver Spring) 18 (1), 196–201.

Scabia, G., Barone, I., Mainardi, M., Ceccarini, G., Scali, M., Buzzigoli, E., et al., 2018. The
antidepressant fluoxetine acts on energy balance and leptin sensitivity via BDNF. Sci.
Rep. 8 (1), 1781.

Scherer, P.E., Williams, S., Fogliano, M., Baldini, G., Lodish, H.F., 1995. A novel serum
protein similar to C1q, produced exclusively in adipocytes. J. Biol. Chem. 270 (45),
26746–26749.

Schilling, C., Gilles, M., Blum, W.F., Daseking, E., Colla, M., Weber-Hamann, B., et al.,
2013. Leptin plasma concentrations increase during antidepressant treatment with
amitriptyline and mirtazapine, but not paroxetine and venlafaxine: leptin resistance
mediated by antihistaminergic activity? J. Clin. Psychopharmacol. 33 (1), 99–103.

Schwartz, M.W., Peskind, E., Raskind, M., Boyko, E.J., Porte, D., 1996. Cerebrospinal
fluid leptin levels: relationship to plasma levels and to adiposity in humans. Nat. Med.
2 (5), 589–593.

Sheehan, D.V., Lecrubier, Y., Sheehan, K.H., Amorim, P., Janavs, J., Weiller, E., et al.,
1998. The Mini-International Neuropsychiatric Interview (M.I.N.I.): the development
and validation of a structured diagnostic psychiatric interview for DSM-IV and ICD-
10. J. Clin. Psychiatry 59 (Suppl 20), 22–33 quiz 34-57.

Shelton, R.C., Falola, M., Li, L., Zajecka, J., Fava, M., Papakostas, G.I., 2015. The pro-
inflammatory profile of depressed patients is (partly) related to obesity. J. Psychiatr.
Res. 70, 91–97.

Skalkidou, A., Sylven, S.M., Papadopoulos, F.C., Olovsson, M., Larsson, A., Sundstrom-
Poromaa, I., 2009. Risk of postpartum depression in association with serum leptin
and interleukin-6 levels at delivery: a nested case-control study within the UPPSAT
cohort. Psychoneuroendocrinology 34 (9), 1329–1337.

Sundberg, I., Ramklint, M., Stridsberg, M., Papadopoulos, F.C., Ekselius, L., Cunningham,
J.L., 2016. Salivary melatonin in relation to depressive symptom severity in young
adults. PLoS One 11 (4), e0152814.

Suvisaari, J., Aalto-Setala, T., Tuulio-Henriksson, A., Harkanen, T., Saarni, S.I., Perala, J.,
et al., 2009. Mental disorders in young adulthood. Psychol. Med. 39 (2), 287–299.

Syk, M., Ramklint, M., Fredriksson, R., Ekselius, L., Cunningham, J.L., 2017. Elevated
total plasma-adiponectin is stable over time in young women with bulimia nervosa.
Eur. Psychiatry 41, 30–36.

Yau, S.Y., Li, A., Hoo, R.L., Ching, Y.P., Christie, B.R., Lee, T.M., et al., 2014. Physical
exercise-induced hippocampal neurogenesis and antidepressant effects are mediated
by the adipocyte hormone adiponectin. Proc Natl Acad Sci USA 111 (44),
15810–15815.

Yildiz, G., Senturk, M.B., Yildiz, P., Cakmak, Y., Budak, M.S., Cakar, E., 2017. Serum
serotonin, leptin, and adiponectin changes in women with postpartum depression:
controlled study. Arch. Gynecol. Obstet. 295 (4), 853–858.

Yokota, T., Oritani, K., Takahashi, I., Ishikawa, J., Matsuyama, A., Ouchi, N., et al., 2000.
Adiponectin, a new member of the family of soluble defense collagens, negatively
regulates the growth of myelomonocytic progenitors and the functions of macro-
phages. Blood 96 (5), 1723–1732.

Zhang, D., Guo, M., Zhang, W., Lu, X.Y., 2011. Adiponectin stimulates proliferation of
adult hippocampal neural stem/progenitor cells through activation of p38 mitogen-
activated protein kinase (p38MAPK)/glycogen synthase kinase 3beta (GSK-3beta)/
beta-catenin signaling cascade. J. Biol. Chem. 286 (52), 44913–44920.

M. Syk et al. Psychiatry Research 272 (2019) 1–7

7

http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0019
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0019
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0019
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0020
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0020
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0020
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0020
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0021
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0021
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0021
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0022
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0022
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0023
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0023
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0023
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0024
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0024
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0025
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0025
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0025
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0026
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0026
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0026
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0027
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0027
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0027
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0027
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0028
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0028
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0028
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0029
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0029
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0029
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0030
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0030
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0030
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0031
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0031
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0031
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0032
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0032
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0032
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0032
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0033
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0033
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0033
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0034
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0034
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0035
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0035
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0035
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0036
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0036
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0036
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0037
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0037
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0037
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0038
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0038
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0038
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0039
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0039
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0040
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0040
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0040
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0040
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0041
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0041
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0041
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0042
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0042
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0042
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0043
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0043
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0044
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0044
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0045
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0045
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0045
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0046
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0046
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0046
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0047
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0047
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0047
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0048
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0048
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0048
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0049
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0049
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0049
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0050
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0050
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0050
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0051
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0051
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0051
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0051
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0052
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0052
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0052
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0053
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0053
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0053
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0053
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0054
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0054
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0054
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0055
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0055
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0055
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0055
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0056
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0056
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0056
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0057
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0057
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0058
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0058
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0058
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0060
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0060
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0060
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0060
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0061
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0061
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0061
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0062
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0062
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0062
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0062
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0063
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0063
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0063
http://refhub.elsevier.com/S0165-1781(18)30368-8/sbref0063

	Plasma levels of leptin and adiponectin and depressive symptoms in young adults
	Introduction
	Methods
	“Uppsala Psychiatric Patient Samples” (UPP)
	Study design and participants
	Blood sample collection and analysis
	Ethics
	Statistics

	Results
	Participant characteristics
	Elevated P-leptin and P-adiponectin in women compared with men
	P-leptin levels correlate with BMI and the waist-to-hip ratio
	Positive association between P-leptin levels and MADRS-S scores in women
	Post-hoc analysis of P-leptin levels in relation to DSM-IV diagnostic groups
	No association between P-adiponectin and depressive symptom severity

	Discussion
	Acknowledgement
	Funding
	Declaration of interest
	References




