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Objective To investigate the question of whether serum leptin levels might be associated with post-stroke depression.
Methods We studied 130 patients who experienced a first episode of stroke of more than three months’ duration,
without any previous history of depression or speech disorders. Data were collected regarding the patient
demographics, depressive mood (Diagnostic and Statistical Manual of Mental Disorders 4th edition [DSM-IV]
criteria and Beck Depression Inventory) and serum leptin levels measured by an enzyme-linked immunosorbent
assay (ELISA). In addition, the Korean version of Modified Barthel Index (K-MBI) and Korean version of Mini-
Mental State Examination (K-MMSE) were used to assess the subjects’ independence, in regard to the activities
of daily living and cognition. A statistical analysis was performed to determine differences the serum leptin levels
between patients with depression and those without depression, and to determine the difference in the MBI and
K-MMSE scores between the groups separated according to the serum leptin levels.

Results Higher serum leptin levels were observed in patients with depression, compared with those without
depression (38.5 ng/mL [range, 25.1-59.2 ng/mL] vs. 8.2 ng/mL [range, 4.9-17.8 ng/mL]; p<0.01. The serum leptin
level showed an association with depression (odds ratio, 1.21; 95% confidence interval, 1.01-1.45; p=0.021). The
K-MMSE and K-MBI improvement scores were lower, with statistical significance, in the group with the highest
leptin level (>30 mg/dL), compared to the other two groups.

Conclusion High serum leptin levels are associated with depression after stroke, and patients with elevated serum
leptin levels were disadvantaged in regard to functional and cognitive outcomes.
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A stroke is a suddenly occurring functional disorder
caused by a blockage of the blood supply to the brain,
and is the second leading cause of death in developed
countries [1]. Depression is the most frequent affective
disorder that occurs after stroke, affecting approximately
33% of stroke patients. The degree of impairment related
to activities of daily living is associated with whether or
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not a stroke patient suffers from depression [2]. More-
over, post-stroke depression (PSD) may exacerbate
cognitive dysfunction and functional dependence, and
increase mortality [2-5]. Therefore, the early diagnosis of
depressive symptoms and introduction of pharmacologi-
cal treatment is of great importance in the reduction of
stroke complications and mortality, as well as for better
functional outcomes.

The pathophysiology of PSD is complex and multifac-
torial in origin. Stroke lesion, stroke recurrence, mood
regulating neural factors, and diseases that are comorbid
with stroke (such as hypertension, artherosclerotic heart
disease, and diabetes) are known risk factors for PSD
[6]. Recently, chronic inflammation has been suggested
as an important mechanism related to depression, and
reduced anti-inflammatory cytokine function was asso-
ciated with PSD [7,8]. Subtypes of intermediate-density
lipoprotein and adipokines secreted from adipose tissue
have been suggested as biomarkers related to depression
[7-9].

Leptin, a 16-kDa adipokine of the obese (ob) gene
product, is transported across the blood-brain barrier
and affects neurotransmitters such as dopamine [10].
Although the exact neurobiological mechanisms of leptin
associated with depression are not yet known, several
clinical and experimental studies reported that leptin
has been associated with the development of depression
[11-15]. The effect of leptin in developing depression has
been proposed via its modulatory effect on the hypothal-
amo-pituitary-adrenal (HPA) axis [10,12]. The concentra-
tion of the leptin levels in depression varies according
to specific conditions, and the proper concentration is
not measured. In cases of patients with simple depres-
sion, the serum leptin level is shown to be lower than the
healthy controls. However, patients presenting atypical
depression associated with a high risk for cardiovascular
disease (such as metabolic syndrome) showed higher
leptin levels compared with the healthy controls [13,14].
The function of leptin in PSD has not been studied yet.
Clinical and experimental studies have shown that leptin
is associated with the development of depression [15-20];
therefore, we investigated the association between se-
rum leptin levels and PSD in 130 patients with ischemic
stroke, and compare the serum leptin levels in stroke pa-
tients with and without depression.

MATERIALS AND METHODS

Study population

A total of 130 patients with a first episode of ischemic
stroke were admitted to the Department of Rehabilitation
Medicine. This study investigated patients with ischemic
or hemorrhagic stroke, at least 3 months from onset. They
all experienced subjective cognitive deterioration, and
had a score on the Korean version of the Mini-Mental
Status Examination (K-MMSE) that was >20 points and
<27 points. Patients with a previous history of depres-
sion, immunologic diseases, thyroid disorders, any ac-
tive infectious or inflammatory diseases, or uncontrolled
diabetes were excluded. Patients who received antide-
pressant drugs and/or mood-influencing drugs were also
excluded.

The protocol was approved by the Institutional Review
Board and informed consent was given by patients, or
their relatives.

Study method

The association between serum leptin levels and depres-
sion in stroke patients

In 130 adult stroke patients, depression was defined in
accordance with the Diagnostic and Statistical Manual of
Mental Disorders 4th edition (DSM-IV) criteria as ‘ma-
jor depression’ and having a Beck Depression Inventory
(BDI) score of more than 15 points. Then, stroke patients
were classified as those with depression and without
depression, according to those psychological evalua-
tions. The leptin level and assessment of depression were
checked within two weeks from the time of admission.
The stroke patients were classified according to the pres-
ence of depression and we compared the leptin level us-
ing an enzyme-linked immunosorbent assay (ELISA).

The functional level assessment according to serum
leptin level in stroke patients

The stroke patients were divided into three experimen-
tal groups: the upper tertile group, the middle tertile
group, and the lower tertile group vs. >30 ng/mL, 20-30
ng/mL, and <20 ng/mL. The stroke severity, cognitive
state, BDI, and functional dependency were measured
for each group.

The stroke severity was measured using the Korean
version of National Institute of Health Stroke Scale (K-
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NIHSS). The cognitive state was measured using the
K-MMSE, which consisted of 12 questions (regarding
disorientation, memory registration, memory recall, at-
tention and calculation, language ability, understanding,
and judgement), with a total possible score of 30. Func-
tional dependency was evaluated using the Korean ver-
sion of Modified Barthel Index (K-MBI; <74, functional
dependence). The assessment of the functional outcome
was measured using the K-MBI and the scores evalua-
tion was performed at the initial admission and the final
discharge date. The K-MBI consists of 10 items developed
for an objective assessment of the activities of daily liv-
ing. The testing of all subjects was administered by the
same trained physician.

Statistical analysis

Values of p<0.05 were considered statistically signifi-
cant in all tests. A statistical analysis was performed using
SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA) for Windows
7. For the general characteristics of the patients, descrip-
tive statistics were used, and all data were expressed as
the mean (standard deviation) or median (interquartile
range). Groups of stroke patients, with depression and

Table 1. Biomedical characteristics at admission

without depression, were compared using the Student t-
test or the Mann-Whitney test. Logistic regression mod-
eling was performed to determine the influence of the
serum leptin level on the PSD. Factors that were found to
be related to PSD in the univariate analysis were entered
into the model. In the three tertile groups divided ac-
cording to the serum leptin level for a comparison and
analysis of stroke severity, functional dependence and
independence were used with the post-hoc Tukey’s b-test
of the ANOVA.

RESULTS

The 130 stroke patients were mostly elderly patients
over the age of 60. Sixty of the patients (46.2%) showed
depression, of which 29 were male and 31 were female.
Significant differences in age, sex, functional dependency
at discharge and widowhood were observed between the
groups, but no difference in the NIHSS at admission, the
K-MMSE at admission, and the functional dependency
at admission. More than half of our patients had damage
to the left hemisphere in various specific locations, but
without statistical significance (Table 1).

Characteristic No depression (n=70) Depression (n=60) p-value
Age (yr) 63.3£10.1 72.4£8.9 0.014*
Sex, female (%) 28.6 51.7 0.017*
Onset duration (day) 179+34.2 190+48.4 0.682
BMI (kg/m?) 27.1+4.1 28.245.2 0.393
NIHSS at admission 5(1-10) 6(1-12) 0.683
K-MMSE at admission 21.4+2.8 22.8+3.4 0.521
Functional dependency at admission, K-MBI<74 42 (60.0) 35(58.3) 0.721
Widowhood (%) 11.4 38.3 <0.001*
Left lesion (%) 50.7 54.9 0.764
Lesion location 0.328
Frontal 25 26
Parietal 10 4
Temporal 8 4
Occipital 7 9
Subcortical 20 17
Leptin (ng/mL) 8.4 (1.2-41.2) 40.6(13.4-87.1) <0.001*

Values are presented as meantstandard deviation or median (interquartile range) or number (%).
BMI, body mass index; NIHSS, National Institutes of Health Stroke Scale; K-MMSE, Korean version of Mini-Mental
Status Examination; K-MBI, Korean version of modified Barthel Index.

*p<0.05.
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A comparison of the serum leptin level in stroke patients
with and without depression

A comparison of the median value of the serum leptin
levels between patients with depression and those with-
out showed a significant difference (Table 1). After ad-
justing the model for all significant variables (age, sex,
widowhood), the serum leptin level was found to be
associated with depression (odds ratio [OR], 1.21; 95%
confidence interval [CI], 1.01-1.45; p=0.021) (Table 2).
In other words, the serum leptin levels were higher in
patients with PSD than those without PSD (OR, 40.6; 95%
CI, 13.4-87.1 vs. OR, 8.4; 95% ClI, 1.2-41.2; p<0.05) (Fig. 1).

The general characteristics of the three tertile groups
divided according to the serum leptin level

In the BDI scores, there was a significant difference
between the groups (25.6+7.3 vs. 21.4+8.6 vs. 11.216.2; p
<0.05) (Table 3). There was a significant difference only
between the lower and upper tertile groups in functional
dependency at admission (25 [51.0%] vs. 31 [68.9%]; p <

Table 2. Multivariable adjusted ORs, 95% CIs and p-
values for the risk of post stroke depression

Variable OR 95% CI p-value
Age (yr) 0.89 0.73-1.31 0.113
Sex, female (%) 1.74 0.94-3.15 0.032*
Widowhood (%) 1.39 0.79-2.13 0.025*
Leptin (ng/mL) 1.21 1.01-1.45 0.021*
OR, odds ratio; CI, confidence interval.
*p<0.05.

0.05) (Table 3).

The cognitive function and functional independency
among the three tertile groups divided according to the
serum leptin level

In the K-MMSE mental status evaluation in the three
groups, lower cognitive function was observed for the up-
per tertile group than for the lower tertile group (5.0+2.1
vs. 7.612.6; p<0.05). In this study, we evaluated cogni-
tive and motor function improvement with the K-MBI
score gain during the admission state. The score showed
no statistically significant differences between the three
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Depression No depression

Fig. 1. The serum leptin levels of patients with and with-
out post-stroke depression. The boxplots show the me-
dian values (horizontal line), quartiles (box boundaries;
depression interquartile range, 22.7-60.8 and no depres-
sion interquartile range, 5.0-19.5), and the maximum
and minimum values (lines shown above and below the
box) of the leptin levels.

Table 3. Patients’ characteristics according to the leptin tertiles at admission

Leptin
<20 ng/mL 20-30 ng/mL >30 ng/mL
(n=49) (n=36) (n=45)
Age (yr) 64.3+10.2 67.218.2 69.1+11.8
Sex, female (%) 40.8 41.7 44.4
BMI (kg/m?) 26.6£5.2 27.445.6 28.2+4.2
Leptin (ng/mL) 11.8+8.2*" 26.245.1% 41.6+9.2"
BDI score 25.6+7.3"" 21.4+8.6" 11.246.2"
NIHSS score at admission 5(1-10) 6(1-11) 5(1-11)
Functional dependency at admission, K-MBI<74 25 (51.0)" 21(58.3) 31(68.9)

Values are presented as meantstandard deviation or median (interquartile range) or number (%).
BM]I, body mass index; NIHSS, National Institutes of Health Stroke Scale; K-MBI, Korean version of modified Barthel

Index.

“p<0.05 vs. upper tertile group. ”’p<0.05 vs. middle tertile group.
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groups at the admission state (69.4+7.1 vs. 72.1£9.2 vs.
70.518.2; p<0.05); however, the total K-MBI score gain
in the upper tertile group was inferior to that of other
groups and was considered to be statistically significant
(4.6£5.3 vs. 7.916.8 vs. 8.8+3.4; p<0.05) (Table 4).

In a comparison of functional dependency at the time
of discharge, the upper tertile group was found to be
more dependent than the other groups, and the middle
tertile group was found to be more dependent than the
lower tertile group statistically (29 [64.4%] vs. 17 [47.2%)]
vs. 10 [20.4%]; p<0.05] (Table 4).

DISCUSSION

The purpose of this study is to investigate and compare
the serum leptin level in stroke patients with and without
depression. The results of this study indicate that higher
serum leptin levels are correlated with PSD.

The hypothalamo-pituitary-adrenal axis is crucial for
the adaptation response to stress. A chronically overac-
tive HPA axis can result in severe psychiatric conditions,
such as depression and anxiety disorders [10,12]. Re-
cently, several studies have considered the relationship
between leptin levels and depression, but with contra-
dictory results. Some clinical studies have reported that
depression-like behavior was accompanied by a leptin
level reduction in simple depression and bipolar disor-
der [15,16]. However, the leptin levels were significantly
higher in atypical depression patients than in healthy
subjects, after adjusting for age, gender, body mass index,
and relative risk for cardiovascular disease [13,17-19].
The association between the serum leptin level and de-
pression can vary with the patient’s metabolic and neural

stressful conditions.

The serum leptin level was elevated in many neural
stressful conditions (such as stroke), and might be related
to depressive symptoms via several possible mechanisms.
The leptin signaling in the hypothalamus is related to
the phosphorylation of the extracellular signal-regulated
kinase (ERK), and is neuroprotective against ischemic
neuronal injury, showing a rapid increase after ischemic
and reperfusion [21]. In the state of increased leptin level,
the leptin signaling system induces a suppressor of the
cytokine signaling-3 (SOCS-3), the SOCS-3 suppresses
the Janus-activated kinase-2 (JAK-2) and an autophos-
phorylation of the leptin receptor. The increased leptin
receptors may be expressed in the hippocampus and the
amygdala, suggesting a potential neuroactive function
[14]. In addition, increased leptin has been shown to
have an abnormal effect on the hippocampal and cortical
structure, with neurogenesis, axon growth, synaptogen-
esis and dendritic morphology regulation [22]. The leptin
resistance condition, with increased leptin receptors,
may contribute to the psychologically abnormal state in
PSD.

Furthermore, abnormally increased serum leptin might
promote corticotropin-releasing hormone (CRH) release,
contributing to HPA hyperactivity, and supporting the
hypothesis that it is an effect of a leptin resistance condi-
tion [23]. Lastly, increased leptin may partially mediate
the pathway from adipose tissue to a pro-inflammatory
biomarkers increase [24].

This study has several limitations. First, the cross sec-
tional design of our study cannot determine a causal
relationship between serum leptin levels and depression
in post stroke patients, and we cannot assume the rela-

Table 4. Differences in functional outcomes according to leptin tertiles

Leptin
<20 ng/mL 20-30 ng/mL >30 ng/mL

(n=49) (n=36) (n=45)
K-MMSE at admission 22.3£3.1 21.5%£4.2 23.1£3.9
K-MMSE gain 7.6+2.6 5.913.4 5.0+2.1
K-MBI at admission 69.4+7.1 72.1£9.2 70.5£8.2
K-MBI gain 8.8+3.4" 7.9+6.8” 4.645.3
Functional dependency at admission, K-MBI<74 10 (20.4)*" 17 (47.2) 29 (64.4)”

Values are presented as meantstandard deviation or number (%).
K-MMSE, Korean version of Mini-Mental Status Examination; K-MBI, Korean version of modified Barthel Index.
9p<0.05 vs. upper tertile group. ”’p<0.05 vs. middle tertile group.
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tionship with leptin and cognitive and functional out-
comes. Second, although the correlation was statistically
significant, the low power and the small sample size were
another limitation.

In conclusion, post-stroke patients with depression
have elevated serum leptin levels, compared to post-
stroke patients without depression, and elevated leptin
levels are associated with the depression scale after con-
trolling for potential confounding factors. Although the
causal direction of the relationship between leptin levels
and depression cannot be determined, our study col-
lectively suggests that leptin may play a significant role in
depression in post stroke patients, and could be a poten-
tial therapeutic target for the prevention and treatment
of depression in post stroke patients. Further, large scale
longitudinal studies are required to better understand
our findings.
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