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High serum levels of leptin are associated with
post-stroke depression
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Background. Depression is a frequent mood disorder that affects around 33% of stroke patients and has been
associated with both poorer outcome and increased mortality. Our aim was to test the possible association between
inflammatory and neurotrophic molecular markers and the development of post-stroke depression.

Method. We studied 134 patients with a first episode of ischemic stroke without previous history of depression or
speech disorders. We screened for the existence of major depression symptoms in accordance with DSM-IV criteria
and a Yesavage Geriatric Depression Scale (GDS) score >11 at discharge and 1 month after stroke. At these times,
serum levels of molecular markers of inflammation [interleukin (IL)—1p5, IL-6, intracellular adhesion molecule
1 (ICAM-1), tumor necrosis factor (TNF)-a, leptin and high-sensitivity C-reactive protein (hs-CRP)] and neurotrophic
factors [brain-derived neurotrophic factor (BDNF)] were measured by enzyme-linked immunosorbent assay (ELISA).

Results. Twenty-five patients (18.7 %) were diagnosed as having major depression at discharge. Out of 104 patients
who completed the follow-up period, 23 were depressed at 1 month (22.1%). Patients with major depression showed
higher serum leptin levels at discharge [43.4 (23.4-60.2) v. 6.4 (3.7-16.8) ng/ml, p<0.001] and at 1 month after stroke
[46.2 (34.0-117.7) v. 6.4 (3.4-12.2) ng/ml, p<0.001). Serum levels of leptin >20.7ng/ml were independently
associated with post-stroke depression [odds ratio (OR) 16.4, 95 % confidence interval (CI) 5.2-51.5, p <0.0001]. Leptin
levels were even higher in the eight patients who developed depression after discharge [114.6 (87.6-120.2) v. 7.2
(3.6-13.6) ng/ml, p <0.0001].

Conclusions. Serum leptin levels at discharge are found to be associated with post-stroke depression and may
predict its development during the next month.
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factor for incident stroke and transient ischemic attack
in people aged <65 years (Salaycik et al. 2007).
Chronic inflammation has been suggested as an im-

Introduction

Stroke is the second leading cause of death and burden
of disease in developed countries (Lopez et al. 2006).
Depression is the most frequent affective disorder that
takes place after a stroke (Gordon & Hibbard, 1997),
with about 33% of patients with stroke developing
depression (Hackett et al. 2005). The recognition and
diagnosis of depression in stroke patients is important

portant mechanism related to depression. An increase
in serum levels of some inflammatory cytokines, such
as interleukin (IL)-15, IL-2 and IL-6 (Maes et al. 1992,
19954, b; Connor & Leonard, 1998; Dentino et al. 1999;
Tiemeier et al. 2003) and C-reactive protein (CRP)
(Berk et al. 1997; Kop et al. 2002; Penninx et al. 2003;
Ford & Erlinger, 2004; Panagiotakos et al. 2004), has
been associated with the presence of depression.
However, some authors have not found this associ-
ation (Kuo et al. 2005) and others found it only in
males (Danner ef al. 2003). A relationship between

because the presence of depression has been associ-
ated with both poor outcome (Schulz et al. 2000;
Pohjasvaara et al. 2001) and higher mortality (House
et al. 2001; Linden et al. 2007). Depressive symptoms
have also been reported as being an independent risk

depression and inflammation has also been found
in patients with coronary heart disease. Higher serum
levels of intracellular adhesion molecule 1 ICAM-1)
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and CRP have been detected in patients with major
depression (Appels et al. 2000; Miller et al. 2002;
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Lesperance ef al. 2004). In post-stroke depression,
inflammation has been proposed as a related factor
because it could result from an increase in pro-
inflammatory cytokine production in mood-related
areas due to brain ischemia (Spalletta ef al. 2006).

Other molecular markers, such as brain-derived
neurotrophic factor (BDNF) (Duman et al. 1997; Altar,
1999; Karege et al. 2002 ; Nestler et al. 2002; Saarelainen
et al. 2003; Castren, 2004; Sairanen et al. 2005) and
leptin (Lu et al. 2006), have been associated with the
development of depression in clinical and experimen-
tal studies.

Leptin is an adipocyte hormone encoded by the
obese (ob) gene. It circulates as a 16-kDa protein and is
transported across the blood-brain barrier by a satu-
rable system to exert its central effects (Banks, 2004).
Its main function is appetite behavior and energy
balance control, although in recent years it has been
studied on account of its participation in synaptic
plasticity (Shanley ef al. 2001), neuroprotection (Zhang
et al. 2007; Signore et al. 2008) and as a vascular risk
factor for myocardial infarct and stroke (Soderberg
et al. 1999; Sierra-Johnson et al. 2007).

However, the role of leptin in patients with de-
pression remains unclear. Whereas some authors have
found higher leptin levels in patients with depression
(Rubin et al. 2002; Esel et al. 2005; Gecici et al. 2005),
others have reported lower leptin levels (Atmaca
et al. 2002; Westling et al. 2004; Jow et al. 2006); how-
ever, there have been no studies on leptin in patients
with post-stroke depression.

Our aim in this study was therefore to evaluate the
possible association between inflammatory molecular
markers [IL-15, TNF-qa, IL-6, ICAM-1 and high sensi-
tivity CRP (hs-CRP)], neurotrophic markers (BDNF)
and leptin, and the development of post-stroke de-
pression.

Method
Study population

One hundred and thirty-four patients with a first epi-
sode of ischemic stroke admitted to the Stroke Unit
of our hospital within the first 24 h of stroke onset
were prospectively included in the study. All patients
were treated in accordance with the Guidelines of the
Cerebrovascular Diseases Study Group of the Spanish
Society of Neurology (GEECV-SEN, 2004). Patients
with severe stroke at discharge [National Institutes
of Health Stroke Scale (NIHSS) score >20], speech
disturbances that precluded us from performing the
evaluation, a previous history of depression (clinical
diagnosis or previous treatment), hepatic, renal,
hematological or immunological diseases, thyroid
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hormone disorders, uncontrolled diabetes, infect-
ious or inflammatory diseases, and life expectancy
<1 month were excluded. Ninety out of 134 patients
(67.2%) were male, with a mean age of 70.4+10.9
years. Thirty patients were not evaluated at 1 month
(nine patients refused to attend the follow-up, five
patients were bedridden or had difficulty in being
transported to hospital, four patients were hospital-
ized, and 12 patients were lost to follow-up); the re-
maining 104 patients were valid for analysis. None of
the patients had received antidepressant drugs during
the acute phase of stroke because of the short duration
of symptoms and the possible interference of somatic
symptoms related to hospitalization. However, seven
patients had received antidepressant drugs (selective
serotonin reuptake inhibitors) at discharge for severe
depressive symptoms.

The protocol was approved by the ethics committee
and informed consent was given by patients or their
relatives.

Clinical variables

Stroke severity was evaluated by trained neurologists
using the NIHSS at admission, at discharge and after
1 month. A score <8 was considered as being a mild
deficit, 8-20 as moderate and > 20 as severe (Brott et al.
1989). Functional outcome was evaluated by the
modified Rankin Scale (mRS) [0-2, independent; 3—4,
need help for activities of daily living (ADL); 5, severe
disability; 6, death] and the Barthel Index (BI) (0,
highest disability for ADL; 100, independent for ADL)
at discharge and at 1 month.

We recorded previous medical history including
vascular risk factors, and we performed hematologi-
cal and coagulation determinations, cranial computed
tomography (CT), electrocardiography, chest radio-
graphy and carotid ultrasound at admission. Stroke
subtype was classified according to TOAST (Trial
of ORG 10172 in Acute Stroke Treatment) criteria
(Adams et al. 1993).

Cerebral CT was performed between days 4 and
7 to evaluate infarct volume, using the formula 0.5 x
axbxc (a and b=greatest perpendicular diameters,
c¢=number of 10-mm sections where the cerebral in-
farct was apparent).

Psychological evaluation

Psychological evaluation was performed by the same
trained psychologist at discharge and 1 month. Pre-
vious history of depression and psychiatric disease,
civil state, educational level and people living with
the patient were recorded at admission. Depression
was evaluated at discharge and at 1 month using
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DSM-1V criteria for the diagnosis, with the exception
of time criteria, which were considered as 1 week in
the first evaluation and 1 month in the second evalu-
ation. Major depression was considered when at least
five of nine symptoms in accordance with DSM-IV
criteria were present, and minor depression when
three or four symptoms were present. The presence
of anhedonia and depressive mood was essential for
the diagnosis as patients without these symptoms
are not considered to have depression. To evaluate
the severity of depressive symptoms we used the
Yesavage Geriatric Depression Scale (GDS).

Laboratory tests

Blood samples were obtained at discharge, before
starting possible antidepressant treatment, and at day
30+7. Samples were centrifuged at 3000 g for 10 min
and immediately frozen and stored at —80 °C for fur-
ther determination of molecular markers. Serum IL-6
and ICAM-1 levels were measured with a com-
mercially available quantitative enzyme-linked im-
munosorbent assay (ELISA) kit (BenderMedSystems
Diagnostics GmbH, Austria). BDNF and leptin levels
were measured with ELISA kits (ChemiKine™,
Chemicon® International Inc. and R&D Systems, Inc.,
USA, respectively). IL-18, TNF-a and hs-CRP levels
were determined using the IMMULITE 1000 System
[Diagnostic Products Corporation (DPC), USA]. Bio-
marker concentrations were measured in a central
laboratory by investigators blinded to the clinical
outcome and neuroimaging findings. Clinical inves-
tigators were unaware of the laboratory results until
the study had ended.

Statistical analyses

The presence of major depression at discharge and at
1 month and also the development of major de-
pression within the 1-month follow-up period in
patients who were not depressed at discharge were
considered as the main variables of the study. The
results are expressed as percentages for categorical
variables and as mean (standard deviation, s.D.) or
median (interquartile range, IQR) for the continuous
variables depending on their normal distribution.
Proportions were compared using the x? test, and the
Student’s t test or the Mann-Whitney test was used
to compare continuous variables between groups as
appropriate. Because of a lack of linearity, molecular
markers were categorized by receiver operating
characteristic (ROC) analysis.

Logistic regression modelling was performed to
determine the influence of the different clinical or
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molecular factors on the development of the main
variables. Those factors found to be related to the
main variables in the univariate analysis were entered
in the model (enter approach and probability of entry
p <0.05). The results are expressed as adjusted odds
ratios (ORs) with the corresponding 95% confidence
intervals (CIs).

Values of p <0.05 were considered to be statistically
significant in all tests. The statistical analysis was
conducted using SPSS version 14.0 for Windows XP
(SPSS Inc., Chicago, IL, USA).

Results

Fifty-four patients (40.3 %) showed depression at dis-
charge and in 25 patients (18.7 %) this depression was
classified as major. The clinical variables associated
with the presence of major depression at discharge
are shown in Table 1. Table 2 shows the molecular
marker values for patients who presented with major
depression at discharge. The serum level of leptin
determined at discharge was the only molecular
marker associated with the presence of major de-
pression at discharge (OR 1.02, 95% CI 1.0-1.03,
p=0.001). After adjusting for all clinical variables as-
sociated with major depression at discharge, leptin
remained the only variable related to the presence
of major depression at discharge (OR 1.01, 95% CI 1.0-
1.03, p=0.011).

At discharge, 36 patients (26.9 %) received treatment
with statins (atorvastatin between 20 and 80 mg/day)
and 99 patients (73.9%) received anti-platelet drugs
(52 patients aspirin 100 mg/day, and 47 patients clopi-
dogrel 75 mg/day). Inflammatory molecular markers
and leptin determinations were independent of treat-
ment with statins and anti-platelet drugs.

At 1 month, the percentage of patients with de-
pression (48.1%) and major depression (22.1%) was
higher than at discharge (p=0.002 and p<0.001 re-
spectively). Variables relating to the presence of major
depression at 1 month were: sex (female 60.9%
v.21.0%, p <0.0001), depression at discharge (47.8 % v.
9.9%, p<0.0001), and living with offspring (26.1%
v. 7.2%, p=0.012). Patients with major depression at
1 month had similar stroke severity [NIHSS: 0 (0-1)
v. 0 (0-1), p=0.259] but they showed higher functional
disability [BI: 70 (90-100) v. 100 (95-100), p=0.001;
mRS: 2 (1-3) v. 1 (0-2), p=0.031]. Molecular marker
levels in patients with and without depression at
30+7 days are shown in Table 3. The only molecular
marker associated with the presence of major de-
pression at 1 month was serum leptin levels (OR 1.1,
95% CI 1.0-1.2, p=0.002). After adjusting the model
for all the significant variables in the bivariate analy-
sis, only the presence of major depression at 1 month
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Table 1. Baseline clinical characteristics, stroke subtype, neuroimaging and psychological
findings in patients with and without post-stroke major depression at discharge

No depression ~ Depression

(n=109) (n=25) 4

Previous mRS 0 0 0.716
Age (years), mean +s.D. 69.5+9.6 76.6+7.8 0.016
Sex (% female) 27.5 52.0 0.019
NIHSS at admission, median (IQR) 2 (1-5) 3(1-7) 0.470
Left lesion (%) 48.6 52.0 0.466
Infarct volume (ml), mean +s.D. 9.6+13.6 9.54+19.9 0.947
Leukoaraiosis (%) 19.3 322 0.573
Stroke etiology 0.060

Atherothrombotic (%) 13.7 4.0

Cardioembolic (%) 21.6 44.0

Lacunar (%) 27.5 32.0

Undetermined (%) 37.3 20.6
Lesion location 0.085

Frontal (%) 321 8.0

Parietal (%) 7.3 0

Temporal (%) 55 4.0

Occipital (%) 8.3 20.0

Basal ganglia (%) 21.1 32.0

Posterior fossa (%) 17.4 28.0

Other (%) 8.3 8.0
Widowhood (%) 10.1 36.0 0.001
Living with offspring (%) 6.4 36.0 <0.0001
NIHSS at discharge, median (IQR) 0 (0-2) 1(0-3) 0.969
BI at discharge, median (IQR) 100 (80-100) 100 (60-100) 0.216
mRS at discharge, median (IQR) 2 (1-3) 3 (1-3) 0.213
Days of hospitalization, median (IQR) 8 (6-11) 7 (4-10) 0.079

mRS, Modified Rankin Scale ; NIHSS, National Institutes of Health Stroke Scale;
BI, Barthel Index; s.p., standard deviation; IQR, interquartile range.

Table 2. Serum levels of molecular markers on day 7 +2 in patients with and without
major depression at discharge

No depression Depression

(n=109) (n=25) 14
hs-CRP (mg/dl) 0.5 (0.1-1.6) 0.9 (0.3-1.9) 0.364
IL-18 (pg/ml) 0.10 (0.10-0.36) 0.11 (0.10-0.41) 0.860
IL-6 (pg/ml) 18.2 (11.9-22.9) 16.2 (12.2-19.9) 0.972
TNF-a (pg/ml) 9.3 (7.5-14.5) 11.6 (8.3-15.8) 0.295
ICAM-1 (ng/ml) 168.6 (137.2-219.2) 168.7 (136.6-244.3) 0.346
BDNF (ng/ml) 12.9 (10.6-16.1) 13.6 (9.8-20.1) 0.565
Leptin (ng/ml) 6.4 (3.7-16.8) 43.4 (23.4-60.2) <0.0001

Values given as median (interquartile range).

hs-CRP, High-sensitivity C-reactive protein; IL-1f, interleukin-1 beta; IL-6,
interleukin-6; TNF-a, tumor necrosis factor alpha; ICAM-1, intercellular adhesion
molecule 1; BDNF, brain-derived neurotrophic factor.
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Table 3. Serum levels of molecular markers on day 30+ 7 in patients with and without

major depression at 1 month

No depression Depression

(n=81) (n=23) 4
hs-CRP (mg/dl) 0.4 (0.1-1.4) 0.9 (0.2-2.5) 0.168
IL-18 (pg/ml) 0.10 (0.10-0.31) 0.10 (0.10-0.14) 0.257
IL-6 (pg/ml) 18.8 (11.8-23.1) 16.2 (12.9-18.7) 0.435
TNF-a (pg/ml) 9.0 (6.9-13.2) 10.0 (7.2-17.8) 0.295
ICAM-1 (ng/ml) 168.3 (134.1-219.1) 171.3 (149.0-263.9) 0.557
BDNF (ng/ml) 13.5 (11.1-18.5) 11.4 (9.6-19.8) 0.365
Leptin (ng/ml) 6.4 (3.4-12.2) 46.2 (34.0-117.7) <0.0001

Values given as median (interquartile range).

hs-CRP, High-sensitivity C-reactive protein; IL-1f, interleukin-1 beta;
IL-6, interleukin-6; TNF-a, tumor necrosis factor alpha; ICAM-1, intercellular

adhesion molecule 1; BDNF, brain-derived neurotrophic factor.

(OR 13.1, 95% CI 2.9-57.5, p=0.001) and high leptin
serum levels at day 30+7 (OR 1.0, 95% CI 1.0-1.1,
p=0.002) independently predicted the development of
major depression at discharge. Using ROC curves,
leptin levels >20.7 ng/ml at day 7+2 predicted the
development of depression at 1 month with the high-
est sensitivity and specificity [86% and 84 % respect-
ively; area under the curve (AUC)=0.897, p <0.001].

Eight patients (7.7%) without depression at dis-
charge developed depression during the first month.
These patients showed higher stroke severity at
1 month [NIHSS: 1 (0-3) v. 0 (0-1), p=0.031] and
worse functional outcome [BI: 55 (30-60) v. 100 (95—
100), p<0.0001; mRS: 3 (2-4) v. 1 (1-3), p=0.001].
Leptin serum levels at discharge and at 1 month were
higher in patients who developed depression during
the first month after stroke (Fig. 1). Leptin serum levels
at discharge (OR 1.1, 95% CI 1.0-1.2, p=0.010) and at
1 month (OR 1.0, 95% CI 1.0-1.1, p=0.026) were the
only variables associated with the development of
major depression during the first month of evolution.
In these patients, leptin levels >85 ng/ml at discharge
predict the development of major depression within
the first month with a sensitivity of 100% and a
specificity of 99 % (AUC =0.998, p <0.001).

Discussion

Our results suggest that leptin is a powerful biological
marker of risk of developing post-stroke major de-
pression. Therefore, it may be used as a future thera-
peutic target in patients with ischemic stroke because
depression has been associated with poorer outcome
(Schulz et al. 2000; Pohjasvaara et al. 2001) and also
with increased mortality (House et al. 2001; Linden
et al. 2007).
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Fig. 1. Serum leptin levels on days 7 and 30 for patients
with (M) and without (0J) post-stroke depression within the
1 month follow-up period. Boxplots show median values
(horizontal line inside the box), quartiles (box boundaries),
and the largest and smallest observed values (lines drawn
above and below the box) of leptin.

In our study we found that 40.3% of patients who
suffered an ischemic stroke present with depression at
discharge (19 % major depression), and this percentage
is even higher at 1 month. These results broadly agree
with the findings of previous studies (Hackett et al.
2005; Caeiro et al. 2006). No association was found
between etiological subtype or lesion location and the
presence of depression. As in the general population
(Alexopoulos, 2005), post-stroke depression was more
frequent in women (Carod-Artal, 2007), a finding that
is not supported by some other studies (Berg et al.
2003; Naess ef al. 2005).


https://doi.org/10.1017/S0033291709005637

1206 I Jiménez et al.

We found that patients with depression more fre-
quently live with their offspring, although other fac-
tors, such as widowhood, spouse disease or disability,
that led the patient to live with their offspring may
have contributed to the development of depression.
Patient relocation, particularly when it is forced, can
alter mood negatively (Armer, 1993). In our study,
living with offspring often implied a change of resi-
dence, which might also be related to the presence of
depression.

Our results also show that patients with major de-
pression at 1 month have worse functional outcome in
comparison with those without it, independently of
stroke severity. These data suggest that the presence of
depression itself conditions poor outcome, although
earlier studies have reached different conclusions on
this point (Herrmann ef al. 1995; Hackett & Anderson,
2005).

We did not find any association between molecular
markers of inflammation and neurotrophic factors and
the development of depression. Although this con-
clusion is at variance with studies conducted in the
general population (Maes et al. 1992, 19954,b; Berk
et al. 1997; Duman et al. 1997; Connor & Leonard,
1998; Altar, 1999; Dentino et al. 1999; Karege et al.
2002; Kop et al. 2002; Nestler et al. 2002 ; Penninx et al.
2003; Saarelainen ef al. 2003; Tiemeier et al. 2003;
Castren, 2004; Ford & Erlinger, 2004; Panagiotakos
et al. 2004; Sairanen et al. 2005), it does coincide with
data from other studies including patients with cor-
onary disease (Schins et al. 2005).

We found an association between high leptin levels
and the presence of depression after stroke. As men-
tioned earlier, the role of leptin in the development
of depression remains controversial. Whereas some
authors have found higher leptin levels in patients
with depression (Rubin et al. 2002; Esel et al. 2005;
Gecici et al. 2005), others have reported lower leptin
levels in patients with depression (Atmaca et al. 2002)
and in attempted suicides (Westling et al. 2004; Jow
et al. 2006). A recently proposed theory is that both in-
sufficient leptin levels and leptin resistance (as found
in obese people) are associated with mood disturb-
ances (Lu, 2007). Similarly, high leptin levels are as-
sociated with neuroprotective effects in animal models
of cerebral ischemia (Zhang et al. 2007; Signore et al.
2008). The fact that patients with higher levels of leptin
showed worse outcome in our study may support the
idea that it is consequence of a condition of leptin re-
sistance. Several mechanisms have been implicated in
leptin resistance, such as a failure in the transport of
leptin in blood, a decrease in its receptor function and
transduction defects (Munzberg & Myers, 2005).

Leptin plays an important role in energy homeo-
stasis, and also in the inflammatory response (Rios
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et al. 2001; Otero et al. 2006; Steiner & Romanovsky,
2007). Furthermore, leptin reduces food intake by
regulating orexigenic and anorexigenic factors in the
hypothalamus. Although the exact role of leptin in the
development of depression is unknown, it is known
to be involved in the activity of the hypothalamus-
pituitary—adrenal (HPA) axis and its relationship with
glucocorticoids. In depressive patients, glucocorticoid
receptor resistance is thought to cause overstimulation
of the HPA system. Glucocorticoids themselves in-
creases leptin synthesis and secretion in humans in
adipose tissue (Antonijevic et al. 1998). Changes in the
HPA system during antidepressant treatment have
been correlated with leptin levels (Himmerich et al.
2007). BDNF also has an important anorexigenic effect
in the hypothalamus and is essential in the mainten-
ance of regulation of anxiety-related behavior and in
food intake through central mediators, such as leptin,
insulin, glucose and cholesterol (Bariohay et al. 2005;
Komori et al. 2006). However, our study found no
relationship between leptin and BDNF or molecular
markers of inflammation, which may suggest that
leptin has an independent role in the development of
post-stroke depression.

We found that patients with high leptin levels have
a higher risk of developing major depression. A re-
cently published study including 510 women showed
that women with a history of depression or dysthymic
disorder showed higher levels of leptin, indepen-
dently of body mass index, age, treatment, alcohol
and tobacco consumption or physical activity, and in
those who developed depression during 5 years of
follow-up, leptin levels were useful in predicting this
development of depression in female non-smokers
(Pasco et al. 2008).

The main limitation of our study is that patients
with severe speech disturbances, alteration of con-
sciousness level and severe strokes were excluded,
which could have resulted in an underestimation of
the prevalence of post-stroke depression. Another
limitation is the short follow-up period, which did not
allow us to observe the effects of lengthy institution-
alization on post-stroke depression.

In conclusion, the present study demonstrates a
strong relationship between leptin serum levels at
discharge and the development of post-stroke major
depression within the first month. Further studies are
necessary to confirm this association, which may open
the way to the proposal of new therapeutic options.
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