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The Effects of Antidepressants on Neuropeptide Y in 
Patients with Depression and Anxiety

hypothalamic-pituitary-adrenal (HPA) axis [7]. It 
has been suggested that NPY is reduced in 
depression as it is associated with HPA axis 
hyperactivity. Many clinical studies have revealed 
low levels of cerebrospinal fluid (CSF) and plasma 
NPY in depressive patients [8–11]. However, 
some studies have observed an increase [12] or 
no significant change [13] in plasma NPY levels in 
depression. Contrary to previous findings, some 
recent studies reported high levels of CSF NPY in 
depressive patients [14]. Low CSF and plasma 
NPY levels have also been reported in post-trau-
matic stress disorder [15, 16]. A few earlier stud-
ies that investigated plasma NPY levels found 
contradictory results in patients with anxiety 
disorder, such as panic disorder [17, 18]. These 
reports demonstrated the role of NPY in stress 
and anxiety in addition to depression.
Although some studies have suggested an 
increase in NPY levels with antidepressant treat-
ment as consistent with low NPY levels in depres-
sion, the results of studies about the effect of 
antidepressant treatment on NPY are controver-
sial. While Nikisch et al. (2005) reported 
increased CSF NPY-like immunoreactivity after 4 
weeks of treatment with the SSRI citalopram 

Introduction
▼
Neuropeptide Y (NPY) is a neuropeptide widely 
distributed in the central nervous system. NPY 
plays a regulatory role in several areas such as 
feeding, body weight, blood pressure, sleep, cog-
nition, and emotion [1]. Most receptors of NPY 
are densely expressed in the cortex, hippocam-
pus, and amygdala, which are brain regions asso-
ciated with emotion regulation and stress 
response [2]. Peripherally, NPY is expressed in 
the sympathetic nerves and adrenal gland. 
Peripheral and central NPY regulates the release 
and activity of norepinephrine (NE) [3]. Preclini-
cal data have suggested that NPY is secreted in 
response to stress, and intracerebroventricular 
administration of NPY shows anxiolytic and anti-
depressant-like effects in animals [4]. Clinical 
data have also proposed that NPY is involved in 
the pathophysiology and treatment of stress-
related disorders such as depression and anxiety 
[5]. Preliminary reports have provided evidence 
for the potential role of NPY and/or NPY receptor 
agonist/antagonists as a novel antidepressant [6]. 
The antidepressant and anxiolytic effect of NPY 
may be related to its antagonistic effect on the 
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Abstract
▼
Introduction: This study aimed to investigate 
the neuropeptide Y (NPY) levels in patients with 
anxiety and depression and also the effects of 
antidepressants on this neuropeptide.
Materials and Methods: The study included 
40 outpatients who presented with depressive 
and anxiety symptoms, and 32 healthy controls. 
The patients received antidepressant treatment 
for 6 months. Serum levels of neuropeptide Y 
were measured before treatment in 40 patients, 
after 8 weeks of treatment in 32 patients, after 6 
months in 10 patients, and once in the controls.

Results: Serum NPY levels were lower in the 
patients than in the controls. NPY levels were 
increased and normalized by antidepressant 
treatment. While there was no change in NPY 
levels in the patients using fluoxetine and ser-
traline for 8 weeks, an increase was found in 
patients using escitalopram and venlafaxine. 
Serum NPY levels were increased by treatment 
for 8 weeks in the patients with depression, but 
not in the patients with anxiety.
Discussion: The findings suggest that NPY may 
be related to pathophysiology in depression 
and anxiety, and antidepressants influence NPY 
 levels.
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[19]. Martinez et al. (2012) reported no change in CSF NPY with 
venlafaxine [14]. Another study demonstrated decreased levels 
of CSF NPY as an effect of long-term antidepressant treatment in 
suicide attempters [20]. There is no study investigating periph-
eral NPY activity in relation to the effects of antidepressants.
Although central NPY activity seems to be more related to psy-
chopathology, plasma NPY levels are commonly used to investi-
gate NPY activity in stress and mental health research in humans. 
However, the relationship between central and peripheral NPY 
is poorly understood. Nevertheless, it has been suggested that 
peripheral NPY is a marker of stress-resilience [21] and is also 
related to psychopathology in stress-related disorders [5].
It seems that both central and peripheral NPY may have a role in 
the pathophysiology of stress-related disorders such as depres-
sion and anxiety. Additionally, antidepressant treatment may 
have different effects on NPY according to the type of antide-
pressant agent used or treatment duration. However, these 
issues have still not been clarified. Therefore, the present study 
was carried out to test the hypothesis of reduced peripheral 
NPY-ergic activity in depression and anxiety and focused on the 
effect of frequently used antidepressant agents on serum NPY 
levels in patients with depression and anxiety.

Materials and Methods
▼
Subjects
Forty inpatients (5 men and 35 women, mean age ± SD: 
32.03 ± 9.69, age range: 20–49) were recruited for the study. The 
patients were selected consecutively from the outpatient popu-
lation who applied to the Psychiatric Clinic of Erciyes University 
Medical School because of symptoms of depression and anxiety. 
The patients met the DSM-IV criteria for major depressive 
 disorder (MDD) (n = 8), generalized anxiety disorder (GAD) 
(n = 8) or adjustment disorder (n = 24). Although epidemiological 
researches are rare, adjustment disorders and generalized anxi-
ety disorder (GAD) are prevalent disorders in outpatient psychi-
atric populations in our country [22–24]. Therefore, adjustment 
disorder and GAD were selected in addition to major depression. 
The DSM-IV diagnoses were determined via clinical interviews. 
The patients had been psychotropic drug-free for at least 6 
months.
32 physically and mentally healthy controls (5 men and 27 women, 
mean age ± SD: 31.50 ± 7.30, age range: 20–49) were recruited from 
among volunteer hospital staff.
The exclusion criteria were as follows: any comorbid DSM-IV 
disorder including psychotic disorder, bipolar disorder, eating 
disorder, and alcohol-drug use disorder (except smoking) for 

patients, any psychiatric disorder for controls, and medical ill-
ness (e. g., metabolic, endocrine) and use of hormonal medica-
tion for all subjects. Medical disorders were excluded through 
history, clinical examination, and evaluating the results of labo-
ratory tests. All patients and controls underwent routine bio-
chemical and hematological laboratory tests. None of the 
subjects was in a weight reducing program.
The study was approved by the local Ethics Committee of Erciyes 
University. Written informed consent was obtained from all 
patients and controls after the study had been fully explained to 
them.

Procedure
The patients were examined at 3 time points (pre-treatment, 
and at 8 weeks and 6 months after initiation of antidepressant 
treatment). The severity of clinical symptomatology was 
assessed using the Hamilton Depression Rating Scale (HAM-D) 
for depression and the Hamilton Anxiety Rating Scale (HAM-A) 
for anxiety. Antidepressant drugs were started immediately 
after pre-treatment examinations in the patients. The patients 
continued to use the same antidepressant agent throughout the 
study until month 6. Those patients who needed to change or 
augment treatment were excluded for later assessments. 32 
patients were able to complete 8 weeks. 9 of them were treated 
with sertraline (50 mg daily), 9 with escitalopram (10–20 mg 
daily), 7 with fluoxetine (20 mg daily), and 7 with venlafaxine 
(75–150 mg daily) in the psychiatric outpatient clinic. The 
patients did not receive any additional drug including benzodi-
azepines or non-drug therapies such as psychotherapy. Only 10 
patients were able to complete the study protocol for 6 months. 
The diagnostic compositions of these 10 patients were 1 patient 
with MDD, 1 patient with GAD and 8 patients with adjustment 
disorder.
Serum levels of NPY were measured before the initiation of the 
treatment, and at 8 weeks and 6 months after initiation of anti-
depressant treatment in the patients, and only once in the con-
trol subjects. Blood samples for NPY measurement were taken 
with a catheter inserted into the antecubital vein at 08:00–09:00 
in the morning after an overnight fast. Separated serum was 
stored at  − 70 °C until analyzed. Serum NPY levels were deter-
mined by radioimmunoassay kit (Phoenix Pharmaceuticals, Inc., 
USA). The assay range was 10–1 280 pg/ml. All samples were run 
in a single assay. The sensitivity was 26 pg/ml and the intra-
assay coefficient of variation was 6.7 %.

Statistical analysis
The distributions of all variables were checked with the Shapiro-
Wilk test. The patients and controls were compared with respect 

Patients

Controls

n = 32

Comparisons

Pre-treatment

n = 40

8 weeks after-

treatment

n = 32

Pre-treatment-

control

8 weeks  

after treatment-

control

NPY (pg/ml) 
(mean ± SD)

68.9 ± 28.74 * 79.5 ± 33.85 * 98.56 ± 35.06 t = 3.946
p < 0.001

t = 2.213
p = 0.031

NPY (corrected 
mean ** ± SE)

69.81 ± 5.11 * 80.95 ± 6.26 97.42 ± 5.74 F = 12.382
p = 0.001

F = 3.173
p = 0.080

SD: Standard deviation, SE: Standard error
 * : Lower than those of the controls
 *  * : Adjusted means according to BMI

Table 1 Serum NPY levels of pa-
tients before and after treatment 
and controls.
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to sex by using the chi-square test. The significance of differ-
ences between the demographic and clinical characteristics of 
the patients and controls was assessed with the Mann-Whitney 
U test because of the abnormal distribution. To compare the NPY 
levels of the patients and controls, the independent samples 
t-test was used. To control the confounding effect of BMI, the 
univariate-ANCOVA test was also performed for the latter com-
parison by taking BMI as covariate. Estimated marginal means 
for NPY values were calculated by taking BMI as covariate in the 
univariate-ANCOVA test and were given in  ●▶  Table 1 as corrected 
means. The paired samples t-test was used for the compari-
son of the NPY levels of patients before and after 8 weeks of 
treatment. Serum NPY levels at 3 time points (pre-treatment, 
and at 8 weeks and 6 months after initiation of treatment) 
were compared with the nonparametric Friedman test 
because of the small sample size (n = 10). The Wilcoxon test 
was used for the analyses of subgroups according to type of 
illness and antidepressant agent. The Spearman correlation 
test was performed to investigate the relationships between 
NPY levels and clinical and demographical variables in the 
patients and controls separately.

Results
▼
The patients and controls did not differ significantly with regard 
to gender and age. The BMI of the patients was higher than that 
of the controls. The depression and anxiety scores of the patients 
were higher than those of the controls before and after treat-
ment ( ●▶  Table 2).
The serum NPY levels of the patients were lower than those of the 
controls both before and after 8 weeks of treatment. When cor-
rected means were compared by controlling the effect of BMI with 

ANCOVA, the serum NPY levels of the patients were lower than 
those of the controls before treatment. However, after 8 weeks of 
treatment, they were similar to those of the controls ( ●▶  Table 1).
The comparison of serum NPY levels before and after 8 weeks of 
treatment was carried out with paired samples t-test for 32 
patients. The NPY levels of patients after 8 weeks of treatment 
(79.5 ± 33.85) (n = 32) were higher than the pre-treatment levels 
(65.12 ± 24.88) (n = 32) (t = 2.052 p = 0.049). Serum NPY levels at 3 
time points (pre-, after 8 weeks of treatment, and 6 months 
later) could only be compared in 10 patients and there was a 
significant difference among NPY levels at these time points. 
While there was no significant difference between NPY levels 
pre-treatment (mean ± SD: 61.40 ± 27.35) and after 8 weeks of 
treatment (mean ± SD: 70.70 ± 31.74) (p = 0.517), serum NPY lev-
els after 6 months (mean ± SD: 88.60 ± 26.78) were higher than 

Table 2 Demographic and clinical characteristics of the subjects.

Patients
Controls

Median(IR)

n = 32

Comparisons

Pre-treatment

Median(IR)

n = 40

Post-treatment

Median(IR)

n = 32

Pre-treatment-

control

Post-treatment-

control

Age 31 (15) – 29.5 (9) Z = 0.102
p = 0.919

–

Women/men 35/5 – 27/5 Χ2 = 0.145 
p = 0.703

–

BMI 26.7 (6.98) * 26.85 (6.15) * 23 (3.52) Z = 2.431
p = 0.015

Z = 2.652
p = 0.008

Total duration of illness (year) 2 (4) – – – –
Duration of present episode (month) 5.5 (11) – – – –
Number of episodes 2 (1) – – – –
HAM-D – –
 MDD 26 (5) (n = 8) 13 (2) (n = 6) – –
 GAD 23.5 (6.75) (n = 8) 5 (14.5) (n = 5) – –
 Adjustment disorder 18 (6.75) (n = 24) 8 (6.5) (n = 21) Z = 7.307 Z = 6.302
 All patients 20.5 (8) * (n = 40) 11 (7.75) * (n = 40) 0 (2) p < 0.001 p < 0.001
HAM-A – –
 MDD 33 (9) (n = 8) 15 (18.25) (n = 6) – –
 GAD 41.5 (8) (n = 8) 27 (24.5) (n = 5) – –
 Adjustment disorder 23.5 (11.75) (n = 24) 10 (16) (n = 21) Z = 7.266 Z = 5.895
 All patients 28.5 (17) * (n = 40) 11.5 (18.75) * (n = 32) 3.5 (2.75) p < 0.001 p < 0.001
BMI: Body mass index, GAD: Generalized anxiety disorder, HAM-A: Hamilton Anxiety Rating Scale, HAM-D: Hamilton Depression Rating Scale, MDD: Major depressive disorder, 
IR: Inter-quartile range
 * : Higher than those of the controls
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Fig. 1 Serum neuropeptide Y levels (mean ± standard deviation) of the 
controls and patients pre-treatment as well as 8 weeks and 6 months 
after initiation of antidepressant treatment.
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both those at pre-treatment (p = 0.009) and after 8 weeks of 
treatment (p = 0.037). In  ●▶  Fig. 1, the serum NPY levels at 3 dif-
ferent time points are shown for all patients at those times.
While the NPY levels of the patients were not changed by 8 
weeks of treatment in patients receiving sertraline and fluoxe-
tine, they were increased by 8 weeks of treatment in patients 
receiving escitalopram (Z = 2.073, p = 0.038) and venlafaxine 
(Z = 2.197, p = 0.028). In the patients diagnosed with major 
depressive disorder, NPY levels (Z = 1.992, p = 0.046) and BMI 
(Z = 2.207, p = 0.027) were increased after 8 weeks of treatment. 
No change in NPY levels of the other diagnostic groups with 8 
weeks of treatment was found. When the NPY levels of only 
women were compared, increased NPY levels were found after 8 
weeks of treatment compared to those pre-treatment (Z = 2.427, 
p = 0.015) ( ●▶  Table 3).

Discussion
▼
The main finding of the present study is that the serum NPY lev-
els in the patients were lower than those in the controls. The 
finding is in accordance with previous studies that have reported 
decreased central and peripheral NPY levels in patients with 
depressive and anxiety disorders [8, 10, 11, 15, 16]. NPY deficits 
in various regions of the brain have been associated with sympa-
thetic overactivity, reduced stress-resilience, impaired stress 
response, and anxiety [25]. The finding of the present study 
together with these reports might suggest reduced central and 
peripheral NPY-ergic activity in stress-related disorders. 
Reduced NPY-ergic activity in stress-related disorders such as 
depression may be related to the antagonistic action of NPY on 
the HPA axis and stress response system. Available data have 
shown that NPY administration might reverse HPA axis hyperac-
tivity. It has been suggested that NPY suppresses HPA axis activ-
ity by reducing the corticotropin-releasing hormone (CRH), 
adrenocorticotrophic hormone (ACTH), and cortisol [7]. 
Decreased NPY levels are probably associated with increased 
HPA activity in depression. One can consider that some depres-
sive symptoms such as loss of weight and appetite might be 
related to reduced NPY levels. NPY has an orexigenic action and 
stimulates food intake and decreases energy expenditure [26]. 

Low NPY levels may be related to loss of appetite which is a 
symptom of depression and anxiety.
In the present study, we found that NPY levels increased and 
were close to those of the controls. Increasing NPY levels after 
antidepressant treatment are also consistent with an earlier 
study [19]. The normalization of NPY levels may be related to 
normalization of HPA axis activity after treatment in depressive 
patients. It is known that HPA axis activity is normalized by 
treatment for depression [27]. Additionally, normalization of 
NPY levels after treatment may also be a result of improvement 
of symptoms such as lack of appetite. However, NPY levels may 
also be associated with anxiety symptoms. NPY may play a role 
in regulating anxiety, possibly via its effects on the noradrener-
gic system’s response to stress [28]. Increasing NPY might be 
associated with an improvement in anxiety as a cause or result. 
The cause for the increase in NPY levels with antidepressant 
treatment may also be up-regulation in the NPY-ergic system 
being related to antidepressant effect. In animal models of 
depression, it has been demonstrated that treatments with an 
antidepressant-like effect increased hippocampal levels of 
mRNAs encoding NPY and/or the NPY-Y1 receptor, and NPY may 
stimulate cell proliferation and induce an antidepressant-like 
response [29]. Previous preclinical and clinical studies suggested 
that NPY had an antidepressant and anxiolytic-like effect [4, 6]. 
Therefore, the NPY-ergic system may be one of the target sys-
tems for the development of novel therapeutic agents in the 
treatment of depression and anxiety. The finding of the present 
study is consistent with previous studies and might provide evi-
dence for this suggestion.
NPY levels increased after 8 weeks of treatment and increased 
further after 6 months of treatment. NPY levels were increased 
by treatment with escitalopram and venlafaxine, but not with 
sertraline and fluoxetine. We may conclude that the duration of 
treatment and the type of antidepressant agent used may have a 
different effect on NPY. Some preclinical studies demonstrated 
that fluoxetine led to decreased orexigenic neuropeptides such 
as NPY and anorectic effect. They suggested that a fluoxetine 
raised level of 5-HT plays an inhibitory role in orectic action 
[30, 31]. A few clinical studies investigated the effect of antide-
pressants on NPY and found controversial results [19, 20]. Recent 
studies found no change in CSF NPY concentration with venla-

Subgroups Pre-treatment 

Median(IR)

After 8 weeks 

treatment 

Median(IR)

Comparisons

Antidepressant:
 Sertraline (n = 9) 68 (28) 63 (30) Z = 0.770 p = 0.441
 Escitalopram (n = 9) 72 (39.5) 96 (49) * Z = 2.073 p = 0.038
 Fluoxetine (n = 7) 51 (48) 82 (63) Z = 1.014 p = 0.310
 Venlefaxine (n = 7) 41 (30) 66 (27) * Z = 2.197 p = 0.028
Gender:
 Women (n = 27) 62 (38) 80 (41) * Z = 2.427 p = 0.015
 Men (n = 5) 51 (59.5) 65 (32.5) Z = 0.135 p = 0.893
Disorder:
 Major depressive disorder (n = 6) 68.5 (57.5) 81 (62.25) * Z = 1.992 p = 0.046
 Generalized anxiety disorder (n = 5) 67 (43.5) 88 (68.5) Z = 1.753 p = 0.080
 Adjustment disorder with depression (n = 11) 57 (32) 77 (39) Z = 1.600 p = 0.110
 Adjustment disorder with anxiety (n = 10) 65 (43.75) 58.5 (42.75) Z = 0.102 p = 0.919
IR: Interquartile range
 * : Higher than those of the pre-treatment

Table 3 Serum NPY levels in 
subgroups.
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faxine treatment in humans [14] and no change in hippocampal 
NPY expression with escitalopram treatment in rats [29]. The 
increase in serum NPY levels with venlafaxine in the present 
study may be related to the noradrenergic effect of venlafaxine. 
Fluoxetine and sertraline seem to be relatively more related to 
anorectic effect than other SSRIs [32]. The absence of change in 
NPY levels with fluoxetine and sertraline may be associated with 
the anorectic effect of these agents, at least in the acute period.
Additionally, in the patients diagnosed with major depressive 
disorder, NPY levels were increased by treatment, but they did 
not increase in patients with GAD and adjustment disorder. We 
may interpret this result together with the literature data as the 
increasing effect of antidepressants on NPY levels may be pecu-
liar to depression. NPY levels were also increased in women, but 
not in men. However, the small size of subgroups may make 
assessment difficult.
The major limitation of the present study was that we measured 
peripheral NPY levels instead of central NPY levels, because the 
relationship between central and peripheral NPY has not been 
clarified. Some studies demonstrated no correlation between 
CSF and plasma NPY levels in non-psychiatric populations, 
[33, 34] although plasma NPY levels are used as a proxy of cen-
tral NPY activity in some studies [25]. However, peripheral NPY 
is suggested as a marker of stress-resilience [21]. Low levels of 
NPY were found in both the CSF and plasma samples of patients 
with post-traumatic stress disorder [15, 16] and also in those 
patients with depression [8–11]. Therefore, peripheral NPY may 
be related to psychopathology in stress-related disorders and 
may partly reflect central NPY signaling [5]. As another limita-
tion of the present study, the patients had high BMI. NPY, which 
has an orexigenic effect, [26] might be reduced due to regulating 
weight gain. The low NPY in the patients may be a result of high 
weight in the present study. However, we tried to neutralize the 
effect of BMI by taking it as a covariate in the statistical analysis. 
The result, low NPY in patients, remained the same. Conse-
quently, NPY seems to decrease in patients with no relation to 
weight gain. As another limitation, our study population did not 
consist of patients with depression or anxiety alone. Therefore, 
the heterogeneity of our study population may make assess-
ment difficult. Additionally, the sample size of men was not 
large enough for interpretation, which is a limitation of the 
study. The role of gender in the effect of antidepressants may be 
another interesting issue that is worth investigating in future 
studies.

Conclusion
▼
In conclusion, the study revealed that serum NPY levels were 
low in patients with depression and anxiety, and they increased 
and were normalized by antidepressant treatment. The associa-
tion between antidepressants and NPY levels seems more obvi-
ous in depressive patients on certain antidepressants and with 
long-term treatment. We may speculate that NPY may be a state 
marker especially for depression. Of course, these suggestions 
need clarification with further studies.
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