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ABSTRACT

Introduction: This study aimed to investigate body measurements,
glucose—insulin metabolism, and lipid profile in patients with anxiety
and depressive symptoms and also the effects of antidepressant drugs
on these metabolic parameters.

Methods: The study included 40 outpatients and 32 healthy controls.
The patients received antidepressant treatment (sertraline, escitalo-
pram, fluoxetine, and venlafaxine) for 8 weeks. Body measurements
were performed, and lipid, fasting blood glucose, and insulin levels
were measured before and after treatment in patients and once in
healthy controls. Insulin resistance was evaluated using the homeosta-
sis model assessment (HOMA) index.

Results: Body mass index was higher in patients than in healthy con-
trols, and there was no change in patients after treatment. In patients,
high-density lipoprotein (HDL) cholesterol levels increased owing to
the antidepressant treatment. Insulin level and HOMA index had a

tendency to decrease with the treatment in patients and were similar
to those of healthy controls before the treatment; however, they be-
came lower than those of healthy controls after the treatment. There
was an increase in waist circumference and total and HDL cholesterol
levels, whereas there was a decrease in fasting blood glucose levels
with treatment in patients using escitalopram. There was no change in
body measurements and biochemical and hormone values in patients
using fluoxetine, sertraline, and venlafaxine. There was an increase in
weight, body mass index, and waist circumference after treatment in
patients with depression; however, there was no change in patients
with anxiety.

Conclusion: In patients with psychiatric disorders having anxiety and
depressive symptoms, metabolic changes independent of drugs and

the metabolic effects of drugs are present.

Keywords: Antidepressant, lipid, insulin, metabolic effect

INTRODUCTION

Mortality and morbidity are relatively high among patients with severe psychiatric disorders such as schizophrenia, bipolar disorder; and
depression compared with those among the general population (1). It is known that patients with severe psychiatric disorders have a
shorter life expectancy (2). This decreased life expectancy results from an increased risk for suicide and also medical disorders such
as cardiovascular diseases (3). The cardiovascular risk is associated with cardiometabolic risk factors such as diabetes mellitus, smoking,
dyslipidemia, and obesity (4). Genetic, lifestyle-related factors, limited access to good quality physical care, the disease itself, and psycho-
pharmacotherapy play a role in the increased risk for cardiovascular diseases (). Although modifiable cardiometabolic risk factors such
as smoking, hyperglycemia, hypertension, dyslipidemia, and obesity are frequently observed in patients with severe psychiatric disorders,
they are not sufficiently recognized or are overlooked in these patients (5).

Obesity that results from reduced activity and irregular nourishment is one of the most important risk factors in psychiatric patients.
Obesity is more frequently observed among psychiatric patients than among the general population (6). There are many reasons for
increased obesity in patients with severe psychiatric disorders (7). Lifestyle alterations related to the psychiatric disorder can cause
increased food intake and decreased energy expenditure, thus leading to increased fat accumulation (8). In addition, drugs used for
treating psychiatric disorders may also play a role in the etiology of obesity in such patients (9). It is known that psychotropic agents,
primarily antipsychotics and mood stabilizers, lead to weight gain. Furthermore, weight gain is a serious problem that can compromise
adherence to psychotropic drug regimens and lead to symptomatic relapse and medical comorbidity. In this context, antidepressants
have attracted lesser attention than anti-psychotic agents and mood stabilizers. However, if there is a higher risk for antidepressant-re-
lated weight gain, it is more important because these drugs are more commonly used. There are a few studies regarding antidepres-
sant-related weight change. It was reported that the likelihood and amount of weight gain may vary in tricyclic antidepressants (TCAs),
although TCAs, as a class, are considered to generally result in weight gain through anticholinergic activity (10). In contrast to TCAs,
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it is proposed that selective serotonin reuptake inhibitors (SSRIs) lead
to weight loss rather than weight gain and that these agents decrease
carbohydrate intake because they increase serotonin levels (11). Al-
though it was reported that there was initially minimal weight loss and
lack of appetite, there was weight gain after completing | year of SSRI
treatment (12). It is also suggested that each SSRI has a differential
effect on weight gain. Despite contradictory results regarding SSRIs,
fluoxetine is associated with weight loss, while there is no change or
increase in body weight with other SSRIs (13).

Diabetes mellitus, insulin resistance (IR), and hyperglycemia are the most
commonly observed metabolic risk factors in the psychiatric population.
IR is determined using the homeostasis model assessment of IR (HO-
MA-IR) index that was first described by Mathews et al. (14). In this meth-
od, HOMA-IR index is calculated by using fasting plasma glucose and insu-
lin levels. There is evidence suggesting that the psychiatric disorder itself
and/or psychotropic drug use have some effects on the glucose—insulin
system. There is a growing body of evidence indicating a positive correla-
tion among depression, diabetes mellitus, and IR (15,16). Moreover, it was
shown that chronic stress results in decreased insulin sensitivity without
causing weight gain (17). The mechanism that associates IR with depres-
sion is unclear. However, it has been suggested that the association is mul-
tifactorial (18). It is considered that impaired hypothalamic-pituitary-ad-
renal (HPA) axis may have a role in the development of IR in patients
with major depressive disorder (19). It has also been proposed that at the
behavioral level, symptoms such as altered appetite and sleep and reduced
activity may cause impaired glucose metabolism whereas at the molecular
level, neuroendocrine and inflammatory responses can cause the develop-
ment of diabetes mellitus along with depression (20,21). However, there
are studies suggesting that IR is not associated with depression; it is even
protective against depression (22,23).

There are contradictory findings in the studies regarding the effects of
antidepressants on insulin sensitivity and glucose homeostasis. In recent
years, large epidemiological studies have shown indirect evidence sug-
gesting that antidepressant use increases the risk for diabetes mellitus
(24,25). One case—control study revealed that SSRI use increased the
risk for the development of type 2 diabetes mellitus (26). A similar
effect was observed with serotonin noradrenaline reuptake inhibitor
(SNRI) treatment. There are studies that show no change in insulin level
and HOMA index.

Dyslipidemia is another risk factor that contributes to mortality and
morbidity in psychiatric patients. Conflicting results are found in studies
regarding depressive symptoms and lipid profile. Associations between
depressive symptoms and low high-density lipoprotein (HDL) levels
or elevated triglyceride levels were shown in some studies (31,32,33).
Significant associations were found among SSRI use and low HDL, in-
creased total cholesterol level, high triglyceride level, and increased risk
for diabetes (34). An increase was demonstrated in total cholesterol lev-
el after SSRI treatment (35,36). In some studies, HDL levels were signifi-
cantly lower in patients with major depressive disorder than in healthy
controls, and serum total cholesterol levels were elevated in patients
after treatment (32,37). No significant association was found between
antidepressant therapy and HDL, total cholesterol, and triglyceride lev-
els in other studies (16,38).

In the light of these data, we planned to investigate obesity, glucose, and
lipid metabolism in patients with depression and anxiety symptoms. In
addition, we aimed to investigate whether commonly used antidepres-
sant agents, SSRIs and SNRIs, cause weight gain and the effects of these
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antidepressants on the lipid profile, glucose—insulin system, and body
measurements such as waist circumference, fat ratio, and metabolism
rate.

METHODS

Subjects

The study included 32 healthy controls and 40 outpatients aged 20—49
years (5 men and 35 women) who presented with depression and anx-
iety symptoms to the psychiatry outpatient clinic and who were treated
with antidepressants. All patients were assessed via a clinical interview.
The following disorders were diagnosed in the patients: major depres-
sive disorder (n=8), generalized anxiety disorder (n=8), and adjustment
disorder (n=24) based on the Diagnostic and Statistical Manual of Men-
tal Disorders-IV criteria (39).

Patients with metabolic and endocrine disorders (e.g., hyperlipidemia, di-
abetes mellitus, and thyroid disease), those receiving therapies for these
disorders (e.g., anti-diabetic, anti-hyperlipidemic, and hormone therapy),
those with psychotic symptoms and using anti-psychotic agents, those
with bipolar affective disorder, those receiving a mood stabilizer, those
needing to use additional psychotropic agents, those who had used a
psychotropic agent within the previous 6 months, those with substance
or alcohol abuse, those with an eating disorder, and those on a diet were
excluded.

Thirty-two (5 men and 27 women) healthy volunteers with no psychiat-
ric, endocrine, or metabolic disease were included as controls.

The patients and healthy controls were selected after physical and psy-
chiatric examinations, routine biochemical tests, and complete blood
count and thyroid function tests.

Patients meeting the inclusion criteria gave written informed consent
before participation. The study was approved by the Local Ethics Com-
mittee (approval#2012/402).

Procedure

All patients were assessed via a clinical interview and psychometric
tests before initiating treatment. Body weight measurements were per-
formed, and blood samples were drawn for biochemical and hormone
tests at baseline. Antidepressant treatments were then initiated. Patients
were randomly assigned to the antidepressant groups. Antidepressants
that are commonly used for the outpatient population with psychiatric
disorders were selected. The following drugs were prescribed to the
patients: 50 mg daily sertraline in nine patients, 10 mg daily escitalopram
in nine, 20 mg daily fluoxetine in seven, and 75 mg daily venlafaxine in
seven. Half of the doses were initiated and titrated to mentioned doses
within | week. Four weeks after initiating treatment, the dose of venla-
faxine was increased to 150 mg daily in three patients and that of escit-
alopram was increased to 20 mg daily in two patients who were non-re-
sponsive to previous doses. Measurements were repeated 8 weeks after
initiating treatment. We were unable to obtain posttreatment data for
eight patients because of unresponsiveness to treatment, switching drug
or adding another drug to the treatment, or withdrawing from the study
of their own desire. Measurements were performed once in the healthy
controls.

The Hamilton Depression Rating Scale (HDRS) was used to measure the
severity of depression (40). The Hamilton Anxiety Rating Scale (HARS)
was used for measuring the severity of anxiety symptoms (41).
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Waist circumference was measured at the first margin level of the il-
iac crest after normal breathing in all patients and healthy controls.
The body mass index (BMI) was calculated as weight divided by height
squared (kg/m?).

In all patients and healthy controls, blood samples were drawn at 08:00-
09.00 AM after |12 hours of fasting for measuring fasting blood glucose,
triglyceride, HDL cholesterol, low-density lipoprotein (LDL) cholesterol,
and insulin levels. Biochemical analyses were performed on the same day
using the Synchron LX system (Beckman Coulter; Fullerton, CA, USA).
For hormone assays, blood samples were centrifuged within 30 min af-
ter sampling, and the serum samples were stored at —70°C until as-
says. The serum insulin level was measured using an immunoradiometric
assay kit (DIAsource ImmunoAssays S.A.; Louvain-la-Neuve, Belgium).
The sensitivity limit was |ulU/mL, whereas the intra- and interassay co-
efficients of variance were 2.1% at 6.6 plU/mL and 6.5% at 4.4 plU/mL
concentrations, respectively. The HOMA index was calculated using the
following formula:

HOMA-IR index=fasting insulin (U/mL) x fasting plasma glucose (mg/
dL)/405

Statistical Analysis

Data distribution was tested using the Shapiro-Wilk test. To compare de-
mographic, clinical, biochemical, and hormone data between the patient
and control groups, the independent samples t-test was used for data with
normal distribution, whereas the Mann—Whitney U test was used for data
with skewed distribution. The hormone values of the patients and healthy
controls were also compared with the multivariate analysis of covariance
(MANCOVA) test by considering BMI as the covariate to control the con-
tributing effect of BMI. The chi-square test was used to compare categor-
ical values such as the women/men ratio and smoker/non-smoker ratio
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of the patients and healthy controls. To compare pre- and posttreatment
data, paired samples t-test was used for data with normal distribution,
whereas the Wilcoxon test was used for data with skewed distribution.
Because of the limited number of subjects in the subgroups, the non-para-
metric Wilcoxon test was used to compare changes with treatment in dif-
ferent drug and diagnosis groups. The Spearman correlation test was used
to evaluate associations among demographic, clinical, biochemical, and
hormone data. In the tables, data with normal distribution are expressed
as meanzstandard deviation, whereas those with skewed distribution are
expressed as median (interquartile range).

RESULTS

There were no significant differences between the patient and control
groups regarding age (Z=0.102, p=0.919), gender (X?=0.145 p=0.703),
smoker rate (X?=2.037 p=0.154), duration of smoking (Z=0.584,
p=0.559), and number of cigarettes smoked per day (Z=0.884,
p=0.377). Education level was higher in the control group than in the
patient group (Z=5.912, p<0.001). Both pre- and posttreatment HDRS
and HARS scores were significantly higher in the patient group than
in the control group (Z=7.307, p<0.001; Z=7.266, p<0.001; Z=6.302,
p<0.001; Z=5.895, p<0.001, respectively). HDRS and HARS scores de-
creased after antidepressant treatment (Z=4.939, p<0.001; Z=4.680,
p<0.001, respectively) (Table I).

At baseline, body weight and BMI values were higher in the patient
group than in the control group. After treatment, body weight and BMI
values were higher in the patient group than in the control group. Treat-
ment did not cause a significant change in the body weight or other body
measurement values of the patient group (Table 2).

At baseline, there were no significant differences in triglyceride, total
cholesterol, and LDL cholesterol levels between the patient and control

Table 1. Demographic and clinical characteristics of patients and healthy controls

Patient
Pretreatment Posttreatment Healthy controls
(n=40) (n=32) (n=32)
median median median
(interquartile range) (interquartile range) (interquartile range)

Age 31(15) - 295 (9)
Education (year) Il (6.75) - 16 (3.75)
Female/male 35/5 - 27/5
Smoker/non-smoker 12/28 - 5127
Duration of smoking (year) 9 (15) - 8 (14)
Number of cigarettes per day 7.5 (15) - 10 (17.5)
HDRS score 205 (8)° Il (7.75)¢ 0(2)
HARS score 28.5 (17)¢ 1.5 (18.75)¢ 35Q75)
Total duration of iliness (year) 24 - -
Duration of last episode (month) 55(11) - -
Number of episode* 2 (1) - -

HDRS: Hamilton Depression Rating Scale; HARS: Hamilton Anxiety Rating Scale

*: Periods of disease exacerbation were accepted as episodes for patients with chronic disorders.
* lower than that of healthy controls (Z=5.912, p<0.001)

® higher than that of healthy controls (Z=7.307, p<0.001)

< higher than that of healthy controls (Z=6.302, p<0.001)

4 higher than that of healthy controls (Z=7.266, p<0.001)

¢ higher than that of healthy controls (Z=5.895, p<0.001)

- _________________________Hilll



Olguner Eker et al. Metabolic Effects of Antidepressant Treatment

groups. Non-HDL cholesterol levels were higher and HDL cholesterol
levels were lower in the patient group than in the control group. After
treatment, triglyceride and HDL cholesterol levels in the patient group
were identical to those in the control group, whereas total, non-HDL,
and LDL cholesterol levels were higher in the patient group than in the
control group (Table 3). When the effect of the antidepressant treat-
ment was considered, it was observed that total cholesterol and HDL
levels were elevated after treatment. There was no significant difference
in non-HDL levels with treatment (Table 4).

The pretreatment fasting blood glucose levels were higher in the patient
group than in the control group, and they were identical to those in
the control group after treatment. Although there were no significant
differences in baseline insulin levels and HOMA index values between
the patient and control groups, these values were lower in the patient
group than in the control group after treatment (Table 5). When ad-
justed hormone values, to control the effect of BMI, were compared,
similar results were obtained. Furthermore, insulin levels were lower
in the patient group than in the control group, and the HOMA index
values tended to be lower in the patient group than in the control group
after treatment (Table 5). When hormone values at pre- and posttreat-
ment were compared, insulin levels and HOMA index values tended to
decrease but did not reach a statistical significant level (p=0.081 and
p=0.059, respectively) (Table 4).
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There was no change in body measurement or biochemical values or in-
sulin levels with treatment in patients who received sertraline, fluoxetine,
and venlafaxine. It was observed that waist circumference values (Z=1.983,
p=0.047) and total (Z=2.194, p=0.028) and HDL cholesterol (Z=2.106,
p=0.035) levels increased, whereas fasting blood glucose levels (Z=2.194,
p=0.028) decreased with treatment in patients who received escitalopram.

In patients with depression, it was observed that body weight (Z=2.207,
p=0.027), BMI (Z=2.207, p= 0.027), and waist circumference (Z=2.264,
p=0.024) values increased with treatment. In patients diagnosed as hav-
ing adjustment disorder with depressed mood, it was observed that
total cholesterol (Z=2.845, p=0.004) and LDL cholesterol (Z=2.845,
p=0.004) levels increased, whereas HDL cholesterol levels (Z=2.316,
p=0.021) decreased after treatment. In patients with adjustment disor-
der with anxious mood and generalized anxiety disorder; there was no
change in body measurement, biochemical, and hormone values.

It was found that the baseline severity of depression and anxiety were neg-
atively correlated with total cholesterol levels (r=—0.325%, p=0.04| and
r=—0343%* p=0.030, respectively) and LDL cholesterol levels (r=—0.325%
p=0.029 and r=—0.343*, p=0.030; respectively). There were positive cor-
relations between baseline severity of depression and total duration of illness
(r=0.325%, p=0.041) and negative correlation between baseline severity of
anxiety and duration of last episode (r=—0.483** p=0.002). No correla-

Table 2. Pre- and posttreatment body measurements in patients and healthy controls

Patient
Pretreatment Posttreatment Healthy controls
(n=40), (n=32) (n=32)
Body weight (kg) 67.8 (14) 69.15 (13)° 60.6 (12.5)
Body mass index (kg/m?) 26.7 (6.98)° 26.85 (6.15)¢ 23 (3.52)
Height (m) 1.60 (0.07) - 1.59 (0.1)
Waist circumference (cm) 92.35%11.59 92.87£10.93 9131£9.29
& higher than that of healthy controls (Z=2.148, p=0.032)
®: higher than that of healthy controls (Z=2.437, p=0.015)
“ higher than that of healthy controls (Z=2.431, p=0.015)
4 higher than that of healthy controls (Z=2.652, p=0.008)
Table 3. Comparison of pre- and posttreatment lipid profiles of patients and healthy controls
Patient Healthy Comparison
Pretreatment Posttreatment controls Pretreatment Posttreatment
(n=40) (n=32) (n=32) controls controls
Triglyceride (mg/dL) 93.5 (68.75) 88 (58) 79.5 (46.5) Z=1332 Z=1.558
p=0.183 p=0.119
Cholesterol (mg/dL) 180.27+£39.35 193.06+41.87%* 168.81+£28.23 t=1.386 t=2716
p=0.170 p=0.009
LDL cholesterol (mg/dL) 105.5 (45.45) ['11.8 (39.05)** 92.8 (31.55) Z=1.768 Z=2.592
p=0.077 p=0.010
HDL cholesterol (mg/dL) 46.62+£9.98* 49.97£1045 51.62+10.30 t=2.083 t=0.639
p=0.041 p=0.525
Non-HDL cholesterol (mg/dL) 128 (49)** 129.5 (42)** 11 (41.25) 7=2.046 7=2.868
p=0.041 p=0.004

HDL: high-density lipoprotein; LDL: low-density lipoprotein
*: lower than that of healthy controls
**: higher than that of healthy controls
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Table 4. Comparison of pre- and posttreatment biochemical values of patients

Pretreatment Posttreatment
(n=32) (n=32) Comparison

Triglyceride (mg/dL) 96 (74.75) 88 (58) 7=0.298
p=0.765

Total cholesterol (mg/dL) 183.66+41.64 193.06+41.87%* t=2431
p=0.021

LDL (mg/dL) [10.5 (46.24) [11.8 (39.05) Z=1.739
p=0.082

HDL (mg/dL) 47.12+10.12 49.97+£1045%* t=2.683
p=0.012

Non-HDL cholesterol (mg/dL) 132 (51.75) 129.5 (42) Z=1.794
p=0.073

Fasting blood glucose (mg/dL) 89.34+6.64 87.31£9.44 t=1.557
p=0.130

Insulin (uIU/mL) 14.9 (8.12) 12.25 (7.22) Z=1.744
p=0.081

HOMA index 3.29 (1.73) 2.82 (1.76) Z=1.889
p=0.059

HDL: high-density lipoprotein; LDL: low-density lipoprotein; HOMA: homeostasis model assessment

**: higher than pretreatment values

Table 5. Comparison of pre- and posttreatment glucose—insulin levels of patients and healthy controls
Patient Healthy Comparison
Pretreatment Posttreatment controls Pretreatment Posttreatment
(n=40) (n=32) (n=32) controls controls

Fasting blood glucose 88.97+7.61%* 87311944 83.75+9.30 1=2.622 t=1.521

(adjusted mean+SD) p=0.011 p=0.133

Insulin 173 (5.3) 12.25 (7.23)* 18.1(13.2) Z=0.595 Z=2.142

[median (interquartile range)] p=0.552 p=0.032

HOMA index 348 (1.52) 2.82 (1.77)* 3.52 (261) Z=0011 Z=2.001

[median (interquartile range)] p=0.991 p=0.045

Insulin 17.13£1.68 13.43+2.15% 19.64+1.88 F=0.952 F=4.189

(adjusted mean+SD) p=0.333 p=0.045

HOMA index 3.80+037 291045 4.04+£0.42 F=0.177 F=3.135

(adjusted mean+SD) p=0.675 p=0.082

SD: standard deviation; IR: interquartile range
*: lower than that of healthy controls
**: higher than that of healthy controls

tion was found among total duration of illness, duration of last episode,
number of episodes, and body measurement and biochemical values in pa-
tient group before treatment. There was a negative correlation between
the HDRS score and waist circumference values (r=—0.392%*, p=0.026) and
fasting glucose levels (r=—0.377%, p=0.033) in the patient group after treat-
ment. It was found that there was a positive correlation among HDRS score
and body weight (r=0.370%, p=0.037), BMI (r=0.392%, p=0.027), and waist
circumference values (r=0.458** p=0.008) in the control group.

DISCUSSION

Effects of Disease and Antidepressants on Body
Measurement Values

This study aimed to investigate the effects of common psychiatric disor-
ders, such as depression and anxiety, and antidepressants that are fre-

- __________________________ il

quently used to treat these disorders on metabolic parameters. When
the findings of body measurements of the patients were reviewed, body
weight and BMI values were found to be higher in the patient group
than in the control group, both at baseline and after treatment. In other
words, it appears that patients gained weight before drug treatment.
Although this may be related to the selection of patients and healthy
controls, the finding that patients had higher body weight than randomly
selected healthy controls remains noteworthy. It is known that patients
with severe psychiatric disorders such as schizophrenia and bipolar af-
fective disorder gain weight, and this is a risk factor that affects mortality
and morbidity (I). The results of our study emphasize that weight gain
independent of treatment occurs in anxiety and depressive disorders.
There may be several reasons for greater body weight in these patients.
Lifestyle modifications owing to the disease and disease symptoms such
as altered appetite, sleep, and physical activity may play a role in weight
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gain (8). Increased appetite and sleep with reduced activity appear to be
related to weight gain in patients with depressive disorders. There are
positive correlations between the severity of depressive symptoms and
variables such as body weight, BMI, and waist circumference values even
in healthy controls. In other words, depressive symptoms can be related
to weight gain in an individual without depression at the diagnostic level.
Previous studies also demonstrated that increased depressive symptoms
were associated with weight gain in the general population (42). De-
pression was associated with a particular increase in waist circumference
values, possibly leading to the development of metabolic syndrome and
diabetes mellitus (43).

One of the major results of this study is that there is no change in body
weight, BMI, and waist circumference values in patients who received
antidepressant treatment after 8 weeks. In summary, antidepressants
used in this study appear to have had no significant effect on body mea-
surements during the 8 weeks of treatment. However, waist circumfer-
ence values increased in patients who received escitalopram compared
with those who received other drugs. Although the number of studies
investigating the effects of antidepressants on body measurements is
limited, these studies indicate that long-term use of antidepressants,
even SSRIs, causes increases in body measurements such as weight, waist
circumference, and body fat mass (16,36,44). In this study, the lack of
marked effect on body measurements could be related to the short du-
ration of treatment. However, increased waist circumference values in
the escitalopram group may support the hypothesis of the increasing ef-
fect of antidepressants on body measurements. In the other antidepres-
sant groups, there was also a numeric increase in waist circumference
values, which did not reach statistical significance. Given that increased
waist circumference is more important than weight gain as a risk factor,
it would be reasonable to suggest that antidepressants can contribute
to an increased metabolic risk. However, different antidepressants may
have different effects on body measurements.

The study included patients with depression, generalized anxiety disor-
der; adjustment disorder with depressed mood, and adjustment disor-
der with anxious mood. Among these, body weight, BMI, and waist cir-
cumference values increased with treatment in patients with depression.
In other words, the effects of antidepressant treatment on important
metabolic parameters appear to be marked in depressive patients. This
could also be interpreted as depression that causes more impairment in
metabolic parameters compared with anxiety. Previous studies report-
ed that depression, but not anxiety, is related to metabolic syndrome
(43). Also, in our study, metabolic alterations appear to be related to
depression.

Effects of Antidepressants on Lipid Profile

In our study, total cholesterol and HDL cholesterol levels were elevat-
ed with antidepressant treatment. Some previous studies reported that
cholesterol levels increased, whereas HDL cholesterol levels decreased
after antidepressant treatment (34,36). These findings emphasize that
antidepressants worsen metabolic status by adversely affecting the lipid
profile. Similarly, an increase was detected in total cholesterol levels in
our study. Elevated HDL levels in our study were inconsistent with the
hypothesis that suggested a negative effect. However, it is observed that
elevations in total cholesterol levels resulted from elevated HDL levels
when the comparison was repeated after calculating non-HDL choles-
terol levels. In other words, only HDL levels appeared to increase with
antidepressant treatment. In conclusion, antidepressants used in this
study showed a positive effect on the lipid profile during the 8 weeks
of treatment. Although it is possible to make such an interpretation, in
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general, the heterogeneity of diagnoses and drugs should be considered.
In the homogenous group of a larger study, it was found that SSRIs have
different effects on the lipid profile. In the study by Beyazyuz et al. (45),
total cholesterol and triglyceride levels were elevated by paroxetine but
were reduced by fluoxetine. Similar to our study results, Yosmaoglu et
al. (36) found that there was an increase in total cholesterol level and a
borderline elevation in HDL levels in their study, in which several antide-
pressants were used. In our study, it was observed that total cholesterol
and HDL levels increased in the escitalopram group, whereas no alter-
ation was observed in the other drug groups. However, the limited num-
ber of patients in these subgroups makes it difficult to draw conclusions
regarding the effects of different SSRIs; however, it should be noted that
different SSRIs have different effects on the lipid profile.

Glucose-Insulin Metabolism

At baseline, insulin levels and HOMA index values in the patient group
were similar to those in the control group, whereas after treatment,
those values became lower than those in the control group, with a ten-
dency to decrease with treatment. At baseline, fasting blood glucose
level was higher in the patient group than in the control group, whereas
after treatment, it decreased to a level similar to that in the control
group. Higher insulin levels and HOMA-IR index values are associated
with an increased risk for diabetes mellitus (46). Thus, decreased blood
glucose and insulin levels and HOMA-IR index values after 8 weeks of
antidepressant treatment could be interpreted as SSRI use-decreasing
diabetes risk. Although alterations during this period did not reach clini-
cal significance, these findings may emphasize the altered risk in the long
term.

There are contradictory results in studies that investigated the effects
of antidepressants on insulin sensitivity and glucose homeostasis. Some
studies suggest that antidepressant use increases the risk for develop-
ment of diabetes mellitus (24,26), whereas some other studies suggest
positive (28,30) or no effects (27). Our results indicate that 8 weeks of
SSRI treatment may have a positive effect on glucose—insulin metabo-
lism. Studies emphasizing the increased risk for diabetes with antidepres-
sant use generally involve those demonstrating an association between
diabetes and antidepressant use in large populations (24,25). However,
majority of studies assessing glucose metabolism before and after anti-
depressant use demonstrated positive or no effects (27,28). There is a
need for long-term studies using this methodology.

In summary, depression is associated with impaired glucose metabolism,
and the effects of antidepressant use on glucose metabolism appear
to be unclear. In our study, we failed to demonstrate this association
as it did not comprise depressive patients alone. However, our results
present evidence that suggest that short-term antidepressant use has
positive effects on glucose metabolism.

Limitations

Although the number of participants was sufficient in the patient and
control groups, the numbers were decreased when the groups were
stratified into subgroups according to drugs and diagnoses. In addition,
the number of male participants was lesser than that of females, al-
though the female/male ratios were similar in the patient and control
groups. This makes it difficult to analyze with respect to sex. However,
we cannot generalize the results because of the small number of male
patients. There was a significant difference in BMI values between the
patient and control groups. However, BMI values were used as covari-
ates in the statistical analyses of hormone values to eliminate the impact
of this difference. Moreover, the study period of 8 weeks might have
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been insufficient to allow the effects on body measurements and met-
abolic parameters to be revealed. However, our study period is longer
than that of similar studies and allowed us to detect some changes. Nev-
ertheless, it would be interesting to determine how body measurements
change in these patients in a longer follow-up, such as 6 or |2 months.
We previously reported serum neuropeptide Y levels in these patients
and alteration in neuropeptide Y levels during 6 months of antidepres-
sant treatment in some of them (47).

CONCLUSION

In conclusion, this study shows that there is weight gain independent
of the treatment in disorders that present with anxiety and depressive
symptoms. Antidepressants used in this study appeared to have had no
significant effect on body measurements during 8 weeks of treatment.
Decreased insulin level and HOMA index value and increased HDL lev-
els with antidepressant treatment demonstrated the positive effect of
antidepressants on the glucose—insulin system and lipid profile. These
positive alterations may also be a result of improvement in the de-
pressive symptoms. Improvement of depressive symptoms might have
caused positive changes in lifestyle such as regular feeding and physical
activity. Consequently, both metabolic alterations independent of drug
use and metabolic effects of antidepressant drugs occur in diseases that
present with anxiety and depressive symptoms. There is a need for stud-
ies with larger sample size and long-term follow-up.

Ethics Committee Approval: Ethics committee approval was received for
this study from the ethics committee of Erciyes University.

Informed Consent: Written informed consent was obtained from patients
who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - 5.0, O.OE,; Design - .0, O.OE,; Supervi-
sion - S.O; Resource - S.O, O.OF,; Materials - S.O,, O.OF.; Data Collection and/
or Processing - O.OE, BE, HD; Analysis and/or Interpretation - S.0, O.OE;
Literature Search - O.OE., B.E., H.D, Writing - 5.0, O.OE; Critical Reviews - S.0.

Acknowledgements: The authors thank Prof. Fatih Tanriverdi for his contri-
bution.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The study was supported by the Research Fund of Er-
ciyes University.

REFERENCES

I. De Hert M, Dekker M, Wood D, Kahl KG, Holt RI, Moller HJ. Cardiovascular
disease and diabetes in people with severe mental illness position statement
from the European Psychiatric Association (EPA), supported by the European
Association for the Study of Diabetes (EASD) and the European Society of
Cardiology (ESC). Eur Psychiatry 2009; 24:412-424. [CrossRef]

2. Lambert TJ, Newcomer JW. Are the cardiometabolic complications of schizo-
phrenia still neglected? Barriers to care. Med | Aust 2009; 190:539-42.

3. Hennekens CH, Hennekens AR, Hollar D, Casey DE. Schizophrenia and in-
creased risks of cardiovascular disease. Am Heart | 2005; 150:1115-1121.
[CrossRef]

4. McEvoy JB Meyer JM, Goff DC, Nasrallah HA, Davis SM, Sullivan L, Meltzer
HY, Hsiao J, Scott Stroup T, Lieberman JA. Prevalence of the metabolic syn-
drome in patients with schizophrenia: baseline results from the Clinical Anti-
psychotic Trials of Intervention Effectiveness (CATIE) schizophrenia trial and
comparison with national estimates from NHANES [ll. Schizophr Res 2005;
80:19-32. [CrossRef]

5. Allison DB, Newcomer JW, Dunn AL, Blumenthal JA, Fabricatore AN, Daumit
GL, Cope MB, Riley WT, Vreeland B, Hibbeln JR, Alpert JE. Obesity among

I 55

13.
14.

20.

21.

22.

23.

24.

25.

Olguner Eker et al. Metabolic Effects of Antidepressant Treatment

those with mental disorders: a National Institute of Mental Health meeting
report. Am | Prev Med 2009; 36:341-350. [CrossRef]

Brady KT. Weight gain associated with psychotropic drugs. South Med | 1989;
82:611-617. [CrossRef]

Muir-Cochrane E. Medical co-morbidity risk factors and barriers to care for
people with schizophrenia. ] Psychiatr Ment Health Nurs 2006; 13:447-452.
[CrossRef]

Tschoner A, Engl J, Laimer M, Kaser S, Rettenbacher M, Fleischhacker WW,
Patsch JR, Ebenbichler CE Metabolic side effects of antipsychotic medication.
Int J Clin Pract 2007; 61:1356-1370. [CrossRef]

Thakore JH, Mann N, Vlahos |, Martin A, Reznek R. Increased visceral fat dis-
tribution in drug-naive and drug-free patients with schizophrenia. Int ] Obes
Relat Metab Disord 2002; 26:137-141. [CrossRef]

Cantu T, Korek J. Monoamine oxidase inhibitors and weight gain. Ann Pharma-
cother 1988; 22:755-759. [CrossRef]

Delgado PL, Charney DS, Price LH, Aghajanian GK, Landis H, Heninger GR.
Serotonin function and the mechanism of antidepressant action: reversal of
antidepressant-induced remission by rapid depletion of plasma tryptophan.
Arch Gen Psychiatry 1990; 47:411-418 [CrossRef]

Sussman N, Ginsberg DL, Bikoff |. Effects of nefazodone on body weight: a
pooled analysis of selective serotonin reuptake inhibitor- and imipramine-con-
trolled trials. ] Clin Psychiatry 2001; 62:256-260. [CrossRef]

Fava M. Weight gain and antidepressants. ] Clin Psychiatry 2000; | 1:37-41.
Matthews D, Hosker J, Rudenski A, Naylor B, Treacher D, Turner R. Homeo-
stasis model assessment: insulin resistance and B-cell function from fasting plas-
ma glucose and insulin concentrations in man. Diabetologia 1985; 28:412-419.
[CrossRef]

Musselman DL, Betan E, Larsen H, Phillips LS. Relationship of depression to
diabetes types | and 2: epidemiology, biology, and treatment. Biol Psychiatry
2003; 54:317-329. [CrossRef]

Ma Y, Balasubramanian R, Pagoto SL, Schneider KL, Hébert |R, Phillips LS,
Goveas JS, Culver AL, Olendzki BC, Beck J, Smoller W, Sepavich DM, Ockene
JK, Uebelacker L, Zorn M, Liu S.Relations of depressive symptoms and anti-
depressant use to body mass index and selected biomarkers for diabetes and
cardiovascular disease. Am ] Public Health 2013; 103:€34-43. [CrossRef]
Uchida Y, Takeshita K, Yamamoto K, Kikuchi R, Nakayama T, Nomura M, Cheng
XWV, Egashira K, Matsushita T, Nakamura H, Murohara T. Stress augments insulin
resistance and prothrombotic state: role of visceral adipose-derived monocyte
chemoattractant protein-1. Diabetes 2012; 61:1552-1561. [CrossRef]
Ramasubbu R. Insulin resistance: a metabolic link between depressive disor-
der and atherosclerotic vascular diseases. Med Hypotheses 2002; 59:537-551.
[CrossRef]

Vreeburg SA, Hoogendijk W/, van Pelt ], Derijk RH, Verhagen |C, van Dyck R,
Smit JH, Zitman FG, Penninx BW. Major depressive disorder and hypothalam-
ic-pituitary-adrenal axis activity: results from a large cohort study. Arch Gen
Psychiatry 2009; 66:617-626. [CrossRef]

Lyketsos CG. Depression and diabetes: more on what the relationship might
be. Am ] Psychiatry 2010; 167:496-497. [CrossRef]

Chang HH, Lee IH, Gean PW, Lee SY, Chi MH, Yang YK, Lu RB, Chen PS.
Treatment response and cognitive impairment in major depression: associa-
tion with C-reactive protein. Brain Behav Immun 2012; 26:90-95. [CrossRef]
Lawlor DA, Smith GD, Ebrahim S, British Women's H, Health S. Association
of insulin resistance with depression: cross sectional findings from the British
Women'’s Heart and Health Study. BMJ 2003; 327:1383-1384. [CrossRef]
Lawlor DA, Ben-Shlomo Y, Ebrahim S, Davey Smith G, Stansfeld SA, Yar-
nell JW, Gallacher JE. Insulin resistance and depressive symptoms in middle
aged men: findings from the Caerphilly prospective cohort study. BMJ 2005;
330:705-706. [CrossRef]

Kivimaki M, Hamer M, Batty GD, Geddes JR, Tabak AG, Pentti ], Virtanen
M, Vahtera J. Antidepressant medication use, weight gain, and risk of type
2 diabetes: a population-based study. Diabetes Care 2010; 33:2611-2616.
[CrossRef]

Ma Y, Balasubramanian R, Pagoto SL, Schneider KL, Culver AL, Olendzki B,
Tinker L, Liu S, Safford M, Sepavich DM, Rosal MC, Ockene JK, Carnethon M,
Zorn M, Hébert JR. Elevated depressive symptoms, antidepressant use, and
diabetes in a large multiethnic national sample of postmenopausal women.
Diabetes Care 201 |; 34:2390-2392. [CrossRef]


https://doi.org/10.1016/j.eurpsy.2009.01.005
https://doi.org/10.1016/j.ahj.2005.02.007
https://doi.org/10.1016/j.schres.2005.07.014
https://doi.org/10.1016/j.amepre.2008.11.020
https://doi.org/10.1097/00007611-198905000-00017
https://doi.org/10.1111/j.1365-2850.2006.01002.x
https://doi.org/10.1111/j.1742-1241.2007.01416.x
https://doi.org/10.1038/sj.ijo.0801840
https://doi.org/10.1177/106002808802201002
https://doi.org/10.1001/archpsyc.1990.01810170011002
https://doi.org/10.4088/JCP.v62n0407
https://doi.org/10.1007/BF00280883
https://doi.org/10.1016/S0006-3223(03)00569-9
https://doi.org/10.2105/AJPH.2013.301394
https://doi.org/10.2337/db11-0828
https://doi.org/10.1016/S0306-9877(02)00244-X
https://doi.org/10.1001/archgenpsychiatry.2009.50
https://doi.org/10.1176/appi.ajp.2010.10020243
https://doi.org/10.1016/j.bbi.2011.07.239
https://doi.org/10.1136/bmj.327.7428.1383
https://doi.org/10.1136/bmj.38377.616921.F7
https://doi.org/10.2337/dc10-1187
https://doi.org/10.2337/dc11-1223

Olguner Eker et al. Metabolic Effects of Antidepressant Treatment

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Brown LC, Majumdar SR, Johnson JA. Type of antidepressant therapy and risk
of type 2 diabetes in people with depression. Diabetes Res Clin Pract 2008;
79:61-67. [CrossRef]

Chang HH, Chi MH, Lee IH, Tsai HC, Gean PWV, Yang YK, Lu RB, Chen PS.
The change of insulin levels after six weeks antidepressant use in drug-naive
major depressive patients. ] Affect Disord 2013; 150:295-299. [CrossRef]
Weber-Hamann B, Gilles M, Lederbogen F, Heuser |, Deuschle M. Improved
insulin sensitivity in 80 nondiabetic patients with MDD after clinical remission
in a double-blind, randomized trial of amitriptyline and paroxetine. ] Clin Psy-
chiatry 2006; 67:1856-1861. [CrossRef]

Svatina S. Our experience with antidepressant treatment in the obese and
type 2 diabetics. Prague Med Rep 2005; 106:291-296.

Buhl ES, Jensen TK, Jessen N, Elfving B, Buhl CS, Kristiansen SB, Pold R, Solskov
L, Schmitz O, Wegener G, Lund S, Petersen KF. Treatment with an SSRI anti-
depressant restores hippocampo-hypothalamic corticosteroid feedback and
reverses insulin resistance in low-birth-weight rats. Am ] Physiol Endocrinol
Metab 2010; 298:E920-929. [CrossRef]

Lehto SM, Hintikka ], Niskanen L, Tolmunen T, Koivumaa-Honkanen H,
Honkalampi K, Viinamaki H. Low HDL cholesterol associates with major de-
pression in a sample with a 7-year history of depressive symptoms. Prog Neu-
ropsychopharmacol Biol Psychiatry 2008; 32:1557-156|. [CrossRef]

Maes M, Smith R, Christophe A, Vandoolaeghe E, Van Gastel A, Neels H,
Demedts P, Wauters A, Meltzer HY. Lower serum high-density lipoprotein
cholesterol (HDL-C) in major depression and in depressed men with serious
suicidal attempts: relationship with immune-inflammatory markers. Acta Psy-
chiatr Scand 1997; 95:212-221. [CrossRef]

Golden SH, Williams JE, Ford DE, Yeh HC, Paton Sanford C, Nieto FJ, Brancati
FL, Atherosclerosis Risk in Communities study. Depressive symptoms and the
risk of type 2 diabetes: the Atherosclerosis Risk in Communities study. Diabe-
tes Care 2004; 27:429-435. [CrossRef]

Raeder MB, Bjelland |, Emil Vollset S, Steen VM. Obesity, dyslipidemia, and
diabetes with selective serotonin reuptake inhibitors: the Hordaland Health
Study. ] Clin Psychiatry 2006; 67:1974-1982. [CrossRef]

Gabriel A. Changes in plasma cholesterol in mood disorder patients: does
treatment make a difference? | Affect Disord 2007; 99:273-278. [CrossRef]
Yosmaoglu A, Fistikci N, Keyvan A, Hacioglu M, Erten E, Saatcioglu O, Kora
K. Correlation of selective serotonin re-uptake inhibitor use with weight gain

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Arch Neuropsychiatry 2017; 54: 49-56

and metabolic parameters. Anatolian Journal of Psychiatry 2013; 14:245-251.
[CrossRef]

Sarchiapone M, Roy A, Camardese G, De Risio S. Further evidence for low
serum cholesterol and suicidal behaviour. | Affect Disord 2000; 61:69-71.
[CrossRef]

Deisenhammer EA, Kramer-Reinstadler K, Liensberger D, Kemmler G, Hinterhuber
H, Fleischhacker VWWW. No evidence for an association between serum cholester-
ol and the course of depression and suicidality. Psychiatry Res 2004; 121:253-261.
[CrossRef]

American Psychiatric Association. Diagnostic and statistical manual of mental
disorders. Fourth Edition. American Psychiatric Association, Washington DC,
1994.

Akdemir A, Orsel S, Dag |, Turkcapar H, iscan N, Ozbay H. The validity and
reliability of the Hamilton Depression Rating Scale and its clinical use. Psikiyatri
Psikoloji Psikofarmakoloji Dergisi 1996; 4:251-259.

Yazici M, Demir B, Tanriverdi N, Karaagaoglu E, Yolac P Hamilton anxiety rat-
ing scale: interrater reliability and validity study. Turk Psikiyatri Derg 1998;
9:114-117.

Waurtman JJ. Depression and weight gain: the serotonin connection. | Affect
Disord 1993; 29:183-192. [CrossRef]

Dunbar JA, Reddy B, Davis-Lameloise N, Philpot B, Laatikainen T, Kilkkinen A,
Bunker SJ, Best JD, Vartiainen E, Kai Lo S, Janus ED. Depression: an important
comorbidity with metabolic syndrome in a general population. Diabetes Care
2008; 31:2368-2373. [CrossRef]

Zimmermann U, Kraus T, Himmerich H, Schuld A, Pollmacher T. Epidemi-
ology, implications and mechanisms underlying drug-induced weight gain in
psychiatric patients. | Psychiatr Res 2003; 37:193-220. [CrossRef]

Beyazyuz M, Albayrak Y, Egiimez OB, Albayrak N, Beyazyuz E. Relationship
between SSRIs and Metabolic Syndrome Abnormalities in Patients with Gen-
eralized Anxiety Disorder: A Prospective Study. Psychiatry Investig 2013;
10:148-154. [CrossRef]

McMurray J), Haffner SM, Califf RM, Holman RR. Prediabetes and the risk of
diabetes. Lancet 2012; 380:1225-1226. [CrossRef]

Ozsoy S, Olguner Eker O, Abdulrezzak U. The effects of antidepressants on
neuropeptide Y in patients with depression and anxiety. Pharmacopsychiatry
2016; 49:26-31. [CrossRef]



https://doi.org/10.1016/j.diabres.2007.07.009
https://doi.org/10.1016/j.jad.2013.04.008
https://doi.org/10.4088/JCP.v67n1204
https://doi.org/10.1152/ajpendo.00606.2009
https://doi.org/10.1016/j.pnpbp.2008.05.021
https://doi.org/10.1111/j.1600-0447.1997.tb09622.x
https://doi.org/10.2337/diacare.27.2.429
https://doi.org/10.4088/JCP.v67n1219
https://doi.org/10.1016/j.jad.2006.08.015
https://doi.org/10.5455/apd.36693
https://doi.org/10.1016/S0165-0327(99)00198-6
https://doi.org/10.1016/j.psychres.2003.09.007
https://doi.org/10.1016/0165-0327(93)90032-F
https://doi.org/10.2337/dc08-0175
https://doi.org/10.1016/S0022-3956(03)00018-9
https://doi.org/10.4306/pi.2013.10.2.148
https://doi.org/10.1016/S0140-6736(12)61705-X
https://doi.org/10.1055/s-0035-1565241

