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SUMMARY

Introduction Recurrent depression is a psychiatric disorder of which etiology and pathogenesis might be
related to immune response. Metabolic Syndrome (MetS) and its components are also strongly associated
with elevated inflammatory indicators, as so as the body mass index (BMI) and total cholesterol levels.
Objective Objective of this study was to investigate if there was any difference in C-reactive protein
(CRP) levels in patients with recurrent depressive disorder, treated with antidepressants, compared to a
healthy control group of subjects and if there was an association between increased CRP levels and the
presence of MetS in these two groups.

Methods Sixty subjects entered the study; of these 35 patients with the diagnosis of recurrent depressive
disorder, while the healthy control group included 25 subjects. MetS was defined according to the NCEP
ATP Il criteria. The cut-off point for CRP was set at >5 mg /L.

Results There was no statistically significant difference in the prevalence of MetS and CRP values between
the studied groups. Waist circumference and total cholesterol levels were significantly higher in the
experimental group. Patients that fulfilled the criteria for MetS showed significantly higher values of
central obesity and arterial hypertension in the experimental group as well. The elevated CRP levels were
associated with increased frequency of MetS in depressed patients.

Conclusion Both CRP levels and metabolic risk profile screening, according to the international criteria,
may be beneficial in order to obtain better assessment for depressive long term medicated patients.
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INTRODUCTION

Infectious and inflammatory processes could
potentially play an important role in the etiol-
ogy and pathogenesis of depressive disorder [1,
2]. C-reactive protein (CRP) is one of positive
acute phase proteins that is synthesized in the
liver and then excreted in the blood. Increased
CRP levels are associated not only with acute
but with chronic infections too [3].

Depression has been shown to be associated
with activation of the inflammatory response.
These changes include increased numbers of
peripheral leucocytes, both monocytes and
neutrophils [4]. This acute-phase response is
an integral part of the inflammatory response
and its purpose is to enable protein mobiliza-
tion, which serves to limit tissue damage and
stimulate repair. CRP may be useful in predict-
ing cardiovascular events in patients with coro-
nary heart disease [5]. When traditional risk
factors for coronary heart disease are adjusted,
depressed individuals have a risk double that of
the non-depressed population [6].

Newcomer [3] defined the Metabolic Syn-
drome (MetS) as a chronic mild inflammatory
state. Furthermore, the presence of MetS is
most important predictor of premature onset

of cardiovascular disease (CVD). CRP, as the
most specific biomarker of inflammation, is
the independent risk factor for CVD as well.
The Amsterdam Longitudinal Ageing Study re-
ported a relative risk of cardiac mortality of 1.6
associated with depressive symptoms. However,
this cardiac mortality relative risk increased to
3.8 for those who were clinically depressed [7].
Laboratory and epidemiological data showed
that CRP is associated mostly with insulin re-
sistance and obesity, but also with other sub-
components of MetS [8]. The link between
depression and coronary heart disease may be
mediated through inflammation. Atherosclero-
sis is preceded by inflammation with increased
production of acute-phase proteins, including
CRP and pro-inflammatory cytokines [9]. It
seems reasonable to assume that depression
increases the risk of coronary heart disease
through its pro-inflammatory biology [10].

OBJECTIVE

Aim of this study was to investigate if there are
any differences in parameters that constitute
MetS, as well as in CRP levels, total cholesterol,
and body mass index (BMI) in patients with re-
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current depressive disorder treated with selective serotonin
reuptake inhibitor (SSRI) medication, compared to healthy
controls. Further, we wanted to examine variables — predic-
tors of MetS in both study groups. For the experimental
group of patients the authors' interest was to determine
if variables such as severity of depression measured by
HAMD-21 scale [11], length of SSRI therapy, length of
illness duration and smoking habits have an impact on
CRP values >5 mg/L.

METHODS

Sixty subjects entered the study; 35 of them were patients
with recurrent depression disorder on SSRI antidepressant
medication in the Daily Hospital Ward of the Special Men-
tal Hospital "Gornja Toponica", Ni$, and 25 healthy control
subjects. The diagnosis of recurrent depressive disorder
was made according to the diagnostic criteria of the Inter-
national Statistical Classification of Diseases and Related
Health Problems, 10th Revision (ICD-10: F33) [12]. We
used the Hamilton Depression Rating Scale (HAMD-21)
for depression symptoms severity for the patients from the
experimental group. A written informed consent was ob-
tained from all participants, under procedures approved
by the Local Ethics Commiittee and in accordance with the
Helsinki Declaration. Venipuncture was performed for all
subjects between 8 and 9 a.m. after 12 hours overnight
fast. Immediately after collecting blood samples, serum
concentration of total cholesterol, high density lipoprotein
cholesterol (HDL-C), low density lipoprotein cholesterol
(LDL-C), triglycerides and serum glucose were determined
using enzyme methods and commercial kits (Olympus Di-
agnostic, GmbH, Hamburg, Germany) on Olympus AU
600 automated analyzer. CRP serum levels were deter-
mined using immunoturbidimetric method. The cut-off
point for CRP elevation was set at 5 mg/L.

MetS was defined according to the Third Report of the
Adult Treatment Panel — National Cholesterol Education
Program (NCEP ATP III) criteria [13]; any 3 of 5 Cat-
egorical Cut-points: 1. Central adiposity (elevated waist
circumference; 102 cm in men, 88 cm in women); 2. El-
evated triglycerides >1.7 mmol/L, or on drug treatment
for elevated triglycerides; 3. Reduced HDL-C <1.0 mmol/L
in men, <1.3 mmol/L in women, or on drug treatment
for reduced HDL-C; 4. Elevated blood pressure >130 mm
Hg systolic blood pressure or >85 mm Hg diastolic blood
pressure or on antihypertensive drug treatment in patients
with history of hypertension; 5. Elevated fasting glucose
>5.6 mmol/L or on drug treatment for elevated glucose.

BMI was calculated by measuring patients' weight and
height (kg/m?). Waist circumference (marker of central ad-
iposity) was measured in the midpoint of distance between
the costal arc and iliac crest when the patient was standing
up and in midexpirium. Blood pressure was measured with
an aneroid sphygmomanometer in the office setting.

The subjects excluded from the study were those who
showed symptoms of chronic or acute infection, allergies,
past history of autoimmune diseases, or any other condi-

tion known to have affected the immune system for at least
2 weeks before investigation. They were also free of using
other concomitant drugs known to alter immune function.

Statistical analyses: baseline characteristics were com-
pared by the t-test for independent samples. For categorical
variables the chi-square test was used. Univariate logistic
regression analysis was used to access predictors of MetS
and high values of CRP, respectively. The analyses were
done using SPSS for Windows Version 18.0. Probability
level of p<0.05 was considered to be statistically significant.

RESULTS

Experimental group of patients (diagnosis of recurrent
depression disorder) included 35 subjects (18 male, 17 fe-
male) of average age 47.85+7.35 years. The average age of
the healthy control subjects (n=25) was 45.08+4.93 years.

All subjects from the experimental group were on the
permanent antidepressant SSRI medication from three
months up to 24 months duration (mean value 8.57+5.46
months). Severity of depressive symptoms measured by
HAMD-21 scale showed that the majority of experimental
group of patients were euthymic (n=19 or 54.29%), with
HAMD score 8 or less, and the rest had mild depression
(n=16 or 45.71%), with HAMD scores range 17-24. The av-
erage duration of illness (diagnosis of recurrent depressive
disorder according to ICD 10 criteria) was 7.86+5.13 years.

Table 1 shows demographic, biochemical and inflam-
matory values in these two groups. Statistically significant
differences (p<0.001) were found for variables waist cir-
cumference and total cholesterol levels.

Graph 1 shows the prevalence of patients with MetS
in the experimental and control group, according to the
presence of NCEP ATP III criteria and its individual com-
ponents. The prevalence of MetS was 48.6% in the ex-
perimental group, compared to 28% in the control group
(x*=2.53; p=0.112), with no statistically significant differ-
ence. However, two out of five constituting parameters of

Table 1. Demographic features, biochemical and inflammatory vari-
ables of the study groups

Experimental | Control group

Variable group (n=35) (n=25) p

X | o | x | s |
Gender (male/female) | 18/17 13/12 0.586
Age (years) 47.85 7.35 45.08 493 0.197
BMI (kg/m?) 26.63 4.05 2543 2.77 0.207
Waist (cm) 96.57 | 10.06 | 85.68 | 13.68 | 0.001*
Chol (mmol/L) 5.38 0.94 4.36 0.52 | 0.001*
Tg (mmol/L) 1.72 0.85 1.57 0.39 | 0412
LDL-C (mmol/L) 3.01 0.94 2.95 0.37 0.750
HDL-C (mmol/L) 1.20 0.26 1.24 0.22 0.545
CRP (mg/L) 4.72 2.91 4.90 1.34 0.781
Gly (mmol/L) 4.71 1.94 4.36 0.43 0.374

* statistically significant p value

n - number of patients; X - mean value; SD - standard deviation; BMI - Body
Mass Index; Waist — waist circumpherence; Chol - total cholesterol; Tg - trig-
lycerides; LDL-C - LDL cholesterol; HDL-C - HDL cholesterol; CRP - C-reactive
protein; Gly - fasting glycose
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Graph 1. Prevalence (%) of metabolic syndrome and its individual
components in the experimental and control group. Distribution of
patients according to the NCEP ATP Il criteria [13]

* statistically significant difference

MetS - metabolic syndrome; Obesity — central adiposity; High Gly - high fasting
glucose; HTA - arterial hypertension; High TG - high triglyceri des; Low HDL - low
high density lipoproteine

Table 2. Odds ratio (OR), significance (p) and confidence interval (Cl)
for Metabolic Syndrome correlates in the experimental group (n=35)

Factor OR 95%Cl p
. [No] / / /
Smoking
Yes 0.716 0.187-2.744 0.626
CRP 4.688 1.540-14.269 0.007*
BMI 1.211 0.974-1.505 0.085
SSRI length 0.984 0.863-1.122 0.812
HAMD score 0.988 0.815-1.197 0.900

* statistically significant p value
[1- referent group; SSRI length - length of permanent SSRI medication (months)

Table 3. Odds ratio (OR), significance (p) and confidence interval (Cl)
for Metabolic Syndrome correlates in the control group (n=25)

Factor OR 95%Cl p
. [No] / / /
Smoking
Yes 9.429 0.927-95.886 0.058
CRP 6.042 1.089-33.518 0.040*
BMI 2472 1.216-5.028 0.012*

* statistically significant p value
[1- referent group

Table 4. Odds ratio (OR), significance (p) and confidence interval (Cl)
for the correlates of high CRP values (>5 mg/L) in experimental group
(n=35)

Factor OR 95%ClI p
. [No]
Smoking
Yes 4,156 1.399-12.347 0.010*
lliness length (years) 0.964 0.842-1.104 0.597
SSRI length (months) 1.070 0.940-1.217 0.305
Mild depression 1.069 0.279-4.099 0.902

* statistically significant p value
[1- referent group; mild depression - patients with HAMD score 8-17 (n=16)

MetS - obesity (i.e. central adiposity, high waist circumfer-
ence): X*=4.17; p=0.04, and arterial hypertension: x*=11.04;
p<0.001 - showed statistical significance between the study
groups, in favor of the experimental group of patients.
The authors wanted to investigate which were the most
important correlates of MetS. For the experimental group
of patients, results are presented on Table 2. Univariate
logistic regression pointed to CRP as a statistically signifi-

cant variable (OR=4.668; 95%CI=1.540-14.269; p=0.007).
Neither HAMD scores, length of antidepressants therapy,
nor BMI values were found as significantly different.

In the control group the same method pointed at both
CRP (OR=6.042; 95%CI=1.089- 33.518; p=0. 04) and BMI
(OR=2.472; 95%CI=1.216-5.028; p=0.012) as significant
correlates of MetS (Table 3).

Variables such as the length of SSRI medication (mon-
ths), length of depression illness (years), or severity of
symptoms (patients with mild depression according to
HAMD in our sample) were not significant indicators of
high CRP values in the experimental group of patients. De-
rived data using the univariate logistic regression pointed
at smoking habit only as a statistically significant correlate
of high CRP values >5 mg/L (OR=4,156; 95%CI=1.399-
12.347; p=0,01) (Table 4).

DISCUSSION

The prevalence of MetS in our experimental group of
patients with depression disorder was 48.6%, compared
to 28% in the healthy control group of patients (p=0.11).
Among the US adults 24% have MetS, and the prevalence
increases with age (44% at age 60 years) [14]. The preva-
lence of MetS, according to the NCEP criteria, has been
recently assessed in two independent investigations of
patients with bipolar disorder. The first study evaluated
171 patients and found the MetS prevalence of 30% [15].
The other study reported the MetS prevalence rate of 32%
in a group of 125 bipolar patients [16]. Moreover, MetS
was reported in 42.4% of 33 patients with schizoaffective
disorder, bipolar type [17]. Similar to these results, a rela-
tively high percentage of MetS in our experimental group
of patients should be considered in relation of their aver-
age age (47.85+7.35 years) as well as the average illness
duration (7.86+5.13 years) and the presumption of poor
physical activities.

Measured demographic (age, gender), physical (body
mass index, waist circumference) biochemical (total cho-
lesterol, LDL-C, HDL-C, fasting glucose, triglycerides)
and inflammatory (CRP) parameters showed a statistically
significant differences (p<0.001) between the two study
groups only for waist circumference and total cholesterol
levels, favoring the experimental group of patients. Among
the patients who fulfilled the criteria for MetS, statistical-
ly significant differences between the study groups were
demonstrated for central obesity (high waist circumfer-
ence) and arterial hypertension (elevated blood pressure
or on antihypertensive drug treatment). Two groups were
compared with respect to lipid profiles of the cases in the
study of Kirilmaz et al. [18]. Statistically significant el-
evations in levels of total cholesterol, triglycerides, blood
pressure and LDL-C and a significantly decreased level of
HDL-C were detected in the patients with MetS compared
with the control group. According to body fat distribution,
any increase in the mass of abdominal fat is an important
determinant of mortality and morbidity and is in relation
to many cardiovascular risk factors.
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As the most important correlate for MetS presence in
our experimental group of patients, univariate logistic
regression indicated only CRP value at a statistically sig-
nificant level. Neither HAMD scores, length of antidepres-
sants therapy, nor BMI values were found to differ. In the
control group, the same method pointed at both CRP and
BMI as significant correlates of MetS. Numerous studies
[19, 20] have now confirmed that CRP levels are elevated
in patients with MetS. It has been claimed that there is
a chronic and low-degree inflammatory status in MetS.
CRP indicates the existence and degree of inflammation
involving the vascular endothelium. Yet, it is still contro-
versial as to whether CRP is an inflammatory parameter
or a risk factor. There is a linear relationship between the
number of metabolic features and increasing levels of CRP.
Furthermore, Festa et al. [21] in the Insulin Resistance
and Atherosclerosis Study (IRAS) showed that CRP was
positively correlated with BMI, waist circumference, trig-
lycerides, cholesterol, LDL-C, plasma glucose, and fasting
insulin, and inversely correlated with HDL-C. The strong-
est associations are observed between CRP levels, central
adiposity, and insulin resistance. The largest study to-date
that examined the association between inflammation and
MetS was the NHANES III study [22] which reported that
CRP and fibrinogen levels and leukocyte counts were sig-
nificantly high in patients with MetS.

The cut-point for elevated values of CRP in our study
was 5 mg/L. The authors also explored relationship among
high CRP values and variables such as severity of depres-
sion measured by HAMD scale, length of SSRI therapy,
length of illness duration and smoking habits. In our exper-
imental group, we had a subgroup of 16 patients qualified
as ,,mild depression according to the HAMD score. This
level of severity of depressive symptoms was not found as
a correlate of elevated CRP values, neither did the length
of antidepressive medication nor the length of the illness.
However, some authors found an association of increased
CRP levels with the severity of depressive symptoms [23]
and normalization after antidepressant treatment [24], but
findings are not consistent across studies. The reasons why
CRP is selectively altered in manic, but not in depressed
or euthymic patients are unknown [18]. The limitation
of this study was that all patients who entered the study
were taking SSRI medication for a certain time. Several
studies have previously examined the association between
CRP and depression, and the preponderance of evidence
supports the conclusion that depression is associated with
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MeTabonnuku cMHapom 1 C-peakTMBHU NPOTENH KOA 601eCcHUKA Ca fenpecuBHUM
nopemehajem Koju npumajy aHTUAENpeCcUBHy Tepanujy

AnbuHa CraHojesuh’, MipeHa Monosuh', MunytuH Henapgosuh??, fiparaH PaBaHuh*, lopgaHa MayHosuh-Munocasmbesuh’

'Cneuujanta 6onHuLa 3a ncuxujatpujcke 6onectn,fopba TonoHnua’, Huw, Cpbuja;

*CneuwjanHa 6onHuLa 3a ncuxujatpujcke 6onectu,J1asa Nlasapesuh’, beorpag, Cpbuja;
*MeguumnHckm dakynTet, YHusep3uteT y MpuiwTnHi, Kocoscka Mutposuua, Cpbuja;

*Kateppa 3a ncuxujatpujy, MepnumHckmn dakyntet, YHuep3autet y Kparyjesuy, Kparyjesau, Cpouja;
*Mocnanuk y HapopHoj ckynwtuHu Penybnuke Cpbuje, beorpap, Cpbuja

KPATAK CAAPXKA)J

YBop PekypeHTHU fenpecrBHM nopemehaj je ncuxmjatpujcku
EHTUTET Ynja Cy eTMONOrja 1 NaToreHesa y Besun C UMyHCKUM
0AroBopoM. MeTaboMyKkm CMHAPOM Ca CBOjUM KOMMOHEHTaMa
Takohe je y ycKoj Be3n ¢ NOBULLEHVM BPeAHOCT/MA NoKa3aTesba
3anasberba, MHAEKCOM TeflecHe Mace 1 BpeHOCTMA YKYMHOr
Xonecteporna y cepymy.

v papa Linmn ctyaunje 610 je fa UCTpaxu 1ma nv pasnuke y
HuBomma C-peakTuBHor npoTeunHa (CRP) namebhy ncnmtaHmka
Ca ANjarHOCTUKOBAHNM PEKYPEHTHVM AeMpeCcMBHUM Nopeme-
hajem Koju npuMajy aHTUaenpecuBHy Tepanujy (ekcrnepumeH-
TafiHa rpyna) v 3apaBuxX NCNKUTaHKKa (KOHTPOJHa rpyna), Kao u
Aa nv noctoju Be3a nsmehy nosehanux H1Boa CRP 1 3acTynbe-
HOCTU MeTaboNMYKOr CHAPOMa Y OBe AiBe rpyne UcnuTaHuKa.
Metope papa Ctyanjom je obyxBaheHo 60 ncnutaHuka: 35
Ca [1jarHO30M PeKypeHTHOT fenpecusHor nopemehaja n 25
3apaBux ocoba. MeTabonmuky cHgpom je gedrHucaH npema
KpuTtepujymuma NCEP ATP lll. Mosehanum BpegHocTuma CRP
cmatparne cy ce oHe Behe og 5 mg/I.

pumsbeH « Received: 26/03/2012

Pesyntatm Huje yTBphHeHa CTaTUCTUYKM 3HauajHa pasnnka y
npesaneHLuju MeTabonnykor crHapoma 1 Husoa CRP namebhy
ncnUTUBaHUX rpyna. O61m CTpyKa 1 HBO YKYMHOT XONecTepo-
na 6yunu cy CTaTMCTUYKM 3HauajHO Beh y eKCnepuUMeHTaHoj
rpynu. Kog ncnutaHrka Koju cy 3aAoBoSbyuan Kputepujyme 3a
MEeTaboIMUYKM CUHAPOM YOUEHa je CTaTUCTUYKIM 3HaYajHa pas-
NKa y HEroBUM KOHCTUTYTUBHIM MapameTprma ,LieHTpanHa
rojasHoCT” u,,apTepujcKa XxmnepTeH3mja’, Takohe y KOpUCT eKc-
nepvmeHTanHe rpyne. MosehaHw HuBow CRPy cepymy 6unu cy
yapyxeHu ¢ noBehaHnm p13nKom of NocTojakba MeTabonmnyKkor
CMHAPOMA Y rpyny AeNPeCcUBHIX NCMUTaHNMKA.

3akmpyyvak Mepere HuBoa CRP'y cepymy 1 yTBphrBare NocTo-
jarba MeTabonunykor cuHapoma npema MehyHapoaHUM KpuTe-
pujymrma mory 6utn Bpnio KopucHu y obesbehmBarby KBanu-
TETHUWjer Nieyera ienpecrBHUX 6onecHrKa Ha fiyeBPeMeHCKOj
MeAMKaLmj1 aHTuenpecuBmma.

KrbyuHe peun: C-peaktviBHy npoTenH (CRP); MeTabonnukmn ciH-
apowm; genpecuja; SSRI papmakoTepanuja

MpuxsaheH « Accepted: 06/08/2012



