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Comparison of white blood cells parameters
in patients with acute schizophrenia, unipolar
depression and bipolar disorder

Adam Wysokinski, Aleksandra Margulska

Summary

Objective: We compared white blood cells parameters (total white blood cells (WBC), lymphocytes count
(LYMPH#) and percentage (LYMPH%), monocytes count (MONO) and percentage (MONO%), basophils
count (BASO#) and percentage (BASO%), eosinophils count (EO#) and percentage (EQ%), neutrophils count
(NEUTH#) and percentage (NEUT%)) in patients with schizophrenia (SHZ), unipolar depression (UD) and bipo-
lar disorder (BIP): bipolar depression (BD) and mania (BM).

Methods: This was a retrospective, cross-sectional, naturalistic study of 2381 patients (SHZ n=1244; UD
n=794; BIP n=343, BD n=259, BM n=84). WBC as well as differential leukocytes count were measured using
automated hematology analyzer.

Results: There were significant differences between study groups (WBC, p=0.02; LYMPH# p=0.03; LYMPH%
p=0.008; EOQ% p <0.001). Age and sex affected various white blood cells parameters.

Conclusions: There are differences in white blood cells between study groups. Highest WBC was in the schiz-
ophrenia and bipolar mania groups, while patients with BM had lowest LYMPH%. Highest frequency of below

or above normal WBC was found in patients with BM.

white blood cells, schizophrenia, depression, bipolar disorder

INTRODUCTION

Leukocytes are the cells that circulate in the
bloodstream and are divided into following
subtypes: neutrophils, lymphocytes, basophils,
eosinophils, and monocytes. White blood cell
count (WBC) is the number of leukocytes per
unit volume in venous blood, while differential
leukocytes count represents the relative num-
bers of their subtypes. WBC helps to detect he-
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matological abnormalities, but mainly it is a part
of basic health check-up in patients either admit-
ted to the hospital or presenting to primary care.

A reference range stands for the set of val-
ues within which 95 percent of the normal pop-
ulation falls. Therefore, it is interpreted as the
range of values for a physiologic measurement
in healthy individuals [1]. Normal values may
vary depending on the assay used by laboratory.
Moreover, among factors influencing WBC are:
infections, autoimmunological disorders, sple-
nomegaly and splenectomy, but also age (com-
plex dependence, conflicting results) [2, 3], med-
ications [3, 4], body weight (positive correlation)
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[3, 5, 6], smoking (positive correlation) [2, 7], al-
cohol consumption (inverse association) [3, 8],
exposure to benzene (leukocytopenia) [2]. Sun et
al. concluded that subnormal WBC counts (<3.9
x 10° cells/L), which rather exclude even low-
grade systemic inflammation, are related to the
lower prevalence of metabolic syndrome and the
lowest incidence of metabolic syndrome during
a 5-year follow-up period among healthy popu-
lation than WBC counts within reference range
[9]. Metabolic alterations are particularly com-
mon in patients treated with antipsychotics [10].
In this group around 50% suffer from metabol-
ic disorders, which significantly reduces the life-
span and life quality. So far, studies show that
a higher total leukocyte count is a predictor of
all-cause mortality and cardiovascular morbid-
ity [11]. Fan et al. suggested that higher white
blood cell counts are associated not only with an
increased risk for metabolic syndrome, but also
more severe psychopathology in patients suffer-
ing from schizophrenia [12].

Schizophrenia, unipolar depression and bi-
polar disorder are severe psychiatric disorders
affecting millions of people worldwide. Their
complex etiology and pathophysiology are
still not satisfactory elucidated, therefore there
is a plethora of research examining their psy-
chopathology. Moreover mental illnesses cause
great human and economic costs. Alterations in
inflammatory system have been suggested as be
associated with psychiatric disorders, and white
blood cells are important components of it.

The aim of the study is to investigate if there
are any differences in white blood cells param-
eters among patients with schizophrenia, uni-
polar depression, bipolar depression and bipo-
lar mania.

MATERIAL AND METHODS
This was a retrospective, cross-sectional, nat-

uralistic study. From our psychiatric hospital
computer database, we have selected data for

Caucasian patients with the diagnosis of schiz-
ophrenia, bipolar disorder or unipolar depres-
sion, aged 18 or more, both men and women.
Only the first entry for each patient was used for
analysis. The following data were collected: age,
sex, diagnosis and white blood cell parameters.

Patients were grouped under diagnostic crite-
ria as schizophrenia (F20 according to ICD-10,
295 according to DSM-IV), unipolar depression
(F31 and F32 according to ICD-10, 296.2 and
296.3 according to DSM-1V), bipolar disorder
(F30 and F31 according to ICD-10, 296.[0,4,6]
according to DSM-IV), which included: bipolar
depression (F31.3-F31.5 according to ICD-10,
296.6 according to DSM-IV) and bipolar mania
(F30 and F31.0-F31.2 according to ICD-10, 296.0
and 296.4 according to DSM-IV). In our unit di-
agnosis is based on the ICD-10 criteria, DSM-
IV codes were given as reference. All diagnostic
codes are based on discharge diagnosis.

For all patients in our study blood samples
were collected into tubes with anticoagulant be-
tween 8 and 9 a.m. after 12 hours overnight fast.
Usually the first blood test is done next day after
admission to our units. Therefore, we have as-
sumed that most patients that we included in the
study were in acute phase of their disorder. Im-
mediately after collecting blood samples, com-
plete blood count was determined using Sysmex
XS-1000i TM Automated Hematology Analyzer
(Sysmex, USA). The following white blood cell
parameters were measured: white blood cell
count (WBC, expressed in x 10°/mm?), lympho-
cyte count (LYMPH#, expressed in x 10°/mm?),
lymphocyte percentage (LYMPH%, expressed
in %), monocyte count (MONO¥, expressed in
x 10°/mm?), monocyte percentage (MONO%, ex-
pressed in %), basophil count (BASO#, expressed
in x 10°/mm?), basophil percentage (BASO%, ex-
pressed in %), eosinophil count (EO#, expressed
in x 10°/mm?), eosinophil percentage (EO%, ex-
pressed in %), neutrophil count (NEUT#, ex-
pressed in x 10°%/mm?®) and neutrophil percentage
(NEUT%, expressed in %). Table 1 shows our
laboratory reference ranges used in the analysis.

Table 1. Total white blood cells — reference ranges

Parameter Abbreviation Reference range
White blood cells WBC 4.0-10.0 x 10%/mm?
Lymphocytes, number LYMPH# 1.32-3.57 x 103/mm?3
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Lymphocytes, percentage LYMPH% 21.8-53.1 %
Monocytes, number MONO# 0.3-0.82 x 103 /mm?
Monocytes, percentage MONO% 5.3-122 %
Basophils, number BASO# 0.01-0.08 x 10%mm?
Basophils, percentage BASO% 0.2-12%
Eosinophils, number EO# 0.04-0.54 x 10%/mm3
Eosinophils, percentage EOQ% 0.8-7.0 %
Neutrophils, number NEUT# 1.78-5.38 x 10%/mm?
Neutrophils, percentage NEUT% 34.0-67.9 %

Statistical procedures were performed with
STATA 13.1 (StataCorp, USA). Simple descrip-
tive statistics (meantstandard deviation) were
generated for continuous variables. For dis-
crete variables number of patients and percent-
ages are given. Normality of distribution was
tested with Shapiro-Wilk test. While some var-
iables did not follow normal distribution, due
to large sample size we used one-way ANOVA
with post-hoc Tukey test and t-test. The differ-
ence between proportions was analyzed with
the chi-square test. Associations were tested by
Spearman’s correlation coefficient. Odds ratios
(OR) with 95% confidence intervals (CI) were
calculated using logistic regression adjusted for
age. The level of significance was set at p <0.05.

The study has been approved by the
appropriate ethics committee and has therefore
been performed in accordance with the ethical
standards laid down in the 1964 Declaration of
Helsinki and its later amendments.

RESULTS

In the study group of 2381 patients included in
the analysis there were 60.0% women (n = 1429).
The proportion of women in the schizophre-

nia group (n = 1244) was 46.9% (n = 583), 76.3%
(n = 606) in the unipolar depression group
(n=794), 70.0% (n = 240) in the bipolar disor-
der group (n =343), 72.2% (n = 187) in the bipo-
lar depression group (n =259), 63.1% (n=53) in
the bipolar mania (n = 84), see Figure 1. The dif-
ference between the groups in the proportion
of women was significant (X?= 194.0, df = 3,
p <0.001), with the lowest proportion of women
in the schizophrenia group. In the schizophre-
nia group there were 4 patients with hebephren-
ic subtype, 5 with residual schizophrenia and
2 with simple-type schizophrenia. These sub-
groups were too small to include them into sep-
arate analysis and therefore we decided to com-
bine all patients with schizophrenia into one
group. The age of the study group was 45.6+19.6
years. Mean age in the subgroups was: schizo-
phrenia 40.3+16.2, unipolar depression 51.4+22.3,
bipolar depression 52.6+18.2, bipolar mania
46.0£19.2 years. One-way ANOVA showed that
there were significant age differences between
the groups (p <0.001) with patients in the uni-
polar depression, bipolar depression and bipolar
mania groups being significantly older (p <0.001
for all comparisons; Tukey post-hoc test). Age
distribution in the study sample is shown in Fig-
ure 1 and Table 2.

Table 2. Age distribution in the study sample.

Diagnosis Age category Total, n (%)
<20 20-40 40-60 >60
Schizophrenia Men 28 426 115 92 661 (53.1)
Women 29 272 164 118 583 (46.9)
Total 57 698 279 210 1244
Unipolar depression Men 37 25 54 72 188 (23.7)
Women 18 45 191 252 606 (76.3)
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Total 155 70 245 324 794
Bipolar disorder Men " 35 21 36 103 (30.0)
Women 10 48 80 102 240 (70.0)

Total 21 83 101 138 343
Bipolar depression Men 22 15 30 72 (27.8)
Women 40 62 80 187 (72.2)

Total 10 62 77 10 259
Bipolar mania Men 13 6 6 31(36.9)
Women 8 18 22 53 (63.1)

Total 11 21 24 28 84

Mean values of leukocyte parameters are giv-
en in Table 3, with significant (p <0.05) inter-
group differences for most parameters. Post-
hoc analysis using the Tukey test revealed
that patients with schizophrenia had high-
er WBC than patients with unipolar depres-
sion (p = 0.04), patients with bipolar depression
had LYMPH% higher than patients with schiz-
ophrenia (p = 0.001), bipolar mania (p = 0.017)
and unipolar depression (p = 0.003), while pa-

tients with unipolar depression had EO% high-
er than patients with schizophrenia (p = 0.008).
For the whole study group there was a signifi-
cant differences between men and women for
WBC (6.93+2.00 vs. 6.73+1.98, p =0.01), LYMPH#
(2.27+0.73 vs. 2.21+0.72, p = 0.02), MONO#
(0.59+0.23 vs. 0.54+0.22, p <0.001), MONO%
(8.84+2.71 vs. 8.44+2.68, p <0.001), EO# (0.21+0.15
vs. 0.18+0.14, p <0.0001) and EO% (3.09+2.34 vs.
2.71+1.99, p <0.001).

Table 3. Mean hematological parameters in diagnostic groups.

Parameter Group p
Schizophrenia Unipolar Bipolar disorder Bipolar Bipolar mania
n=1244 depression n =343 depression n=84
n =79 n =259

WBC 6.9£1.9 6.7£1.9 6.6+2.0 6.6+2.0 6.9£2.3 0.02
(6.6) (6.4) (6.3) (6.3) (6.7)

LYMPH# 2.3£0.7 2.240.7 2.240.7 2.3£0.8 2.10.7 0.03
(2.1 (2.0) (2.1) (2.2) (2.0)

LYMPH% 33.648.8 33.748.7 35.148.9 35.948.9 32.7£9.5 <0.001
(33.5) (33.8) (34.5) (35.7) (31.9)

MONO# 0.5740.2 0.56+0.2 0.56+0.2 0.55+0.2 0.55+0.2 047
(0.57) (0.54) (0.53) (0.53) (0.52)

MONO% 8.61£2.7 8.7+27 8.8+2.8 8.612.7 8.643.2 0.88
(8.5) (8.5) (8.7) (8.5) (8.5)

BASO# 0.03+0.02 0.03+0.02 0.03+0.02 0.03+0.02 0.03+0.01 0.21
(0.03) (0.03) (0.02) (0.02) (0.03)

BASO% 0.45+0.3 0.46+0.3 0.45+0.3 0.43+0.4 0.41£0.2 0.47
(0.4) (0.04) (0.4) (0.4) (0.4)

EO# 0.19+0.2 0.20£0.1 0.19+0.2 0.19+.2 0.22+0.1 0.07
(0.16) (0.17) (0.16) (0.16) (0.18)

EO% 2.642.1 3.04£2.1 3.04£2.1 3.042.3 34418 0.001
(2.4) (2.6) (2.7 (2.5) (3.2)
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NEUT# 38416 36415 3.5+1.6 35+1.7 36415 0.09
(3.5) (3.3) (3.2) (3.2) (3.4)

NEUT% 53.7+10.0 53.3£10.0 51.849.9 51.6£10.5 53.4+10.3 0.05
(54.2) (53.3) (52) (52.1) (53.7)

WBC = white blood cells; LYMPH# = lymphocytes, number; LYMPH% = lymphocytes, percentage; MONO# = monocytes, number; MONO%
= monocytes, percentage; BASO# = basophils, number; BASO% = basophils, percentage; EO# = eosinophils, number; EO% = eosinophils,
percentage; NEUT# = neutrophils, number; NEUT% = neutrophils, percentage. Results given as meanzstandard deviation (median).

Table 4. Distribution of low, normal and high ranges of hematological parameters in diagnostic groups.

WBC
<4.0 4.0-10.0 >10.0
Schizophrenia 32 (2.6) 1131 (90.9) 81(6.5) x2=15.7
Unipolar depression 33(4.2) 711 (89.5) 50 (6.3) p <0.001
Bipolar disorder 24 (7.0 300 (87.5) 19 (5.5)
Bipolar depression 17 (6.6) 229 (88.4) 13 (5.0)
Bipolar mania 7(8.3) 71 (84.6) 6(7.1)
LYMPH#
<1.32 1.32-3.57 >3.57
Schizophrenia 89(7.2) 1094 (88.0) 60 (4.8) x2=5.07
Unipolar depression 57(7.2) 701 (88.3) 36 (4.5) p=0.16
Bipolar disorder 14 (4.1) 312(90.9) 17 (5.0
Bipolar depression 9(3.5) 235(90.7) 15 (5.8)
Bipolar mania 5(5.9) 77(91.7) 2(24)
LYMPH%
<21.8 21.8-53.1 >53.1
Schizophrenia 113 (9.1) 1108 (89.1) 22 (1.8) X?=6.04
Unipolar depression 62 (7.8) 720 (90.7) 12 (1.5) p=0.11
Bipolar disorder 20 (5.8) 316 (92.1) 7(2.1)
Bipolar depression 12 (4.6) 240 (92.7) 7(2.7)
Bipolar mania 8(9.5) 76 (90.5) 0
MONO#
<0.3 0.3-0.82 >0.82
Schizophrenia 101 (8.1) 984 (79.2) 158 (12.7) x2=0.65
Unipolar depression 67 (8.4) 642 (80.9) 85 (10.7) p=0.88
Bipolar disorder 32(9.3) 272 (79.3) 39 (11.4)
Bipolar depression 25(9.7) 201 (77.6) 33(12.7)
Bipolar mania 7(8.3) 71(84.5) 6(7.2)
MONO%
<53 | 53122 | >12.2
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Schizophrenia 133 (10.7) 1017 (81.8) 93 (7.5) x2=17.8
Unipolar depression 69 (8.7) 658 (82.9) 67 (8.4) p=0.05
Bipolar disorder 40 (11.7) 272 (79.3) 31(9.0)

Bipolar depression 25(9.6) 210 (81.1) 24 (9.3)
Bipolar mania 15(17.9) 62 (73.8) 7(8.3)
BASO#
<0.08 >0.08
Schizophrenia 1019 (97.2) 29 (2.8) X2=2.0
Unipolar depression 639 (97) 20 (3) p=0.57
Bipolar disorder 266 (97.8) 6(2.2)
Bipolar depression 201 (197.1) 6(2.9)
Bipolar mania 65 (100) 0
BASO%
<12 >1.2
Schizophrenia 1029 (98.2) 19 (1.8) x2=24
Unipolar depression 640 (197.1) 19(2.9) p=049
Bipolar disorder 267 (98.2) 5(1.8)
Bipolar depression 203 (98.1) 4(1.9)
Bipolar mania 64 (98.5) 1(1.5)
EO#
<0.54 >0.54
Schizophrenia 1025 (97.7) 24 (2.3) x2=217
Unipolar depression 639 (96.7) 22 (3.3) p=044
Bipolar disorder 262 (96.3) 10 (3.7)
Bipolar depression 200 (96.6) 7(34)
Bipolar mania 62 (95.4) 3(4.6)
EO%
<7.0 >7.0
Schizophrenia 1016 (96.9) 33(3.1) x2=5.2
Unipolar depression 626 (94.7) 35 (5.3) p=0.16
Bipolar disorder 259 (95.2) 13 (4.8)
Bipolar depression 197 (95.2) 10 (4.8)
Bipolar mania 62 (95.4) 3 (4.6)
NEUT#
<1.78 1.78-5.38 >1.78
Schizophrenia 38 (3.6) 877 (83.7) 133 (12.7) x2=15.7
Unipolar depression 27 (4.1) 553 (83.8) 80 (12.1) p =0.001
Bipolar disorder 25(9.2) 220 (80.6) 28 (10.2)
Bipolar depression 19(9.1) 167 (80.3) 22 (10.6)
Bipolar mania 6(9.2) 53 (81.6) 6(9.2)
NEUT%
<34.0 | 340679 >67.9
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Schizophrenia 27 (2.6) 938 (89.5) 83 (7.9) x%2=6.9
Unipolar depression 18 (2.7) 592 (89.7) 50 (7.6) p=0.07
Bipolar disorder 13 (4.8) 245 (89.7) 15 (5.5)
Bipolar depression 12 (5.8) 187 (89.9) 9(4.3)
Bipolar mania 1(1.6) 58 (89.2) 6(9.2)

WBC = white blood cells; LYMPH# = lymphocytes, number; LYMPH% = lymphocytes, percentage; MONO# = monocytes, number; MONO%
= monocytes, percentage; BASO# = basophils, number; BASO% = basophils, percentage; EO# = eosinophils, number; EO% = eosinophils,
percentage; NEUT# = neutrophils, number; NEUT% = neutrophils, percentage. Results given as n (%).

Table 4 shows distribution of low, normal
and high ranges of blood cells parameters in
the study groups. Patients with bipolar mania
had the highest percentage of abnormal results
for WBC (both below and above normal range
-8.3% and 7.1%, respectively), MONO% below
normal range (17.9%) and NEUT# below normal
range (9.2%). Patients with schizophrenia had
the highest percentage of NEUT# above normal
range (12.7%). There were no significant inter-

group differences for other hematological pa-
rameters. Apart from neutrophils and eosino-
phils, patients with WBC, LYMPH#, LYMPH%,
MONO#, MONO% below normal range were
significantly older (p <0.01 for all variables). Pa-
tients with BASO# and BASO% above normal
range were significantly older (p <0.001 for both
variables), no differences were found for the
remaining white blood cells parameters being
above normal range.

Table 5. Correlations between white blood cells parameters and age in diagnostic groups.

Parameter Group
Schizophrenia Unipolar depression | Bipolar disorder | Bipolar depression Bipolar mania

n=1244 n=79% n =343 n =259 n=284
WBC -0.06* -0.004 -0.16*** -0.12* 0.09
LYMPH# -0.13** -0.11** -0.09* -0.03 0.07
LYMPH% -0.41%* -0.11* 0.09* 0.08 0.07
MONO# 0.007 0.008 -0.11* -0.08 -0.05
MONO% 0.07* 0.03 0.03 -0.003 -0.08
BASO# 0.06* 0.09* 0.09 0.13* -0.12
BASO% 0.09* 0.09* 0.16* 0.16* -0.09
EO# 0.09** -0.09* -0.08 -0.13 0.02
EO% 0.13** -0.08* 0.005 -0.09 0.07
NEUT# -0.02 0.05 -0.13* -0.05 -0.04
NEUT% 0.05 0.08* -0.05 -0.01 -0.08

WBC = white blood cell count; LYMPH# = lymphocytes, number; LYMPH% = lymphocytes, percentage; MONO# = monocytes, number;

MONO% = monocytes, percentage; BASO# = basophils, number; BASO% = basophils, percentage; EO# = eosinophils, number; EO%

= eosinophils, percentage; NEUT# = neutrophils, number; NEUT% = neutrophils, percentage. Results given as Spearman’s correlation
coefficient; * p <0.05; ** p <0.01; *** p <0.001

Table 5 shows correlations between hemato-
logical parameters and age in diagnostic groups.
Also, we tested several regression models for red
blood cells parameters and calculated odds ra-
tios for hematological parameters being below
or above normal values. All models were adjust-
ed for sex and age, with the schizophrenia group

as the reference. For WBC no variables were sta-
tistically significant in the model. For LYMPH#
age was statistically significant in the model
(p <0.001, R* = 0.015) and was associated with
decreased (regression coefficients 3 =—-0.12) val-
ue. For LYMPH% age and diagnosis of bipolar
depression were statistically significant in the
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model (p <0.001, R*=0.01), with age associat-
ed with decreased (3 = - 0.09) and bipolar de-
pression associated with increased ( = 0.1) val-
ue. For MONO# and MONO% sex was statisti-
cally significant in the model (p <0.001, respec-
tively; R* = 0.01), with male sex associated with
increased value (3 = 0.01 and 0.09). For BASO#
age and diagnosis of bipolar depression were
statistically significant in the model (p <0.05,
R? = 0.01), with age associated with increased
(p=0.09) and bipolar depression associated with
increased (3 = 0.05) value. For BASO% age was
statistically significant in the model (p <0.001,
R? = 0.01) and was associated with increased
(B =-0.1) value. For EO# and EO% sex and di-
agnosis of bipolar mania and unipolar depres-
sion were statistically significant in the model
(p <0.05, R* = 0.02), with male sex and bipolar
mania or unipolar depression associated with
increased value (for EO# 3 =0.12, 0.05 and 0.08,
respectively; for EO% (3 =0.12, 0.06 and 0.12, re-
spectively). For NEUT# diagnosis of bipolar de-
pression was statistically significant in the mod-
el (p=0.04, R*<0.01) and was associated with de-
creased (B = — 0.05) value. Finally, for NEUT%
age and diagnosis of bipolar depression were
statistically significant in the model (p = 0.03
and 0.001, respectively; R* = 0.01), with age as-
sociated with increased value (8 = 0.05) and bi-
polar depression associated with decreased val-
ue (p =-0.08). Note that all R* and beta values
are very low, indicating little effect of these var-
iables.

For WBC below normal value male sex was as-
sociated with decreased risk (OR = 0.55 [95% CI:
0.34-0.91], p = 0.02) and age was associated with
increased risk (OR = 1.02 [95% CI: 1.00-1.03],
p = 0.005). For LYMPH# and LYMPH% below
normal value age was associated with increased
risk (OR =1.02 [95% CI: 1.01-1.03], p <0.001 and
OR =1.01 [95% CI: 1.01-1.02], p = 0.001, respec-
tively). For MONO# below normal value male
sex and age were associated with decreased
risk (OR = 0.70 [95% CI: 0.51-0.96], p = 0.02 and
OR =0.99 [95% CI: 0.98-0.99], p = 0.002, respec-
tively). For MONO# above normal value male
sex was associated with increased risk (OR =1.69
[95% CI: 1.31-2.19], p <0.001). For MONO% be-
low normal value age was associated with de-
creased risk (OR = 0.98 [95% CI: 0.98-0.99],
p <0.001). For BASO# and BASO% below nor-
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mal value age was associated with decreased
risk (OR =0.97 [95% CI: 0.96-0.99], p <0.001 and
OR =0.97 [95% CI: 0.95-0.98], p <0.001, respec-
tively), while for BASO# and BASO% above
normal value age was associated with increased
risk (OR =1.03 [95% CI: 1.01-1.04], p <0.001 and
OR =1.03 [95% CI: 1.02-1.05], p <0.001, respec-
tively). No variables analyzed were associated
with WBC, LYMPH#, LYMPH% and MONO%
above normal range. For EO#, EO%, NEUT a#
and NEUT% no variables were associated with
values above or below normal range.

DISCUSSION

The objective of this study was to investigate if
there are any differences in white blood cells pa-
rameters in a large sample (n = 2381) of patients
with acute phase of schizophrenia, unipolar de-
pression, bipolar depression and bipolar mania.
We have confirmed that there were differences
for several analyzed parameters.

As reported by previous studies, higher total
leukocyte count may predict increased risk of
metabolic syndrome and cardiovascular mortal-
ity and morbidity [11]. Highest total number of
white blood cells was found in the schizophre-
nia and bipolar mania groups. This observation
would indicate that these two groups of pa-
tients should be particularly carefully observed
for metabolic alterations. Patients with schizo-
phrenia had highest (although non-significant)
mean value of absolute neutrophil count. Also,
the percentage of patients with below norm val-
ue of absolute neutrophil count was lowest in
the schizophrenia group and highest in the bipo-
lar disorder group (both mania and depression).
Patients with bipolar mania had lowest num-
ber of lymphocytes (both absolute and percent-
age) and highest number of eosinophils (both
absolute and percentage). Highest frequency
of below or above normal value of white blood
cells was found in patients with bipolar mania.
In our study, higher neutrophil/lymphocyte ra-
tios (NLR) were found in SHZ (1.75) and bipo-
lar mania (1.71) groups and lower in bipolar de-
pression (1.52) group. In patients with schizo-
phrenia elevated neutrophil/lymphocyte ratio
was observed (SHZ vs. healthy controls: 2.6 vs.
1.9; p <0.001) [13]. Other authors observed high-
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er NLR in patients with bipolar disorder [14].
As there is no healthy controls in our study it is
difficult to compare those study findings. There
were also numerous age — and gender-related
differences for the majority of parameters.

Inflammatory process has been suggested as
a risk factor as well as underlying cause of psy-
chiatric disorders, hence inflammation has be-
come a putative pharmacological target. In-
flammatory parameters (e.g., C-reactive protein
— CRP and white blood count as easily avail-
able and routinely collected in patients) have
been examined in psychiatric patients. Recent
population-based study by Horsdal et al. has
shown that CRP differed across mental disor-
ders, while WBC did not differ. Moreover el-
evated values of CRP were associated with in-
creased mortality in psychiatric population,
while values of WBC were not associated with
mortality [15].

Moreover, effectiveness and tolerance of anti-
inflammatory agents (e.g., omega 3 polyunsatu-
rated fatty acids (PUFA), celecoxib, minocycline,
N-acetylcysteine, pioglitazone, TNF-alpha an-
tagonists) have been widely investigated in psy-
chiatric population [16-20]. Recent meta-analy-
ses indicated moderate antidepressant effect of
adjunctive anti-inflammatory agents (N-acetyl
cysteine, PUFA, celecoxib) in the treatment of
bipolar depression [16, 20]. So far studies have
demonstrated some effectiveness of PUFAs, An-
ti-TNF-alpha and celecoxib in treatment of uni-
polar depression, and minocycline in treatment
of schizophrenia [21].

Furthermore, it has been suggested that pa-
tients with high (>5 mg/l) concentration of C-re-
active protein (CRP) may be particularly respon-
sive to anti-inflammatory drugs [22]. No cut-off
values for white blood count that could determi-
nate patients who could benefit from anti-inflam-
matory treatment have been proposed. There are
study findings indicating significant change in
CRP and WBC during treatment with traditional
antidepressants [23, 24]. Further research could
evaluate potential change of WBC values during
anti-inflammatory treatment of mental illnesses.
Study by Miller et. al. indicated that WBC may
be a predictor of an elevated 10-year estimated
risk of myocardial infarction, which underlines
significance of WBC in assessment of cardiovas-
cular risk in schizophrenia patients [25].

Our study has some limitations, which result
from its cross-sectional and naturalistic design,
as well as lack of control group. We only have
data representing current white blood cells pa-
rameters and have no information regarding
presence of past hematological abnormalities.
White blood cells parameters may also result
from other factors, which could not be included
in the analysis, such as detailed inflammatory
status of individuals (e.g., levels of other inflam-
matory biomarkers, subtypes of lymphocytes),
exposure to ionizing radiation [26], nutritional
status [27, 28], lifestyle [29], duration of disease
[13, 30-32], etc. which also may have a significant
impact on white blood cells parameters. Comor-
bidities (such as hypertension or extrapyrami-
dal syndrome) were not an exclusion criterion.
Participants of the study presented a number of
comorbidities, but detailed and reliable data on
co-occurring disorders were not available and
therefore were not included into the analysis.
Moreover, due to large study samples we be-
lieve that the distribution of major comorbidi-
ties and other factors that affect white blood cells
parameters became comparable across the study
groups and therefore should not affect observed
differences. Results of rating scales for psychiat-
ric conditions were not analyzed as we focused
mainly on clinical diagnoses. Diagnostic groups
were not homogenous, there were fewer women
in the schizophrenia group comparing to other
groups, while patients with unipolar and bipo-
lar depression were significantly older compar-
ing to other groups. Also, the bipolar disorder
group was smaller comparing to schizophrenia
and unipolar disorder (this is particularly true
for bipolar mania group). These factors may af-
fect results of intra — and inter-group compari-
sons. On the other hand, the large sample size
and ability to compare tree major clinical groups
(schizophrenia, unipolar disorder and bipolar
disorder) are strengths of the study. Also, there
are no studies comparing differences in white
blood cells parameters between these diagnos-
tic groups.

In conclusion, our study showed that there are
differences in white blood cells parameters be-
tween schizophrenia, unipolar depression and
bipolar disorder (both in manic and depressive
episode). Total and differential white blood cell
count are laboratory tests performed routinely,
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that is why their thoughtful interpretation is cru-
cial. Since many psychiatric patients are at in-
creased risk of white blood cells parameters al-
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terations due to treatment (such as neutropenia
during clozapine treatment), monitoring for ab-
normal white cells status is recommended.

Study population
n=2381
Schizophrenia Unipolar depression Biopolar disorder
n=1244 n=79% n =343
Biopolar depression Biopolar mania
n =259 n=284
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Figures 1a, 1b: Distribution of subjects and distribution of age (in years) in study groups.
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