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A B S T R A C T

Recent adult etiologic studies indicated evidence linking increased inflammatory parameters with psychiatric
disorders. The neutrophil-lymphocyte ratio and platelet-lymphocyte ratio are easily obtainable clinical markers
of inflammation and have been found to be increased in various medical and mental disorders. In this study, we
aimed to investigate the neutrophil-lymphocyte ratio and platelet-lymphocyte ratio in adolescents with ob-
sessive-compulsive disorder (OCD). Secondarily, the effect of comorbid anxiety disorder with OCD on the in-
flammatory response was investigated. Sixty drug-naïve adolescents with OCD aged 12 to 18 years were enrolled
in the patient group. Twenty-three of the OCD group had comorbid anxiety disorder (AD) and 37 had no co-
morbidities. One hundred twenty-eight adolescents in the same age range with no psychiatric disorders were
recruited as the healthy control group. The severity of OCD symptoms was evaluated using the Children's Yale-
Brown Obsessive Compulsive Scale. There were statistically significant differences in the neutrophil-lymphocyte
ratio, white blood cell, neutrophil, and platelet counts among the three groups, even after adjusting for age and
sex. The adolescents with OCD and AD had the highest neutrophil-lymphocyte ratio and white blood cell counts.
A comorbid anxiety disorder diagnosis in addition to obsessive-compulsive disorder may increase the in-
flammatory response.

1. Introduction

Obsessive-compulsive disorder (OCD) is characterized by the pre-
sence of obsessions and/or compulsions that cause functional impair-
ment in all ages (APA, 2013). In childhood, these symptoms may appear
as clinical features of Pediatric Autoimmune Neuropsychiatric Dis-
orders Association with Streptococcal Infections (PANDAS) or Pediatric
Acute-onset Neuropsychiatric Syndrome (PANS), which are clearly
immunity-based disorders (Swedo, 2010). Moreover, childhood-onset
OCD is often accompanied by tic orders, which are also assumed to be
related to immune abnormalities (Swedo, 2010). These data raise the
question of whether pure OCD in children and adolescents is associated
with immune processes (Morer et al., 2008).

Recently, it has been shown that the immune system and nervous
system are in complex interaction in health and disease (Kenney and
Ganta, 2014). Immune cells and mediators are involved in critical
mechanisms of normal brain development and functioning (Kenney and

Ganta, 2014). Abnormalities in the interaction of these two systems
may result with neuropsychiatric disorders such as OCD (Wraith and
Nicholson, 2012). Recent adult studies suggest the role of immune
dysregulation in the underlying pathophysiology of OCD (Gray and
Bloch, 2012) due to evidence of increased acute phase reactants, ab-
normal levels of inflammatory cytokines and activated auto antibodies
(Gray and Bloch, 2012; Murphy et al., 2010; Swedo, 2010). However,
discrepant results were obtained from these studies. OCD is often ac-
companied by anxiety disorders, major depression, and tic disorders.
These high comorbidity rates of OCD are a restriction for obtaining
homogeneous samples. The conflicting results may be due to the pre-
sence of comorbid psychiatric disorders, and the medication status of
samples across these studies.

There is scant literature related to immune dysregulation in children
and adolescents with OCD, and that exists also presents diverging re-
sults. Comorbid tic disorder is one of the main confounding factors of
these limited studies. To date, only two studies have examined the
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association between ILs in pure OCD in childhood (Sivri et al., 2018;
Şimşek et al., 2016). Increased TNF-α and decreased IL-12 were found
in those studies (Sivri et al., 2018; Şimşek et al., 2016). Although
childhood and adolescent-onset OCD have similar clinical features with
adult-onset OCD, it has been suggested that early-onset OCD may have
a distinct underlying pathophysiology (Cosco, 2018). This situation
may be related with the high rate of comorbidities in OCD (APA, 2013).
Approximately two-thirds of the adolescents with OCD were also di-
agnosed as having anxiety disorder; additionally a close relationship
between panic disorder and OCD was shown (Rapoport and
Swedo, 2003). Chronic, severe, and excessive anxiety comprise part of
both OCD and AD diagnoses. Individuals with OCD and/or AD experi-
ence more debilitating anxiety than healthy people with a normative
status of anxiety (APA, 2013). Recent studies have shown that chronic
anxiety affects cellular and humoral immunity deleteriously (Boscarino,
2004; Sareen et al.,2005; Schneiderman et al., 2005). Although in-
flammatory status in AD has not been investigated sufficiently
(Renna et al.,2018), a few studies with small sample sizes showed in-
creased inflammatory activity in panic disorder (Hoge et al., 2009) and
generalized anxiety disorder (Bankier et al., 2008). Inflammatory dys-
regulation in OCD or AD may be related with a defensive response of
the body to the chronic and excessive state of anxiety
(Renna et al.,2018).

The neutrophil-lymphocyte ratio is a ratio that is calculated from
counts of the products of two different but complementary immune
pathways (Azab et al., 2011). Thus, the neutrophil-lymphocyte ratio
shows both immune pathways and may be more informative than other
familiar parameters for chronic low-grade inflammation (Azab et al.,
2011; Gibson et al., 2007). Neutrophil-lymphocyte ratios were found
elevated in patients with Alzheimer's disease (Kuyumcu et al., 2012),
major depression (Aydın-Sunbul et al., 2016), and schizophrenia
(Semiz et al., 2014) compared with healthy controls. The platelet-
lymphocyte ratio, a reliable inflammatory indicator (Balta and
Ozturk, 2015), has also been evaluated and was found to be elevated in
psychiatric diseases such as major depressive disorder, bipolar disorder,
and schizophrenia (Kayhan et al., 2017).

To date, no study has evaluated the neutrophil-lymphocyte ratio
and platelet-lymphocyte ratio in adolescents with OCD. The aim of the
study was to investigate immune dysregulation in adolescents with
OCD who were drug naïve and had no additional psychiatric disorders
(except anxiety disorder), by assessing the neutrophil-lymphocyte ratio
and the platelet-lymphocyte ratio). Secondarily, the effect of comorbid
anxiety disorder with OCD on the inflammatory response was in-
vestigated. We hypothesized that the neutrophil-lymphocyte ratio and
the platelet-lymphocyte ratio would be higher in the OCD group com-
pared with healthy controls.

2. Method

2.1. Sample and procedure

The study was conducted at the Child and Adolescent Psychiatry
Clinic of a Training and Research Hospital. Sixty adolescents aged 12 to
18 years who were admitted to the outpatient clinic with OCD symp-
toms between February 2017 and February 2018 and were diagnosed as
having OCD in the clinical follow-up were enrolled in the study. One
hundred twenty-eight adolescents who were admitted to other pediatric
policlinics at the same hospital and had no medical or psychiatric dis-
ease as assessed using the Kiddie and Young Adult Schedule for
Affective Disorders and Schizophrenia Present and Lifetime Version (K-
SADS P/L) (Gökler et al., 2004; Kaufman et al., 1997) were recruited as
the healthy control group. All participants were screened using the K-
SADS P/L for comorbidities and the diagnoses of OCD were made based
on the Diagnostic and Statistical Manual of Mental Disorders-Fifth
Edition (DSM 5) criteria through clinical interviews. Adolescents with
psychiatric comorbidities other than anxiety disorder were excluded.

Additionally, the Children's Yale-Brown Obsessive Compulsive Scale
(CY-BOCS) was applied to the patient group.

The exclusion criteria for both groups were as follows: having acute
or chronic medical disorder, presence of comorbid psychiatric other
than anxiety disorders, presence of neurologic or genetic disorders,
current use of any kind of medications, use of any psychotropic drugs in
the last 3 months before blood sampling, obesity (body mass index
[BMI] > 30 kg/m2), smoking more than 15 cigarettes per day.

A sociodemographic data form was completed by the researchers
using the information obtained from the participants. Written and
verbal consent were obtained from the parents and adolescents. The
study complied with the Declaration of Helsinki. Ethics committee
approval of the study was granted from Tepecik Training and Research
Hospital Clinical Trials Ethics Committee.

Seventy-eight adolescents were assessed for inclusion in the OCD
group. Adolescents with subthreshold OCD symptoms (n= 2) and those
who refused to participate in the study (n= 4) were excluded. When
we applied the exclusion criteria to the remaining 72 adolescents, 8
adolescents were removed from the study due to accompanying psy-
chiatric disorders other than anxiety disorders (depressive disorders
n=7; post traumatic disorder n=1). After the data were analyzed, 4
adolescents’ data were excluded due to extreme values. After all ex-
clusions, 60 drug-naïve adolescents with OCD aged 12 to 18 years with
no psychiatric comorbidities other than anxiety disorders were re-
cruited as the patient group. Twenty-three of the patient group had
comorbid anxiety disorders including social anxiety disorder (n=10),
generalized anxiety disorder (n=2), specific phobia (n= 6), and an-
xiety disorder not otherwise specified (n= 5). The remaining 37 ado-
lescents with OCD were comorbidity free.

2.2. Measurements

2.2.1. Kiddie and young adult schedule for affective disorders and
schizophrenia present and lifetime version (K-SADS P/L)

This is a semi-structured interview form, which was developed by
Kauffman et al. in order to examine present and lifetime psycho-
pathologies in children and adolescents aged 6 to 18 years
(Kauffman et al., 1997). The Turkish translation, reliability and validity
study of K-SADS P/L was conducted by Gökler et al. (Gökler et al.,
2004).

2.2.2. Children's Yale-Brown obsessive compulsive scale (CY-BOCS)
The CY-BOCS is a 10-item, semi-structured, physician-administered

interview developed by Scahill et al. (1997). The interview provides a
comprehensive checklist of commonly endorsed obsessions and com-
pulsions, which are rated individually based on frequency, distress,
efforts to resist, perceived control, and interference. The scores of the
interview are combined to provide a composite severity score. The re-
liability and validity of the CY-BOCS has been established for the
Turkish population (Yücelen et al., 2000).

2.2.3. Blood sample procedure
All participants underwent blood sampling after 12 hours of fasting

between 08:30 and 10:30. Neutrophil-lymphocyte ratios and platelet-
lymphocyte ratios were calculated using absolute cell counts.

2.3. Statistics

SPSS ver.18.0 for Windows software (SPSS, Inc. Chicago, IL, USA)
was used for statistical analyses. The sociodemographic and clinical
categorical variables of the patient and control groups were evaluated
using number and percentage values. The Chi-square test was used for
the comparison of categorical variables. The normality of the data
distributions was assessed using the Shapiro–Wilk test. Variables that
were normally distributed were compared using Student's t-test for two
groups and one-way ANOVA for three groups. The Kruskal–Wallis and
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the Mann–Whitney U test were used when normal distribution was not
established. Multivariable analysis, adjusting for potential confounding
factors (age and sex) was performed using analysis of variance
(ANCOVA) to assess the differences in complete blood count para-
meters, and neutrophil-lymphocyte ratios and platelet-lymphocyte ra-
tios between the study group. Before ANCOVA analysis, variables that
had non-normal distribution were logarithmically transformed. In ad-
dition, the significant main effects for both groups were examined using
Bonferroni corrections for each test to reduce type I errors. A value of P
< 0.05 (two tailed) was considered to indicate significance. Bonferroni
correction p values were determined based on the number of con-
founding variables. Accordingly, P values were 0.017 for complete
blood count parameters, neutrophil-lymphocyte ratios and platelet-
lymphocyte ratios. Correlation analysis was performed using Pearson's
test for normally distributed variables, and Spearman's test in the pre-
sence of at least one non-normally distributed variable.

3. Results

The comparison of total OCD group (with or without AD) and
healthy controls (HCs) revealed similar age and sex distributions but
significantly higher numbers of white blood cells, neutrophil, platelets
and the neutrophil-lymphocyte ratio and platelet-lymphocyte ratio
values in the study group, as shown in Table 1.

When we analyzed the study group in terms of, only OCD,
OCD+AD and HCs were similar in terms of age, sex, and education.
The results are shown in Table 2.

Comparisons of blood count parameters between adolescents with
OCD, OCD+AD and healthy controls are shown in Table 3. Due to
binary comparisons, adolescents with OCD+AD had statistically sig-
nificant higher white blood cells, neutrophils, and log neutrophil-lym-
phocyte ratio than adolescents with pure OCD.

ANCOVA was used to assess the confounding effect of age and sex
on the results, the significant differences did not change among the
three groups in terms of white blood cells, (F:13.129, P < 0.001);
neutrophils (F:17.849, P < 0.001), log platelet (F:5.400, P = 0.005),
and the log neutrophil-lymphocyte ratio (F:7.427, P = 0.001).

4. Discussion

The present study investigated whether the neutrophil-lymphocyte
ratio and platelet-lymphocyte ratio were related to OCD and OCD+AD
in adolescents. The results indicated that there was a statistically sig-
nificant difference in the neutrophil-lymphocyte and platelet lympho-
cyte ratios between adolescents with OCD and healthy controls, and
adolescents with OCD+AD had higher neutrophil-lymphocyte ratios
than controls and adolescents with pure OCD.

There have been a limited number of studies reporting altered levels
of inflammatory biomarkers in children and adolescents with OCD. In
Sivri et al.’s study, it was found that levels of serum TNF-alpha, which is
an important pro-inflammatory cytokine, were significantly higher in
the OCD group than in the control group (Sivri et al., 2018). However,
the results of adult studies have not been consistent. Some studies found
no increase in inflammatory cytokines (Carpenter et al., 2002; Denys
et al., 2004), possibly due to the confounding effects of depression and
medication as explained in a recent meta-analysis (Gray and
Bloch, 2012). The results of the current study are compatible with
studies that indicated an increase in inflammatory cytokines in drug-
free patients with OCD (Konuk et al., 2007; Rao et al., 2015), and a
prior study that reported the absence of a correlation between anti-
depressant medication dose and cytokines and chemokines
(Fontenelle et al., 2012).

The neutrophil-lymphocyte ratio is inexpensive, and easily eval-
uated. It is calculated from the white blood cell count and is an in-
dicator of the systemic inflammatory response. Neutrophils discharge
inflammatory cytokines and these cytokines may cause immune dys-
regulation and cell dysfunction in various organs, including regions of
the brain (Kenney and Ganta, 2014).

Chronic inflammation (e.g., allergic inflammation) was found to be
related important brain areas in OCD. It has also been with associated
with serotonergic and catecholaminergic systems, which have sig-
nificant roles in executive functioning and OCD (Kühn et al., 2013).
Recent longitudinal and experimental studies showed bidirectional
immune-to-brain connections in psychiatric disorders in both humans
and animals. Also, it was found that peripheral inflammatory signals
could cause psychiatric symptoms and vice versa (Engler et al., 2017;
Kiecolt-Glaser et al., 2015; Miller and Raison, 2015; Stewart et al.,
2009). In animal studies, it was shown that chronic inflammation also
activated the limbic regions of the brain, which leads to increased an-
xiety and avoidance behaviors (Costa-Pinto et al., 2005; Tonelli et al.,
2009). In a recent study, it was found that chronic allergic inflamma-
tion was related with neuronal activity changes in the anterior cingu-
late cortex and the prefrontal cortex (Rosenkranz et al., 2005), which
are associated with OCD. Accordingly, the results of the present study
may contribute to this potential role of inflammation mechanisms in
OCD.

Conflicting results have been reported current literature in in-
flammation of AD (Weizman et al., 1999; Brambilla et al., 1994; Hoge
et al., 2009). In Hoge et al.’s (2009) study, increased cytokine levels
were found in panic disorder (Hoge et al., 2009). A population-based
study from Switzerland showed low-grade chronic inflammation in
agoraphobia (Wagner et al., 2015) while Fluitman et al., (2010) found
no cytokine difference between individuals with generalized anxiety
disorder and healthy controls. In a recent review, the association be-
tween anxiety disorders and inflammatory response was investigated
and it was determined that elevated and dysregulated anxiety was a
fundamental diagnostic criterion for AD and OCD, and was associated
with chronic low-grade systemic inflammation (Renna et al., 2018).

In the present study, adolescents with OCD and AD had the highest
inflammatory response. It may be related with exacerbated stress re-
sponse in these adolescents. Having these diagnoses together may cause
a dysregulated and excessive inflammatory response. Basic cognitive
distortions such as worry, self-criticism or intolerance to uncertainty
were found similar in these two disorders (McEvoy et al.,2013;

Table 1
Demographical and clinical characteristics and blood count parameters of
adolescents with OCD and healthy controls.

Variables Patient
(n= 60)

Control
(n= 128)

t/z/x2 P

Mean± SD Mean± SD
Median( IR) Median (IR)

Age 14.61± 1.81 14.37± 1.80 .853 0.395a

Female n % 43 (71.66%) 101 (78.91%) 1.194 0.274b

Education
0–8 years 7 (11.63%) 13 (10.15%) .098 0.802b

>8 years 53 (88.37%) 115 (89.85%)
CYBOCS total scores 18.56± 4.09 2.98±0.73 41.828 <0.001 a

Compulsion score 9.06±2.21 1.51±0.5 36.698 <0.001 a

Hb (g/dl) 13.11± 1.17 13.19± 1.39 −0.385 0.700a

Htc (%) 40.87± 8.25 40.11± 6.53 .678 0.799a

WBC (103/ul) 8.632± 2.258 7.220± 1.720 4.731 <0.001a

Neutrophill (103/ul) 5.139± 2.058 3.984± 1.076 5.050 <0.001a

Lymphocyte (103/
ul)

2.677± .925 2.675± .829 −0.019 0.985a

Platelet (103/ul) 321.00 (86.25) 269.50 (90.00) −3.479 0.001c

MPV 8.931± 1.141 8.867± .867 .428 0.669a

NLR 190.91
(148.00)

148.81 (0.73) −2.996 0.003c

PLR 118.02 (49.96) 104.61 (44.66) −2.872 0.004c

(a) Student's t-test; (b) Chi-square test; (c) Mann–Whitney U test.
OCD, obsessive compulsive disorder; CYBOCS, Children's Yale-Brown Obsessive
Compulsive Scale; HC, healthy control.
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Sowislo and Orth, 2013; Carleton, 2012). Dysregulated cognitive acti-
vation is associated with extending physiologic activation and this may
the affect inflammatory and immunologic response. Dysregulated psy-
chological and physiologic activation may also be related with hy-
pothalamic-pituitary adrenal axis dysregulation (Michopoulos et al.,
2017) and all of these dysregulated processes contribute to a state of
low-grade systematic inflammation. In the current study, it was found
that having only OCD might not cause the same inflammatory response
as when both OCD and AD are present. This may be related with the
fact that individuals with OCD and AD may have experienced more

dysregulated cognitive actions than individuals with only OCD. The
increased inflammatory response may be associated with this more
dysregulated cognitive action.

The strongest aspect of the present study is the inclusion of ado-
lescents who did not use psychiatric drugs and had no comorbidities
(except anxiety disorder), thereby preventing confusion of the effects of
medications and depression. OCD has been investigated as a multi-
dimensional psychiatric disorder. Different symptom dimensions were
not evaluated in the current study, and the relation between the neu-
trophil-lymphocyte ratio and the platelet-lymphocyte ratio and

Table 2
Demographical and clinical characteristics of adolescents OCD without comorbidity only, OCD with anxiety disorder and healthy controls.

Variables Groups n Mean±Std. Deviation Min–Max Median (Q1–Q3) Test statistics† P Multiple comparisons

Age O 37 14.41± 1.85 12–18 14 (13–16)
A 23 14.96± 1.74 12–18 16 (13–16) 2.050 0.359 –

C 128 14.38± 1.81 12–17 14 (12.25–16)
A 23 9.35± 2.53 5–13 8 (8–12) 132.644
C 128 1.52± 0.5 1–2 2 (1–2)

Male (n= 44) Female (n= 144) Test statistics* P

Groups n (%) n (%)
Gender O 9 20.5 28 19.4 2.060 0.357

A 8 18.2 15 10.4
C 27 61.3 101 70.2

0–8 years (n= 20) >8 years (n= 168)

Education O 6 30.0 31 18.5
A 1 5.0 22 13.1 2.200 0.333

C 13 65.0 115 68.5

n: Sample size; O: OCD without comorbidity Only OCD; A: OCD with anxiety disorder; C: Healthy Controls.
*P < 0.05. **: P < 0.01. ***: P < 0.001

⁎ Pearson Chi-square test (Column percentages are given).
† Kruskal Wallis Test.

Table 3
Comparisons of blood count parameters between adolescents OCD without comorbidity only, OCD with anxiety disorder and healthy controls.

Variables Groups n Mean± Std. Deviation Min–Max Median (Q1–Q3) Test statistics P Multiple comparisons

Hb (g/dl) O 37 13.2± 1.4 9.4–16.7 13.1 (12.33–14.08) 0.884 –
A 23 13.05± 1.16 10–14.9 12.8 (12.3–14.2) 0.124+
C 128 13.16± 1.2 10.3–16.8 13 (12.4–13.8)

Htc (%) O 37 40.12± 6.53 28.9–98.4 39.4 (37–42.2) 0.848 –
A 23 42.35± 12.68 31–98.4 39.7 (37.6–43.7) 0.329†
C 128 39.96± 3.33 32.4–50.2 39.4 (38.05–41.7)

WBC (103/ul) O 37 7.22± 1.72 1.33 -12.4 7.1 (6.1–8.69) <0.001*** A–C: <0.001
O–C: 0.052
O–A: 0.006

A 23 9.59± 2.29 6.23–14.8 9.53 (7.6–10.9) 16.638+
C 128 8.04± 2.05 3.7–13.8 7.76 (6.5–9.62)

Neutrophil (103/ul) O 37 3.98± 1.08 1.9–7.1 1.49 (1.16–1.9) <0.001*** A–C: <0.001
O–C: 0.264
O–A: 0.031

A 23 6.12± 2.31 3.14–12 2.26 (1.55–3.56) 20.256†
C 128 4.53± 1.64 1.4–9 1.83 (1.07–2.45)

Lymphocyte (103/ul) O 37 2.68± 0.83 1.2–5.66 2.5 (2.13–3.12) 0.905 –
A 23 2.59± 0.78 1.38–4.59 2.5 (2.1–2.9) 0.200†
C 128 2.72± 1.01 1.52–5.8 2.42 (2–3.04)

logPlatelet (103/ul) O 37 2.44± 0.1 2.21–2.63 2.43 (2.37–2.51) 0.002** A–C: 0.098
O–C: 0.003
O–A: 0.840

A 23 2.48± 0.09 2.34–2.7 2.47 (2.41–2.54) 6.598+
C 128 2.5± 0.08 2.29–2.65 2.51 (2.43–2.55)

MPV O 37 8.87± 0.87 7–11.8 9 (8.3–9.4) 0.963 –
A 23 8.88± 0.95 7.7–11.2 8.8 (8.1–9.4) 0.076†
C 128 8.96± 1.26 7.2–11.6 8.8 (7.8–9.75)

logNLR O 37 0.18± 0.15 -0.2–0.61 0.17 (0.07–0.28) <0.001*** A–C: 0.004
O–C: 0.625
O–A: 0.057

A 23 0.36± 0.24 -0.16–0.76 0.35 (0.19–0.55) 11.412+
C 128 0.22± 0.21 -0.21–0.56 0.26 (0.03–0.39)

logPLR O 37 2.03± 0.13 1.76–2.35 2.02 (1.95–2.12) 0.056 –
A 23 2.09± 0.1 1.88–2.32 2.06 (2.03–2.15) 3.584+
C 128 2.09± 0.15 1.61–2.35 2.09 (1.97–2.19)

n: Sample size; O: OCD without comorbidity Only OCD; A: OCD with anxiety disorder; C: Heathy Controls.
*: P < .05. **: P < .01. ***: P < .001.

+ One-way ANOVA test.
† Kruskal Wallis test.
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symptoms was not investigated.
The present study is one of the first studies in the literature to

evaluate the neutrophil- lymphocyte ratio and platelet-lymphocyte
ratio for the potential role of inflammation in adolescents with OCD and
AD. Longitudinal studies are needed to determine if there is an in-
flammatory role in the underlying mechanisms of OCD and AD, which
may assist in diagnosis and treatment. Further studies are needed to
investigate the effectiveness of new anti-inflammatory agents, which
may be effective for the treatment of OCD and AD, and show the po-
tential role of inflammation in the etiology of OCD and AD.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.psychres.2018.12.131.
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