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Abstract 
Altered stress response and consequent elevated levels of circulating glucocorticoids have been 
found in neuropsychiatric disorders such as depression or anxiety disorders and proposed to also 
play a role in the pathophysiology of obsessive–compulsive disorder (OCD). Despite the obser- 
vation that stressful events may precede the disease onset or even exacerbate its symptoms, 
studies in this field do not always report consistent results regarding the cortisol profile of OCD 
patients. As such, a systematic review and meta-analysis was developed to clarify this issue. 
This systematic review and meta-analysis was elaborated according to the PRISMA method. 
The analytical procedures were implemented using Metafor package in R software. Nineteen 
studies were included in the systematic review and 18 were included in the meta-analysis. 
The meta-analytic results demonstrated that OCD patients had significantly higher cortisol lev- 
els compared to controls ( d = 0.76, SE = 0.146, p < 0.001). For studies using the average of 
multiple assessments, the standardized coefficient was significantly higher when compared to 
studies focusing on single measurements. Both the systematic review and meta-analysis suggest 
that cortisol levels are significantly higher in OCD patients than healthy individuals. 
© 2019 Elsevier B.V. and ECNP. All rights reserved. 
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. Introduction 

bsessive–compulsive disorder (OCD) is a common and 
ebilitating mental disorder that affects 2–3% of the world
opulation ( Ruscio et al., 2010 ) and is characterized by the
resence of obsessions (intrusive and repetitive thoughts, 

https://doi.org/10.1016/j.euroneuro.2019.09.001
http://www.elsevier.com/locate/euroneuro
http://crossmark.crossref.org/dialog/?doi=10.1016/j.euroneuro.2019.09.001&domain=pdf
mailto:pedromorgado@med.uminho.pt
https://doi.org/10.1016/j.euroneuro.2019.09.001


1186 J. Sousa-Lima, P.S. Moreira and C. Raposo-Lima et al. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

images and/or urges that cause intense anxiety) and/or
compulsions (repetitive motor or mental behaviors driven
by the subject to reduce the anxiety triggered by obses-
sions) ( APA, 2013 ). OCD is a very heterogeneous chronic
disease that typically establishes during adolescence or
young adulthood and available evidence indicates that it
has a genetic basis ( Taylor, 2011 ). Additionally, environ-
mental factors such as stress exposure and traumatic life
events have been proposed to play an important role in the
pathophysiology of the disease ( Brander et al., 2016 ), but
the mechanisms remain unknown. 

While stress is a highly adaptive response that promotes
survival by helping organisms meet the demands of a
variety of acute challenges in the short-term ( Ursin and
Ollf, 1993 ), prolonged exposure to stress has been shown to
disrupt homeostatic mechanisms and lead to maladaptive
behavior and neurochemical and morphological adaptations
( Sousa, 2012 ). The normal physiological and behavioral
response to stress involves the activation of two major
stress pathways: corticotropin releasing factor (CRF)
released from the paraventricular nucleus of the hy-
pothalamus, and the autonomic nervous system, which is
coordinated by the sympathoadrenal system ( Charmandari
et al., 2005; McEwen, 1999; Sousa and Almeida, 2012 ).
CRF influences extrahypothalamic regions across the
corticostriatal-limbic regions and modulates subjective and
behavioral stress responses, while central catecholamine,
namely noradrenaline and dopamine, modulate brain mo-
tivational pathways, including areas such as the ventral
tegmental area, nucleus accumbens and prefrontal cortex
( Berridge, 2007; Phan et al., 2005 ). 

Normal cortisol secretion, the main stress hormone in
humans, is known to follow a circadian rhythm, with higher
basal levels in the early morning that declines during the
day, reaching minimal levels in the evening and early night.
This daily rhythmicity of cortisol production is regulated
by the hypothalamic-pituitary-adrenal (HPA) axis ( Oster
et al., 2017 ). An extensive body of research suggests the
presence of altered stress response and HPA activity in
several negative mood states and many psychiatric dis-
orders such as depression, both in humans and animals
( Jarcho et al., 2013; Morris et al., 2012; Reimold et al.,
2011 ). Moreover, prolonged glucocorticoid (GC) levels such
as those observed during chronic stress exposure have
been proposed to contribute to the development of various
disease states, including major depression, schizophrenia,
anxiety disorders and addictive disorders ( Aguilera, 1994;
Bremner et al., 1996; Jarcho et al., 2013; Herman et al.,
2012; Nasca et al., 2015; Sinha, 2008; Walker and Diforio,
1997 ). Likewise, these observations seem to be relevant
in OCD pathology given findings showing stressful events
may not only precede OCD symptom onset ( Toro et al.,
1992 ) but also contribute to exacerbated symptomatology
at times of acute stress exposure ( Findley et al., 2003 ).
Additionally, it has also been shown that obsessions, a core
feature of the disease, increase distress and may thus set in
motion the physiological stress response, with consequent
increased HPA axis activity. Of note, it has been observed
that perceived stress in OCD patients has been correlated
with obsessive symptoms ( Morgado et al., 2013 ). 

Nonetheless, impaired HPA axis activity and increased
circulating levels of cortisol are not consistently found
across OCD studies. While some authors report increased
cortisol levels in OCD patients ( Morgado et al., 2013; Kluge
et al., 2007 ), others have found normal levels compared
to control subjects ( Atmaca et al., 2005; Kawano et al.,
2013 ). These conflicting results may arise from multiple
causes, most importantly methodological differences in
the sampling and measurement procedures, selection of
participants, disease severity, medication status or even
duration of illness, to name a few. It is also important to
bear in mind that it remains unclear whether disrupted GC
rhythm is the cause or a consequence of the disease. 

In an attempt to tackle these issues and clarify whether
differences in cortisol levels are present in OCD patients
compared to the healthy population, we developed this
systematic review and meta-analysis. 

2. Experimental procedures 

This systematic review and meta-analysis was elaborated according
to the PRISMA statement ( Moher et al., 2009 ), including search
strategy, selection criteria, data extraction and data analysis. 

2.1. Literature search 

The literature search was conducted on PubMed ( http:
//www.pubmed.gov ) using a combination of the following terms:
OCD, Obsessive Compulsive Disorder and Cortisol. The search
was conducted on August 12, 2016 (updated on May 15, 2017)
without any filters. Only original research, experimental studies,
were included in this analysis. Reviews, comments, as well as
unpublished studies were not considered. 

The papers were included if they followed the inclusion cri-
teria: the study was written in English; patients were submitted
to standardized diagnostic criteria [Statistical Manual of Mental
Disorder, Fourth Edition (DSM-IV) or the International Classification
of Disorders 10 (ICD-10)]; data for cortisol levels were presented
separately for OCD patients and healthy controls. 

2.2. Data extraction and management 

All papers were screened at the title and abstract levels. Those
selected, based on this initial screening were submitted to full-text
analysis. This evaluation was conducted by the first author (JL). In
the cases where it was not clear whether the manuscript fulfilled
the inclusion criteria, a co-author of the manuscript (PSM) was
consulted. In the selected papers, the following information was
extracted: OCD diagnosis method, sample size, proportion of male
and female individuals, range and mean age, cortisol collection
period (all day; morning, afternoon, or night), methodology of
cortisol assessment (i.e. , single versus average of multiple time-
points), qualitative assessment of the comparison of mean cortisol
levels between OCD patients and healthy controls. When available,
statistical measures were extracted in order to estimate the effect
sizes for individual studies. 

2.3. Data analysis 

Studies in which the necessary measures for conducting the
meta-analysis could not be calculated were included only in the
systematic review. For the remaining, Cohen’s d (and the associ-
ated variance) was estimated as a measure of effect size (and the

http://www.pubmed.gov
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eviation measure). Cohen’s d was computed using the formula: 

d = 

M OCD − M HC 

S D di f f erence 

here M OCD and M HC correspond to the average values for the OCD
nd healthy control groups, respectively; SD difference pertains to 
he standard deviation of the difference. The computation of the
5% confidence interval for the effect-size was calculated as: 

va r d = 

1 
n 

+ 

In the presence of significant (Cochran Q -test with a signifi-
ance level of p < 0.10) ( Higgins and Green, 2008 ) and/or high
evels ( I 2 > 75%) of heterogeneity, a random-effects model (the
estricted Maximum-Likelihood method) was used to calculate the 
ummary of pooled estimates. Otherwise, a fixed-effects model 
the Mantel–Haenszel method) was performed. To examine the 
otential causes of between-studies’ heterogeneity, we searched 
or studies with extreme effect sizes (i.e., outliers). A study was
dentified as an outlier if its confidence interval did not overlap
ith the pooled confidence interval. In such cases, it is likely that
his individual study is not part of the population of the pooled
ffect size. Leave-one-out (sensitivity) analysis was conducted 
ith the goal of assessing the impact of individual studies in the
verall effects. To account for the influence of cortisol collec-
ion period (all day; morning, 7:00 a.m. −00:30 p.m.; afternoon,
2:30 p.m.–20 p.m.; night, 20 p.m. −7 a.m.), methodology (serum,
rinary and salivary) and number of timepoints in which cortisol
as assessed (i.e., single versus average of multiple timepoints) on
he overall estimates, moderator meta-analyses were conducted. 
he presence of potential publication bias was examined through
he visual inspection of funnel plot asymmetry, and statistically 
ested using the rank correlation method from Begg and Mazumdar
 p < 0.05 represents statistically significant publication bias). The
nalytical procedures were implemented using Metafor package in 
 software ( Viechtbauer, 2010 ). The dataset and code supporting
he statistical analysis is available at the Open Science Framework
 https://osf.io/pc4vf ). 

. Results 

.1. Study selection 

he literature search found 124 records. After the screen- 
ng process, 25 records were selected for full-text review, 
rom which 18 were included in the systematic review. 
ne of these manuscripts presented the findings for two 
ndependent samples ( Kawano et al., 2013 ) and, therefore,
9 studies were included in this work. Experiments in which 
he necessary measures for conducting the meta-analysis 
quantitative synthesis) could not be calculated ( n = 1) 
 Lucey et al., 1993 ), were included only in the systematic
eview (qualitative synthesis) ( Fig. 1 ). 

.2. Systematic review findings 

he characterization of individual studies is summarized in 
ables 1 and 2. Among the 19 studies, 12 used adult samples
 > 18 years old), one included subjects over 16 years, one
ad an age range between 7 and 17 years and one included
ubjects aged 6–12 years old. For the remaining four stud-
es, no information regarding samples’ age was presented. 
he sample size ranged from 14 to 359 participants. For all
he studies, the OCD diagnosis was established according 
o the DSM (Statistical Manual of Mental Disorder, Third or
ourth Editions). OCD severity was evaluated in 16 studies,
ith 7 providing information on obsession and compulsion 
ubscales score, and duration of illness was recorded in 11
tudies. Additional assessment on other symptoms such as 
nxiety or depression, was performed in 12 studies, with
arious instruments being used. Information on medication 
tatus was stated in all but one study, with one including
nly naïve patients, 12 involving drug-free status at the
ime of the experiments, and 4 including currently medi-
ated patients. Only 5 studies were performed with OCD
atients with other psychiatric comorbidities. 
Regarding cortisol collection periods, three studies 

xamined cortisol levels during one complete day, eight 
erformed collections during the morning, six in the af-
ernoon, one in the night, whereas one did not report
he period in which the cortisol was collected. Regarding
he methodology of cortisol assessment, the majority of 
tudies ( n = 14) implemented a single measurement; for the
emaining ( n = 5), the average of multiple measurements
as considered. Cortisol was quantified in the serum (13
tudies), saliva (five studies) or urine (one study). 
In 12 out of the 19 studies, cortisol levels were found

o be significantly higher in OCD patients compared with
ontrols but in seven studies no differences were found
etween groups. 

.3. Meta-analytic results 

.3.1. Global analysis 
ignificant heterogeneity among studies was verified 
 Q (17) = 50.43, p < 0.001; I 2 = 66.3%) and consequently a
andom-Effects model was selected. Overall, differences 
n cortisol levels were observed in OCD patients relative to
he control group ( d = 0.76, CI 95% = [0.47, 1.05], p < 0.001),
ith OCD patients presenting significantly higher cortisol 
evels compared with the control group. The overall effect
s graphically represented on the forest plot ( Fig. 2 ). 

.3.2. Sensitivity analysis 
ne study was identified as a meta-analytic outlier, given
hat its confidence interval did not overlap with the confi-
ence interval for the pooled estimate. Nevertheless, the 
xclusion of this study did not affect the significance of the
etween-studies’ pooled estimates ( d = 0.69, CI 95% = [0.42,
.96]). In addition, it was observed that the exclusion of
 single study did not yield significant changes in overall
ffects (Fig. S1). 

.3.3. Subgroup analysis 
t was observed that the pooled effects were statistically
ignificant for studies with single measurement ( d = 0.62,
I 95% = [0.42, 0.96]) and for studies with multiple cortisol as-
essments ( d = 1.16, CI 95% = [0.67, 1.65]). Nevertheless, the
omparison of the overall effects for each subgroup meta-
nalysis revealed a trend for lower higher standardized 
ffects for the pooling of studies with multiple assessments 
 z = 1.79, p = 0.073). It was observed that the cortisol
ollection period yielded significant subgroup differences 

https://osf.io/pc4vf
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Table 1 Characteristics of studies included in the systematic review and meta-analysis. 

Study Participants Age range, years 
(mean ±SD) 

Evaluation 
procedures 

Type of sample (time 
of collection) 

Results/Conclusions 

OCD 
group 

CONT 
group 

OCD group CONT group OCD group CONT group Comparison 

Bastani 
(1990) 

N = 17 
(9F, 8M) 

N = 9 
(4F, 5M) 

F: 24–45 
(35.2 ± 6.8) 
M: 24–40 
(31.0 ± 5.5) 

F: 25–55 
(35 ±13.8) 
M: 20–45 
(34.8 ± 9.9) 

Structured interview 

(DSM-III-R) 
Y-BOCS 
HDRS 

Blood (morning) 9.0 ± 3.0 
μg/dL 

8.63 ±4.39 
μg/dL 

t = 0.36; 
df = 24; 
p = 0.72 

Gehris et al. 
(1990) 

N = 17 
(12F, 5M) 

N = 25 
(14F, 11M) 

20–62 
(35.6 ± 10.3) 

21–60 
(37.6 ± 8.4) 

Structured interview 

(DSM-III-R) 
Y-BOCS 
NIMH-GOCS 
HDRS 

Urine (24 h) 24.6 ± 9.3 
μg/g-cr 

17.0 ± 5.6 
μg/g-cr 

t = 3.02; 
df = 24.94; 
p < 0.006 

Weizman 
et al. 
(1990) 

N = 13 
(10F, 3M) 

N = 20 
(15F, 5M) 

16–48 
(32.9 ± 8.1) 

17–47 
(32.9 ± 8.3) 

Semi-structured 
interview (DSM-III) 

Y-BOCS 
HDRS 

Blood (morning) 13.6 ± 2.1 
μg/dL ( N = 13) 

10.5 ± 1.1 
μg/dL ( N = 17) 

NS 

Lesch et al. 
(1991) 

N = 12 
(4F, 8M) 

N = 22 
(8F, 14M) 

35,8 ± 11.7 34,8 ± 12.7 Structured interview 

(DSM-III-R) 
Y-BOCS 
HDRS 
STAI 

Blood (afternoon) No differences between OCD and CONT subjects 

Lucey et al. 
(1993) 

N = 8 
(1F, 7M) 

N = 8 
(1F, 7M) 

22–39 
(31 ±6) 

26–45 
(31 ±6) 

Semi-structured 
interview (DSM-III) 

Y-BOCS 
CGIS 

Blood 
(morning) 

Baseline cortisol levels did not differ between OCD 
patients and controls 

Monteleone 
et al. 
(1994) 

N = 13 
(4F, 9M) 

N = 13 
(4F, 8M) 

22–59 
(31.0 ± 11.7) 

22–60 
(31.3 ± 11.4) 

Structured interview 

(DSM-III-R) 
Y-BOCS 
HDRS 

Blood 
(multiple timepoints 
20 p.m.–16 p.m.) 

Mean circadian profile of plasma cortisol in OCD 
patients similar to that of controls but at higher 
levels. Plasma cortisol levels at 20 p.m., 22 p.m., 
24 p.m., 01 a.m., 02 a.m., 03 a.m., 04 a.m. and 
08 a.m. significantly higher than in normal subjects 
( p < 0.05) 

Monteleone 
et al. 
(1995) 

N = 7 
(2F, 5M) 

N = 7 
(4F, 9M) 

22–59 
(33.7 ± 14.7) 

22–60 
(32.7 ± 12.1) 

Structured interview 

(DSM-III-R) 
Y-BOCS 
CGIS 
HDRS 

Blood 
(multiple timepoints 
20 p.m.–16 p.m.) 

Increased circadian secretion of cortisol ( p < 0.01) in 
OCD patients relative to matched controls 

( continued on next page ) 
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Table 1 ( continued ) 

Study Participants Age range, years 
(mean ±SD) 

Evaluation 
procedures 

Type of sample (time 
of collection) 

Results/Conclusions 

OCD 
group 

CONT 
group 

OCD group CONT group OCD group CONT group Comparison 

Monteleone 
et al. 
(1997) 

N = 20 
(10F, 10M) 

N = 20 
(10F, 10M) 

18–64 
(32.7 ± 12.3) 

18–64 
(34.6 ± 9.5) 

Structured interview 

(DSM-IV) 
Y-BOCS 
HDRS 

Blood (morning) Baseline plasma cortisol significantly higher in OCD 
patients ( p < 0.05) 

Atmaca 
et al. 
(2005) 

N = 44 
(27F, 17M) 

N = 30 
(18F, 12M) 

18–49 
(28.2 ± 4.9) 

19–47 
(26.5 ± 6.6) 

Semi-structured 
interview (DSM-IV) 

Y-BOCS 
HDRS 

Blood (morning) Pure OCD patients have comparable cortisol levels 
compared to controls (8.8 ± 2.7 mg/dL and 
9.4 ± 3.3 mg/dL, respectively, p > 0.05), while OCD 
patients with comorbid depression have higher 
cortisol than pure OCD and control subjects 
(12.5 ± 3.8 mg/dL, p < 0.01) 

Kluge et al. 
(2007) 

N = 9 inpa- 
tients 

(2F, 7M) 

N = 9 
(2F, 7M) 

20–46 
(31.8 ± 9.3) 

21–46 
(31.6 ± 9.1) 

Structured interview 

(DSM-IV) 
Y-BOCS 
HDRS 

Blood 
(multiple timepoints 
23 p.m.–07 a.m.) 

Nocturnal plasma cortisol levels significantly elevated 
in OCD patients relative to controls ( p < 0.005) 

Gustafsson 
et al. 
(2008) 

N = 23 
(13F, 10M) 

N = 336 9–17 
(median 13) 

6–12 
(median 9) 

Semi-structured 
interview (DSM-IV) 

WISC 
KSADS-PL 
CY-BOCS 
CGIS 
C-GAS 

Saliva 
(early-morning, 
late-morning, 
night) 

8.3 ± 2.9 nmol/L 
4.1 ± 1.8 nmol/L 
1.0 ± 0.5 nmol/L 

5.7 ± 4.2 nmol/L 
3.5 ± 2.2 nmol/L 
1.3 ± 0.5 nmol/L 

p = 0.005 
p = 0.180 
p = 0.400 

Fluitman 
et al. 
(2010) 

N = 10 
(9F, 1M) 

N = 10 
(8F, 2M) 

34.6 ± 9.0 32.5 ± 7.9 Structured interview 

(DSM-IV) 
Y-BOCS 

Blood (morning) Plasma cortisol levels significantly higher in OCD 
patients relative to controls ( p = 0.015) 

Lord et al. 
(2011) 

N = 8 
(ppOCD) 

N = 10 
(ppCONT) 

> 18 years 
(within 6 months postpartum) 

Structured interview 

(DSM-IV) 
CIDI-VENUS 
Y-BOCS 
EPDS 
STAI 

Saliva (afternoon) Basal salivary cortisol levels significantly elevated in 
OCD compared to CONT 

( continued on next page ) 
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Table 1 ( continued ) 

Study Participants Age range, years 
(mean ±SD) 

Evaluation 
procedures 

Type of sample (time 
of collection) 

Results/Conclusions 

OCD 
group 

CONT 
group 

OCD group CONT group OCD group CONT group Comparison 

Lord et al. 
(2012) 

N = 12 
(ppOCD) 

N = 16 
(ppCONT) 

N = 11 (npp- 
CONT) 

33.0 ± 5.1 ppCONT: 
31,9 ± 4.6 

nppCONT: 
34.8 ± 6.0 

Structured interview 

(DSM-IV) 
CIDI-VENUS 
Y-BOCS 
POCS 
EPDS 
MADRS 
STAI 

Saliva 
(afternoon) 

OCD with marginally greater 
cortisol stress response compared with CONT 
( t 26 = 2.05, p = 0.05) 

Kawano 
et al. 
(2013) 

N = 45 
(19F, 26M) 

N = 75 
(28F, 47M) 

34.1 ± 14.0 32.7 ± 6.0 Semi-structured 
interview (DSM-IV) 

Y-BOCS 
GAF 
POMS 
STAI 

Saliva (afternoon) No differences between OCD and CONT subjects 
( F (1,45) = 0.77 females; F (1,71) = 0.17 males) 

Morgado 
et al. 
(2013) 

N = 18 
(8F, 21M) 

N = 18 
(8F, 21M) 

21–38 
(27.3 ± 6.1) 

20–38 
(26.3 ± 5.2) 

Semi-structured 
interview 

(DSM-IV-TR) 
Y-BOCS 
HDRS 
HARS 

Blood (afternoon) 12.98 ±5.88 
mg/dL 

8.28 ±3.6 
mg/dL 

p = 0.011 

Erbay and 
Kartalci 
(2015) 

N = 30 
(20F, 10M) 

N = 30 
(20F, 10M) 

18–49 
(31.9 ± 10.9) 

18–49 
(31.8 ± 9.4) 

Structured interview 

(DSM-IV) 
Y-BOCS 

Blood (morning) 15.05 ±5.47 
μmol/L 

9.54 ±3.43 
μmol/L 

t = 4.661; 
p < 0.001 

Ş im ̧s ek 
et al. 
(2016) 

N = 29 
(8F, 21M) 

N = 25 
(16F, 9M) 

7–17 7–17 KSADS-PL 
CY-BOCS 
CDI 

Blood Cortisol levels in OCD group significantly higher than 
control group ( p = 0.046) 

ADHD, Attention-deficit hyperactivity disorder; CDI, Children’s Depression Inventory; C-GAS, Children’s Global Assessment Scale; CGIS, Clinical Global Impression Scale; CIDI-VENUS, Com- 
posite International Diagnostic Interview for Women; CONT, control; CY-BOCS, Children’s Yale-Brown Obsessive–Compulsive Scale; DSM, Diagnostic and Statistical Manual of Mental Disorders; 
EPDS, Edinburgh Postnatal Depression Scale; F, Female; GAD, Generalized Anxiety Disorder; GAF, Global Assessment of Functioning; HARS, Hamilton Anxiety Rating Scale; HDRS, Hamilton 
Depression Rating Scale; K-SADS-PL, Kiddie Schedule for Affective Disorders and Schizophrenia, Present and Lifetime Version; M, Male; MADRS, Montgomery- ̊Asberg Depression Rating Scale; 
MDD, Major Depressive Disorder; NIMH-GOCS; NIMH Global Obsessive–Compulsive Scale; OCD, Obsessive–Compulsive Disorder; PD, Panic disorder; POCS, Perinatal Obsessive–Compulsive 
Scale; POMS, Profile of Mood State; SD, standard deviation; SP, specific phobia; STAI, State-Trait Anxiety Inventory; TS, Tourette’s Syndrome; WISC, Wechsler Intelligence Scale for Children; 
Y-BOCS, Yale-Brown Obsessive–Compulsive Scale. 
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Table 2 Clinical characterization of OCD samples of studies included in the systematic review and meta-analysis. 

Study OCD assessment Symptom severity 
(mean ±SD) 

Duration of illness 
(years) 

Medication status (N) Comorbidities (N) Other assessments 
(mean ±SD) 

Bastani (1990) Structured interview 

(DSM-III-R) 
Y-BOCS 
MOCI 

Y-BOCS (22.81 ±6.13) 
MOCI (16.76 ±6.13) 

– Drug-free for at least 
1 month 

No HDRS (15.87 ±6.05) 

Gehris et al. 
(1990) 

Structured interview 

(DSM-III-R) 
Y-BOCS 
NIMH-GOCS 

Y-BOCS (NA) 
NIMH-GOCS (NA) 

11.5 ± 6.4 Drug-free 4 weeks prior No HDRS (NA) 

Weizman et al. 
(1990) 

Semi-structured interview 

(DSM-III) 
– – Drug-free at least 1 year No –

Lesch et al. (1991) Structured interview 

(DSM-III-R) 
Y-BOCS 

Y-BOCS (22.5 ± 6.2) 6.9 ± 7.8 Drug-free at least 
21 days 

Mild depression (N 

not indicated) 
HDRS (6.5 ± 4.7) 
STAI-S (46.1 ± 11.8) 
STAI-T (43.9 ± 12.1) 

Lucey et al. (1993) Semi-structured interview 

(DSM-III) 
Y-BOCS 
CGIS 

Y-BOCS (24.0 ± 8.2) 
CGIS (NA) 

At least 1 year Drug-free at least 
3 months 

No –

Monteleone et al. 
(1994) 

Structured interview 

(DSM-III-R) 
Y-BOCS 

Y-BOCS 
- Total (25.8 ± 5.1) 
- Obsession (11.0 ± 3.3) 
- Compulsion 
(14.7 ± 2.8) 

6.4 ± 4.9 Drug-free at least 
3 months 

No HDRS (10.0 ± 3.9) 

Monteleone et al. 
(1995) 

Structured interview 

(DSM-III-R) 
Y-BOCS 
CGIS 

Y-BOCS 
- Total (27.5 ± 6.6) 
- Obsession (12.7 ± 2.5) 
- Compulsion 
(14.8 ± 6.4) 

GCIS (NA) 

57.4 ± 32 months Drug-free at least 
3 months 

No HDRS (9.7 ± 3.4) 

Monteleone et al. 
(1997) 

Structured interview 

(DSM-IV) 
Y-BOCS 

Y-BOCS 
- Total (26.4 ± 6.3) 
- Obsession (13.6 ± 3.1) 
- Compulsion 
(12.8 ± 4.0) 

5.6 ± 5.0 Drug-free at least 
3 months 

No HDRS (13.1 ± 7.9) 

Atmaca et al. 
(2005) 

Semi-structured interview 

(DSM-IV) 
Y-BOCS 

OCD + D (24.1 ± 4.3) 
OCD-D (21.1 ± 3.9) 

– Drug-free 2 weeks prior MDD (15) 
Dystimic disorder 
(2) 

HDRS 
- OCD + D (14.2 ± 0,47) 
- OCD-D (7.2 ± 2.2) 

( continued on next page ) 
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Table 2 ( continued ) 

Study OCD assessment Symptom severity 
(mean ±SD) 

Duration of illness 
(years) 

Medication status (N) Comorbidities (N) Other assessments 
(mean ±SD) 

Kluge et al. (2007) Structured interview 

(DSM-IV) 
Y-BOCS 

Y-BOCS (27.3 ± 4.3) 7.0 ± 8.8 Drug-free at least 7 days 
(Fluoxetine-free at least 
6 weeks) 

No HDRS (13.3 ± 1.9) 

Gustafsson et al. 
(2008) 

Semi-structured interview 

(DSM-IV) 
KSADS-PL 
CY-BOCS 
CGIS 

CY-BOCS (NA) 
CGIS (NA) 

– With current medication 
( N = 4) 

ADHD (7) 
Tics (6) 
SP (5) 
TS (5) 
MDD (3) 
Dystimia (2) 
Other (5) 

C-GAS (NA) 
WISC (NA) 

Fluitman et al. 
(2010) 

Structured interview 

(DSM-IV) 
Y-BOCS 

Y-BOCS 
- Total (30.2 ± 5.4) 
- Obsession (14.0 ± 3.1) 
- Compulsion 
(16.2 ± 2.8) 

21 years Non-medicated ( N = 5) 
Paroxetine, 60 mg/d 
( N = 3) 

Venlafaxine, 150 mg/d 
( N = 1) 

Citalopram, 60 mg/d 
( N = 1) 

– –

Lord et al. (2011) Structured interview 

(DSM-IV) 
CIDI-VENUS 
Y-BOCS 

Y-BOCS (15.0 ± 6.8) – – No EPDS (7.9 ± 2.4) 
STAI-S (41.1 ± 11.7) 
STAI-T (42.0 ± 12.8) 
PSQI (10.0 ± 4.5) 
RSE (18.0 ± 6.2) 
CTQ (31.5 ± 7.4) 

Lord et al. (2012) Structured interview 

(DSM-IV) 
CIDI-VENUS 
Y-BOCS 
POCS 

Y-BOCS (14.8 ± 9.2) 
POCS (17.3 ± 8.7) 

– Non-medicated ( N = 1) 
Escitalopram ( N = 2) 
Quetiapine ( N = 3) 
Lorazepam ( N = 2) 
Venlafaxine ( N = 1) 
Paroxetine ( N = 1) 
Sertraline ( N = 1) 
Fluvoxamine ( N = 1) 
Citalopram ( N = 2) 

No EPDS (7.9 ± 3.5) 
MADRS (6.1 ± 3.4) 
STAI-T (42.5 ± 10.4) 
PSQI (10.6 ± 3.8) 
RSE (18.3 ± 5.7) 
CTQ (35.5 ± 10.8) 

Kawano et al. 
(2013) 

Semi-structured interview 

(DSM-IV) 
Y-BOCS 

Y-BOCS (28.1 ± 7.5) – SSRI ( N = 41) 
TCA ( N = 4) 
(all drug-free 5 h prior 
to study) 

PD ( N = 11) 
GAD ( N = 3) 

GAF (NA) 
STAI-S (53.9 ± 12.5) 
STAI-T (59.1 ± 13.1) 
POMS tension/anxiety 
(64.0 ± 12.8) 

POMS 
depression/dejection 
(65.8 ± 11.9) 

( continued on next page ) 
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Table 2 ( continued ) 

Study OCD assessment Symptom severity 
(mean ±SD) 

Duration of illness 
(years) 

Medication status (N) Comorbidities (N) Other assessments 
(mean ±SD) 

Morgado et al. 
(2013) 

Semi-structured interview 

(DSM-IV-TR) 
Y-BOCS 

Y-BOCS 
- Total (25.61 ±5.91) 
- Obsession (13.5 ± 3.17) 
- Compulsion 
(12.11 ±3.27) 

5.71 ±6.70 SSRI ( N = 14) 
SSRI + TCA ( N = 4) 

No HDRS (3.83 ±2.54) 
HARS (4.33 ±3.20) 
PSS-10 (NA) 

Erbay and Kartalci 
(2015) 

Structured interview 

(DSM-IV) 
Y-BOCS 

Y-BOCS 
- Total (28.30 ±5.09) 
- Obsession (14.53 ±2.31) 
- Compulsion 
(14.10 ±2.46) 

7.87 ±6.658 Drug-free at time of 
study 

No –

Ş im ̧s ek et al. 
(2016) 

KSADS-PL 
CY-BOCS 

CY-BOCS 
- Total (23.6 ± 6.6) 
- Obsession (12.3 ± 3.4) 
- Compulsion 
(11.3 ± 3.5) 

17.9 ± 18.5 
months 

Naïve patients Simple motor tic 
disorder ( N = 4) 

CDI (12.8 ± 6.6) 

ADHD, Attention-deficit hyperactivity disorder; CDI, Children’s Depression Inventory; C-GAS, Children’s Global Assessment Scale; CGIS, Clinical Global Impression Scale; CIDI-VENUS, 
Composite International Diagnostic Interview for Women; CONT, control; CTQ, Childhood Trauma Questionnaire; CY-BOCS, Children’s Yale-Brown Obsessive–Compulsive Scale; DSM, Di- 
agnostic and Statistical Manual of Mental Disorders; EPDS, Edinburgh Postnatal Depression Scale; F, Female; GAD, Generalized Anxiety Disorder; GAF, Global Assessment of Functioning; 
HARS, Hamilton Anxiety Rating Scale; HDRS, Hamilton Depression Rating Scale; K-SADS-PL, Kiddie Schedule for Affective Disorders and Schizophrenia, Present and Lifetime Version; M, 
Male; MADRS, Montgomery- ̊Asberg Depression Rating Scale; MDD, Major Depressive Disorder; NIMH-GOCS; NIMH Global Obsessive–Compulsive Scale; OCD, Obsessive–Compulsive Disorder; 
OCD + D, Obsessive–Compulsive Disorder with concurrent Depression; OCD + D, Obsessive–Compulsive Disorder without concurrent Depression; PD, Panic disorder; POCS, Perinatal Obsessive–
Compulsive Scale; POMS, Profile of Mood State; PSIQ, Pittsburg Sleep Quality Index; PSS-10, Perceived Stress Scale; RSE, Rosenberg Self-Esteem questionnaire; SD, standard deviation; SP, 
specific phobia; SSRI, Selective Serotonine Reuptake Inhibitor; STAI, State-Trait Anxiety Inventory; TCA, Tricyclic Anti-Depressant; TS, Tourette’s Syndrome; WISC, Wechsler Intelligence 
Scale for Children; Y-BOCS, Yale-Brown Obsessive–Compulsive Scale. 
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Fig. 1 PRISMA diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

( p = 0.032). Studies reporting cortisol levels pertaining
to the entire day produced the most pronounced results
( d = 1.28, CI 95% = [0.80, 1.77]), followed by studies report-
ing measurements during the morning period ( d = 0.72,
CI 95% = [0.26, 1.18]). Lower estimates were found for the
group of studies reporting cortisol assessments during the
afternoon ( d = 0.46), for which the lower bound of the con-
fidence interval was close to 0 (CI 95% = [0.08, 0.85]). Finally,
it was noted that the pooled estimates for both the assess-
ment of cortisol on serum ( d = 0.85, CI 95% = [0.45, 1.26]) and
using other approaches (encompassing salivary and urinary
cortisol; d = 0.48, CI 95% = [0.11, 0.86]) were statistically
significant estimates. Even though the magnitude of the
estimates was strong for the group of studies assessing
cortisol on the serum, while being of moderate magnitude
for the remaining approaches, the difference between the
estimates was not statistically significant ( p = 0.191). 

3.3.4. Publication bias 
The funnel plot revealed a considerable asymmetry ( Fig. 3 )
between studies, suggesting a potential publication bias. 
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Fig. 2 Forest plot. Squares represents the effect sizes for individual studies. Horizontal lines correspond to the 95% confidence 
interval for the effect size. The solid vertical line represents the line of null effect; the dashed line represents the pooled effect 
size. 

Fig. 3 Funnel plots. The x -axis represents the effect size; the y -axis represents the standard error of the estimate. On the left, 
the funnel plot is centered on the pooled effect size. On the right, the plot is centered at the null effect. Effects with statistical 
significance greater than p = 0.1 are represented in the white area, between p = 0.05 and p = 0.1 in the orange area and between 
p = 0.01 and p = 0.05 in the red area. Black dots correspond to individual studies. (For interpretation of the references to color in 
this figure legend, the reader is referred to the web version of this article.) 
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. Discussion 

n this study, we conducted a systematic review and a 
eta-analysis to compare cortisol levels between patients 
ith OCD and healthy individuals. The meta-analytic results 
rovided evidence for significantly enhanced cortisol levels 
n these patients. 
The timing for cortisol collection seems to be a key
actor in explaining different results from distinctive 
tudies. In our meta-analysis, we found there is evi-
ence for significant differences in cortisol levels between 
atients and healthy controls: the level of evidence 
or the afternoon period was found to be considerably
eaker than that for the morning and entire day periods
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of collection, where this effect was substantially more
pronounced. 

Since the daily cortisol profile is known not to be
significantly affected by acute changes in behavioral or
environmental conditions ( Oster et al., 2017 ), it is not
likely that discrepancies in results from distinct studies
are due to differences in the conditions under these were
performed. However, it is important to note that while
under normal circumstances cortisol levels reach its peak
in the early morning and decline throughout the day, the
same is not true in situations of chronic stress exposure,
where this circadian rhythm is blunted ( Oster et al., 2017 ).
As such, it would be important to discard the possibility
of having selected healthy individuals who might report
elevated levels of perceived stress. In this same line of
thinking, in an attempt to refine the conclusions of these
studies, it would be key to consider the possible effects
of disease severity and medication status (medicated vs
non-medicated) in exacerbating or attenuating the stress
response and, thus, observed cortisol levels. Additionally,
factors such as disease subtype and age of onset, which are
also known to contribute to disease heterogeneity, were
not considered when establishing comparisons between
groups. 

It is also important to consider that a significant method-
ological heterogeneity among studies was observed, mostly
at the level of cortisol assessment, where single versus
average of assessments may significantly impact on the
overall effect. In fact, comparison of the overall effects
for each subgroup meta-analysis revealed a significant
difference between coefficients, such that for studies using
the average of multiple assessments the standardized co-
efficient was significantly higher when compared to studies
focusing on single measurements. 

Despite these limitations, the hypothesis of HPA axis
dysregulation and abnormal circulating levels of cortisol
in OCD patients seems likely. Previous animal studies have
demonstrated the deleterious effects of chronic stress
exposure, with stressed animals exhibiting cortico-striatal
dysfunction and abnormalities in the orbitofrontal cortex,
key neuronal circuits that have previously been shown to
be involved in the pathophysiology of OCD ( Dias-Ferreira
et al., 2009; Fineberg et al., 2014; Torregrossa et al., 2008 ).
Neuroimaging studies performed with human subjects point
in the same direction ( Anticevic et al., 2014; Hou et al.,
2014; Soares et al., 2012; Stern et al., 2012 ). 

It is important to note that an enhanced stress re-
sponse and consequently elevated cortisol levels may
also be related with the distress and increased anxiety
that is known to be associated with OCD symptomatology
( Cougle et al., 2011 ). In this line of thinking, in a study by
Morgado et al. (2013) , higher perceived stress as well as
increased cortisol levels were found in OCD patients com-
pared to healthy individuals. Interestingly, in OCD patients,
a higher score of perceived stress (but not cortisol levels)
was also shown to be positively correlated with disease
severity as measured by Y-BOCS scale, and specifically
at the level of the obsessive component ( Morgado et al.,
2013 ). This seems to be in line with the notion that obses-
sions are characterized by a higher anxiogenic and stressful
quality, while compulsions constitute a means to relieve it
( APA, 2013 ). 
All these observations may point to the importance of
evaluating the severity of obsessive and compulsive com-
ponents in addition to global disease severity, since it is
possible that it may impact on HPA axis activity and profile.
The same might hold true for other factors such as anxiety,
depressive symptoms or neuroticism since previous studies
have found a positive relationship between higher trait
anxiety and anxious arousal and elevated levels of cortisol
during daytime ( Doane et al., 2011 ; Harris et al., 2015 ;
Polk et al., 2005 ; Portella et al., 2005 ). Additionally, in a re-
cent study conducted with major depressive disorder (MDD)
patients, OCD patients either with or without comorbid
MDD and healthy subjects, the authors found no differences
in HPA axis activity between diagnostic groups. However,
when considering symptom dimensions such as trait anx-
iety, it was observed that OCD patients with higher trait
anxiety demonstrated higher cortisol awakening response
and decreased cortisol suppression after dexamethasone
administration ( Labad et al., 2018 ). Moreover, OCD patients
with comorbid MDD presented with a flattened diurnal
cortisol slope and lower levels of morning cortisol, which
might be indicative of a differential pattern of HPA axis
dysregulation in OCD or MDD alone compared to OCD with
comorbid MDD ( Labad et al., 2018 ). It is not yet clear why
trait anxiety might have a distinct influence on HPA axis
functioning in OCD patients, but different neurobiological
mechanisms could explain differences found across distinct
diagnostic groups ( Labad et al., 2018 ). 

In conclusion, HPA axis dysregulation, abnormal stress
response and elevated cortisol levels may constitute an eti-
ological factor in OCD pathology, but may also represent a
consequence of the disease itself, or even both. In order to
clarify this issue, further studies will be needed where limi-
tations such as those mentioned above will be kept in mind.
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