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Abstract
Background
Generalized anxiety disorder (GAD) is a prevalent psychiatric disorder. Diagnosis of GAD depends on
subjective complaints of patients, thus the need for biological markers is constantly emerging. This study
aimed, for the first time, to investigate diagnostic value of Erythropoietin (Epo) and its receptor (EpoR)
levels in drug-naive patients with GAD.
Methods
This study included 45 newly diagnosed drug-naive patients with GAD, aged and gender-matched 30
healthy controls. Medical histories were obtained, and physical examinations and laboratory tests were
conducted; the Hamilton Anxiety Rating Scale (HAM-A) was also used for all participants. Serum Epo and
EpoR levels were measured by ELISA.
Results
HAM-A score was significantly higher in GAD patients versus the controls (p< 0.05). While the levels of
Epo in patients with GAD were lower than the control patients, EpoR levels were increased in these
patients (p<0.05). Epo/EpoR ratios were significantly lower in the patients with GAD than in the control
subjects (p<0.05). A positive significant correlation was observed between the EpoR level and the HAM-A
score (r= 0.755, p<0.001). However, there was a negative significant correlation between Epo levels and
HAM-A score (r= -0.749, p<0.001). ROC analysis revealed both sensitivity and specificity of 100%,
respectively, for the presence of anxiety when the serum Epo value was 7.64 ng/mL (the area under the
curve was 1.000) and EpoR value was 0.97 ng/mL (the area under the curve was 1.000).
Conclusion
Our findings showed that Epo/EpoR ratio may be an important biomarker for GAD. Epo may be a good
choice for GAD treatment.

Introduction
Generalized anxiety disorder (GAD) is a prevalent and highly disabling mental health condition; however,
there is still much to learn with regard to pertinent biomarkers, as well as diagnosis, made more difficult
by the marked and common overlap of GAD with affective and anxiety disorders. Recently, intensive
research efforts have focused on GAD, applying neuroimaging, genetic, and blood-based approaches
toward discovery of pathogenetic and treatment-related biomarkers [1]. Currently studies on biological
markers in the human blood such as G protein-coupled estrogen receptor-1, oxidative stress, testosterone,
dehydroepiandrosterone sulfate and cortisol performed to determine peripheral markers [2–5]. Plasma
appears to be a rational source for proteomic and metabolomic measurements because it is easily
accessible and because several molecules from the brain are transported across the blood-brain barrier
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and reach the circulation. However, drawing inferences from the neurochemical composition of plasma
on the processes in the brain is not straightforward [6]. Moreover, only a few studies have been conducted
on plasma-based pathogenetic and/or treatment predictors in GAD, indicating the further need to explore
such potentially valuable approaches.
Erythropoietin (Epo) is a hematopoietic growth factor that readily crosses the brain blood barrier and is
routinely used clinically to treat anemia. This trophic cytokine has not been assessed in the context of
anxiety, but recent studies have implicated Epo as having clinical potential [7]. Epo binds to its receptor
(EpoR) promoting proliferation and differentiation, neuropsychological function in patients with
schizophrenia, multiple sclerosis, depression and bipolar disorder [7, 8]. Epo and EpoR have interesting
properties, which make it a candidate for investigation as a novel therapeutic agent in neuropsychiatric
diseases. To the best of our knowledge, this is the first study to investigate serum levels of Epo and EpoR
in patients with GAD. The present study aimed to evaluate serum Epo and EpoR levels in drug-naive
patients who were diagnosed with GAD.

Materials And Methods

Patients
The present study included 45 patients aged between 18 and 50 years, who were admitted to psychiatry
polyclinic for the first time and newly diagnosed with GAD according to the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV). All patients were drug-naive. The control group
consisted of age- and gender-matched 30 healthy volunteers. All participants were assessed by a trained
clinical psychiatrist. Demographical and clinical characteristics such as gender, age, and co-morbid
conditions were recorded. The study protocol was approved by the Scientific Research Ethics Committee
of Sutcu Imam University and a detailed informed consent was obtained from each patient and control
subject. Exclusion criteria were having endocrine disorders, having autoimmune disorders, being an
alcohol and/or substance addict, and having a psychiatric disorder other than GAD or a concomitant
physical disease. Demographic data and complete medical history were obtained and physical
examination was performed for all participants. The required laboratory tests were performed. The
Hamilton Anxiety Rating Scale (HAM-A) was used in all participants [9, 10].

Biochemical Analysis
All blood samples were taken from both groups between 7:30 a.m. to 17:00 p.m, because diurnal
variation of Epo or EpoR have been reported in literature [11]. Then, the serum was promptly separated, in
a refrigerated centrifuge, and stored at -20oC until analysis. The serum levels of Epo and EpoR were
measured by a quantitative sandwich enzyme immunoassay technique (ELISA) using a commercial kit
(MyBioSource Company, USA) according to the manufacturer’s instruction.
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Statistical Analysis
Statistical analysis was performed using the Statistical Package for Social Sciences, ver. 22.0 (SPSS Inc.,
Chicago, IL, USA). A p value of less than 0.05 was considered statistically significant. The normality of
continuous variables was assessed using Shapiro-Wilk’s W-test. Relationships between the categorical
variables were evaluated using the chi-square test. To compare of mean differences for normally
distributed continuous variables between the two groups, a Student’s t test was used. The Mann-Whitney
U test was used to compare the two groups when the assumption of normality was not fulfilled. While
investigating associations of data, correlation coefficients and their significance were calculated with
Spearman’s test (for non-normally distributed variables) and Pearson’s test (for normally distributed
variables). A receiver operator characteristics (ROC) curve was plotted in order to find the cut-off point.

Results
Seventy-five individuals were included in the study. The mean age of the GAD group (n = 45) was 36.25 ±
6.02 years, and 28 (62.22%) were female. The mean age of the control group (n = 30) was 35.06 ± 5.56
years, and 20 (66.66%) were female. No significant differences were found between the groups in terms
of age and gender (p > 0.05).
As shown in Table 1, HAM-A score of the GAD group was significantly higher than that of the control
group (p < 0.05). The levels of Epo decreased in patients with GAD compared to control (p < 0.05). On the
other hand, EpoR levels increased in these patients (p < 0.05). Furthermore, the ratio of Epo/EpoR was
significantly lower in GAD patients than controls (p < 0.05) as shown in Fig. 1. According to Pearson
correlation analysis, there was a negative significant correlation between Epo levels and HAM-A score
(r=-0.749, p < 0.001). However, there was a positive significant correlation between EpoR levels and HAMA score (r = 0.755, p < 0.001) as shown in Table 2.
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Table 1
Laboratory and clinical results of patients with GAD and healthy controls.
GAD group
mean ± SD

Control group
mean ± SD

HAM-A score

14.06 ± 3.25
(10.79–17.32)

8.27 ± 2.76*
(5.52–11.04)

Epo (ng/mL)

6.69 ± 0.59
(5.26–7.64)

10.82 ± 1.25*
(9.13–14.76)

EpoR (ng/mL)

1.45 ± 0.16
(1.18–1.88)

0.71 ± 0.11*
(0.52–0.97)

*Significant differences in the levels of Epo and EpoR between patients and control groups (p < 0.05) .
GAD, Generalized Anxiety Disorder; HAM-A, the Hamilton Anxiety Rating Scale; SD, Standard Deviation;
Epo, Erythropoietin; EpoR, Erythropoietin Receptor.
Table 2
The results of correlation among HAM-A score, Epo and EpoR

HAM-A score

r

HAM-A score

EpoR

Epo

1

0.755**

-0.749**

0.000

0.000

1

-0.840**

p value
EpoR

Epo

r

0.755**

p value

0.000

r

-0.749**

-0.840**

p value

0.000

0.000

0.000
1

**Correlation is significant at the 0.01 level (p value).
Pearson Correlation analysis were used.
Epo, Erythropoietin ; EpoR, Erythropoietin Receptor; r, The correlation coefficient ; HAM-A, the Hamilton
Anxiety Rating Scale; Epo, Erythropoietin; EpoR, Erythropoietin Receptor.
A ROC curve was plotted for Epo and EpoR levels. Areas under the curve (AUC) were 1.000 for both Epo
and EpoR (p < 0.001). These findings indicate that Epo and EpoR levels are diagnostic. The cut-off point
was 7.64 ng/mL for Epo, and all of the patient group, Epo levels were under the cut-off point. The both
sensitivity and specificity of Epo were 100%. For EpoR, the cut-off point was 0.97 ng/mL, and all of the
patient group EpoR levels were above the cut-off point. The both sensitivity and specificity of EpoR were
100% (Figs. 2 and 3).
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Discussion
To our knowledge this is the first study investigation of Epo and EpoR in patients with GAD. We found
that the levels of Epo in patients with GAD were lower than the control patients. However, EpoR levels
were increased in these patients. This situation may be due to increased of neuroinflammation in patients
with GAD. Camacho recommended that anxious-depression should be considered as a chronic
inflammatory phenomenon but the only longitudinal study found the association between GAD and
increased C-reactive protein (CRP) level to be attributable to body mass index and medication use [12,
13]. A large cohort study examined the association between anxiety disorders (including GAD, social
phobia, PD, and agoraphobia) and inflammation, and the some authors reported elevated CRP levels in
male patients with current anxiety disorders and immune dysregulation in patients with a late-onset
anxiety disorder [14]. Furthermore, an integrated specificity model emphasizes specific patterns of
biological responses to specific psychological states and an anxiety-specific effect on inflammatory
activity in clinically anxious individuals has been reported [15–17]. Recent studies have characterized
Epo as a potent anti-inflammatory cytokine in chronic inflammatory disorders and infectious diseases
[18]. Also, recently, multiple lines of evidence have shown that both endogenous and exogenous Epo has
protective roles in CNS injury processes, such as ischemia-reperfusion injury. Although the presence of
functional EpoRs in neurons has been challenged, Epo selectively reduced inflammatory and oxidative
stress processes associated with brain ischemia, and prevented neuronal apoptosis [19–24].
In our study, decreased levels of Epo/EpoR ratio may due to low Epo levels. Until now, Epo/EpoR ratio has
not been reported in patients with GAD. So, we did not compared to our results. This study suggests that
efforts aiming to increase either Epo expression or the activation of EpoR in the GAD may be a promising
target for GAD treatment, especially in stopping the progression, and potentially reversing the well known
behavioral morbidities.
High correlation values constitute an important part of our findings. The correlation coefficient is shown
with the ‘r’ symbol. A “r value” ≤0.35 represents low or weak correlation, between 0.36 and 0.67 shows
moderate correlation, 0.68 to 0.90 shows high correlation, and 0.90 to 1.0 shows very high correlation
[25]. We found that a significant negative correlation between HAM-A scores and Epo levels. However, we
found that a positive correlation between HAM-A scores and EpoR levels. There are no studies between
Epo and HAM-A scores, or between EpoR and HAM-A scores in patients with GAD. So, we did not
compared to our results. We believe that a high correlation coefficient forms a basis for the detection of
biomarkers.
Identifying diagnostic biomarkers for psychiatric disorders is a rising topic of interest. In some previous
studies peripheral markers were proposed for diverse psychiatric disorders. For GAD, Bulut et al. found
paraoxonase activity and the AUC value was 0.980 [26]. Furthermore, Güneş et al. showed prolidase was
a good biomarker for schizophrenia (AUC:1.000) [27]. Currently, a growing body of evidence exists
regarding diagnostic value of several peripheral parameters in psychiatric disorders. From this scope, our
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study shows possible implication for hormon receptor (Epo-EpoR) level as an important research area for
detection of peripheral biomarkers.
The limitations of the present study were inclusion of small number of patients and its cross-sectional
design. Nevertheless, to our knowledge, there is no study in the literature assessing the serum Epo and
EpoR levels in GAD patients; accordingly, this study has the feature of being the first study on this issue.
Moreover, all patients were drug-naive. The outcome of the present study is an important in terms of
providing data for a treatment approach through target receptors in GAD.

Conclusion
Our current findings showed that serum Epo/EpoR ratios were significantly lower in the patients with GAD
than in the control subjects. The Epo/EpoR ratio may be an important biomarker for GAD. We thought
that recombinant erythropoietin may be a good choice for GAD treatment. Our results should be
considered preliminary and confirmed by latter studies.
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Figures

Figure 1
Epo/EpoR ratios in patients with GAD and control groups. Epo/EpoR ratios were significantly lower in the
patients with GAD than in the control subjects (p<0.05). Epo, Erythropoietin; EpoR, Erythropoietin receptor;
GAD, Generalized Anxiety Disorder.
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Figure 2
Receiver operating characteristic (ROC) curve analyses of Erythropoietin (Epo). The area under the ROC
curve was determined as 1.000. This curve combines the information of the Area Under Curve (AUC) is a
measure of the overall discriminative power of Epo level.
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Figure 3
Receiver operating characteristic (ROC) curve analyses of Erythropoietin Receptor (EpoR). The area under
the ROC curve was determined as 1.000. This curve combines the information of the Area Under Curve
(AUC) is a measure of the overall discriminative power of EpoR level.
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