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Abs tr ac t
Objectives Spondyloarthritis refers to a group of chronic inflammatory diseases that particularly involve the sacroiliac
joints and spine but may also have an influence on extra-articular involvement in some patients. Oxytocin is a peptide hormone released from the hypothalamus and stored in the pitui
tary gland. It is known to have anti-inflammatory effects. The
aim of this study was to investigate the serum levels of oxytocin
and their potential association with disease activity and spinal
mobility in patients with ankylosing spondylitis (AS) and
non-radiographic axial spondyloarthritis (nrAxSpA).
Material and Methods Seventy-one patients with nrAxSpA,
38 patients with AS and 67 healthy control subjects were included in this study. Disease activity was assessed by the Bath
Ankylosing Spondylitis Disease Activity Index, and spinal mobility by the Bath Ankylosing Spondylitis Metrologic Index.
Laboratory examinations included complete blood count, ESR,
CRP and oxytocin tests.
Results There was no significant difference in serum levels of
oxytocin among the 3 groups (p = 0.973). However, serum le
vels of oxytocin correlated negatively with both ESR (r = − 0.359,
p = 0.027), CRP (r = − 0.316, p = 0.056) and BASDAI scores
(r = − 0,448, p = 0.005) in patients with AS. On the other hand,
serum levels of oxytocin had a negative correlation only with
ESR in patients with nrAxSpA (r = − 0.321 p = 0.009).
Conclusion This study lays the foundation for further studies
that may aim to investigate how addition of oxytocin to the
treatment regimen impacts on disease activity in patients with
AS who exhibit particularly low levels of oxytocin during the
active disease period.
Zusammenfa ssun g
Zielsetzung Spondylarthritiden sind chronisch entzündliche
Erkrankungen, bei denen insbesondere die Iliosakralgelenke
und die Wirbelsäule betroffen sind. Bei einigen Patienten besteht
daneben auch eine extraartikuläre Manifestation. Oxytocin ist
ein Peptidhormon, das aus dem Hypothalamus freigesetzt und
in der Hypophyse gespeichert wird. Es ist bekannt, dass Oxy-
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Serumoxytocinspiegel bei Patienten mit ankylosierender
Spondylitis und nicht radiologische axiale Spondyloarthritis und
deren Zusammenhang mit der Krankheitsaktivität

Introduction
Axial spondyloarthritis (axSpA) is a chronic inflammatory disease
which includes 2 subtypes within the same disease spectrum [1].
Patients with axial spondyloarthritis (axSpA) include those with radiographic axSpA (also termed ankylosing spondylitis [AS]), which
indicates radiographic evidence of sacroiliitis according to the modi
fied New York criteria [2], and those with nonradiographic axial
spondyloarthritis (nr-axSpA) [3], who have similar signs and symptoms without radiographic changes.
Oxytocin (OXY) is a particularly abundant neuropeptide exerting a wide spectrum of central and peripheral effects as a neurohormone, neurotransmitter or neuromodulator. In the central nervous system, the OXY gene is predominantly expressed in magnocellular neurons in the hypothalamic paraventricular and
supraoptic nuclei [4]. It has been known for years that OXY has anti-inflammatory effects. These effects were demonstrated in experimental models of ulcer and colitis in rats and ginea pigs. OXY
is also known to protect against sepsis-induced multiple organ failure [5, 6]. Administration of OXY prior to hepatic ischemia-reperfusion injury prevents a potential elevation in levels of transaminase and TNF-alpha in systemic circulation [6]. It also inhibits a potential increase in levels of inflammatory cytokine induced by bacterial
lipopolysaccharides (ACTH, cortisol, TNF-alpha, IL-1, IL-4, IL-6, MCP-1
and VEGF) [7]. In light of this information, we aimed at exploring OXY
levels in sera of patients with AS and nr-axSpA as well as a potential association between these levels and the disease activity.

Material and Method
Patients presenting to rheumatology polyclinic of Faculty of Medi
cine of Dicle University between March 2017 and October 2017,
who met the Modified New York Criteria [2] for AS and patients who
met the Assessment of SpondyloArthritis international Society
(ASAS) classification criteria [3] for axSpA but not the modified New
York radiographic criteria [2] for ankylosing spondylitis were included in this study. A total of 67 individuals who presented to the
physiotherapy polyclinic of the same center because of any mechanical non-rheumatic pain were included in the control group.
One of the inclusion criteria was age between 18–65 years.

Ergebnisse Es gab keinen signifikanten Unterschied in den
Serumspiegeln von Oxytocin zwischen den drei Gruppen
(p = 0,973). Die Serumspiegel von Oxytocin korrelierten jedoch
sowohl mit ESR- (r = − 0,359, p = 0,027) als auch CRP(r = − 0,316, p = 0,056) und BASDAI-Werten (r = − 0,448,
p = 0,005) bei Patienten mit AS negativ . Andererseits hatten
die Oxytocin-Serumspiegel nur bei den Patienten mit nrAxSpA
eine negative Korrelation mit der ESR (r = − 0,321 p = 0,009).
Schlussfolgerung Diese Studie bildet die Grundlage für weitere
Studien, die untersuchen sollen, wie sich die Zugabe von Oxytocin zum Behandlungsschema auf die Krankheitsaktivität bei
Patienten mit AS auswirkt, die während der aktiven Krankheitsperiode besonders niedrige Oxytocinspiegel aufweisen.

The exclusion criteria included the following: therapy with more
than 7.5 mg/day of cortico-steroids, history of malignancies, psoriasis, overlap syndrome, pregnancy or lactation, autoimmune or
other auto-inflammatory diseases, diabetes mellitus, acute infections, thyroidal dysfunction, metabolic syndrome and stage 3–4
heart failure. Data on date of diagnosis, medications patients used
in the last 6 months, age, gender, height, weight, body mass index
(BMI), comorbidities, smoking status and alcohol consumption
were noted down. Bath Ankylosing Spondylitis Disease Activity
Index (BASDAI) scores were used to define the disease activity [8, 9]
and Bath Ankylosing Spondylitis Metrological Index (BASMI) scores
were used to define spinal mobility [10]. Results were noted down
separately for each individual patient. Patients underwent a laboratory analysis for evaluation of erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP) and hemogram, and the results
were duly written down. Blood samples collected for the purpose
of OXY testing were stored in eppendorf tubes at − 80 ° until analy
sis. Samples stored for OXY testing were analyzed using the ELISA
(Enzyme-Linked ImmunoSorbent Assay) method in accordance
with the suggested procedures (Elabscience Elisa Kit). Prior to the
study, an approval was obtained from the ethics board of the Fa
culty of Medicine of Dicle University. All the study was carried out
according to the Helsinki declaration. Patients gave their informed
consent to the study both in written and oral form.

Statistical Analysis
Statistical analysis of data was conducted using SPSS version 18.0
(Statistical Package for Social Sciences) and Microsoft Office Excel
2010. Percentages, arithmetic means, standard deviations and
minimum and maximum values were calculated. Kolmogorov-
Smirnov test was used to determine whether the data followed
a normal distribution or not. Means and frequency distributions
were calculated. Upon confirmation of normal distribution of data,
Chi Square test was performed for comparison of categorical data,
as well as Student t test and one-way analysis of variance for comparison of numerical data. On the other hand, non parametric vari
ables were compared using Mann Whitney U test. As to the correlation analysis, Pearson and Spearman tests were used, as suitable.
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tocin entzündungshemmende Wirkungen hat. Das Ziel dieser
Studie war es, die Oxytocin-Serumspiegel und ihren möglichen
Zusammenhang mit der Krankheitsaktivität, der Beweglichkeit
der Wirbelsäule bei Patienten mit ankylosierender Spondylitis
(AS) und nicht radiologischer axialer Spondyloathritis (nrAxSpA)
zu untersuchen.
Patienten und Methoden 71 Patienten mit nrAxSpA und 38
Patienten mit AS sowie 67 gesunde Kontrollpersonen wurden
in diese Studie eingeschlossen. Die Krankheitsaktivität wurde
durch den Bath Ankylosing Spondylitis Disease Activity Index
und die Wirbelsäulenmobilität durch den Bath Ankylosing
Spondylitis Metrologic Index bewertet. Die Laboruntersuchungen umfassten vollständige Blutbild-, ESR-, CRP- und Oxytocin-Tests.

Simple regression analysis method was used for the assessment of
relationship between relevant variables. For all the tests, a p-value
smaller than 0.05 was considered statistically significant.

Results
A total of 71 patients with nr-axSpA (41 males and 30 females) and
38 patients with AS (33 males and 5 females) were included in the
present study. On the other hand, the control group consisted of
43 males and 24 females, totaling 67 individuals. Although there
was no statistically significant difference in gender between the
nr-axSpA and the control group (p = 0.439), the AS patients differed
significantly from both the control group (p = 0.013) and the nr-axSpA patients (p = 0.002) in gender. Patients with AS were labeled
as Group 1 whereas patients with nr-axSpA were labeled as Group
2, and the control subjects as Group 3. The mean age of the patients was 38.66 ± 7.31, 32.73 ± 8.05 and 33.31 ± 7.28 respectively
in Group 1, Group 2 and Group 3. There was a statistically significant age difference between Group 1 and Group 3 (p = 001) whereas such difference was non-existent between Group 2 and Group 3
(p = 0.656). Group 1 differed significantly also from Group 2 in the
parameter of age (p = 0.001). The mean BMI was found to be
25.62 ± 4.99 25.64 ± 3.93 and 24.95 ± 4.18 respectively in Group 1,
Group 2 and Group 3. Of 38 AS patients, 25 were on biological
agents whereas 13 were on sulfasalazine and/or non-steroidal anti-inflammatory (NSAI) drugs. In Group 2, on the other hand, 40
patients were on biological agents whereas 31 were on sulfasalazine and/or NSAI drugs. No statistically significant difference was
found between the 3 groups when it comes to BMI (p = 0.595). In
Group 1, 35 of 38 patients underwent HLA B27 testing. Of them
all, 21 patients tested positive ( %60) whereas 14 patients tested
negative ( %40). In Group 2, on the other hand, 15 patients ( %25.4)
tested positive for HLA B27 whereas 44 patients ( %74.6) tested
negative. The rest of the patients could not receive the test because
of technical reasons. ▶ Table 1 shows the clinical and laboratory
parameters in all 3 groups.
No significant difference was found between Group 1 and Group
2 in mean duration of disease (p = 0.001) or BASDAI scores
(p = 0.191). The mean BASMI score was higher in Group 1 than in
Group 2 (0.001). There was no statistically significant difference
between Group 1 and Group 2 in mean ESR (p = 0.641), CRP
(p = 0.575) or OXY levels (p = 0.982).
As to the ESR and CRP levels, Group 1 had significantly higher
levels of ESR (p = 0.001) and CRP (p = 0.006) than Group 3. On the
other hand, Group 1 did not differ significantly from Group 3 in
serum OXY levels (p = 0.848).
▶ Figure 1 shows serum OXY levels in all 3 groups.

On the other hand, Group 2 had significantly higher levels of CRP
(p = 0.001) and ESR (p = 0.001) than Group 3, with no significant
difference between the 2 groups in serum OXY levels (p = 0.843).
Patients with a BASDAI score equal or higher than 4 were considered active patients whereas those with a BASDAI score lower
than 4 were considered inactive patients. This way, Group 1 had 19
active patients as opposed to 22 inactive patients. The active and
inactive patients had the following serum OXY levels respectively:
486.82 ± 86.65 and 541.28 ± 86.42, with no statistically significant
difference between them 2 (p = 0.101). On the other hand, active
AS patients had a mean ESR level of 13.44 ± 12.19 and CRP level of
1.90 ± 2.93 as opposed to the ESR and CRP levels of 6.05 ± 4.96) and
0.54 ± 0.50 in inactive AS patients. In this respect, active and inactive patients differed significantly from one another in levels of ESR
and CRP (p = 0.008 and p = 0.028, respectively).
When it comes to active and inactive patients in Group 2, active
patients had a mean OXY level of 521.47 ± 95.77 whereas inactive
patients exhibited a mean OXY level of 516.17 ± 89.13. In this respect, active and inactive patients of Group 2 did not differ signifi
cantly from one another in serum OXY levels (p = 0.615). ESR levels were 8.24 ± 6.49 and 8.50 ± 7.02 respectively in active and inactive patients, with no statistically significant difference between
them 2 (p = 0.974). In addition, there was no significant difference
between active and inactive patients of Group 2 in CRP levels as
active patients had a mean CRP level of 0.84 ± 1.04 and inactive
patients of 0.98 ± 1.31 (▶ Table 2).
As to the correlation between serum OXY levels and the parameters of age, BMI, duration of disease, BASDAI, BASMI, ESR and CRP
in Group 1, serum OXY levels had a negative correlation with the
parameters of ESR (r = − 0.359, p = 0.027), BASDAI (r = − 0.448,
p = 0.005) and a weak negative correlation with CRP (r = − 0.316,
p = 0.056). When the potential correlation between the same parameters was examined in Group 2, serum OXY levels was found to
have a negative correlation only with ESR this time (r = − 0.321,
p = 0.005).
Simple regression analysis method was used to clarify the relationship between oxytocin and BASDAI, ESR and CRP in patients
with AS. In the analysis, oxytocin was considered as an independent variable whereas BASDAI, ESR and CRP were considered separately as dependent variables, in this group. Results of the analysis
showed that oxytocin was an independent variable which had
impacts on BASDAI (β = − 0.448, t = − 3.004, p = 0.005), ESR
(β = − 0.359, t = − 2.311, p = 0.027) and CRP (β = − 0.316, t = − 2.001,
p = 0.053). Same analysis method was also used in group 2. Oxytocin was considered as an independent variable while ESR was considered as dependent variable. Oxytocin was indicated to have a
significant effect on ESR (β = − 0.321, t = − 2.668 p = 0.009)

▶Table 1 Clinical and laboratory parameters in all groups.

AS (mean ± SD)

Duration of disease

BASMI

BASDAI

ESR

CRP

OXY (pg/ml)

11.16 ± 6.91

7.87 ± 2.12

3.57 ± 1.77

9.16 ± 9.37

1.12 ± 2.02

518.35 ± 88.42

6.05 ± 4.90

5.41 ± 0.57

3.18 ± 1.30

8.42 ± 6.82

0.94 ± 1.23

517.94 ± 90.69

-

-

4.48 ± 3.63

0.42 ± 0.23

514.75 ± 94.55

Nr-axSpA (mean ± SD
Healthy controls (mean ± SD)
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▶Fig. 1 Serum oxytocin levels in 3 groups.

▶Table 2 Comparison of laboratory parameters according to the activity of disease in-group analysis.
ESR Median ( %25–75 IQR)

CRP Median ( %25–75 IQR)

OXY Median ( %25–75 IQR)

Ankylosing spondylitis (BASDAI ≥ 4)

10 (5.50–15.50)

0.80 (0.34–1.95)

503.72 (449.59–525.57)

Ankylosing spondylitis (BASDAI < 4)

5 (2.00–9.25)

0.34 (0.34–0.54)

521.38 (502.83–599.72)

Non-radiographic axial SpA (BASDAI ≥ 4)

7 (2.5–12.50)

0.35 (0.34–1.11)

503.02 (466.54–588.84)

Non-radiographic axial SpA (BASDAI < 4)

5.50 (3–11.75)

0.34 (0.34–1.00)

530.58 (474.67–567.76)

BASDAI: Bath Ankylosing Spondylitis Disease Activity Index, IQR: interquartile range.

Discussion
Oxytocin (OXY), which is synthesized in the supraoptic and paraventricular nuclei of the hypothalamus, is a neurohypophysial nonapeptide hormone that carries out a variety of actions through the
OXY receptor, a G-protein coupled receptor [11]. The bulk of evidence points out the possibility that OXY may have anti-inflammatory and antioxidant features and regulate the immune and anti-inflammatory response [12]. In the present study, we examined the
serum OXY levels in both AS and nr-axSpA patients and found that
none of these groups of patients differed significantly from the control group in OXY levels. On the other hand, we spotted a negative
correlation between OXY levels and the inflammatory markers of
ESR and CRP as well as the disease activity marker of BASDAI in patients with AS. In nr-axSpA patients, on the other hand, OXY levels
had a negative correlation only with ESR.
Assessment of Spondylo-Arthritis International Society (ASAS)
has published a new set of classification criteria for axial SpA [3].

Development of a new set of criteria was necessary because the
former modified New York criteria for AS [2] were not permissive
for identification of axial SpA patients early in the course of disease
in the absence of radiographic changes in sacroiliac joints, which
can take years to become visible. This situation might offer an explanation for the significant age difference between the AS and
nr-axSpA patients. The significant gender difference between the
AS and nr-axSpA patients, on the other hand, is attributable to a
predominance of male patients among all AS patients. Approximate male to female ratio is 2–3 in fact initial studies showed male/
female ratio of 10/1 for the patients with AS [13–15]. On the other
hand, an equal gender distribution is observed among the nr-axSpA patients [16]. In the present study, duration of disease was significantly longer in patients with AS compared to patients with
nr-axSpA, which may be attributable to the delayed true diagnosis
patients with AS usually get [17–19]. This happens partially due to
the lack of diagnostic laboratory testing such as autoantibodies in
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collagen diseases as well as to the fact that radiological signs in sacroiliac joints, which are crucial for diagnosis of AS when using the
modified New York criteria, may take years to show in radiographic evaluations because of the slow progression of the underlying
inflammatory process [2, 20, 21].
In the present study, we found that serum OXY levels had a negative correlation with the parameters of ESR, CRP and BASDAI in
patients with AS. There is evidence that both CRP and ESR are acute
phase reactants which are in correlation with disease activity in patients with AS. CRP is known to be the first detected inflammatory
acute phase reaction protein, with its concentration closely associated with the degree of inflammation in AS [22]. Patients with AS
were previously shown to have increased serum levels of IL6 and
TNF alpha than healthy subjects [23]. Another previous study
showed that oxidative stress and lipid peroxidation were particularly accelerated in untreated patients with an active AS. The bulk
of evidence points out the possibility that OXY may have anti-inflammatory and antioxidant features and regulate the immune and
anti-inflammatory response via inhibiting LPS-stimulated secretion
of pro-inflammatory cytokines such as TNF-alpha, interleukin (IL)6, IL-1b, glutamate, Nitric Oxide (NO), and reactive oxygen species
[24, 25]. It was demonstrated in vitro that OXY exerts antioxidant
and anti-inflammatory effects on vascular cells and THP-1 macrophages. OXY receptors were found in all cell types that were exa
mined, and OXY was shown to cause a reduction in NADPH dependent superoxide production and IL-6 secretion in these cells [24].
One mechanism by which OXY exerts its anti-inflammatory functions is through weakening the transition of macrophages, by acting
on its receptors, into a proinflammatory mode, which results in an
inhibition of NF-κB signaling [26]. NF-κB, a transcription factor for a
proinflammatory immune response, is inhibited with OXY treatment, which leads to a decreased release of TNF-α [27].
The negative correlation between serum OXY levels and ESR, CRP
and BASDAI indicates that serum OXY level goes down as the disease
activity goes up. This finding may lead us to consider the addition of
OXY to treatment regimen when the disease activity increases in patients with AS. Based on this, we may as well suggest conduction of
further studies that can expand on this finding. The same approach
can also be adopted for patients with nr-axSpA, who also demonstrated a negative correlation between serum OXY levels and ESR.
Previous studies showed that OXY treatment modulates immune
and anti-inflammatory response in wound healing and experimental sepsis [24, 28–31]. The involvement of OXY and the oxytocin receptor (OTR) in immune reaction is consistent with their presence in
regulatory T cells [32], which take a critical part in suppression of
autoimmune reactivity and cessation of the inflammatory response.
Furthermore, the inflammatory process modulates the OTR gene by
means of acute phase reactants and interleukins [33, 34].
Anderberg and Moberg found a negative correlation between
the scored symptoms of depression and anxiety and OXY concentration as well as a positive correlation between the item of happiness and OXY concentration in patients with FM [35]. On the other
hand, Miva et al. found no significant difference between rheumatoid arthritis patients with and without depression when it comes
to serum OXY levels; however, they claimed that mean OXY concentration was lower in RA patients than in healthy individuals, who
had been subject to a separate previous study [36, 37].
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Welch et al. suggested that OXY and OXY receptor signalling
could be regarded as a brake on intestinal motility, causes a reduction in mucosal activation of enteric neurons and helps with ente
ric neuronal development. They also suggested that OXY acts as a
regulatory agent for proliferation of crypt cells and mucosal permeability, and OXY/OTR signalling protects against inflammation
[38]. Iseri et al. also demonstrated that OXY treatment decreases
the severity of colitis with simultaneous reductions in serum TNF
alpha response and oxidative injury of the colon, indicating that
OXY exerts a strong anti-inflammatory effect on the oxidative injury of the colon [29]. Praet et al. found microscopic gut inflammation in 46.2 % of the patients with spondyloarthritis and suggested
the presence of an association between BASDAI and gut inflammation [39]. Mielants et al. found inflammatory gut lesions in 57 % of
the patients with AS [40]. The association between the gut inflammation and spondyloarthritis and the correlation between BASDAI
and gut inflammation, as shown by microscopic findings [39, 40],
and the finding that OXY ameliorates the severity of colitis [29]
are all in consistency with the finding of the present study that a
reduction in OXY levels occurs simultaneously with an increase in
disease activity. In a recent study about the COVID 19 treatment,
it was shown that oxytocin analog has the ability to lower IL-6, IL
1β, NF-KB and anti TNF and the authors suggested that OXY is a
potential anti-inflammatory candidate for COVID-19 infectious disease [41].
On the other hand, there is still a need for conduction of further
studies which can explore if the addition of OXY to treatment of AS
and nr-axSpA leads to a reduction in disease activity.
To the best of our knowledge, this is the first and the only study
to explore serum OXY levels in patients with AS and nr-axSpA. The
present study found that the 2 study groups, namely AS and nraxSpA groups, did not differ significantly from the control group in
serum OXY levels, which suggests that OXY may not be playing an
essential role in the pathogenesis of the 2 diseases. The limitation
of the study was the fact that some patients were on biological
agents.
Moreover, the present study found an inverse correlation between serum OXY levels and the markers of disease activity in both
AS and nr-axSpA patients, which may lead us to consider the addition of OXY to treatment regimen when the disease activity begins
to increase. This finding also lays the ground for further studies that
can expand on this area of research.
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Hinweis
Dieser Artikel wurde gemäß des Erratums vom 25.8.2021
geändert.
Erratum
Im oben genannten Artikel wurde der deutsche Titel und die
deutsche Zusammenfassung korrigiert.
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