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Öz
Amaç: Melatoninin (MLT) birçok kronik enflamatuvar hastalığın immünopatogenezinde ve etiyolojisinde rol oynayabileceği bildirildiğinden 
dolayı, çalışmamızda ailevi akdeniz ateşi (AAA) olan hastaların serum MLT seviyelerinin belirlenerek hastalık şiddeti ile arasında olası bir ilişki 
olup olmadığını incelemeyi amaçladık.
Gereç ve Yöntem: Çalışmaya AAA hastalığı tanısı konulan ve en az 1 aydır (ortalama yaş, 36,4±12,2 yıl; aralık, 19-68 yıl) atak geçirmeyen 14 
erkek ve 16 kadın olmak üzere toplam 30 hasta (ortalama yaş, 38,4±12,5 yıl; aralık, 19-65 yıl) ile yaş ve cinsiyetleri benzer olan 12 erkek ve 18 
kadın toplam 30 sağlıklı kontrol (ortalama yaş 38,4±12,5 yıl; yaş aralığı; 19-65 yıl) bulunmaktaydı. Katılımcıların demografik verileri, laboratuvar 
ve klinik özellikleri kaydedilerek, serum MLT seviyeleri belirlendi. Ayrıca serum MLT seviyesi ile hastalık şiddeti arasındaki ilişki değerlendirildi.
Bulgular: Gruplar arasında serum MLT seviyeleri açısından anlamlı fark olduğu belirlendi (p<0,05). AAA hastalarının cinsiyet, yaş ve vücut kitle 
indeksi gibi demografik verileri, eritrosit sedimentasyon hızı, C-reaktif protein ve fibrinojen değerleri ve hastalık şiddet skoru ile serum MLT 
seviyesi arasında anlamlı bir ilişki bulunmadı. AAA hastalarında artrit varlığına göre; akut artrit öyküsü olanlar (n=7 kişi) ile artriti olmayanlar 
(n=23 kişi) arasında serum MLT düzeyleri açısından istatistiksel olarak anlamlı fark bulundu (p=0,019).
Sonuç: Bulgularımız MLT’nin AAA’nın immünopatogenezinde ve AAA’ya bağlı artrit öyküsü olanlarda olası bir rol oynadığına dair 
kanıt sunmaktadır. Ancak MLT’nin immün düzenleyici rolü çok karmaşık ve mekanizmaları henüz tam olarak anlaşılamadığından dolayı 
bulgularımızın gelecekte daha kapsamlı araştırmalarla desteklenmesi gerektiğini düşünüyoruz.
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Objective: Melatonin (MLT) has been reported to play a role in the immunopathogenesis and aetiology of many chronic inflammatory 
diseases. Therefore, we aimed to investigate the possible relationship between disease severity and serum MLT levels in patients with Familial 
Mediterranean fever (FMF).
Materials and Methods: A total of 30 patients diagnosed with FMF who had experienced no episodes for at least 1 month (mean age, 
36.4±12.2 years; range, 19-68 years), including 14 men and 16 women, and 30 healthy controls (mean age, 38.4±12.5 years; range, 19-65 
years), 12 men and 18 women, matched for age and gender, were included in this study. Demographic data, laboratory data and clinical 
characteristics of the participants were recorded and serum MLT levels were determined. In addition, the relationship between serum MLT 
level and disease severity was evaluated.
Results: A significant difference was observed between the groups in terms of serum MLT levels (p<0.05). However, there were no significant 
relationships between serum MLT levels and demographic data, such as sex and age, and body mass index, erythrocyte sedimentation rate, 
C-reactive protein and fibrinogen levels and disease severity scores of the FMF patients. There was a statistically significant difference in serum 
MLT levels between patients having a history of acute arthritis (n=7) and those without arthritis (n=23), (p=0.019).
Conclusion: Our findings suggest that MLT may play a possible role in the immunopathogenesis of FMF and those with a history of FMF-
related arthritis. However, because the immune regulatory role of MLT is very complex and the mechanisms are not yet fully understood, we 
think that more comprehensive studies in the future are needed to confirm our findings.
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Introduction

Familial Mediterranean fever (FMF) is a recurrent and self-
limiting hereditary auto inflammatory disease characterized 
by fever and painful polyserositis attacks with a very intense 
acute phase response (1). Although it was reported that B and 
T lymphocyte dysfunction and immunological abnormalities 
related to the production of proinflammatory cytokines, 
incorrectly regulated immune response and over-response 
to very small stimuli or to the delayed deactivation of the 
immune response play role in the course of the disease, the 
pathophysiology of the disease it is not clear (2-4). It has 
also been reported that decreased antioxidant capacity and 
impaired oxidant/antioxidant balance may be associated with 
FMF pathogenesis (5).
Melatonin (MLT) is the hormone that is secreted from the pineal 
gland and regulates the circadian rhythm, and it is thought that 
as a result of disruption of the circadian rhythm, it will deteriorate 
in immune response, abnormal immune cells will occur and may 
lead to FMF attacks (6-8). Many studies of MLT have emphasized its 
antioxidant properties as one of the most potent endogenous free 
radical scavengers (9,10). In addition, MLT has been reported to 
have immunomodulatory and anti-inflammatory functions in clinical 
studies (11,12). However, the immune regulatory role of MLT is 
very complex and its mechanisms are not yet fully understood (13). 
Because of these properties, it has been suggested that MLT may 
play a role in the immunopathogenesis and etiology of many chronic 
inflammatory diseases and can also be used in their treatment. In 
addition, due to the relationship between circadian MLT secretion 
and the rhythmic symptoms and symptoms of some chronic 
inflammatory diseases, it may have a role in the pathophysiology 
of these diseases (13). However, there is a study in the literature 
examining the relationship between FMF disease and MLT, and the 
relationship between MLT and disease severity was not evaluated 
in that study.
In our study; we aimed to investigate the possible relationship 
between disease severity and serum MLT levels in patients with FMF.

Materials and Method

This study was conducted between November 2019 and 
December 2019 at Atatürk University Faculty of Medicine, 
Department of Physical Medicine and Rehabilitation and 

Department of Rheumatology. The study protocol was approved 
by the Atatürk University Faculty of Medicine Ethics Committee 
(decision no: 17, date: 07.11.2019). A written informed consent 
was obtained from each subject. The study was conducted in 
accordance with the principles of the Declaration of Helsinki. 
A total of 30 FMF patients diagnosed based on the criteria 
defined by Livneh et al. (14) and 30 healthy individuals with 
similar age and gender were included. All patients were 
diagnosed and evaluated by the same physician. None of the 
patients had an FMF attack. Patients who did not have an attack 
for at least 1 month were included in the study. The control 
group was constituted of healthy individuals.
In our study, FMF patients with additional immunological, 
rheumatologic or systemic disease, acute or chronic infection, 
complete urinalysis and abnormal biochemical results in blood 
analysis were excluded from the study.
Gender, age, body mass index (BMI), duration of disease, duration 
and dose of colchicine were recorded. Eighteen patients were 
on 1 mg/day oral colchicine treatment and 12 patients were on 
1.5 mg/day oral colchicine treatment. Disease severity of FMF 
patients was evaluated in clinical examination.
The FMF disease severity scores were calculated based on 
age at disease onset (>31, 21-31, 11-20, 6-10, and <6 years, 
respectively, 0, 1, 2, 3, 4 points), number of attacks per month, 
(1, 2, 3 points if <1, 1-2,>2 respectively), arthritis status (2 and 
3 points respectively if acute or protracted), amyloidosis status 
(3 points if present), colchicine dose (1, 1.5, 2 and >2 mg, 
respectively, 1, 2, 3 and 4 points) and the presence or absence 
of erysipelas-like erythema at the time of admission. Scores of 
3-5, 6-8, and ≥9 were considered to reflect mild, moderate and 
severe disease, respectively (15). Distribution of the number of 
patients according to the scores obtained from disease severity 
parameters is shown in Table 1.
Healthy controls and FMF patients were rested in sitting position 
between 8.00-9.00 in the morning, and blood samples were 
obtained from antecubital region by using a vacutainer. Venous 
blood samples were stored in biochemistry tube for C-reactive 
protein (CRP) and MLT measurements and in hemogram 
tubes with ethylenediaminetetraacetic acid for erythrocyte 
sedimentation rate (ESR) measurements. Biochemistry samples 
were centrifuged at 4.000 rpm for 15 minutes after the clotting 
process at room temperature was completed and serum 

Table 1. Distribution of the number of patients according to scores obtained from disease severity parameters

Number of patients according to disease severity parameters
Disease severity score

0 point 1 point 2 point 3 point 4 point

n (Age at disease onset; 0-4 point) 6 11 8 4 1

n (Number of attacks per month; 1-3 point) - 21 9 - -

n (Arthritis status; 2/3 point) 23 - 7 - -

n (Erysipelas-like erythema status; 0/2 point) 25 - 5 - -

n (Amyloidosis status; 0/3 point) 27 - - 3 -

n (Colchicine dose; 1-4 point) - 18 12 - -

n: Number of patients



samples were aliquoted for MLT measurement and stored until 
analyzed at -80 °C. The analysis was performed in the Medical 
Biochemistry Laboratory of our hospital.
The ESR (0-20 mm/h) was measured with the Western Green 
method using Interrliner XN (Sysmex Corporation, Kobe, 
Japan) automatic ESR analysis device and the CRP (0-5 mg/mL) 
was quantitatively measured with the immunoturbidometric 
method using Beckman Coulter AU5800 autoanalyser 
(Beckman Coultr Inc. Ca, USA). Fibrinogen (mg/dL) levels 
were measured by Clauss clotting method on STA Compact 
(Diagnostica Stago, France) coagulation analyzer. MLT levels 
were analyzed by enzyme-linked immunosorbent assay (ELISA) 
method on Dynex brand automated ELISA reader device 
(Dynex Technologies Headquarters, Chantilly, USA) according 
to the standard protocol recommended by SunLong brand 
(Cat No: SL1169Hu, Sunlung Biotech Co., Ltd., HangZhou, 
China). The intra-assay cofficient of variation (CV) value of the 
kit was below 10% and the inter-assay CV was below 12%.

Statistical Analysis

In our study, power analysis for serum MLT level was performed 
at 95% power and 95% confidence interval. The mean values 
for the MLT level were 23±2.8 pg/mL for the patient group 
and 16.4±3.8 pg/mL for the control group. Statistical analysis 
was performed using SPSS 20.0 (SPSS, Chicago IL, United 
States). Results were given as mean ± standard deviation (SD) 
and minimum (min) - maximum (max). The suitability of the 
parameters to normal distribution was evaluated by Kolmogorov-
Smirnov test. One-Way ANOVA test and t-test (independent 
samples t-test, or student t-test) were used to compare normal 
distribution parameters. The non-normal distribution parameters 
were compared with Mann-Whitney U test. Pearson correlation 
analysis was used for correlation analysis.

Results

A total of 30 patients (14 males and 16 females, mean age 
36.4±12.2 years; range 19 to 68 years), with FMF disease, 

and 30 healthy controls (12 males and 18 females, mean age 

38.4±12.5 years; range 19 to 65 years), were included in the 

study.

Demographic characteristics, laboratory characteristics, disease 

duration, disease severity score and serum MLT levels of patients 

and healthy individuals are shown in Table 2. There was no 

statistically significant difference between the groups in terms 

of age, gender, BMI, ESR, CRP and fibrinogen levels. The mean 

disease duration in the patient group was 10±11 years (range 

1-50 years). The mean disease severity score was 5±2 There was 

a significant difference between the groups in terms of serum 

MLT levels (p<0.05), (Table 2).

There was no significant relationship between serum MLT level 

and demographic data such as gender, age and BMI, ESR, CRP 

and fibrinogen values, disease severity score of FMF patients 

(Table 3).

When the arthritis, FMF disease severity score parameters 

were assessed, there was a statistically significant difference 

in serum MLT levels between patients with a history of acute 

arthritis (n=7) and those without arthritis (n=23) (p=0.019), 

but no significant difference was found in other clinical severity 

parameters (Figure 1).

Discussion

The aim of the study was to investigate the clinical and 

physopathological effect of MLT hormone on FMF. Our study 

was the first to evaluate the relationship between serum MLT 

levels and disease severity. In our study, we found that serum 

MLT levels were higher in the FMF patient group than in the 

control group. In addition, serum MLT levels of FMF patients 

with a history of arthritis were significantly higher than those 

without a history of arthritis.

Circadian rhythm allows the body to adapt to environmental 

changes. Disruption of this rhythm usually has a negative 

effect. For example; Jet Lag syndrome, which is a collection of 

spontaneous symptoms that lasts for a few days as a result of 
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Table 2. Demographic, laboratory and clinical characteristics of Familial Mediterranean fever patients and healthy controls

Patients (n=30) Controls (n=30) p

Gender (f/m) 16/14 12/18 0.602

Age (mean ± SD) 36.4±12.2 38.4±12.5 0.541

BMI (kg/m2) 26.3±4 27±3.5 0.484

Disease duration [(mean ± SD, (minimum-maximum), year)] 10±11 (1-50) - -

ESR (mean ± SD) (mm/h) 13.2±13.9 11.2±8.1 0.52

CRP (mean ± SD) (mg/mL) 11.4±12.5 6.8±5.6 0.218

Fibrinogen (mg/dL) 334±76.4 306±70.4 0.144

Serum melatonin level (mean ± SD) (pg/mL) 23±2.8 16.4±3.8 0.001**

Disease severity scores 5.2±2 - -

f: Female, m: Male, SD: Standard deviation, BMI: Body mass index, ESR: Erythrocyte sedimentation rate, CRP: C-reactive protein, *p<0.05, **p<0.01: Statistically significant 

difference between groups
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disruption of the circadian rhythm, resembles the FMF attacks 
that last for several days and usually end with a pattern of onset 
and termination. Therefore, it is stated that disruption of the 
circadian rhythm may cause FMF attacks (16,17). In addition, 
common factors such as physical and emotional stress or high-
fat diet may lead to disruption of the circadian rhythm and FMF 
attacks. It also suggests that MLT, the main regulatory hormone 
of the circadian rhythm, may have a possible role in the 
pathophysiology or clinic of FMF, which is known as a neutrophil-
related disease, since MLT causes monocytes, natural killer cells, 
and in particular neutrophil activation (18,19).
MLT levels in FMF were evaluated by Musabak et al. (13) 
serum MLT levels were reported to be significantly higher 
in both acute exacerbations and non-exacerbations than in 
the control group, similar to our study. Again, no significant 
correlation was found between ESR and fibrinogen levels and 
serum MLT levels. It has been suggested that MLT may play 
a role in the immunopathogenesis of many autoimmune and 
auto inflammatory diseases including FMF. Our study makes 

a contribution to the literature and differs from the study of 
Musabak et al. (13) in terms of evaluating the relationship 
between serum MLT levels and disease severity and detecting 
higher serum MLT levels in the group with arthritis history.
Makay and Unsal (16) have suggested that changes in circadian 
rhythm may disrupt the immune response and affect the 
functions of the hypothalamic-pituitary-adrenal (HPA) axis, an 
important component of the neuroendocrine and immune 
system. Furthermore, they reported that any dysfunction in the 
HPA axis would affect the release of proinflammatory cytokines 
in the immune system and that HPA axis could have an active 
role in FMF attack (16,20,21).
In our study, FMF patients who were not at attack were 
evaluated. Therefore, ESR, CRP and fibrinogen values were 
within normal limits and were similar to those of the control 
group. In addition, similar to literature, there was no significant 
relationship between MLT levels and demographic data such 
as age, gender and BMI (22). In the literature, in patients with 
rheumatoid arthritis (RA) and ankylosing spondylitis (AS), it was 
reported that serum MLT levels were significantly higher than 
in the control group, similar to our results (13,23). These results 
may suggest that MLT may have a role in the pathophysogenesis 
of FMF disease and subclinical inflammation. In addition, many 
studies reported that MLT may increase as a compensatory 
response to inflammation by stating its antioxidant and anti-
inflammatory properties (24).
In the literature, as a result of studies investigating the 
relationship between rhythmic symptoms and signs in some 
autoimmune diseases such as RA and AS and the secretion of 
circadian MLT; It has been reported that serum MLT levels are 
higher than control groups and there is a significant relationship 
between disease activities and serum MLT levels and it is 
reported that MLT may play a role in the pathophysogenesis of 
these diseases (25,26). In these studies, it was stated that high 
serum MLT levels in the morning may be a cause of symptoms 
such as stiffness and joint swelling in patients with arthritis 
(10,25,26). It was also reported that MLT may play a role in the 
formation of a more active inflammatory response during the 
night by increasing the synthesis of proinflammatory cytokines 
(16). However, there are studies reporting that high MLT values 
in the morning are not associated with disease activity (22). In 
addition, there are studies reporting that serum MLT levels are 
lover in patients with systemic lupus erythematosus, psoriasis, 
and multiple sclerosis in compared to healthy individuals (27). 
This suggest that it is not clear how and where MLT plays a role 
due to the different immunopathogenetic processes involved 
in the formation of autoimmune diseases. In the light of these 
results; we can say that the immunopathological and clinical 
effects of MLT have not been fully elucidated due to the fact 
that different immunopathogenetic mechanisms are effective in 
different autoimmune diseases and the different effects of MLT 
are examined.
In our study; we could not find a statistically significant 
relationship between disease severity score and MLT levels. 

Table 3. Demographic characteristics of Familial 
Mediterranean fever patients and the relationship 
between serum melatonin levels and erythrocyte 
sedimentation rate, C-reactive protein, fibrinogen and 
disease severity score

r p

Age (mean ± SD) 0.064 0.626

BMI (kg/m2) -0.028 0.83

ESR (mean ± SD) (mm/h) -0.077 0.556

CRP (mean ± SD) (mg/mL) 0.131 0.318

Fibrinogen (mg/dL) 0.162 0.216

Disease severity scores -0.142 0.455

SD: Standard deviation, BMI: Body mass index, ESR: Erythrocyte sedimentation 

rate, CRP: C-reactive protein, p<0.05: Statistically significant difference between 

groups

Figure 1. Serum melatonin levels of Familial Mediterranean fever 
patients according to arthritis history



This may be due to the inclusion of a low number of FMF 
patients, low disease severity score, and disadvantages in 
evaluating the disease severity score. However, MLT levels 
were significantly higher in patients with arthritis history than 
those without arthritis. El-Awady et al. (25) reported that 
there was a significant relationship between the presence of 
arthritis, an indicator of disease activity score, and MLT levels 
in patients with RA, similar to our study. In a study, specific 
MLT binding sites and synovial fluid MLT levels were found to 
be high in synovial fluid macrophages of RA patients (10). In 
addition, it has been demonstrated in mice that exogenous 
MLT administration reported to increase the severity of arthritis 
(28). However, it is reported that MLT has anti-inflammatory 
and antioxidant effects by inhibiting the release of many pro-
inflammatory mediators in many ways (24). It is not yet clear 
in the literature whether high serum MLT values are caused by 
arthritis or because of the need for more antioxidant activity or 
anti-inflammatory activity for compensatory purposes. Similar 
to studies in which inhibition of MLT synthesis or administration 
of antagonists has been reported to have a therapeutic effect 
as an adjuvant for RA (23), we think that it may have a positive 
effect on adjuvant therapy in FMF patients.

Study Limitations

The most important limitation of our study was that blood 
samples were obtained only between 8 and 9 am in the 
morning when MLT was the lowest and there was not a 
complete response to the circadian MLT release. In addition, we 
think that the number of patients is low and the results should 
be supported by studies in larger patient groups.

Conclusion

Our findings provide evidence that MLT plays a role in the 
immunopathogenesis of FMF and in those with a history of 
FMF-related arthritis. However, since the immune regulatory role 
of MLT is very complex and its mechanisms are not yet fully 
understood, we think that our findings should be supported by 
more comprehensive research in the future.
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