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Abstract

Background: Primary Sjégren's syndrome (pSS) is a systemic autoimmune disease and majority of patients have
fatigue and insomnia. Melatonin has many functions in addition to improving sleep quality and duration.The aim
of this study was to explore the relationship between fatigue and insomnia, and the association of melatonin
levels with fatigue and insomnia in patients with pSS.

Materials and Methods: This cross-sectional cohort study included 116 patients and 27 healthy controls. Ep-
worth Sleepiness Scale (ESS), Fatigue Severity Scale (FSS) and SF-36 questionnaires were obtained from patients.
Melatonin was measured by ELISA from the patients' serum.

Results: Patients with pSS exhibited greater fatigue compared to the control group, additionally, patients with
somnolence exhibited higher levels of fatigue compared to those without somnolence. The median melatonin
level was 239 ng/L (189-460) in patients with fatigue and 266 ng/L (219-552) in patients without fatigue (p=0.11).
Patients with and without daytime sleepiness had similar melatonin levels, too. The median melatonin level was
429 ng/L (268-774) in healthy controls compared to 254 ng/L (197-491) in patients with PSS (p=0.0098) The qual-
ity of life, as measured by the SF-36, was significantly worse in patients with fatigue across all subgroups com-
pared to those without fatigue. There was no correlation between melatonin levels and the subparameters of
the SF-36.

Conclusions: Fatigue had a negative impact on both quality of life and sleepiness. Those who experienced sleep-
iness had a poorer quality of life. Early morning serum melatonin levels were lower in PSS patients. There was no
significant difference in mean serum melatonin levels between patients with and without fatigue. No correlation
was found between serum melatonin levels and quality of life.
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Amag: Primer Sjégren sendromu (pSS), sistemik bir otoimmiin hastaliktir ve hastalarin ¢ogu yorgunluk ve uyku-
suzluk yasamaktadir. Melatonin, uyku kalitesini ve stresini iyilestirmenin yani sira birgok farkli islevi olan bir hor-
mondur. Bu ¢alismanin amaci, yorgunluk ve uykusuzluk arasindaki iliskiyi ve melatonin seviyelerinin yorgunluk ve
uykusuzluk ile olan baglantisini pSS hastalarinda arastirmaktir.

Materyal ve Metod: Bu kesitsel kohort ¢alismasina 116 hasta ve 27 saglikli kontrol dahil edilmistir. Epworth Uy-
kululuk Olgegi (ESS), Yorgunluk Siddeti Olcegi (FSS) ve SF-36 anketleri hastalardan elde edilmistir. Hastalarin se-
rum melatonin seviyeleri ELISA yontemiyle 6lgtlmtstur.

Bulgular: pSS hastalari kontrol grubuna kiyasla daha fazla yorgunluk gostermistir. Ayrica, giindtz asiri uykululugu
olan hastalar, olmayanlara gore daha yiiksek yorgunluk seviyelerine sahipti. Yorgunlugu olan hastalarda medyan
melatonin seviyesi 239 ng/L (189-460) iken, yorgunlugu olmayan hastalarda 266 ng/L (219-552) olarak &l¢tilmus-
tir (p=0.11). Ginduz asir uykululugu olan ve olmayan hastalarin melatonin seviyeleri benzer bulunmustur. Sag-
likli bireylerde medyan melatonin seviyesi 429 ng/L (268-774) iken, pSS hastalarinda 254 ng/L (197-491) olarak
ol¢lilmustir (p=0.0098). SF-36 ile dlglilen yagam kalitesi, yorgunlugu olan hastalarda tiim alt gruplarda yorgun-
lugu olmayanlara kiyasla anlamli derecede daha kétiiydi. Melatonin seviyeleri ile SF-36'nin alt parametreleri ara-
sinda bir korelasyon bulunmamistir.

Sonug: Yorgunluk, hem yasam kalitesi hem de uyku hali Gizerinde olumsuz etkiye sahiptir. Glindlz uykululugu
yasayan hastalar daha dusik yasam kalitesine sahiptir. pSS hastalarinda sabah erken saatlerde 6lgiilen serum
melatonin seviyeleri daha disiik bulunmustur. Yorgunlugu olan ve olmayan hastalar arasinda serum melatonin
seviyeleriagisindan anlamli bir fark saptanmamistir. Ayrica, serum melatonin seviyeleri ile yasam kalitesi arasinda
bir korelasyon bulunmamistir.

Anahtar Kelimeler: Sjégren sendromu, Yorgunluk, Uykululuk, Melatonin, Yasam kalitesi
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Introduction

Primary Sjogren's syndrome (pSS) is a systemic autoim-
mune disease characterized by lymphocytic infiltration of
the salivary and lacrimal glands (1). Besides sicca symptoms
and arthralgia, nearly 70% of patients report fatigue, one of
the most debilitating symptoms (2). Additionally, patients
with pSS experience poorer sleep quality and insomnia (3,
4). Those with poor sleep quality exhibit higher levels of
fatigue compared to those with good sleep quality (5).
Quality of life (Qol) is significantly impaired in pSS patients
compared to control groups (6). Fatigue is one of the pri-
mary predictors of poor QoL in pSS patients, regardless of
other factors such as disease activity, age, and fibromyalgia
(7) . Conflicting results have been reported regarding the
relationship between serum cytokine levels and fatigue.
While one study found no direct correlation between fa-
tigue and serum cytokine levels (8), another study associ-
ated high levels of inflammatory cytokines with fatigue (9).
A meta-analysis highlighted numerous discrepancies be-
tween fatigue and inflammatory markers in pSS patients
(10).

Melatonin is the primary product of the pineal gland, se-
creted in a circadian manner, and has various physiological
functions, including immune regulation, anti-infection, an-
tioxidant, and anti-aging properties (11). External admin-
istration of melatonin regulates the immune response and
ameliorates Sjogren's-like syndrome in rats (12). In arecent
study, melatonin reduced lymphocytic infiltration, effec-
tively prevented glandular damage, and maintained the
functional integrity of the salivary glands in NOD mice by
inhibiting IL-6/STAT3 (interleukin-6/signal transducer and
activator of transcription 3 pathway) through receptor-de-
pendent manner (13).

In addition, melatonin improves both the quality and dura-
tion of sleep (11). Melatonin levels are lower in patients
with systemic lupus erythematosus (SLE) compared to con-
trols, and this difference is related to disease activity (14).
Similarly, serum melatonin levels are lower in pSS, which is
associated with disease activity (15).

Unfortunately, there is still a lack of large-scale studies ex-
amining melatonin levels and their correlation with clinical
features in patients with pSS. In this study, we aim to ex-
plore the relationship between fatigue and insomnia, and
the association of melatonin levels with fatigue and insom-
nia in patients with pSS. Additionally, we seek to investigate
the relationship between fatigue, sleep deprivation, and
quality of life, as well as the correlation between serum
melatonin levels and quality of life.

Materials and Methods

This is a cross-sectional cohort study was approved by the
Ethics Committee of Akdeniz University (Approval no: 296;
Date 18.06.2014). The study was conducted in accordance
with the Declaration of Helsinki and informed consent
forms were obtained from the patients whose data were
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used in the study, indicating their acceptance of the treat-
ment. The study was conducted at the Department of
Rheumatology, Akdeniz University Hospital. A total of 116
patients with PSS and 27 healthy controls were enrolled.
Patients diagnosed with pSS over the age of 18 were in-
cluded in the study. Individuals under the age of 18, those
with pregnancy, and other rheumatological diseases, hepa-
titis C, sarcoidosis, malignancy, or a history of radiotherapy
were excluded from the study.

All patients signed an informed consent form. Demographic
data such as age, sex, main symptoms at the time of diag-
nosis, anti-nuclear antibody (ANA), romatoid factor (RF),
anti-SSA, anti-SSB positivity, erythrocyte sedimentation
rate and CRP levels were collected from the medical rec-
ords. Patient blood samples were collected between 9:00
am and 10:00 am and stored at -80 °C until analysis. Mela-
tonin was measured by ELISA test from patients serum. The
study obtained ethical approval from the institutional re-
view board.

The Epworth Sleepiness Scale (ESS) was used to measure
participants' sleepiness state (ESS) (16). The ESS consists of
8 items in which the rate of the tendency to sleepy state
ranges from zero to three for each of the items. The activi-
ties listed include sitting and reading, watching television,
passive sitting in a public area, being a passenger in a vehi-
cle for at least an hour without interruption, reclining for
rest in the afternoon when possible, engaging in seated
conversation, sitting quietly post-lunch without alcohol,
and remaining in a stationary car during traffic for a few
minutes. A higher score reflects an increased propensity for
daytime sleepiness. A cumulative score of 10 or more sug-
gests insufficient sleep

The severity of fatigue and its effect on daily activities were
evaluated using the Fatigue Severity Scale (FSS) (17). This
scale comprises nine items designed to assess fatigue
symptoms by considering their influence on motivation,
physical activity, functional capacity, and daily tasks. The
FSS is scored by computing the mean of all nine items, with
elevated scores reflecting greater fatigue severity. A total
score of 36 or above indicates the presence of significant
fatigue.

The health-related quality of life of the patients was evalu-
ated utilizing the SF-36 instrument (18). The SF-36 consists
of 8 domains representing physical functioning, physical
role, bodily pain, mental health, emotional role, social func-
tioning, vitality, and general health. Each of these domains
has values between 0 and 100, with lower values indicating
a lower quality of life.

Descriptive statistics were presented using mean, standard
deviation, median, and interquartile range values. To com-
pare continuous variables between two groups, the Stu-
dent's t-test and Mann-Whitney U test were used for nor-
mally distributed and non-normally distributed data, re-
spectively. The chi-square test was utilized to assess cate-
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gorical variables between the two groups. Correla tion anal-
ysis was conducted using the Spearman correlation test for
nonparametric data. Normality assumptions were evalu-
ated using the Kolmogorov-Smirnov test, and significance
was set at a p-value < 0.005.

Results

This cross-sectional study included 116 patients diagnosed
with pSS and 27 healthy controls. The majority of partici-
pants in both groups (109 out of 116 patients and 26 out of
27 healthy individuals) were female. The mean age of the
patients was 48 years, compared to 47 years in the control
group. At the time of diagnosis, half of the patients expe-
rienced arthralgia, 85.3% had xerostomia, and 78% pre-
sented with xerophthalmia. The main characteristics of the
patients are outlined in Table 1.

Table 1. Main characteristics of patients at the time of diagnosis

N (%)
RF positive 24 (20.6)
ANA positive 74 (63.8)
Schirmer sag (<5 mm) 51 (43.9)
Schirmer sol (<5 mm) 51 (43.9)
BUT sag (<10 sn) 53 (45.6)
BUT sol (€10 sn) 52 (44.8)
Anti SSA positive 41 (35.3)
Anti SSB positive 26 (22.4)
ESR* 31(26.7)
CRP* 25 (21.5)

*Values of at the time of melatonin measurement

ANA: Antinuclear antibody; BUT: Breakup time; CRP: C-reactive protein;
ESR: Erythrocyte sedimentation rate; mm: Millimeter; N: Number; RF:
Rheumatoid factor; sec: Second

The relationship between fatigue and sleepiness
Patients with pSS exhibited greater fatigue compared to the
control group, with 59.1% (n=68) of patients and 0% (n=0)

Table 2. The Relationship Between Sleepiness and Fatigue
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of controls reporting fatigue (p=0.000). Patients with PSS
experienced significantly higher daytime sleepiness than
the control group, with a prevalence of 36.9% compared to
0% in healthy individuals. Moreover, those experiencing
somnolence reported greater fatigue levels than those wit-
hout. Among patients with sleepiness, fatigue prevalence
was 79.5%, whereas it was 45.8% in those without slee-
piness (p=0.001), as detailed in Table 2.

The median melatonin level was 239 ng/L (189-460) in pa-
tients with fatigue and 266 ng/L (219-552) in patients with-
out fatigue (p=0.11). Patients with and without daytime
sleepiness had similar melatonin levels, with a median of
234 ng/L (191-363) in those with daytime sleepiness and
270 ng/L (202-603) in those without daytime sleepiness
(p=0.11). Healthy controls exhibited higher melatonin lev-
els than patients with PSS. The median melatonin level was
429 ng/L (268-774) in healthy controls compared to 254
ng/L (197-491) in patients with PSS (p=0.0098). The quality
of life, as measured by the SF-36, was significantly worse in
patients with fatigue across all subgroups compared to
those without fatigue Table 3.

Similarly, patients with daytime sleepiness demonstrated a
lower quality of life across all subdomains of the SF-36 com-
pared to those without daytime sleepiness (Table 4). The
affected quality of life parameters included physical functi-
oning, physical role functioning, pain, general health, vita-
lity, social functioning, emotional role functioning, and
mental health.

The relationship between melatonin levels and the subpa-
rameters of the SF-36 was examined. There was no corre-
lation between physical functioning and melatonin levels
(r=0.02, p=0.787). Similarly, no correlation was observed
between physical role functioning and melatonin levels
(r=0.07, p=0.44). All other subparameters also showed no
significant correlations Table 5.

Sleepiness* Fatigue

N
Without sleepiness %
0
N
Sleepiness
P %
N
Total

%

Fatigue Total p
No Yes
39 33 72
54,2% 45,8% 100,0%
9 35 44
20,5% 79,5% 100,0% 0,001
48 68 116
41,4% 58,6% 100,0%

Table 3. Comparison of Quality of Life Between PSS Patients With Fatigue and Those Without Fatigue

Fatigue

Not fatigue

Median (IQR) Median (IQR) P value
Physical functioning 45 (25-57.5) 67 (50-80) P<0.0001
Physical role functioning 0 (0-50) 100 (12.5-100) P<0.001
Pain 32 (21-44) 44 (40-64) P<0.0001
General health 33 (29-37) 50 (45-58) P<0.0001
Vitality 30 (20-40) 45 (30-60) P=0.0007
Social functioning 50 (25-62,5) 75 (62,5-87,5) P<0.0001
Emotional role functioning 0.5 (0-66) 100 (33-100) P<0.0001
Mental health 40 (32-54) 52(44-64) P=0.0001

IQR: Interquartile range
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Table 4. Comparison of Quality of Life Between pSS Patients With Daytime Sleepiness and Those Without Daytime Sleepiness

Patients with daytime sleepi-

Patients without daytime

ness sleepiness P value
Median (IQR) Median (IQR)
Physical functioning 37.5(25-50) 60 (40-75) P=0.0002
Physical role functioning 0 (0-25) 75 (0-100) P=0.0001
Pain 22 (20-44) 43 (30-54) P=0.0003
General health 29 (16-39) 45 (37-58) P<0.0001
Vitality 25 (20-35) 35 (30-55) P=0.0007
Social functioning 50 (25-62.5) 62 (50-87.5) P<0.0001
Emotional role functioning 0(0-33) 66 (33-100) P<0.0001
Mental health 40 828-52) 48 (36-60) P=0.0192
Table-5. SF-36 subparameters and melatonin level

r value P value
Physical functioning and melatonin 0.02 P=0.787
Physical role functioning and melatonin 0.07 P=0.44
Pain and melatonin 0.07 P=0.42
General health and melatonin 0.11 P=0.23
Vitality and melatonin 0.03 P=0.71
Social functioning and melatonin -0.006 P=0.95
Emotional role functioning and melatonin 0.10 P=0.29
Mental health and melatonin 0.02 P=0.76

Discussion

Fatigue is commonly associated with numerous rheumato-
logic diseases, including primary Sjogren's Syndrome (pSS).
Nearly two-thirds of individuals with pSS experience fatigue
(2). In our study, we found that 59.1% of patients reported
fatigue, while none of the control group did. This finding
aligns with existing literature indicating that fatigue is more
prevalent in pSS patients compared to controls. Addition-
ally, our study revealed that patients with pSS experienced
more daytime sleepiness than the control group (36.9% vs.
0%). In a previous study (4), 55% of pSS patients reported
excessive daytime sleepiness, though it included only 32
patients compared to our 116 patients, which may account
for the discrepancy. Consistent with our findings, a meta-
analysis also indicated that patients with pSS experience
more sleep disturbances than controls (19).

In our study, we observed that patients with daytime sleep-
iness exhibited higher levels of fatigue compared to those
without sleepiness. A study conducted in Brazil also identi-
fied a positive correlation between sleep disorders and fa-
tigue (5). Additionally, another study found that patients
with pSS experienced more sleep disturbances than the
control group, and these disturbances may contribute to fa-
tigue (20). These findings collectively suggest a strong rela-
tionship between sleepiness and fatigue.

Melatonin is a hormone secreted in a circadian rhythm,
known for its diverse functions including antioxidant pro-
motion, neural survival, circadian rhythm regulation, and
sleep regulation (21). In the context of rheumatologic dis-
eases, melatonin supplementation has shown positive ef-
fects in conditions such as fibromyalgia, osteoarthritis, and
osteoporosis, but not in rheumatoid arthritis and lupus
(22). Melatonin is thought to modulate T and B lymphocyte
functions, inhibit inflammatory signals, downregulate

apoptosis, and improve sleep, which has led to the hypoth-
esis that melatonin could ameliorate symptoms of primary
Sjogren's Syndrome (11). ). For instance, melatonin admin-
istration has been found to alleviate Sjogren's-like symp-
toms in mice (12). In our study, we discovered that morning
melatonin levels were significantly lower in patients with
pSS compared to the control group. This result suggests
that melatonin dysregulation may play arole in the etiology
of pSS.

Interestingly, in our study, we found no statistically signifi-
cant difference in melatonin levels between patients with
and without sleep disturbance. The melatonin level was
234 ng/L (191-363) in patients with sleepiness and 270 ng/L
(202-603) in patients without sleepiness. Similarly, in a
study involving idiopathic Parkinson's disease, no correla-
tion was observed between sleep quality and morning mel-
atonin levels (23). ). Since melatonin follows a circadian
rhythm, serial measurements may be more appropriate
than early morning measurements. Moreover, factors such
as age, depression and anxiety, pain, and sicca symptoms
may influence sleep quality in PSS (24).

Having established that patients with sleep disorders expe-
rience heightened fatigue, we aimed to investigate the cor-
relation between fatigue and melatonin levels in patients
with pSS. The etiology of fatigue in pSS has been extensively
explored, with studies focusing on serum cytokine levels.
For instance, one study revealed elevated levels of tumor
necrosis factor-a (TNFay), interferon-a (IFNa), interferon-y
(IFN-y), and lymphotoxin-a (LT-a) in patients with pSS com-
pared to non-fatigued controls (9). Additionally, interleu-
kin-6 levels were found to be higher in PSS patients with
fatigue (25). In our study, we observed no disparity in mel-
atonin levels between patients with and without fatigue.
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Similarly, in another study, there was no significant varia-
tion in melatonin levels between patients with chronic fa-
tigue syndrome and controls (26).

As expected, fatigue is one of the main predictors of poor
quality of life in PSS (7, 27). In our investigation, patients
experiencing fatigue exhibited lower quality of life across
all domains assessed by the SF-36. This observation aligns
with existing literature. Furthermore, our findings indicate
that patients with daytime sleepiness also experience re-
duced quality of life across all aspects evaluated by the SF-
36 test. Previous research has demonstrated a link between
poor sleep quality and diminished quality of life (28), with
another study among Chinese PSS patients highlighting a
significant correlation between poor sleep quality and de-
clining quality of life (29). In addition to the association be-
tween fatigue and sleepiness in PSS patients, our study re-
veals that both fatigue and sleepiness exert a negative im-
pact on the quality of life among individuals with PSS.
Finally, our analysis revealed no significant correlation
between melatonin levels and quality of life across all SF-36
domains, including physical functioning, physical role func-
tioning, pain, general health, vitality, social functioning,
emotional role functioning, and mental health. While mel-
atonin administration has been shown to improve quality
of life in patients with fibromyalgia (30), it did not have the
same effect in cancer patients (31). Given melatonin's di-
verse functions, further research is warranted to explore
the relationship between melatonin and quality of life.
Our study has some limitations. First, being a cross-sec-
tional study, we measured melatonin levels at a single point
in time. Considering melatonin's circadian rhythm, serial
measurements may provide more accurate data. Second,
we only measured serum melatonin levels, whereas sali-
vary and urinary melatonin levels could also be informative.
Finally, the potential effects of melatonin supplementation
on sleep, fatigue, and quality of life were not assessed in
our study, and our results did not include information on
melatonin supplementation.

Conclusions

In patients with pSS, fatigue negatively impacted both qual-
ity of life and sleepiness, with those experiencing sleepiness
having a poorer quality of life. Early morning serum mela-
tonin levels were lower in pSS patients compared to con-
trols. There was no significant difference in median serum
melatonin levels between patients with and without fa-
tigue, and no correlation was found between serum mela-
tonin levels and quality of life. There is a need for both basic
research and large-scale clinical trials with a larger patient
cohort to explore the effects of melatonin on pSS-related
chronic fatigue and sleep disorders, its influence on the
consequent decline in quality of life, and its potential role
in the treatment of primary sjogren's syndrome.
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