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Abstract

Background Fibromyalgia Syndrome (FMS) predominantly affects middle-aged women, characterized by musculo-
skeletal pain, fatigue, and cognitive issues. Choline, an endogenous molecule, may influence FMS due to its analgesic
and anti-inflammatory properties. This study compared choline, leptin, and interleukin-6 (IL-6) levels in FMS patients
and controls and examining their association with pain severity.

Methods Volunteers with FMS were clinically diagnosed at a Physical Medicine and Rehabilitation Department. The
control group included pain-free volunteers. Pain severity was gauged using a numeric scale, dietary choline intake
through a questionnaire. Serum choline, leptin and (interleukin)IL-6 levels were measured from fasting blood samples
of volunteers with enzyme-linked immunosorbent assays (ELISA).

Results All FMS patients (n=38) and healthy volunteers (n=238) were female. Pain score in patients with FMS

was 7.6+0.2. Dietary choline intake was lower in patients with FMS than the controls (p=0.036). Serum choline

and leptin levels were lower in the FMS group compared to control (p=0.03). Serum IL-6 levels were higher in the FMS
group than in the control (p <0.001). There was weak positive correlation between IL-6 levels and pain scores

and there were no correlation between leptin levels and pain scores in FMS.

Conclusions This research highlights FMS’s complex nature, involving neurochemical, immunological, and nutritional
factors. It suggests the significance of choline’s anti-inflammatory effect, leptin's metabolic function, and IL-6's role

in FMS pathology. The results suggest that reduced dietary choline might influence serum choline, leptin, and IL-6
levels, potentially impacting FMS-related pain. This points to the potential of supplementary choline intake in FMS
management.

Trial registration Not applicable (Non-interventional study).
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Introduction

Fibromyalgia Syndrome (FMS) is characterized by wide-
spread musculoskeletal pain along with fatigue, sleep
disturbances, and cognitive issues. A defining feature of
EMS is nociplastic pain, which arises from altered noci-
ceptive processing in the central nervous system without
clear evidence of tissue damage or inflammation. Under-
standing nociplastic pain is crucial for comprehend-
ing FMS’s complex pain mechanisms, as it is believed
to result from a combination of peripheral and central
sensitization processes. Patients with FMS often experi-
ence allodynia, where non-painful stimuli are perceived
as painful, due to changes such as increased excitability
of pain pathways and altered levels of neurotransmitters
like serotonin and norepinephrine, both essential for pain
modulation. Recent research suggests that inflammatory
markers, such as interleukin-6 (IL-6), may play a role in
central sensitization mechanisms contributing to noci-
plastic pain [1].

EMS negatively affects quality of life, with prevalence
varying between 2 and 8% depending on the diagnos-
tic criteria used. It is commonly seen in 40—60-year-old
individuals and predominantly in females. [2]. Effective
management of FMS requires a personalized approach
that integrates both pharmacological and non-pharma-
cological treatments. Pharmacotherapy for FMS includes
duloxetine, milnacipran, and pregabalin, which modulate
central pain pathways. Other commonly used off-label
medications include amitriptyline, cyclobenzaprine,
gabapentin, and naltrexone. While these drugs can pro-
vide symptom relief, their efficacy and side effects vary,
highlighting the need for diverse treatment strategies [3].
Recent advancements in conservative treatments have
shown that manual therapy, particularly myofascial tech-
niques, also exercise therapy and CBT (cognitive behav-
ioural therapy), can be effectively integrated into clinical
practice, offering a valuable non-pharmacological option
for managing fibromyalgia [4—6]. However, it is essential
to develop novel drugs or supportive treatments to more
effectively relieve FM-related pain, as current treatments
vary in their effectiveness.

The factors involved in the pathophysiology of FMS are
not clearly defined. It is known that patients with FMS
have hypersensitivity to pain with the various painful
stimuli such as heat, cold, mechanical and ischemic pres-
sure compared to healthy controls. In the development of
hypersensitivity autonomic nervous system dysfunction,
hypothalamus—pituitary—adrenal axis abnormalities,
immunological activation and the release of proinflam-
matory mediators contribute [7, 8]. Additionally, it is
suggested that in FMS, the balance between cytokines is
disrupted and an increase in proinflammatory cytokines
is detected. Hyperalgesia has also been shown to be
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associated with the accumulation of proinflammatory
substances and activation of microglia and correlated
with pain severity evaluated with numerical rating scale.
[9, 10]. It has been reported that the levels of proinflam-
matory cytokines interleukin (IL)—6 and IL-8 levels in
cerebral spinal fluid and serum were increased in patients
with FMS and are significantly associated with the sever-
ity of symptoms [11].

In addition, it has been shown that the proinflamma-
tory mediator IL-6, which has been found to increase in
the pathophysiology of FMS, increases leptin production.
Leptin or 'satiety hormone’ is an adipokine secreted from
white adipose tissue in the body is involved in regulating
appetite and energy and associated with the inflamma-
tory response and neuropathic pain [9, 12]. Serum lep-
tin levels of patients with FMS were found to be lower
in some studies and higher in others compared to the
control group, and there are conflicting results between
leptin levels and clinical findings in different studies indi-
cates that fibromyalgia patients who smoke tend to have
reduced serum leptin levels and report higher pain expe-
riences, suggesting that smoking may exacerbate pain
perception and influence leptin regulation. Addition-
ally, variability in serum leptin levels has been observed
among fibromyalgia patients, with some cases showing
higher leptin levels that correlate with increased disease
severity, while others exhibit lower levels. Studies focus-
ing on women with fibromyalgia who are overweight or
obese have reported higher serum leptin levels compared
to controls, with significant associations between leptin
levels and clinical parameters. This implies that body
composition may play a crucial role in the relationship
between leptin and fibromyalgia. Collectively, these find-
ings underscore the complex and inconsistent role of lep-
tin in fibromyalgia, contributing to the conflicting results
reported in the literature. [9, 13, 14].

Choline is synthesized in the body and it is an essential
part of the diet. Choline is a precursor of acetylcholine
(ACh) activates cholinergic anti-inflammatory pathway
(CAP) by increasing cholinergic transmission via alpha-7
nicotinic acetylcholine (a7nAChR) receptor and inhib-
its secretion of inflammatory mediators in central and
periphery nervous system [15, 16]. Activation of cholin-
ergic system produces analgesic effects in various acute
or chronic pain models in both animals and humans
[17-19]. Because of with its anti-inflammatory and anal-
gesic effects; choline administration produced beneficial
effects in reducing the dose of aspirin and morphine in
acute and inflammatory pain models [20, 21]. Given
the role of the cholinergic anti-inflammatory pathway
(CAP) in modulating inflammation, it is plausible that
low choline levels and insufficient dietary choline intake
may contribute to the pathophysiology of fibromyalgia
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syndrome (FMS) through inflammatory mechanisms;
however, no prior information has been found on this
relationship. This study aimed to compare blood levels of
choline, leptin, and IL-6 between newly diagnosed, drug-
naive FMS patients who had not received any treatment
and healthy controls. It also examined the associations
between dietary choline intake, serum choline levels, and
numeric pain scores.

Materials and methods

Characteristics of study and patients

This case—control study was approved by Clinical
Research Ethics Committee of Dokuz Eylul University
(N0:469-SBKAEK) and carried out within the frame-
work of the Declaration of Helsinki, Good Clinical Prac-
tices Guideline and relevant legislation provisions. The
study conducted in Physical Medicine and Rehabilitation
Department of Dokuz Eylul University Faculty of Medi-
cine between March 2020 and July 2022.

Inclusion and exclusion criteria of the study

Patients over the age of 18, diagnosed with FMS by a
Physical Medicine and Rehabilitation specialist, and who
gave written consent to participate, were included in the
study as the case group. Volunteers of similar age and
gender, who did not have pain in the last 6 months and
were not diagnosed with FMS, gave written consent to
participate and were included in the study as the control
group.

Exclusion criteria of the study for both groups were
the presence of acute-chronic inflammatory disease, sys-
temic autoimmune disease, severe cardiovascular system
disease, serious respiratory problems, serious psychiatric
illness, uncontrolled diabetes, and cancer. Patients who
used nonsteroidal anti-inflammatory (NSAI) drugs in
the last 48 h, those who received corticosteroid or anti-
cytokine therapy within the last 3 months, and pregnant
or breastfeeding volunteers were also excluded from the
study [14]. Additionally, volunteers whose blood sam-
ple or questionnaire data were incomplete were also
excluded from the study.

Diagnosis

Patients who have had widespread musculoskeletal pain
(right and left halves of the body, lower and upper halves,
and axial skeleton) for at least 3 months, characteristic
symptoms, and tenderness in 11 of 18 defined tender
points on physical examination [22] were clinically diag-
nosed with FMS clinically according to American College
of Rheumatology (ACR) 2010 classification criteria. Pain
assessment was evaluated using a 0—10 Numeric Pain
Rating Scale (NPRS).

Page 3 of 9

Data collection

Demographical data of the patients and controls, includ-
ing age, height, weight, Body Mass Index (BMI, kg/m?),
and smoking habits were recorded.

Dietary intake of choline

Since there is a noticeable absence of standard proce-
dures or dietary forms for determining dietary choline
intake, adapted FFQ according to national dietary hab-
its was used to determine participants’ dietary choline
intake. Total amount of dietary choline was obtained
using a 28-item food frequency questionnaire (FFQ) con-
sisting of commonly consumed foods in Turkish popu-
lation with high choline contents include meat, poultry,
fish, grains, legumes, nuts, dairy products, vegetables
and eggs. This FFQ include the frequency (e.g. daily,
weekly, and monthly) and portion size (e.g. glasses, cups
and spoons) of each consumed food item during the last
1 month were asked by trained interviewers. All food
items containing choline were converted to grams to cal-
culate each participant’s average daily total choline intake
at baseline. Choline content of foods was calculated using
the United States Department of Agriculture (USDA)
Database for Choline Content of Common Foods. Total
amount of choline intake were analyzed by a Dietitian
with Nutrition Data Base Software (version 7.2, Mavi
Elma Group, Turkey) [23].

Laboratory analysis

For biochemical measurements, 5 mL of fasting blood
sample was taken from the cephalic vein from the vol-
unteers between 9:30-11:30 in the morning. The sam-
ples were centrifuged at 3.000-3.500 rpm for 10 min,
and obtained serum samples were seperated and kept in
—20 °C until analysis. Choline (Biovision, #K615, USA),
IL-6 (Invitrogen, KHC0061, USA) and Leptin (BOSTER-
bio, EK0437, USA) levels were analysed by spectrophoto-
metric methods with commercially available ELISA kits
according to manufacturer’s instructions.

Statistical analyses

Descriptive data were presented as numbers (n) and
percentage (%) for categorical variables and mean and
standard deviations (Mean+SD) for continuous varia-
bles. Biochemical parameters (Choline, Leptin, IL-6) and
other measurements of the patient and control groups
were evaluated by using Student’s t test in parametric
conditions and Mann—Whitney U tests in nonparametric
conditions. The correlation between different variables
was investigated using Spearman correlation analysis.
The data were analysed with Statistical Package for the
Social Sciences (SPSS-24, SPSS INC. Chicago,IL,USA).
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Recognizing the importance of maintaining statistical
rigor, we recalculated the power of our study using Ope-
nEpi, a widely recognized statistical tool for epidemio-
logic studies [24]. p <0.05 was considered significant.

Results

Patient characteristics

All volunteers were female in both groups. Data collected
from 76 female volunteers in 2 separate groups, compris-
ing 38 volunteers with FMS and 38 controls. Two volun-
teers in the control group were excluded from the study
analysis because their blood samples could not be taken
and their biochemical analyzes could not be performed.
The mean age of the volunteers was 43.6+2.0 years
(range 25-66) in the control group and 49.5+2.2 years
(range 20-69) in the FMS group.

All volunteers in the control group were pain-free. In
the FMS group, the pain severity of the volunteers was
7.6+0.2, which was significantly higher compared to the
control group (p<0.0001). The mean BMI was 24.2+0.7
in the control group and 25.7 + 0.8 in the FMS group, and
there was no significant difference between the groups
(p=0.153) (Table 1). Eight participants in the FMS group
had chronic conditions, including diabetes mellitus (2
patients), hypertension (5 patients), asthma (2 patients),
hyperthyroidism (2 patients), and migraine (1 patient),
all of which were under control. In the control group,
four participants had chronic conditions, including dia-
betes mellitus (2 patients), hypertension (3 patients), and
asthma (1 patient), which were also managed effectively.
To provide additional context, the common medications
used by these participants included ramipril for hyper-
tension, metformin for diabetes, and salbutamol as a
bronchodilator for asthma.

For the final sample size of 38 participants per group,
we recalculated the power specifically for detect-
ing differences in choline, IL-6 and leptin levels. The
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recalculated power for detecting a medium effect size
(d=0.50) was found to be 100% which indicates that,
despite the reduction in sample size, the study retained
sufficient power to detect statistically significant differ-
ences between the groups for these key variables.

Dietary intake of choline

Dietary choline intake within a month was significantly
lower in the FMS group (263.3+18.1 mg) compared to
the control group (310.4+19.8 mg; p=0.036) (Fig. 1). A
weak-moderate positive correlation was found between
serum total choline levels and dietary choline intake
in the control group (R;=0.124, p=0.47) and the FMS
group (R;=0.201, p=0,23) (Supplementary Fig. 1).

Laboratory analyses

Serum choline and leptin levels were significantly
lower in the FMS group (602.4+99.3 umol/mL and
50,852 £ 9309 pg/mL) compared to the control group
(1793+288.6 pmol/mL and 124,494 +30,562 pg/mL;
p=0.03 and p=0.03) Serum IL-6 levels were signifi-
cantly higher in the FMS group (3.3 +0.3 pg/mL) com-
pared to the control group (2.1 +0.3 pg/mL; p<0.001)
(Fig. 2).

There was a weak positive correlation between
total choline and leptin levels in patients with FMS
(Rg=0.121, p=0.47). There was a weak negative
correlation between total choline and IL-6 levels
(Rs=-0.058, p=0.08) and between total choline and
pain scores (Rs=-0.047, p=0.211) in patients with
FMS. There was weak positive correlation between IL-6
levels and pain scores (R;=0.025; p=0.47) and there
were no or negligable correlation between leptin levels
and pain scores in FMS (R;=0.001, p=0.689) (Supple-
mentary Fig. 2).

Table 1 Demographic characteristics of patients (FMS: Fibromyalgia Syndrome, BMI: Body Mass Index, NPRS: Numeric Pain Rating

Scale)
Control (n=38) FMS (n=38) P
Age (year, mean +SD) 436+20 495+22 0.046
Age Range 25-66 20-69
Smokers n (%) 13 (34.2%) 11 (28.9%) 0510
BMI (kg/mz) 242+0.7 25.7+0.8 0.153
Underweight (BMI lower 20 kg/m2; %) 10.6 13.2
Normal (BMI between 20-25 kg/m2; %) 553 395
Overweight (BMI between 25-30 kg/m2; %) 21.1 23.7
Obese individuals (BMI over 30 kg/m2; %) 13.2 23.7
Pain severity according to NPRS 0£0 76+0.2 <0.001

Student’s t test and Mann Whitney U test used for comparison of two groups. *, p <0.05; ***, p <0.001 vs. control
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Fig. 1 Serum total choline, leptin and IL-6 levels of groups. Shown are serum total choline (A), leptin (B) and IL-6 (C) levels in control and FMS
groups. The mean and standard deviation (SD) are shown in the figures. Mann Whitney U test used for comparison of two groups. *: p=0.002, **:
p=0.034,***:p<0.001 vs control. FMS: Fibromyalgia Syndrome; IL-6: Interleukin 6
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Fig. 2 Dietary choline intake of groups. Shown are dietary choline intake in control and FMS groups within a month. The mean and standard
deviation (SD) are shown in the figures. Student’s t test used for comparison of two groups. *: p=0.036 vs control. FMS: Fibromyalgia Syndrome

Discussion

In our study, we investigated the role of choline, which
suppresses inflammation by activating the cholinergic
anti-inflammatory pathway (CAP) and possesses anal-
gesic effects in the pathophysiology of Fibromyalgia

syndrome (FMS). The results demonstrated that serum
choline levels of newly diagnosed, drug-naive patients
with FMS were significantly lower compared to the con-
trol group. Additionally, a weak-moderate positive cor-
relation was found between serum choline levels and
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choline consumption, while nutritional choline intake
was lower in patients with FMS compared to controls.

All volunteers diagnosed in the FMS group were female
in current study which is consistent with the majority
of clinical studies since the FMS incidence is 8-9 times
higher in women than in men [25]. A recent review on
FMS patients indicate that the mean age of participants
aligns with the middle-aged population, and there is a
high percentage of women with fibromyalgia. Common
limitations include small sample sizes for the interven-
tion groups and the lack of physical tests specifically vali-
dated for FMS patients. Although our study focused on
drug-naive and newly diagnosed patients, the character-
istics of our participants regarding age and gender were
similar to those in other studies. These factors, along
with the COVID-19 pandemic, contributed to the limited
sample size and the lack of comprehensive physical test-
ing [26]. The severity of pain, evaluated with the Numeric
Pain Rating Scale (NPRS), was 7.6+0.2 in the volunteers
with FMS in this study. In line with our results, Napadow
et al. showed that pain scores were found to be 4.8 +2.4
in 18 volunteers with FMS and significantly higher com-
pared to matched healthy controls [27].

Choline is an essential nutrient, which is the precur-
sor of the neurotransmitter acetylcholine, which has
a role in many physiological events in the body. It con-
tributes to the synthesis of acetylcholine, mediating the
analgesic effect in various acute or chronic pain models
in both animals and humans by stimulating nAChRs at
high doses [17, 18, 28]. Choline also activates the CAP to
control inflammation via cholinergic receptors through
neuronal and humoral pathways [15]. Studies report that
nAChR agonists and positive allosteric modulators may
be potential drug targets for the treatment of neuroin-
flammatory and neuropathic pain [20, 29, 30].There is
lack of comprehensive information about the change in
blood choline levels in patients with FMS. Proton MR
spectroscopy (1H-MR spectroscopy) analyzes showed
that choline levels were low in the left hippocampus of
patients with FMS, and the choline/creatine ratio meas-
ured from the right dorsolateral prefrontal cortices of
patients with FMS has been associated with pain sever-
ity [31, 32]. On the contrary, the choline/creatinine ratio
was found to be increased in the anterior cingulate cor-
tex of patients with FMS and it has been suggested that
it may be associated with improvement of the deterio-
ration of parasympathetic dysfunction [33]. The finding
that serum choline levels are lower than in the control
group suggests that choline deficiency may have a role in
the pathogenesis of FMS. However, contrasting findings
in other brain regions suggest a complex, region-specific
role of choline in FMS pathogenesis, necessitating further
research to clarify the differences between the studies,
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as well as peripheral (i.e. blood) and central changes of
choline.

The correlation between blood choline levels and die-
tary choline intake in both the FMS and control groups
was also evaluated. Food frequency questionnaire (FFQ)
results showed that the dietary intake of choline within a
month was significantly higher in controls than in partici-
pants with FMS. A weak to moderate positive correlation
was found between serum total choline levels and choline
intake in the FMS group and healthy controls. Apart from
pharmacological therapy, nutrition has recently become
an important complementary therapeutic approach in
the treatment of FMS recently. Studies reported that a
vegetarian or mediterranean type diet may have positive
effects on improving FMS symptoms in volunteers with
FMS [34, 35]. In addition, deficiencies in certain essen-
tial nutrients may have a role in other FMS symptoms by
inhibiting pain-preventing mechanisms [36]. It has been
shown that there may be changes in serum choline levels
due to dietary choline intake, and severe choline restric-
tion in the diet can cause up to 50% reduction in circu-
lating choline levels [37]. Therefore, the fact that fasting
serum total choline levels in volunteers with FMS are
lower than in controls in this study suggests that a diet
low in choline may also contribute to FMS-related pain.

EMS is a chronic disease that affects the responses of
the sympathetic nervous system and hypothalamus—
pituitary—adrenal axis by causing changes in the sys-
temic levels of proinflammatory cytokines. An increase
in sympathetic activity is demonstrated in individuals
with FMS and a positive correlation has been defined
between inflammatory mediators and pain severity [10,
38]. Accordingly, muscle injury, hyperalgesia, activation
of astrogliocytes, degenerative changes in hippocampus,
increase in serum IL-1(, IL-6 and TNF-a levels were
observed in rats with the FMS model [11]. It has been
reported that IL-6 levels in cerebrospinal fluid (CSF) or
serum are increased in patients with FMS and are signifi-
cantly associated with the severity of symptoms like pain,
fatigue, depression and stress [11, 39, 40]. A randomized
controlled study showed that dietary choline intake
reduces IL-6 levels in patients with metabolic syndrome
accompanied by chronic inflammation, which is consist-
ent with our results, suggesting that insufficient intake
of choline in FMS contributes to the pathophysiology by
impairing inflammation control [41].

In our study, choline and IL-6 levels, contributors of
inflammation, were measured from fasting serum sam-
ples. Choline levels were found to be lower and IL-6
levels were higher in volunteers with FMS than in the
control group. Our data corroborate recent findings in
the field, demonstrating that individuals with Fibromy-
algia Syndrome (FMS) have diminished levels of choline,
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alongside elevated IL-6 levels, compared to the control
group, signifying a pronounced inflammatory profile in
FMS [42].

Leptin is a protein that found predominantly in adi-
pose tissue or brain that contributes to the regulation of
energy homeostasis and the transmission of a feeling of
satiety. It has been reported that leptin levels in relation
to painful conditions are either unchanged, increased,
or decreased in studies compared with healthy controls.
There are conflicting results presented by different study
groups regarding its relationship with clinical symptoms
[9, 13, 14, 43]. Studies have shown that adipokines, espe-
cially leptin and adiponectin, are associated with inflam-
matory response and neuropathic pain [9, 12, 44]. In case
of chronic pain conditions, including FMS, leptin’s role
might extend beyond traditional understandings, influ-
encing pain perception [43]. Female patients with painful
multisomatoform disorder have been shown to have sig-
nificantly higher leptin levels compared to controls [43].
In a study comparing 16 FMS volunteers with 21 healthy
controls, it was found that there was no change in leptin
levels in the FMS group compared to the control [45]. In
another cross-sectional study, leptin levels in volunteers
with FMS were found to be low, similar to our study [46].
Recent findings suggest that adipokines exhibit complex
interactions within inflammatory cascades, impacting
pain signaling in chronic pain conditions like Gulf War
illness and osteoarthritis [47, 48].

Regarding the cholinergic system and leptin interac-
tion, in different studies, it was shown that oral choline
supplementation caused a significant decrease in serum
leptin levels, while in another study, choline administra-
tion did not cause a significant change in serum leptin
levels [49, 50]. Dietary patterns, specifically those rich in
choline like the Mediterranean diet, not only influence
adipokine profiles but also modulate broader inflamma-
tory markers, including C-reactive protein (CRP), inter-
leukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-a)
[51-53].

Notably, our study found that leptin levels in FMS
patients were decreased compared to controls, reflecting
the variability observed in the literature regarding how
leptin responds to painful conditions, which appears to
be highly personalized and may depend on the type and
severity of pain individuals experience.

Moreover, recent investigations, building upon the
findings of previous studies point out an increase in lep-
tin levels in FMS patients after three months of treat-
ment with tricyclic antidepressants (eg, amitriptyline),
serotonin reuptake inhibitors (SSRIs), and serotonin/
noradrenaline reuptake inhibitors (SNRIs) [45], suggest-
ing that leptin’s role extends beyond a static biomarker
to a potentially active participant in the pathophysiology
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of FMS influenced by therapeutic interventions [43].
Considering previous evidence coupled with the find-
ing of the study, choline might be considered as a poten-
tial treatment option in managing FMS, targeting both
metabolic and pain modulation pathways including lep-
tin levels. In the present study, no significant correlation
was observed between serum choline levels and dietary
choline intake, leptin, or IL-6 levels in the FMS group.
Similarly, no significant correlations were noted between
these markers and pain scores.

In conclusion, FMS is a chronic disease accompanied
by inflammatory processes. As an indicator of inflamma-
tion, increased IL-6 levels in patients in the FMS group
compared to the control confirm this. Additionally, it is
possible that insufficient dietary choline intake and cho-
line deficiency may contribute to the pathophysiology
of FMS by negatively affecting inflammatory processes.
Further studies are needed to investigate the role of cho-
line in the pathophysiology of FMS, which activates CAP,
provide communication between cholinergic nerves and
the immune system, and plays an important role in the
control of inflammation. This study was conducted dur-
ing the COVID-19 pandemic and subsequent lockdowns
significantly impacted patients with FMS. Reduced access
to face-to-face healthcare, decreased physical activity,
and heightened feelings of isolation, anxiety and depres-
sion exacerbated symptoms of FMS. This situation high-
lighted the importance of accessible, remote care options
and supportive treatment strategies to manage chronic
pain related to FMS [54]. Additionally randomized clini-
cal trials can provide more evidence of the effects of cho-
line and its possible therapeutic role in FMS-induced
pain. Moreover, low levels of serum leptin were detected,
which necessitates further research with a higher number
of cases to clarify the relationship between choline and
leptin due to the contradictory findings in the studies.

Limitations

The study has several limitations. Firstly, it focuses on
newly diagnosed, drug-naive FMS patients, limiting
the applicability of results to those already receiving
treatment. The sample size, initially estimated for 64
participants per group to achieve 80% power at a 95%
confidence level (medium effect size, d=0.50), was
reduced due to the pandemic, concluding with 38 par-
ticipants per group over 2.5 years. While blood choline
levels were measured to improve accuracy alongside
self-reported dietary intake, reliance on self-reports
introduces potential inaccuracies. Lastly, the signifi-
cant difference in the mean age between the FMS and
control groups may introduce confounding effects, as
age can influence various physiological and biochemi-
cal parameters. Additionally, because healthy controls
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without chronic diseases were included in the study,
this age difference might reflect the characteristics
of the selected population rather than the condition
itself. Future studies could enhance accuracy by focus-
ing solely on blood choline levels and their correlation
with dietary intake. It is also recommended to per-
form validated food consumption frequency to deter-
mine the dietary choline intake specific to the Turkish
population. The lack of control over pre-testing physi-
cal activity could have affected cytokine levels during
data collection, adding variability between groups. This
is a noteworthy limitation, as differences in baseline
cytokine levels could be influenced by varying physical
activity, and it is also acknowledged in the limitations
section. Further research is necessary to confirm and
extend these findings.
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