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B W N e

Abstract: Background and Objectives: This study aimed to evaluate serum asprosin levels
in female patients with fibromyalgia syndrome (FM), investigate their associations with
clinical parameters such as disease severity, anxiety, and depression, and evaluate the
potential of serum asprosin levels as a biomarker for fibromyalgia diagnosis. Materials and
Methods: A total of 80 participants were included in the study, 40 women aged 18-60 years
who were diagnosed with FM according to the American College of Rheumatology (ACR)
2016 criteria and 40 healthy women with similar sociodemographic characteristics to
the patient group. All participants were measured for hemograms, biochemistry tests,
and serum asprosin levels. Additionally, the Fibromyalgia Impact Questionnaire (FIQ),
Beck Anxiety Inventory (BAI), and Beck Depression Inventory (BDI) were administered
to the patient group. Results: The median asprosin level in the case group was 15.01
(SD = 10.08-31.42), while in the control group it was 31.03 (SD = 25.14-35.7). The asprosin
levels in the case group were significantly lower than those in the control group (p = 0.001).
In contrast, AST, vitamin B12, and folic acid levels were significantly higher in the case
group than in the control group. When all participants were evaluated, asprosin levels
showed a significant positive correlation with systolic arterial blood pressure (Rho = 0.337,
p = 0.002) and diastolic arterial blood pressure (Rho = 0.238, p = 0.033). A cut-off value of
17.72 ng/mL for asprosin levels in the diagnosis of fibromyalgia demonstrated a sensitivity
of 60% and a specificity of 90%. Conclusions: Low asprosin levels may serve as a potential
biomarker for the diagnosis of fibromyalgia in women.
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1. Introduction

Fibromyalgia (FM) is a chronic rheumatic condition characterized by widespread
body pain, often accompanied by fatigue, stiffness, sleep disturbances, and psychiatric
symptoms, all of which significantly impair quality of life [1]. It affects approximately 2-8%
of the general population and is more prevalent in women and middle-aged individuals [2].
Despite its high prevalence, the etiology of FM remains unclear. Genetic predisposition,
sleep disorders, immune system abnormalities, oxidative stress, neurohormonal imbal-
ances, and psychiatric conditions are thought to contribute to its pathophysiology [3].
Dysfunction of the hypothalamic—pituitary—adrenal (HPA) axis has been linked to the
development of FM [4]. Such impairment is also associated with insulin resistance and
metabolic syndrome [5] and conditions that exhibit a higher incidence in patients with
FM, including obesity, metabolic syndrome, and diabetes mellitus [6-8]. Furthermore,
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insulin resistance can lead to focal cerebral hypoperfusion, a phenomenon observed in FM
patients [9]. This connection supports the hypothesis that insulin resistance may play a role
in the pathophysiology of FM. Adipokines, molecules involved in the regulation of insulin
resistance, have garnered increasing attention for their potential role in the development of
FM [10-12].

Asprosin, a novel adipokine, is a glucogenic and orexigenic protein synthesized from
white adipose tissue during fasting. It is encoded by two exons (exon 65 and 66) of the
Fibrillin 1 (FBN1) gene. Asprosin plays a critical role in regulating glucose metabolism,
appetite, and insulin resistance through various signaling pathways [13]. During fasting or
in obesity, asprosin stimulates glucose production in the liver. According to Romere et al.,
the glucogenic effect of asprosin occurs independently of glucagon and catecholamine
activation. High insulin levels inhibit asprosin-mediated glucose release, while low glucose
levels stimulate asprosin production, and high glucose levels suppress it. Asprosin levels
are also influenced by the circadian rhythm, with significant increases following overnight
fasting and decreases after the first meal of the day [14]. In addition to its glucogenic
effect, asprosin has been shown to impair insulin sensitivity in muscle cells, contributing to
skeletal muscle insulin resistance [15]. Pathologically elevated asprosin levels have been
reported in obesity, insulin resistance, and both type 1 and type 2 diabetes mellitus [16-19].

According to the literature, overweight, insulin resistance, and obesity are associ-
ated with the worsening of FM symptoms [20,21]. In addition to their effects on satiety
mechanisms and the preservation of body weight, adipokines are known to have pro- and
anti-inflammatory effects and to have pro- and anti-nociceptive properties that regulate
pain perception [22]. Recently, the role of adipokines in the development of chronic pain
has been focused on [23]. Adipokines such as leptin, asprosin, visfatin, and adiponectin
are discussed in relation to pain perception [24]. The role of asprosin in pain modulation
in various physiological and pathological processes, especially in neuropathic pain, has
recently been discovered [25]. Therefore, it is thought that they may also be related to FM.
However, the role of adipokines in the pathophysiology of FM remains largely unknown.
Paiva et al. [26] examined leptin and adiponectin levels in FM patients in their study. They
observed that leptin levels were lower in the FM group than in controls, while adiponectin
levels were similar in both groups. In their study, Ablin et al. [27] observed similar leptin
levels in FM patients and controls. We thought that asprosin might be related to FM, that
its serum levels might be associated with symptom severity, that it might have diagnostic
value in FM, and that it might be preferable to other molecules because of its advantage
of being a low-cost, practical measurement. To the best of our knowledge, there is no
study in the literature investigating the importance of asprosin in FM. In the present study,
we aimed to evaluate the association between serum asprosin levels and disease severity,
depression, and anxiety in patients diagnosed with FM.

2. Materials and Methods
2.1. Participants and Study Design

The patient and control groups were created using a simple sampling method from
individuals who applied to the Physical Medicine and Rehabilitation and Internal Medicine
outpatient clinics of Fethi Sekin City Hospital between June 2024 and August 2024.

Inclusion criteria for the patient group were determined as patients who met the
diagnosis of FM according to the American College of Rheumatology (ACR) 2016 criteria,
were between the ages of 18 and 60, were female, had not been previously diagnosed with
FM, and had not received any specific treatment in this regard.
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The ACR Classification Criteria

Fibromyalgia diagnosis was established according to the 2016 American College of
Rheumatology (ACR) criteria. The diagnostic criteria included the assessment of the
Widespread Pain Index (WPI) and the Symptom Severity Scale (SSS). Patients were consid-
ered to have fibromyalgia if they met one of the following conditions: WPI > 7 and SSS > 5
or WPI4-6 and SSS > 9. The WPI was determined by evaluating pain in 19 predefined body
regions, with scores ranging from 0 to 19. The SSS was calculated based on the severity of
fatigue, sleep disturbances, and cognitive symptoms, with a total score ranging from 0 to
12. To confirm the diagnosis, symptoms had to persist for at least three months, and alter-
native medical conditions that could explain the symptoms were excluded. The diagnostic
assessment was conducted by experienced clinicians specializing in rheumatology [28].

Exclusion criteria for the patient group were as follows: pregnant women, those
with active infection, those with BMI > 30 kg/m?, those with a history of inflammatory
disease, malignancy, psychiatric or neurological disease, diabetes mellitus, or another
endocrinological disease, and those with a history of alcohol or substance use in the last
6 months.

The healthy control group was composed of healthy women who came for regular
annual check-ups and did not have any medical problems. Considering the studies con-
ducted with asprosin in the literature and according to the sample calculation we made
using the G*power statistical program (GPower_3.1.9.7), the following parameters were
employed: effect size: 0.77; power (Power, 1 — {3): 0.95; significance level («x): 0.05. As a
result of the G*Power analysis, the total minimum sample size required for our study was
calculated as 74 (nl = 37 and n2 = 37) [29], and 47 patients and 43 healthy volunteers who
agreed to participate in the study were included in the study. Seven female patients from
the FM group and three women from the healthy control group were excluded from the
study as they later chose to withdraw.

Participants were initially evaluated by internal medicine and physical medicine and
rehabilitation physicians. Subsequently, psychiatrists conducted structured interviews
based on the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), each lasting
approximately 30 min. After obtaining signed written informed consent, all participants
completed the Sociodemographic and Clinical Data Form, the Fibromyalgia Impact Ques-
tionnaire (FIQ), the Beck Anxiety Inventory (BAI), and the Beck Depression Inventory (BDI).

2.2. Clinical Variables and Blood Biomarker Analysis

Blood samples were collected from all participants between 08:00 and 09:00, after at
least 8 h of fasting. Routine biochemistry analysis was performed using an automated
analyzer (Beckman AU 5800, Brea, CA, USA). Three milliliters of EDTA-anticoagulated
whole blood were utilized for standard hemogram assays (automated hematology analyzer,
Beckman Coulter DXH 800, Brea, CA, USA).

The Asprosin (FBN1) ELISA kit (Shanghai Korain Biotech Co., Ltd., Shanghai, China)
was employed for analysis. This kit is designed for the detection of human asprosin (FBN1)
and operates based on the sandwich enzyme immunoassay principle. The microplate
provided with the kit was pre-coated with antibodies specific to FBN1. Serum samples
were collected, processed, and stored in accordance with standard laboratory protocols.
The kit included all necessary reagents, such as a biotin-conjugated antibody specific to
FBN1, Avidin conjugated to Horseradish Peroxidase (HRP), and TMB substrate solution.
The assay was performed using a Biotek ELx800 microplate reader (BioTek Instruments,
Inc., Winooski, VT, USA). Serum samples were added to the appropriate wells of the
microplate, followed by the addition of a biotin-conjugated antibody specific to FBN1.
HRP-conjugated Avidin was added to each well, and the plate was incubated to allow for
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binding. Following incubation, unbound reagents were removed via washing steps. The
TMB substrate solution was then added to the wells. Only wells containing FBN1, the
biotin-conjugated antibody, and the enzyme-conjugated Avidin exhibited a color change.
The enzyme-substrate reaction was terminated by the addition of sulfuric acid solution.
The absorbance of the developed color was measured at a wavelength of 450 nm + 10 nm
using the Biotek ELx800 microplate reader.

2.3. Scales Used in Study

Sociodemographic and Clinical Data Form: Data on participant age, BMI, marital
status, education level, and smoking history were collected.

Beck Anxiety Inventory (BAI): It gauges how frequently the person experiences symp-
toms of anxiety. An increased level of anxiety is indicated by a higher overall score.
Beck et al. [30] created the tool, and Ulusoy et al. [31] proved its validity and reliability in
the Turkish population.

Beck Depression Inventory (BDI): It calculates how frequently the person has depres-
sion symptoms. A higher overall score indicates a higher level of depression. A validity
and reliability study was carried out in our nation, and the instrument was created by
Beck et al. [32,33].

Fibromyalgia Impact Questionnaire (FIQ): It was created to evaluate the functional sta-
tus of patients with FM, and Sarmer et al. assessed its validity and reliability. Higher scores
on the FIQ assessment suggest that the disease has a bigger effect on the person [34,35].

2.4. Statistical Analysis

Analyses were performed using the SPSS (Statistical Package for the Social Sciences;
SPSS Inc., Chicago, IL, USA) version 22 software package. Categorical variables such as
marital status, educational status, alcohol use, and smoking were compared using the Pear-
son Chi-square test. Descriptive statistics were presented using frequencies and percentages
for categorical variables and the median and interquartile range (25th—75th percentile val-
ues) for continuous variables. The Kolmogorov-Smirnov test, skewness—kurtosis, and
histogram graphs were used to evaluate the conformity of continuous variables to normal
distribution. The Mann—Whitney U test was used to compare the age, BMI, hemogram,
biochemistry, and asprosin values of the groups. The relationship between age, BMI,
hemogram, biochemistry parameters, and asprosin was investigated with the Spearman
correlation test. The relationship between BDI, BAI, and FIQ scales and asprosin in the case
group was also evaluated by using the Spearman correlation test. Bonferroni correction and
the False Discovery Rate were applied to eliminate the risk of false positives in multiple
comparisons. The ability of asprosin levels to predict the diagnosis of FM was assessed
using Receiver Operating Characteristic (ROC) curve analysis. The area under the curve
(AUC) was calculated to evaluate the diagnostic accuracy of asprosin levels. The optimal
cut-off value for asprosin levels was determined using the Youden index, which balances
sensitivity and specificity. Sensitivity, specificity, and AUC values are presented to illustrate
the diagnostic performance of asprosin. The ability of asprosin level to predict the diagnosis
of FM was investigated by ROC analysis and cut-off values were determined. Whether age,
BMI, BDI, BAI, asprosin, insulin, glucose, HbAlc, HOMA-IR, vitamin D, vitamin B12, and
folic acid levels predicted FIQ scores was analyzed in a linear regression model. A p < 0.05
significance level was accepted for all analyses.

In our study, potential confounding variables such as BMI and vitamin supplementa-
tion were addressed through the following methods. Participants with a BMI > 30 kg /m? or
conditions affecting metabolic markers (e.g., diabetes, endocrine disorders) were excluded
to minimize confounding effects. The patient and control groups were matched for BMI,
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age, and gender, with no significant differences in BMI observed between the groups. Linear
regression and Spearman correlation analyses confirmed that BMI, vitamin B12, and folic
acid levels were not significantly associated with fibromyalgia severity or serum asprosin
levels. Elevated vitamin B12 and folic acid levels were likely due to prior supplementa-
tion. While this was discussed as a potential limitation, no direct relationship between
supplementation and asprosin levels was observed. These approaches aimed to minimize
confounding effects, though further longitudinal and multicenter studies are recommended
for validation. Multivariate regression analysis was performed to exclude the effect of
confounding factors on asprosin levels. In this analysis, BMI, HOMA-IR, insulin, vitamin
B12, vitamin D, folic acid, and HbAlc were included as potential confounding factors.

2.5. Ethical Statement

Ethical approval for this study was obtained from the Firat University Non-
Interventional Clinical Research Ethics Committee (date: 27 March 2024; approval number:
23356). The study was conducted in accordance with the ethical principles outlined in the
Declaration of Helsinki.

3. Results

The study included 80 participants, with 40 women in the case group and 40 women
in the control group. The median age of the case group was 40 (IQR = 29.25-45), while
the median age of the control group was 29.50 (IQR = 26-45.75) (p > 0.05). No significant
difference was observed between the groups in terms of BMI (p > 0.05). Among the case
group, 35 (87.5%) were single, compared to 26 (65%) in the control group (p = 0.018).
Smoking rates were similar between the groups, with the majority reporting that they did
not smoke (p > 0.05). No significant difference was found between the groups regarding
educational status (p > 0.05). A comparison of the sociodemographic data for both groups
is presented in Table 1.

Table 1. Comparison of sociodemographic data and scale scores of case and control groups.

Case Group (n=40)  Control Group (n = 40)

n (%) 1 (%) p Value
Age (Median-IQR) 40 (29.25-45) 29.50 (26-45.75) 0.0922
BDI (Median-IQR) 22 (13-29.75) - -
BAI (Median-IQR) 31.50 (17-38) - -
FIQ (Median-IQR) 56.16 (42.49-61.82) - -
Sex Woman 40 (%100) 40 (%100)
vt Sk mems  maes
Primary education 13 (%32.5) 15 (%37.5)
Education status High School 14 (%35) 11 (%27.5) 0.763P
University 13 (%32.5) 14 (%35)
Cigarette smoking K?c? % ; é;ﬁ g;g)) f(()) ((;Z(: Zg; 0.459 b

a Mann-Whitney U test. P Pearson Chi-square test. IQR: interquartile range; BDI: Beck Depression Inventory;
BALI: Beck Anxiety Inventory; FIQ: Fibromyalgia Impact Questionnaire.

The median asprosin level in the case group was 15.01 (IQR = 10.08-31.42), while the
median level in the control group was 31.03 (IQR = 25.14-35.7). Asprosin levels in the case
group were significantly lower than those in the control group (p = 0.001).

Arterial blood pressure, hemograms, and biochemistry values were compared between
both groups. Both systolic and diastolic blood pressures were significantly lower in the case
group compared to the control group. WBC, hemoglobin, platelet, neutrophil, lymphocyte,
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monocyte, CRP, and sedimentation values were similar between the groups. However,
AST, vitamin B12, and folic acid levels were significantly higher in the case group. Glucose,
insulin, HOMA-IR, HbAlc, ALT, urea, creatinine, vitamin D, TSH, and free T4 levels were
similar in both groups. A comparison of the blood parameters between the groups is
presented in Table 2.

Table 2. Comparison of asprosin, complete blood count, and biochemistry values of case and
control groups.

Case Group (n = 40) Control Group (n = 40)

(Median-IQR) (Median-IQR) p Value
Asprosin, ng/mL 15.01 (10.08-31.42) 31.03 (25.14-35.7) 0.001
BMI, kg/m? 25 (22.96-26.09) 24.06 (21.21-25.86) 0.145
Systolic BP, mmHg 111 (100-130) 123.5 (114-135) 0.009
Diastolic BP, mmHg 75.5 (70-81.75) 81 (78-85) 0.008
White blood cell, 109/L 6 (5-7.77) 6.5 (5.42-7.65) 0.507
Hemoglobin g/dL 13.25 (12.5-13.97) 13.35 (12.37-13.9) 1.000
Neutrophil, 109 /L 3.28 (2.77-4.58) 3.73 (2.94-4.86) 0.376
Lymphocyte, 10°/L 1.9 (1.43-2.46) 1.84 (1.6-2.25) 0.784
Monocyte, 10° /L 0.52 (0.41-0.59) 0.46 (0.34-0.55) 0.164
Sedimentation, mm/h 7 (4.25-14.75) 7 (4.25-11) 0.579
CRP, mg/L 243 (1.14-5.17) 1.91 (0.94-3.19) 0.229
Fasting blood glucose, mg/dL 87 (82.25-94.75) 88.5 (84-93.75) 0.696
Insulin, uIU/mL 7.99 (5.17-13.24) 7.4 (5.18-10.98) 0.665
HOMA-IR 1.66 (1-2.73) 1.62 (1.09-2.31) 0.700
HbAlc, % 5.55 (5.3-5.7) 5.4 (5.1-5.6) 0.063
AST, TU/L 17.5 (16-20.75) 17 (15-18.75) 0.037
ALT, TU/L 14 (11-18) 13 (11-21) 0.743
Urea, mg/dL 23 (19.25-29.5) 22.5 (20-27) 0.900
Creatinine, mg/dL 0.59 (0.53-0.66) 0.63 (0.59-0.68) 0.054
Vitamin D, ug/L 16 (10.25-24.75) 14.1 (12-22.2) 0.658
Vitamin B12, ng/L 204 (152.5-300.25) 165 (132-222) 0.029
Folic acid, ug/L 8.16 (5.95-11.49) 6.83 (5.55-7.52) 0.003

Mann-Whitney U test. BP: blood pressure; CRP: C-reactive protein; HOMA-IR, homeostasis model assess-
ment of insulin resistance; HbAlc: glycosylated hemoglobin; ALT: alanine aminotransferase; AST: aspartate
aminotransferase; IQR: interquartile range; BMI: body mass index.

When all participants were evaluated together, a significant positive correlation was
found between asprosin levels and both systolic and diastolic arterial blood pressure
(Rho =0.337, p = 0.002; Rho = 0.238, p = 0.033, respectively). However, no significant
correlation was observed between asprosin and other parameters. Additionally, the rela-
tionship between asprosin levels and scale scores was investigated only in the case group.
No significant correlation was found between the scale scores and asprosin levels. The
correlation data for the case group are presented in Table 3.

In the case group, a linear regression model was used to analyze whether age, BMI,
BDI, BAI, asprosin, insulin, glucose, HbAlc, HOMA-IR, vitamin D, vitamin B12, and folic
acid levels could predict FIQ scores. The analysis revealed that none of these factors had a
significant effect (p > 0.05).
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Table 3. Correlation between asprosin levels and scale scores of case group.

Asprosin Levels

Spearman Rho p Value
Beck Depression Inventory —0.002 0.992
Beck Anxiety Inventory 0.000 0.998
Fibromyalgia Impact Questionnaire —0.153 0.347

Spearman correlation test.

Whether asprosin level can be a biomarker for the diagnosis of FM was analyzed by
ROC curve analysis (Figure 1). In the ROC analysis, the highest Youden index value (0.5)
for asprosin was found to be 17.72 ng/mL. The cut-off value of 17.72 for asprosin level was
found to have a 60% sensitivity and a 90% specificity.

Receiver Operating Characteristic (ROC) Curve
UC = nan

1.01

0.8 1

=
EY

Sensitivity (True Positive Rate)
°
=

0.2

- —e— ROC curve
—=- Random classifier

0.0 v

00 02 04 06 08 10
1 - Specificity (False Positive Rate)

Figure 1. The area under the curve (AUC) is 0.708 (95% CI, 0.586-0.829; p = 0.001), indicating
moderate diagnostic accuracy of serum asprosin levels for fibromyalgia syndrome (FM). The ROC
curve evaluates the trade-off between sensitivity and specificity at various threshold levels. The
optimal cut-off value of 17.72 for asprosin levels demonstrates a sensitivity of 60% (95% CI, 51-69)
and specificity of 90% (95% CI, 84-96). Clinically, this suggests that while the test may have limited
sensitivity, it exhibits high specificity, making it a valuable tool for ruling in FM when asprosin levels
are below the cut-off. Further studies are warranted to validate these findings.

BMI, HOMA-IR, insulin, vitamin B12, vitamin D, folic acid, and HbA1lc were consid-
ered as potential confounding factors. Multivariate regression analysis was performed
to observe the effect of confounding factors. The results indicate that the overall model
has a low explanatory power (R? = 0.056), and none of the independent variables are
significant predictors of asprosin levels (p > 0.05 for all). These findings suggest that as-
prosin levels in our study population were not significantly influenced by the included
confounding factors.

4. Discussion

We investigated the potential of asprosin as a diagnostic biomarker and its relationship
with disease severity and psychological distress in patients with FM, a condition for which
the etiology remains unclear and for which there are no definitive curative treatments.
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Our study found that serum asprosin levels were lower in women diagnosed with FM
compared to healthy women. However, we did not find a significant correlation between
asprosin levels and FM symptom severity, depression, or anxiety levels. We also found
that FM patients were more likely to be single, had lower blood pressure than healthy
controls, and had significantly higher levels of vitamin B12 and folic acid. A significant
positive correlation was found between asprosin levels and both systolic and diastolic
arterial blood pressure. Furthermore, our results suggest that serum asprosin levels may
serve as a potential diagnostic marker for FM.

A dysfunctional autonomic nervous system has been implicated in FM, with blood
pressure reported as an important factor in both functional and cognitive health, partic-
ularly in ageing adults. In FM patients, inflammatory mediators are known to affect the
peripheral blood circulation, potentially leading to deficiencies in the delivery of nutrients
and oxygen to deep tissues. This may promote the accumulation of metabolites and lactic
acid, which may explain the deep pain and fatigue symptoms commonly experienced by
those diagnosed with FM [36-39]. In a study of 42 patients and 42 controls, resting blood
pressure (both systolic and diastolic) was significantly higher in FM patients compared
with controls [37]. Paso et al. compared FM patients with and without depression and
found that diastolic blood pressure was lower in FM patients regardless of depression. This
was attributed to the fact that blood pressure changes in FM patients were not related to
adrenergic effects on contractility and vascular tone, but rather to chronotropic cardiac
control [40]. We observed that women diagnosed with FM were more hypotensive than
those in the healthy control group. This finding is consistent with some publications in
the literature. However, further studies are needed to determine whether hypotension is a
consequence or a cause of FM, as previously suggested. In addition, a positive correlation
between serum asprosin levels and systolic and diastolic blood pressure was observed in
our study. Asprosin is known to increase blood pressure by acting on the paraventricular
nucleus through sympathetic activation, and the results of our study are consistent with
the literature [41]. In addition, the potential role of vitamins in the severity of symptoms
and overall pain in women with FM is well documented [42]. We found that vitamin B12
and folic acid levels were significantly higher in FM patients compared with controls. In
contrast, another study found no significant difference in B12 and folic acid levels between
FM patients and controls [43]. It is possible that these patients used vitamin supplements to
relieve their symptoms before being diagnosed with FM. However, it appears that vitamin
supplements alone are not enough to relieve their symptoms. As a result, patients continue
to seek further treatment. This highlights the need to clarify the pathogenesis of FM and to
develop treatment strategies based on these underlying mechanisms.

Biomarker studies are being conducted to enable early diagnosis of FM, a disease
that requires extensive testing for diagnosis and has a significant impact on quality of life.
These studies also aim to explore the relationship between biomarkers and disease severity.
Components related to inflammation, microinflammation, gut microbiota, oxidative stress,
and metabolic syndrome have been the focus of FM biomarker research [44]. Recently,
metabolic markers have received increasing attention. One such marker, irisin, a myokine,
is a hormone thought to play an active role in the prevention and treatment of obesity
and metabolic syndrome. Exercise is the most important factor in stimulating irisin, with
the type, intensity, and duration of exercise potentially influencing irisin levels [45,46].
However, studies have found no significant difference in irisin levels between FM patients
and healthy controls [47]. Another molecule, nesfatin-1, which is associated with insulin,
glucose, and lipid metabolism, was found to be at lower levels in FM patients compared
to controls [48]. Asprosin, produced by adipocytes, facilitates glucose production and
release [49]. Asprosin is encoded by the fibrillin-1 gene, which also encodes the fibrillin-1
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protein. Fibrillin-1 deficiency has been shown to impair wound healing in connective
tissue affected by inflammatory diseases [50]. In addition, signals from adipocytes play a
crucial role in the function of macrophages, which are involved in inflammation [51]. These
findings suggest that asprosin has a promising role as a therapeutic target in metabolic
disorders [52]. Given that insulin resistance may be involved in the pathophysiology of
FM and that adipokines are molecules associated with the development of insulin resis-
tance [10,11], we examined the relationship between serum asprosin levels and disease
severity in patients with FM. We found that serum asprosin levels were lower in women
diagnosed with FM than in healthy women, but there was no significant association be-
tween FM symptom severity and psychological symptoms. One study suggested that
asprosin may regulate the function of mesenchymal stromal cells in improving cardiac
function, particularly in myocardial infarction, and explained that asprosin protects against
the formation of reactive oxidative metabolites and apoptosis in the ischemic microenviron-
ment [53]. Another study reported that low levels of asprosin had cardioprotective effects
under hypoxic conditions by improving mitochondrial respiratory function [54]. Similarly,
oxidative stress is known to play a role in the etiopathogenesis of FM, causing permanent
damage to cellular enzyme systems through oxygenation disorders [55]. The association
between high serum asprosin levels and insulin resistance has been demonstrated in many
studies [56]. In our study, while both patients and controls had similar levels of insulin
resistance, asprosin levels were lower in FM patients. These findings suggest that FM itself
may cause reduced serum asprosin levels independently of metabolic processes and that
asprosin levels may be predictive in the diagnosis of FM. However, the finding that symp-
tom severity was not associated with asprosin levels may be due to the fact that symptom
severity in FM is associated with many different factors, such as physical activity, sleep
quality, psychological factors, inflammatory mediators, cytokines, and serotonin levels [57].
Asprosin may act as a protective molecule against FM due to its ability to protect against
oxidative stress. Understanding the mechanism by which asprosin interacts with oxidative
stress could potentially lead to the development of targeted medical treatments based on
asprosin that may provide more effective relief of FM symptoms.

Our study has several limitations that may affect the generalizability and interpretation
of the findings. The limitations of our study include that it was conducted at a single center.
Different populations may have different asprosin levels due to genetics, diet, and lifestyle.
Conducting the study at a single center may introduce biases due to certain demographic,
geographic, or healthcare characteristics of the study population. The cross-sectional nature
of the study limits our ability to establish causality. Although we found an association
between low serum asprosin levels and FM, the temporal relationship and possible causal
mechanisms remain unclear. Whether low asprosin levels contribute to the development
of FM or are a consequence of the condition can be determined by longitudinal studies.
In addition, the relatively small sample size reduces the statistical power and the ability
to detect significant associations. The sensitivity of asprosin as a biomarker in our study
was found to be 60%, which is low for clinical application. Therefore, diagnostic accuracy
should be supported by further research. In our study, only asprosin was investigated
as a biomarker and no comparisons were made with other known biomarkers. Finally,
the fact that patients had used various possible vitamin supplements before coming to us
may have influenced FM symptom severity and depression and anxiety levels through a
placebo effect. The study utilized a convenience sampling method. The sampling method
of the study is one of the limitations. We recommend that future studies employ random or
stratified sampling techniques to enhance the external validity of the results. Also, the fact
that the participants’ dietary habits, medication use (antidepressants, anti-inflammatory
therapy, etc.) and physical activity levels were not assessed remains a limitation of our study.
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Acknowledging these limitations emphasizes the preliminary nature of our results and the
need for multicenter, longitudinal studies with larger sample sizes to fully understand the
potential role of asprosin as a biomarker for FM.

5. Conclusions

As a result, it is vital to diagnose and treat FM patients by addressing both their
physical complaints such as pain and fatigue and their mental health issues such as anxiety
and depression. In the light of the current findings, we can say that low asprosin levels may
serve as a potential biomarker for the diagnosis of fibromyalgia in women. Biomarkers that
would enable early diagnosis of fibromyalgia patients may reduce frequent doctor visits
due to symptoms and prevent unnecessary investigations. Assessing serum asprosin levels
may be an inexpensive and feasible method for diagnosis and for monitoring symptom
severity in FM patients. Multicenter and longitudinal studies with larger samples and
more diverse populations (taking into account the antidepressant and anti-inflammatory
medications used by patients) are warranted to investigate the role of serum asprosin levels
as a potential marker in fibromyalgia patients. In fact, comparative studies examining
serum asprosin levels in fibromyalgia patients, including other markers such as serum
cytokines, cortisol, and serotonin, will be decisive for the use of the asprosin molecule as
a diagnostic tool. We think that our study may be a guide for further studies to define
fibromyalgia disease and symptom severity.
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Abbreviations

The following abbreviations are used in this manuscript:

FM fibromyalgia

HPA hypothalamic—pituitary—adrenal

FBN1 fibrillin-1

ACR American College of Rheumatology

DSM-5 Diagnostic and Statistical Manual of Mental Disorders
BMI body mass index

FIQ Fibromyalgia Impact Questionnaire

BAI Beck Anxiety Inventory
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BDI Beck Depression Inventory

ELISA Enzyme-Linked Immunosorbent Assay

SPSS Statistical Package for the Social Sciences

IQR interquartile range

BP blood pressure

HOMA-IR homeostasis model assessment of insulin resistance
HbAlc glycosylated hemoglobin
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