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ABSTRACT
Objective: This study aimed to examine the relationship between symptom profiles 
associated with central pain processing and sleep disturbances in female patients 
diagnosed with obstructive sleep apnea (OSA), with and without comorbid fibromyalgia 
(FM).
Methods: Seventy women aged 18 to 60 with obstructive sleep apnea (OSA) diagnosed 
according to American Academy of Sleep Medicine (AASM) criteria were included. 
Participants were categorized into two groups according to the 2016 categorization 
criteria established by the American College of Rheumatology (ACR): individuals 
diagnosed alone with OSA and those diagnosed with both OSA and FM. The patients’ 
sleep was assessed by polysomnography (PSG) and the Pittsburgh Sleep Quality Index 
(PSQI). Symptom burden related to central pain mechanisms was assessed using the 
Central Sensitization Inventory (CSI). Pain intensity, anxiety-depression levels, and 
quality of life were evaluated utilizing the Visual Analog Scale (VAS), the Hospital 
Anxiety and Depression Scale (HADS), the Fibromyalgia Impact Questionnaire (FIQ), 
and the 36-Item Short Form Health Survey (SF-36).
Results: The groups were similar in age and body mass index (BMI). FM + OSA patients 
had significantly higher CSI, PSQI, HADS, and VAS scores and lower SF-36 scores (p 
< 0.05). They also showed lower SaO₂, reduced REM sleep, and higher ODI and arousal 
index (p < 0.001). CSI scores positively correlated with disrupted sleep measures.
Conclusion: Higher CSI scores in FM + OSA patients were associated with poor sleep 
quality, increased pain intensity, and reduced quality of life. These findings suggest that 
pain hypervigilance and related symptoms may contribute to sleep disturbances in this 
group.
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Main Points

•	Higher CSI scores are associated with poorer sleep 
quality and prolonged sleep latency in women with 
comorbid fibromyalgia and obstructive sleep apnea.

•	Patients with fibromyalgia show significantly reduced 
REM sleep and lower oxygen saturation, despite similar 
apnea-hypopnea index values.

•	The coexistence of fibromyalgia and OSA intensifies 
arousal responses and pain perception, likely through 
mechanisms such as pain hypervigilance and disrupted 
sleep regulation.

INTRODUCTION
Fibromyalgia (FM) manifests as a persistent clinical syndrome 
involving diffuse musculoskeletal pain, chronic fatigue, and 
disturbances in sleep regulation, frequently co-occurring 
with cognitive inefficiencies and emotional instability [1]. It is 
associated with rheumatological, psychiatric, and cardiovascular 
comorbidities, reducing quality of life and increasing economic 
burden. FM affects approximately 2–8% of the global population, 
predominantly working-age individuals, with a female-to-male 
ratio of 3:1  [2]. While its etiology remains unclear, FM likely 
results from a complex interplay of genetic, neuroendocrine, 
and immunological factors, alongside environmental triggers 
such as physical or psychological stress. Genetic predisposition 
also plays a role, as having a first-degree relative with FM may 
increase the likelihood of experiencing the condition [3].

Sleep disturbances are a hallmark of FM, with many patients 
experiencing insomnia, fragmented sleep, and non-restorative 
sleep [4]. Studies indicate a mutual interaction between disrupted 
sleep and increased sensitivity to pain, where lack of quality 
sleep can worsen pain perception, and chronic pain further 
disrupts sleep  [5,6]. FM patients often exhibit altered sleep 
architecture, prolonged sleep latency, frequent awakenings, and 
involuntary leg movements, contributing to fatigue, cognitive 
dysfunction, and emotional distress [6,7].

This disruption in sleep and sensory processing is closely linked 
to central sensitization, a process where the central nervous 
system (CNS) exhibits increased reactivity to sensory input, 
amplifying both pain perception and sensory sensitivity [8]. In 
FM, central sensitization lowers the pain threshold and worsens 

sleep problems, reinforcing a loop of more severe pain and 
disrupted sleep control mechanisms [9].

Evidence continues to accumulate that obstructive sleep apnea 
(OSA), a frequently diagnosed sleep disorder, plays a role in 
reinforcing this detrimental loop [10]. OSA manifests through 
recurring episodes of partial or complete airway blockage 
during sleep, causing hypoxemia and fragmented rest, which in 
turn contribute to daytime tiredness, mental fog, and reduced 
alertness [11]. The overlapping sleep disturbances in OSA 
and FM, including fragmented sleep and excessive daytime 
sleepiness, suggest a potential pathophysiological link between 
these conditions. Central sensitization and serotonin deficiency, 
keys in FM, also contribute to OSA-related sleep disruptions. 
Additionally, both disorders are associated with increased 
sympathetic nervous system activity during the night, further 
impairing sleep quality [12,13].

An objective of this work was to evaluate how patients’ 
pain perception relates to sleep disruption in individuals 
with FM and OSA. By examining polysomnographic 
findings, central sensitization scores, and subjective sleep 
quality, we aim to gain a clearer understanding of the 
physiological mechanisms connecting these two conditions. 

MATERIALS AND METHODS
Study Design
This cross-sectional study involved female participants aged 
18 to 60 years diagnosed with OSA between October 2024 
and February 2025. The assessments were conducted in the 
Sleep Laboratory of the Chest Diseases Clinic and the Physical 
Medicine and Rehabilitation Clinic.

Participants
Polysomnography was applied to female individuals who were 
referred to the Sleep Laboratory due to suspected OSA, as 
indicated by a STOP-Bang questionnaire score greater than 2 
[14]. Evaluation of the patients was performed by a chest diseases 
specialist (EOK) who had six years of clinical experience in the 
diagnosis and management of OSA. The diagnosis of OSA was 
made in line with the 2014 criteria of the American Academy of 
Sleep Medicine (AASM) [15].

Female patients who received an OSA diagnosis, met the 
inclusion criteria, and provided informed consent were 
directed to the Physical Medicine and Rehabilitation Clinic 
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for comprehensive assessment of pain severity and central 
sensitization. Patients were excluded from the study if they were 
pregnant, had morbid obesity (BMI > 40 kg/m²), suffered from 
inflammatory rheumatologic disorders, or had a prior diagnosis 
of OSA already under positive airway pressure therapy. In 
addition, those with comorbid conditions such as hypertension, 
diabetes mellitus, or hypothyroidism were also excluded.

A specialist in physical medicine and rehabilitation (HBM) 
with seven years of clinical expertise in the evaluation and 
management of FM performed diagnostic assessments according 
to the revised 2016 criteria established by the American College 
of Rheumatology (ACR) [16]. Upon diagnosis, patients were 
assigned to either a cohort with concomitant OSA and FM or a 
cohort with OSA exclusively.

Sample Size Calculation
To compare the two study groups, the required sample size was 
calculated using G*Power (V3.1.9.6), assuming that algometer 
scores would be lower in the OSA + FM group than in the OSA-
only group. Based on 80% statistical power, a 5% error margin, 
and an expected large effect size (d = 0.8), the minimum number 
of participants was estimated to be 52. To allow for dropouts or 
incomplete data, the final target sample size was determined as 
60 participants.

Outcome Measurements
Essential demographic characteristics, such as age and body 
mass index (BMI), were meticulously documented for each 
participant. The Short Form-36 (SF-36) was employed to assess 
quality of life, encompassing both physical and mental health 
aspects across eight dimensions and 36 items. The reliability 
and validity of the scale in the Turkish population have been 
established [17]. Each SF-36 domain is rated on a scale from 0 
to 100, where higher scores indicate a more advantageous health 
status.

Sleep quality was assessed using the Turkish version of the 
Pittsburgh Sleep Quality Index (PSQI), which evaluates sleep 
habits over the past month. The PSQI contains 18 items grouped 
under 7 components. A total score is obtained by summing these 
components, where higher scores denote poorer sleep quality 
[18].

Symptom burden associated with central pain mechanisms 
was assessed using the Central Sensitization Inventory (CSI), 

a selfreport tool that identifies a cluster of symptoms often seen 
in chronic pain conditions. The CSI includes 25 items rated on 
a Likert-type scale from 0 to 10. Higher scores indicate greater 
symptom severity, with scores of 40 or higher often used to 
suggest elevated symptom burden. The Turkish version of the 
CSI has demonstrated strong reliability and validity [19].

Emotional well-being was evaluated using the Turkish-
validated Hospital Anxiety and Depression Scale (HADS), 
a screening instrument consisting of 14 items, evenly split to 
assess anxiety (HADS-A) and depression (HADS-D). Each 
item is evaluated on a scale from 0 to 3, yielding subscale 
scores that may vary from 0 to 21. Elevated scores on either 
subscale indicate more severe psychological problems [20].  

The Fibromyalgia Impact Questionnaire (FIQ), a validated 10-
item instrument for Turkish populations, was employed to assess 
the functional ramifications of FM and its effect on quality 
of life. Total scores range from 0 to 100, with elevated values 
indicating a more significant impairment in daily functioning 
and well-being [21].

The Visual Analog Scale (VAS) was employed to evaluate the 
extent of generalized pain reported by patients. It is a 10-point 
Likert scale, wherein individuals denote their pain severity by 
picking a value from 0 (no pain) to 10 (the most excruciating 
agony conceivable). Elevated ratings indicate more severe pain 
episodes.

Polysomnographic Evaluation
Sleep-related parameters were assessed using a 55-channel 
polysomnography device (Alice 6® Sleepware, Philips 
Respironics, PA, USA) in the sleep laboratory. A minimum 
of 4 hours of recorded data was considered acceptable. The 
polysomnography data included the apnea-hypopnea index 
(AHI), sleep latency, minimum oxygen saturation (SaO₂), 
oxygen desaturation index (ODI), periodic limb movement 
(PLM) index, arousal index, and distribution of sleep stages 
(N1, N2, N3, and REM sleep).

The desaturation index was calculated based on a 3% drop in 
oxygen saturation compared to baseline, with the lowest SaO₂ 
value recorded overnight also taken into account. Periodic 
leg movements were scored as per AASM recommendations. 
Additionally, patients were categorized based on OSA 
phenotype, including REM-dependent OSA (higher AHI during 
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REM sleep) and position-dependent OSA.

The research obtained prior authorization from the Ethics 
Committee of İstanbul Medipol University (Approval No: 
788, Date: 2024-08-29) and was executed in accordance with 
the ethical principles outlined in the Declaration of Helsinki. 
Voluntary written informed consent was acquired from all 
participants prior to the initiation of data collection.

Statistical Analysis
Statistical analyses were performed using IBM SPSS 27.0 for 
Windows. Data are presented as frequencies, percentages, means 
with standard deviations, medians, and ranges (minimum–
maximum). Group comparisons were conducted using the t-test 
for normally distributed data, while the chi-square test was 
applied to categorical variables. Correlation coefficients (r) were 

classified as follows: 0–0.24 as weak, 0.25–0.49 as moderate, 
0.50–0.74 as strong, and 0.75–1.0 as extremely strong. A p-value 
below 0.05 was deemed statistically significant.

RESULTS
Among the 70 female patients participating in the study, 35 were 
diagnosed with both FM and OSA, whereas the other 35 were 
just diagnosed with OSA. The average age was 42 ± 6 years in the 
OSA-only group and 43 ± 6 years in the FM + OSA group, with 
no statistically significant age difference between the groups (p 
= 0.365). Similarly, BMI measurements exhibited no significant 
difference between the two groups (p = 0.565) (Table 1).

Upon assessment of clinical features, CSI ratings were 
significantly elevated in the FM + OSA cohort (p < 0.001). 
Multiple SF-36 subdomains, including as role emotional (p = 

Table 1. Comparison of FM + OSA group and OSA group data

FM (-) OSA (+)
(n = 35)

FM (+) OSA (+)
(n = 35)

p

Age (year) 42±6 43±6 0.3651

CSI 30±13 73±13 <0.0012

VAS - 7±1 -

FIQ - 65±17 -

BMI (kg/m2) 28.44±3.93 29.27±3.76 0.5652

SF-36 Subscales

Physical Functioning 80±25 90±12 0.0882

Role Physical 64±43 82±32 0.0562

Role Emotional 77.1±35.04 56.5±40.99 0.0162

Vitality 43±22 49±20 0.1991

Mental Health 58±21 67±17 0.0481

Social Functioning 81.6±21 64.6±23.6 0.0022

Bodily Pain 81.5±23.3 65.8±25.8 0.0072

General Health 61±19 49±24 <0.0012

Anxiety (HADS) 6±2 13±3 <0.0011

Depression (HADS) 6±3 12±2 <0.0012

PSQI 5±1 14±4 <0.0012

Position-dependent 12 (34.3) 17 (48.6)
0.3543

REM-dependent 13 (37.1) 8 (22.9)

Note: Values of p < 0.05 were accepted as significant and are marked in bold. 
Abbreviation: CSI: Central Sensitization Inventory, VAS: Visual Analog Scale, FIQ: Fibromyalgia Impact Questionnaire, BMI: Body Mass 
Index, SF-36: 36-Item Short Form Survey, HADS: Hospital Anxiety and Depression Scale, PSQI: Pittsburgh Sleep Quality Index.
1 :Student t test, 2 :Mann-Whitney U test, 3 :Fisher’s Exact test
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0.016), mental health (p = 0.048), social functioning (p = 0.002), 
body pain (p = 0.007), and general health (p < 0.001), exhibited 
significant reductions in this cohort. No substantial differences 
between groups were observed in physical functioning (p = 
0.088), role physical (p = 0.056), or vitality (p = 0.199) (Table 1).

The HADS-A, HADS-D, and PSQI scores were significantly 
elevated in the FM + OSA group (p < 0.001 for all) (Table 1). 
No statistically significant changes were seen between the 
two groups regarding the distribution of REM- and position-
dependent OSA (Table 1).

Polysomnographic outcomes indicated that AHI values were 
generally elevated in the FM + OSA group compared to the 
OSA-only group, although this difference did not achieve 
statistical significance (p = 0.056) (Table 2). In contrast, 
minimum SaO₂ levels were markedly reduced, and ODI values 
were substantially increased in the FM + OSA group relative to 

the OSA-only group (p < 0.001 for both). The arousal index was 
markedly elevated in the FM + OSA cohort (p = 0.003).

Sleep latency, sleep efficiency, and PLM index exhibited no 
significant differences between the groups (p = 0.428, p = 0.934, 
and p = 0.991, respectively). Furthermore, there were no notable 
group differences in the percentages of N1, N2, or N3 stages (p 
= 0.296, p = 0.214, and p = 0.070, respectively). Nonetheless, the 
percentage of REM sleep was markedly elevated in the FM + 
OSA group (p < 0.001) (Table 2).

In the FM + OSA group, CSI showed a significant positive 
correlation with PSQI (p < 0.001), sleep latency (p = 0.012), 
and arousal index (p = 0.017). No significant correlations were 
found between CSI and AHI (p = 0.355), minimum SaO₂ (p = 
0.179), ODI (p = 0.463), PLM index (p = 0.571), sleep activity (p 
= 0.140), N1 (p = 0.507), N2 (p = 0.600), N3 (p = 0.542), or REM 
sleep percentage (p = 0.131) (Table 3).

Table 2. Comparison of polysomnographic data of FM + OSA group and OSA group

FMS (-) OSA (+)
(n=35)

FM (+) OSA (+)
(n=35)

p

AHI 32.3±14.5 39.5±16 0.0561

Sleep latency (min) 27.4±30 24.8±18.3 0.4282

Minimum SaO₂ (%) 87±3 76±10 <0.0012

ODI 8.3±10.6 42.6±30.6 <0.0012

PLM Index (events/h) 1.3±1.2 2.2±5.3 0.9912

Arousal index (events/h) 13.1±5.5 27.6±23.8 0.0032

Sleep activity (%) 83.4±16.5 86.4±8.3 0.9342

N1 (%) 3.99±3.27 4.19±2.24 0.2962

N2 (%) 60.85±8.52 65.77±14.25 0.2142

N3 (%) 17.6±8.2 13.2±11.3 0.0702

REM (%) 18.5±6.2 17±9.8 <0.0011

Note: Values of p < 0.05 were accepted as significant and are marked in bold. 
Abbreviation: AHI: Apnea-Hypopnea Index, SaO₂: Oxygen Saturation, ODI: Oxygen desaturation index, PLM: Periodic Limb Movement.
1 :Student t test, 2 :Mann-Whitney U test
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DISCUSSION
In this study, we examined the relationship between patient-
reported symptom profiles associated with chronic pain 
vulnerability—as assessed by the CSI—and sleep parameters 
in individuals with both FM and OSA. Our main findings 
demonstrate that higher CSI scores are linked to worse sleep 
quality, as evidenced by lower scores on subjective sleep scales, 
increased arousal responses, and prolonged sleep latency in 
polysomnographic recordings.

Based on the 2010 ACR criteria, nonrestorative sleep (NRS)—
the inability to feel refreshed in the morning and the failure to 
wake up feeling restored—is one of the three most prominent 
symptoms in patients with FM [22]. NRS, characterized 
by frequent arousals during non-REM sleep, can manifest 
independently as a sleep disorder or alongside conditions such 
as FM and chronic fatigue syndrome [22,23]. PSG studies have 
demonstrated that patients with FM experienced disturbed 
deep sleep, reduced sleep continuity, and frequent awakenings 
throughout the night [24].

Alterations in the hypothalamic-pituitary-adrenal axis 
observed in FM are thought to drive the development of central 

sensitization by lowering the pain threshold and heightening 
pain awareness. Chronic pain-induced changes in the CNS 
disrupt sleep architecture and elevate sympathetic activity, and 
proinflammatory cytokines from glial cells further exacerbate 
this condition [25]. This interaction may create a vicious cycle, 
contributing to the worsening FM symptoms over time.

Our findings revealed a statistically significant association 
between elevated CSI scores and increased arousal index as well 
as prolonged sleep latency in FM patients. Bento et al. previously 
reported that in individuals with chronic pain lasting at least three 
months, 86% exhibited at least one arousal episode during sleep 
based on polysomnographic data [26]. Similarly, they observed 
frequent nocturnal awakenings among patients exhibiting 
symptoms consistent with pain-related hypervigilance, leading 
to impaired sleep continuity. These results raise the possibility 
that underlying pain mechanisms and perceptual sensitivity may 
be associated with disrupted sleep architecture.

Disrupted sleep architecture and reduced REM sleep are known 
to contribute to symptom exacerbation in FM. A systematic 
review by Chang et al. suggested that different sleep stages 
may engage distinct pain modulation processes, with REM 

Table 3. Correlation Between CSI and Sleep-Related Parameters in the FM (+) OSA (+) Group

CSI Variables
FM (+) OSA (+)

(n=35)

r P-value
PSQI     0.636** <0.001
AHI 0.161 0.355
Sleep latency (min) 0.372 0.012
Minimum SaO₂ (%) -0.233 0.179
ODI 0.128 0.463
PLM Index (events/h) -0.099 0.571
Arousal index (events/h) 0.354 0.017
Sleep activity (%) 0.255 0.140
N1 (%) -0.116 0.507
N2 (%) -0.092 0.600
N3 (%) 0.107 0.542
REM (%) 0.261 0.131

Note: Values of p < 0.05 were accepted as significant and are marked in bold. 

Abbreviation: PSQI: Pittsburgh Sleep Quality Index, AHI: Apnea-Hypopnea Index, SaO₂: Oxygen Saturation, ODI: Oxygen Desaturation Index, 
PLM: Periodic Limb Movement.

Spearman’s rho correlation (**<0.001)
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sleep potentially influencing pain-related mechanisms [27]. 
Additionally, Bento et al. reported that individuals with chronic 
pain and elevated CSI scores frequently exhibited prolonged 
REM sleep latency exceeding 70–120 minutes [26]. In line 
with these findings, our study identified a significantly lower 
percentage of REM sleep in patients with FM compared to those 
with OSA alone, suggesting a potential link between disrupted 
REM sleep and the clinical pain phenotype commonly observed 
in FM.

Significant oxygen desaturation was observed in the FM 
group, with significantly lower minimum SaO₂ levels. Lario 
et al. similarly reported that oxygen saturation levels decline 
throughout the night in patients with FM—independent of 
OSA—potentially due to muscle hypoxia, sleep disturbances, 
or respiratory muscle dysfunction [24]. These findings are 
consistent with our study and reinforcing the role of hypoxia in 
FM pathophysiology. 

No significant difference in AHI values was found between 
groups, aligning with Karacay et al., who reported that FM does 
not influence AHI in patients with OSA [28].

Despite the common association of FM with restless legs 
syndrome and PLM, our investigation revealed no significant 
difference in the PLM index between patients with FM and 
OSA and those with OSA alone [29]. This is consistent with 
the findings of Rosenfeld et al., who observed no significant 
variations in PLM prevalence, albeit the heightened OSA 
frequency in patients with FM [30].

Limitations
Our study has several limitations. Although we employed 
validated self-report questionnaires to assess symptom burden 
and sleep disturbances, these tools do not provide direct 
physiological measurements. Specifically, the CSI does not 
assess central sensitization as a neurophysiological phenomenon 
but rather reflects a symptom cluster often reported by 
individuals with chronic pain—such as fatigue, poor sleep, 
and pain hypervigilance. This distinction should be considered 
when interpreting the associations found in this study.

Additionally, important factors such as medication use, physical 
activity, and nutrition were not systematically controlled 
and may have influenced the findings. The study sample 
consisted exclusively of female participants, which limits the 

generalizability of the results to males. Polysomnographic data 
were obtained from a single-night recording, which may not 
reflect the natural variability of sleep architecture. Multi-night 
PSG or long-term home-based monitoring could offer more 
robust insight.

Future research should investigate the pathophysiological role 
of hypoxemia in FM patients, evaluate the impact of OSA 
treatments (e.g., CPAP) on central sensitization, and explore 
sleep deprivation effects on central sensitization mechanisms 
using functional brain imaging studies, thereby contributing 
valuable insights to the literature.

CONCLUSIONS
This study underscores the importance of patients’ subjective 
pain-related symptom burden in shaping both perceived and 
measured sleep disturbances in female patients with FM and 
OSA. These findings highlight the need to consider factors 
beyond conventional respiratory indices when assessing 
sleep impairment in chronic pain populations. Incorporating 
evaluations of symptom profiles related to central pain 
mechanisms may enhance clinical insight into patient 
complaints. A multidimensional and individualized treatment 
approach is warranted, addressing not only airway obstruction 
but also altered pain processing and disturbed sleep regulation.
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