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Abstract

Background Comorbid insomnia and obstructive sleep apnea (COMISA) is increasingly recognized as a clinically important
sleep disorder phenotype with potential cardiometabolic consequences. However, its association with diabetes mellitus (DM)
remains insufficiently characterized.

Methods This cross-sectional analysis included 12,715 adults with suspected obstructive sleep apnea (OSA) from the
nationwide multicenter TURKAPNE cohort who underwent full-night polysomnography. Insomnia symptoms were assessed
using standardized questionnaire items, and OSA was defined as apnea—hypopnea index (AHI) >5 events/hour. COMISA
was defined as the coexistence of insomnia symptoms and OSA. DM was identified based on self-reported physician diag-
nosis or use of antidiabetic medications. Multivariable logistic regression was performed to evaluate independent variables
associated with COMISA.

Results COMISA was present in 3,275 patients (25.7%). DM was significantly more prevalent among patients with COMISA
compared with those without COMISA (22.8% vs. 15.4%, p <0.001). Overall, COMISA was observed in 33.9% of diabetic
individuals and 24.1% of non-diabetic individuals. In multivariable analysis adjusted for age, sex, body-mass-index, smok-
ing status, education level, and comorbidities, DM remained independently associated with COMISA (adjusted OR 1.17;
95% CI 1.05-1.31; p=0.006). Among COMISA patients, those with DM exhibited greater sleep fragmentation and more
severe sleep-disordered breathing, including higher AHI (30.0 vs. 24.0 events/h) and oxygen desaturation index (26.0 vs.
20.0 events/h) (p <0.001).

Conclusions DM is independently associated with COMISA and with more severe sleep and respiratory disturbances within
this phenotype. These findings highlight the need for integrated screening of sleep disorders in individuals with DM.

Trial registration ClinicalTrials gov (NCT02784977).
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Graphical abstract
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Introduction

Obstructive sleep apnea (OSA) is defined by repetitive par-
tial or complete obstruction of the upper airway during sleep,
leading to intermittent hypoxemia and sleep fragmentation.
These core pathological features are likely to play a role in
the causal pathway leading to metabolic dysfunction [1, 2].
The prevalence of OSA is estimated to be approximately
60% in the diabetic population, significantly higher than in
the general population (9%—38%) [3]. In the bidirectional
association between OSA and diabetes mellitus (DM), the
underlying pathways that link OSA to insulin resistance and
type 2 DM include enhanced sympathetic activity, promoted
oxidative stress and systemic inflammation [4, 5].

Insomnia is a sleep disorder characterized by frequent dif-
ficulties in initiating or maintaining sleep, along with associ-
ated daytime impairment, and evidence support that it has
adverse effects on cardiometabolic diseases [6, 7]. Insomnia
is also defined as a prevalent sleep disorder in people with
type 2 DM, affecting approximately 39% of this population
compared with the general population [8].

The co-occurrence of OSA and insomnia (COMISA) is
remarkably common, affecting approximately 30-50% of
OSA patients and 30-40% of chronic insomnia patients [9].
Growing evidence suggests that COMISA drives higher risk
for adverse outcomes, including incident DM and cardiovas-
cular disease, than either disorder alone, particularly when
characterized by objective measures of physiological burden
[10]. In patients with type 2 DM, COMISA demonstrates a
potent negative synergistic effect on health outcomes [11].
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Despite independent associations between type 2 DM and
OSA and insomnia have been demonstrated in the literature,
there is limited knowledge regarding the potential effects
of COMISA on type 2 DM. Accordingly, this study aimed
to investigate the associations between COMISA and DM,
and to characterize differences in sleep architecture and res-
piratory parameters according to diabetes status in a large
multicenter cohort.

Material and methods
Methods

The national multicenter Turkish Sleep Apnea Database
(TURKAPNE) prospective cohort has been described
previously [12]. Patients with suspected OSA and aged
between 18—80 years from 34 centers have been registered
in the study since 2017. Analysis included demographic
data, anthropometric measurements, comorbidities, ques-
tionnaires, and polysomnography (PSG) data. Patients with
limited life expectancy due to end stage renal disease or
terminal stage malignancies, alcohol addiction, and the use
of mandibular advancement devices or positive airway pres-
sure (PAP) therapy were excluded.

Ethical considerations

This study was performed in accordance with the princi-
ples of the 1975 Declaration of Helsinki and was approved
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by the Ethics Committee of Marmara University Faculty of
Medicine, Istanbul (approval number: 09.2016.311). Written
informed consent was obtained from all participants prior
to enrollment. The trial was registered at ClinicalTrials.gov
(NCTO02784977).

Data management and quality control

The TURKAPNE registry operates through a dedicated web-
based system that transfers data to a centralized database
(www.turkapne.org) hosted by Hetzner Online GmbH in Jest-
etten, Germany [12]. Each participating center is provided
with unique login credentials to access a clinical reporting
platform structured into predefined modules to ensure stand-
ardized data entry. Centers are able to access and manage
only the records of patients enrolled at their own site. All
participants are registered using coded identifiers, while per-
sonally identifiable information is securely maintained at the
respective reporting center in a written log. Data integrity is
overseen by an independent monitoring board that performs
random audits and has full read access to the entire database.

Demographic and anthropometric characteristics,
comorbidities, and medications

Baseline demographic and lifestyle information was system-
atically collected, including age, sex, marital status, educa-
tional level, driver’s license possession, and habits related to
smoking and alcohol consumption. Anthropometric assess-
ments encompassed height, weight, body mass index (BMI),
heart rate, and blood pressure. Comorbid conditions, such
as obstructive airway disease (chronic obstructive pulmo-
nary disease and asthma), were documented based on both
physician diagnosis and participant self-report. Additionally,
current medication use was recorded, and for female partici-
pants, menstrual or menopausal status was noted.

Excessive daytime sleepiness

The Turkish version of the Epworth Sleepiness Scale (ESS)
was used in the assessment of excessive daytime sleepi-
ness [13]. The Epworth Sleepiness Scale is an eight-item
self-report questionnaire, with each item scored from O (no
chance of dozing) to 3 (high chance of dozing); total scores
range from O to 24, and a score > 11 denotes clinically sig-
nificant excessive daytime sleepiness [14].

Polysomnography

Overnight in-laboratory PSG was performed in all patients.
Coffee, alcohol, and sedative medications prohibited on the
day of the study. Electroencephalography, electromyography,
electrooculography, electrocardiography, oxygen saturation,

snoring, oral and nasal airflow, thoracic and abdominal res-
piratory effort, and body position were monitored. PSG pro-
vided comprehensive measures such as total sleep time (TST),
sleep efficiency, sleep onset latency, wake after sleep onset
(WASO), rapid eye movement (REM) latency, sleep stage dis-
tribution, apnea—hypopnea index (AHI), oxygen desaturation
index (ODI), mean and nadir oxygen saturation, time spent
with oxygen saturation below 90% (T90%), arousal index,
periodic limb movement (PLM) index, and heart rate. Sleep-
disordered breathing events were further categorized based on
body position (supine versus non-supine) and sleep stage REM
versus non-REM). Sleep stages and respiratory events were
scored in accordance with the latest international guidelines
[15, 16]. Apneas were defined as a >90% reduction in airflow
persisting for at least 10 s, while hypopneas were identified as
a>30% reduction in airflow lasting > 10 s and associated with
either a>3% drop in oxygen saturation or an arousal. OSA was
considered present when the AHI was > 5 events per hour, with
moderate-to-severe OSA defined as AHI> 15 events/hour and
severe OSA as AHI > 30 events/hour [17].

Insomnia assessment

Insomnia symptoms were evaluated using questions addressing
difficulty initiating sleep, self-reported sleep latency of 30 min
or more, trouble maintaining sleep, or use of hypnotic medica-
tions. Participants reporting “often” or “very often” for at least
one of these items were categorized as having insomnia.

Diabetes mellitus assessment

The diagnosis of DM was maintained based on the self-
reported physician diagnosis as well as the reported anti-
diabetic medications. Data regarding diabetes type, disease
duration, glycemic control, and diabetes-related complica-
tions were not available in the present analysis.

Statistical analysis

All statistical analyses were conducted using IBM SPSS
Statistics version 28.0 for Windows. Continuous variables
were presented as mean + standard deviation (SD) or, when
appropriate, as median with interquartile range (25th—75th
percentiles). Categorical variables were reported as fre-
quencies and percentages. Normality of continuous data
was assessed using the Shapiro—Wilk test. Comparisons
between groups were performed using the Student’s t-test
for continuous variables and the Chi-square test for categori-
cal variables. A two-sided p-value of < 0.05 was considered
statistically significant. Associations between COMISA and
DM were evaluated using multivariable logistic regression,
with results expressed as odds ratios (OR) and 95% confi-
dence intervals (CI).
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Fig. 1 Flow chart of the study
cohort. COMISA comor-

bid insomnia and sleep
apnea, DM diabetes mel-
litus, PSG polysomnography,

TURKAPNE Database
(N=15,579)

TURKAPNE Turkish sleep
apnea database

2,864 participants excluded due to
repeated visits, inccorectly entered
data or lack of PSG information

12,715 patients with baseline PSG and clinical data

COMISA
(n=3,275)

No COMISA
(n=9,440)

DM (+)
(n=746)

(n=2,529)

DM (+)
(n=1,454)

DM () DM (-)

(n=7,986)

Results
Study population

A total of 12,715 patients with available baseline polysom-
nography and clinical data from the TURKAPNE cohort
were included in the analysis (Fig. 1). The mean age of the
cohort was 50.2+12.1 years, 68.5% were male, and the
mean BMI was 31.7 +6.1 kg/m?. Only a small proportion of
patients (n=153) were classified as having insomnia based
solely on hypnotic medication use.

Overall, 3,275 patients (25.7%) had COMISA. DM was
present in 2,200 participants (17.3%) in the entire cohort.
The prevalence of DM was significantly higher among
patients with COMISA compared with those without
COMISA (22.8% vs. 15.4%, p<0.001).

Comparison between patients
with and without diabetes mellitus

The comparison of demographic and clinical characteris-
tics between patients with and without DM is presented in

@ Springer

Table 1. Patients with DM were significantly older and had
higher BMI values compared with non-diabetic individuals.
The prevalence of obesity was also markedly higher in the
diabetic group (73.3% vs. 52.2%, p <0.001).

As shown in Table 2, diabetic patients showed higher
rates of excessive daytime sleepiness and several comorbid
conditions, including hypertension, coronary artery dis-
ease, obstructive airway disease, and psychiatric disorders
(all p<0.001). Smoking was less frequent among patients
with DM (27.2% vs. 33.9%, p <0.001). Difficulty maintain-
ing sleep was more prevalent than difficulty initiating sleep
among patients with diabetes within the COMISA subgroup,
suggesting a potential link between metabolic dysfunction
and sleep maintenance insomnia.

Sleep disorder distribution differed significantly between the
two groups. COMISA was more prevalent in patients with DM
compared with those without DM (33.9% vs. 24.1%, p<0.001).

Factors associated with COMISA

Multivariable logistic regression analysis was performed to
identify factors independently associated with COMISA.
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Table 1 The comparison of demographical and clinical features in all
patients with and without diabetes mellitus

DM (+) DM (-) P value
(n=2200) (n=10515)
Age (years) (mean +SD) 555+105 49.0+12.1 <0.001
Female/male (n) 931/1269 3070/7445 <0.001
BMI (kg/m2) 343 +6.5 31.1+5.8 <0.001
Obesity (BMI> 30 kg/m2) (%) 73.3 522 <0.001
Current smoking (%) 27.2 33.9 <0.001
Married (%) 85.9 83.5 0.005
ESS>10 (%) 36.1 25.7 <0.001
No education (%) 8.3 6.7 <0.001
Primary school (%) 34.8 25.4
Secondary school (%) 12.0 11.6
High school (%) 24.3 26.4
University (%) 20.6 29.9
Neither insomnia nor OSA 73 (3.3) 837 (8.0) <0.001
(n, %)
Insomnia only (n, %) 54 (2.5) 334 (3.2)
OSA only (n, %) 1327 (60.3) 6815 (64.8)
COMISA (n, %) 746 (33.9) 2529 (24.1)
Hypertension (n, %) 1538 (69.9) 2460 (23.4) <0.001
Coronary artery disease (n, %) 743 (33.8) 2529 (11.5) <0.001
Obstructive airway disease 500 (22.7) 1046 (9.9) <0.001
(n, %)
Psychiatric diseases (n, %) 238 (10.8) 557 (5.3) <0.001

BMI body mass index, COMISA comorbid obstructive sleep apnea
and insomnia, DM diabetes mellitus, ESS epworth sleepiness score,
OSA obstructive sleep apnea

After adjustment for age, sex, BMI, smoking status, edu-
cation level, and comorbidities, DM remained significantly
associated with COMISA (adjusted OR 1.17; 95% CI
1.05-1.31; p=0.006).

Female sex (aOR 1.47; 95% CI 1.34-1.62), psychiatric
disease (aOR 1.51; 95% CI 1.30-1.77), obstructive airway
disease (aOR 1.19; 95% CI 1.06-1.35), smoking (aOR 1.13;
95% CI 1.03-1.25), lower education level (aOR 1.24; 95%
CI 1.02-1.50), and higher BMI were also independently
associated with COMISA (Fig. 2). The multivariable model
was adjusted for age, sex, BMI, smoking status, education
level, and comorbidities.

Characteristics of COMISA patients
with and without diabetes mellitus

Among the 3,275 patients with COMISA, 746 (22.8%) had
DM. COMISA patients with DM were significantly older
and had higher BMI values compared with those without

DM. Female sex and obesity were more common in the dia-
betic group (p <0.001 for both).

In addition, diabetic patients reported more frequent
insomnia symptoms, including difficulty initiating sleep
(58.5% vs. 52.9%, p=0.009) and difficulty maintaining sleep
(50.8% vs. 44.0%, p=0.002). Excessive daytime sleepiness
and several comorbid conditions, including hypertension,
cardiac disease, obstructive airway disease, hypothyroid-
ism, and psychiatric disorders, were also significantly more
prevalent among diabetic individuals (all p <0.001).

Polysomnographic characteristics

Polysomnographic comparisons between COMISA patients
with and without DM are shown in Table 3. Diabetic patients
exhibited significantly greater impairment in sleep architec-
ture and respiratory parameters.

Specifically, diabetic individuals had shorter TST (353.5
vs. 369.0 min, p <0.001) and increased WASO (50.2
vs. 37.8 min, p <0.001). Sleep fragmentation was also
reflected by a higher arousal index (18.1 vs. 14.8 events/
hour, p <0.001).

Regarding sleep stages, diabetic patients spent more time
in light N1 sleep and less time in REM sleep compared with
non-diabetic individuals (p <0.001 and p=0.018, respec-
tively), while N2 and N3 sleep proportions were similar
between groups.

Respiratory disturbance was significantly more
severe in the diabetic group, with higher AHI (30.0 vs.
24.0 events/hour) and ODI (26.0 vs. 20.0 events/hour)
(both p <0.001). Additionally, diabetic patients spent
more T90% (18.6 vs. 11.9 min, p=0.001) and exhibited
lower nadir oxygen saturation levels (81.0% vs. 82.0%,
p<0.001).

Discussion
Main findings

This large cross-sectional analysis of the TURKAPNE
cohort demonstrated that DM was independently associated
with a greater likelihood of COMISA. In addition, among
patients with COMISA, those with DM also demonstrated
significantly more marked disturbances in both sleep archi-
tecture and sleep-disordered breathing indices. Shorter TST,
greater sleep fragmentation, and higher indices of respira-
tory disturbance were significant in patients with DM com-
pared to the participants without DM. Thus, these findings

@ Springer
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Table2 The comparison of COMISA (4) DM (+) COMISA (4)DM (-)  p value

demogr.aphlcal and chn.lcal (n="746) (1=2529)

factors in COMISA patients

with and without diabetes Age (years) (mean = SD) 56.1+10.6 50.8+12.1 <0.001

mellitus (n=3275)
BMI (kg/m2) (mean +SD) 34.6+6.6 31.8+59 <0.001
Female/male (n) 390/356 921/1608 <0.001
Obesity (BMI> =30 kg/m2) (%) 73.3 57.5 <0.001
Current smoker (%) 26.4 359 <0.001
Married (%) 81.2 81.1 0.954
EDS > 10 (%) 34.0 27.8 <0.001
No education (%) 10.3 7.9 <0.001
Primary school (%) 35.0 28.9
Secondary school (%) 11.0 10.3
High school (%) 25.3 26.2
University (%) 18.4 26.7
Hypnotics use (%) 11.1 9.9 0.324
Total sleep time <6 h (%) 32.1 34.8 0.181
Difficulty in falling asleep (%) 58.5 529 0.009
Difficulty in maintaining sleep (%) 50.8 44.0 0.002
Subjective sleep latency > 30 min (%) 58.9 63.4 0.027
Hypertension (%) 73.6 28.8 <0.001
Cardiac disease (%) 44.6 18.0 <0.001
Airway disease (%) 27.3 12.8 <0.001
Hypothyroidism (%) 10.6 4.5 <0.001
Psychiatric disease (%) 13.0 8.1 <0.001

BMI body mass index, DM diabetes mellitus, EDS excessive daytime sleepiness

ggélgicfgﬁiifiz;iﬁewuh Factors Associated with COMISA
logistic regression analysis. Psychiatric disease - b ®

Points represent adjusted odds
ratios (aOR) and horizontal
bars indicate 95% confidence Female sex - ' o
intervals. The vertical reference
line represents an odds ratio )
of 1. BMI body-mass-index, No education - : ®
comorbid insomnia and sleep
apnea, OAD obstructive airway

. Obstructive airway disease - ' @
disease
Diabetes mellitus - ' @
Smoking —_——
BMI4 @

Age1 [®

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
Adjusted Odds Ratio (95% Cl)

Abbreviations: BMI: body mass index; aOR: adjusted Odds Ratio

@ Springer



Journal of Clinical Sleep Medicine (2026) 22:103 Page70of11 103

Table 3 Polysomnographic COMISA (+) DM (+) COMISA (+) DM (-) P value

fe:atures of COMISA patients (n=746) (n=2579)

with and without diabetes

mellitus TST (min) 353.5 (297.6-402.2) 369.0 (317.5-414.3) <0.001
WASO (min) 50.2 (23.1-87.7) 37.8 (18.0-71.0) <0.001
Sleep efficiency (%) 86.2 (75.4-94.2) 87.6 (77.6-94.1) 0.069
N1 (%) 4.5 (1.3-10.2) 3.4 (0.6-8.0) <0.001
N2 (%) 58.2 (47.7-70.9) 59.9 (48.9-69.9) 0.625
N3 (%) 20.8 (12.7-29.8) 20.8 (13.1-30.0) 0.545
REM (%) 12.3 (7.4-18.1) 13.4 (8.3-18.5) 0.018
AHI (events/hr) 30.0 (16.0-55.0) 24.0 (13.0-46.1) <0.001
ODI (events/hr) 26.0 (13.0-52.6) 20.0 (9.8-42.0) <0.001
Time spent SpO, <90% (min) 18.6 (3.0-78.0) 11.9 (1.7-67.0) 0.001
Nadir SpO, (%) 81.0 (72.0-85.0) 82.0 (75.0-86.3) <0.001
Arousal index 18.1 (8.0-34.0) 14.8 (6.2-30.2) <0.001
PLM index 8.6 (2.4-25.1) 7.3 (2.2-21.7) 0.068

Continuous data are presented as median and 25%—75% quartiles. Categorical data are presented as per-

centage

AH]I apnea-hypopnea index, COMISA comorbid insomnia and sleep apnea, DM diabetes mellitus, NI non-
rapid eye movement sleep stage 1, N2 non-rapid eye movement sleep stage 2, N3 non-rapid eye movement
sleep stage 3, ODI oxygen desaturation index, PLM periodic limb movement, REM rapid eyemovement
sleep, SpO2 oxygen saturation by pulse oximeter, 7ST total sleep time, WASO wake after sleep onset

highlight the substantial sleep-related burden in patients
with DM and suggest that the coexistence of insomnia and
OSA may define a clinically relevant phenotype associated
with greater metabolic vulnerability.

Relationship between COMISA and metabolic
dysfunction

The connection between sleep disorders and metabolic dis-
ease is increasingly understood as bidirectional. Obstruc-
tive sleep apnea and insomnia have been both associated
with impaired glucose metabolism and a higher risk of type
2 diabetes [4, 7]. OSA promotes metabolic dysregulation
through intermittent hypoxia, sympathetic activation, sys-
temic inflammation, and oxidative stress [4, 5]. Insomnia, on
the other hand, has been associated with dysregulation of the
hypothalamic—pituitary—adrenal axis activity and persistent
hyperarousal, both of which may negatively influence insulin
sensitivity and glucose homeostasis [6].

When insomnia and OSA co-exist, these pathways may
reinforce on another. The repeated hypoxic stress caused by
OSA may be intensified as a result of the physiological hypera-
rousal characteristic of insomnia, potentially worsening oxida-
tive stress and inflammatory responses that contribute to insu-
lin resistance and f-cell dysfunction [18-21]. Our results are
in line with this context, as diabetic patients in the COMISA

group had significantly greater respiratory disturbance and
more nocturnal hypoxemia than non-diabetic patients.

Impact of COMISA on sleep architecture

Another important observation in our study was the dete-
rioration of sleep architecture among diabetic patients with
COMISA [22-24]. These patients had shorter TST, increased
WASO, and higher arousal indices, reflecting substantial sleep
fragmentation. Additionally, a shift toward lighter sleep stages
and reduced REM sleep was observed in diabetic individuals.
Although the difference in nadir oxygen saturation reached
statistical significance, its clinical relevance may be limited.
Measures reflecting cuamulative hypoxic burden, such as time
spent with oxygen saturation below 90%, may provide a more
clinically meaningful assessment.

Sleep fragmentation and reductions in restorative sleep
stages have been shown to negatively affect glucose metab-
olism and insulin sensitivity [20]. Experimental studies
demonstrate that even partial sleep deprivation or repeated
nocturnal arousals can impair glucose tolerance and alter
hormonal regulation of appetite and metabolism. Therefore,
the disruption of sleep continuity observed in COMISA
patients with DM may represent an additional pathway link-
ing sleep disorders with metabolic dysfunction.

@ Springer
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Role of shared risk factors

Obesity represents one of the most important shared risk fac-
tors linking OSA, insomnia, and DM. Excess adiposity pro-
motes upper airway collapsibility, systemic inflammation, and
metabolic dysregulation, thereby contributing to both sleep-
disordered breathing and impaired glucose metabolism [18].
Consistent with this relationship, obesity was highly prevalent
in both the DM and COMISA groups in our cohort.

However, the association between DM and COMISA per-
sisted even after adjustment for BMI and other confounding
factors in the multivariable regression model. This suggests
that mechanisms beyond obesity alone may contribute to the
observed relationship. For instance, chronic inflammation,
oxidative stress, and autonomic dysregulation, may repre-
sent overlapping biological pathways that contribute to both
metabolic disease and sleep disturbances [20, 21].

Beyond obesity and traditional cardiometabolic
comorbidities, the association between DM and COMISA
may also reflect diabetes-specific mechanisms that
directly impair sleep continuity and worsen nocturnal
respiratory instability. Chronic hyperglycemia has been
linked to autonomic dysfunction, peripheral neuropathy,
nocturia, and altered thermoregulation, all of which may
contribute to difficulty maintaining sleep and increased
nocturnal arousals. At the same time, recurrent sleep
fragmentation and intermittent hypoxemia may aggravate
insulin resistance and glycemic dysregulation, creating
a self-perpetuating cycle between metabolic dysfunction
and disturbed sleep. From this perspective, COMISA
in individuals with DM may represent not merely the
coexistence of 2 common disorders, but a more vulner-
able clinical phenotype characterized by mutually rein-
forcing metabolic and sleep-related abnormalities. This
interpretation may help explain why diabetic patients in
our cohort exhibited both more severe insomnia-related
nocturnal disruption and a greater burden of sleep-dis-
ordered breathing.

The association between diabetes and COMISA may also
reflect a bidirectional relationship. Diabetes-related factors
such as nocturia, medication effects, and autonomic dys-
function may contribute to sleep disruption, particularly
difficulties in maintaining sleep. In line with this, difficulty
maintaining sleep was more prevalent than difficulty initiat-
ing sleep among diabetic patients in our cohort, suggesting
that sleep maintenance insomnia may be more closely linked
to metabolic dysfunction.

Sex differences and clinical phenotypes

Our findings also suggest potential sex-related differences
in the COMISA phenotype. Within the COMISA subgroup,
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diabetic patients were more frequently female. Previous
research indicates that women with OSA often present with
atypical symptoms, including insomnia complaints, fatigue,
or mood disturbances, which may contribute to underdiag-
nosis of sleep-disordered breathing in female populations
[25, 26] Hormonal changes related to menopause, includ-
ing declines in progesterone and estrogen, may contribute
to both increased upper airway collapsibility and higher
prevalence of insomnia symptoms, potentially explaining
the observed sex differences.

In addition, insomnia symptoms are more common in
women and are often accompanied by psychiatric comor-
bidities such as anxiety and depression. These factors may
interact with the psychological and physiological burden of
DM, potentially leading to a more complex clinical phe-
notype in which metabolic disease, sleep disruption, and
emotional dysregulation occur together.

Clinical implications

The coexistence of insomnia and OSA is increasingly recog-
nized as a distinct clinical phenotype that may carry greater
health consequences than either condition alone. Our findings
suggest that patients with DM may be particularly suscepti-
ble, with COMISA in this group being associated with more
severe sleep fragmentation and respiratory disturbances.

These results highlight the importance of routinely
screening individuals with DM for both insomnia symptoms
and sleep-disordered breathing. Identifying COMISA early
could help clinicians adopt integrated treatment strategies,
such as positive airway pressure therapy for OSA together
with cognitive behavioral therapy for insomnia. Such com-
bined approaches may improve sleep quality and potentially
reduce cardiometabolic risk.

Strengths and limitations

The main strengths of this study include the large sample
size, the nationwide multicenter design, and the use of
full-night polysomnography to objectively characterize
sleep parameters. However, several limitations should be
acknowledged. First, DM and other comorbidities were
identified based on self-reported physician diagnosis and
medication use, which may introduce reporting bias. Sec-
ond, insomnia was assessed using symptom-based ques-
tions rather than standardized diagnostic criteria such
as the International Classification of Sleep Disorders or
validated questionnaires (e.g., Insomnia Severity Index),
which may have led to misclassification. Third, diabetes-
related information such as glycemic control, disease
duration, and treatment details was not available, limit-
ing further phenotypic characterization. Fourth, informa-
tion on the temporal sequence between OSA, insomnia



Journal of Clinical Sleep Medicine (2026) 22:103

Page90of11 103

symptoms, and diabetes diagnosis was not available in
the present dataset. Fifth, although hypnotic medication
use may reflect factors beyond insomnia itself, only a
small proportion of patients in our cohort were classi-
fied solely based on medication use, suggesting that its
impact on the overall findings is likely limited. Moreover,
detailed information on specific antidiabetic medication
classes, including GLP-1 receptor agonists, was not avail-
able. However, given the relatively recent introduction
of these agents in Tiirkiye, their impact on diabetes clas-
sification in this cohort is likely to be limited. Addition-
ally, because of the cross-sectional design of the study,
conclusions regarding causality or temporal relationships
between COMISA and DM could not be stated. Lastly,
the study population was derived from a Turkish cohort,
which may limit the generalizability of the findings to
other populations with different demographic and clinical
characteristics.

Conclusions

In this large nationwide cohort, diabetes mellitus was associ-
ated with a higher prevalence of COMISA. Moreover, dia-
betic patients with COMISA exhibited more severe sleep
fragmentation and greater respiratory disturbance compared
with non-diabetic individuals. These findings support the
view that COMISA represents a clinically important sleep
disorder phenotype in patients with diabetes and reinforce
the need for integrated screening and management of sleep
disorders in this population.
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