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The Hidden Burden of COMISA in Hypertensive
Obstructive Sleep Apnea Patients

ABSTRACT

Background: Comorbid insomnia and sleep apnea (COMISA) is a frequent but underrec-
ognized condition in patients with obstructive sleep apnea (OSA). While OSA is strongly
linked to hypertension, the independent contribution of COMISA to resistant hyper-
tension (RH) remains unclear. This study aimed to investigate the association between
COMISA and RH in hypertensive OSA patients and to identify independent predictors of
RH.

Methods: This retrospective cross-sectional study included 131 patients diagnosed with
both OSA and hypertension who underwent full-night polysomnography (PSG) at a ter-
tiary sleep center. The Insomnia Severity Index (ISI) was used to define COMISA (ISI >15).
Resistant hypertension (RH) wasdefined asuncontrolled blood pressure despite the use of
atleast 3 antihypertensive agents of different classes, including a diuretic. Demographic,
clinical, and polysomnographic data were analyzed using multiple logistic regression to
determine independent predictors of RH.

Results: Of 131 hypertensive OSA patients, 39 (29.8%) met criteria for COMISA. The preva-
lence of RH was 43.5%. COMISA was significantly more frequent in the RH group (66.7%
vs. 33.3%, P=.006). In the multiple logistic regression analysis, COMISA (OR=5.26, P <
.001, 95% Cl: 2.04-13.57) and male sex (OR=3.24, P=.010, 95% Cl: 1.36-7.72) were identi-
fied asindependent predictors of RH, while age, apnea—hypopnea index (AHI), and body
mass index (BMI) were not significantly associated.

Conclusion: Comorbid insomnia and sleep apnea (COMISA) markedly increases the risk of
RHin hypertensive OSA patients, independent of apnea severity and obesity. These find-
ings highlight COMISA as a distinct cardiovascular phenotype within the OSA spectrum.
Routine screening and targeted treatment of insomnia in OSA may represent a critical
approach to improving blood pressure control and cardiovascular outcomes.

Keywords: Cardiovascular risk, COMISA, Insomnia, Obstructive sleep apnea, Resistant
hypertension

INTRODUCTION

Obstructive sleep apnea (OSA) is a common sleep-related breathing disorder
characterized by recurrent upper airway collapse during sleep, resulting in inter-
mittent hypoxemia and sleep fragmentation.? It affects up to 20% of middle-
aged adults andis strongly associated with hypertension and other cardiovascular
diseases.>¢

The relationship between OSA and hypertension has been well recognized over
the past 2 decades. The pathogenesis of OSA-related hypertension is multi-
factorial. Intermittent hypoxemia, recurrent arousals, and intrathoracic pres-
sure swings contribute to chronic sympathetic activation, oxidative stress, and
endothelial dysfunction. These mechanisms promote a non-dipping nocturnal
blood pressure pattern and exaggerated morning surges, both of which worsen
cardiovascular outcomes.*” Resistant hypertension (RH), defined as the failure
to achieve target blood pressure despite the use of at least 3 antihypertensive
agents of different classes, including a diuretic, all at optimal doses, is one of
the most clinically significant cardiovascular complications of OSA.>* Among all
hypertensive phenotypes, the estimated prevalence of RH ranges from 12% to
15%.> Ahmad et al,®in their review, reported that the prevalence of hypertension
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among OSA patients ranges between 30% and 70%, with
the highest rates observed in those with severe OSA.2 On
the other hand, Shiina et al,’ in their recent review, sum-
marized that 70-80% of patients with RH have coexist-
ing OSA.?

The coexistence of insomnia and OSA, known as comorbid
insomnia and sleep apnea (COMISA), has gained attention
as a distinct clinical phenotype. Comorbid insomnia and
sleep apnea (COMISA) affects 30%-50% of OSA patients and
has been linked to increased cardiovascular and metabolic
risk, poor CPAP adherence, and reduced quality of life.o"
Although the relationship between OSA and hypertension
is well established, the effects of this COMISA phenotype
on hypertension and RH remain limited.”?"'* Comparing OSA
in regular hypertensives vs those with RH helps to identify
factors that worsen BP control and may guide screening and
treatment. Therefore, this study aimed to evaluate the rela-
tionship between COMISA and RH in patients with hyperten-
sive OSA and toidentify independent predictors of RH within
this population.

METHODS

Study Design and Participants

This cross-sectional, retrospective study included 131
patients diagnosed with OSA and hypertension. Data were
obtained from the medical records of patients who had
undergone full-night diagnostic polysomnography (PSG) at
the Sleep Disorders Center.

Inclusion and Exclusion Criteria

Eligible participants were adults aged between 30 and 75
years with a confirmed diagnosis of OSA by PSG and a diag-
nosis of hypertension receiving antihypertensive treatment
by a cardiologist or internal medicine. Patients with a his-
tory of central sleep apnea, chronic kidney failure, conges-
tive heart failure, chronic liver disease, inflammatory bowel
disease, electrolyte imbalance, or major psychiatric disor-
ders were excluded from the study. Only patients undergo-
ing their first diagnostic PSG were included; therefore, all

HIGHLIGHTS

e Comorbid insomnia and sleep apnea (COMISA) was
significantly more common in patients with resis-
tant hypertension (RH) than in those with controlled
hypertension.

e COMISAindependentlyincreased therisk of RH by more
than fivefold (OR=5.3), regardless of apnea severity or
obesity.

e Male sex was identified as another independent predic-
tor of RH in hypertensive obstructive sleep apnea (OSA)
patients.

e Polysomnographic parameters such as apnea—hypop-
nea index (AHI), oxygen desaturation index (ODI), and
nocturnal desaturation were not associated with RH.

e Early identification and management of insomnia
symptoms in OSA patients may improve blood pressure
control and reduce cardiovascular risk.
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participants were CPAP-naive at baseline, and no patient
had received prior CPAP therapy before the assessment.

Data Collection and Measurements

Demographic (age, sex, body mass index (BMI)) and clinical
data were retrieved from the hospital database. All patients
underwent overnight PSG, and the following parameters
were recorded: apnea—hypopneaindex (AHI), oxygen desat-
uration index (ODI), minimum oxygen saturation (min O,),
mean oxygen saturation (mean O,), and time spent with oxy-
gen saturation <90% (T90).

Daytime sleepiness was assessed using the Epworth
Sleepiness Scale (ESS), while insomnia symptoms were eval-
uated with the Insomnia Severity Index (ISl). A cutoff value of
ISI >15 was used to define COMISA (comorbid insomnia and
sleep apnea).

Definition of Resistant Hypertension

All patients were evaluated, and additional differential
diagnostic assessments were conducted by both cardiology
and internal medicine specialists. Office blood pressure was
measured according to current guidelines as the mean of 3
readings taken at 5-minute intervals after the participant
had been seated for at least 5 minutes. Resistant hyperten-
sion (RH) was defined as uncontrolled BP despite optimal
doses of 3 antihypertensive drug classes, including a diuretic.
Patients who achieved blood pressure control or were on <2
antihypertensive agents were classified as having non-resis-
tant hypertension.

Statistical Analysis

Statisticalanalyses were performed using IBM SPSS Statistics
26.0 (IBM Corp., Armonk, NY, USA) and Python (statsmod-
els, scipy) software. The normality of data distribution was
tested using the Shapiro—Wilk test. Normally distributed
continuous variables were expressed as mean + standard
deviation (SD), whereas non-normally distributed variables
were presented as median (interquartile range, IQR). Group
comparisons were made using the student'’s t-test or Mann—
Whitney U-test, and categorical variables were analyzed
with the chi-square or Fisher's exact test. Independent pre-
dictors of RH were determined using multiple logistic regres-
sion analysis (Enter method). A P value < .05 was considered
statistically significant. Toreduce the risk of overfitting, mul-
tiple logistic regression was performed following the events-
per-variable (EPV >10) principle. Only clinically meaningful
covariates supported by previous literature were included in
the final model.

RESULTS

A total of 131 patients diagnosed with PSG as OSA and
hypertension were included in the study. The mean age of
the participants was approximately 57 years, and the mean
BMI was 33 kg/m’. Among all patients, 47% were female and
53% were male.

According to the ISl score, 39 patients (29.8%) were classified
in the COMISA group (ISI >15), while 92 patients (70.2%) were
in the OSA-only group (ISI <15).
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Table 1. Baseline Characteristics of the Study Population According to Resistant Hypertension Status

RH (-) n=74 (56.5%) RH (+) n=57 (43.5%) P
Age* 55.0 (50.5-61.0) 60.0 (47.0-67.0) .362
BMI* 31.9 (28.4-35.2) 33.0(29.2-37.2) .335
Insomnia Severity Index (ISI)* 5.0 (2.8-10.0) 8.0 (3.0-16.2) .019
Epworth* 9.0 (5.0-12.0) 7.0 (6.0-11.0) 427
AHI* 33.5(17.6-51.8) 39.0 (22.3-62.0) .355
ODI* 35.5(20.0-56.6) 36.5(23.2-60.8) 736
Min O,* 75.0 (68.0-81.0) 74.0 (64.2-80.0) 452
Mean O,* 93.0 (92.0-95.0) 92.0 (91.0-95.0) 439
T90 (%) * 12.0 (3.9-34.2) 19.9 (8.2-35.8) 132
Gender (Female) ** 33 (67.4%) 16 (32.6%) .024
COMISA (ISI>15) ** 13 (33.3%) 26 (66.7%) .006
Smoke (1=Non-Smoker, 2=Ex-Smoker, 3=Smoker) ** 1:50.0%/ 2:45.7%/ 3:63.6% 1:50.0%/ 2:54.3%/3:36.4% 164

AHI, apnea—hypopnea index; BMI, body mass index; IS, insomnia severity index; Min O,, minimum oxygen saturation; Mean O,, mean oxygen

saturation; ODI, oxygen desaturation index; RH, resistant hypertension; T90, time spent with oxygen saturation <90%.

*Mann—Whitney U-test, Median (Q1-Q3), **chi-square test, %.

When patients with and without RH were compared, no
significant differences were observed in terms of age, BMI,
ESS, AHI, ODI, mean or minimum oxygen saturation, or T90
percentage (P> .05). However, the ISl score was significantly
higher in the RH group [8.0 (3.0-16.2) vs. 5.0 (2.8-10.0); P =
.019]. The proportion of women was lower, and the preva-
lence of male sex was significantly higher among patients
with RH (P = .024). In addition, the frequency of COMISA
(IS1 >15) was significantly greater in patients with RH (67.7%
vs. 32.3%, P = .006). No significant differences were found
between the two groups regarding smoking status (P =
0.164) (Table 1).

When patients were grouped according to the presence of
COMISA, no significant differences were found between the
COMISA (ISl >15) and OSA-only (ISI <15) groups in terms of
age, BMI, ESS, AHI, ODI, minimum or mean oxygen satura-
tion, or T90 percentage (all P> .05). However, the prevalence
of RH (grades 1-2) was significantly higher in the COMISA
group compared to the OSA-only group (67.7% vs. 38.1%,
P=.006). This finding supports that the presence of insomnia
symptoms in OSA patients is associated with an increased
risk of RH (Table 2).

When stratified by sex, male patients demonstrated a signif-
icantly higher prevalence of RH compared to females (54.9%
vs. 32.6%, P < .001). Age was slightly lower in men, and ODI
values were significantly higher in males (P=.030), whereas
no significant differences were observed in BMI, IS, ESS, AHI,
mean SpO,, or T90 between groups (Table 3).

In the multiple logistic regression analysis, COMISA (ISI >15)
and male sex were identified as significantindependent pre-
dictors of RH. The presence of COMISA increased the likeli-
hood of RH by approximately 5.3-fold (OR=5.26, P <.001, 95%
Cl1=2.04-13.57), while male sex increased the risk by approxi-
mately 3.2-fold (OR=3.24, P=.010, 95% Cl=1.36-772). Age,
AHI, and BMI were included in the final model as clinically
relevant covariates, selected based on prior evidence and
maintaining an acceptable events-per-variable threshold to
avoid model overfitting. However, these variables were not
statistically significant predictorsin the adjusted analysis (all
P> .05) (Table 4, Figure 1).

DISCUSSION

The present study revealed that COMISA and male sex were
independent predictors of RH among hypertensive OSA

Table 2. Comparison of Clinical and Polysomnographic Parameters Between COMISA (ISl > 15) and OSAS (ISl < 15) Groups

Variables OSAS (ISI<15) n=92 COMISA (ISI >15) n=39 P

Age (Years)* 5713 +10.79 56.61+13.41 .843
BMI (kg/m?)** 32.7 (28.7-37.5) 32.5(28.9-35.8) 998
Epworth Sleepiness Scale** 8.0 (6.0—12.0) 8.0 (6.0-11.0) .896
Apnea—Hypopnea Index (events/h)** 37.0(21.5-57.0) 34.0 (15.0-60.2) .594
Oxygen Desaturation Index (events/h)** 38.0(21.4-59.8) 30.0 (17.5-51.4) 262
Minimum O, saturation (%)** 74.0 (66.0—80.0) 775 (69.5-81.0) 131

Mean O, saturation (%)** 93.0 (91.0—95.0) 92.0 (91.0-94.0) .790
Time with O, <90% (T90, %)** 15.0 (5.0—37.0) 11.9 (3.9-30.4) .540
Resistant hypertension, n (%) *** 20 (381%) 37 (67.7%) 0.006

AHI, apnea—hypopneaindex; BMI, body massindex; ISI, insomnia severity index; ODI, oxygen desaturation index; Min O,, minimum oxygen
saturation; Mean O,, mean oxygen saturation; T90, time spent with oxygen saturation <90%; RH, resistant hypertension.
* t-Test, mean + SD; ** Mann—Whitney U-test, median (Q1-Q3); ***chi-square test.
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Table 3. Comparison of Clinical and Polysomnographic
Parameters Between Female and Male Patients

Female Male

Variables (n=49) (n=82) P
Age (years)* 58.0 (12.0) 55.0 (15.0) .036
BMI (kg/m?)* 31.22(6.32) 32.32(7.31) .524
Insomnia Severity Index (ISI)*  8.00 (12.00) 6.50 (7.00) .282
Epworth Sleepiness Scale* 8.0 (6.0) 8.0 (6.0) 954
Apnea—Hypopnea Index 28.00(32.80) 39.50(35.88) .069
(events/h)*

Oxygen Desaturation Index 29.50 (34.50) 38.08(39.00) .030
(events/h)*

Minimum O, saturation (%)* 74.50 (14.75) 76.00 (12.25) .422
Mean O, saturation (%)* 92.0(3.25) 93.0(4.00) .486
Time with O, <90% (T90, %)* 14.00(28.32) 12.00(31.75) .441
Resistant hypertension, n (%)** 16 (32.6%) 45(549%) <.001

AHI, apnea—hypopnea index; BMI, body mass index; ISI, insomnia
severity index; ODI: oxygen desaturation index; Min O,, minimum
oxygen saturation; Mean O,, mean oxygen saturation; RH, resistant
hypertension; T90, time spent with O, <90%.

*Mann—Whitney U test, median (IQR); **chi-square.

patients. The presence of insomnia increased the likelihood
of RH by more than fivefold, even after adjusting for apnea
severity and obesity. These results support the growing evi-
dence that COMISA represents a distinct phenotype associ-
ated with an additive cardiovascular burden.>"

The prevalence of OSA among middle-aged adults ranges
from 24%-26% in men and 17%-28% in women.""™® This rate is
substantially higher in individuals with hypertension, reach-
ing 30%-80%, and may rise to as high as 64%-83% in those
with RH.>"%2° |n our study, the prevalence of RH was 43.5%.
Given this strong overlap, identifying reliable predictors
is crucial for early screening and management. Accurate
assessment of blood pressure and adherence to recom-
mended monitoring strategies are also essential compo-
nents of adequate hypertension control, as demonstrated in
recent studies.”

AHI values above 30 events per hour have been particu-
larly associated with uncontrolled or non-dipping blood
pressure patterns. Another significant predictor is ODI and
minimum nocturnal oxygen saturation. Persistent nocturnal
hypoxemia triggers sympathetic overactivation, oxidative
stress, and endothelial dysfunction, all of which perpetuate

Table 4. Multiple Logistic Regression Analysis for Predictors of
Resistant Hypertension

Odds Ratio 95% Confidence
Variables B (Exp B) P Interval for OR
COMISA 1.662 5.26 <.001 2.04-13.57
Age (years) 0.030 1.03 14 0.99-1.07
AHI (events/h)  0.002 1.00 786 0.98-1.02
Sex (male) 1176 3.24 .010 1.36-7.72
BMI (kg/m?) 0.035 1.03 .279 0.97-110

AHI, apnea—hypopnea index; BMI, body mass index; Exp(B),
exponentiated B coefficient; OR, odds ratio; RH, resistant
hypertension.
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Figure 1. Forest plot displaying odds ratios (OR) and 95%
confidence intervals for predictors of resistant hypertension

in hypertensive OSA patients.

RH. Several studies have demonstrated that an ODI >15 or
a mean SpO, below 90% independently predicts RH in OSA
patients.>?°

The relationship between COMISA and RH appears multi-
factorial and synergistic.

OSA-related intermittent hypoxemia contributes to oxida-
tive stress, inflammation, endothelial dysfunction, and acti-
vation of the renin—angiotensin—aldosterone system, all
of which promote sustained hypertension.**?2 Conversely,
insomnia induces chronic inflammation by arousals and
hypothalamic—pituitary—adrenal axis activation, leading
to elevated nocturnal cortisol and increased sympathetic
tone.”®™ The coexistence of both disorders may therefore
amplify autonomic and neuroendocrine stress, resulting in
greater cardiovascular strain. Recent studies using heart
rate variability have shown marked autonomic imbalance
in COMISA compared to OSA alone,? supporting this syner-
gistic mechanism. Persistent sleep fragmentation may also
blunt nocturnal dipping and sustain 24-hour hypertension by
impairing baroreflex sensitivity.'¢22

Our findings are consistent with recent longitudinal studies.
Wu™ demonstrated that insomnia independently predicted
the development of RH in OSA patients, while Draelants™
reported that COMISA was associated with a higher 10-year
cardiovascular risk.””™ These observations align with previ-
ous systematicreviews and meta-analyses, including Ahmed
et al,® which confirmed that OSA significantly increases the
risk of RH and poor antihypertensive response. In a popula-
tion-based cohort, Frisk et al. found that COMISA correlated
with uncontrolled hypertension, reinforcing the clinical rel-
evance of this interaction.?® Furthermore, Quan et al® and
Pejovic” observed that insomnia symptoms were linked to
sustained sympathetic activation andincreasedincidence of
hypertension, even in non-OSA populations. Recent cardio-
vascular studies have also demonstrated that inadequately
controlled or treatment-RH is associated with a higher risk
of adverse clinical outcomes, underscoring the need for early
identification of high-risk hypertensive phenotypes.?” Taken
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together, these studiesindicate thatinsomniais nota coinci-
dental comorbidity but a major modifier of OSA's cardiovas-
cular consequences.

From a practical standpoint, these results underscore the
importance of screening for insomnia symptoms in all OSA
patients, particularly those with suboptimal blood pres-
sure control despite adequate pharmacologic therapy. In
clinical workflow, administering a brief tool such as the ISI
at the initial sleep clinic visit or hypertension evaluation
may help identify COMISA early. Insomnia has been shown
to impair adherence to continuous positive airway pressure
(CPAP) treatment,™?® reducing its antihypertensive efficacy.
Combined management approaches integrating cognitive
behavioral therapy for insomnia (CBT-1) with CPAP have
been shown to improve sleep continuity, therapy adherence,
and blood pressure outcomes.™?%3° Moreover, the incorpora-
tion of COMISA status into risk prediction models, such as
the nomogram developed by Lin,* could enable early identi-
fication of high-risk patients and personalized management
strategies. Clinicians should recognize COMISA as a high-risk
cardiovascular phenotype requiring multidisciplinary man-
agement, including pulmonology, cardiology, and behavioral
sleep medicine.

One of the limitations of our study was the inability to per-
form 24-hour ambulatory blood pressure monitoring; there-
fore, we could not evaluate the distinction between dipper
and non-dipper patterns. However, all medications used by
the patients were verified through the pharmacy records,
and additional differential diagnostic assessments were
conducted by both cardiology and internal medicine special-
ists. The main strengths of this study include objective poly-
somnographic assessment, validated evaluation of ISI, and
robust multiple modeling. However, the retrospective and
single-center design limits generalizability, and unmeasured
confounders such as sodium intake, medication adherence,
and secondary hypertension causes cannot be excluded.
The study was conducted in a tertiary referral sleep cen-
ter, which may have led to a selection of patients with more
severe symptoms or comorbidities compared with the gen-
eral population. Therefore, the generalizability of our find-
ings to primary care or community-based OSA cohorts may
be limited. The use of self-reported scales (ESS, ISI) may
introduce recall bias. Another limitation of our study is the
absence of objective sleep fragmentation parameters such
as arousal index. Although ISl provided a subjective assess-
ment of insomnia symptoms, integrating arousal-based PSG
markers could further clarify the physiological interaction
between COMISA and RH. In addition, the cross-sectional
design precludes establishing causality between COMISA
and RH. Whether insomnia contributes to RH, whether the
hypertensive burden worsens sleep quality, or whether both
share common autonomic and neuroendocrine pathways
remains uncertain; therefore, our findings should be inter-
preted as associative. Future multicenter prospective stud-
ies incorporating arousal scoring, continuous blood pressure
monitoring, and mechanistic biomarkers (e.g., catechol-
amines, endothelin-1) are warranted. Moreover, advanced
analytical approaches such as machine learning models may
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enhance individualized risk prediction in OSA and COMISA
populations.®?

CONCLUSION

In conclusion, the coexistence of insomnia and OSA signifi-
cantly increases the risk of RH, independent of apnea sever-
ity and obesity. COMISA appears to represent a distinct
cardiovascular phenotype within the OSA spectrum.

Routine assessment and targeted treatment of insomnia in
OSA patients through behavioral and pharmacologic inter-
ventions may represent a critical yet underutilized approach
to improving blood pressure control and reducing long-term
cardiovascular risk.
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