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Abstract: Given the limited data available, the aim of this study was to examine the 10-year cardio-
vascular disease (CVD) risk associated with comorbid insomnia disorder and its specific subtypes in
apnoeic individuals. Data from 1104 apnoeic individuals recruited from the database of the Erasme
Hospital Sleep Laboratory were analysed. Only apnoeic individuals with a Framingham Risk Score
≥10% were included in the group at moderate-to-high 10-year CVD risk. Logistic regression analyses
were conducted to examine the risk of 10-year CVD risk associated with comorbid insomnia disorder
and its specific subtypes in apnoeic individuals. Moderate-to-high 10-year CVD risk was present
in 59.6% of the apnoeic individuals in our sample. After adjustment for the main confounding
factors, multivariate logistic regression analyses revealed that comorbid insomnia disorder and, more
particularly, its subtype with short sleep duration were significantly associated with moderate-to-high
10-year CVD risk in apnoeic individuals. In this study, we demonstrate that comorbid insomnia
disorder and, more specifically, its subtype with short sleep duration appear to have a negative cu-
mulative effect on 10-year CVD risk in apnoeic individuals, which justifies more systematic research
and adequate therapeutic management of this disorder to allow for better cardiovascular disease
prevention in this particular subpopulation.

Keywords: cardiovascular risk; insomnia disorder; obstructive sleep apnoea syndrome;
polysomnography

Highlights

• Apnoeic patients are a subpopulation at high risk of CVD.
• Comorbid insomnia disorder is associated with higher CVD risk in apnoeic patients.
• This association seems to be mediated by short sleep duration in apnoeic patients.
• Appropriate management of this disorder is essential in apnoeic patients.

1. Introduction

In the literature, there are many arguments in support of the association between
obstructive sleep apnoea syndrome (OSAS) and cardiovascular disease (CVD). Indeed,
the prevalence of OSAS may reach 70.0% in individuals with CVD, and the incidence of
CVD is high in apnoeic individuals [1,2]. In addition, OSAS is associated with a negative
impact on cardiovascular prognosis, both in the general population and in individuals with
CVD [3–5]. Pathophysiologically, this higher risk of CVD in apnoeic individuals seems
to be mediated by some deleterious mechanisms induced by intermittent hypoxia related
to obstructive events (hyperactivation of the sympathetic nervous system, alterations in
endothelial function, activation of pro-inflammatory pathways, alterations in the renin–
angiotensin system, and metabolic dysregulations) [6]. In addition, in apnoeic individuals,
there seems to be a severity-dependent effect of OSAS on the occurrence of these deleterious
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mechanisms induced by intermittent hypoxia [7]. However, despite a potential beneficial
effect of OSAS treatments on these pathophysiological mechanisms that negatively impact
cardiovascular prognosis [8], OSAS treatments have been shown to have only a limited
effect on reducing cardiovascular risk in apnoeic individuals [9,10]. Thus, it seems necessary
to carry out additional investigations in order to identify the potential cofactors involved
in this higher risk of CVD in apnoeic individuals.

In apnoeic individuals, insomnia disorder is a frequent comorbidity [11], since its
prevalence is estimated at 38.0% in this particular subpopulation [12]. However, similar
to OSAS [13], there seems to be a special relationship between insomnia disorder and
CVD. Indeed, insomnia disorder is a frequent comorbidity in individuals with CVD, and
the prevalence of CVD is not negligible in individuals with insomnia disorder [14,15].
In addition, insomnia disorder appears to promote higher cardiovascular morbidity and
mortality both in the general population and in individuals with CVD [16]. Nevertheless,
this negative impact of insomnia disorder on cardiovascular prognosis seems to be only
associated with some specific subtypes of this disorder [17]. Indeed, some studies have
shown that insomnia sufferers with short sleep duration presented a higher risk of CVD
than those without short sleep duration [17]. However, despite this high prevalence of
comorbid insomnia disorder in apnoeic individuals, and its potential involvement in the
occurrence of CVD, the potential role played by this disorder and its specific subtypes
in the 10-year CVD risk has been poorly studied in this particular subpopulation [18].
Indeed, most of the studies available in the literature have mainly investigated the impact
of comorbid insomnia disorder on the occurrence of some conventional cardiovascular risk
factors and some specific CVD in apnoeic individuals [19–21]. Thus, given the limited data
available in the literature, it could be interesting to study the 10-year CVD risk associated
with comorbid insomnia disorder and its specific subtypes in apnoeic individuals in order
to better understand the poor cardiovascular prognosis of this particular subpopulation.

The aim of this study was, therefore, to empirically investigate the 10-year CVD
risk associated with comorbid insomnia disorder and its specific subtypes in apnoeic
individuals. Our hypothesis was that comorbid insomnia disorder and, more specif-
ically, its subtype with short sleep duration are associated with higher 10-year CVD
risk in apnoeic individuals. The objective of this approach was to provide healthcare
professionals caring for apnoeic individuals with reliable data regarding the 10-year
CVD risk associated with comorbid insomnia disorder and its specific subtypes in order
to allow the development of more targeted cardiovascular prevention strategies in this
particular subpopulation.

2. Materials and Methods
2.1. Population

A total of 1104 apnoeic individuals were recruited from the clinical database of the
Erasme Hospital Sleep Laboratory, which contains demographic and polysomnographic
data from individuals who performed a polysomnographic recording between 2002 and
2019. The inclusion and exclusion criteria applied for the recruitment of these 1104 apnoeic
individuals are available in Table 1 [22]. In this study, we included only apnoeic individuals
because our objective was to focus on this particular subpopulation, in which the occurrence
of comorbid insomnia disorder may negatively impact the cardiovascular prognosis [18].
Finally, the detailed description of the outpatient recruitment procedure for the apnoeic
patients included in this study is available in Supplementary Materials—Section S1 [23].
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Table 1. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

Age ≥ 40 years

Severe psychiatric disorder

• Psychotic disorder
• Bipolar disorder
• Current or past substance abuse

OSAS according to the diagnostic criteria of the
American Academy of Sleep Medicine [22]

Uncontrolled somatic disorder

• Chronic hepatic disorder
• Chronic pancreatic disorder
• Chronic pulmonary disorder
• Chronic cardiovascular disorder
• Chronic renal disorder
• Autoimmune disorder
• Infectious or inflammatory disorder
• Disorder altering the activity of the

hypothalamic–pituitary–adrenal axis

Absence of previous CVD

• Coronary heart disease
• Cerebrovascular disease
• Peripheral arterial disease
• Heart failure

Sleep disorder

• Central hypersomnia
• Parasomnia
• Predominantly central sleep apnoea

syndrome
• OSAS being treated before the sleep

examination

Lesions or malformations

• Current or past cranial trauma
• Current or past central nervous system

lesions involving the respiratory centres
• Craniofacial or thoracic cavity

malformations

Pregnancy
CVD = cardiovascular disease, OSAS = obstructive sleep apnoea syndrome.

2.2. Method
2.2.1. Medical and Psychiatric Assessment of Participants

During their admission to the Sleep Laboratory, all apnoeic individuals included in
this study benefited from a medical interview and a somatic check-up (including blood test,
electrocardiogram, daytime electroencephalogram, and urine analysis) in order to allow a
systematic diagnosis of their potential somatic comorbidities. Following this comprehensive
somatic assessment, a systematic diagnosis of conventional cardiovascular risk factors
(type 2 diabetes (American Diabetes Association diagnostic criteria), hypertension (World
Health Organization diagnostic criteria), dyslipidemia (International Diabetes Federation
diagnostic criteria), and cardiovascular comorbidities) was performed for all apnoeic
individuals included in this study (a detailed description of the diagnostic criteria used is
available in Supplementary Materials—Section S2) [24–27].

Based on these different elements collected during this systematic somatic assessment,
the Framingham Risk Score was used to estimate the 10-year risk of manifesting clinical
CVD (cardiovascular mortality, coronary heart disease, cerebrovascular disease, periph-
eral arterial disease, or heart failure) in apnoeic individuals included in this study [28].
The prediction model of the Framingham Risk Score integrates age, sex, smoking status,
systolic blood pressure, taking antihypertensive medication, total-cholesterol levels, HDL-
cholesterol levels, and diabetes status [28]. A Framingham Risk Score <10% indicates a low
10-year CVD risk, whereas a Framingham Risk Score ≥10% indicates a moderate-to-high
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10-year CVD risk [28]. Finally, the Framingham Risk Score is a cardiovascular risk score
frequently used in the subpopulation of apnoeic individuals [18,29,30].

After this comprehensive somatic assessment, all apnoeic individuals included in
this study benefited from a systematic psychiatric evaluation by a unit psychiatrist to
diagnose their potential psychiatric comorbidities according to the diagnostic criteria of the
DSM-IV-TR (before 2013) or DSM 5 (after 2013) [31,32].

Finally, all apnoeic individuals included in this study completed a series of self-
questionnaires during their admission to the Sleep Laboratory to allow a first assessment of
their subjective complaints of depression (Beck Depression Inventory (reduced to 13 items)),
insomnia (Insomnia Severity Index), and daytime sleepiness (Epworth Sleepiness Scale) (a
detailed description is available in Supplementary Materials—Section S3) [27].

2.2.2. Sleep Evaluation and Study

During their admission to the Sleep Laboratory, all apnoeic individuals included in
this study benefited from a specific sleep interview by a unit psychiatrist to allow a system-
atic assessment of their sleep-related complaints, including sleeping habits, symptoms of
insomnia disorders, symptoms of sleep-related breathing disorders, symptoms of central
hypersomnia, symptoms of circadian rhythm sleep–wake disorders, symptoms of parasom-
nias, symptoms of restless leg syndrome (RLS), and abnormal nocturnal movements (such
as periodic limb movements during sleep (PLMs)).

The participants benefited from a polysomnographic recording from which the data
were collected for the analyses. These polysomnographic recordings performed in the Sleep
Laboratory (accredited by the Belgian National Institute for Health and Disability Insurance
for the diagnosis and treatment of OSAS) meet the recommendations of the American
Academy of Sleep Medicine [33]. The detailed description of the stay conditions at the Sleep
Laboratory and the applied polysomnography-montage are available in Supplementary
Materials—Section S4 [23,27]. Finally, under the supervision of certified somnologists, these
polysomnographic recordings were visually scored by specialised technicians according to
the criteria of the American Academy of Sleep Medicine [34,35].

Through these different steps, all apnoeic individuals included in this study benefited
from an assessment of their OSAS severity—mild (apnoea–hypopnoea index ≥5/hour and
<15/hour), moderate (obstructive apnoea–hypopnoea index ≥15/hour and <30/hour),
and severe (obstructive apnoea–hypopnoea index ≥30/hour), and a systematic diagnosis
of their potential comorbid sleep disorder—moderate-to-severe PLMs (PLMs index was
≥15/hour), RLS (International Restless Legs Syndrome Study Group diagnostic criteria),
insomnia disorder (American Academy of Sleep Medicine Work Group diagnostic criteria),
and short sleep duration (<6 h) [36–40].

2.3. Statistical Analyses

Statistical analyses were performed using Stata 14. The normal distribution of the data
was verified using histograms, boxplots, and quantile-quantile plots, and the equality of
variances was checked using Levene’s test.

We divided our sample of apnoeic individuals into a control group at low 10-year CVD
risk and a patient group at moderate-to-high 10-year CVD risk. Only apnoeic individuals
with a Framingham Risk Score ≥10% were included in the patient group at moderate-to-
high 10-year CVD risk [28].

Given the asymmetric distribution of most continuous variables, non-parametric tests
(Wilcoxon test) based on the medians (P25–P75) were used to demonstrate significant
differences between the different groups of apnoeic individuals. Regarding categorical
variables, percentages were used for descriptive analyses, and Chi2 tests were used for
comparative analyses.

Univariate logistic regression models were used to study the 10-year CVD risk asso-
ciated with comorbid insomnia complaints (categorised: no, short sleep duration alone,
comorbid insomnia disorder), comorbid insomnia subtypes (categorised: no, short sleep
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duration alone, comorbid insomnia disorder without short sleep duration, comorbid in-
somnia disorder with short sleep duration), and the potential confounding factors (detailed
description available in Supplementary Materials—Section S5).

In the multivariate logistic regression models, the 10-year CVD risk associated with
comorbid insomnia complaints and comorbid insomnia subtypes was only adjusted for
significant confounding factors during the univariate analyses. The adequacy of these
different models was verified by the Hosmer and Lemeshow test, whereas the specificity of
the model was verified by the Link test.

The results were considered significant when the p-value was <0.05.

3. Results
3.1. Polysomnographic Data

Compared to those with low 10-year CVD risk, apnoeic individuals with moderate-to-
high 10-year CVD risk showed:

- Reductions in sleep efficiency, sleep period time, total sleep time, % slow-wave sleep,
and % REM sleep (Table 2).

- Increases in % stage 1, % wake after sleep onset, micro-arousal index, obstructive
apnoea–hypopnoea index, oxygen desaturation index, total time under 90% of Sao2,
and PLMs index (Table 2).

Table 2. Polysomnographic data (n = 1104).

Whole
Sample

(n = 1104)

Subjects with Low
10-Year CVD Risk

(n = 446)

Subjects with
Moderate-to-High
10-Year CVD Risk

(n = 658)

p-Value

Sleep latency (min) 25.0 (12.7–50.5) 23.2 (12.0–49.0) 26.6 (13.0–52.0) 0.154
Sleep efficiency (%) 77.0 (67.4–83.9) 79.4 (71.1–85.8) 75.0 (64.9–82.8) <0.001
Sleep period time (min) 452.5 (414.4–485.3) 457.8 (422.0–492.0) 451.0 (407.0–482.0) 0.005
Total sleep time (min) 379.0 (332.8–422.3) 396.2 (348.7–430.7) 368.0 (321.0–413.3) <0.001
% stage 1 9.0 (6.0–13.0) 8.0 (5.8–11.8) 9.3 (6.8–13.8) <0.001
% stage 2 54.0 (47.1–60.0) 54.0 (48.0–59.6) 54.0 (46.0–60.0) 0.347
% slow-wave sleep 1.8 (0.0–7.0) 3.5 (0.4–9.0) 1.0 (0.0–5.3) <0.001
% REM sleep 15.2 (11.0–19.7) 16.2 (12.4–20.3) 14.9 (10.0–19.0) <0.001
REM latency (min) 83.5 (59.0–124.0) 85.0 (61.0–121.3) 81.5 (57.5–129.0) 0.631
% wake after sleep onset 14.6 (8.8–23.0) 12.9 (7.8–19.5) 15.4 (9.8–24.1) <0.001
Number of awakenings 35 (24–52) 34 (23–49) 36 (25–53) 0.169
Micro-arousal index 17 (11–31) 15 (10–23) 19 (12–32) <0.001
Apnoea–hypopnoea index 14 (8–30) 12 (7–22) 17 (9–35) <0.001
Oxygen desaturation index 5 (2–14) 4 (1–8) 6 (2–18) <0.001
Total time under 90% of SaO2 (min) 14.6 (1.7–69.0) 6.0 (0.5–32.5) 21.5 (3.5–96.0) <0.001
PLMs index 2 (0–11) 1 (0–8) 3 (0–14) 0.001

Median (P25–P75) Median (P25–P75) Median (P25–P75) Wilcoxon Test

CVD = cardiovascular disease, OSAS = obstructive sleep apnoea syndrome, PLMs = periodic limb movements
during sleep, REM = rapid eye movement.

There were no significant differences between the two groups for sleep latency, % stage 2,
REM latency, or number of awakenings (Table 2).

3.2. Demographic Data

Moderate-to-high 10-year CVD risk was present in 59.6% (n = 658) of apnoeic indi-
viduals from our sample (Table 3). Male sex, body mass index ≥25 and <30 kg/m2, body
mass index ≥30 kg/m2, age ≥54 years, smoking, alcohol consumption, moderate-to-severe
OSAS, RLS alone or combined with PLMs, short sleep duration alone, comorbid insomnia
disorder, type 2 diabetes, untreated hypertension, controlled hypertension, uncontrolled
hypertension, dyslipidaemia without statin therapy, dyslipidaemia with statin therapy,
cardiovascular comorbidities, aspirin therapy, and CRP levels ≥1 mg/L were more frequent
in apnoeic individuals with moderate-to-high 10-year CVD risk than in those with low
10-year CVD risk (Table 3). In addition, apnoeic individuals with moderate-to-high 10-year
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CVD risk had higher body mass index, age, and CRP levels than those with low 10-year
CVD risk (Table 3). There were no significant differences between the two groups for
snoring, excessive daytime sleepiness, depression status, Epworth Sleepiness Scale scores,
Beck Depression Inventory scores, and Insomnia Severity Index scores (Table 3). Finally, in
apnoeic individuals, comorbid insomnia disorder was very frequent, since its prevalence
was 40.0% in this particular subpopulation (Table 3).

Table 3. Sample description (n = 1104).

Variables Categories % Subjects with Low
10-Year CVD Risk

Subjects with
Moderate-to-High
10-Year CVD Risk

p-ValueChi2

Gender Female (n = 263)
Male (n = 841)

23.8%
76.2%

65.0%
32.7%

35.0%
67.3% <0.001

BMI (kg/m2)
<25 (n = 194)

≥25 and <30 (n = 432)
≥30 (n = 478)

17.6%
39.1%
43.3%

55.7%
39.8%
34.7%

44.3%
60.2%
65.3%

<0.001

Age (years) <54 (n = 535)
≥54 (n = 569)

48.5%
51.5%

57.4%
24.4%

42.6%
75.6% <0.001

Smoking No (n = 900)
Yes (n = 204)

81.5%
18.5%

45.8%
16.7%

54.2%
83.3% <0.001

Alcohol No (n = 725)
Yes (n = 379)

65.7%
34.3%

42.6%
36.2%

57.4%
63.8% 0.037

Snoring Non (n = 173)
Yes (n = 931)

15.7%
84.3%

38.7%
40.7%

61.3%
59.3% 0.626

OSAS severity
Mild (n = 559)

Moderate (n = 269)
Severe (n = 276)

50.6%
24.4%
25.0%

49.4%
35.7%
26.8%

50.6%
64.3%
73.2%

<0.001

Sleep movement
disorders

No (n = 861)
Moderate-to-severe PLMs alone

(n = 70)
RLS alone or combined with

PLMs (n = 173)

78.0%
6.3%

15.7%

42.6%
38.6%
30.1%

57.4%
61.4%
69.9%

0.008

Comorbid insomnia
complaints

No (n = 441)
Short sleep duration alone

(n = 221)
Comorbid insomnia disorder

(n = 442)

39.9%
20.1%
40.0%

46.0%
32.1%
38.9%

54.0%
67.9%
61.1%

0.002

Excessive daytime
sleepiness

No (n = 649)
Yes (n = 455)

58.8%
41.2%

38.4%
43.3%

61.6%
56.7% 0.100

Type 2 diabetes No (n = 890)
Yes (n = 214)

80.6%
19.4%

48.1%
8.4%

51.9%
91.6% <0.001

Hypertension

No (n = 496)
Untreated (n = 169)
Controlled (n = 301)

Uncontrolled (n = 138)

44.9%
15.3%
27.3%
12.5%

60.1%
29.6%
28.6%
8.7%

39.9%
70.4%
71.4%
91.3%

<0.001

Dyslipidaemia
No (n = 460)

Without statin therapy (n = 366)
With statin therapy (n = 278)

41.7%
33.1%
25.2%

56.1%
32.2%
25.2%

43.9%
67.8%
74.8%

<0.001

Cardiovascular
comorbidities

No (n = 945)
Yes (n = 159)

85.6%
14.4%

42.3%
28.9%

57.7%
71.1% 0.001

Aspirin therapy No (n = 913)
Yes (n = 191)

82.7%
17.3%

45.1%
17.8%

54.9%
82.2% <0.001

CRP (mg/L) <1 (n = 294)
≥1 (n = 810)

26.6%
73.4%

49.3%
37.2%

50.7%
62.8% <0.001

Depression
No (n = 649)

Remitted (n = 208)
Current (n = 247)

58.8%
18.8%
22.4%

39.8%
44.7%
38.5%

60.2%
55.3%
61.5%

0.349
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Table 3. Cont.

Variables Categories % Subjects with Low
10-Year CVD Risk

Subjects with
Moderate-to-High
10-Year CVD Risk

p-ValueChi2

10-year CVD Risk Low (n = 446)
Moderate-to-high (n = 658)

40.4%
59.6%

Median
(P25–P75) Wilcoxon Test

BMI (kg/m2) 29.0 (26.1–32.9) 28.1 (25.1–31.7) 29.6 (26.8–33.6) <0.001
Age (years) 54 (48–61) 49 (45–55) 57 (52–63) <0.001

ESS 9 (6–13) 9 (6–13) 9 (6–12) 0.397
BDI 3 (1–7) 3 (1–7) 3 (2–7) 0.415
ISI 13 (8–17) 13 (8–17) 13 (9–17) 0.846

CRP (mg/L) 1.7 (1.0–3.6) 2.2 (1.0–6.9) 2.9 (1.2–7.7) 0.030
Framingham Risk

Score (%) 11.9 (7.2–19.7) 6.3 (4.6–8.2) 17.9 (13.0–25.2) <0.001

CVD = cardiovascular disease, OSAS = obstructive sleep apnoea syndrome, BMI = body mass index,
CRP = C-reactive protein, PLMs = periodic limb movements during sleep, RLS = restless legs syndrome,
ESS = Epworth Sleepiness Scale, BDI = Beck Depression Inventory, ISI = Insomnia Severity Index.

3.3. Univariate Analyses for 10-Year CVD Risk Associated with Comorbid Insomnia Complaints
and Potential Confounding Factors in Apnoeic Individuals

Male sex, overweight, obesity, older age, smoking, alcohol consumption, moderate-
to-severe OSAS, RLS alone or combined with PLMs, short sleep duration alone, comorbid
insomnia disorder, type 2 diabetes, untreated hypertension, controlled hypertension, un-
controlled hypertension, dyslipidaemia without statin therapy, dyslipidaemia with statin
therapy, cardiovascular comorbidities, aspirin therapy, and CRP levels ≥1 mg/L were
significantly associated with moderate-to-high 10-year CVD risk in apnoeic individu-
als (Table 4).

Table 4. Univariate analyses for 10-year CVD risk associated with comorbid insomnia complaints
and potential confounding factors in apnoeic individuals (n = 1104).

Variables OR (CI 95%) p-Value

Gender
<0.001Female

Male
1

3.83 (2.86 to 5.12)

BMI (kg/m2)

<0.001
<25 1
≥25 and <30 1.90 (1.35 to 2.67)
≥30 2.36 (1.68 to 3.32)

Age (years)
<0.001<54 1

≥54 4.16 (3.22 to 5.38)

Smoking
<0.001No 1

Yes 4.22 (2.86 to 6.24)

Alcohol
0.038No 1

Yes 1.31 (1.02 to 1.70)

Snoring
0.626No 1

Yes 0.92 (0.66 to 1.28)
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Table 4. Cont.

Variables OR (CI 95%) p-Value

OSAS severity

<0.001
Mild 1
Moderate 1.76 (1.30 to 2.37)
Severe 2.66 (1.95 to 3.64)

Sleep movement disorders

0.009
No 1
Moderate-to-severe PLMs 1.18 (0.72 to 1.95)
RLS alone or combined with
PLMs 1.73 (1.22 to 2.46)

Comorbid insomnia complaints

0.002
No 1
Short sleep duration alone 1.80 (1.28 to 2.53)
Comorbid insomnia disorder 1.34 (1.02 to 1.75)

Excessive daytime sleepiness
0.101No 1

Yes 0.82 (0.64 to 1.04)

Type 2 diabetes
<0.001No 1

Yes 10.08 (6.12 to 16.64)

Hypertension

<0.001
No 1
Untreated 3.58 (2.46 to 5.22)
Controlled 3.76 (2.77 to 5.12)
Uncontrolled 15.80 (8.51 to 29.34)

Dyslipidaemia

<0.001
No 1
Without statin therapy 2.68 (2.02 to 3.57)
With statin therapy 3.80 (2.74 to 5.27)

Cardiovascular comorbidities
0.002No 1

Yes 1.80 (1.25 to 2.60)

Aspirin therapy
<0.001No 1

Yes 3.80 (2.56 to 5.63)

CRP (mg/L)
<0.001<1 1

≥1 1.65 (1.26 to 2.15)

Depression

0.35
Non 1
Remitted 0.82 (0.60 to 1.12)
Current 1.06 (0.78 to 1.43)

OSAS = obstructive sleep apnoea syndrome, BMI = body mass index, CRP = C-reactive protein, PLMs = periodic
limb movements during sleep, RLS = restless legs syndrome.

3.4. Multivariate Analyses for 10-Year CVD Risk Associated with Comorbid Insomnia Complaints
in Apnoeic Individuals

After adjustment for the main confounding factors associated with cardiovascular risk
highlighted during the univariate analyses, multivariate logistic regression analyses revealed
that unlike short sleep duration alone, only comorbid insomnia disorder was significantly
associated with moderate-to-high 10-year CVD risk in apnoeic individuals (Table 5).
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Table 5. Multivariate analyses for 10-year CVD risk associated with comorbid insomnia complaints
in apnoeic individuals (n = 1104).

Variables OR Adjusted (CI 95%) p-Value

Comorbid insomnia complaints

0.037
No 1
Short sleep duration alone 0.99 (0.60 to 1.65)
Comorbid insomnia disorder 1.64 (1.09 to 2.45)

Model adjusted for gender, BMI, age, smoking, alcohol, OSAS severity, sleep movement disorders, type 2 diabetes,
hypertension, dyslipidaemia, cardiovascular comorbidities, aspirin therapy, and CRP levels.

3.5. Additional Univariate and Multivariate Analyses for 10-Year CVD Risk Associated with
Comorbid Insomnia Subtypes in Apnoeic Individuals

Unlike comorbid insomnia disorder without short sleep duration, only short sleep
duration alone and comorbid insomnia disorder with short sleep duration were more frequent
in apnoeic individuals with moderate-to-high 10-year CVD risk than in those with low 10-
year CVD risk (Table 6). In addition, during univariate logistic regression analyses, unlike
comorbid insomnia disorder without short sleep duration, only short sleep duration alone
and comorbid insomnia disorder with short sleep duration were significantly associated with
moderate-to-high 10-year CVD risk in apnoeic individuals (Table 6). Finally, after adjustment
for the main confounding factors associated with cardiovascular risk highlighted during
the univariate analyses, multivariate logistic regression analyses revealed that unlike short
sleep duration alone and comorbid insomnia disorder without short sleep duration, only
comorbid insomnia disorder with short sleep duration was significantly associated with
moderate-to-high 10-year CVD risk in apnoeic individuals (Table 6).

Table 6. Additional univariate and multivariate analyses for 10-year CVD risk associated with
comorbid insomnia subtypes in apnoeic individuals (n = 1104).

Variables %
Subjects with
Low 10-Year
CVD Risk

Subjects with
Moderate-to-
High 10-Year

CVD Risk

Model 1 OR
Unadjusted (CI

95%)
p-Value

Model 2 OR
Adjusted (CI

95%)
p-Value

Comorbid insomnia
subtypes <0.001 0.018

No 39.9% (n = 441) 46.0% 54.0% 1 1
Short sleep

duration alone 20.1% (n = 221) 32.1% 67.9% 1.80 (1.28 to 2.53) 0.99 (0.60 to 1.65)

Without short
sleep duration 22.4% (n = 247) 44.9% 55.1% 1.05 (0.76 to 1.43) 1.26 (0.78 to 2.04)

With short sleep
duration 17.6% (n = 195) 31.3% 68.7% 1.87 (1.31 to 2.67) 2.22 (1.33 to 3.72)

Model 1 = model unadjusted. Model 2 = model adjusted for gender, BMI, age, smoking, alcohol, OSAS severity,
sleep movement disorders, type 2 diabetes, hypertension, dyslipidaemia, cardiovascular comorbidities, aspirin
therapy, and CRP levels. CVD = cardiovascular disease.

4. Discussion

In this study, we demonstrated that 59.6% of apnoeic individuals had a moderate-to-
high 10-year CVD risk, which is significantly higher than in the general population [41].
However, the rate of apnoeic individuals with moderate-to-high 10-year CVD risk high-
lighted in our study seems to be higher than that of the study by Li et al. (2020) [42]. Indeed,
in this previous study, only 34.0% of apnoeic individuals had a moderate-to-high 10-year
CVD risk [42]. However, compared to our study, the apnoeic individuals recruited in the
study by Li et al. (2020) had a better demographic (younger age and lower body mass
index) and cardiometabolic profile (lower prevalence of type 2 diabetes, hypertension, and
dyslipidaemia) [42], which may have led to an underestimation of the 10-year CVD risk in
their study given the major role played by these demographic and cardiometabolic factors
in the development of CVD [28]. On the other hand, the rate of apnoeic individuals with
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moderate-to-high 10-year CVD risk demonstrated in our study seems to be smaller than
that of the study by Luyster et al. (2014) (66.4%) [18]. However, unlike our study, where
OSAS was diagnosed during polysomnographic recordings, the use of the Multivariable
Apnoea Prediction Questionnaire to identify individuals at high risk of OSAS could explain
the overestimation of the 10-year CVD risk in their study given that the algorithm of this
screening tool seems to favour the recruitment of individuals with higher cardiovascular
risk (higher body mass index, older age, and more severe cardiometabolic comorbidities)
in the groups at high risk of OSAS [43,44]. Finally, the rate of apnoeic individuals with
moderate-to-high 10-year CVD risk from our study seems to be consistent with that of the
studies by Matthews et al. (2011) and Cao et al. (2022) (57.1%), which recruited apnoeic
individuals with demographic and cardiometabolic features more similar to those of our
sample of apnoeic individuals [29,30]. Thus, regardless of some methodological differences
with other studies available in the literature, we have confirmed that apnoeic individu-
als are a subpopulation at high risk of CVD, which justifies a better identification of the
cardiovascular risk factors specific to this particular subpopulation.

Similar to the data available in the literature [12], we confirmed that comorbid in-
somnia disorder is common in apnoeic individuals. Indeed, in our study, 40% of apnoeic
individuals had comorbid insomnia disorder, which highlights the importance of the co-
occurrence of insomnia disorder and OSAS. In addition, we have shown that comorbid
insomnia disorder and, more particularly, its subtype with short sleep duration were
significantly associated with moderate-to-high 10-year CVD risk in apnoeic individuals.
Pathophysiologically, several elements could help to better understand this frequent occur-
rence of comorbid insomnia disorder and its potential involvement in the 10-year CVD risk
in apnoeic individuals. First, repeated nocturnal awakenings related to OSAS may induce
the development of psychophysiological conditioning processes promoting dysfunctional
sleep behaviours [45]. However, since dysfunctional sleep behaviours are one of the main
pathophysiological mechanisms involved in the acute onset and maintenance of insomnia
disorder [46], the development of these dysfunctional sleep behaviours related to OSAS
could explain the frequent co-occurrence of insomnia disorder in our sample of apnoeic
individuals. Secondly, in the literature, there are arguments in support of a potential
synergistic effect of the co-occurrence between insomnia disorder and OSAS on some
pathophysiological mechanisms (deregulation of the hypothalamic–pituitary–adrenal axis,
hyperactivation of the sympathetic nervous system, and activation of pro-inflammatory
mechanisms) [47,48]. However, since these pathophysiological mechanisms play a central
role in the development of CVD in both apnoeic and insomniac individuals [6,49], the
potential negative cumulative effect on the cardiovascular outcome of this pathophysiologi-
cal synergy between insomnia disorder and OSAS could explain the higher 10-year CVD
risk associated with comorbid insomnia disorder highlighted in our sample of apnoeic
individuals. Third, in our study, we found that this higher 10-year CVD risk associated
with comorbid insomnia disorder in apnoeic individuals appears to be mediated by sleep
duration. Indeed, unlike comorbid insomnia disorder without short sleep duration, only
comorbid insomnia disorder with short sleep duration was significantly associated with
moderate-to-high 10-year CVD risk in apnoeic individuals. However, in insomnia sufferers
with short sleep duration, the pathophysiological mechanisms favouring the development
of CVD are more marked than in insomnia sufferers without short sleep duration [50],
which could potentially explain this mediating effect of sleep duration on the 10-year CVD
risk associated with comorbid insomnia disorder demonstrated in our sample of apnoeic
individuals. Thus, based on these different elements, it seems essential to systematically
screen and adequately treat comorbid insomnia disorder and, more particularly, its subtype
with short sleep duration in apnoeic individuals in order to allow better cardiovascular
prevention in this particular subpopulation.

The demonstration of this higher 10-year CVD risk associated with comorbid insomnia
disorder and, more particularly, its subtype with short sleep duration in apnoeic individuals
could allow a better understanding of the limited effect of OSAS treatments on reducing
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cardiovascular risk in this particular subpopulation [51]. Indeed, in apnoeic individuals,
the absence of appropriate management of comorbid insomnia disorder could induce the
persistence of pathophysiological mechanisms favouring the emergence of CVD [16], both
by the direct negative effect of insomnia disorder on cardiovascular outcome and by the
indirect negative effect of insomnia disorder on compliance with OSAS treatments [52,53].
However, although the implementation of an adequate combined treatment of comorbid
insomnia disorder could open new perspectives to allow a better cardiovascular outcome
in apnoeic individuals [54], it seems essential to take into account the specific features of
this particular subpopulation for the choice of this combined treatment in order to avoid
the establishment of treatments with a negative impact for the management of OSAS [55].
Indeed, since most pharmacological treatments for comorbid insomnia disorder may have a
deleterious effect on respiratory parameters in apnoeic individuals, cognitive–behavioural
therapy for insomnia combined with optimal treatment of OSAS (lifestyle changes plus
continuous positive airway pressure therapy/mandibular advancement devices/surgery)
seems to be the best therapeutic option for apnoeic individuals with comorbid insomnia
disorder [56,57]. Finally, alongside this combined treatment of comorbid insomnia disorder
in apnoeic individuals, it is essential to establish adequate therapeutic strategies for conven-
tional cardiovascular risk factors in order to allow integrated cardiovascular management
in this particular subpopulation [58].

Limitations

The results obtained in our study come from retrospective data that, even if they
have been encoded in a systematic manner, cannot be verified directly with the subject
in most cases, which means that our results need to be replicated in prospective studies.
Furthermore, we only focused on OSAS, which means that our results cannot be generalised
to other types of sleep-related breathing disorders (such as central sleep apnoea, sleep-
related hypoventilation, or sleep-related hypoxemia disorder). In addition, although the
Framingham Risk Score is a cardiovascular risk score frequently used in apnoeic individuals,
it only allows an indirect measurement of the 10-year CVD risk, which may potentially limit
the interpretation of our results. Finally, our database only contains apnoeic individuals
who had agreed to undergo a Sleep Laboratory evaluation, which may also limit the
generalisability of our results.

5. Conclusions

In this study, we confirmed that insomnia disorder was a frequent comorbidity in ap-
noeic individuals. Indeed, the prevalence of comorbid insomnia disorder was 40.0% in our
sample of apnoeic individuals. In addition, we demonstrated a moderate-to-high 10-year
CVD risk in 59.6% of apnoeic individuals from our sample, which confirms that apnoeic
individuals are a subpopulation at high risk of CVD. Finally, we highlighted that comorbid
insomnia disorder and, more specifically, its subtype with short sleep duration appear
to have a negative cumulative effect on 10-year CVD risk in apnoeic individuals, which
justifies more systematic research and adequate therapeutic management of this disorder
in order to allow for better cardiovascular prevention in this particular subpopulation.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/life12070944/s1, Section S1 Detailed description of the outpatient
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of the diagnostic criteria used for the conventional cardiovascular risk factors; Section S3: Detailed
description of self-questionnaires used; Section S4: Description of the stay conditions at the Sleep
Laboratory and description of the applied polysomnography-montage; Section S5: Description of the
confounding factors included in the univariate analyses. References [24–26,59–68] are cited in the
Supplementary Materials.

https://www.mdpi.com/article/10.3390/life12070944/s1
https://www.mdpi.com/article/10.3390/life12070944/s1


Life 2022, 12, 944 12 of 15

Author Contributions: M.H.: Conceptualization, Methodology, Formal Analysis, Investigation,
Data Curation, Writing—Original Draft Preparation. B.W.: Methodology, Software, Data Cura-
tion, Writing—Original Draft Preparation. J.-P.L.: Methodology, Software, Data Curation, Writing—
Original Draft Preparation. G.L.: Writing—Original Draft Preparation, Supervision. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This research protocol was approved by the Hospital and
Medical School Ethics Committee of the Erasme Hospital (Brussels University Clinics) (Erasme
Reference: P2022/093). At Erasme Hospital, all patients are informed that their data could be used
retrospectively for scientific research. If patients do not wish for their data to be used, they must
inform the hospital, at which time, this directive is indicated in their medical records, and any future
use of their data is prohibited.

Informed Consent Statement: Not applicable.

Data Availability Statement: The datasets used and/or analysed during the current study are
available from the corresponding author on reasonable request.

Acknowledgments: I thank Christelle Bouchart for their support, as well as the Sleep Laboratory
team from the Erasme Hospital for technical support.

Conflicts of Interest: The authors have no conflict of interest with the work carried out in this study.

Abbreviations

CRP: C-Reactive Protein; CVD: Cardiovascular Disease; DSM: Diagnostic and Statistical Manual
of Mental Disorders; OSAS: Obstructive Sleep Apnoea Syndrome; PLMs: Periodic Limb Movements
during Sleep; REM: Rapid Eye Movement; RLS: Restless Legs Syndrome.

References
1. Le Grande, M.R.; Beauchamp, A.; Driscoll, A.; Jackson, A.C. Prevalence of obstructive sleep apnoea in acute coronary syndrome

patients: Systematic review and meta-analysis. BMC Cardiovasc. Disord. 2020, 20, 147. [CrossRef] [PubMed]
2. Tang, M.; Wang, Y.; Wang, M.; Tong, R.; Shi, T. Risk for Cardiovascular Disease and One-Year Mortality in Patients with Chronic

Obstructive Pulmonary Disease and Obstructive Sleep Apnea Syndrome Overlap Syndrome. Front. Pharmacol. 2021, 12, 767982.
[CrossRef] [PubMed]

3. Xie, C.; Zhu, R.; Tian, Y.; Wang, K. Association of obstructive sleep apnoea with the risk of vascular outcomes and all-cause
mortality: A meta-analysis. BMJ Open 2017, 7, e013983. [CrossRef] [PubMed]

4. Qu, H.; Guo, M.; Zhang, Y.; Shi, D.Z. Obstructive sleep apnea increases the risk of cardiac events after percutaneous coronary
intervention: A meta-analysis of prospective cohort studies. Sleep Breath 2018, 22, 33–40. [CrossRef] [PubMed]

5. Lavie, P.; Lavie, L. Cardiovascular morbidity and mortality in obstructive sleep apnea. Curr. Pharm. Des. 2008, 14, 3466–3473.
[CrossRef] [PubMed]

6. Salman, L.A.; Shulman, R.; Cohen, J.B. Obstructive Sleep Apnea, Hypertension, and Cardiovascular Risk: Epidemiology,
Pathophysiology, and Management. Curr. Cardiol. Rep. 2020, 22, 6. [CrossRef]

7. Lavie, L.; Lavie, P. Molecular mechanisms of cardiovascular disease in OSAHS: The oxidative stress link. Eur. Respir. J. 2009, 33,
1467–1484. [CrossRef]

8. Ning, Y.; Zhang, T.S.; Wen, W.W.; Li, K.; Yang, Y.X.; Qin, Y.W.; Zhang, H.N.; Du, Y.H.; Li, L.Y.; Yang, S.; et al. Effects of continuous
positive airway pressure on cardiovascular biomarkers in patients with obstructive sleep apnea: A meta-analysis of randomized
controlled trials. Sleep Breath 2019, 23, 77–86. [CrossRef]

9. Labarca, G.; Dreyse, J.; Drake, L.; Jorquera, J.; Barbe, F. Efficacy of continuous positive airway pressure (CPAP) in the prevention
of cardiovascular events in patients with obstructive sleep apnea: Systematic review and meta-analysis. Sleep Med. Rev. 2020,
52, 101312. [CrossRef]

10. Khan, S.U.; Duran, C.A.; Rahman, H.; Lekkala, M.; Saleem, M.A.; Kaluski, E. A meta-analysis of continuous positive airway
pressure therapy in prevention of cardiovascular events in patients with obstructive sleep apnoea. Eur. Heart J. 2018, 39, 2291–2297.
[CrossRef]

11. Valipour, A.; Lothaller, H.; Rauscher, H.; Zwick, H.; Burghuber, O.C.; Lavie, P. Gender-related differences in symptoms of patients
with suspected breathing disorders in sleep: A clinical population study using the sleep disorders questionnaire. Sleep 2007, 30,
312–319. [CrossRef]

http://doi.org/10.1186/s12872-020-01430-3
http://www.ncbi.nlm.nih.gov/pubmed/32209053
http://doi.org/10.3389/fphar.2021.767982
http://www.ncbi.nlm.nih.gov/pubmed/34764876
http://doi.org/10.1136/bmjopen-2016-013983
http://www.ncbi.nlm.nih.gov/pubmed/29275335
http://doi.org/10.1007/s11325-017-1503-8
http://www.ncbi.nlm.nih.gov/pubmed/28421375
http://doi.org/10.2174/138161208786549317
http://www.ncbi.nlm.nih.gov/pubmed/19075722
http://doi.org/10.1007/s11886-020-1257-y
http://doi.org/10.1183/09031936.00086608
http://doi.org/10.1007/s11325-018-1662-2
http://doi.org/10.1016/j.smrv.2020.101312
http://doi.org/10.1093/eurheartj/ehx597
http://doi.org/10.1093/sleep/30.3.312


Life 2022, 12, 944 13 of 15

12. Zhang, Y.; Ren, R.; Lei, F.; Zhou, J.; Zhang, J.; Wing, Y.K.; Sanford, L.D.; Tang, X. Worldwide and regional prevalence rates of
co-occurrence of insomnia and insomnia symptoms with obstructive sleep apnea: A systematic review and meta-analysis. Sleep
Med. Rev. 2019, 45, 1–17. [CrossRef]

13. Silvani, A. Sleep disorders, nocturnal blood pressure, and cardiovascular risk: A translational perspective. Auton. Neurosci. 2019,
218, 31–42. [CrossRef]

14. Frøjd, L.A.; Munkhaugen, J.; Moum, T.; Sverre, E.; Nordhus, I.H.; Papageorgiou, C.; Dammen, T. Insomnia in patients with
coronary heart disease: Prevalence and correlates. J. Clin. Sleep Med. 2021, 17, 931–938. [CrossRef]

15. Benbir, G.; Demir, A.U.; Aksu, M.; Ardic, S.; Firat, H.; Itil, O.; Ozgen, F.; Yılmaz, H.; Karadeniz, D. Prevalence of insomnia and its
clinical correlates in a general population in Turkey. Psychiatry Clin. Neurosci. 2015, 69, 543–552. [CrossRef]

16. Javaheri, S.; Redline, S. Insomnia and Risk of Cardiovascular Disease. Chest 2017, 152, 435–444. [CrossRef]
17. Bertisch, S.M.; Pollock, B.D.; Mittleman, M.A.; Buysse, D.J.; Bazzano, L.A.; Gottlieb, D.J.; Redline, S. Insomnia with objective

short sleep duration and risk of incident cardiovascular disease and all-cause mortality: Sleep Heart Health Study. Sleep 2018, 41,
zsy047. [CrossRef]

18. Luyster, F.S.; Kip, K.E.; Buysse, D.J.; Aiyer, A.N.; Reis, S.E.; Strollo, P.J., Jr. Traditional and nontraditional cardiovascular risk
factors in comorbid insomnia and sleep apnea. Sleep 2014, 37, 593–600. [CrossRef]

19. Vozoris, N.T. Sleep apnea-plus: Prevalence, risk factors, and association with cardiovascular diseases using United States
population-level data. Sleep Med. 2012, 13, 637–644. [CrossRef]

20. Gupta, M.A.; Knapp, K. Cardiovascular and psychiatric morbidity in obstructive sleep apnea (OSA) with insomnia (sleep apnea
plus) versus obstructive sleep apnea without insomnia: A case-control study from a Nationally Representative US sample. PLoS
ONE 2014, 9, e90021. [CrossRef]

21. Rissling, M.B.; Gray, K.E.; Ulmer, C.S.; Martin, J.L.; Zaslavsky, O.; Gray, S.L.; Hale, L.; Zeitzer, J.M.; Naughton, M.;
Woods, N.F.; et al. Sleep Disturbance, Diabetes, and Cardiovascular Disease in Postmenopausal Veteran Women. Gerontologist
2016, 56 (Suppl. 1), S54–S66. [CrossRef]

22. American Academy of Sleep Medicine. International Classification of Sleep Disorders, 3rd ed.; American Academy of Sleep Medicine:
Darien, IL, USA, 2014.

23. Al Faker, M.; Wacquier, B.; Willame, H.; Point, C.; Dosogne, M.; Loas, G.; Hein, M. The association between type 2 diabetes and
major depression in apnoeic individuals. Sleep Biol. Rhythms 2022, 20, 219–228. [CrossRef]

24. American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes Care 2014, 37 (Suppl. 1), S81–S90.
[CrossRef]

25. Mills, K.T.; Bundy, J.D.; Kelly, T.N.; Reed, J.E.; Kearney, P.M.; Reynolds, K.; Chen, J.; He, J. Global disparities of hypertension
prevalence and control: A systematic analysis of population-based studies from 90 countries. Circulation 2016, 134, 441–450.
[CrossRef]

26. Alberti, K.G.; Eckel, R.H.; Grundy, S.M.; Zimmet, P.Z.; Cleeman, J.I.; Donato, K.A.; Fruchart, J.C.; James, W.P.; Loria, C.M.;
Smith, S.C., Jr.; et al. Harmonizing the metabolic syndrome: A joint interim statement of the International Diabetes Federation
Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World
Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity. Circulation 2009,
120, 1640–1645.

27. Hein, M.; Lanquart, J.P.; Mungo, A.; Loas, G. Cardiovascular risk associated with co-morbid insomnia and sleep apnoea (COMISA)
in type 2 diabetics. Sleep Sci. 2022, 15, 184–194. [CrossRef]

28. D’Agostino, R.B., Sr.; Vasan, R.S.; Pencina, M.J.; Wolf, P.A.; Cobain, M.; Massaro, J.M.; Kannel, W.B. General cardiovascular risk
profile for use in primary care: The Framingham Heart Study. Circulation 2008, 117, 743–753. [CrossRef] [PubMed]

29. Matthews, K.A.; Strollo, P.J., Jr.; Hall, M.; Mezick, E.J.; Kamarck, T.W.; Owens, J.F.; Buysse, D.J.; Reis, S.E. Associations of
Framingham risk score profile and coronary artery calcification with sleep characteristics in middle-aged men and women:
Pittsburgh SleepSCORE study. Sleep 2011, 34, 711–716. [PubMed]

30. Cao, W.; Luo, J.; Huang, R.; Xiao, Y. The Association between Sleep Breathing Impairment Index and Cardiovascular Risk in Male
Patients with Obstructive Sleep Apnea. Nat. Sci. Sleep 2022, 14, 53–60. [CrossRef] [PubMed]

31. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 4th ed.; Text Rev; American Psychiatric
Publishing: Arlington, VA, USA, 2000.

32. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American Psychiatric Association:
Washington, DC, USA, 2013.

33. Kushida, C.A.; Littner, M.R.; Morgenthaler, T.; Alessi, C.A.; Bailey, D.; Coleman, J., Jr.; Friedman, L.; Hirshkowitz, M.; Kapen, S.;
Kramer, M.; et al. Practice Parameters for the Indications for Polysomnography and Related Procedures: An Update for 2005.
Sleep 2005, 28, 499–521. [CrossRef]

34. Iber, C.; Ancoli-Israel, S.; Chesson, A.; Quan, S.F. For the American Academy of Sleep Medicine. In The AASM Manual for the
Scoring of Sleep and Associated Events: Rules, Terminology and Technical Specifications, 1st ed.; American Academy of Sleep Medicine:
Westchester, IL, USA, 2007.

http://doi.org/10.1016/j.smrv.2019.01.004
http://doi.org/10.1016/j.autneu.2019.02.006
http://doi.org/10.5664/jcsm.9082
http://doi.org/10.1111/pcn.12252
http://doi.org/10.1016/j.chest.2017.01.026
http://doi.org/10.1093/sleep/zsy047
http://doi.org/10.5665/sleep.3506
http://doi.org/10.1016/j.sleep.2012.01.004
http://doi.org/10.1371/journal.pone.0090021
http://doi.org/10.1093/geront/gnv668
http://doi.org/10.1007/s41105-021-00359-0
http://doi.org/10.2337/dc14-S081
http://doi.org/10.1161/CIRCULATIONAHA.115.018912
http://doi.org/10.5935/1984-0063.20220018
http://doi.org/10.1161/CIRCULATIONAHA.107.699579
http://www.ncbi.nlm.nih.gov/pubmed/18212285
http://www.ncbi.nlm.nih.gov/pubmed/21629358
http://doi.org/10.2147/NSS.S343661
http://www.ncbi.nlm.nih.gov/pubmed/35046740
http://doi.org/10.1093/sleep/28.4.499


Life 2022, 12, 944 14 of 15

35. Berry, R.B.; Budhiraja, R.; Gottlieb, D.J.; Gozal, D.; Iber, C.; Kapur, V.K.; Marcus, C.L.; Mehra, R.; Parthasarathy, S.; Quan, S.F.; et al.
Rules for scoring respiratory events in sleep: Update of the 2007 AASM Manual for the Scoring of Sleep and Associated Events.
Deliberations of the Sleep Apnea Definitions Task Force of the American Academy of Sleep Medicine. J. Clin. Sleep Med. 2012, 8,
597–619. [CrossRef]

36. Fleetham, J.; Ayas, N.; Bradley, D.; Ferguson, K.; Fitzpatrick, M.; George, C.; Hanly, P.; Hill, F.; Kimoff, J.; Kryger, M.; et al.
Canadian Thoracic Society guidelines: Diagnosis and treatment of sleep disordered breathing in adults. Can. Respir. J. 2006, 13,
387–392. [CrossRef]

37. Haba-Rubio, J.; Marti-Soler, H.; Tobback, N.; Andries, D.; Marques-Vidal, P.; Vollenweider, P.; Preisig, M.; Heinzer, R. Clinical
significance of periodic limb movements during sleep: The HypnoLaus study. Sleep Med. 2018, 41, 45–50. [CrossRef]

38. Allen, R.P.; Picchietti, D.L.; Garcia-Borreguero, D.; Ondo, W.G.; Walters, A.S.; Winkelman, J.W.; Zucconi, M.; Ferri, R.;
Trenkwalder, C.; Lee, H.B.; et al. Restless legs syndrome/Willis-Ekbom disease diagnostic criteria: Updated International
Restless Legs Syndrome Study Group (IRLSSG) consensus criteria–history, rationale, description, and significance. Sleep Med.
2014, 15, 860–873. [CrossRef]

39. Edinger, J.D.; Bonnet, M.H.; Bootzin, R.R.; Doghramji, K.; Dorsey, C.M.; Espie, C.A.; Jamieson, A.O.; McCall, W.V.; Morin, C.M.;
Stepanski, E.J.; et al. Derivation of research diagnostic criteria for insomnia: Report of an American Academy of Sleep Medicine
Work Group. Sleep 2004, 27, 1567–1596. [CrossRef]

40. Hein, M.; Lanquart, J.P.; Loas, G.; Hubain, P.; Linkowski, P. Insomnia with short sleep duration as risk factor for type 2 diabetes:
A systematic review of the literature. Rev. Med. Brux. 2020, 41, 98–104. [CrossRef]

41. Cintra, F.; Bittencourt, L.R.; Santos-Silva, R.; Andersen, M.; de Paola, A.; Poyares, D.; Tufik, S. The association between the
Framingham risk score and sleep: A São Paulo epidemiological sleep study. Sleep Med. 2012, 13, 577–582. [CrossRef]

42. Li, X.; Wang, F.; Xu, H.; Qian, Y.; Zou, J.; Yang, M.; Zhu, H.; Yi, H.; Guan, J.; Yin, S. Interrelationships among common predictors
of cardiovascular diseases in patients of OSA: A large-scale observational study. Nutr. Metab. Cardiovasc. Dis. 2020, 30, 23–32.
[CrossRef]

43. Vasheghani-Farahani, A.; Kazemnejad, F.; Sadeghniiat-Haghighi, K.; Saadat, S.; Tavakolipoor, P.; Yazdani, T.; Alidoosti, M.;
Ghasem-Amooeian, V.; Ashraf, H. Obstructive sleep apnea and severity of coronary artery disease. Caspian J. Intern. Med. 2018, 9,
276–282.

44. Kariuki, J.K.; Yang, K.; Scott, P.W.; Chasens, E.R.; Godzik, C.; Luyster, F.S.; Imes, C.C. Obstructive Sleep Apnea Risk Is Associated
with Severity of Metabolic Syndrome: A Secondary Analysis of the 2015–2018 National Health and Nutrition Examination Survey.
J. Cardiovasc. Nurs. 2021. [CrossRef]

45. Sweetman, A.; Lack, L.; Bastien, C. Co-Morbid Insomnia and Sleep Apnea (COMISA): Prevalence, Consequences, Methodological
Considerations, and Recent Randomized Controlled Trials. Brain Sci. 2019, 9, 371. [CrossRef]

46. Hein, M.; Hubain, P.; Linkowski, P.; Loas, G. Support for insomnia: Recommendations for practice in general medicine. Rev. Med.
Brux. 2016, 37, 235–241.

47. Benetó, A.; Gomez-Siurana, E.; Rubio-Sanchez, P. Comorbidity between sleep apnea and insomnia. Sleep Med. Rev. 2009, 13,
287–293. [CrossRef]

48. Luyster, F.S.; Buysse, D.J.; Strollo, P.J., Jr. Comorbid insomnia and obstructive sleep apnea: Challenges for clinical practice and
research. J. Clin. Sleep Med. 2010, 6, 196–204. [CrossRef]

49. Khan, M.S.; Aouad, R. The Effects of Insomnia and Sleep Loss on Cardiovascular Disease. Sleep Med. Clin. 2017, 12, 167–177.
[CrossRef]

50. Vgontzas, A.N.; Fernandez-Mendoza, J.; Liao, D.; Bixler, E.O. Insomnia with objective short sleep duration: The most biologically
severe phenotype of the disorder. Sleep Med. Rev. 2013, 17, 241–254. [CrossRef]

51. Yu, J.; Zhou, Z.; McEvoy, R.D.; Anderson, C.S.; Rodgers, A.; Perkovic, V.; Neal, B. Association of Positive Airway Pressure with
Cardiovascular Events and Death in Adults With Sleep Apnea: A Systematic Review and Meta-analysis. JAMA 2017, 318, 156–166.
[CrossRef]

52. Sofi, F.; Cesari, F.; Casini, A.; Macchi, C.; Abbate, R.; Gensini, G.F. Insomnia and risk of cardiovascular disease: A meta-analysis.
Eur. J. Prev. Cardiol. 2014, 21, 57–64. [CrossRef]

53. Drakou, T.; Steiropoulos, P.; Saroglou, M.; Georgopoulou, A.; Kazis, D.; Papagiannopoulos, S.; Porpodis, K.; Tryfon, S. The
presence of insomnia and depression contributes to the acceptance of an initial treatment trial of continuous positive airway
pressure therapy in patients with obstructive sleep apnea. Sleep Breath 2021, 25, 1803–1812. [CrossRef]

54. Grandner, M.A.; Alfonso-Miller, P.; Fernandez-Mendoza, J.; Shetty, S.; Shenoy, S.; Combs, D. Sleep: Important considerations for
the prevention of cardiovascular disease. Curr. Opin. Cardiol. 2016, 31, 551–565. [CrossRef]

55. Meira, E.; Cruz, M.; Kryger, M.H.; Morin, C.M.; Palombini, L.; Salles, C.; Gozal, D. Comorbid Insomnia and Sleep Apnea:
Mechanisms and implications of an underrecognized and misinterpreted sleep disorder. Sleep Med. 2021, 84, 283–288. [CrossRef]
[PubMed]

56. Ragnoli, B.; Pochetti, P.; Raie, A.; Malerba, M. Comorbid Insomnia and Obstructive Sleep Apnea (COMISA): Current Concepts of
Patient Management. Int. J. Environ. Res. Public Health 2021, 18, 9248. [CrossRef] [PubMed]

57. Lavie, P. Insomnia and sleep-disordered breathing. Sleep Med. 2007, 8 (Suppl. 4), S21–S25. [CrossRef]
58. Bonsignore, M.R.; Baiamonte, P.; Mazzuca, E.; Castrogiovanni, A.; Marrone, O. Obstructive sleep apnea and comorbidities:

A dangerous liaison. Multidiscip. Respir. Med. 2019, 14, 8. [CrossRef]

http://doi.org/10.5664/jcsm.2172
http://doi.org/10.1155/2006/627096
http://doi.org/10.1016/j.sleep.2017.09.014
http://doi.org/10.1016/j.sleep.2014.03.025
http://doi.org/10.1093/sleep/27.8.1567
http://doi.org/10.30637/2020.19-059
http://doi.org/10.1016/j.sleep.2011.12.016
http://doi.org/10.1016/j.numecd.2019.07.016
http://doi.org/10.1097/JCN.0000000000000868
http://doi.org/10.3390/brainsci9120371
http://doi.org/10.1016/j.smrv.2008.09.006
http://doi.org/10.5664/jcsm.27772
http://doi.org/10.1016/j.jsmc.2017.01.005
http://doi.org/10.1016/j.smrv.2012.09.005
http://doi.org/10.1001/jama.2017.7967
http://doi.org/10.1177/2047487312460020
http://doi.org/10.1007/s11325-020-02266-z
http://doi.org/10.1097/HCO.0000000000000324
http://doi.org/10.1016/j.sleep.2021.05.043
http://www.ncbi.nlm.nih.gov/pubmed/34214960
http://doi.org/10.3390/ijerph18179248
http://www.ncbi.nlm.nih.gov/pubmed/34501836
http://doi.org/10.1016/S1389-9457(08)70005-4
http://doi.org/10.1186/s40248-019-0172-9


Life 2022, 12, 944 15 of 15

59. Beck, A.T.; Steer, R.A.; Ball, R.; Ranieri, W. Comparison of Beck Depression Inventories -IA and -II in psychiatric outpatients.
J. Pers Assess. 1996, 67, 588–597. [CrossRef]

60. Johns, M.W. A new method for measuring daytime sleepiness: The Epworth sleepiness scale. Sleep 1991, 14, 540–545. [CrossRef]
61. Morin, C.M. Insomnia: Psychological Assessment and Management; Guilford Press: New York, NY, USA, 1993.
62. Loke, Y.K.; Brown, J.W.; Kwok, C.S.; Niruban, A.; Myint, P.K. Association of obstructive sleep apnea with risk of serious

cardiovascular events: A systematic review and meta-analysis. Circ. Cardiovasc. Qual. Outcomes 2012, 5, 720–728. [CrossRef]
63. Kendzerska, T.; Gershon, A.S.; Hawker, G.; Leung, R.S.; Tomlinson, G. Obstructive sleep apnea and risk of cardiovascular events

and all-cause mortality: A decade-long historical cohort study. PLoS Med. 2014, 11, e1001599. [CrossRef]
64. Kendzerska, T.; Mollayeva, T.; Gershon, A.S.; Leung, R.S.; Hawker, G.; Tomlinson, G. Untreated obstructive sleep apnea and the

risk for serious long-term adverse outcomes: A systematic review. Sleep Med Rev. 2014, 18, 49–59. [CrossRef]
65. Bouloukaki, I.; Fanaridis, M.; Stathakis, G.; Ermidou, C.; Kallergis, E.; Moniaki, V.; Mauroudi, E.; Schiza, S.E. Characteristics of

Patients with Obstructive Sleep Apnea at High Risk for Cardiovascular Disease. Medicina 2021, 57, 1265. [CrossRef]
66. Ayas, N.T.; Hirsch Allen, A.J.; Fox, N.; Peres, B.; Mehrtash, M.; Humphries, K.H.; Jen, R.; Taylor, C.M.; van Eeden, S.F. C-Reactive

Protein Levels and the Risk of Incident Cardiovascular and Cerebrovascular Events in Patients with Obstructive Sleep Apnea.
Lung 2019, 197, 459–464. [CrossRef]

67. Niiranen, T.J.; Kronholm, E.; Rissanen, H.; Partinen, M.; Jula, A.M. Self-reported obstructive sleep apnea, simple snoring, and
various markers of sleep-disordered breathing as predictors of cardiovascular risk. Sleep Breath. 2016, 20, 589–596. [CrossRef]

68. Gottlieb, D.J.; Somers, V.K.; Punjabi, N.M.; Winkelman, J.W. Restless legs syndrome and cardiovascular disease: A research
roadmap. Sleep Med. 2017, 31, 10–17. [CrossRef]

http://doi.org/10.1207/s15327752jpa6703_13
http://doi.org/10.1093/sleep/14.6.540
http://doi.org/10.1161/CIRCOUTCOMES.111.964783
http://doi.org/10.1371/journal.pmed.1001599
http://doi.org/10.1016/j.smrv.2013.01.003
http://doi.org/10.3390/medicina57111265
http://doi.org/10.1007/s00408-019-00237-0
http://doi.org/10.1007/s11325-015-1253-4
http://doi.org/10.1016/j.sleep.2016.08.008

	Introduction 
	Materials and Methods 
	Population 
	Method 
	Medical and Psychiatric Assessment of Participants 
	Sleep Evaluation and Study 

	Statistical Analyses 

	Results 
	Polysomnographic Data 
	Demographic Data 
	Univariate Analyses for 10-Year CVD Risk Associated with Comorbid Insomnia Complaints and Potential Confounding Factors in Apnoeic Individuals 
	Multivariate Analyses for 10-Year CVD Risk Associated with Comorbid Insomnia Complaints in Apnoeic Individuals 
	Additional Univariate and Multivariate Analyses for 10-Year CVD Risk Associated with Comorbid Insomnia Subtypes in Apnoeic Individuals 

	Discussion 
	Conclusions 
	References

