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Abstract

Insomnia is a prevalent sleeping disorder associated with increasing cardiovascular (CV)
mortality and morbidity. However, data incorporating recent clinical studies evaluating these
outcomes is scarce. Hence, we aimed to investigate the association of insomnia with CV
mortality, myocardial infarction (Ml), all-cause mortality, and incidence of CV disease by
conducting the first-ever meta-analysis of real-world data evaluating these CV outcomes.
MEDLINE and Scopus databases were queried till August 2022 to identify studies compar-
ing prespecified outcomes in patients with and without insomnia. The primary outcomes
were CV mortality and myocardial infarction, while secondary outcomes included all-cause
mortality, and CV-disease incidence. All data were pooled using an inverse-variance
weighted random-effects model, and results were reported as relative risks (RRs) and p-val-
ues. 21 studies were analyzed. Risks for CV mortality and MI were significantly higher in
patients with insomnia (RR 1.53, p<0.01, and RR 1.48, p = 0.03, respectively). The risk for
all-cause mortality and CV disease incidence was also significantly higher in insomnia
patients (RR 1.14, p=0.03, and RR 1.31, p<0.01, respectively). Individuals with insomnia
experience a higher risk of long-term mortality, Ml, and incidence of CV disease.

Introduction

Insomnia comprises one of the most frequent sleep-related disorders affecting up to 30% of
the world’s population, and an alarming 44% of cardiovascular disease (CVD) patients [1-3].
It is characterized by difficulty in the initiation, duration, consolidation, or quality of sleep,
despite adequate opportunity for sleep, resulting in some form of daytime impairment [4].
Some of the known risk factors for insomnia include hypertension, metabolic disorders such
as diabetes mellitus (DM), and CVD [5]. Furthermore, delirium has been reported to have a
bidirectional relationship with sleep/wake disruption, which positively correlates with aging.
Parallel symptoms such as cognitive dysfunction, fluctuating periods of inattention, and
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mental status have been noted in sleep-deprived and delirious states [6]. The management of
delirium in intensive care units (ICUs) is primarily focused on non-pharmacological modali-
ties such as early mobilization, limiting the use of sedative drugs, and methods to improve
sleep quality, as no drug has demonstrated clear benefits, despite the fact that several drugs
have been investigated [7-9]. Even though chronic has been regarded as a separate disorder
[9] comorbid insomnia and sleep apnea (COMISA) are the most prevalent co-occurring sleep
disorders, with a global prevalence between 18% and 42% [10]. Robotic-assisted obstructive
sleep apnea (OSA) surgeries show promise for improving insomnia associated with sleep
apnea, more research is needed to determine if these procedures offer any clear advantages
over traditional surgeries in alleviating insomnia symptoms and improving sleep quality and
daytime functioning [11].

The evidence linking insomnia to hypertension (HTN) [12], coronary heart disease (CHD)
[13], heart failure (HF) [14], cardiovascular (CV) mortality [15], and all-cause mortality [16]
has been growing in the past decade. A recent retrospective analysis evaluating 330 patients
with insomnia (9.7%), and 3084 patients without insomnia (90.3%) demonstrated a higher
one-year all-cause mortality risk among patients with insomnia relative to those without
(25.1% vs 16.2%, P = 0.001) [17]. Similar findings were reported by Mahmood et al. who fol-
lowed 15,511 patients with insomnia for fourteen years, and showed an increased risk of all-
cause mortality in this cohort. While these studies parallel the findings of the recent meta-anal-
ysis, some newly published studies have undermined the magnitude of these results after
adjusting for confounders and covariates [18-21]. A very recently published study by Lechat
et al. (2022) showed non-significant positive association between insomnia and coexisting
obstructive sleep apnea with incidence of cardiovascular events (hazard ratio 1.38 with 95% CI
[0.92-2.07]) after adjusting for pre-specified covariates [20]. Similarly, another recent study
examining the risk of myocardial infarction (MI) in HIV patients with insomnia showed no
significant association between type 1 MI and insomnia but a reduced yet significant associa-
tion with type 2 MI after adjusting for confounders [21]. Observational studies examining
comparative clinical outcomes in patients with and without insomnia have yielded conflicting
and inconsistent results, and thus meriting the conduction of an updated meta-analysis to ade-
quately address these queries which can have major impact on cardiovascular outcomes.

Few meta-analytic studies have been conducted which evaluated cardiovascular outcomes
in patients with insomnia symptoms. However, these were inadequate as a meta-analysis pub-
lished in 2014 evaluated cardiovascular outcomes in insomniac patients, but failed to catego-
rize various components separately, and provided an estimated pooled effect size of associated
conditions under a single outcome which did not comprehensively evaluate the impact of
insomniac disorders on individual cardiovascular components such as MI, CV-mortality, CV-
disease incidence, and all-cause mortality [22]. Another meta-analysis published in 2019 was
also limited by a few clinical outcomes including risk of all-cause mortality, and CV-disease
incidence with no real-world data [23]. Cohort studies with large-sample sizes, and longer fol-
low-up periods have been published recently which further amplify the need for a newer meta-
analysis that can evaluate the impact of insomnia on CVD.

Methods

We conducted this systematic review and meta-analysis in concordance with guidelines pro-
vided by the Preferred Reporting Items for Systematic Reviews and Meta-Analysis statement
(PRISMA) [24], and the Risk of Bias in Systematic reviews and Assessment of Multiple System-
atic Reviews (AMSTAR) 2 [25]. This meta-analysis has been registered on Prospero
(CRD42023442367).
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Literature search strategy

Two independent researchers (E.A and A.S) systematically searched major databases including
MEDLINE/PubMed, Google Scholar, and Cochrane library from their inception till August

» o«

2022. The keywords used for conducting the search included “insomnia”, “sleep complaints”,
“sleep initiation”, “sleep disorders”, “sleep disturbances”, “disorders of initiating and maintain-
ing sleep”, “poor sleep quality”, “cardiovascular disease”, “myocardial infarction” and “mortal-
ity” along with incorporating relevant MesH terms and boolean operators. Reverse
snowballing of previous meta-analyses was employed by searching through reference lists sup-
plemented by no restrictions on time and language. PICOS criteria and different search strings
designed for each database have been mentioned in S1 and S2 Tables respectively in S1 File.
Other data sources were also searched namely bibliographies of editorials, conference proceed-
ings of indexed abstracts, relevant reviews from major medical journals, and databases of grey/

unpublished/unprinted literature.

Study design and selection criteria

The method for eligibility and decision to include/exclude articles was hierarchical, based on a
review of title, abstract and full-text. Joanna Briggs Institute’s (JBI) protocol was followed for
study selection and critical appraisal which provides more specific and rigorous criteria for
study selection process [26]. The pre-defined inclusion criteria were: 1) individuals over the
age of 18; 2) observational studies (prospective and retrospective cohorts) and secondary anal-
ysis of original studies which reported only insomnia disorder or associated four major symp-
toms including difficulty in initiating sleep (DIS), difficulty in maintaining sleep (DIMS), non-
restorative sleep (NRS), and early morning awakening (EMA); 3) provided one of the follow-
ing outcomes pertaining to sleep complaints or insomnia symptoms: MI, CV-mortality, all-
cause mortality, and CV-disease incidence. The pre-defined exclusion criteria included: 1)
Studies which involved animals and minors; 2) Original studies including case reports, case
series and case-control studies; and 3) Studies without comparison or control.

Data extraction and assessment of quality

All articles retrieved from the systematic search were exported to EndNote X9 Reference Man-
ager (Clarivate Analytics, Philadelphia, Pennsylvania) where duplicates were removed among
different online databases. Two independent researchers (E.A and A.S) thoroughly evaluated
the remaining articles, and only those studies that satisfied the pre-specified inclusion criteria
were chosen. The titles and abstracts of all studies were initially screened, which was then fol-
lowed by a full-text review of the article to determine its relevance. Any discrepancies were
resolved by discussion with the third researcher (F.Y). We collected data for study characteris-
tics including author, year of publication, region/hospital, study design, and follow-up period.
Population characteristics including sample size, mean age, number and percentage of males
and females, and baseline comorbidities including DM, and HTN were also abstracted for
both insomnia and non-insomnia cohorts. The primary outcomes for this analysis were CV-
mortality and ML Other secondary outcomes included all-cause mortality, and CV-disease
incidence. For those studies reporting distinct categories of insomnia, their events were sepa-
rately merged under insomnia disorder. Two independent researchers (E.A and A.S) indepen-
dently carried out the methodological quality assessment of the included observational studies
using the Newcastle Ottawa Scale (NOS) which assesses the selection, comparability, and out-
come assessment biases [27]. This scale has been well-established for its content validity and
inter-rater reliability, relating to task of incorporating quality assessments in the interpretation
of meta-analytic results [28]. A ’star system’ was used in which a study is judged on three

PLOS ONE | https://doi.org/10.1371/journal.pone.0291859 September 21, 2023 3/15


https://doi.org/10.1371/journal.pone.0291859

PLOS ONE

broad perspectives: the selection of the study groups; the comparability of the groups; and the
ascertainment of either the exposure or outcome of interest for case-control or cohort studies,
respectively. Studies with a total score of 8 or 9 had a predicted low risk of bias, whereas studies
with a total score of 6 or 7 had a predicted medium risk of bias. The investigators assessed the
risk of bias for the included studies and assigned a score for each category. Further, the score
assigned to each study was categorized into ratings as good, fair, or poor quality.

Statistical analysis

All statistical analysis was carried out using Review Manager v.5.3 (version 5.4; Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collaboration, 2022). The results were presented
as risks ratio (RRs) with 95% confidence intervals and pooled using an inverse variance
weighted random effects model. For studies which reported separate adjusted effect sizes such
as RR for different insomnia symptoms, we pooled RRs together to calculate average RR. The
Higgins test (I?) was used to categorize heterogeneity as low (<25%), moderate (25-20%), and
high (>50%) [29]. Sub-group analysis was also performed to determine the association of out-
comes with follow-up period. For studies assessing all-cause mortality, insomnia patients were
categorized into three sub-groups (up to 5 years, within 5-10 years and within 10-20 years).
For studies assessing CV-disease incidence, insomnia patients were categorized into two sub-
groups (up to 10 years and within 10-20 years). Following the elimination of study that con-
tributed the most overall heterogeneity, sensitivity analysis was carried out for results with I”
> 50, and effect sizes were recalculated. To assess the impact of small-scale studies, publication
bias was assessed via. a graphical representation of the funnel plot along with quantitative
assessment using the Beggs, and Egger regression tests. A p-value <0.05 was considered signif-
icant in all cases.

Results

Our initial literature search of four databases yielded 12,250 results based on our search strat-
egy out of which 9,980 citations remained after removing the duplicates. Screening based on
title and abstract resulted in an exclusion of 881 articles. After screening full texts for eligibility,
40 articles were excluded. As a result, 21 observational studies [18, 20, 21, 30-47]. were selected
for conducting our meta-analysis. The entire literature search process has been depicted by
PRISMA flow diagram in Fig 1.

Baseline characteristics and quality assessment

The detailed study and population characteristics of the included studies has been given in S§3
and S$4 Tables in S1 File. A total of 388,906 insomnia patients, and 2,194,211 healthy subjects
were included in our analysis. A total of 4 studies reported MI, and 3 studies reported CV-
mortality respectively. Other outcomes including all-cause mortality and CV-disease incidence
were reported by 10 and 9 studies, respectively. The mean age of the study population was 59.4
years for the insomnia group, and 58.6 years for the control group. The follow-up duration in
the included studies ranged from 3 years to 19.6 years. Detailed quality assessment of each
study has been provided in S5 Table in S1 File. All included observational studies demon-
strated a robust methodology, and were graded as ‘good quality’ based on the NOS.

Results of meta-analysis

Primary outcomes. Myocardial infarction was reported by four studies as shown in Fig 2.
Pooled analysis revealed that the incidence of MI was significantly higher in patients with vs.
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Fig 1. PRISMA flow diagram.
https://doi.org/10.1371/journal.pone.0291859.g001

without insomnia (RR: 1.48, 95% CI [1.03-2.12], p-value = 0.03, I? = 84%). A total of 3 studies
provided data on CV-mortality among insomnia patients as shown in Fig 3. Pooled analysis
revealed that CV-mortality was significantly increased in insomnia group as compared to
those without insomnia (RR: 1.53, 95% CI [1.15-2.05], p-value = 0.004, I* = 52%).

Secondary outcomes. Pooled analysis of 10 observational studies reported a significantly
higher rate of all-cause mortality in patients with vs. without insomnia (RR: 1.14, 95% CI
[1.01-1.29], p-value = 0.03, I’ = 96%) as shown in Fig 4. A total of nine observational studies

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% Cl  Year IV, Random, 95% CI
Schwartz et al. 1998 0.3802 01724 23.6% 146 [1.04,2.05] 1998 —
Clarketal. 2014 0.0355 0163 241% 1.04 [0.75,1.43] 2014 —
Hsu etal 2014 0.8568 01254 26.2% 236([1.84 3.01] 2015 -
Luuetal 2022 0.26581 01254 26.2% 1.30([1.02,1.67] 2022 -
Total (95% CI) 100.0% 1.48[1.03, 2.12] ol
!I-_iet?;ogenemfl:lT?fu 1:;_?—1 12;104h|P:_1DQ.D235, df=3 (P =0.0002); F=84% e 0= 05 3 : 0
estfor overall effect: Z=2.14 (F = 0.03) Favours Insomnia Favours Mo insomnia

Fig 2. Forest plot evaluating the incidence of MI in patients with vs. without insomnia.

https://doi.org/10.1371/journal.pone.0291859.9002
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Fig 3. Forest plot evaluating CV-mortality in patients with vs. without insomnia.

https://doi.org/10.1371/journal.pone.0291859.g003

reported impact of insomnia on CV-disease incidence as shown in Fig 5. The pooled analysis
revealed that the incidence of CV events was significantly higher in insomnia patients when
compared with those without insomnia (RR: 1.31, 95% CI [1.14-1.51], p-value = 0.0002, I* =
94%).

Subgroup analysis

All-cause mortality was stratified based on the length of follow-up period, and demonstrated a
statistically non-significant association with insomnia at <5 years (RR: 1.28, 95% CI [0.83-
1.97], p-value = 0.26, I? = 94%), and 5-10 years (RR: 0.96, 95% CI [0.58-1.60], p-value = 0.88,
P = 91%) respectively. However, when analyzed for 10-20 years subgroup, all-cause mortality
was noted to be significantly higher in the insomnia group vs. without insomnia (RR: 1.23,
95% CI [1.05-1.43], p-value = 0.01, I? = 50%) as shown in Fig 6. For the outcome of CV-dis-
ease incidence, we evaluated that CV events increased non-significantly up to 10-years (RR:
1.40, 95% CI [0.99-1.98], p-value = 0.06, PP = 98%). However, consistent trends with the overall
result were observed at 10-20 years which revealed significantly higher incidence of CV events
among insomnia patients vs. those without insomnia (RR: 1.27 95% CI [1.19-1.35], p-
value<0.00001, I’ = 0%) as shown in Fig 7.

Sensitivity analysis

A sensitivity analysis was conducted for all the primary and secondary outcomes including
MLI, all-cause mortality, and CV-disease incidence after identifying and excluding either retro-
spective or prospective studies with low-quality assessment scores or studies with different
demographics and sample sizes. In the analysis of outcomes including MI and CV-disease inci-
dence, excluding Hsu et al. (2015) which was underpowered for potential confounders (physi-
cal activity, smoking, body mass index, alcohol and caffeine consumption, dietary factors, and

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% C1
Althuis et al. 1998 -0.4922 01338  91% 0.61[0.47, 0.78] 1998
Chienetal 2010 0174 01203 9.8% 1.191[0.94,1.51] 2010 T
Clarketal. 2014 0.4585 01566 7.8% 188116, 2.158] 2014
Choietal. 2017 06582 02215 5.2% 1.83[1.25, 298] 2017
Luetal 2018 -0.0988 0.0157 15.58% 0.50[0.88,0.93] 2018 -
Lopes etal. 2021 0.5008 04302 1.8% 1.65[0.71,3.83] 2021
Seko etal 2022 0.4225 01058 10.9% 1.853[1.24,1.88] 2022 e
Lechatetal 2022 {1) -0.0101 00181 7.6% 0.99[0.72,1.36] 2022 —
Mahmood etal. 2022 01968 0023 157% 1.22[1.16,1.27] 2022 s
Sambou et al. 2022 0.1185 001 16.0% TA3[1.11,1.18] 2022 -
Total (95% Cl) 100.0% 1.14 [1.01, 1.29] £
Heterogeneity: Tau®= 0.02; Chi®= 215,60, df= 9 (P = 0.00001); F= 96% iﬂ 2 055 é 5‘

Testior oyerall effeck =] #E=0.02) Favours Insomnia  Favours Mo insomnia

Fig 4. Forest plot evaluating all-cause mortality in patients with vs. without insomnia.

https://doi.org/10.1371/journal.pone.0291859.9004
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without insomnia.

family history), caused the heterogeneity to decrease from 84% to 12% and 94% to 1% respec-
tively (S1 and S2 Figs in S1 File). In the outcome of all-cause mortality, excluding three studies
Sambou et al. (2022) with selective study population i.e., Caucasian race and source of recall
bias owing to self-reporting of insomnia symptoms, Lu et al. (2018) including patients with
baseline chronic kidney disease (CKD), and Althuis et al. (1998) with low quality assessment
score of 6 points, caused the heterogeneity to decrease from 96% to 55% (S3 Fig in S1 File).

Publication bias

We evaluated publication bias for all outcomes studied in our meta-analysis as shown in $6
Table in S1 File. Beggs and Mazumdar’s test for rank correlation provided a p-value of 1.000,
0.2963, 0.4743, and 0.7545 for M1, CV-mortality, all-cause mortality, and CV-disease incidence

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.1.1 Upto 5 years
Clarketal. 2014 0.4585 01566 F.8% 1.88[1.16,2.158] 2014
Luetal 2018 -0.0999 0.0157 1589% 0.90[0.88, 053] 2018 .
Sekoetal 2022 0.4225 01058 109% 1.83[1.24,1.88] 2022 —
Subtotal (95% CI) 34.6% 1.28 [0.83, 1.97] ~at R
Heterogeneity Tau®=0.13; Chi®= 3589, df= 2 (P = 0.00001); F= 94%
Test for averall effect: Z=112 (F = 0.26)
1.1.2 Within 5-10 years
Althuis et al. 1998 -0.4922 01338 91% 061 [0.47,0.78] 1883
Lopes etal. 2021 05008 04302 18% 1.85[0.71,3.83] 201
Sambou et al. 2022 01185 001 16.0% 113[1.11,1.18] 2022 -
Subtotal (95% CI) 26.9% 0.96 [0.58, 1.60] R —
Heterogeneity, Tau®= 0.16; Chi®= 21.58, df= 2 (P = 0.0001); F= 91%
Test for overall effect: Z=0.19 (F = 0.88)
1.1.3 Within 10-20 years
Chien etal 2010 0474 01203 59% 1.19[0.94,1.51] 2010
Choietal 2017 065882 022158 6I1% 1.93[1.25 288] 2017
Mahrnood etal. 2022 01968 0023 157% 1.221.16,1.27] 2022 =
Lechatetal 2022 (1) -0.0101 01Ed 7.E% 0.99[0.72 1.36] 2022 —
Subtotal (95% CI) 38.4% 1.23[1.05, 1.43] B:e
Heterogeneity: Tau*=0.01; Chi*=6.03, df=3{F =011}, F=50%
Test for overall effect: Z= 257 (F=0.01)
Total (95% CI) 100.0% 1.14[1.01, 1.29] L
Heterogeneity; Tau®= 0.02; Chi®= 21560, df= 9 (P = 0.000013; 7= 96% f f f |
Testfor overall effect: Z= 214 (P=0.03) 02 . D.'S A N 2 ] ] 3
) ) Favours Insomnia Favours Mo insomnia
Testfor subaroup differences: Chi*= 086, df=2 (P = 0.65), F= 0%
Fig 6. Sub-group analysis comparing all-cause mortality in patients with vs. without insomnia based on length of follow-up
period.
https://doi.org/10.1371/journal.pone.0291859.9006
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Fig 7. Sub-group analysis comparing CV-disease incidence in patients with vs. without insomnia based on length of follow-up

period.

https://doi.org/10.1371/journal.pone.0291859.9007

respectively, indicating no evidence of publication bias. Similarly, Egger’s test for a regression
intercept provided a p-value of 0.4904, 0.0662, 0.7585, and 0.2785 for MI, CV-mortality, all-
cause mortality, and CV-disease incidence respectively, indicating no evidence of publication
bias. The funnel plots showed no evidence of asymmetry as shown in $4-S7 Figs in S1 File.

Discussion

Our analysis aimed to evaluate the association between insomnia and adverse cardiovascular
outcomes, and reported that individuals with insomnia and insomnia-related symptoms have
significantly increased risk of MI (48%), CV-mortality (53%), CV-disease incidence (14%),
and all-cause mortality (31%) as compared to the healthy subjects. Insomnia, characterized as
habitual quality of having difficulties in DIMS and often accompanied by daytime dysfunction
(DDF), is the most common sleep disorder and the second most prevalent psychiatric disorder
worldwide [48]. Emerging evidence from the vast medical literature including a majority of
cohort and meta-analytic studies suggest a significant association between increased risk of
CVDs, and insomnia-related symptoms. In 2014, Sofi et al. conducted a meta-analysis on the
role of insomnia in development of cardiovascular mortality and cumulative analysis demon-
strated a 45% increased risk of CVD incidence/cardiovascular mortality in insomniac patients
when compared to healthy subjects [22]. In comparison to this meta-analysis which studied
both outcomes cumulatively, we studied the pooled analysis of CV-disease incidence and CV-
mortality individually and covered a broader range of cardiovascular related outcomes.
According to research published in the European Journal of Preventive Cardiology, insomnia
is considered as an established risk factor for MI [49]. Similarly, another meta-analysis con-
ducted by Hu et al. paralleled our findings of 13% increased risk in the cumulative incidence
of cardiocerebrovascular disease in insomniac patients [50].

Multiple studies have suggested insomnia as a risk factor for increased incidence of cardio-
vascular-related death and elevated risk of MI. Upon our pooled analysis, a 48% and 53%
increased risk of MI and cardiovascular mortality in insomnia patients as compared to healthy
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subjects was observed respectively. Comparable to our results, a recently conducted meta-anal-
ysis by Dean et al. revealed significant association between insomnia and MI when compared
with non-insomniacs (RR = 1.69, 95% [CI] = 1.41-2.02, p < .00001) [51].

Pooled analysis of 9 studies reported 14% increased risk of all-cause mortality in our study.
Our results were confirmed by a meta-analytic study by Ge at al. (2019) which showed that
DFA and NRS were associated with an increased risk of all-cause mortality (DFA: HR: 1.13,
95% CI [1.03 to 1.23], p = 0.009, moderate certainty; NRS: HR: 1.23, 95% CI [1.07 to 1.42],

p = 0.003, high certainty) [23]. Additionally, an interesting finding was observed in our sub-
group analysis. Upon stratification based on mean follow-up duration of <5 or 5-10 years, all-
cause mortality was not statistically significant. However, insomnia patients with mean follow-
up duration of 10-20 years demonstrated findings that were consistent with the overall result
indicating that significant increase in mortality rates were associated with longer follow-up
periods. Increased risk of all-cause mortality in insomniac patients has been attributed to vari-
ous theoretical models either from a physiological or psychological standpoint. Insomnia is a
known independent risk factor for the onset of several psychological problems, including
depression and anxiety [52-54]. The processes by which insomnia precedes the emergence of
psychological disorders are unknown [55], however, it is hypothesized that the comorbidity of
these diseases raises the risk of mortality in those who have insomnia. This is most likely
caused by the higher-than-average rates of self-harm and suicide associated with certain psy-
chological illnesses [56], however, additional research is needed.

Our meta-analysis also demonstrated a 31% increased CV-disease incidence among insom-
niac patients. This finding has been previously noted in a clinical trial conducted by Kanno
et al. which evaluated the prognostic significance of insomnia among HF patients, and showed
that the incidence of serious cardiac events was significantly higher among HF patients with
insomnia. One potential explanation for this finding could be attributed to increased levels of
renin, and aldosterone in this cohort due to an activated renin-angiotensinogen-aldosterone
system (RAAS) thereby supporting the link between insomnia and serious cardiac events.
Thus, it was demonstrated that HF patients with insomnia have activated RAAS and lower
exercise capacity [57].

It has been well-established that the loss of synchronization between the body’s normal cir-
cadian rhythm and its functions as a result of shift work, which exposes a person to light at
odd hours, and reduced or altered sleep patterns observed in sleep disorders like insomnia,
and obstructive sleep apnea is associated with an elevated risk of CVDs [58, 59]. The subtype
of insomnia (DFA or EMA) can impact the rate of co-occurrence with OSA [60]. Chung
found that sleep maintenance and early morning awakenings were the most common subtype
of insomnia associated with OSA [61]. Surgical procedures that enlarge the airway space
through palatal stiffening operations and radiofrequency ablation of palate tissues have been
shown to effectively relieve obstructive sleep apnea. The reduction in apnea-hypopnea events
and arousals associated with these procedures often leads to improvements in sleep structure
and continuity, thereby mitigating insomnia symptoms in many obstructive sleep apnea
patients. Post-operative reductions in insomnia following palatal surgeries have been demon-
strated using validated sleep and insomnia scales, indicating that these interventions can
meaningfully improve sleep quality and daytime functioning in addition to resolving sleep-dis-
ordered breathing [62].

Our analysis further revealed that CV-disease incidence was significantly higher at longer
follow-up durations i.e., >10 years as compared to shorter follow-ups. Chronic insomnia i.e.,
lasting for a duration of >1 year has been previously linked to HTN which was noted to be
two times higher after a number of possible confounders were taken into consideration in a
study (OR: 2.24; 95% CI [1.19-4.19]; p = 0.010) [63]. Many studies suggest HTN as a major
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risk factor for development of CVD regardless of the exact contribution. Hence, it may be
noted that prevention of insomnia can reduce vascular consequences attributed to HTN. The
majority of long-term consequences, including HF with and without preserved ejection frac-
tion, atrial fibrillation, valvular heart disease, peripheral arterial disease, aortic syndromes,
chronic kidney disease, end-stage renal disease, dementia, and Alzheimer’s disease are thought
to be caused by HTN, according to consistent observational evidence [64]. It has been hypoth-
esized that several mechanisms, including dysregulation of the hypothalamic-pituitary (HPA)
axis [65], abnormal modulation of the autonomic nervous system, increased sympathetic ner-
vous system (SNS) activity [66] increased systemic inflammation [63, 67], and increased ath-
erogenesis [68, 69] underlie the association between insomnia and cardiovascular events.

Recent observational studies reported increased cardiovascular impairment, assessed by
echocardiography, in patients affected by Coronavirus disease (COVID-19) [70-72]. As we
have incorporated data published during the COVID-19 pandemic, we performed sensitivity
analyses by excluding studies published amidst the pandemic, to rule out possible confounders
in our study. We found a significant reduction in heterogeneity for all-cause mortality after
excluding Sambou et al. 2022 suggesting COVID-19 might play role in abnormal cardiac func-
tion, however, additional research is needed. Exclusion of Hsu et al., Lu et al. and Althuis et al.,
led to a significant reduction in heterogeneity for MI, CV disease incidence, and all-cause mor-
tality. We found that studies were subjected to various confounders including smoking, body
mass index, alcohol and caffeine consumption, baseline comorbidities, selection, and recall
biases. Current evidence suggests that CV disease can be caused by multiple risk factors
including smoking tobacco, physical inactivity, poor eating habits, elevated blood pressure,
type 2 diabetes, dyslipidemia, and obesity [73]. Thus, it can be inferred that these residual con-
founders could have been source of the heterogeneity in our study.

Strengths and limitations

Our methodological approach comprised utilizing real-world data for our analysis with larger
sample-sizes, and longer follow-up periods thereby increasing the statistical power of our find-
ings, and enabling us to evaluate long-term impact of insomnia on adverse cardiovascular out-
comes. Our study, however like any other study is not without certain limitations. First, the
methods utilized to investigate insomnia in the included studies were rather diverse. This
could have resulted in a non-homogeneous definition of insomnia across the studies. Second,
the included studies showed significant clinical, and methodological heterogeneity. However,
in order to overcome this, we conducted a sensitivity analysis for outcomes demonstrating
high levels of heterogeneity excluding studies with high risk of bias, sample sizes, and varying
demographical data. Third, the methods employed in our pooled studies to classify the pres-
ence/absence, intensity of insomnia and duration of follow-up also differed. To overcome this
limitation, we restricted our inclusion criteria by including only four major insomnia symp-
toms, performed numerous sensitivity, and subgroup analyses, and used random-effects
model to estimate the effect sizes. Additionally, the heterogeneity after leave-one-out analysis
declined to near negligible states without impacting the significance and direction of the over-
all results, lending confidence to our findings. Lastly, the GRADE approach to rating certainty
in evidence could support more cautious conclusions that consider key limitations in the body
of evidence [74].

Conclusion

There is an increased risk for serious cardiovascular events, and cardiovascular mortality in
individuals with diagnosed insomnia disorder or those demonstrating symptoms of insomnia.
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In patients that are presented with such symptoms, clinicians should evaluate for cardiovascu-
lar risks and tailor interventions accordingly. Although focus on treating sleep disorders
should be maintained, evaluating for additional coexisting cardiovascular risks such as coro-
nary artery disease and smoking should influence therapy and clinical decision making. Ade-
quately powered observational studies which are controlled for confounding risk factors and
sleep disorders such as sleep apnea, and baseline comorbidities are required to provide a better
understanding into pathophysiological mechanisms considering the substantial limitations
and uncertainties in the current existing literature.

Supporting information

S1 File.
(DOCX)

Author Contributions

Conceptualization: Eman Ali.

Data curation: Eman Ali, Asim Shaikh, Farah Yasmin, Fatima Sughra, Ayesha Sheikh.

Formal analysis: Eman Ali, Asim Shaikh, Farah Yasmin.

Validation: Hamna Raheel.

Visualization: Hamna Raheel.

Writing - original draft: Fatima Sughra, Ayesha Sheikh, Rabia Owais.

Writing - review & editing: Hafeez Ul Hassan Virk, Jihad A. Mustapha.

References

1.

Bhaskar S, Hemavathy D, Prasad S. Prevalence of chronic insomnia in adult patients and its correlation
with medical comorbidities. J Family Med Prim Care. 2016; 5(4):780—4. https://doi.org/10.4103/2249-
4863.201153 PMID: 28348990

Bankier B, Januzzi JL, Littman AB. The high prevalence of multiple psychiatric disorders in stable outpa-
tients with coronary heart disease. Psychosom Med. 2004; 66(5):645-50. https://doi.org/10.1097/01.
psy.0000138126.90551.62 PMID: 15385686

Taylor DJ, Mallory LJ, Lichstein KL, Durrence HH, Riedel BW, Bush AJ. Comorbidity of chronic insom-
nia with medical problems. Sleep. 2007; 30(2):213-8. https://doi.org/10.1093/sleep/30.2.213 PMID:
17326547

Thorpy MJ. Classification of sleep disorders. Neurotherapeutics. 2012; 9(4):687—701. https://doi.org/
10.1007/s13311-012-0145-6 PMID: 22976557

Laaboub N, Dubath C, Ranjbar S, Sibailly G, Grosu C, Piras M, et al. Insomnia disorders are associated
with increased cardiometabolic disturbances and death risks from cardiovascular diseases in psychiat-
ric patients treated with weight-gain-inducing psychotropic drugs: results from a Swiss cohort. BMC
Psychiatry. 2022; 22(1):342. https://doi.org/10.1186/s12888-022-03983-3 PMID: 35581641

Farasat S, Dorsch JJ, Pearce AK, Moore AA, Martin JL, Malhotra A, et al. Sleep and Delirium in Older
Adults. Curr Sleep Med Rep. 2020; 6(3):136—-48. https://doi.org/10.1007/s40675-020-00174-y PMID:
32837850

Aiello G, Cuocina M, La Via L, Messina S, Attaguile GA, Cantarella G, et al. Melatonin or Ramelteon for
Delirium Prevention in the Intensive Care Unit: A Systematic Review and Meta-Analysis of Randomized
Controlled Trials. J Clin Med. 2023; 12(2). https://doi.org/10.3390/jcm12020435 PMID: 36675363

Prendergast NT, Tiberio PJ, Girard TD. Treatment of Delirium During Critical lliness. Annu Rev Med.
2022; 73:407-21. https://doi.org/10.1146/annurev-med-042220-013015 PMID: 34752706

Stollings JL, Kotfis K, Chanques G, Pun BT, Pandharipande PP, Ely EW. Delirium in critical illness: clini-
cal manifestations, outcomes, and management. Intensive Care Med. 2021; 47(10):1089—103. https://
doi.org/10.1007/s00134-021-06503-1 PMID: 34401939

PLOS ONE | https://doi.org/10.1371/journal.pone.0291859 September 21, 2023 11/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0291859.s001
https://doi.org/10.4103/2249-4863.201153
https://doi.org/10.4103/2249-4863.201153
http://www.ncbi.nlm.nih.gov/pubmed/28348990
https://doi.org/10.1097/01.psy.0000138126.90551.62
https://doi.org/10.1097/01.psy.0000138126.90551.62
http://www.ncbi.nlm.nih.gov/pubmed/15385686
https://doi.org/10.1093/sleep/30.2.213
http://www.ncbi.nlm.nih.gov/pubmed/17326547
https://doi.org/10.1007/s13311-012-0145-6
https://doi.org/10.1007/s13311-012-0145-6
http://www.ncbi.nlm.nih.gov/pubmed/22976557
https://doi.org/10.1186/s12888-022-03983-3
http://www.ncbi.nlm.nih.gov/pubmed/35581641
https://doi.org/10.1007/s40675-020-00174-y
http://www.ncbi.nlm.nih.gov/pubmed/32837850
https://doi.org/10.3390/jcm12020435
http://www.ncbi.nlm.nih.gov/pubmed/36675363
https://doi.org/10.1146/annurev-med-042220-013015
http://www.ncbi.nlm.nih.gov/pubmed/34752706
https://doi.org/10.1007/s00134-021-06503-1
https://doi.org/10.1007/s00134-021-06503-1
http://www.ncbi.nlm.nih.gov/pubmed/34401939
https://doi.org/10.1371/journal.pone.0291859

PLOS ONE

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Zhang Y, Ren R, Lei F, Zhou J, Zhang J, Wing YK, et al. 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. https://doi.org/10.1016/j.smrv.2019.01.004 PMID:
30844624

Di Luca M, lannella G, Montevecchi F, Magliulo G, De Vito A, Cocuzza S, et al. Use of the transoral
robotic surgery to treat patients with recurrent lingual tonsillitis. Int J Med Robot. 2020; 16(4):e2106.
https://doi.org/10.1002/rcs.2106 PMID: 32223059

Suka M, Yoshida K, Sugimori H. Persistent insomnia is a predictor of hypertension in Japanese male
workers. J Occup Health. 2003; 45(6):344-50. https://doi.org/10.1539/joh.45.344 PMID: 14676413

Coryell VT, Ziegelstein RC, Hirt K, Quain A, Marine JE, Smith MT. Clinical correlates of insomnia in
patients with acute coronary syndrome. Int Heart J. 2013; 54(5):258-65. https://doi.org/10.1536/ihj.54.
258 PMID: 24097213

Laugsand LE, Strand LB, Platou C, Vatten LJ, Janszky |. Insomnia and the risk of incident heart failure:
a population study. Eur Heart J. 2014; 35(21):1382—93. https://doi.org/10.1093/eurheartj/eht019 PMID:
23462728

Morin CM, Belleville G, Bélanger L, Ivers H. The Insomnia Severity Index: psychometric indicators to
detect insomnia cases and evaluate treatment response. Sleep. 2011; 34(5):601-8. https://doi.org/10.
1093/sleep/34.5.601 PMID: 21532953

Bertisch SM, Pollock BD, Mittleman MA, Buysse DJ, Bazzano LA, Gottlieb DJ, et al. Insomnia with
objective short sleep duration and risk of incident cardiovascular disease and all-cause mortality: Sleep
Heart Health Study. Sleep. 2018; 41(6). https://doi.org/10.1093/sleep/zsy047 PMID: 29522193

Seko Y, Yamamoto E, Kato T, Morimoto T, Yaku H, Inuzuka Y, et al. Insomnia in patients with acute
heart failure: from the KCHF registry. ESC Heart Fail. 2022; 9(5):2988-96. https://doi.org/10.1002/ehf2.
14025 PMID: 35733324

Mahmood A, Ray M, Ward KD, Dobalian A, Ahn S. Longitudinal associations between insomnia symp-
toms and all-cause mortality among middle-aged and older adults: a population-based cohort study.
Sleep. 2022; 45(6). https://doi.org/10.1093/sleep/zsac019 PMID: 35037061

Krittanawong C, Tunhasiriwet A, Wang Z, Zhang H, Farrell AM, Chirapongsathorn S, et al. Association
between short and long sleep durations and cardiovascular outcomes: a systematic review and meta-
analysis. Eur Heart J Acute Cardiovasc Care. 2019; 8(8):762—70. https://doi.org/10.1177/
2048872617741733 PMID: 29206050

Lechat B, Appleton S, Melaku YA, Hansen K, McEvoy RD, Adams R, et al. The association of co-morbid
insomnia and sleep apnea with prevalent cardiovascular disease and incident cardiovascular events. J
Sleep Res. 2022; 31(5):e13563. hitps://doi.org/10.1111/jsr.13563 PMID: 35166401

Luu BR, Nance RM, Delaney JAC, Ruderman SA, Heckbert SR, Budoff MJ, et al. Brief Report: Insom-
nia and Risk of Myocardial Infarction Among People With HIV. J Acquir Immune Defic Syndr. 2022; 90
(1):50-5. https://doi.org/10.1097/QAI.0000000000002910 PMID: 35001042

Sofi F, Cesari F, Casini A, Macchi C, Abbate R, Gensini GF. Insomnia and risk of cardiovascular dis-
ease: a meta-analysis. Eur J Prev Cardiol. 2014; 21(1):57—64. https://doi.org/10.1177/
2047487312460020 PMID: 22942213

Gel, Guyatt G, Tian J, Pan B, Chang Y, Chen Y, et al. Insomnia and risk of mortality from all-cause,
cardiovascular disease, and cancer: Systematic review and meta-analysis of prospective cohort stud-
ies. Sleep Med Rev. 2019; 48:101215. https://doi.org/10.1016/j.smrv.2019.101215 PMID: 31630016

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews. Bmj. 2021; 372:n71. https://doi.org/
10.1136/bmj.n71 PMID: 33782057

Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, et al. AMSTAR 2: a critical appraisal tool
for systematic reviews that include randomised or non-randomised studies of healthcare interventions,
or both. Bmj. 2017; 358:j4008. https://doi.org/10.1136/bmj.j4008 PMID: 28935701

Porritt K, Gomersall J, Lockwood C. JBI's Systematic Reviews: Study selection and critical appraisal.
Am J Nurs. 2014; 114(6):47-52. https://doi.org/10.1097/01.NAJ.0000450430.97383.64 PMID:
24869584

Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonran-
domized studies in meta-analyses. Eur J Epidemiol. 2010; 25(9):603-5. https://doi.org/10.1007/
5$10654-010-9491-z PMID: 20652370

Kim SY, Park JE, Lee YJ, Seo HJ, Sheen SS, Hahn S, et al. Testing a tool for assessing the risk of bias
for nonrandomized studies showed moderate reliability and promising validity. J Clin Epidemiol. 2013;
66(4):408-14. https://doi.org/10.1016/j.jclinepi.2012.09.016 PMID: 23337781

PLOS ONE | https://doi.org/10.1371/journal.pone.0291859 September 21, 2023 12/15


https://doi.org/10.1016/j.smrv.2019.01.004
http://www.ncbi.nlm.nih.gov/pubmed/30844624
https://doi.org/10.1002/rcs.2106
http://www.ncbi.nlm.nih.gov/pubmed/32223059
https://doi.org/10.1539/joh.45.344
http://www.ncbi.nlm.nih.gov/pubmed/14676413
https://doi.org/10.1536/ihj.54.258
https://doi.org/10.1536/ihj.54.258
http://www.ncbi.nlm.nih.gov/pubmed/24097213
https://doi.org/10.1093/eurheartj/eht019
http://www.ncbi.nlm.nih.gov/pubmed/23462728
https://doi.org/10.1093/sleep/34.5.601
https://doi.org/10.1093/sleep/34.5.601
http://www.ncbi.nlm.nih.gov/pubmed/21532953
https://doi.org/10.1093/sleep/zsy047
http://www.ncbi.nlm.nih.gov/pubmed/29522193
https://doi.org/10.1002/ehf2.14025
https://doi.org/10.1002/ehf2.14025
http://www.ncbi.nlm.nih.gov/pubmed/35733324
https://doi.org/10.1093/sleep/zsac019
http://www.ncbi.nlm.nih.gov/pubmed/35037061
https://doi.org/10.1177/2048872617741733
https://doi.org/10.1177/2048872617741733
http://www.ncbi.nlm.nih.gov/pubmed/29206050
https://doi.org/10.1111/jsr.13563
http://www.ncbi.nlm.nih.gov/pubmed/35166401
https://doi.org/10.1097/QAI.0000000000002910
http://www.ncbi.nlm.nih.gov/pubmed/35001042
https://doi.org/10.1177/2047487312460020
https://doi.org/10.1177/2047487312460020
http://www.ncbi.nlm.nih.gov/pubmed/22942213
https://doi.org/10.1016/j.smrv.2019.101215
http://www.ncbi.nlm.nih.gov/pubmed/31630016
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/pubmed/33782057
https://doi.org/10.1136/bmj.j4008
http://www.ncbi.nlm.nih.gov/pubmed/28935701
https://doi.org/10.1097/01.NAJ.0000450430.97383.64
http://www.ncbi.nlm.nih.gov/pubmed/24869584
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1007/s10654-010-9491-z
http://www.ncbi.nlm.nih.gov/pubmed/20652370
https://doi.org/10.1016/j.jclinepi.2012.09.016
http://www.ncbi.nlm.nih.gov/pubmed/23337781
https://doi.org/10.1371/journal.pone.0291859

PLOS ONE

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. Bm;.
2003; 327(7414):557-60. https://doi.org/10.1136/bmj.327.7414.557 PMID: 12958120

Althuis MD, Fredman L, Langenberg PW, Magaziner J. The relationship between insomnia and mortal-
ity among community-dwelling older women. J Am Geriatr Soc. 1998; 46(10):1270-3. https://doi.org/
10.1111/1.1532-5415.1998.tb04544.x PMID: 9777910

Schwartz SW, Cornoni-Huntley J, Cole SR, Hays JC, Blazer DG, Schocken DD. Are sleep complaints
an independent risk factor for myocardial infarction? Ann Epidemiol. 1998; 8(6):384—92. https://doi.org/
10.1016/s1047-2797(97)00238-x PMID: 9708874

Phillips B, Mannino DM. Do insomnia complaints cause hypertension or cardiovascular disease? J Clin
Sleep Med. 2007; 3(5):489-94. PMID: 17803012

Chien KL, Chen PC, Hsu HC, Su TC, Sung FC, Chen MF, et al. Habitual sleep duration and insomnia
and the risk of cardiovascular events and all-cause death: report from a community-based cohort.
Sleep. 2010; 33(2):177-84. https://doi.org/10.1093/sleep/33.2.177 PMID: 20175401

Jaussent |, Empana JP, Ancelin ML, Besset A, Helmer C, Tzourio C, et al. Insomnia, daytime sleepi-
ness and cardio-cerebrovascular diseases in the elderly: a 6-year prospective study. PLoS One. 2013;
8(2):56048. https://doi.org/10.1371/journal.pone.0056048 PMID: 23457496

Canivet C, Nilsson PM, Lindeberg Sl, Karasek R, Ostergren PO. Insomnia increases risk for cardiovas-
cular events in women and in men with low socioeconomic status: a longitudinal, register-based study.
J Psychosom Res. 2014; 76(4):292-9. https://doi.org/10.1016/j.jpsychores.2014.02.001 PMID:
24630179

Clark A, Lange T, Hallgvist J, Jennum P, Rod NH. Sleep impairment and prognosis of acute myocardial
infarction: a prospective cohort study. Sleep. 2014; 37(5):851-8. https://doi.org/10.5665/sleep.3646
PMID: 24790263

Hsu CY, Chen YT, Chen MH, Huang CC, Chiang CH, Huang PH, et al. The Association Between
Insomnia and Increased Future Cardiovascular Events: A Nationwide Population-Based Study. Psy-
chosom Med. 2015; 77(7):743-51. https://doi.org/10.1097/PSY.0000000000000199 PMID: 26355726

Gianfagna F, Veronesi G, Bertu L, Cesana G, Grassi G, Stranges S, et al. Influence of sleep distur-
bances on age at onset and long-term incidence of major cardiovascular events: the MONICA-Brianza
and PAMELA cohort studies. Sleep Med. 2016; 21:126-32. https://doi.org/10.1016/j.sleep.2016.01.007
PMID: 27448483

Choi JW, Song JS, Lee YJ, Won TB, Jeong DU. Increased Mortality in Relation to Insomnia and
Obstructive Sleep Apnea in Korean Patients Studied with Nocturnal Polysomnography. J Clin Sleep
Med. 2017; 13(1):49-56. https://doi.org/10.5664/jcsm.6386 PMID: 27655449

Lu JL, Freire AX, Molnar MZ, Kalantar-Zadeh K, Kovesdy CP. Association of Chronic Insomnia With
Mortality and Adverse Renal Outcomes. Mayo Clin Proc. 2018; 93(11):1563-70. https://doi.org/10.
1016/j.mayocp.2018.05.032 PMID: 30392541

Polanka BM, Kundu S, So-Armah KA, Freiberg MS, Gupta SK, Bedimo RJ, et al. Insomnia as an Inde-
pendent Predictor of Incident Cardiovascular Disease in HIV: Data From the Veterans Aging Cohort
Study. J Acquir Imimune Defic Syndr. 2019; 81(1):110-7. https://doi.org/10.1097/QAl.
0000000000001981 PMID: 30768487

Zheng B, Yu C, Lv J, Guo Y, Bian Z, Zhou M, et al. Insomnia symptoms and risk of cardiovascular dis-
eases among 0.5 million adults: A 10-year cohort. Neurology. 2019; 93(23):e2110—e20. https://doi.org/
10.1212/WNL.0000000000008581 PMID: 31694922

Lopes JM, Galvao FD, Oliveira A. Risk of Death in the Elderly with Excessive Daytime Sleepiness,
Insomnia and Depression: Prospective Cohort Study in an Urban Population in Northeast Brazil. Arq
Bras Cardiol. 2021; 117(3):446-54.

Sigurdardottir FD, Lyngbakken MN, Hveem K, Hrubos Strem H, Rasjg H, Redline S, et al. Insomnia
symptoms and subclinical myocardial injury: Data from the Nord-Trgndelag Health (HUNT) study. J
Sleep Res. 2021; 30(5):e13299.

Lechat B, Appleton S, Melaku YA, Hansen K, McEvoy RD, Adams R, et al. Comorbid insomnia and
sleep apnoea is associated with all-cause mortality. Eur Respir J. 2022; 60(1). https://doi.org/10.1183/
13993003.01958-2021 PMID: 34857613

Seko Y, Kato T, Morimoto T, Yaku H, Inuzuka Y, Tamaki Y, et al. Association between body mass index
and prognosis of patients hospitalized with heart failure. Sci Rep. 2020; 10(1):16663. https://doi.org/10.
1038/541598-020-73640-w PMID: 33028856

Sambou ML, Zhao X, Hong T, Naveed M, Sambou A, El Hafa F, et al. Investigation of the relationships
between sleep behaviors and risk of healthspan termination: a prospective cohort study based on
323,373 UK-Biobank participants. Sleep Breath. 2022; 26(1):205—13. https://doi.org/10.1007/s11325-
021-02394-0 PMID: 33959859

PLOS ONE | https://doi.org/10.1371/journal.pone.0291859 September 21, 2023 13/15


https://doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/pubmed/12958120
https://doi.org/10.1111/j.1532-5415.1998.tb04544.x
https://doi.org/10.1111/j.1532-5415.1998.tb04544.x
http://www.ncbi.nlm.nih.gov/pubmed/9777910
https://doi.org/10.1016/s1047-2797%2897%2900238-x
https://doi.org/10.1016/s1047-2797%2897%2900238-x
http://www.ncbi.nlm.nih.gov/pubmed/9708874
http://www.ncbi.nlm.nih.gov/pubmed/17803012
https://doi.org/10.1093/sleep/33.2.177
http://www.ncbi.nlm.nih.gov/pubmed/20175401
https://doi.org/10.1371/journal.pone.0056048
http://www.ncbi.nlm.nih.gov/pubmed/23457496
https://doi.org/10.1016/j.jpsychores.2014.02.001
http://www.ncbi.nlm.nih.gov/pubmed/24630179
https://doi.org/10.5665/sleep.3646
http://www.ncbi.nlm.nih.gov/pubmed/24790263
https://doi.org/10.1097/PSY.0000000000000199
http://www.ncbi.nlm.nih.gov/pubmed/26355726
https://doi.org/10.1016/j.sleep.2016.01.007
http://www.ncbi.nlm.nih.gov/pubmed/27448483
https://doi.org/10.5664/jcsm.6386
http://www.ncbi.nlm.nih.gov/pubmed/27655449
https://doi.org/10.1016/j.mayocp.2018.05.032
https://doi.org/10.1016/j.mayocp.2018.05.032
http://www.ncbi.nlm.nih.gov/pubmed/30392541
https://doi.org/10.1097/QAI.0000000000001981
https://doi.org/10.1097/QAI.0000000000001981
http://www.ncbi.nlm.nih.gov/pubmed/30768487
https://doi.org/10.1212/WNL.0000000000008581
https://doi.org/10.1212/WNL.0000000000008581
http://www.ncbi.nlm.nih.gov/pubmed/31694922
https://doi.org/10.1183/13993003.01958-2021
https://doi.org/10.1183/13993003.01958-2021
http://www.ncbi.nlm.nih.gov/pubmed/34857613
https://doi.org/10.1038/s41598-020-73640-w
https://doi.org/10.1038/s41598-020-73640-w
http://www.ncbi.nlm.nih.gov/pubmed/33028856
https://doi.org/10.1007/s11325-021-02394-0
https://doi.org/10.1007/s11325-021-02394-0
http://www.ncbi.nlm.nih.gov/pubmed/33959859
https://doi.org/10.1371/journal.pone.0291859

PLOS ONE

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Sateia MJ. International classification of sleep disorders-third edition: highlights and modifications.
Chest. 2014; 146(5):1387-94. https://doi.org/10.1378/chest.14-0970 PMID: 25367475

He Q, Zhang P, Li G, Dai H, Shi J. The association between insomnia symptoms and risk of cardio-cere-
bral vascular events: A meta-analysis of prospective cohort studies. Eur J Prev Cardiol. 2017; 24
(10):1071-82. https://doi.org/10.1177/2047487317702043 PMID: 28359160

Hu S, Lan T, Wang Y, Ren L. Individual Insomnia Symptom and Increased Hazard Risk of Cardiocereb-
ral Vascular Diseases: A Meta-Analysis. Front Psychiatry. 2021; 12:654719. https://doi.org/10.3389/
fpsyt.2021.654719 PMID: 34054612

Dean YE, Shebl MA, Rouzan SS, Bamousa BAA, Talat NE, Ansari SA, et al. Association between
insomnia and the incidence of myocardial infarction: A systematic review and meta-analysis. Clin Car-
diol. 2023; 46(4):376-85. https://doi.org/10.1002/clc.23984 PMID: 36841256

Glidewell RN, McPherson Botts E, Orr WC. Insomnia and Anxiety: Diagnostic and Management Impli-
cations of Complex Interactions. Sleep Med Clin. 2015; 10(1):93-9. https://doi.org/10.1016/j.jsmc.
2014.11.008 PMID: 26055677

Franzen PL, Buysse DJ. Sleep disturbances and depression: risk relationships for subsequent depres-
sion and therapeutic implications. Dialogues Clin Neurosci. 2008; 10(4):473-81. https://doi.org/10.
31887/DCNS.2008.10.4/plfranzen PMID: 19170404

Johnson EO, Roth T, Breslau N. The association of insomnia with anxiety disorders and depression:
exploration of the direction of risk. J Psychiatr Res. 2006; 40(8):700-8. https://doi.org/10.1016/j.
jpsychires.2006.07.008 PMID: 16978649

Fernandez-Mendoza J, Vgontzas AN. Insomnia and its impact on physical and mental health. Curr Psy-
chiatry Rep. 2013; 15(12):418. https://doi.org/10.1007/s11920-013-0418-8 PMID: 24189774

Harris EC, Barraclough B. Suicide as an outcome for mental disorders. A meta-analysis. Br J Psychia-
try. 1997; 170:205-28. https://doi.org/10.1192/bjp.170.3.205 PMID: 9229027

KannoY, Yoshihisa A, Watanabe S, Takiguchi M, Yokokawa T, Sato A, et al. Prognostic Significance of
Insomnia in Heart Failure. Circ J. 2016; 80(7):1571-7. https://doi.org/10.1253/circj.CJ-16-0205 PMID:
27194467

Dominguez-Rodriguez A, Abreu-Gonzalez P, Kaski JC. Disruption of normal circadian rhythms and car-
diovascular events. Heart Metab. 2009; 44(1):11-5.

Dominguez-Rodriguez A, Abreu-Gonzalez P, Reiter RJ. Melatonin and cardiovascular disease: myth or
reality? Rev Esp Cardiol (Engl Ed). 2012; 65(3):215-8. https://doi.org/10.1016/j.recesp.2011.10.009
PMID: 22245066

Krell SB, Kapur VK. Insomnia complaints in patients evaluated for obstructive sleep apnea. Sleep
Breath. 2005; 9(3):104—10. https://doi.org/10.1007/s11325-005-0026-x PMID: 16091954

Chung KF. Insomnia subtypes and their relationships to daytime sleepiness in patients with obstructive
sleep apnea. Respiration. 2005; 72(5):460-5. https://doi.org/10.1159/000087668 PMID: 16210883

Maniaci A, Di Luca M, Lechien JR, lannella G, Grillo C, Grillo CM, et al. Lateral pharyngoplasty vs. tradi-
tional uvulopalatopharyngoplasty for patients with OSA: systematic review and meta-analysis. Sleep
Breath. 2022; 26(4):1539-50.

Parthasarathy S, Vasquez MM, Halonen M, Bootzin R, Quan SF, Martinez FD, et al. Persistent insom-
nia is associated with mortality risk. Am J Med. 2015; 128(3):268—75.e2. https://doi.org/10.1016/j.
amjmed.2014.10.015 PMID: 25447616

Fuchs FD, Whelton PK. High Blood Pressure and Cardiovascular Disease. Hypertension. 2020; 75
(2):285-92. https://doi.org/10.1161/HYPERTENSIONAHA.119.14240 PMID: 31865786

Grandner MA, Alfonso-Miller P, Fernandez-Mendoza J, Shetty S, Shenoy S, Combs D. Sleep: impor-
tant considerations for the prevention of cardiovascular disease. Curr Opin Cardiol. 2016; 31(5):551—
65. https://doi.org/10.1097/HCO.0000000000000324 PMID: 27467177

Vgontzas AN, Liao D, Pejovic S, Calhoun S, Karataraki M, Bixler EO. Insomnia with objective short
sleep duration is associated with type 2 diabetes: A population-based study. Diabetes Care. 2009; 32
(11):1980-5. https://doi.org/10.2337/dc09-0284 PMID: 19641160

Irwin MR. Why sleep is important for health: a psychoneuroimmunology perspective. Annu Rev Psy-
chol. 2015; 66:143-72. https://doi.org/10.1146/annurev-psych-010213-115205 PMID: 25061767

King CR, Knutson KL, Rathouz PJ, Sidney S, Liu K, Lauderdale DS. Short sleep duration and incident
coronary artery calcification. Jama. 2008; 300(24):2859-66. https://doi.org/10.1001/jama.2008.867
PMID: 19109114

Meier-Ewert HK, Ridker PM, Rifai N, Regan MM, Price NJ, Dinges DF, et al. Effect of sleep loss on C-
reactive protein, an inflammatory marker of cardiovascular risk. J Am Coll Cardiol. 2004; 43(4):678-83.
https://doi.org/10.1016/j.jacc.2003.07.050 PMID: 14975482

PLOS ONE | https://doi.org/10.1371/journal.pone.0291859 September 21, 2023 14/15


https://doi.org/10.1378/chest.14-0970
http://www.ncbi.nlm.nih.gov/pubmed/25367475
https://doi.org/10.1177/2047487317702043
http://www.ncbi.nlm.nih.gov/pubmed/28359160
https://doi.org/10.3389/fpsyt.2021.654719
https://doi.org/10.3389/fpsyt.2021.654719
http://www.ncbi.nlm.nih.gov/pubmed/34054612
https://doi.org/10.1002/clc.23984
http://www.ncbi.nlm.nih.gov/pubmed/36841256
https://doi.org/10.1016/j.jsmc.2014.11.008
https://doi.org/10.1016/j.jsmc.2014.11.008
http://www.ncbi.nlm.nih.gov/pubmed/26055677
https://doi.org/10.31887/DCNS.2008.10.4/plfranzen
https://doi.org/10.31887/DCNS.2008.10.4/plfranzen
http://www.ncbi.nlm.nih.gov/pubmed/19170404
https://doi.org/10.1016/j.jpsychires.2006.07.008
https://doi.org/10.1016/j.jpsychires.2006.07.008
http://www.ncbi.nlm.nih.gov/pubmed/16978649
https://doi.org/10.1007/s11920-013-0418-8
http://www.ncbi.nlm.nih.gov/pubmed/24189774
https://doi.org/10.1192/bjp.170.3.205
http://www.ncbi.nlm.nih.gov/pubmed/9229027
https://doi.org/10.1253/circj.CJ-16-0205
http://www.ncbi.nlm.nih.gov/pubmed/27194467
https://doi.org/10.1016/j.recesp.2011.10.009
http://www.ncbi.nlm.nih.gov/pubmed/22245066
https://doi.org/10.1007/s11325-005-0026-x
http://www.ncbi.nlm.nih.gov/pubmed/16091954
https://doi.org/10.1159/000087668
http://www.ncbi.nlm.nih.gov/pubmed/16210883
https://doi.org/10.1016/j.amjmed.2014.10.015
https://doi.org/10.1016/j.amjmed.2014.10.015
http://www.ncbi.nlm.nih.gov/pubmed/25447616
https://doi.org/10.1161/HYPERTENSIONAHA.119.14240
http://www.ncbi.nlm.nih.gov/pubmed/31865786
https://doi.org/10.1097/HCO.0000000000000324
http://www.ncbi.nlm.nih.gov/pubmed/27467177
https://doi.org/10.2337/dc09-0284
http://www.ncbi.nlm.nih.gov/pubmed/19641160
https://doi.org/10.1146/annurev-psych-010213-115205
http://www.ncbi.nlm.nih.gov/pubmed/25061767
https://doi.org/10.1001/jama.2008.867
http://www.ncbi.nlm.nih.gov/pubmed/19109114
https://doi.org/10.1016/j.jacc.2003.07.050
http://www.ncbi.nlm.nih.gov/pubmed/14975482
https://doi.org/10.1371/journal.pone.0291859

PLOS ONE

70.

71.

72.

73.

74.

Huang S, Vieillard-Baron A, Evrard B, Prat G, Chew MS, Balik M, et al. Echocardiography phenotypes
of right ventricular involvement in COVID-19 ARDS patients and ICU mortality: post-hoc (exploratory)

analysis of repeated data from the ECHO-COVID study. Intensive Care Med. 2023. https://doi.org/10.
1007/s00134-023-07147-z PMID: 37436445

La Via L, Dezio V, Santonocito C, Astuto M, Morelli A, Huang S, et al. Full and simplified assessment of
left ventricular diastolic function in covid-19 patients admitted to ICU: Feasibility, incidence, and associ-
ation with mortality. Echocardiography. 2022; 39(11):1391-400. https://doi.org/10.1111/echo.15462
PMID: 36200491

Huang S, Vignon P, Mekontso-Dessap A, Tran S, Prat G, Chew M, et al. Echocardiography findings in
COVID-19 patients admitted to intensive care units: a multi-national observational study (the ECHO-
COVID study). Intensive Care Med. 2022; 48(6):667—78. https://doi.org/10.1007/s00134-022-06685-2
PMID: 35445822

Reiner Z, Catapano AL, De Backer G, Graham |, Taskinen MR, Wiklund O, et al. ESC/EAS Guidelines
for the management of dyslipidaemias: the Task Force for the management of dyslipidaemias of the
European Society of Cardiology (ESC) and the European Atherosclerosis Society (EAS). Eur Heart J.
2011; 32(14):1769-818. https://doi.org/10.1093/eurheartj/ehr158 PMID: 21712404

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al. GRADE: an emerging
consensus on rating quality of evidence and strength of recommendations. Bmj. 2008; 336(7650):924—
6. https://doi.org/10.1136/bm;j.39489.470347.AD PMID: 18436948

PLOS ONE | https://doi.org/10.1371/journal.pone.0291859 September 21, 2023 15/15


https://doi.org/10.1007/s00134-023-07147-z
https://doi.org/10.1007/s00134-023-07147-z
http://www.ncbi.nlm.nih.gov/pubmed/37436445
https://doi.org/10.1111/echo.15462
http://www.ncbi.nlm.nih.gov/pubmed/36200491
https://doi.org/10.1007/s00134-022-06685-2
http://www.ncbi.nlm.nih.gov/pubmed/35445822
https://doi.org/10.1093/eurheartj/ehr158
http://www.ncbi.nlm.nih.gov/pubmed/21712404
https://doi.org/10.1136/bmj.39489.470347.AD
http://www.ncbi.nlm.nih.gov/pubmed/18436948
https://doi.org/10.1371/journal.pone.0291859

