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Abstract: Sleep is essential for life, and inappropriate sleep duration patterns may lead to chronic
consequences regarding human health. Several studies have confirmed the presence of a U-shaped
association between sleep duration and mortality. Moreover, many consequences related to car-
diometabolic aspects have been suggested in patients with abnormal sleep durations. In this study,
we analyzed the associations between sleep duration, total sleep time (TST), the risk of all-cause
mortality, and 10-year cardiovascular risk in a cohort of patients at a sleep medicine center in Santiago,
Chile. We conducted a prospective cohort study of patients (SantOSA). A short TST was defined as
≤6 h, a normal TST as 6 to 9 h, and a long TST as ≥9 h. Adjusted hazard ratios (aHRs) for all-cause
mortality were calculated. A cross-sectional analysis between TST and 10-year cardiovascular risk
(calculated using the Framingham 2008 formula) was determined using logistic regression models.
A total of 1385 subjects were included in the results (78% male; median age: 53, interquartile range
(IQR): 42–64 years; median BMI: 29.5, IQR: 16.7–33.1). A total of 333 subjects (24%) reported short
TSTs, 938 (67.7%) reported normal TSTs, and 114 (8.3%) reported long TSTs. In the fully adjusted
model, the association remained significant for short (aHR: 2.51 (1.48–4.25); p-value = 0.01) and long
TSTs (aHR: 3.97 (1.53–10.29); p-value = 0.04). Finally, a U-shaped association was found between
short and long TSTs, with an increase in cardiovascular risk at 10 years. Compared with normal
TSTs, short (≤6 h) and long (≥9 h) TSTs were significantly associated with all-cause mortality and
increased 10-year cardiovascular risk.

Keywords: sleep; short sleep; prolonged sleep; OSA; cardiovascular risk; mortality; Hispanic; Latino

1. Introduction

Sleep is essential for life, and has been linked to mortality and an ever-growing number
of diseases [1–3]. The American Heart Association (AHA) has recognized the importance
of sleep and its association with cardiovascular disease (CVD) risk [4,5]. Healthy behaviors
have beneficial impacts in reducing cardiovascular disease and mortality [6,7]. Several
studies have suggested an association between cardiovascular disease and unhealthy
lifestyles, such as sedentary behavior [8], unhealthy dietary behavior [9], and unhealthy
sleep patterns [10].
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According to the American Academy of Sleep Medicine (AASM)’s consensus, 7–8 h of
sleep per night are appropriate for optimal health in the adult population [11]. Short and
long sleepers are characterized by sleep pattern durations of less than 7 h and ≥9–10 h,
respectively [12]. Both sleep pattern durations have been associated with adverse health
outcomes, such as cardiometabolic disease, depression, and increased risk of death [13,14].
Similar occurrences have been observed with obstructive sleep apnea (OSA) in the adult
population, in which obstructive episodes, hypoxemic episodes, and sympathetic activity
lead to hypertension and cardiovascular compromise, increasing the risks of cardiac events
and mortality [3,15–18]. The risk of presenting adverse health events is associated with daily
sleep pattern duration, and unhealthy sleep is associated with increased cardiovascular
risk, which has been reaffirmed by the AHA [19]. The association between cardiovascular
risk and sleep health has been described in the Latin American population; however,
the population studied has mainly been the Hispanic/Latino community that belongs to
North America [20–23]. Additionally, the evidence concerning sleep pattern durations in
the Hispanic/Latino population located in their country of origin is scarce. Our primary
objective was to determine the association between sleep duration and the incidence of
all-cause mortality in a cohort of patients at a sleep medicine center in Santiago, Chile.
As a secondary objective, we determined the relationship between sleep duration and
cardiovascular risk.

2. Materials and Methods
2.1. Study Design

We performed a secondary analysis of a prospective clinically-based cohort study
(SantOSA), registry number ISRCTN62293645, of the consequences of OSA among pa-
tients, having been derived for clinical evaluation of OSA in a tertiary center in the urban
area of Santiago, Chile. This cohort was established in 2009 and included adults aged
≥18 years [24–26]. Moreover, all missing data were excluded.

To date, there are records of 1928 participants who consulted with the sleep center
in the last 12 years. Each participant signed an informed consent before inclusion. This
study was conducted in accordance with the Declaration of Helsinki and approved by the
Institutional Review Board of Clinica Las Condes (protocol number 10; 9 March 2018).

Sleep Assessment

At baseline, a standardized symptom questionnaire was applied to evaluate each
participant’s sleep schedule, degree of daytime sleepiness, snoring intensity, witnessed
apnea, insomnia, episodes of nocturnal suffocation, and morning headache. In addition,
we collected data from the Spanish version of the Epworth Sleepiness Scale (ESS) [19,20].

To conduct a home sleep apnea test (HSAT), we used a validated type 3 sleep test
(Embletta® MPR device, Natus Medical Incorporated, Middleton, WI, USA) that included
nasal pressure assessment (measurement of airflow), thoracic and abdominal inductance
plethysmography, body position assessment, audio assessment via microphone, and pulse
oximetry. Compared to polysomnography, 92.4% sensitivity and 85.7% specificity in
diagnosing OSA have been reported for this device [21]. The HSAT analysis was performed
manually by a respiratory disease specialist (author: J.J.) blinded to the clinical history of
the subjects. Respiratory events were scored according to the current AASM guidelines;
apnea was defined as airflow absence for 10 s, while hypopnea was defined as an airflow
reduction of 30% associated with a drop in Spo2 by 3%. We also extracted data regarding the
respiratory disturbance index (RDI), and times under 90% (T90%) were recorded. Finally,
OSA diagnoses were achieved according to the RDI. An RDI of <5 events/h signified
non-OSA; between 5 and 14 events/h signified moderate OSA, between 15 and 30 events/h
signified moderate OSA, and ≥30 events/h signified severe OSA.
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2.2. Primary Exposure: Total Sleep Time

We defined self-reported total sleep time, obtained through a questionnaire admin-
istered during each clinic visit, as the corresponding answer to the question “During the
past month, how many hours of actual sleep time did you get at night” (different from the
number of hours spent in bed). For this study’s purposes, sleep times were categorized as
short sleep patterns (defined as TSTs of ≤6 h), normal sleep (defined as TSTs between 6
and 9 h), and long sleep (defined as TSTs of ≥9 h).

2.3. Covariates

Data from clinical and demographic variables were extracted from medical records,
self-reported anthropometric variables (height (cm) and weight (Kg)) were measured at
baseline, and the body mass index (BMI; Kg/m2) was calculated for each subject. In
addition, the ESS and the home sleep test, using an Embletta, were used for all partici-
pants. The sleep study was manually scored according to the AASM guidelines, and data
regarding the RDI and times under 90% (T90%) were recorded. Finally, OSA diagnoses
were identified according to the RDI. An RDI of <5 events/h signified non-OSA, between
5 and 14 events/h signified moderate OSA, between 15 and 30 events/h signified moderate
OSA, and ≥30 events/h signified severe OSA.

2.4. Outcome Assessment

As a primary outcome, we identified the mortality risks from all causes by inspecting
the death certificates available in the Chilean civil registry (www.registrocivil.cl, last access
26 April 2022). As a secondary outcome, we analyzed the association between duration of
sleep and cardiovascular risk at 10 years using the Framingham 2008 formula, which was
calculated using the R software “CVRisk” package (R-project; https://www.r-project.org/,
version 2022.12.0+353). We chose this method because it did not require a laboratory
for estimation [27].

2.5. Statistical Analysis

Associations between the different interest categories were presented as medians
and IQRs for continuous variables and frequencies (as % values) for categorical variables.
Additionally, intragroup differences were analyzed using chi-square tests for categorical
variables and ANOVAs for continuous variables. To determine the associations between
the different categories of total sleep time and the risk of all-cause mortality, we performed
three incremental Cox regression models: Model 1 (unadjusted), Model 2 (adjusted for the
baseline cardiovascular risk), and Model 3 (Model 2 adjusted for the rate of respiratory
events). A proportional hazards assumption (a test to measure whether an effect is not
proportional to time) was carried out using the Schoenfeld residuals scaled against the
transformed time. Finally, two complementary analyses were developed to establish the
association between sleep patterns/TST and cardiovascular risk. First, a multivariable
linear regression was performed; then, to establish the U-shaped relationship, a multivariate
linear regression model of three was performed. Polynomial degrees established the
coefficient that corresponded to each hour and its respective association with cardiovascular
risk. All analyses were performed using R software (R-project), and statistically significant
values were established as p < 0.05.

3. Results

The study flowchart is available in Figure 1. From 1548 subjects, we excluded 163
(10.5%) due to missing values, repeated sleep tests, and unavailable follow-up data. Finally,
a total of 1385 subjects were included in further analysis. Of these subjects, 333 (24%)
reported short sleep times, 938 (67.7%) reported normal sleep times, and 114 (8.3%) reported
long sleep times. The median age of the sample was 53 (IQR: 42–64) years, the median BMI
was 29.5 (IQR: 16.7–33.1); the median ESS value was 8.0 points (IQR: 5–12), the median TST
was 6.5 h (IQR: 6–7.5), the median AHI value was 18.7 events/h (IQR: 8.7–35.6), the median

www.registrocivil.cl
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T90% value was 3.6 (IQR: 0.4–17.6), and the median/IQR Framingham CVD risk was 13.6%
(IQR: 6.7–27.2). Additionally, the causes of mortality presented the following prevalences:
26.4% for CVD, 19.4% for cancer, and 54% for other causes. The baseline characteristics of
the cohort, stratified by TST, are shown in Table 1.
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Table 1. Baseline characteristics of the cohort (n = 1385). TSTs were categorized as short (≤ 6 h/night),
normal (6 to 9 h/night), and long (≥9 h/night).

Short TST (n = 632) Normal TST (n = 639) Long TST (n = 114) p-Value

Sociodemographic
Data

Sex <0.001
Male, n (%) 515 (81.5%) 495 (77.5%) 72 (63.2%)

Female, n (%) 117 (18.5%) 144 (22.5%) 42 (36.8%)
Age (Years) 53.0 [43.0;63.0] 52.0 [41.0;63.0] 63.0 [43.0;73.8] <0.001

BMI (Kg/m2) 29.5 [26.7;32.9] 29.5 [26.7;33.1] 30.2 [26.7;33.8] 0.607

Comorbidities

Smoking Status 0.659
Non-Smoker (%) 290 (46.0%) 311 (48.7%) 55 (48.2%)

Current (%) 197 (31.3%) 191 (29.9%) 38 (33.3%)
Former (%) 143 (22.7%) 136 (21.4%) 21 (18.4%)

Systolic Pressure (mmHg) 120 [110;130] 120 [110;130] 124 [116;140] 0.087
Hypertension, n (%) 208 (37.5%) 181 (33.5%) 45 (51.1%) 0.005

Diabetes Mellitus, n (%) 172 (27.2%) 153 (24.0%) 34 (29.8%) 0.259
Framingham 2008 10-year

CVD Risk, n (%) 14.7 [7.44;27.1] 11.8 [6.26;25.1] 23.4 [8.11;30.0] 0.023

Death, n (%) 59 (9.34%) 56 (8.76%) 31 (27.2%) <0.001

Sleep Apnea

Severity of OSA 0.284
Non-OSA, n (%) 93 (14.7%) 90 (14.1%) 15 (13.2%)
Mild OSA, n (%) 182 (28.8%) 169 (26.4%) 28 (24.6%)

Moderate OSA, n (%) 167 (26.4%) 174 (27.2%) 23 (20.2%)
Severe OSA, n (%) 190 (30.1%) 206 (32.2%) 48 (42.1%)

Abbreviation list: BMI: body mass index; OSA: obstructive sleep apnea; CVD: cardiovascular disease. Statistically
significant values are those where p < 0.05.



J. Clin. Med. 2023, 12, 4961 5 of 11

3.1. Association between Total Sleep Time and All-Cause Mortality

During the median follow-up of the cohort at 6.6 years (IQR: 5.1–9.4), we found 146
deaths (10.5%). Summaries of the non-adjusted and adjusted models of sleep patterns (TSTs)
and mortality risk are shown in Table 2. The fully adjusted model showed an increased
association between short sleep patterns and all-cause mortality risk (HR = 2.51; 95% CI:
1.48–4.25; p-value = 0.01) when compared with normal sleep patterns, and prolonged
sleep patterns were also associated with all-cause mortality (HR = 3.97; 95% CI: 1.53–10.29;
p-value = 0.04). The Schoenfeld residuals scaled against the transformed times showed no
significant effect (p-value = 0.88). The unadjusted Kaplan–Maier survival curves, arranged
by TST category, are shown in Figure 2.

Table 2. Multivariable Cox regression analyses assessing the association of total sleep time (primary
exposure) with all-cause mortality.

Model 1
(HR, 95% CI)

Model 2
(HR, 95% CI)

Model 3
(HR, 95% CI)

Short TST 2.06 (1.36–3.2) 2.28 (1.36–3.84) 2.51 (1.48–4.25)
Normal TST (*) --- --- ---

Long TST 3.76 (1.92–7.36) 3.69 (1.43–9.51) 3.97 (1.53–10.29)
Cox regression models: Model 1: Unadjusted; Model 2: Adjusted for baseline cardiovascular risk, including age,
gender, body mass index, diabetes mellitus, smoking, systolic blood pressure, and blood pressure medication;
Model 3: Model 2 + rate of respiratory events. * Reference group.
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Figure 2. Kaplan—Meier curves showing the probability of survival in three categories: short
sleep patterns (≤6 h/night), normal sleep patterns (6–9 h/night), and prolonged sleep patterns
(≥9 h/night).

3.2. Association between Total Sleep Time and CVD Risk

Regarding CVD risk, according to Framingham’s calculator, the short sleep pattern
group presented a median of 14.7% (IQR: 7.2–25.5) compared with the normal sleep pattern
group’s 12.8% (IQR: 6.6–27.1), and those who belonged to the prolonged sleep pattern group
presented 23.4% (IQR: 8.1–30.0) (Figure 3). The third-degree regression model revealed a
U-shaped association between TST and the 2008 Framingham CVD risk (Figure 4).
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Figure 4. Third-degree polynomial multiple linear regression showing the association between sleep
patterns (TST) and cardiovascular risk, according to the 2008 Framingham calculation.

4. Discussion

The main findings of this study are as follows: (A) self-reported sleep duration was as-
sociated with all-cause mortality (longitudinal analysis) and CVD risk (prevalent analysis);
(B) both short and prolonged sleep durations were associated with negative outcomes; (C)
after adjustment based on OSA, these associations remained significant.
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This study has highlighted the importance of sleep duration regarding mortality risk.
Several studies have confirmed the presence of a U-shaped association between sleep
duration and mortality, indicating that individuals with both short and prolonged sleep
durations have greater mortality risk than those with intermediate sleep durations. Poor
sleep quality has been linked to a higher risk of CVD, including congestive heart failure,
coronary heart disease, heart attacks, and strokes. Sleep-related disorders have also been
associated with increased risks of CVD. Chronic inflammation is a potential mechanism of
CVD, and controlling one’s intake of inflammatory food could reduce the 10-year CVD risk,
especially for those with sleep disorders. Sleep duration is also considered a risk factor for
cardiometabolic disease and the associated mortality. Therefore, sleep time is an important
factor in mortality and CVD risk.

Even though those with normal sleep patterns exhibited cardiovascular risk, short and
prolonged sleep patterns resulted in superior cardiovascular risk [28]. According to the
AASM’s consensus, sleep hours for healthy adults (18–60 years) should be no less than 7 h
per night, which has been inferiorly associated with a wide spectrum of cardiometabolic
and mental diseases [29]. In particular, healthy sleep patterns appear to be associated
with lower cardiovascular risk [30]. In the same context, the AHA published a scientific
article [31] in which one of the objectives was to predict 10-year cardiovascular risk in
a sample of 7.690 adults in the United States, aged between 40 and 79 years. This study
reported an increase in cardiovascular risk in adults with short and prolonged sleep patterns
compared with those with 7–8 h sleep patterns [31]. Recently, Zhong Q. et al. studied
45,919 participants, and their results suggested lower risk of cardiovascular diseases, such
as coronary heart disease and stroke, in participants with better sleep patterns, especially
those between 30 and 60 years old [30]. Similarly, a prospective study by Fan M. et al.
that included 385.292 participants confirmed the findings of Zhong Q. et al., also adding
that populations with low genetic susceptibility to cardiovascular risk could lose this
characteristic in the absence of a healthy sleep pattern (early chronotype, 7–8 h sleep per
day, no or rare insomnia, no snoring, and no frequent excessive daytime sleepiness) [32].

Our data show a significant association between long sleep patterns and cardiovascular
risk (Model 2). Akinseye O.A. et al. published similar results, suggesting an association
between abnormal sleep durations and an increased risk of stroke in diabetic patients [33].
A prolonged sleep pattern is characterized as ≥9–10 h [12]. Additionally, evidence has
suggested that this pattern’s other effects include reductions in the ability to tolerate
sleep pressure, more sleep fragmentation, less activity in the morning, minor average
daily temperatures, and longer duration of melatonin secretion at night [13]. Moreover,
prolonged sleep patterns are more associated with several cardiovascular consequences
in the adult population [12] compared with sleep durations of 7–8 h [14]. As mentioned
above, regarding sleep duration, the consensus has converged on a recommended mean
of 7–8 h in the adult population [12]. However, exclusive consideration of sleep time and
not sleep architecture would be inappropriate in a clinical context. For instance, those
with short sleep patterns demonstrated more waking after sleep onset (WASO), longer
REM stages, and similar or less slow-wave sleep compared with those who have long
sleep patterns [13].

Our study has shown that both short and prolonged sleep pattern durations have
significant associations with mortality risk. Several studies have suggested that the rela-
tionship between mortality and sleep duration has a significant interaction field [34–36].
Additionally, they have mentioned that short and prolonged sleep patterns play signifi-
cant roles as predictors of death [37]. In fact, under objective measurements (8 h of PSG),
the findings of Fernandez-Mendoza J, et al. (2020) suggested that short sleep patterns
(<6 h) predict mortality prognoses in adults who have comorbidities such as hypertension,
type 2 diabetes, heart disease, and stroke [38]. Similarly, sleeping for 9 or more hours
has been associated with a 42% increase in mortality risk in women [39]. According to
a review by Grandner M.A. et al., the factors of fatigue, sleep fragmentation, immune
function, lack of challenge, underlying disease (sleep apnea, heart disease), photope-
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riodic abnormalities, and depression could explain the association between long sleep
patterns and mortality [40]. However, Patel S.R. et al. suggested two general determinants:
(i) psychiatric factors, such as depression, and (ii) socioeconomic factors, such as low socioe-
conomic status, lack of employment, low household income, and low perceived societal
status. Short sleep patterns have been associated with unmarried people, lower socioeco-
nomic status, and alcoholic behavior [41]. These associations with short and prolonged
sleep patterns reinforce the idea of generation of multidisciplinary medical monitoring
and early lifestyle education when these patterns are found in a clinical context. Indeed,
the systematic review, meta-analysis, and meta-regression by Itani O. et al. suggested the
importance of focusing future studies on psychoeducation or psychosocial intervention
in the mentioned populations [41]. In our results, significant associations were observed
with an adjusted model (based on baseline comorbidities, cardiovascular risk, and RDI) in
patients with short sleep patterns and higher mortality risk. The existing scientific evidence
has converged on the association between OSA and increased cardiovascular events such
as heart attacks and coronary disease [15]. In addition, an association between OSA and
increased cardiovascular risk and mortality has been suggested in the field [16,17]. OSA
episodes are accompanied by hemodynamic imbalance and endothelial dysfunction due
to sympathetic hyperactivity, increased blood pressure during sleep, hypoxic episodes
that favor the presence of cardiac arrhythmia, changes in intrathoracic pressure, increased
heart rates, sleep fragmentation, and arousal or microarousals that cause increased mus-
cle tone in the oropharyngeal dilator muscles [42–44]. Regarding OSA and durations of
sleep patterns, the findings of a study by Risso T.T. et al., in which the objective was to
analyze sleep durations in OSA patients, showed that patients with short sleep patterns
had higher AHI values (50.18 ± 30.86 events/h) compared with those who slept for about
7 h (23.21 ± 20.45 events/h) [45]. In addition, a study by Priou P. et al. suggested that a
combination of severe OSA and a short sleep pattern will increase the risk of hypertension
up to four times compared with that of normal sleepers who do not have OSA [46]. In this
context, some studies have mentioned significant associations between visceral obesity
metabolic syndrome and OSA patients with short sleep patterns [47,48].

The main limitation of this study is related to the characteristics of the sample, in
which all of the subjects were Hispanic/Latino, although this study has increased the
visibility of the crucial role of total hours of sleep in the adult population. In addition,
this study was conducted at a sleep center, where most of the subjects had some type of
sleep disorder. Finally, TSTs were recorded through sleep self-reporting, in the context of
which the gold standard is wrist actigraphy accompanied by a sleep diary. Despite these
limitations, this research has highlighted the key role of sleep duration and its associations
with cardiovascular risk and mortality in the Hispanic/Latino population.

5. Conclusions

Among patients with short sleep patterns (≤6 h/night) and prolonged sleep patterns
(≥9 h/night), there was an association with all-cause mortality and cardiovascular risk;
after adjustment for respiratory event rates, this association remained significant for both
sleep duration patterns (≤6 h/night and ≥9 h/night). Finally, a U-shaped association was
found between the durations of short and long sleep patterns and increased cardiovascular
risk at 10 years.
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3. Gać, P.; Urbanik, D.; Macek, P.; Martynowicz, H.; Mazur, G.; Poręba, R. Coexistence of cardiovascular risk factors and obstructive
sleep apnoea in polysomnography. Respir. Physiol. Neurobiol. 2022, 295, 103782. [CrossRef]

4. Lloyd-Jones, D.M.; Allen, N.B.; Anderson, C.A.M.; Black, T.; Brewer, L.C.; Foraker, R.E.; Grandner, M.A.; Lavretsky, H.; Perak,
A.M.; Sharma, G.; et al. Life’s Essential 8: Updating and Enhancing the American Heart Association’s Construct of Cardiovascular
Health: A Presidential Advisory From the American Heart Association. Circulation 2022, 146, e18–e43. [CrossRef] [PubMed]

5. American Heart Association. Life’s Essential 8. 2023. Available online: https://www.heart.org/en/healthy-living/healthy-
lifestyle/lifes-essential-8 (accessed on 8 May 2023).

6. Zhang, Y.-B.; Pan, X.-F.; Chen, J.; Cao, A.; Xia, L.; Zhang, Y.; Wang, J.; Li, H.; Liu, G.; Pan, A. Combined lifestyle factors,
all-cause mortality and cardiovascular disease: A systematic review and meta-analysis of prospective cohort studies. J. Epidemiol.
Community Health 2021, 75, 92–99. [CrossRef]

7. Tsai, M.-C.; Lee, C.-C.; Liu, S.-C.; Tseng, P.-J.; Chien, K.-L. Combined healthy lifestyle factors are more beneficial in reducing
cardiovascular disease in younger adults: A meta-analysis of prospective cohort studies. Sci. Rep. 2020, 10, 18165. [CrossRef]
[PubMed]

8. Karam, G.; Agarwal, A.; Sadeghirad, B.; Jalink, M.; Hitchcock, C.L.; Ge, L.; Kiflen, R.; Ahmed, W.; Zea, A.M.; Milenkovic, J.; et al.
Comparison of seven popular structured dietary programmes and risk of mortality and major cardiovascular events in patients
at increased cardiovascular risk: Systematic review and network meta-analysis. BMJ 2023, 380, e072003. [CrossRef]

9. Liang, Z.; Zhang, M.; Wang, C.-Z.; Yuan, Y.; Liang, J.-H. Association between sedentary behavior, physical activity, and
cardiovascular disease-related outcomes in adults-A meta-analysis and systematic review. Front. Public Health 2022, 10, 1018460.
[CrossRef] [PubMed]

10. Liu, M.; Ahmed, W.L.; Zhuo, L.; Yuan, H.; Wang, S.; Zhou, F. Association of Sleep Patterns with Type 2 Diabetes Mellitus: A
Cross-Sectional Study Based on Latent Class Analysis. Int. J. Environ. Res. Public Health 2022, 20, 393. [CrossRef]

11. Watson, N.F.; Badr, M.S.; Belenky, G.; Bliwise, D.L.; Buxton, O.M.; Buysse, D.; Dinges, D.F.; Gangwisch, J.; Grandner, M.A.;
Kushida, C.; et al. Recommended Amount of Sleep for a Healthy Adult: A Joint Consensus Statement of the American Academy
of Sleep Medicine and Sleep Research Society. Sleep 2015, 38, 843–844. [CrossRef]

12. Hirshkowitz, M.; Whiton, K.; Albert, S.M.; Alessi, C.; Bruni, O.; DonCarlos, L.; Hazen, N.; Herman, J.; Adams Hillard, P.J.; Katz,
E.S.; et al. National Sleep Foundation’s updated sleep duration recommendations: Final report. Sleep Health 2015, 1, 233–243.
[CrossRef] [PubMed]

13. Grandner, M.A.; Drummond, S.P.A. Who are the long sleepers? Towards an understanding of the mortality relationship. Sleep
Med. Rev. 2007, 11, 341–360. [CrossRef] [PubMed]

14. Consensus Conference, P.; Watson, N.F.; Badr, M.S.; Belenky, G.; Bliwise, D.L.; Buxton, O.M.; Buysse, D.; Dinges, D.F.; Gangwisch,
J.; Grandner, M.A.; et al. Joint Consensus Statement of the American Academy of Sleep Medicine and Sleep Research Society on
the Recommended Amount of Sleep for a Healthy Adult: Methodology and Discussion. J. Clin. Sleep Med. 2015, 11, 931–952.
[CrossRef]

15. Salari, N.; Khazaie, H.; Abolfathi, M.; Ghasemi, H.; Shabani, S.; Rasoulpoor, S.; Mohammadi, M.; Rasoulpoor, S.; Khaledi-Paveh,
B. The effect of obstructive sleep apnea on the increased risk of cardiovascular disease: A systematic review and meta-analysis.
Neurol. Sci. Off. J. Ital. Neurol. Soc. Ital. Soc. Clin. Neurophysiol. 2022, 43, 219–231. [CrossRef] [PubMed]

16. Tong, J.; Yu, Q.; Li, Y.; Du, J.; Qiu, J. Obstructive sleep apnea and cardiovascular events in acute coronary syndrome: A
meta-analysis. Coron. Artery Dis. 2023, 34, 177–184. [CrossRef] [PubMed]

17. Wang, X.; Ouyang, Y.; Wang, Z.; Zhao, G.; Liu, L.; Bi, Y. Obstructive sleep apnea and risk of cardiovascular disease and all-cause
mortality: A meta-analysis of prospective cohort studies. Int. J. Cardiol. 2013, 169, 207–214. [CrossRef]

https://doi.org/10.1111/jsr.13028
https://www.ncbi.nlm.nih.gov/pubmed/32160378
https://doi.org/10.2147/NSS.S268470
https://www.ncbi.nlm.nih.gov/pubmed/33204200
https://doi.org/10.1016/j.resp.2021.103782
https://doi.org/10.1161/CIR.0000000000001078
https://www.ncbi.nlm.nih.gov/pubmed/35766027
https://www.heart.org/en/healthy-living/healthy-lifestyle/lifes-essential-8
https://www.heart.org/en/healthy-living/healthy-lifestyle/lifes-essential-8
https://doi.org/10.1136/jech-2020-214050
https://doi.org/10.1038/s41598-020-75314-z
https://www.ncbi.nlm.nih.gov/pubmed/33097813
https://doi.org/10.1136/bmj-2022-072003
https://doi.org/10.3389/fpubh.2022.1018460
https://www.ncbi.nlm.nih.gov/pubmed/36339165
https://doi.org/10.3390/ijerph20010393
https://doi.org/10.5665/sleep.4716
https://doi.org/10.1016/j.sleh.2015.10.004
https://www.ncbi.nlm.nih.gov/pubmed/29073398
https://doi.org/10.1016/j.smrv.2007.03.010
https://www.ncbi.nlm.nih.gov/pubmed/17625932
https://doi.org/10.5664/jcsm.4950
https://doi.org/10.1007/s10072-021-05765-3
https://www.ncbi.nlm.nih.gov/pubmed/34797460
https://doi.org/10.1097/MCA.0000000000001207
https://www.ncbi.nlm.nih.gov/pubmed/36762648
https://doi.org/10.1016/j.ijcard.2013.08.088


J. Clin. Med. 2023, 12, 4961 10 of 11

18. Mochol, J.; Gawrys, J.; Gajecki, D.; Szahidewicz-Krupska, E.; Martynowicz, H.; Doroszko, A. Cardiovascular Disorders Triggered
by Obstructive Sleep Apnea-A Focus on Endothelium and Blood Components. Int. J. Mol. Sci. 2021, 22, 5139. [CrossRef]

19. Tsao, C.W.; Aday, A.W.; Almarzooq, Z.I.; Alonso, A.; Beaton, A.Z.; Bittencourt, M.S.; Boehme, A.K.; Buxton, A.E.; Carson, A.P.;
Commodore-Mensah, Y.; et al. Heart Disease and Stroke Statistics-2022 Update: A Report from the American Heart Association.
Circulation 2022, 145, 153–639. [CrossRef]

20. Abbott, S.M.; Weng, J.; Reid, K.J.; Daviglus, M.L.; Gallo, L.C.; Loredo, J.S.; Nyenhuis, S.M.; Ramos, A.R.; Shah, N.A.; Sotres-
Alvarez, D.; et al. Sleep Timing, Stability, and BP in the Sueño Ancillary Study of the Hispanic Community Health Study/Study
of Latinos. Chest 2019, 155, 60–68. [CrossRef]

21. Fritz, J.; Phillips, A.J.K.; Hunt, L.C.; Imam, A.; Reid, K.J.; Perreira, K.M.; Mossavar-Rahmani, Y.; Daviglus, M.L.; Sotres-Alvarez,
D.; Zee, P.C.; et al. Cross-sectional and prospective associations between sleep regularity and metabolic health in the Hispanic
Community Health Study/Study of Latinos. Sleep 2021, 44, zsaa218. [CrossRef]

22. Maghsoudipour, M.; Allison, M.A.; Patel, S.R.; Talavera, G.A.; Daviglus, M.; Zee, P.C.; Reid, K.J.; Makarem, N.; Malhotra, A.
Associations of chronotype and sleep patterns with metabolic syndrome in the Hispanic community health study/study of
Latinos. Chronobiol. Int. 2022, 39, 1087–1099. [CrossRef] [PubMed]

23. Knutson, K.L.; Wu, D.; Patel, S.R.; Loredo, J.S.; Redline, S.; Cai, J.; Gallo, L.C.; Mossavar-Rahmani, Y.; Ramos, A.R.; Teng, Y.; et al.
Association Between Sleep Timing, Obesity, Diabetes: The Hispanic Community Health Study/Study of Latinos (HCHS/SOL)
Cohort Study. Sleep 2017, 40, zsx014. [CrossRef]

24. Labarca, G.; Dreyse, J.; Salas, C.; Letelier, F.; Jorquera, J. A Validation Study of Four Different Cluster Analyses of OSA and the
Incidence of Cardiovascular Mortality in a Hispanic Population. Chest 2021, 160, 2266–2274. [CrossRef] [PubMed]

25. Labarca, G.; Jorquera, J.; Dreyse, J.; Salas, C.; Letelier, F. Hypoxemic features of obstructive sleep apnea and the risk of mortality:
A cluster analysis. Sleep Breath. 2021, 25, 95–103. [CrossRef]

26. Labarca, G.; Dreyse, J.; Salas, C.; Schmidt, A.; Rivera, F.; Letelier, F.; Jorquera, J.; Barbe, F. A clinic-based cluster analysis in patients
with moderate-severe obstructive sleep apnea (OSA) in Chile. Sleep Med. 2020, 73, 16–22. [CrossRef]

27. D’Agostino, R.B.S.; 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]

28. Guasch-Ferré, M.; Li, Y.; Bhupathiraju, S.N.; Huang, T.; Drouin-Chartier, J.-P.; Manson, J.E.; Sun, Q.; Rimm, E.B.; Rexrode, K.M.;
Willett, W.C.; et al. Healthy Lifestyle Score Including Sleep Duration and Cardiovascular Disease Risk. Am. J. Prev. Med. 2022, 63,
33–42. [CrossRef] [PubMed]

29. Kris-Etherton, P.M.; Petersen, K.S.; Després, J.P.; Anderson, C.A.M.; Deedwania, P.; Furie, K.L.; Lear, S.; Lichtenstein, A.H.; Lobelo,
F.; Morris, P.B.; et al. Strategies for Promotion of a Healthy Lifestyle in Clinical Settings: Pillars of Ideal Cardiovascular Health: A
Science Advisory From the American Heart Association. Circulation 2021, 144, e495–e514. [CrossRef]

30. Zhong, Q.; Qin, Z.; Wang, X.; Lan, J.; Zhu, T.; Xiao, X.; Su, L.; Pei, P.; Long, J.; Zhou, L. Healthy sleep pattern reduce the risk of
cardiovascular disease: A 10-year prospective cohort study. Sleep Med. 2023, 105, 53–60. [CrossRef]

31. Ford, E.S. Habitual sleep duration and predicted 10-year cardiovascular risk using the pooled cohort risk equations among US
adults. J. Am. Heart Assoc. 2014, 3, e001454. [CrossRef]

32. Fan, M.; Sun, D.; Zhou, T.; Heianza, Y.; Lv, J.; Li, L.; Qi, L. Sleep patterns, genetic susceptibility, and incident cardiovascular
disease: A prospective study of 385 292 UK biobank participants. Eur. Heart J. 2020, 41, 1182–1189. [CrossRef] [PubMed]

33. Akinseye, O.A.; Ojike, N.I.; Akinseye, L.I.; Dhandapany, P.S.; Pandi-Perumal, S.R. Association of Sleep Duration with Stroke in
Diabetic Patients: Analysis of the National Health Interview Survey. J. Stroke Cerebrovasc. Dis. Off. J. Natl. Stroke Assoc. 2016, 25,
650–655. [CrossRef] [PubMed]

34. Svensson, T.; Saito, E.; Svensson, A.K.; Melander, O.; Orho-Melander, M.; Mimura, M.; Rahman, S.; Sawada, N.; Koh, W.-P.; Shu,
X.-O.; et al. Association of Sleep Duration With All- and Major-Cause Mortality Among Adults in Japan, China, Singapore, and
Korea. JAMA Netw. Open 2021, 4, e2122837. [CrossRef] [PubMed]

35. Xiao, Q.; Keadle, S.K.; Hollenbeck, A.R.; Matthews, C.E. Sleep duration and total and cause-specific mortality in a large US
cohort: Interrelationships with physical activity, sedentary behavior, and body mass index. Am. J. Epidemiol. 2014, 180, 997–1006.
[CrossRef] [PubMed]

36. Yeo, Y.; Ma, S.H.; Park, S.K.; Chang, S.-H.; Shin, H.-R.; Kang, D.; Yoo, K.-Y. A prospective cohort study on the relationship of sleep
duration with all-cause and disease-specific mortality in the Korean Multi-center Cancer Cohort study. J. Prev. Med. Public Health
2013, 46, 271–281. [CrossRef]

37. Cappuccio, F.P.; D’Elia, L.; Strazzullo, P.; Miller, M.A. Sleep duration and all-cause mortality: A systematic review and meta-
analysis of prospective studies. Sleep 2010, 33, 585–592. [CrossRef]

38. Fernandez-Mendoza, J.; He, F.; Calhoun, S.L.; Vgontzas, A.N.; Liao, D.; Bixler, E.O. Objective short sleep duration increases the
risk of all-cause mortality associated with possible vascular cognitive impairment. Sleep Health 2020, 6, 71–78. [CrossRef]

39. Patel, S.R.; Ayas, N.T.; Malhotra, M.R.; White, D.P.; Schernhammer, E.S.; Speizer, F.E.; Stampfer, M.J.; Hu, F.B. A prospective study
of sleep duration and mortality risk in women. Sleep 2004, 27, 440–444. [CrossRef] [PubMed]

40. Cai, C.; Atanasov, S. Long Sleep Duration and Stroke-Highly Linked, Poorly Understood. Neurol Int. 2023, 15, 764–777. [CrossRef]
[PubMed]

41. Itani, O.; Jike, M.; Watanabe, N.; Kaneita, Y. Short sleep duration and health outcomes: A systematic review, meta-analysis, and
meta-regression. Sleep Med. 2017, 32, 246–256. [CrossRef]

https://doi.org/10.3390/ijms22105139
https://doi.org/10.1161/CIR.0000000000001052
https://doi.org/10.1016/j.chest.2018.09.018
https://doi.org/10.1093/sleep/zsaa218
https://doi.org/10.1080/07420528.2022.2069030
https://www.ncbi.nlm.nih.gov/pubmed/35509113
https://doi.org/10.1093/sleep/zsx014
https://doi.org/10.1016/j.chest.2021.06.047
https://www.ncbi.nlm.nih.gov/pubmed/34217682
https://doi.org/10.1007/s11325-020-02064-7
https://doi.org/10.1016/j.sleep.2020.04.001
https://doi.org/10.1161/CIRCULATIONAHA.107.699579
https://www.ncbi.nlm.nih.gov/pubmed/18212285
https://doi.org/10.1016/j.amepre.2022.01.027
https://www.ncbi.nlm.nih.gov/pubmed/35361505
https://doi.org/10.1161/CIR.0000000000001018
https://doi.org/10.1016/j.sleep.2023.03.003
https://doi.org/10.1161/JAHA.114.001454
https://doi.org/10.1093/eurheartj/ehz849
https://www.ncbi.nlm.nih.gov/pubmed/31848595
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.11.023
https://www.ncbi.nlm.nih.gov/pubmed/26738814
https://doi.org/10.1001/jamanetworkopen.2021.22837
https://www.ncbi.nlm.nih.gov/pubmed/34477853
https://doi.org/10.1093/aje/kwu222
https://www.ncbi.nlm.nih.gov/pubmed/25281691
https://doi.org/10.3961/jpmph.2013.46.5.271
https://doi.org/10.1093/sleep/33.5.585
https://doi.org/10.1016/j.sleh.2019.09.003
https://doi.org/10.1093/sleep/27.3.440
https://www.ncbi.nlm.nih.gov/pubmed/15164896
https://doi.org/10.3390/neurolint15030048
https://www.ncbi.nlm.nih.gov/pubmed/37489354
https://doi.org/10.1016/j.sleep.2016.08.006


J. Clin. Med. 2023, 12, 4961 11 of 11

42. Kapur, V.K.; Auckley, D.H.; Chowdhuri, S.; Kuhlmann, D.C.; Mehra, R.; Ramar, K.; Harrod, C.G. Clinical Practice Guideline for
Diagnostic Testing for Adult Obstructive Sleep Apnea: An American Academy of Sleep Medicine Clinical Practice Guideline. J.
Clin. Sleep Med. JCSM Off. Publ. Am. Acad. Sleep Med. 2017, 13, 479–504. [CrossRef] [PubMed]

43. Río Vázquez, V.; Anías Calderón, J. Mecanismos fisiopatológicos de las alteraciones cardiovasculares en el Síndrome de apnea
obstructiva del sueño. Rev. Cuba. Investig. Biomed. 2009, 28, 1–8.

44. Kalaydzhiev, P.; Poroyliev, N.; Somleva, D.; Ilieva, R.; Markov, D.; Kinova, E.; Goudev, A. Sleep apnea in patients with exacerbated
heart failure and overweight. Sleep Med. X 2023, 5, 100065. [CrossRef] [PubMed]

45. Risso, T.T.; Poyares, D.; Rizzi, C.F.; Pulz, C.; Guilleminault, C.; Tufik, S.; de Paola, A.A.V.; Cintra, F. The impact of sleep duration
in obstructive sleep apnea patients. Sleep Breath. 2013, 17, 837–843. [CrossRef]

46. Priou, P.; Le Vaillant, M.; Meslier, N.; Paris, A.; Pigeanne, T.; Nguyen, X.-L.; Alizon, C.; Bizieux-Thaminy, A.; Leclair-Visonneau,
L.; Humeau, M.-P.; et al. Cumulative association of obstructive sleep apnea severity and short sleep duration with the risk for
hypertension. PLoS ONE 2014, 9, e115666. [CrossRef] [PubMed]

47. Chin, K.; Oga, T.; Takahashi, K.; Takegami, M.; Nakayama-Ashida, Y.; Wakamura, T.; Sumi, K.; Nakamura, T.; Horita, S.; Oka, Y.;
et al. Associations between obstructive sleep apnea, metabolic syndrome, and sleep duration, as measured with an actigraph, in
an urban male working population in Japan. Sleep 2010, 33, 89–95. [CrossRef]

48. Kim, N.H.; Lee, S.K.; Eun, C.R.; Seo, J.A.; Kim, S.G.; Choi, K.M.; Baik, S.H.; Choi, D.S.; Yun, C.-H.; Kim, N.H.; et al. Short sleep
duration combined with obstructive sleep apnea is associated with visceral obesity in Korean adults. Sleep 2013, 36, 723–729.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.5664/jcsm.6506
https://www.ncbi.nlm.nih.gov/pubmed/28162150
https://doi.org/10.1016/j.sleepx.2023.100065
https://www.ncbi.nlm.nih.gov/pubmed/36923964
https://doi.org/10.1007/s11325-012-0774-3
https://doi.org/10.1371/journal.pone.0115666
https://www.ncbi.nlm.nih.gov/pubmed/25531468
https://doi.org/10.1093/sleep/33.1.89
https://doi.org/10.5665/sleep.2636

	Introduction 
	Materials and Methods 
	Study Design 
	Primary Exposure: Total Sleep Time 
	Covariates 
	Outcome Assessment 
	Statistical Analysis 

	Results 
	Association between Total Sleep Time and All-Cause Mortality 
	Association between Total Sleep Time and CVD Risk 

	Discussion 
	Conclusions 
	References

