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The associations between sleep duration and cardiovascular diseases (CVDs) have been explored in many observational studies. However, the causality of sleep duration and many CVDs, such as coronary artery disease (CAD), heart failure (HF), and stroke, remains unclear. In this study, we conducted a systematic meta-review and meta-analysis of the results of observational and Mendelian randomization (MR) studies to examine how sleep duration impacts the risk of CVDs. We searched articles published in English and before 10 September 2021 in PubMed, Web of Science, and Embase. The articles were screened independently by two reviewers to minimize potential bias. We combined the meta-analyses of observational studies and 11 MR studies and summarized evidence of the effect of sleep duration on the risk of CAD, HF, stroke, and cardiovascular and all-cause mortality. Results showed that (a) evidence is accumulating that short sleep duration is a causal risk factor for CAD and HF; (b) abundant evidence from observational studies supports that long sleep duration is associated with the risk of CAD, stroke, and mortality, and long sleep duration has no causal associations with stroke and CAD in the MR studies; the causation of long sleep duration and other CVDs should be further studied; and (c) emerging evidence indicates that an increase in hours of sleep is associated with a decreased risk of CAD. Finally, we discussed the underlying pathophysiological mechanisms underlying short sleep duration and CVDs and suggested that increasing sleep duration benefits cardiovascular health.
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Introduction

Cardiovascular diseases (CVDs) are the leading causes of morbidity and mortality worldwide, accounting for approximately one-third of all deaths in 2019; 80% of these deaths occurred in low- and middle-income countries (1, 2). Although advances in the diagnosis and treatment of CVDs have been made, the incidence of CVDs is still increasing (3, 4). This situation highlights the importance of prevention. Many environmental and lifestyle factors, such as air pollution, nighttime light, noise exposure, and smoking, are associated with the risk of CVDs (5–9). In recent decades, sleep has been recognized as an important factor associated with many health outcomes (10–13). Numerous observational studies have shown U- or J-shaped associations between sleep duration and CVDs, suggesting that short and long periods of sleep duration are associated with a high risk of CVDs (14–17). However, a randomized controlled trial (RCT) for uncovering the association between sleep duration and CVDs is difficult to conduct, and thus the causality between sleep duration and many CVDs remains unclear.

In recent years, Mendelian randomization (MR) studies have used genetic variants as instrument variables to mimic the RCT design, that is, genetic variants are randomly assigned to individuals before birth; this design can provide causal inferences about many disease outcomes (18, 19). Several pioneer MR studies (20–23) have explored the causal association between sleep duration and CVDs. Some studies (20, 21) have shown that short sleep duration is associated with the risk of CVDs, but other studies (22, 23) have shown no causal association between sleep duration and CVDs. Therefore, a meta-analysis of the results of MR studies is needed to clarify the causal association between sleep duration and CVDs.

In this study, we conducted a systematic meta-review and meta-analysis of observational and MR studies to establish evidence of association and causality between sleep duration and several CVDs (i.e., coronary artery disease, heart failure, and stroke) or mortality. We discussed potential pathophysiological mechanisms underlying sleep duration and CVDs and provided suggestions for the prevention of CVDs through the reliable management of sleep.



Methods

Our meta-analysis was performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines (24). The detailed checklists of PRISMA are listed in Supplementary Table 1. The protocol of this meta-review was registered in the International Prospective Register of Systematic Reviews (PROSPERO; Registration number: CRD42021284908)1.

Our meta-review searched the meta-analyses of observational studies and MR studies about associations between sleep duration and CVDs. CVD is a general term for many cardiovascular and cerebrovascular diseases, such as coronary artery disease (CAD), heart failure (HF), and stroke (25). CAD is the most common type of heart disease and is also known as coronary heart disease (CHD) or ischemic heart disease, and mainly includes stable angina, unstable angina, myocardial infarction (MI), or sudden cardiac death (26). Acute myocardial infarction is a clinical myocardial injury (defined as an elevated cardiac troponin level; at least above the 99% upper reference limit) with myocardial necrosis (27). For HF, we mainly included chronic and stable HF and excluded acute decompensated HF. Stroke refers to ischemic and hemorrhagic strokes that are fatal or non-fatal, with no emphasis on initial or recurrent events. We included studies that investigated the association between sleep duration and all-cause and cardiovascular mortality. Three databases, namely, PubMed, Web of Science, and Embase, were searched for articles published in English and before 10 September 2021. The search words were as follows: (“sleep duration”) and (“cardiovascular disease” or “coronary artery disease” or “coronary heart disease” or “angina pectoris” or “myocardial infarction” or “heart failure” or “stroke” or “mortality”). In addition, we further reviewed the references of the articles to search for other relevant articles.


Eligibility criteria of the included studies

The meta-analyses of observational studies (cross-sectional or prospective cohort studies) and MR studies that investigated correlation and causality between sleep duration and CVDs were included. If multiple meta-analyses investigated the same CVD, we used the latest published article. If a previous meta-analysis included more studies or contained novel findings that were not present in the latest article, this meta-analysis was also included. In the meta-analysis of MR studies, if two or more studies used the same database, we used the study with the largest sample size; if MR studies were not included in the meta-analysis, we described the results of these studies in this meta-review.

The exclusion criteria were as follows: (a) animal studies; (b) articles without available data; (c) studies on infants or children; and (d) articles that were not publicly published. The titles, abstracts, and full texts of the included articles were carefully examined by two independent reviewers (SW and ZL). If there were conflicts about the inclusion of articles between the two reviewers, a third reviewer (SA) evaluated unreconcilable disagreements.



Data extraction

For the meta-analyses and MR studies, we extracted the odds ratio (OR), hazard ratio (HR), relative risk (RR), and 95% confidence interval (CI). If two or more MR studies investigated the same exposure factors (short or long sleep duration) and CVDs, we pooled the extracted ORs and 95% CIs. We also extracted the heterogeneity of each meta-analysis. The following data were obtained from each included article: author, year of publication, sample size (number of included studies), sleep duration categories (i.e., short and long sleep duration), CVD outcomes, and conclusions.



Quality assessment of included studies

The Assessment of Multiple Systematic Reviews (AMSTAR) scale (28, 29) was used in assessing the quality of the included meta-analyses. This assessment tool has 11 criteria, including whether a preliminary design scheme is provided, whether literature retrieval is comprehensive, whether publication status meets the inclusion and exclusion criteria, whether the characteristics and scientific value of an included study are clear, whether the study methodology is appropriate, whether publication bias is detected, and whether the relevant conflict of interest is described. An item was scored as “yes” (1 point), “no” (0 point), or “not applicable” (0 point), and the highest total score was 11. AMSTAR scores are divided into high (9–11), medium (5–8), and low-quality (0–4) scores. The quality of an included study increases with the score.

No uniform standard for evaluating the quality of MR studies has been established. Given that MR rests on three main assumptions, namely, (1) genetic variants are related to risk factors (i.e., sleep duration); (2) genetic variants are not associated with any other confounders; and (3) genetic variants affect outcomes (CVD) only through exposure, we evaluated the quality of the methods of the included studies according to these assumptions (30, 31). If the first assumption was verified by providing F statistics (one-sample MR study) or selected SNP with significant correlation in GWAS (two-sample MR study), the rate was “good.” If the first assumption was verified with other means, the rate was “moderate.” If relevant verification was not performed or reported, the rate was “poor.” The second assumption can be verified by testing and reporting the association between genetic instruments and confounding. The last assumption, which is the exclusion–restriction assumption, states that genetic instruments cannot affect outcomes through factors other than interest exposure, also known as horizontal pleiotropy. For the second and third assumptions, SNP with pleiotropy should be excluded. Pleiotropy is mainly tested by MR-Egger regression and MR-PRESSO. We rated an article as “good” if both the second and third assumptions were tested, “moderate” if pleiotropy was only addressed on the basis of assumptions in other studies, or “poor” if pleiotropy was not evaluated.



Statistical analysis

All statistical analyses were performed using R software (version 4.0.4; R Core Team, Vienna, Austria). The OR values of the MR studies that needed to be analyzed were pooled using a random-effects model, and the pooled results were evaluated using forest plots. Heterogeneity across studies was assessed using the I2 statistic and was considered mild when I2 was between 25% and 50%, moderate when I2 was between 50% and 75%, and severe when I2 was greater than 75%. A two-sided P-value of <0.05 was considered statistically significant.




Results


Literature search and study selection

A total of 12,616 articles were searched in the three databases, of which 4,666 articles had no duplicates. After the initial screening of article titles and abstracts, 68 articles were considered relevant to this meta-review. Finally, 15 studies were included in the meta-review after full-text evaluation, of which four articles were meta-analyses and 11 articles were MR studies (Figure 1). As for CVD outcomes, six articles were related to CAD (20–23, 32, 33), three articles were related to HF (34–36), five articles were associated with stroke (20, 37–40), and two articles involved mortality (41, 42).
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FIGURE 1
Flowchart of the records retrieved, screened, and included in the meta-review.




Assessment of the quality of the included studies

The detailed scoring and final scores of each included meta-analysis are summarized in Supplementary Table 2. The AMSTAR scores of the four meta-analyses were 10 points (33), 8 points (38), 7 points (41), and 10 points (42). Supplementary Table 3 summarizes the validation of the MR assumptions of each included study. Regarding the validation of the MR hypothesis for each study, eight of the 11 MR studies (20, 21, 32, 35–37, 39, 40) included (70%) tested all three hypotheses, two tested hypothesis 1 only (23, 34), and one tested hypothesis 2 and 3 (22).

The following results combine four observational meta-analyses, 11 MR studies, and the meta-analysis of the included MR studies. Tables 1, 2 and Figures 2–4 provide the details of the meta-analysis of observational and MR studies.


TABLE 1    Sleep duration and cardiovascular diseases in observational meta-analyses.
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TABLE 2    Causal relations of sleep duration and cardiovascular diseases in Mendelian randomization studies.
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FIGURE 2
Meta-analysis results for the association between short sleep duration and CVDs in MR studies. CVDs, cardiovascular diseases; MR, Mendelian randomization; AIS, any ischemic stroke; ICH, primary intracranial hemorrhage.
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FIGURE 3
Meta-analysis results for the association between long sleep duration and CVDs in MR studies. CVDs, cardiovascular diseases; MR, Mendelian randomization; AIS, any ischemic stroke; ICH, primary intracranial hemorrhage.
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FIGURE 4
Meta-analysis results for the association between per hour longer sleep duration and CVDs in MR studies.




Association between sleep duration and cardiovascular diseases from observational meta-analyses

A prospective systematic review and meta-analysis (33) showed a U-shaped association between sleep duration and risk of CHD, indicating short and long periods of sleep were associated with an increased risk of CHD. The combined RR (95% CI) of CHD for a decrease and an increase of 1 h/day in sleep duration was calculated using a parameterized method. Compared with 7 h sleep per day, the RR of CHD was 1.11 (95% CI = 1.05–1.16, I2 = 58.9%) for each 1 h reduction and 1.07 (95% CI = 1.00–1.15, I2 = 70.5%) for each 1 h increase, but the heterogeneity was high. Subgroup analysis and sensitivity analysis showed that the study location and number of cases in each study may be the sources of heterogeneity (Table 1).

The association between sleep duration and stroke was examined in a meta-analysis with 16 cohorts and 528,653 participants (38). Non-linear analysis showed a J-shaped association between sleep duration and total stroke, and the lowest risk was found at 7 h sleep duration. When using 7 h sleep duration as a reference, every additional hour of sleep duration was associated with a 13% increase in total stroke (RR = 1.13, 95% CI = 1.07–1.20) and 12% increase in fatal stroke (RR = 1.12, 95% CI = 1.04–1.21) (Table 1).

Two meta-analyses (41, 42) examined the prospective association of sleep duration with all-cause and cardiovascular mortalities. The largest meta-analysis (41) included 40 cohorts with 2,200,425 participants and showed that a 1 h increase (RR = 1.12, 95% CI = 1.09–1.15) and decrease (RR = 1.07, 95% CI = 1.03–1.11) in sleep duration were associated with an increased risk of all-cause mortality when referenced to the mortality of 7 h sleep duration. Subgroup analysis found that the association was stronger in women. A recent meta-analysis and systematic review (42) reported similar results, showing that short sleep duration was associated with all-cause mortality (RR = 1.16, 95% CI = 1.11–1.22) and cardiovascular mortality (RR = 1.26, 95% CI = 1.12–1.41) compared with normal sleep duration (6–8 h/day) without significant heterogeneity, whereas long sleep duration was associated with all-cause mortality (RR = 1.18, 95% CI = 1.12–1.23) but not cardiovascular mortality (RR = 1.10, 95% CI = 0.95–1.27), the heterogeneity was high (I2 = 86.0; Table 1).



Association between sleep duration and cardiovascular diseases from the meta-analysis of Mendelian randomization studies

A total of 11 MR studies were included in this study (Table 2). The results of the meta-analysis of short sleep duration and CVDs in the MR studies are shown in Figure 2. Genetically predicted short sleep duration was associated with an increased risk of CAD (OR = 1.24, 95% CI = 1.15–1.34, P < 0.001) and MI (OR = 1.20, 95% CI = 1.12–1.28, P < 0.001). The causal association between short sleep duration and HF was examined in two MR studies (34, 35), which used the same GWAS dataset (43, 44). Both studies suggested that genetically predicted short sleep duration is associated with the risk of HF. Four MR studies examined the causality between short sleep duration and stroke or its subtype (20, 37, 39, 40). Three of the studies (37, 39, 40) had GWAS data from the same source and showed no causal association between short sleep duration and all strokes, cardioembolic stroke (CES), or small vessel stroke (SVS). Moreover, no causation was found between short sleep duration and any ischemic stroke (AIS; OR = 0.97, 95% CI = 0.86–1.10, P = 0.64) and primary intracranial hemorrhage (ICH; OR = 0.81, 95% CI = 0.53–1.24, P = 0.33) in the meta-analysis with our previous study (20). Results for the causal association between short sleep duration and large artery stroke (LAS) (37, 39, 40) were inconsistent despite that these studies used the same GWAS dataset.

As for the long sleep duration, neither of the two MR studies (20, 32) found a causal association between long sleep duration and CAD. Regarding HF, two MR studies (35, 36) used the same GWAS data and found that long sleep duration had no association with the risk of HF. As for stroke, three studies (37, 39, 40) used the same GWAS data but showed inconsistent results. Lu et al. (39) found weak evidence of the causal association between long sleep duration and LAS (OR = 1.41; 95% CI: 1.02–1.95; P = 0.04), but two studies (37, 40) did not support this association. All three MR studies (37, 39, 40) did not find any causal association between long sleep duration and the risk of all stroke, CES, or SVS. Moreover, no causal association for AIS (OR = 1.12; 95% CI: 0.96–1.31; P = 0.15) and CIH (OR = 0.98; 95% CI: 0.56–1.70; P = 0.93) was found through meta-analysis in our previous study (Figure 3).

We also meta-analyzed the results of continuous sleep duration and CVDs in several MR studies (20–22, 32). There are significant negative associations of continuous sleep duration with CAD (OR = 0.74, 95% CI = 0.59–0.92, P < 0.001) and MI (OR = 0.84, 95% CI = 0.73–0.97, P = 0.02), indicating that per 1 h increase in sleep duration is associated with a lower risk of CVDs (Figure 4).




Discussion

In this meta-review, evidence obtained by the meta-analyses of observational studies supported that short and long sleep duration were associated with the risk of CAD, stroke, and mortality. The MR studies and the related meta-analyses supported that short sleep duration rather than long sleep duration is associated with the risk of CAD or HF. The causal associations of short and long sleep durations with the risks of stroke and mortality need further investigation.

Previous observational studies have found that short sleep duration is associated with the risk of CVDs, such as CAD, HF, and stroke (45–47). Moreover, short sleep duration was associated with several cardiovascular risk factors, such as type 2 diabetes and overweight (48–50). Evidence obtained by the meta-analyses of the observational studies further confirmed that short sleep duration may be an independent risk factor for CHD, all-cause and cardiovascular mortalities (51–54). As for stroke, observational studies suggested that short sleep duration is associated with the risk of stroke (46, 55), and a meta-analysis of observational studies (56) further confirmed that short sleep duration was significantly associated with the risk of stroke. However, the most recent dose-response meta-analysis (38) showed that long rather than short sleep duration is associated with the risk of stroke. Different sample sizes and specific population composition in these studies may have contributed to the inconsistent results.

Mendelian randomization studies (21, 32) supported the potential causal association between short sleep duration and CHD. However, Zhuang et al. (23) and Liao et al. (22) reported inconsistent results for the causal association between short sleep duration and CHD. The limited number of genetic variants used in these studies may have reduced the statistical power of the MR estimates. Our MR study (20) further confirmed that short sleep duration is a potential causal risk factor for many CVDs. The underlying pathophysiological mechanisms, including sympathetic activation (57, 58), cardiac endocrine and metabolic dysfunction (11, 59), increased inflammatory mediators (60), and endothelial dysfunction (61, 62), may be involved in the adverse effects of short sleep duration on cardiovascular health. Recent studies have shown that extended sleep duration can reduce the risk of obesity and improve cardiovascular health, especially in people who have long-term sleep deprivation (49, 63–65). A recent meta-analysis provided preliminary evidence supporting that prolonging sleep duration can improve cardiometabolic health (66). Therefore, for short sleepers, extending sleep duration may be a potentially promising strategy for reducing the risk of CVDs.

Compared with short sleep duration, long sleep duration has more pronounced associations with many CVDs (15, 67). Observational studies have shown that long sleep duration is associated with the risk of CHD and all-cause and cardiovascular mortalities (68–70). The association between long sleep duration and stroke has been widely investigated in many observational studies (38, 54, 71–73). Moreover, a gender difference was found in this association; women who sleep longer have a higher risk of stroke (74). Another study (75) showed that long sleep duration is associated with the risk of hemorrhagic stroke but not ischemic stroke in women. However, MR studies (20, 36, 40) did not provide sufficient evidence supporting the causal association between long sleep duration and the risk of CVDs (i.e., CHD, HF, and stroke). No clear experimental evidence shows the harmful effects of long sleep duration on the cardiovascular system. Long sleep duration has been suggested to be associated with sleep apnea, unemployment, or low socioeconomic status (59, 76, 77). In addition, some other confounding factors, such as depression and neuroticism, may also impact the association between sleep duration and CVDs (78–81). Therefore, the observed significant associations between long sleep duration and CVDs in many observational studies may have been confounded by these unmeasured factors and reflected potential reverse causality. Long sleep duration may be a surrogate risk indicator for poor health status or sleep quality, which may also increase CHD risk (67, 82, 83). For people who have a long sleep duration, we should not directly recommend increasing sleep duration to reduce the risk of CVDs.



Limitations

Several limitations in this meta-review should be considered. First, we accepted the conclusions of the meta-analyses of observational studies rather than performing a meta-analysis, and the limitations of the primary study might have been ignored. Second, the measurement of sleep duration in the original study mainly depended on questionnaires, and thus bias of measurement error may be present. Third, high heterogeneity was observed in some studies. Although most studies analyzed the possible sources of heterogeneity, the findings should be interpreted carefully. Fourth, we summarized the qualitative data of some studies to draw the association between sleep duration and CVDs. In this process, we may have misunderstood the proposal of an author or added too much of our own understanding of the data. Finally, the included studies were relatively few in some disease outcomes and mainly published in English. Recently published studies or studies published in other languages were not included in this meta-review.



Conclusion

In summary, our meta-review found that short sleep duration may be a causal risk factor for many CVDs. Although observational meta-analysis supported that long sleep duration is associated with the risk of CVDs, the causal association between long sleep duration and CVDs remains unclear. Our results suggest that extending sleep duration in sleep-deprived people may be beneficial for their cardiovascular health.
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OR = 1.10; 95% Cl: 0.97-1.26; P = 0.14 LAS: VW

% CI: 1.02-1.95; P = 0.04 CES: VW

4 CI: 0.74-1.32; P = 0.94 SVS: IVW.
OR = 1.02; 95% Cl: 0.75-1.37; P = 0.91 ICH: VW

ol 4 Cl: 0.44-3.26; P = 0.
Per doubling of genetic liabilty for short sleep
duration: LAS: IVW OR = 1.27; 95% CI: 1.01-1.58;
P=0.038 SVS: IVW OR = 1.01; 95% Cl: 0.82-1.25 CES:
VW OR = 0.99; 95% C: 0.83-1.18 AIS: VW

OR = 1.07; 95% Cl: 0.98-1.17 Long sleep duration:
LAS: IVW OR = 1.17; 95% CI: 0.87-1.56; P = 0.291
SVS: IVW OR = 1.04; 95% C: 0.79-
CES: IVW OR = 1.23; 95% CI: 0.98-1. 073
AIS: TVW OR = 0.98; 95% CI 0.87-1.10; P= 0723

Summary

Linear and non-linear MR studies consistently
show that genetically predicted short sleep
duration has a causal and adverse effect on many
CVDs, while genetically predicted long sleep
duration has no association with the risk of most
CVDs. Complementary analyses provided further
evidence to support the resuls.

Two-sample MR studies found a dose-dependent
causal association between short sleep duration
and M1 and CAD. Due to the limited NUMBER of
SNPS associated with long sleep duration, no
analysis was conducted. The results remained
consistent after adjusting for confounding factors.
MR studies have confirmed that there is a causal
association between sleep duration and CHD,
short sleep duration increased the risk of CHD, but
long sleep duration found no significant causal
association.

There was no evidence ofa causal association
betwveen sleep duration and CHD, MI, or stroke

‘The two-sample MR study did not find a causal
association between sleep duration and CHD.

Two-sample MR study showed that genetically
predicted short sleep duration increased the risk of
HE but there is no evidence of a causal association
betwveen long sleep duration and HE.

MR study found that short sleep duration is
causal risk factor of HF, and longer sleep duration
may reduce the risk of HE.

Evidence suggested a causal association between
genetically predicted longer sleep duration and
reduced risk of HE, sensitivity analyses have a
consistent effect.

“This study found no causal association between
short or long sleep duration and total stroke. Short
sleep duration was associated with an increased
sk of total ischemic stroke, but sensitivity
analyses were less accurate.

‘Two-sample MR study found no causal association
betwveen long and short sleep duration with stroke
and related subtypes.

Two-sample MR study provided suggestive
evidence for a potential causal effect of short sleep
duration on the risk of LAS, but not SV, CES, or
AIS. These results were overall robust to sensitivity
analyses.

CAD, coronary artery discas; CHD, coronary heart disease; MI, myocardial infarction; MR, Mendelian randomization; GWAS, genome-wide association study; IVW, inverse-variance weighted; OR, odds ratio; CI, confidence interval; GRS, genetic risk

score; SNP, single-nucleotide polymorphism; HE heart failure;

1S, any ischemic stroke;

_AS, large artery stroke; SVS, small vessel stroke; CES, cardioembolic stroke; ICH, primary intracranial hemorrhage.
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