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Background: The effect of extreme sleep duration on the risk of cardiovascular and cerebrovascular diseases (CCDs) remains debatable. The pathology of CCDs is consistent in some respects (e.g., vascular factors), suggesting that there may be an overlapping range of sleep duration associated with a low risk of both diseases We aimed to quantify the dose-response relationship between sleep duration and CCDs.

Study objective: To explore whether there is an optimal sleep duration (SD) in reducing the risk of CCDs.

Methods: PubMed and EMBASE were searched until June 24, 2022 to include cohort studies that investigated the longitudinal relationships of SD with incident CCDs, including stroke and coronary heart disease (CHD). The robusterror meta-regression model (REMR model) was conducted to depict the dose-response relationships based on multivariate-adjusted risk estimates.

Results: A total of 71 cohorts with 3.8 million participants were included for meta-analysis, including 57 for cardiovascular diseases (CVD) and 29 for cerebrovascular disease. A significant U-shaped relationship was revealed of nighttime sleep duration with either cardiovascular or cerebrovascular disease. The nighttime sleep duration associated with a lower risk of CVD was situated within 4.3–10.3 h, with the risk hitting bottom at roughly 7.5 h per night (pnon–linearity < 0.0001). Sleep duration associated with a lower risk of cerebrovascular diseases ranges from 5 to 9.7 h per night, with the inflection at 7.5 h per night (pnon–linearity = 0.05). Similar non-linear relationship exited in daily sleep duration and CCDs. Other subgroup analyses showed non-linear relationships close to the above results.

Conclusion: Rational sleep duration (7.5 h/night) is associated with a reduced risk of cardio-cerebrovascular disease for adults.
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Introduction

Ischemic cardiovascular disease contributes significantly to global morbidity and mortality, with approximately 18 million deaths per year, nearly 9 million because of coronary heart disease (CHD) and 6 million as a result of stroke (1, 2). Also, 15 million experience a stroke annually. Concerning the CVD-related deaths in most advanced economies, more than half occur in the middle-aged and one-third in the elderly population (3). Variations in the pathological mechanisms, regional susceptibilities, and stage failures are present in cardiovascular and cerebrovascular diseases (CCDs).

Moreover, the modifiable risk factors that influence the occurrence of CVD encompass stress, depression and anxiety, cholesterol and lipids, unhealthy diet, obesity, physical inactivity, diabetes mellitus, smoking, and hypertension. In this case, lifestyle changes and medications are crucial for the prevention and management of CVD. However, the latter approach could also have negative consequences, such as experiencing a greater degree of side effects, worsening compliance rates, and increasing burden on the organs due to the medications. Such drawbacks underscore the importance of pursuing the former option instead (a healthy lifestyle), which includes enhancing the quality of one’s sleep.

The existing literature has underscored how addressing sleep disorders could serve as a promising goal in preventing CCDs, but the public’s awareness of its importance is yet to be developed, and the evidence is still limited. A key indicator of sleep quality is the duration, where sleep deprivation or oversleeping are linked to the increased risk of CCDs, but since this relationship was found to have a null, J-, or U-shaped curve, it remained controversial. In specific areas, e.g., vascular factors, the pathology of CCDs is reliable, implying the existence of a shared range of sleep deprivation that could decrease people’s risks of both diseases. A limited number of studies examined the overlapping sleep duration for a lower risk of acquiring them. While new papers have been published on this subject in the past 5 years, the findings were inconsistent (4–12). Thus, through meta-analysis, this research seeks to revise the association of sleep duration with CCDs and unveil the sleep duration range valuable to preventing these diseases.



Materials and methods


Literature search strategy and selection criteria

We conducted a literature search on PubMed (Medline) and EMBASE to obtain cohort studies till June 2022, using the following unrestricted search terms: cohort, longitudinal, prospective, retrospective, nested case-control, stroke, cerebral hemorrhage, cerebral infarction, cerebrovascular accident, CVD, cardiovascular disease, CHD, myocardial infarction, CHD, MI, sleep duration, for the search terms see Supplementary File. In addition, we reviewed studies included in the previously published Meta-analysis to identify additional relevant studies. Studies were accepted for inclusion if they also met the following criteria: (1) it is a longitudinal study; (2) the study explored the association between daily or nighttime sleep duration with incident risk of cardiovascular disease and cerebrovascular disease; (3) relative risk (RR) with a 95%confidence interval (CI) was reported for at least two categories of sleep duration. Studies will be excluded if they fail to meet the abovementioned inclusion criteria. We included a larger sample size or longer follow-up if the study population was reported repetitively.



Data extraction

Two researchers (H-YM and T-CC) independently extracted data using a standardized electronic format. The following information was extracted from each study, including the first author, publication year, study name, country, follow-up duration, age, gender, the sample size for analysis, number of incident cases, sleep duration, diagnosis method for cardio-cerebrovascular diseases, adjusted confounders, and the multivariable-adjusted risk estimates. The results by gender were treated as two separate reports.



Assessment of the study quality

A modified Newcastle-Ottawa Quality Assessment Scale (mNOS) (13, 14) was used to assess the quality of qualified studies. The total score of mNOS was regarded here as a proxy to determine the overall risk of bias for every single investigation. The score for each item evaluated the associated risk of bias (Supplementary Table 1) in three domains: selection (generalizability, assessment bias, and potential reverse causality), confounding bias, and outcome (assessment bias and attrition bias).



Statistical analysis

The multivariable–adjusted risk estimates and 95% CI were log-transformed and pooled using random models (DerSimonian-Laird method). Some studies reported odds ratios (OR) but not relative risk (RR) or HRs. Since ORs tend to overestimate the effect size compared with RRs/HRs, especially when the incidence is not low, we used the following algorithm to convert ORs to RRs: (15).
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P0 indicates the incidence of endpoint (cardiovascular or cerebrovascular diseases) in the non-exposed group of cohorts. When P0 is not available, the incidence rate of the total sample was used as a proxy (15).

Analyses were performed separately according to outcome (CCDs) and exposure (nighttime and daily sleep duration). We used the inverse variance weighted least squares regression with cluster robust error meta-regression model (REMR model) (16, 17). Heterogeneity was assessed by Q-test and quantified by the I2 metric. Subgroup analyses by gender and outcome group were performed. The robustness of the results was examined by excluding those rated as at a higher risk of bias. The potential publishing bias was estimated Egger regression test. For studies that were not the lowest category in the reference group, we reclassified the lowest category as a reference and recalculated the impact using the Orsini method (18). We took the midpoint of the upper and lower boundaries of each type of sleep duration as the average level. If studies with open boundaries, we multiplied or divided the reported boundary by 1.25. Stata V.15.1 (StataCorp LLC, USA) was used to conduct the dose-response analyses.




Results


Literature search

The process of literature screen and selection is shown in Figure 1. As for cardiovascular disease (Figure 1A), the search yielded 3,888 articles after deduplication, among which 98 articles were considered potentially eligible after scanning the titles and abstracts. After reviewing the full text, 42 articles were further excluded and one additional article was supplemented. Finally, 57 articles were included, including 33 studies for any cardiovascular disease (CVD), 24 for CHD, and 11 for myocardial infarction (MI). As for cerebrovascular disease (Figure 1B), the search yielded 911 articles after deduplication, among which 54 articles were considered potentially eligible. Finally, 29 articles were included, including 28 studies for stroke, 6 for ischemic stroke and 5 for hemorrhage stroke.
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FIGURE 1
Search flowchart and summary characteristics of included studies, (A) for cardiovascular diseases and (B) for cerebrovascular diseases. CVD, cardiovascular disease; CHD, coronary heart disease; MI, myocardial infarction; IS, ischemic stroke; HS, hemorrhage stroke.




Study characteristics

The detailed characteristics of cardiovascular disease studies are summarized in Table 1. All studies are cohort studies with populations from Asian Pacific (15 in China, 7 in Japan, 2 in South Korea, 1 in Singapore, and 1 in Australia), Europe (5 in Sweden, 4 in the UK, 2 in Finland, 1 in Denmark, 1 in Germany, 1 in Italy, 1 in the Netherlands, 1 in Russia and 1 in Europe), and North America (13 in US and 1 in Canada). The mean age ranges from 51 to 77 years old and the mean follow-up duration varied extensively from 0.75 to 34 years. Table 2 shows the detailed characteristics of cerebrovascular disease studies. All studies are cohort studies with populations from Asia (7 in China, 6 in Japan, and 2 in Singapore), Europe (2 in Sweden, 2 in Europe, 1 in Germany, and 1 in the UK), and North America (6 in the US). The mean age is varied from 45.7 to 64.5 years and the mean follow-up is varied from 0.75 to 16 years. The average study quality is moderate (median score = 6.5).


TABLE 1    Characteristics of 57 studies about cardiovascular diseases included in the meta-analysis.
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TABLE 2    Characteristics of 29 studies about cerebrovascular diseases included in the meta-analysis.
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Sleep duration and risk of cardiovascular disease

Overall, 57 articles with 3.2 million participants about CVD were included in our meta-analysis (4–12, 19–66). A U-shaped relationship was found between CVD and the nighttime sleep duration category (Pnon–linearity < 0.0001; Figure 2A). Specifically, we found the nighttime sleep duration associated with lower risk was roughly situated between 4.3 and 10.3 h/night (Figure 2A) with the lowest risk corresponding to roughly 7.5 h/night. As for daily sleep duration, findings were similar to what was described above: the optimal sleep duration was roughly 7.5 h per day. (pnon–linearity < 0.0001; Figure 2B).
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FIGURE 2
The dose-response analysis of cardio-cerebrovascular disease and sleep duration, (A) for nighttime sleep duration and (B) for daily sleep duration. CVD, cardiovascular disease.


In total, 24 articles were included in our study of CHD and sleep duration, and 11 articles were included in MI. A U-shaped relationship was found between CHD and nighttime sleep duration (pnon–linearity = 0.0001; Supplementary Figure 2), with a lower risk of CHD at 4.5–10.8 h which the optimal duration at approximately 7 h/night. The non-linear relationship between nighttime duration and MI showed non-significant significance (p = 0.2268), probably due to the limited number of included studies. Similarly, the dose-response analyses revealed significant non-linear associations between sleep duration and risks of CHD (p < 0.0001 for the daily duration) or MI (p = 0.0001 for the daily duration). Specifically, as for the daily sleep duration, the optimal duration was found to be roughly 7.5 h for the lowest risk of CHD and 7 h for lower risk of MI (Supplementary Figure 2). The risk of CHD or MI would be significantly elevated when the daily sleep duration was over 11 h or less than 4 h (4.6–11 for CHD and 4–10.6 for MI). Subgroup analysis showed that the results were consistent with the above results after stratification by region (pnon–linearity < 0.0001 for Asian Pacific, Europe and North America), follow-up duration (pnon–linearity < 0.0001 for < 10 and ≥ 10 years), and gender (pnon–linearity < 0.0001 for male and female) (Supplementary Figures 4–6).



Sleep duration and risk of cerebrovascular disease

A total of twenty-nine studies related to cerebrovascular disease with 1.4 million participants were included in our study (6, 21–24, 26, 34, 41, 44, 45, 50, 53, 56, 59, 66–80). The dose-response analyses revealed significant U-shaped association between sleep duration and risk of cerebrovascular disease (pnon–linearity = 0.05 for nighttime and pnon–linearity < 0.0001 for the daily duration). Specifically, as for the nighttime sleep duration, the optimal duration was found to be roughly 7.5 h for the lowest risk of cerebrovascular disease (Figure 2A). The risk of cerebrovascular disease will be significantly elevated when the nighttime sleep duration is over 9.7 h or less than 5 h. Similarly, as for daily sleep duration, our study noted that the optimal sleep duration of cerebrovascular disease was roughly 7 h/day. Subgroup analysis showed that the results were consistent with the above results after stratification by region (pnon–linearity < 0.0001 for Asian Pacific, pnon–linearity = 0.0052 for Europe, and pnon–linearity = 0.0002 for North America), follow-up duration (pnon–linearity = 0.0077 for < 10 years and pnon–linearity < 0.0001 for ≥ 10 years) (Supplementary Figures 4, 5).



Sensitivity analysis and publication bias

Sensitivity analysis excluded low-quality studies in turn did not alter the combined RR. Egger regression tests for evidence of publication bias were discussed extensively, (p = 0.010 for short sleep duration and total cardiovascular disease; p = 0.040 for short sleep duration and stroke) and we found that potential publication bias existed, but there was no change in the pooled results after correction.




Discussion

Based on our understanding, this paper is the most extensive and largest study of the correlation between sleep duration and cardiovascular events (Supplementary Table 4). The optimal sleep duration (hours/night) was found to be linked to the lowest risk of cardiovascular disease. Additionally, its reminder feature evaluates oversleeping or sleep deprivation that could increase one’s risk. It is worth noting that estimating the relative risk only represents the study population (not in the analysis). Thus, it may significantly impact an individual.

As observed above, sleep duration was also linked to the increased risk of diseases beyond CCDs. From the standpoint of one’s overall health, it is vital to conduct further research on the protective nature of an optimal sleep duration range (4.7–8.9 h/day) in addressing CCDs against other diseases. Upon searching the keywords “dose-response,” “meta-analysis,” and “sleep duration” on the PubMed database, seven papers were found to delve into a dose-response connection with other diseases, such as metabolic syndrome, cognitive disorder, colorectal cancer, breast cancer, osteoporosis, all cancer types, and AD. For comparative purposes, 5–9.7 h/night was identified to still shield a person from all diseases, which was aligned with our research (Supplementary Figure 1).

Compared with the previously circulated meta-analyses (81–83), the advantages of this study are fourfold. First, a total of 27 new included studies have been added to achieve a significantly expanded sample size. Second, instead of summarizing risk estimates based only on extreme classifications (lowest and highest) and their comparisons, which could cause significant differences in the findings, dose-response meta-analysis should be the primary choice when performing a systematic review. Third, the two sleep categories were the daily and nighttime sleep durations. We analyzed the dose-response relationship between them and CCDs independently. Fourth, as detailed in Supplementary Table 1, more robust and enhanced NOS evaluation criteria were adopted.

In light of the sleep duration and adverse outcomes, a few mechanisms could influence their direct relationship. Several studies have demonstrated that a chronic stressor like short sleep duration could impact the biological activities of adipokines (adiponectin, ghrelin, and leptin) and the hormonal regulators of appetite. Consequently, it increases the risk of obesity, which has been proven to be one of the risk factors for CCDs. Bain et al.’s research exhibited the link of short sleep duration to impaired NO-mediated endothelium-dependent vasodilation (84), which increases CCD-related risks. Moreover, a robust predictor of CCDs is the inflammatory marker CRP, which, along with other pro-inflammatory markers (IL-17, –6, –1, and TNF-α), have been observed to rise after being sleep-deprived (85, 86). Regarding insomnia with short sleep duration, patients experience a significant weakening of their parasympathetic nerve activation and an increase in their sympathetic nerve imbalance (87). Lastly, habitually short sleep duration results in circadian rhythm disruption, affecting physiological functions like the diurnal blood pressure variation (88), which increases the risk of hypertension. These risk factors are collectively relevant to CCDs.

Furthermore, the following factors may be associated with the link mechanism of long-term sleep with the increased risk of CCDs. Pulse wave velocity (PWV) and cerebral small vascular disease have a close relationship (89). Nevertheless, long sleep duration serves as a fundamental determinant of the incidence of stroke resulting from the PWV increase among those with a higher risk of CCDs (90). The increased risk of cardiometabolic dysfunction is associated with both long and short sleep durations (91). Over time, having a long sleep duration leads to lower levels of physical activity, causing poor health and physical weakness (92).

There are four primary limitations to our paper. First, the correlation deduced from analyzing observational cohort studies does not imply causation. To address this, future research must utilize Mendelian randomization techniques to evaluate the role of sleep duration management in CCD prevention. Second, compared with the gold standard of polysomnography that accurately measures sleep duration, the self-reported data across all the studies may not qualify as an objective measurement. However, due to its high costs, the former method may be unfeasible in large-scale prospective cohort studies. Meanwhile, an existing paper validated the moderate correlation between the sleep duration that was self-reported and measured by a wrist monitor (r = 0.47). Third, participants in most studies may have modified their sleep patterns after one follow-up, which assessed their respective sleep duration. As a result, the continuous effect of sleep duration on the long-term risk of CCD may not be fully captured by a single exposure measurement. Fourth, given the small sample size, we were unable to quantify the link of nap duration to CCDs through the dose-response analysis. Ultimately, recent literature has exhibited that sleep duration and sleep onset timing are related to CCDs (93), providing a new focus for our follow-up research.

In summary, our study provides varying degrees of evidence, indicating that the adults sleeping 5–9.7 h per night can reduce the risk of both CCDs, with the lowest risk with 7.5 h per night of sleep duration. Future research needs to confirm the relationship with cardio-cerebrovascular diseases and examine the role of sleep management in improving the risk of CCDs.
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