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Objective: Sleep has a significant influence on the incidence of myocardial infarction
(MI). The purpose of this study was to investigate the association between sleep timing
including bedtime, wake-up time and sleep midpoint, and the incidence of MI.

Methods: A total of 4,576 patients (2,065 men, 2,511 women; age 63.4 + 11.0
years) were selected from the Sleep Heart Health Study. Sleep timings on weekdays
and weekends were recorded or calculated based on the sleep habits questionnaire
completed by the participants at baseline. Bedtime was divided into 10:00 PM and
before, 10:01 PM—-11:00 PM, 11:01 PM—12:00 AM, and later than 12:00 AM. Cox
proportional hazards regression analysis was used to examine the relationship between
sleep timings and M.

Results: Participants with a weekday bedtime later than 12:00 AM, between 11:01
PM—12:00 AM, and 10:00 PM or before had a higher incidence of Ml than those
with a bedtime between 10:01 PM and 11:00 PM (9.2% vs. 7.0% vs. 6.9% vs. 5.1%,
respectively; P = 0.008). Multivariable Cox regression analysis showed that sleeping
on weekdays later than 12:00 AM was associated with an increased risk of incident
MI after adjusting for potential covariates (hazard ratio, 1.628; 95% confidence interval,
1.092-2.427; P = 0.017). However, there was no significant association between late
bedtime on weekends and MI. In addition, no significant association of late wake-up
time and delayed sleep midpoint on both weekdays and weekends with the incidence
of Ml was observed.

Conclusion: Sleeping late on weekday (>12:00 AM) independently increased the risk
of MI. This finding emphasizes the importance of a proper bedtime for the maintenance
of the health of the cardiovascular system.

Keywords: bedtime, wake-up time, sleep midpoint, myocardial infarction, sleep heart health study

INTRODUCTION

Myocardial infarction (MI) is the most serious manifestation of coronary artery disease, and affects
more than 7 million people worldwide each year. It is usually defined as myocardial cell death
caused by substantial continuous ischemia due to an imbalance between the oxygen supply and
demand (1, 2). In recent decades, the increased use of pharmacotherapy and evidence-based
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therapies has significantly reduced the mortality rate of coronary
heart disease, but the global burden is still enormous for
individuals and societies (3, 4).

Sleep is a necessary physiological activity that plays an
important role in maintaining health as well as preventing
cardiometabolic disease (5). Insufficient sleep can lead to reduced
carbohydrate tolerance and increased sympathetic tone, which
increase the risk of insulin resistance, obesity, hypertension and
may further contribute to MI (6, 7). Previous studies showed
that self-reported sleep duration <6h was a potential pathogenic
factor for MI (8). Genetically determined short sleep duration
(<6h) was also a potential causal risk factor of MI (9). Self-
reported sleep duration could be calculated as the length of
time from bedtime to wake-up time. Several studies have shown
that the sleep timing such as bedtime and wake-up time were
correlated with MI risk factors including diabetes mellitus,
obesity, and physical activity (10-12).

However, the association between sleep timing (including
bedtime, wake-up time and sleep midpoint) and MI remains
unknown. Therefore, we conducted this study to investigate
the association between sleep timing and MI on the basis of
a decade-long follow-up dataset from the Sleep Heart Health
Study (SHHS).

METHODS

Participants

All participants in our study were selected from the SHHS
(ClinicalTrials.gov identifier: NCT00005275). The SHHS is
a community-based, multi-center, prospective cohort study
that was recruited from nine existing epidemiological studies
(13). All participants enrolled in the SHHS were aged 40
years or older, and filled out sleep habit questionnaire and
underwent polysomnography monitoring between 1995 and
1998. Cardiovascular diseases such as MI was observed from
baseline until followed up to 2011. The protocol was approved
by the institutional review board of each participating institution
(Boston University, Case Western Reserve University, Johns
Hopkins University, Missouri Breaks Research, Inc., New York
University Medical Center, University of Arizona, University
of California at Davis, University of Minnesota, Clinical and
Translational Science Institute, University of Washington) (14).
The data quality assurance and control system was used in
each parent study when collected data. All participants provided
written consent for the follow-up and health examinations. We
obtained the SHHS data after signing an agreement with the
Brigham and Women’s Hospital in Boston, Massachusetts, USA.
The participants were excluded if (1) there were missing data
about MI (n = 777); (2) they previously experienced MI (n =
341); (3) missing data about the bedtime and wake-up time (n =
88); and (4) they had day-night reversal (n = 22). Finally, 4,576
participants were included in the study (Figure 1).

Abbreviations: AHI, apnea-hypopnea index; BMI, body mass index; MI,
myocardial infarction.

Sleep Heart Health Study cohort
(N=6441)

All Strong Heart Study
| participants were excluded due
to sovereignty issues (N=637)

Sleep Heart Health Study Exam 1
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FIGURE 1 | Flow diagram of participant selection.

Data Collection

Information about the sleep timing including bedtime and wake-
up time was acquired by asking the participants to complete
the Sleep Habits Questionnaire at the baseline. Bedtimes were
recorded using questions, such as “At what time do you usually
fall asleep on weekdays and weekends, respectively (hour, minute,
AM or PM)?” A similar question was also used to record
the wake-up times on weekdays and weekends. In our pre-
analysis, we found a U-sharp relationship between weekday
bedtime and MI based on the restricted cubic spline analysis.
Individuals with weekday bedtime at 10:01 PM—11:00 PM
had the lowest incidence MI when compared with 12:00 AM
and later, 11:01 PM—12:00 AM and 10:00 PM and before
(Supplementary Figure 1). Combining the pre-analysis and
previous studies, the bedtime was classified into 10:00 PM
and before, 10:01 PM—11:00 PM, 11:01 PM—12:00 AM, and
12:00 AM and later in this study (15, 16). Wake-up time was
categorized into 8:00 AM and later, 7:01 AM—8:00 AM, 6:01
AM—7:00 AM, and 6:00 AM and earlier. Sleep midpoint refers
to the intermediate time point between bedtime and wake-up
time. Self-reported sleep duration was calculated as the length
of time from bedtime to wake-up time. The apnea-hypopnea
index (AHI) was calculated from all apnea and hypopnea
events that were accompanied by at least a 4% drop in the
oxygen saturation per hour of sleep based on the baseline
polysomnography records.

The diagnosis of MI relied on a combination of chest
pain, electrocardiogram (ECG) tracings and myocardial enzyme
profiles at all sites. The MI recorded in this study was referred to
as the first occurrence between the SHHS baseline (1995 to 1998)
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TABLE 1 | Sleep characteristics in participants with or without MI.

Variables Total (n = 4,576) Incident MI (n = 294) No Ml (n = 4,282) P-value
Age, year 63.4+11.0 71.1£10.0 62.9 +£10.9 <0.001
Sex, n (%) <0.001
Men 2,065 (45.1) 176 (59.9) 1,889 (44.1) —
Women 2,511 (54.9) 118 (40.1) 2,393 (65.9) —
Race, n (%) 0.004
White 3,979 (87.0) 245 (83.3) 3,734 (87.2) —
Black 303 (6.6) 33(11.2) 270 (6.3) —
Other 294 (6.4) 16 (5.5) 278 (6.5) —
Body mass index, kg/m? 28.3 £ 5.1 283+ 4.6 283+ 5.1 0.968
Smoking status, n (%) 0.001
Current smoker 437 (9.6) 30 (10.2) 407 (9.5) -
Former smoker 1,982 (43.4) 156 (563.3) 1,826 (42.8) —
Never smoker 2,143 (47.0) 107 (36.5) 2,036 (47.7) -
Alcohol use, n (%) 0.019
At least 1 drink per day 1,871 (43.7) 106 (37.1) 1,765 (44.2) —
None 2,411 (56.9) 180 (62.9) 2,231 (55.8) —
Diabetes mellitus, n (%) 308 (6.7) 44 (15.0) 264 (6.2) <0.001
Hypertension, n (%) 1,730 (37.8) 169 (57.5) 1,561 (36.5) <0.001
Sleep duration, n (%) 0.055
<6h 322 (7.0) 26 (8.8) 296 (6.9) —
6-8h 3,341 (73.0) 197 (67.0) 3,144 (73.4) —
>8h 913 (20.0) 71 (24.2) 842 (19.7) —
AHI, n (%) 0.018
<5.0 events/h 2,272 (49.7) 121 (41.2) 2,151 (50.2) —
5-14.9 events/h 1,379 (30.1) 98 (33.3) 1,281 (29.9) —
15-29.9 events/h 592 (12.9) 49 (16.7) 543 (12.7) —
>30 events/h 333 (7.9) 26 (8.8) 307 (7.2) —
Follow-up time, year 10.6 £3.2 6.0 £3.3 109+29 <0.001

AHl, apnea hypopnea index; Results are presented as mean =+ standard deviation or n (%). The P-values represent the difference between two groups.

and end of follow-up time (2011). Participants’ data including
age, sex, race, body mass index (BMI), smoking status, alcohol
use, history of hypertension, diabetes mellitus, and MI were
obtained from the SHHS baseline examination.

Statistical Analysis

Continuous variables are presented as means =+ standard
deviations (SD) and categorical variables as numbers
(percentages) which were compared using the Students t-
test and chi-square test, respectively. The follow-up time was
defined as the time interval from the baseline until the first
diagnosis of MI or the time interval from the baseline until the
last review of the clinical records of the participants without the
disease. Survival curves were generated using the Kaplan-Meier
product-limit method and compared using the Mantel log-rank
test (17). Multivariable Cox proportional hazards regression
model was used to examine the relationship between sleep timing
(bedtime, wake-up time, sleep midpoint) and MI incidence after
adjusting for age, sex, race, BMI, smoking status, alcohol use,
hypertension, diabetes mellitus, AHI and self-reported sleep
duration. Furthermore, interaction analysis was performed
by comparing the models with and without multiplicative

interaction terms (sleep timing x sleep duration). All statistical
analyses were performed using the SPSS software package
(version 24.0; SPSS Corporation, Chicago, USA) and R version
3.6.0. All statistical tests were two-sided, and a P-value < 0.05
was considered statistically significant.

RESULTS

Demographic and Clinical Characteristics
The study included 2,065 men and 2,511 women, and most of
the study population was white (87.0%). A total of 294 (6.4%)
individuals with MI were observed during the 10.6 & 3.2 years’
follow-up. Participants with MI were older and more likely to
be men. Moreover, the MI group had a higher prevalence of
smoking, diabetes mellitus, and hypertension than did the non-
MI group (Table 1).

Association of Late Bedtime With Incident
Mi

Individuals with a weekday bedtime >12:00 AM (9.2%) had
the highest incidence of MI and morbidity rate than those with
a bedtime at 11:01 PM—12:00 AM (7.0%), 10:01 PM—11:00
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TABLE 2 | Hazard ratios and 95% Cls for bedtime associated with Ml on weekday.

Total >12:00aMm 11:01py to 12:004m 10:01py to 11:00py <10:00pMm
No. of subjects, n 4,576 413 1,243 1,777 1,143
Person-years 4,8454.8 4,052.7 13,196.7 19,272.5 11,932.9
Events, n (%) 294 (6.4) 38(9.2) 87 (7.0) 90 (56.1) 79 (6.9)
Morbidity rate® 6.1 9.4 6.6 4.7 6.6
Hazard ratio for weekday bedtime
Univariate models 2.011 (1.376-2.939)% 1.407 (1.048-1.890) 1(Ref) 1.422 (1.051-1.923)*
Age and sex adjusted 1.812 (1.239-2.650)* 1.268 (0.944-1.704) 1(Ref) 1.419 (1.049-1.921)*
Multivariable adjusted?® 1.625 (1.106-2.388) 1.181 (0.878-1.590) 1(Ref) 1.320 (0.974-1.789)
Multivariable adjusted® 1.628 (1.092-2.427)* 1.194 (0.885-1.611) 1(Ref) 1.277 (0.935-1.744)

MI, myocardial infarction; 95% ClI, 95% confidence interval.
S8Crude event rate per 1,000-person years.
P <0.05 *P < 0.01; P < 0.001.

dadjusted for age, sex, race, BMI, smoking status, alcohol use, hypertension, diabetes mellitus, AHI.

badjusted by a+ self-reported sleep duration.

PM (5.1%), and <10:00 PM (6.9%) (Table2). The Kaplan-
Meier survival curves also supported these findings (Figure 2A).
Univariate Cox regression analysis revealed that individuals with
a weekday bedtime at >12:00 AM had a higher risk of MI than
those with a bedtime at 10:01 PM—11:00 PM [hazard ratio (HR)
2.011, 95% confidence interval (CI) 1.376-2.939; P < 0.001].
After adjusting for age, sex, race, BMI, smoking status, alcohol
use, hypertension, diabetes mellitus, AHI, and sleep duration,
weekday bedtime at >12:00 AM was independently associated
with an increased risk of incident MI (HR 1.628, 95% CI 1.092-
2.427; P = 0.017) (Table 2).

The relationship between late bedtime on weekends and
MI was also explored. Although participants with late bedtime
tended to have a high incidence of MI, no significant
association was found in the multivariable Cox regression
analysis (Supplementary Table 1).

Association of Late Wake-Up Time and
Delaying Sleep Midpoint With Incident MI

We also analyzed the effect of late wake-up time and delayed
sleep midpoint on the incidence of MI. People with wake-
up time on weekdays at >8:00 AM, 7:01 AM—8:00 AM, 6:01
AM—7:00 AM, and <6:00 AM were prone to have a gradually
increasing incidence of MI (9.0% vs. 8.3% vs. 6.7% vs. 5.5%,
respectively; P = 0.024) (Table 3 and Figure 2B). However, there
was no significant association between wake-up time >8:00 AM
on weekdays and MI incidence in multivariable Cox regression
analysis (HR 1.553,95% CI 0.934-2.582; P = 0.089). Additionally,
the relationship between the sleep midpoint and MI incidence
was investigated, but no significant results were found (Table 4
and Supplementary Table 1).

Interaction Analysis

The interaction effect was examined by adding the multiplicative
interaction terms (sleep timing x sleep duration) in the final
multivariable Cox regression model to explore the association
between sleep timing (including bedtime, wake-up time, and

sleep midpoint) and MI. No significant interactions were
observed in these analyses (Supplementary Table 2).

DISCUSSION

In this community-based study, we investigated the impact of
sleep timing on the incidence of MI using longitudinal data
with an average follow-up of 11 years. Our study established
an association between the weekday bedtime and incident MI,
and showed that sleeping later than 12:00 AM on weekdays
independently increased the risk of MI after adjusting for
potential covariates. However, late wake-up time and delayed
sleep midpoint were not associated with the incidence of MI.

Sleep has been identified as a public behavioral lifestyle health
which emphasizing the impact of poor sleep on the prevalence of
disease (18). Sleep quality, sleep habits, sleep duration and sleep
architecture were found to be closely related to cardiovascular
disease (19-21). Moreover, sleeping late was found to be
associated with several MI risk factors. Previous studies revealed
that individuals with a delayed bed time had a low level
of physical activity (11, 22). In addition, sleeping late was
significantly associated with obesity among children, adolescents
and adults (12, 23, 24). Our previous study also demonstrated an
association between sleeping late and the increased prevalence
of diabetes mellitus (10). However, no evidence regarding the
impact of late bedtime on the incidence of MI has been reported.
A recent study found that there was a U-shaped association
between bedtime and the composite cardiovascular disease (25).
We also observed the similar condition when explore the
association of weekday bedtime and incident MI. In our study,
individuals with weekday bedtime >11:00 PM and <10:00 PM
were prone to have a high incidence of MI. After multivariate
Cox regression analysis, our results showed that participants with
weekday bedtime later than 12:00 AM had a 62.8% increased risk
of MI than those with a bedtime between 10:01 PM—11:00 PM.
Our finding indicated that sleeping late on weekday significantly
increased the risk of MI.
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FIGURE 2 | Kaplan-Meier plots of cumulative risk for Ml stratified by different categories of bedtime and wake-up time on weekday. (A): Weekday bedtime and MI;

TABLE 3 | Hazard ratios and 95% Cls for wake-up time associated with Ml on weekday.

Total >8:00am 7:015y to 8:00am 6:014u to 7:00ay <6:00am
No. of subjects, n 4,576 221 602 1,415 2,338
Person-years 48,454.8 2,022.1 6,042.9 15,058.1 25,331.7
Events, n (%) 294 (6.4) 20 (9.0) 50 (8.3) 95 (6.7) 129 (5.5)
Morbidity rate® 6.1 9.9 8.3 6.3 5.1
Hazard ratio for weekday bedtime
Univariate models 1.953 (1.219-3.128)* 1.618 (1.167-2.242)* 1.235 (0.947-1.610) 1(Ref)
Age and sex adjusted 1.657 (1.031-2.662)* 1.356 (0.974-1.887) 1.112 (0.852-1.453) 1(Ref)
Multivariable adjusted?® 1.520 (0.944-2.446) 1.384 (0.994-1.928) 1.133 (0.867-1.480) 1(Ref)
Multivariable adjusted® 1.553 (0.934-2.582) 1.418 (0.991-2.028) 1.162 (0.883-1.530) 1(Ref)

MI, myocardial infarction; 95% CI, 95% confidence interval.
8Crude event rate per 1,000-person years.
P < 0.05 *P < 0.01.

dadjusted for age, sex, race, BMI, smoking status, alcohol use, hypertension, diabetes mellitus, AHI.

badjusted by a+ self-reported sleep duration.

TABLE 4 | Hazard ratios and 95% Cls for sleep midpoint associated with Ml on
weekday.

HR (95% CI) P-value
Unadjusted 1.117 (0.994-1.254) 0.063
Age and gender adjusted 1.051 (0.932-1.184) 0.418
Multivariable adjusted?® 1.037 (0.924-1.165) 0.534
Multivariable adjusted® 1.037 (0.924-1.164) 0.538

MI, myocardial infarction; 95% ClI, 95% confidence interval; HR, hazard ratio.

4adjusted for age, sex, race, BMI, smoking status, alcohol use, hypertension, diabetes
mellitus, AHI.

badjusted by a+ self-reported sleep duration.

Several studies have also explored the role of late wake-up
time and delayed sleep midpoint on human health. Shechter et
al. found that a late wake-up time and delayed sleep midpoint

could influence physical activity and decrease energy expenditure
(11). A recent study also demonstrated that a late wake-up
time increased the risk of congestive heart failure (26). In this
study, we observed that people with a late wake-up time on
weekdays had a gradually increasing incidence of MI. However,
no significant associations of a late wake-up time and delaying
sleep midpoint with incident MI were found in multivariate Cox
regression analysis.

The specific mechanism by which sleeping late increases
the risk of MI remains to be elucidated. Sleeping late may
lead to impaired glucose tolerance and increased sympathetic
tone, thereby increasing the prevalence of MI risk factors
including diabetes mellitus, obesity and hypertension (27, 28).
Delayed bedtime may also influence the circadian rhythm, and
further cause endocrine disorders as well as increased fibrinogen
levels and inflammation, which may promote thrombosis (29,
30). In addition, individuals with late bedtime were prone
to having a shorter sleep duration, which could increase

Frontiers in Cardiovascular Medicine | www.frontiersin.org

September 2021 | Volume 8 | Article 709468


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Fan et al.

Sleeping Late and Myocardial Infarction

the sensitivity of the myocardium to ischemic damage and
lead to early deterioration of the vascular structure and
function (31, 32).

This is the first study to investigate the relationship between
sleep timing and incident MI. Our results provided the evidence
about the negative effect of late weekday bedtime on the incidence
of ML The present study also had some limitations. The bedtime,
wake-up time, and sleep duration in the current study were self-
reported based on a sleep habit questionnaire; therefore, it was
difficult to avoid measurement errors and recall biases. Moreover,
the current research sample was mainly composed of middle-
aged and elderly white individuals, and may not be generalizable
to all ages and ethnic groups.

CONCLUSIONS

The current study established a significant association between
the weekday bedtime and incident MI. Participants with weekday
bedtime later than 12:00 AM had an increased incidence of MI.
A suitable bedtime on weekdays may be of great significance
for implementing sleep-targeted interventions to reduce
the MI risk.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found at: https://sleepdata.org/
datasets/shhs.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Boston University, Case Western Reserve
University, Johns Hopkins University, Missouri Breaks Research,
Inc., New York University Medical Center, University of Arizona,
University of California at Davis, University of Minnesota,
Clinical and Translational Science Institute, University of
Washington. The patients/participants provided their written
informed consent to participate in this study.

REFERENCES

1. Vogel B, Claessen BE, Arnold SV, Chan D, Cohen DJ, Giannitsis E, et al. ST-
segment elevation myocardial infarction. Nat Rev Dis Primers. (2019) 5:39.
doi: 10.1038/541572-019-0090-3

2. Anderson JL, Morrow DA. Acute
Engl ] Med. (2017) 376:2053-64.  doi:
6915

3. Nichols M, Townsend N, Scarborough P, Rayner M. Cardiovascular disease
in Europe 2014: epidemiological update. Eur Heart ]. (2014) 35:2929.
doi: 10.1093/eurheartj/ehu299

4. Thygesen K, Alpert JS, White HD, Joint ESCAAHAWHFTFftRoMI. Universal
definition of myocardial infarction. ] Am Coll Cardiol. (2007) 50:2173-95.
doi: 10.1016/j.jacc.2007.09.011

5. Cappuccio FP, Miller MA. Sleep and cardio-metabolic disease. Curr Cardiol
Rep. (2017) 19:110. doi: 10.1007/511886-017-0916-0

Myocardial Infarction. N
10.1056/NEJMral60

AUTHOR CONTRIBUTIONS

BY and XM raised the idea for the study and handled
supervision in our study. YE YW, YP, BZ, JY, and LB,
contributed to the study design, writing and review of the
report. BY acquired the data in SHHS and participated in
further data analysis. All authors approved the final version of
the report.

FUNDING

This study was supported by the Natural Science
Basic Research Program of Shaanxi (No. 2021JQ-
395) the Clinical Research Award of the First
Affiliated Hospital of Xian Jiaotong University, China
(No. XJTU1AF-CRF-2019-022).

ACKNOWLEDGMENTS

We appreciate the Brigham and Women’s Hospital for sharing
the Datasets of Sleep Heart Health Study (SHHS). We
are particularly grateful to the members of these cohorts
who agreed to participate in SHHS as well. SHHS further
recognizes all the investigators and staff who have contributed
to its success. A list of SHHS investigators, staff and their
participating institutions is available on the SHHS website,
https://doi.org/10.25822/ghy8-ks59.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.
2021.709468/full#supplementary-material

Supplement Figure 1 | Multivariable adjusted restricted spline curves for the
association between sleep timing and the incidence MI. (A): Weekday bedtime
and MI; (B): Weekday wake-up time and MI.

Supplement Table 1 | Hazard ratios and 95% Cls for sleep timing associated
with Ml on weekend.

Supplement Table 2 | The interaction analysis between sleep timing and sleep
duration in the final multivariable cox regression model.

6. Spiegel K, Leproult R, Van Cauter E. Impact of sleep debt on
metabolic and endocrine function. Lancet. (1999) 354:1435-9.
doi: 10.1016/S0140-6736(99)01376-8

7. Wu Y, Zhai L, Zhang D. Sleep duration and obesity among adults:
a meta-analysis of prospective studies. Sleep Med. (2014) 15:1456-62.
doi: 10.1016/j.sleep.2014.07.018

8. Daghlas I, Dashti HS, Lane J, Aragam KG, Rutter MK, Saxena R, et al. Sleep
duration and myocardial infarction. ] Am Coll Cardiol. (2019) 74:1304-14.
doi: 10.1016/j.jacc.2019.07.022

9. Ai S, Zhang ], Zhao G, Wang N, Li G, So HC, et al. Causal associations of
short and long sleep durations with 12 cardiovascular diseases: linear and
nonlinear Mendelian randomization analyses in UK Biobank. Eur Heart J.
(2021). doi: 10.1093/eurheartj/ehab170. [Epub ahead of print].

10. Yan B, Fan Y, Zhao B, He X, Yang ], Chen C, et al. Association between late
bedtime and diabetes mellitus: a large community-based study. J Clin Sleep
Med. (2019) 15:1621-7. doi: 10.5664/jcsm.8026

Frontiers in Cardiovascular Medicine | www.frontiersin.org

September 2021 | Volume 8 | Article 709468


https://sleepdata.org/datasets/shhs
https://sleepdata.org/datasets/shhs
https://doi.org/10.25822/ghy8-ks59
https://www.frontiersin.org/articles/10.3389/fcvm.2021.709468/full#supplementary-material
https://doi.org/10.1038/s41572-019-0090-3
https://doi.org/10.1056/NEJMra1606915
https://doi.org/10.1093/eurheartj/ehu299
https://doi.org/10.1016/j.jacc.2007.09.011
https://doi.org/10.1007/s11886-017-0916-0
https://doi.org/10.1016/S0140-6736(99)01376-8
https://doi.org/10.1016/j.sleep.2014.07.018
https://doi.org/10.1016/j.jacc.2019.07.022
https://doi.org/10.1093/eurheartj/ehab170
https://doi.org/10.5664/jcsm.8026
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Fan et al.

Sleeping Late and Myocardial Infarction

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Shechter A, St-Onge MP. Delayed sleep timing is associated with low levels
of free-living physical activity in normal sleeping adults. Sleep Med. (2014)
15:1586-9. doi: 10.1016/j.sleep.2014.07.010

Asarnow LD, McGlinchey E, Harvey AG. Evidence for a possible link
between bedtime and change in body mass index. Sleep. (2015) 38:1523-7.
doi: 10.5665/sleep.5038

Quan SE, Howard BV, Iber C, Kiley JP, Nieto FJ, O’Connor GT, et al. The sleep
heart health study: design, rationale, and methods. Sleep. (1997) 20:1077-85.
Zhang ], Gong Z, Li R, Gao Y, Li Y, Li J, et al. Influence of lung function and
sleep-disordered breathing on stroke: a community-based study. Eur ] Neurol.
(2018) 25:1307-e112. doi: 10.1111/ene.13722

Wang H, Gu Y, Zheng L, Liu L, Meng G, Wu H, et al. Association between
bedtime and the prevalence of newly diagnosed non-alcoholic fatty liver
disease in adults. Liver Int. (2018) 38:2277-86. doi: 10.1111/1iv.13896

Sasaki N, Fujiwara S, Yamashita H, Ozono R, Monzen Y, Teramen K, et
al. Association between obesity and self-reported sleep duration variability,
sleep timing, and age in the Japanese population. Obes Res Clin Pract. (2018)
12:187-94. doi: 10.1016/j.0rcp.2017.10.008

Hermida RC, Crespo JJ, Dominguez-Sardina M, Otero A, Moya A, Rios
MT, et al. Bedtime hypertension treatment improves cardiovascular risk
reduction: the Hygia Chronotherapy Trial. Eur Heart J. (2020) 41:4565-76.
doi: 10.1093/eurheartj/ehz754

Irish LA, Kline CE, Gunn HE, Buysse DJ, Hall MH. The role of sleep hygiene
in promoting public health: a review of empirical evidence. Sleep Med Rev.
(2015) 22:23-36. doi: 10.1016/j.smrv.2014.10.001

Cappuccio FP, Cooper D, D’Elia L, Strazzullo P, Miller MA. Sleep
duration predicts cardiovascular outcomes: a systematic review and
meta-analysis of prospective studies. Eur Heart ]. (2011) 32:1484-92.
doi: 10.1093/eurheartj/ehr007

Yan B, Yang J, Zhao B, Fan Y, Wang W, Ma X. Objective sleep
efficiency predicts cardiovascular disease in a community population:
the sleep heart health study. ] Am Heart Assoc. (2021) 10:e016201.
doi: 10.1161/JAHA.120.016201

Yan B, Yang J, Yang L, Li H, Wen B, Wang W, et al. Association of
incident angina pectoris and rapid eye movement sleep in a large community-
based study: the sleep heart health study. Sleep Med. (2019) 59:7-14.
doi: 10.1016/j.sleep.2018.10.040

Olds TS, Maher CA, Matricciani L. Sleep duration or bedtime? Exploring the
relationship between sleep habits and weight status and activity patterns. Sleep.
(2011) 34:1299-307. doi: 10.5665/SLEEP.1266

Snell EK, Adam EK, Duncan GJ. Sleep and the body mass index and
overweight status of children and adolescents. Child Dev. (2007) 78:309-23.
doi: 10.1111/j.1467-8624.2007.00999.x

Baron KG, Reid KJ, Kern AS, Zee PC. Role of sleep timing in caloric intake
and BMI. Obesity. (2011) 19:1374-81. doi: 10.1038/0by.2011.100

25. Wang C, Hu B, Rangarajan S, Bangdiwala SI, Lear SA, Mohan V, et al.
Association of bedtime with mortality and major cardiovascular events: an
analysis of 112,198 individuals from 21 countries in the PURE study. Sleep
Med. (2021) 80:265-72. doi: 10.1016/j.sleep.2021.01.057

26. Yan B,LiR, LiJ, Jin X, Gao F, Gao Y, et al. Sleep timing may predict congestive
heart failure: a community-based cohort study. ] Am Heart Assoc. (2021)
10:¢018385. doi: 10.1161/JAHA.120.018385

27. Larcher S, Benhamou PY, Pepin JL, Borel AL. Sleep habits and diabetes.
Diabetes Metab. (2015) 41:263-71. doi: 10.1016/j.diabet.2014.12.004

28. Van Cauter E, Spiegel K, Tasali E, Leproult R. Metabolic
consequences of sleep and sleep loss. Sleep Med. (2008) 9:S23-S8.
doi: 10.1016/S1389-9457(08)70013-3

29. Toss H, Lindahl B, Siegbahn A, Wallentin L. Prognostic influence of
increased fibrinogen and C-reactive protein levels in unstable coronary
artery disease. FRISC Study Group. Fragmin during Instability in Coronary
Artery Disease. Circulation. (1997) 96:4204-10. doi: 10.1161/01.CIR.96.12.
4204

30. Irwin MR, Opp MR. Sleep health: reciprocal regulation of sleep
and innate immunity. Neuropsychopharmacol. (2017) 42:129-55.
doi: 10.1038/npp.2016.148

31. Zoladz PR, Krivenko A, Eisenmann ED, Bui AD, Seeley SL, Fry ME, et al. Sex-
dependent effects of sleep deprivation on myocardial sensitivity to ischemic
injury. Stress. (2016) 19:264-8. doi: 10.3109/10253890.2016.1152469

32. Covassin N, Singh P. Sleep duration and cardiovascular disease risk:
epidemiologic and experimental evidence. Sleep Med Clin. (2016) 11:81-9.
doi: 10.1016/j.jsmc.2015.10.007

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Fan, Wu, Peng, Zhao, Yang, Bai, Ma and Yan. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

September 2021 | Volume 8 | Article 709468


https://doi.org/10.1016/j.sleep.2014.07.010
https://doi.org/10.5665/sleep.5038
https://doi.org/10.1111/ene.13722
https://doi.org/10.1111/liv.13896
https://doi.org/10.1016/j.orcp.2017.10.008
https://doi.org/10.1093/eurheartj/ehz754
https://doi.org/10.1016/j.smrv.2014.10.001
https://doi.org/10.1093/eurheartj/ehr007
https://doi.org/10.1161/JAHA.120.016201
https://doi.org/10.1016/j.sleep.2018.10.040
https://doi.org/10.5665/SLEEP.1266
https://doi.org/10.1111/j.1467-8624.2007.00999.x
https://doi.org/10.1038/oby.2011.100
https://doi.org/10.1016/j.sleep.2021.01.057
https://doi.org/10.1161/JAHA.120.018385
https://doi.org/10.1016/j.diabet.2014.12.004
https://doi.org/10.1016/S1389-9457(08)70013-3
https://doi.org/10.1161/01.CIR.96.12.4204
https://doi.org/10.1038/npp.2016.148
https://doi.org/10.3109/10253890.2016.1152469
https://doi.org/10.1016/j.jsmc.2015.10.007
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	Sleeping Late Increases the Risk of Myocardial Infarction in the Middle-Aged and Older Populations
	Introduction
	Methods
	Participants
	Data Collection
	Statistical Analysis

	Results
	Demographic and Clinical Characteristics
	Association of Late Bedtime With Incident MI
	Association of Late Wake-Up Time and Delaying Sleep Midpoint With Incident MI
	Interaction Analysis

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


