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Objective: This study aimed to assess the associations of sleep duration, midday napping and the risk of atrial fibrillation (AF) in
patients with hypertension.
Methods: We conducted a cross-sectional study enrolling 11,524 hypertensive participates from the Chinese Hypertension Registry
Study. Information on sleep duration and midday napping were obtained by a self-administered questionnaire. Multivariate logistic
regression analyses were performed to estimate odds ratio (OR) and 95% confidence intervals (CIs) for the risk of AF.
Results: Compared with sleeping 6 to ≤8 hours/night, those reporting shorter sleep duration (≤5 hours/night) had a greater risk of AF
(OR 1.95; 95% CI 1.28–2.95) in the fully adjusted model, while longer sleep (≥9 hours/night) was not significantly associated with the
risk of AF. Compared with nonhabitual nappers, nappers had a higher risk of AF (OR 1.28; 95% CI 1.03–1.60) in the fully adjusted
model. Moreover, we observed significant joint effects of sleeping ≤5 hours/night and nap (OR 2.13; 95% CI 1.09–4.14) on the risk of
AF after adjusting for confounding factors.
Conclusion: Short sleep duration and midday napping were independently and jointly associated with higher risks of AF in patients
with hypertension.
Keywords: sleep medicine, midday napping, atrial fibrillation, hypertension

Introduction
Atrial fibrillation (AF) is the most common sustained heart arrhythmia in adults and affects an estimated 43.6 million
individuals worldwide.1 In China, the prevalence of AF increased 20-fold over 11 years, and the currently estimated
prevalence of AF is 0.2% in individuals aged ≥ 20 years.2 AF is a major societal health problem related to the risk of
stroke,3 heart failure,4 coronary artery disease,5 and chronic kidney disease,6 as well as morbidity and mortality.7

Identifying all the risk factors for AF is important for creating population-based strategies to reduce the risk of AF-
related morbidity.8 However, currently known risk factors for AF explain only about one-half of the population
attributable risk, emphasizing the need to identify the novel risk factors for AF, especially modifiable risk factors.9–11

Up to now, the relationship between sleep duration and AF remains in dispute. Several studies have indicated that longer
sleep duration was associated with incident AF.12,13 However, recent data from Pittsburgh Medical Center sleep laboratories
showed that short sleep duration is an independent risk factor for incident AF.14 Moreover, a Mendelian randomization (MR)
study has demonstrated that too little sleep may be associated with the risk of AF.15 Evidence from prior studies indicated that
both short and long sleep duration as the risk factors for various health problems including metabolic syndrome,16 diabetes,17

obesity,18 hypertension,19 dyslipidemia20 and myocardial infarction.21 Moreover, all these diseases were related with AF. In
addition, most of the studies have assessed the relationship of sleep duration with incident AF regardless of midday napping,
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which is common throughout China. In the meantime, little is known, about the effect of sleep duration on the incident AF
among hypertensive patients. Hypertension as a risk factor that leads to AF,22 a better understanding of the sleep duration in
hypertensive patients may reduce the huge burden of AF. Therefore, we designed this study to explore the association
between sleep duration, midday napping and incident AF in patients with hypertension.

Methods
Participants and Study Design
The patients in this study came from China H-type Hypertension Registry Study that was reported previously.23,24 Briefly, this
is a real-world, multicenter, observational registry study. From March 2018 to August 2018, a total of 14,234 hypertensive
subjects were enrolled in this study inWuyuan, Jiangxi province of China. Eligible participants were adults aged 18 years and
older who had hypertension. Hypertension was determined as seated, resting systolic blood pressure (SBP) ≥140 mmHg or
diastolic blood pressure (DBP) ≥90 mmHg at the screening, self-report history of hypertension, or the use of antihypertensive
drug(s). The exclusion criteria included neurological abnormalities, inability to follow up according to the study protocol, or
plans to relocate shortly, and the patients, who were not suitable for inclusion or for long-term follow-up assessed by study
physicians. All participants provided written informed consent. The protocol was approved by the Ethics Committee of
Institute of BioMedicine, Anhui Medical University (Registration number: ChiCTR1800017274).

2710 patients were excluded for missing data on sleep duration or midday napping. Thus, a final sample of 11,524
subjects was included in the analyses (Figure S1).

Assessment of Covariates
The information on demographic characteristics (age and gender), lifestyle factors (smoking, drinking, and physical
activity, sleep quality), and medical history (diabetes mellitus, coronary heart disease (CHD), hyperlipidemia, stroke,
duration of hypertension, and use of medications) were collected by trained researchers. The body mass index (BMI) was
calculated as weight (kg)/height (m2). Blood pressure (BP) was measured by the automated electronic device (Omron;
Dalian, China). After 10 minutes of rest, we calculated SBP and DBP as the average of the three BP measurements.

Fasting venous blood samples were obtained from all study patients. Next, the blood samples would be frozen and
analyzed Biaojia Biotechnology Laboratory, Shenzhen, China. Fasting plasma glucose (FPG) and fasting lipids (total
cholesterol, high-density lipoprotein-cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and triglycer-
ides) were determined using automatic clinical analyzers (Beckman Coulter). The formula for estimated glomerular
filtration rate (eGFR) was used for the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.

Assessment of Sleep Behavior
Sleep duration and midday napping were assessed by a self-administered questionnaire. Sleep duration was assessed by
the question: “How many hours on average do you sleep per night?” Mean sleep duration was categorized into 3 groups:
≤5, 6 ≥ ≤ 8 and ≥9 hours, based on previous studies.25,26 Midday napping was assessed by asking “Did you have midday
napping habit?” with the following responses: yes, no. Sleep quality was ascertained by the question: “How was your
sleep quality at night?” with the following responses: good, fair, poor. Snoring status was obtained by asking “Do you
snore when you sleep?” with the following responses: “no,” “sometimes,” and “frequently.”

Assessment of Atrial Fibrillation
AF was defined as AF or atrial flutter captured on standard 12-lead electrocardiogram. Subjects who were not found to
have AF according to the ECG test, but had previous medical records or any prior ECG record for AF episode were also
defined as having AF. The diagnosis of AF based on the ECG was first conducted by a physician and then verified by the
senior physician.8
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Statistical Analyses
Continuous variables were presented as mean ± standard deviation (SD) or median (interquartile range (IQR)) and
compared using the t-test. Categorical variables were summarized as count (%) and analyzed by chi-square tests.
Multivariate logistic regression analysis was used to evaluate the risk of AF by calculating the odds ratio (OR) and
95% confidence interval (CI) with adjustment for major covariates in four models. Model 1: crude model; Model 2:
adjusted for age, gender, BMI, physical activity, smoking, drinking; Model 3: added SBP, DBP, duration of hypertension,
diabetes mellitus, hyperlipidemia, CHD, antihypertensive agents, antidiabetes agents, lipid-lowering agents, FPG,
triglyceride, HDL-C, LDL-C, and eGFR to model 2. Model 4: added snoring status, sleep quality, sleep duration and
midday napping to model 3. In addition, possible modifications on the associations between sleep duration, midday
napping and AF were also evaluated by stratified analyses and interaction testing. Moreover, we estimated the joint
effects of sleep duration and midday napping on the risk of AF, and using the moderate sleep duration (6–8 hours) and
nonhabitual nap as the reference group.

All data analyzed were using the statistical package R (http://www.r-project.org) and Empower (R) (www.empower
stats.com; X&Y Solutions, Inc., Boston, MA). A 2-tailed P < 0.05 was considered to be statistically significant.

Results
Characteristics of the Subjects
A total of 11,524 participants with hypertension were included in the final analysis (5542 men and 5982 women, aged
64.1 ± 9.8 years). The prevalence of AF was 3.4% (388/11,524). Baseline characteristics are shown in Table 1. Of the
11,524 subjects, 4.3%, 51.0% and 44.7% reported they sleep ≤5, 6–8 and ≥9 hours/night, respectively and 53.1%
reported midday napping (Table 1). Compare with participants reporting 6 to ≤8 hours/night, those reporting sleep
duration ≤5 hours/night had higher values of age, stroke, hyperlipidemia, CHD, lower values of male, physical activity,
smoking, drinking and eGFR. In addition, compare with nonhabitual nappers, nappers had higher values of male, age,
smoking, drinking, stroke, hyperlipidemia, diabetes mellitus, hyperlipidemia and antidiabetes agents.

Association Between Sleep Duration, Midday Napping and AF
Table 2 shows the associations of sleep duration and midday napping with AF. Compared with sleeping 6 to ≤8 hours/
night, those reporting shorter sleep duration (≤5 hours/night) had a greater risk of AF (aOR 1.95; 95% CI 1.28, 2.95) in
the fully adjusted model, while longer sleep (≥9 hours/night) had no significant associated on the risk of AF (aOR 0.89;
95% CI 0.71, 1.12). We further investigated the association between midday napping with incident AF. Compare with
nonhabitual nappers, nappers had a higher risk of AF (aOR 1.28; 95% CI 1.03, 1.60). Moreover, we explored the joint
effects of sleep duration and midday napping on the risks of AF. Compared with those reporting moderate sleep duration
(6 to ≤8 hours) and no napping, subjects who short sleep duration ≤5 hours combined with midday napping showed
a significantly increased risk of AF (aOR 2.16, 95% CI 1.11–4.23), whereas no significant joint effect of sleeping ≥9
hours and no napping on AF was observed (Figure 1).

Subgroup Analysis
A predefined subgroup analysis on the associations between sleep duration, midday napping and the risk of AF was done in the
following variables: sex, age, BMI, smoking, drinking, CHD, hyperlipidemia, and diabetesmellitus. The association of the risk of
AF and short sleep duration was consistent in all subgroups except for CHD (P for interaction = 0.02) (Figure 2). Moreover, the
risk of AF and midday napping was consistent in all stratification subgroups (all P for interaction >0.05) (Figure 3).

Discussion
In this large cross-sectional study of the middle-aged and older hypertensive population, we examined the association
between sleep duration, midday napping and the risk of AF. The main findings were that both short sleep duration (≤5
hours) and midday napping were significantly associated with higher risk of AF among patients with hypertension.
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Moreover, we observed significant joint effects of sleep duration and midday napping on the risk of incident AF.
Furthermore, the relationships remained statistically significant after adjusting for potential confounding variables.

Several studies have reported that short sleep duration was significantly associated with higher risk of AF. Genuardi et al
conducted a large observational study referred for polysomnography consisted of 31,206 subjects found that short sleep
duration was associated with a 2.01-fold increased risk for current AF and a 1.44-fold increased risk for future AF.14

A Mendelian Randomization Analysis also showed that short sleep duration was associated with the higher risk of incident
AF.15 However, the present findings were inconsistent with that of the study by Song et al on 87,693 participants (mean age,
50.24 years) in China.13 They found that long sleep duration (≥8 hours) was associated with incident AF during median
follow-up of 7.89 years; Nevertheless, the total number of incident AF (n=322) during follow-up was comparatively low.
Moreover, the Multi-Ethnic Study of Atherosclerosis indicated that sleep duration was not associated with AF risk;
however, the small number of events may have limited power.27 Moreover, a longitudinal cohort study of 14 millions
California residents found that insomnia was associated with a 30% to 42% higher risk of AF, supporting the concept that
sleep disruption was an independent risk factor of incident AF.28 It is of note that the risk of AF with short sleep duration
appeared to be more obvious in patients with CHD. It is well known that coronary artery disease was an important risk

Table 1 Baseline Characteristics of the Study Participants According to Sleep Duration and Midday Napping

Sleep Duration, Hours/Night Midday Napping

≤5 6 ≥ ≤ 8 ≥9 No Yes

Number (%) 496 (4.3) 5872 (51.0) 5156 (44.7) 5400 (46.9) 6124 (53.1)

Males, n (%) 198 (39.9) 2648 (45.1) 2696 (52.3) 2258 (41.8) 3284 (53.6)
Age, y 66.3 ± 9.0 62.8 ± 9.6 65.2 ± 9.8 63.8 ± 9.9 64.3 ± 9.6

BMI, kg/m2 23.2 ± 3.5 23.7 ± 3.6 23.3 ± 3.5 23.4 ± 3.5 23.6 ± 3.5

Physical activity, n (%)
Mild 299 (60.3) 3256 (55.4) 2959 (57.4) 3040 (56.3) 3474 (56.7)

Moderate 97 (19.6) 1412 (24.0) 1132 (22.0) 1236 (22.9) 1405 (22.9)

Vigorous 100 (20.2) 1204 (20.5) 1065 (20.7) 1124 (20.8) 1245 (20.3)
Smoking, n (%) 115 (23.2) 1524 (26.0) 1424 (27.6) 1291 (23.9) 1772 (28.9)

Drinking, n (%) 89 (17.9) 1197 (20.4) 1152 (22.3) 1000 (18.5) 1438 (23.5)

Duration of hypertension, y 6.0 (3.0–10.0) 6.0 (2.0–10.0) 6.0 (3.0–10.0) 5.5 (2.0–9.0) 6.0 (3.0–10.0)
SBP, mmHg 147.7 ± 17.1 146.5 ± 17.4 147.7 ± 17.9 147.4 ± 17.6 146.8 ± 17.6

DBP, mmHg 88.4 ± 11.0 88.9 ± 10.6 88.4 ± 11.2 88.8 ± 10.9 88.5 ± 10.8

Stroke, n (%) 40 (8.1) 393 (6.7) 430 (8.3) 375 (6.9) 488 (8.0)
Diabetes mellitus, n (%) 89 (17.9) 1046 (17.8) 994 (19.3) 915 (16.9) 1214 (19.8)

Hyperlipidemia, n (%) 94 (19.0) 1089 (18.5) 816 (15.8) 853 (15.8) 1146 (18.7)

CHD, n (%) 49 (9.9) 323 (5.5) 317 (6.1) 333 (6.2) 356 (5.8)
Antihypertensive agents, n (%) 301 (60.7) 3625 (61.7) 3236 (62.8) 3315 (61.4) 3847 (62.8)

Antidiabetes agents, n (%) 22 (4.4) 276 (4.7) 269 (5.2) 229 (4.2) 338 (5.5)

Lipid-lowering agents, n (%) 17 (3.4) 195 (3.3) 205 (4.0) 181 (3.4) 236 (3.9)
eGFR, mL/min/1.73 m2 83.5 ± 19.5 87.4 ± 18.9 84.2 ± 20.5 86.2 ± 19.8 85.4 ± 19.7

FPG, mmol/L 6.1 ± 1.4 6.1 ± 1.5 6.2 ± 1.6 6.1 ± 1.4 6.2 ± 1.7

TG, mmol/L 1.4 (1.0–2.0) 1.5 (1.1–2.2) 1.4 (1.0–2.1) 1.5 (1.0–2.1) 1.5 (1.0–2.2)
HDL-C, mmol/L 1.6 ± 0.4 1.5 ± 0.4 1.5 ± 0.4 1.5 ± 0.4 1.5 ± 0.4

LDL-C, mmol/L 2.9 ± 0.7 3.0 ± 0.8 2.9 ± 0.8 2.9 ± 0.8 2.9 ± 0.8
Sleep quality, n (%)

Good 41 (8.3) 3034 (51.7) 3628 (70.4) 334 (6.2) 162 (2.6)

Fair 41 (8.3) 1455 (24.8) 814 (15.8) 3339 (61.8) 2533 (41.4)
Poor 414 (83.5) 1383 (23.6) 714 (13.8) 1727 (32.0) 3429 (56.0)

Snoring status, n (%)

No 312 (62.9) 3201 (54.5) 2819 (54.7) 3119 (57.8) 3213 (52.5)
Sometimes 129 (26.0) 2001 (34.1) 1709 (33.1) 1667 (30.9) 2172 (35.5)

Frequently 55 (11.1) 670 (11.4) 628 (12.2) 614 (11.4) 739 (12.1)
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factor of incident AF.8 Thus, it is reasonable to assume that CHD might amplify the detrimental effect of short sleep
duration on AF.

Several possible mechanisms may explain the relationship between short sleep duration and AF. One important
biological pathway is through oxidative stress and inflammation, as previous studies have demonstrated that sleep
deprivation could lead to the increase of oxidative stress and the release of inflammatory factors, which could promote
the occurrence of AF.29,30 Moreover, short sleep duration and low sleep efficiency were associated with an elevated level
of biomarkers of autonomic tone, additional pathways predisposing to AF.31 A cross-sectional study showed that sleep
deprivation can increase QT interval and electromechanical delay in young adults, which are linked to AF.32 Short sleep
duration has been demonstrated to be associated with obesity, diabetes, metabolic syndrome and myocardial infarction,
all these diseases are contributed to AF incidence.16,18,19,21

We also found that midday napping was an independent risk factor for AF. To date, this is the first study to investigate
the relationship between daytime napping and AF in hypertensive patients. Although the underlying mechanisms

Table 2 Association of Sleep Duration and Midday Napping with Atrial Fibrillation

N Events OR for Prevalent Atrial Fibrillation

Model 1 Model 2 Model 3 Model 4

Sleep duration (hours/night)

≤5 460 35 2.65 (1.85, 3.82) 2.22 (1.54, 3.21) 1.95 (1.32, 2.87) 1.95 (1.28, 2.95)
6 ≥ ≤ 8 5668 157 1.00 1.00 1.00 1.00

≥9 4854 146 1.10 (0.89, 1.37) 0.95 (0.76, 1.18) 0.95 (0.76, 1.19) 0.89 (0.71, 1.12)

Midday napping
No 5128 141 1.00 1.00 1.00 1.00

Yes 5854 197 1.19 (0.97, 1.46) 1.18 (0.96, 1.46) 1.28 (1.03, 1.48) 1.28 (1.03, 1.60)

Notes: Model 1: crude model. Model 2: adjusted for age, sex, BMI, physical activity, smoking, drinking. Model 3: adjusted for age, sex, BMI, physical activity, smoking, drinking,
SBP, DBP, duration of hypertension, diabetes mellitus, hyperlipidemia, CHD, antihypertensive agents, antidiabetes agents, lipid-lowering agents, FPG, TG, HDL-C, LDL-C, and
eGFR. Model 4: adjusted for age, sex, BMI, physical activity, smoking, drinking, SBP, DBP, duration of hypertension, diabetes mellitus, hyperlipidemia, CHD, antihypertensive
agents, antidiabetes agents, lipid-lowering agents, FPG, TG, HDL-C, LDL-C, eGFR, snoring status, sleep duration, sleep quality and midday napping. Each group adjusted for
the other covariates except itself.

Figure 1 Joint effects of sleep duration and midday napping on incident AF risk. Each subgroup analysis adjusted, if not stratified, for age, sex, BMI, physical activity, smoking,
drinking, SBP, DBP, duration of hypertension, diabetes mellitus, hyperlipidemia, CHD, antihypertensive agents, antidiabetes agents, lipid-lowering agents, FPG, TG, HDL-C,
LDL-C, eGFR, snoring status and sleep quality (*P <0.05).
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between daytime napping and AF are unclear, some epidemiologic and physiologic evidences might explain it. Midday
napping is regarded as a risk factor for diabetes, CHD and metabolic syndrome,34–36 which are associated with the risk of
AF. Midday napping, especially longer napping, might reflect an overall sedentary lifestyle, which is link to incident
AF.36

The strength of this study was the first to evaluate the relationship between sleep duration, midday napping and
AF in a large hypertension cohort. Moreover, this study stressed the importance of moderate sleep duration for AF
prevention in hypertensive patients. However, several potential limitations need to be addressed in this study. First,
this study was a cross-sectional design, our results cannot provide a cause and effect association between short sleep
duration, midday napping and the risk of AF. Although multivariate correction, it was difficult to exclude any
potential confounding effect. Second, information on sleep duration and midday napping was collected from the
questionnaire, which might overestimated actual sleep duration. However, it was unrealistic to obtain objective

Figure 2 Subgroup analyses of the effect of sleep duration on incident AF risk. Each subgroup analysis adjusted, if not stratified, for age, sex, BMI, physical activity, smoking,
drinking, SBP, DBP, duration of hypertension, diabetes mellitus, hyperlipidemia, CHD, antihypertensive agents, antidiabetes agents, lipid-lowering agents, FPG, TG, HDL-C,
LDL-C, eGFR, snoring status, sleep quality and midday napping.
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measurements of sleep duration in a large sample population. And the method of obtaining sleep time and nap
information through questionnaire has been reported in numerous studies.37,38 Third, we did not collect detailed
information about nap time. Therefore, we could not perform regression analysis to clarify the association between
nap duration and the risk of AF. Moreover, data about sleep apnoea was not collected, which may limit further
exploration of whether this relationship could be modified by this factor. However, we collect the data about snoring,
which is the the main symptom of sleep apnea. And we adjusted snoring status as a confounder in the statistical
analysis. Fourth, a single assessment of sleep patterns at baseline was not satisfactory to reflect the dynamic change
of sleep behaviors, which could lead to non-differential misclassification of sleep behaviors. Finally, AF was
diagnosed based on electrocardiogram and medical record in this study, without ambulatory electrocardiogram

Figure 3 Subgroup analyses of the effect of midday napping on incident AF risk. Each subgroup analysis adjusted, if not stratified, for age, sex, BMI, physical activity, smoking,
drinking, SBP, DBP, duration of hypertension, diabetes mellitus, hyperlipidemia, CHD, antihypertensive agents, antidiabetes agents, lipid-lowering agents, FPG, TG, HDL-C,
LDL-C, eGFR, snoring status and sleep duration.
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monitoring. Therefore, AF incidence can be underestimated due to electrocardiogram could not capture paroxysmal
AF. However, inaccuracy of ascertainment of AF would also tend to bias findings toward the null hypothesis.

Conclusion
In this large cross-sectional study, we found that short sleep duration and midday napping were independently and jointly
associated with higher risks of AF in patients with hypertension. Further research is needed to confirm our results in
external populations and identify the potential mechanisms of the relationship.
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