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ORIGINAL ARTICLE

Association of Nap Frequency With Hypertension 
or Ischemic Stroke Supported by Prospective 
Cohort Data and Mendelian Randomization in 
Predominantly Middle-Aged European Subjects
Min-jing Yang, Zhong Zhang, Yi-jing Wang, Jin-chen Li, Qu-lian Guo, Xiang Chen, E. Wang

BACKGROUND AND PURPOSE: The aim of this study was to investigate the association between daytime napping frequency 
and the incidence of essential hypertension or stroke as well as to validate causality in this relationship via Mendelian 
randomization (MR).

METHODS: We conducted Cox regression analysis on 358 451 participants free of hypertension or stroke from UK Biobank. To 
validate the results of the observational analysis, we conducted a 2-sample MR for daytime napping frequency (123 single-
nucleotide polymorphisms) with essential hypertension in FinnGen Biobank, stroke, and ischemic stroke in MEGASTROKE 
consortium and performed a corresponding 1-sample MR on the UK Biobank data.

RESULTS: Compared with never napping, usually napping was associated with a higher risk of essential hypertension (hazard 
ratio, 1.12 [95% CI, 1.08–1.17]), stroke (hazard ratio, 1.24 [95% CI, 1.10–1.39], and ischemic stroke (hazard ratio, 1.20 
[95% CI, 1.05–1.36]) in our prospective observational analysis. Both the 1-sample and 2-sample MR results indicated 
that increased daytime napping frequency was likely to be a potential causal risk factor for essential hypertension in 
FinnGEN (odds ratio, 1.43 [95% CI, 1.06–1.92]) and UK Biobank (odds ratio, 1.40 [95% CI, 1.28–1.58]). The 2-sample 
MR results supported the potential causal effect of nap frequency on ischemic stroke in MEGASTROKE (odds ratio, 1.29 
[95% CI, 1.04–1.62]).

CONCLUSIONS: Prospective observational and MR analyses provided evidence that increased daytime nap frequency may 
represent a potential causal risk factor for essential hypertension. The potential causal association of increased nap 
frequency with ischemic stroke was supported by 2-sample MR and prospective observational results. (Hypertension. 
2022;79:00–00. DOI: 10.1161/HYPERTENSIONAHA.122.19120.) • Supplemental Material
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Daytime napping is popular worldwide, especially in 
South America, the Middle East, and East Asia.1 
Some studies have reported a link between daytime 

napping and hypertension or its most common compli-
cation, stroke.2,3 It was also observed that an evening 
surge in blood pressure (BP) and stroke onset occurs 
following daytime napping for 1 day.4 Essential hyperten-
sion is a major cause of premature death, and stroke is 

a major cause of long-term disability.5 Given the popular-
ity of daytime napping and the dangers of hypertension 
and stroke, determining the relationship between the 2 
is important.

Previous studies on the relationship between daytime 
napping and hypertension have focused on cross-sec-
tional studies, lacked a prospective study design (except 
for one prospective study in 20216), and reported 
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conflicting conclusions.7–12 For example, some stud-
ies7,8,10,12 found that daytime napping poses a higher risk 
of hypertension, but 2 Chinese cohorts9,11 found that 
daytime napping may be protective against hyperten-
sion, while other studies found no association between 
daytime napping and hypertension.6 The relationship of 
daytime napping with stroke is also controversial.3

Additionally, Mendelian randomization (MR), using 
lead single-nucleotide polymorphisms (SNPs) identified 
in genome-wide association studies (GWAS) as genetic 
instruments, can overcome unmeasured confounds that 
limit observational studies and validate causality.13 In 
2021, a study involving a 2-sample MR confirmed that 
a higher daytime napping frequency might contribute to 
higher BP,14but there is no MR research on the relation-
ship between daytime napping frequency and essen-
tial hypertension (in the form of dichotomous diagnosis 
data) or stroke.

In this study, we aimed to determine the relationship 
between daytime napping frequency and the incidence 
of essential hypertension or stroke, especially ischemic 
stroke, which accounts for the majority of stroke inci-
dents, based on prospective observational analysis and 
the MR method. We also investigated the stability of 
subjective napping data using UK Biobank (UKB) fol-
low-up data.

METHODS
This article was reported according to recommendations by the 
STROBE and STROBE-MR guidelines. The UKB study was 
approved by the North West Multi-Centre Research Ethics 
Committee, and all participants provided informed consent. The 
data supporting the findings of this study are available from the 
corresponding author upon reasonable request.

Study Design
We first investigated the stability of daytime napping frequency 
based on the UKB follow-up data and then used Cox regres-
sion analysis to investigate the association between daytime 
napping frequency and the incidence of hypertension or stroke. 
We also conducted stratified and interaction analyses, spe-
cifically for the interaction of BP-weighted genetic risk score 
(GRS) and daytime napping frequency.

Then, we performed a 2-sample MR, 1-sample MR and cor-
responding sensitivity analysis to estimate the potential causal 
associations between genetically predicted napping frequency 
and hypertension or stroke.

Study Participants
The UKB cohort recruited >500 000 participants aged 40 
to 69 years and living in the United Kingdom between 2006 
and 2010. These participants regularly provided blood, urine, 
and saliva samples, as well as detailed information about their 
lifestyle, which was then linked to their health-related records. 
Three cohorts were selected for different analyses after 
detailed quality control (Figure 1), and the remaining 60 686, 
358 451, and 407 025 participants were selected for exposure 
stability exploration, prospective cohort analysis, and 1-sample 
MR, respectively. Detailed phenotypic and genomic quality con-
trol information is available in Text S1.

Measurements of Exposure and Outcomes
Daytime napping frequency was self-reported in response to 
the question (Do you have a nap during the day?), with the 
standardized responses as follows: never/rarely, sometimes, 
usually, or prefer not to answer. Prefer not to answer responses 
were categorized as missing data.
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Nonstandard Abbreviations and Acronyms

BP blood pressure
GRS genetic risk score
GWAS genome-wide association study
HR hazard ratio
MR Mendelian randomization
SNP single-nucleotide polymorphism
UKB UK Biobank

NOVELTY AND RELEVANCE

What Is New?
The relationship of daytime nap frequency with hyperten-
sion remains controversial, and there is little evidence for 
a prospective cohort design.
This study combined prospective cohort analysis based 
on the UK Biobank and Mendelian randomization meth-
ods. We found consistent evidence favoring the potential 
causal association of daytime nap frequency and incident 
hypertension and suggested that daytime napping may 
be a potential causal risk factor for incident ischemic 
stroke in predominantly middle-aged European subjects.

What Is Relevant?
It was observed that an evening surge in blood pressure 
and stroke onset occurs following daytime napping for 
1 day. Given the popularity of daytime napping and the 
dangers of hypertension and stroke, determining the rela-
tionship between the 2 is important.

Clinical/Pathophysiological Implications?
Increased daytime nap frequency is likely to be unfa-
vorable in the prevention of incident hypertension and 
ischemic stroke in predominantly middle-aged European 
subjects.
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The daytime napping frequency survey in the UKB was con-
ducted at 4 time points over 1 decade: the initial assessment 
visit at baseline (2006–2010, 501 528 participants), the first 
repeat assessment visit (2012–2013, 20 334 participants), the 
imaging visit (2014+, 49 033 participants), and the first repeat 
imaging visit (2019+, 5214 participants). To investigate the 
stability of nap frequency exposure, we obtained 73 000 follow-
up items from 60 686 participants in all. The 73 000 follow-up 
items were divided into 3×3 groups according to their follow-up 
time points and the exposure variation. The Cochran-Mantel-
Haenszel test was conducted for the 2 ordinal variables. The 
detailed classification information is shown in Text S2.

We included incident hypertension, stroke (not specified), 
and ischemic stroke as outcomes. Individuals with self-reported 
hypertension or stroke at baseline or other prevalent hyper-
tension or stroke cases recorded by the first occurrence data 
set (first occurrence date was before the date of attending a 
UKB assessment center) were excluded. All outcome events 
were obtained based on the first occurrence data set in the 
UKB. The sources of first occurrence data were hospital inpa-
tient records, death registers, primary care records, and self-
reported medical conditions at the UKB assessment centers; 
all outcome events were diagnosed according to their 3-char-
acter International Classification of Diseases, Tenth Revision. The 
first occurrence date that the diagnostic code was first reported 
from any of the sources listed above was considered the out-
come date in the Cox regression analysis. All other participants 
were presumed to be free of these diseases. The disease defi-
nitions used are presented in Table S1, and detailed sources 
of reports of essential hypertension and stroke outcomes are 
presented in Table S2.

For the Cox regression analysis, the last recorded outcome 
was March 19, 2021, which was used as the censoring date. 

This resulted in a median follow-up of 11.16 years. If death 
or loss to follow-up incidents were recorded before disease 
outcome events, the corresponding date was regarded as the 
censoring date.

Observation Analysis
Cox proportional hazards models and 95% CIs were used to 
estimate hazard ratios (HRs), with the never-napping group 
serving as the reference. We reported models that are (1) 
adjusted for age, sex, race, body mass index, and waist-hip 
ratio; (2) adjusted for age, sex, ethnicity, body mass index, 
waist-hip ratio, Townsend deprivation index, education, smok-
ing status, alcohol intake frequency, number of days of mod-
erate/vigorous activity per week, frequency of adding salt to 
food, history of high cholesterol, type 2 diabetes, total sleep 
duration, and snoring (primary model); and (3) fully adjusted, 
with the addition of adjustments for income, family history 
of hypertension or stroke, mental health visits, other sleep 
covariates including insomnia, and chronotype. A detailed 
explanation of the covariates and the handling of missing data 
is shown in Text S2 and Table S3.

In the sensitivity analyses for essential hypertension, we 
excluded baseline high-risk participants with hypertension 
(type 2 diabetes, high cholesterol, or taking lipid-lowering 
medicine) and excluded high-risk participants whose baseline 
systolic BP is >140 mm Hg or diastolic BP is >90 mm Hg but 
who were not previously diagnosed with hypertension. We also 
excluded participants who had incident hypertension at the first 
2 follow-up years to avoid reverse causality. We repeated the 
analysis after excluding only self-reported essential hyperten-
sion outcomes. We excluded persons with night shift work and 
sleep disorders at baseline.
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Figure 1. Study sample flowchart.
A flowchart shows the inclusion and exclusion criteria of the individual-level data used to create an incident cohort (for the prospective 
observational study and interaction analysis with the combined genetic risk) and a prevalent and incident cohort (for 1-sample Mendelian 
randomization [MR]). We also investigated the stability of exposure according to 1-decade follow-up data. The sample sources of genome-wide 
association analysis (GWAS) summary-level data of exposure (daytime nap frequency) and outcome (essential hypertension/stroke/ischemic 
stroke) are also displayed.
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Interaction analysis of daytime napping frequency and 
BP-weighted GRS was restricted to participants of European 
ancestry (n=291 981) after detailed genomic quality control. 
The calculation of BP GRSs was based on 289 and 328 lead 
SNPs that achieved genome-wide significance in the previous 
SBP and diastolic BP GWAS, which is a meta-analysis com-
bining UKB and International Consortium of Blood Pressure 
GWAS results (Table S4).15 The detailed quality control step 
and the calculation rule of BP GRSs are shown in Text S3.

We tested the interactions of daytime napping frequency 
with 2-stratum BP GRSs, sex (male or female), age ( 60 or 
<60 years old), and race (European or non-European) and 
performed stratified analyses. Interactions were tested using 
models with the cross product of daytime napping frequency 
and covariates of interest.

MR Analyses
We used 123 independent SNPs (P<5×10−8, r2<0.6 within a 
1 Mb window) identified in a recent daytime napping frequency 
GWAS of 452 633 UKB European participants where the napping 
categories (never, sometimes, or usually nap) were treated as a 
continuous variable14 as genetic instruments in the MR (Table S5). 
Genotyping, quality control, and imputation procedures of the UKB 
are described elsewhere.16 A total of 123 SNPs explained 1.1% of 
the variance in daytime napping frequency (F statistic=36.1).

Two-Sample MR
The 2-sample MR method, where exposures and outcomes are 
measured in nonoverlapping data sets, can minimize the false-
positive rate and increase the sample size.17 We regressed the 
SNP-outcome associations against the SNP-exposure asso-
ciations and meta-analyzed all SNPs in the genetic instruments 
in the 2-sample MR. We used the random-effects inverse-vari-
ance weighted method as the primary approach.18 The essen-
tial hypertension outcome GWAS summary statistics are from 
the FinnGEN data, and the stroke outcome GWAS summary 
statistics are from the MEGASTROKE data.19 The introduction 
of all GWASs used for MR is provided in Table S6.

To prevent potential violations of the MR assumptions, we 
conducted tests for pleiotropy (MR-Egger regression intercept20), 
heterogeneity (Cochrane Q value21), and a multiple sensitivity 
analysis. We used MR-Egger regression20 and a weighted median 
model22 for the sensitivity analysis. We also excluded outlier SNPs 
identified by MR-Pleiotropy Residual Sum and Outlier23 and radial 
MR,24 as well as pleiotropic SNPs associated with key cardio-
metabolic risk factors, by manual pruning. A detailed introduction 
to the MR sensitivity analyses is shown in Text S4.

One-Sample MR
A 1-sample MR design, where exposures and outcomes are 
measured in the same data set, ensures the homogeneity of the 
study object,17 although it does not address the false-positive rate 
problem; therefore, both 2-sample MR and 1-sample MR were 
used to complement each other in our research. For a 1-sample 
MR, we calculated the weighted GRS by summing the number 
of napping frequency risk alleles multiplied by GWAS effect sizes 
for each participant and regressed the weighted GRSs against 
the outcomes, adjusting for age, sex, assessment center,  top 10 
genetic principal components, and genotyping array.

We further assessed the associations between napping 
frequency weighted GRSs and key cardiometabolic risk fac-
tors and repeated our MR analyses after adjustment for these 
potential confounders. We also used the unweighted GRS 
model for the sensitivity analysis, which was calculated by sum-
ming the number of napping frequency increasing alleles.

All analyses were conducted in R version 4.0.4 except the 
GRS, which was calculated in the PLINK 1.9. MR analyses 
were performed with the TwoSampleMR package.25

RESULTS
Prospective Observational Analysis
Descriptive Characteristics of the Prospective 
Cohort
All selection standards of the 3 cohorts are shown in Fig-
ure 1. After screening, the prospective cohort contained 
358 451 participants, with 50 507 incidents of essential 
hypertension and 4333 incidents of stroke (3621 isch-
emic stroke) over a median follow-up of 11.16 years 
(SD=2.65 years). The baseline characteristics of the par-
ticipants (mean age [SD]: 55.3 [8.2] years, 42.9% male) 
in the prospective observational analysis are shown in 
Table 1. Participants with higher frequencies of daytime 
napping per week were more likely to be male, older, non-
European, and less educated; have a lower income and 
higher body mass index, waist-hip ratio and Townsend 
deprivation index; and reported a worse health status 
overall, with a history of smoking, psychiatric disorder, 
high cholesterol, or type 2 diabetes. They were also more 
likely to have longer sleep durations and sleep problems, 
such as insomnia, snoring, or evening chronotype.

Stability of Daytime Napping Frequency
First, we investigated the stability of daytime napping 
frequency in Table 2. There was a significant correla-
tion between exposure variability and follow-up period 
(Cochran-Mantel-Haenszel test; P<0.001). The cross-
ing one level participants were on average a quarter of 
the total. There were few crossing 2 levels participants 
(<1%), which indicated that it was highly unlikely for par-
ticipants to change from never nap to usually nap.

Relationships Between Daytime Napping Frequency 
and Outcomes
After multivariable adjustment, sometimes napping 
increased the risk of essential hypertension by 7%, the 
risk of stroke by 12%, and the risk of ischemic stroke 
by 9% compared with never napping. Usually, napping 
increased the risk of essential hypertension by 12%, the 
risk of stroke by 24%, and the risk of ischemic stroke by 
20% compared with never napping (Table 3).

Sensitivity and Interaction Analyses for Essential 
Hypertension
We also performed multiple sensitivity analyses to rep-
licate our results on the incidence of hypertension, 
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including models that were fully adjusted, excluded high-
risk participants, excluded the first 2 years of incident 
hypertension, excluded self-reported essential hyperten-
sion outcomes, or excluded persons with night shift work 
and sleep disorders. The results remained robust in sen-
sitivity analyses (Table 3, Tables S7 and S8). The results 
before the missing data were imputed were similar to 
the primary findings (sometimes nap: HR, 1.07 [95% CI, 
1.04–1.09]; usually nap: HR, 1.13 [95% CI, 1.08–1.17]).

Age interacted with daytime napping frequency 
(P=1.11×10−08). For participants <60 years old, to usu-
ally nap increased the risk of essential hypertension by 
20% versus 10% for those 60 years old compared 
with those who never nap. Increased daytime nap fre-
quency in non-European participants increased the risk 
of essential hypertension compared with that of Euro-
pean participants, but the interaction between race and 
daytime napping frequency did not attain significance 

(sometimes nap: HR, 1.10 [95% CI, 1.04–1.18] and usu-
ally nap: HR, 1.20 [95% CI, 1.07–1.36] in non-European 
participants; versus sometimes nap: HR, 1.06 [95% CI, 
1.04–1.08] and usually nap: HR, 1.12 [95% CI, 1.07–
1.16] in European participants; P=0.08). The interaction 
between daytime nap frequency and BP GRS did not 
reach significance (P=0.75). Other interaction analyses 
and the stratified analysis results are shown in Table S9.

MR and Sensitivity Analysis
Main Results
The main MR results are shown in Figure 2. In the 
2-sample MR, inverse-variance weighted estimates 
were consistent with a potential causal effect of 
increased nap frequency on essential hypertension 
(P=0.018) and ischemic stroke (P=0.023); in the 
1-sample MR, a genetically predicted 1-unit increase 

F2

Table 1. Baseline Characteristics of UK Biobank Participants in the Prospective Cohort Analysis

Characteristics

Daytime napping

Never/rarely Sometimes Usually

Demographics

 Participants, n 213 480 129 272 15 699

 Age, y 54.44 (8.09) 56.37 (8.08) 58.03 (7.94)

 European (%) 193 963 (91.1) 116 500(90.5) 14 019(89.6)

 Male (%) 83 433 (39.1) 60 635 (46.9) 9732 (62.0)

 University or college degree (%) 79 100 (37.6) 41 061 (32.4) 4780 (31.0)

 Lower income (%)* 30 245 (16.4) 25 954 (23.7) 4121 (30.7)

 Townsend deprivation index† −1.55 (2.94) −1.24 (3.11) −0.92 (3.25)

 BMI, kg/m2 26.31 (4.23) 27.11 (4.52) 27.49 (4.74)

 Waist-hip ratio 0.85 (0.08) 0.87 (0.09) 0.90 (0.09)

Lifestyle and health status

 Moderate physical activity, days per week 3.64 (2.31) 3.68 (2.31) 3.73 (2.43)

 Vigorous physical activity, days per week 1.92 (1.93) 1.88 (1.97) 1.85 (2.10)

 Current smoker (%) 20 542 (9.7) 15 859 (12.3) 2448 (15.7)

 Daily drinking (%) 43 803 (20.5) 24 393 (18.9) 3529 (22.5)

 Usually or always add salt (%) 33 017 (15.5) 13 840 (18.4) 3653 (23.3)

 High cholesterol (%) 11 596 (5.4) 9499 (7.3) 1489 (9.5)

 Type 2 diabetes (%) 6843 (3.2) 7586 (5.9) 1391 (8.9)

 Mental health clinic visit (%)‡ 66 390 (31.2) 46 942 (36.4) 6200 (39.6)

 Family history of hypertension (%) 64 698 (31.0) 35 123 (27.9) 3742 (24.6)

 Family history of stroke (%) 20 380 (9.8) 13 523 (10.7) 1693 (11.1)

 Usually have insomnia (%) 53 710 (25.2) 35 164 (27.2) 5335 (34.0)

 Snoring (%) 64 097 (32.1) 45 709 (38.2) 5903 (40.8)

 Sleep duration (h) 7.07 (0.98) 7.22 (1.10) 7.68 (1.51)

 Evening person (%) 16847 (8.9) 10 247 (8.9) 1672 (12.0)

The t tests were used for continuous variables and χ2 tests were used for categorical variables. All baseline covariates were associated 
with daytime napping frequency with P<0.001. BMI indicates body mass index.

*Lower income was defined as an average total household income before tax of <£18 000.
†The Townsend deprivation index was calculated based on the preceding national census output areas before the individual consent-

ing to data collection from the UK Biobank. Each participant was assigned a score corresponding to their postcode location; a lower score 
represents lower deprivation.

‡This includes participants who reported having seen either a GP or psychiatrist for nerves, anxiety, stress, or depression in the past.
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in the nap category (never, sometimes, and usually) 
was associated with a 40% increased risk of essential 
hypertension in the UKB data (P=1.94×10−8). How-
ever, the association between daytime nap frequency 
and ischemic stroke did not reach statistical signifi-
cance in the 1-sample MR (P=0.60). The overlap with 
the null in the UKB data was likely due to low statistical 
power. A relationship between daytime nap frequency 
and stroke was not detected in either MR result.

Sensitivity Analysis
In the 2-sample MR, the MR-Egger intercept suggested 
no directional pleiotropy. We also used the MR-Egger 
model and weighted median model and excluded pleio-
tropic outlier SNPs detected by MR-Pleiotropy Residual 
Sum and Outlier, radial MR, leave-one-out plots or man-
ual pruning of SNPs associated with cardiometabolic 
risk factors. Given the reduced power, the MR sensitivity 
analysis results were similar to the main results but had a 
relatively lower level of precision (Table S10).

For the 1-sample MR, we tested the associations 
among the genetic instruments with key cardiometabolic 

risk factors (Table S11) and performed an analysis 
adjusted for body mass index, smoking status, and high 
cholesterol. We also used an unweighted GRS as a 
genetic instrument. The results were robust for essen-
tial hypertension outcome (β per additional risk allele=0.004; 
P<2×10−16), as shown in Table S12.

DISCUSSION
This comprehensive study combined prospective cohort 
and MR results and indicated that higher daytime nap-
ping frequencies may represent a potential causal risk 
factor for essential hypertension and ischemic stroke, 
but the association between daytime nap frequency and 
stroke was not detected in MR. In our study, converging 
evidence from the 3 methods with different bias sources 
provides more convincing evidence.26 Our results are 
also important given the lack of research on the relation-
ship between daytime napping and hypertension.

The restriction of the survival analysis is that it can-
not consider the time-varied exposure variable in the 

Table 2. Stability of Daytime Napping Frequency at Every Follow-Up Time Point

Time point* No change (%)† Crossing one level (%) Crossing 2 levels (%) Count

First repeat assessment visit (2012–2013) 15 668 (77.2) 4560 (22.4) 87 (0.4) 20 315

Imaging visit (2014+) 35 437 (72.9) 12 803 (26.3) 364 (0.7) 48 604

First repeat imaging visit (2019+) 2943 (72.1) 1107 (27.1) 31 (0.8) 4081

Count 54 048 18 470 482 73 000

The Cochran-Mantel-Haenszel test for 2 ordinal variables (P<0.001).
*Compared with that of baseline data at the initial assessment visit (2006–2010), at every follow-up time point, participants who reported a change from baseline 

never nap to sometimes nap, or from sometimes nap to usually nap (or vice versa), were classified as the crossing one level group; participants who reported a change 
from baseline never nap to usually nap (or vice versa) were classified as the crossing 2 levels group; and participants whose napping frequency self-reports were 
unchanged were classified as the no change group.

†Percentages were calculated using the number of respective napping frequency varieties divided by the total count at every follow-up time point.

Table 3. Association Between Daytime Nap Frequency With Incident Essential Hypertension, Stroke, or Isch-
emic Stroke (n=358 451)

Outcomes

Daytime napping frequency

Never Sometimes Usually

Total sample size 213 480 129 272 15 699

Primary analyses, MV-adjusted HR* (95% CI)

 Essential hypertension 1.00 (ref) 1.07 (1.05–1.09) 1.12 (1.08–1.17)

 Stroke 1.00 (ref) 1.12 (1.05–1.19) 1.24 (1.10–1.39)

 Ischemic stroke 1.00 (ref) 1.09 (1.02–1.17) 1.20 (1.05–1.36)

Sensitivity analysis for essential hypertension, MV-adjusted HR* (95% CI)

 Low-risk cohort 1 (n=294 327)† 1.00 (ref) 1.05 (1.03–1.08) 1.17 (1.12–1.23)

 Low-risk cohort 2 (n=215 479)‡ 1.00 (ref) 1.04 (1.01–1.06) 1.13 (1.08–1.19)

 Lag-time analysis (n=352 884)§ 1.00 (ref) 1.07 (1.05–1.09) 1.12 (1.07–1.16)

 Before imputation of missing data (n=303 074) 1.00 (ref) 1.07 (1.04–1.09) 1.14 (1.09–1.19)

BMI indicates body mass index; DBP, diastolic blood pressure; HR, hazard ratio; and SBP, systolic blood pressure.
*Models adjusted for age, sex, ethnicity, smoking status, frequency of alcohol consumption, education, Townsend deprivation index, physical 

activity, frequency of adding salt to food, BMI, waist-hip ratio, sleep duration, snoring, history of high cholesterol, and history of type 2 diabetes.
†We excluded baseline high-risk participants with hypertension (type 2 diabetes, high cholesterol, taking lipid-lowering medicine).
‡We excluded high-risk participants whose SBP >140 mm Hg or DBP >90 mm Hg but who had not been previously diagnosed with hyperten-

sion based on low-risk cohort 1.
§We excluded participants whose incident hypertension occurred in the first 2 follow-up years to prevent reverse causality.
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model. We wanted to use the limited follow-up exposure 
data to state that the use of survival analyses is rela-
tively reasonable, especially for the distinction between 
the never nap and usually nap groups. A recent study 
found that older adults tended to nap longer and more 
frequently with aging using objective actigraphy data.27 
The measurement difference and the age difference 
between their sample (81.42±7.47 years old) and ours 
(55.30±8.15 years old) might be the causes of this dis-
crepancy. Thus, we conducted a simple test to investigate 
the association between baseline age and follow-up nap 
frequency change, as shown in Table S13. It is likely that 
a higher baseline age would result in a greater increase 
in nap frequency over time than a younger baseline age 
(Cochran-Mantel-Haenszel test; P<0.05), with reduced 
circadian rhythm regulation ability.

We also summarized all studies searched in PubMed 
with covariates in the modeling on the association of 
daytime napping and hypertension in Figure S1 and con-
sidered potential underlying causes for the former dis-
crepancies. (1) Study designs and study sample: most of 
the studies have cross-sectional designs, which cannot 
avoid reverse causality bias, and the results of no sig-
nificant difference may be due to the small size of the 
study sample. (2) Ethnic differences and sex differences: 
2 studies found that daytime napping was protective in 
China, and a protective cardiovascular effect of estrogen 
may exist in women to prevent incident hypertension.6 (3) 
Differences in the measurement of napping behavior and 
confounder adjustment: the classification of nappers and 
nonnappers varied, and sleep-related confounders, such 
as night sleep duration and sleep apnea, were not taken 

into account in many articles, which would cause varied 
estimates of odds ratio.

The association between daytime napping and stroke 
has been revealed by previous observational studies. A 
meta-analysis in 2021 containing 8 prospective cohort 
studies with 524 408 participants and 5875 stroke cases 
found that compared with nonnappers, the pooled RR of 
stroke was 1.38 (95% CI, 1.19–1.60) for nappers.3 Our 
prospective analysis results are consistent. However, our 
MR results only suggested an association between day-
time nap frequency and ischemic stroke in the 2-sample 
MR, and the nonsignificant results in the 1-sample MR 
might be due to limited ischemic stroke cases in UKB. 
No relationship between daytime napping frequency and 
stroke (not specified) was detected. Possible explanations 
may be residual confounding effects of the observational 
analysis or that the heterogeneity of stroke requires a 
larger sample size to attain statistical significance in MR.

Our study also had some limitations. First, only daytime 
napping frequency data were collected; therefore, the nap 
duration cannot be discussed herein. However, many previ-
ous studies have already focused on nap duration, but only 
a few have taken nap frequency into account and investi-
gated its effects on cardiovascular disease.28 Second, day-
time napping frequency data were self-reported without 
any objective measurement,29 which could provide more 
specific estimates of nap frequency. Third, the measure-
ment of daytime nap frequency (ie, never, sometimes, and 
usually) was nonquantifiable, and the potential J-shaped 
relationship30 of daytime nap frequency and cardiovascu-
lar incident may not have been thoroughly investigated, 
but the dose-response effect of ordinal categorized nap 

Figure 2. Mendelian randomization (MR) results.
MR estimates for the associations between daytime nap frequency and essential hypertension, stroke, or ischemic stroke. The sample size 
represents the number of cases and controls. Two-sample MR results use the random-effects inverse-variance weighted model. The 1-sample 
MR results reflect the association of the weighted nap frequency genetic risk score (GRS) with outcomes in the same UK Biobank (UKB) data 
set. OR indicates odds ratio.
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frequency from our results strengthens the argument 
that daytime napping actually plays a role in hypertension 
and stroke. Fourth, as the nap frequency category (never, 
sometimes, or usually nap) was regarded as a continuous 
variable in MR and given the nature of MR methods, the 
numerical effect estimates in the MR results may not be 
clinically meaningful. Fifth, the generalizability of our study 
participants is limited to predominantly middle-aged and 
elderly individuals with European ancestry.

Finally, the specific biological mechanism for the effect 
of daytime napping on BP regulation or stroke has not yet 
been discovered. The underlying mechanisms are poorly 
understood but may include increased inflammatory indi-
ces31 or the long-term effect of a BP peak after a daytime 
nap.4,32 Our study, along with previous clinical studies, sug-
gests that further examination of the mechanistic basis of 
the association between a healthy sleep pattern, including 
daytime napping, and cardiovascular disease is necessary.

PERSPECTIVES
The prospective cohort and MR evidence suggested that 
daytime napping might represent a potential causal risk 
factor for essential hypertension and ischemic stroke. 
Increased daytime nap frequency is likely to be unfavor-
able in the prevention of incident hypertension and isch-
emic stroke.
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