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BACKGROUND: Limited evidence is available on sex differences about the association between hypertension and incident atrial
fibrillation (AF).

METHODS AND RESULTS: We used a nationwide health checkup and claims database to analyze 3383 738 adults (median age,
43 (36-51) years, 57.4% men). We investigated the relationship between hypertension and incident AF in men and women
using a Cox regression model. We used restricted cubic spline functions to identify the association of blood pressure (BP) as
a continuous parameter with incident AF. We categorized the men and women into 4 groups according to the 2017 American
College of Cardiology/American Heart Association BP guidelines. During a mean follow-up of 1199+950days, 13263 AF di-
agnoses were recorded. The incidence (95% CI) of AF was 15.8 (15.5-16.1) per 10000 person-years in men and 6.1 (5.9-6.3)
per 10000 person-years in women. Compared with normal BP, elevated BP, stage 1 hypertension, and stage 2 hypertension
were associated with an increased risk AF in both men and women. However, the hazard ratios were greater in women than in
men, and the P value for interactions in the multivariable model was 0.0076. The models using restricted cubic spline showed
that the risk of AF associated with elevated systolic BP increased steeply above an approximate threshold of systolic BP of
130mmHg in men and 100mmHg in women. Although our primary findings were consistent across subgroup analyses, this
association was most significant in younger individuals.

CONCLUSIONS: Although the incidence of AF was higher in men, the association between hypertension and incident AF was
more pronounced in women than in men, suggesting a potential sex difference in the relationship between hypertension and
incident AF.
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pressure (BP) status is clinically important. Regarding
the potential sex difference, although the incidence of AF
is known to be higher in men than in women,?#° once
AF occurs, women could have adverse clinical events

the United States, the number of patients with AF
is estimated to increase from 5.2 million in 2010 to
12.1 million in 2030.# Similarly, the prevalence of AF is pro-

Arial fibrillation (AF) is increasing in prevalence.' In

jected to increase from 8.8 million in 2010 to 17.9 million
in 2060 among people aged >55years in the European
Union.® Given this epidemiological background, the pri-
mary prevention of AF is needed from the public health
perspective. For this end, hypertension is one of the
important risk factors for cardiovascular disease includ-
ing AFS7 and the risk stratification of AF using blood

(eg, recurrence, stroke, death).'%2 Therefore, even if the
incidence is low, preventing AF in women is essential.
Furthermore, considering the possible sex difference in
the relationship between the risk factors and incident
cardiovascular events,'® risk stratification for AF by sex
would also be required. However, data on the poten-
tial sex difference in the influence of hypertension on
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CLINICAL PERSPECTIVE
What Is New?

Our analysis of a large-scale real-world data set
including >3 million people demonstrated that
elevated blood pressure, stage 1 hypertension,
and stage 2 hypertension were all associated
with a greater risk of developing atrial fibrillation
in men and women, and this relationship was
more pronounced in women than in men.

What Are the Clinical Implications?

e Women may be more susceptible to increasing
blood pressure than men in the development of
atrial fibrillation, and we need to recognize that
the risk of atrial fibrillation was higher even in
elevated blood pressure compared with normal
blood pressure in both men and women.

Nonstandard Abbreviations and Acronyms

DBP
SBP

diastolic blood pressure
systolic blood pressure

incident AF have been limited. In the present study, we
examined the association of hypertension with incident
AF stratified by sex using a nationwide health checkup
and administrative claims data set and aimed to clarify
whether sex differences are present in the relationship
between hypertension and the risk of developing AF.

METHODS

We used the JMDC Claims Database, commercially
available for anyone who would purchase it, from
JMDC Inc. (UMDC Inc., Tokyo, Japan; https:/www.
jmdc.co.jp/en/). JMDC Inc. is a health care venture
corporation in Japan.

Study Population

In this retrospective observational cohort study, we
used the JMDC Claims Database, consisting of a
combined database of health checkup and admin-
istrative claims database (both outpatient and in-
patient settings) in Japan.®'*'® The JMDC Claims
Database covered individuals who were mainly em-
ployees and their family members in Japan between
January 2005 and April 2021. Japan has a univer-
sal health insurance system, and the JMDC Claims
Database consists of administrative claims records
reimbursed by insurance (eg, medical diagnoses,
pharmacological prescriptions) from >60 insurers,
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and medical diagnoses are registered in the form of
International Classification of Diseases, 10th Revision
(ICD-10) coding. We identified 4534334 individuals
with available health checkup data on BP and blood
test results. Subsequently, we excluded individuals
aged <20years; those with a history of myocardial
infarction, angina pectoris, stroke, heart failure, and
AF; those with a history of renal replacement therapy;
those taking BP-lowering medications; and those with
missing data on cigarette smoking and alcohol con-
sumption. Finally, we obtained 3383738 participants
in this study (Figure 1). In this study, we used data on
BP and the status of BP-lowering medication use only
at the initial health checkup.

Ethics

This study was performed in accordance with the ethi-
cal guidelines of the University of Tokyo (approval by
the Ethical Committee of the University of Tokyo: 2018-
10862) and the principles of the Declaration of Helsinki.
The requirement for informed consent was waived be-
cause all data in the JMDC Claims Database were an-
onymized and deidentified.

BP Measurement

In Japan, employers are obligated to perform health
checkups (generally once a year) for their employees,
and we used BP data at health checkup. BP was
measured during a health checkup according to the
protocol recommended by the Japanese Ministry of
Health, Labor, and Welfare by health care profession-
als after a 5-minute rest (see Data S1).81415

BP Categorization

The participants were categorized into 4 groups
based on BP at initial health checkup: normal BP (sys-
tolic BP (SBP) <120mmHg and diastolic BP (DBP)
<80mmHg), elevated BP (SBP of 120 to 129mmHg
and DBP <80mmHg), stage 1 hypertension (SBP of
130-139mmHg or DBP of 80-89 mmHg), and stage 2
hypertension (SBP >140mmHg or DBP =90 mmHg).'®
Furthermore, we also categorized study participants
into normal/elevated BP that was defined as SBP
<130mmHg and DBP <80mmHg, isolated diastolic
hypertension defined as SBP <130mmHg and DBP
>80mmHg, isolated systolic hypertension defined as
SBP >130mmHg and DBP <80mmHg, and systolic
diastolic hypertension defined as SBP >130mmHg
and DBP >80mmHg.

Risk Factors Other Than BP

Data on body mass index (BMI), and fasting labora-
tory values were obtained using standardized pro-
tocols during the health checkups. Information on
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Individuals with available data on blood pressure in the JMDC Claims
Database (n=4 534 334)

Excluded (n=1 150 596)
Age<20y (n=6868)
History of cardiovascular disease (n=200 244)

History of renal replacement therapy (n=1092)
Taking BP-lowering medications

Missing data on cigarette smoking
Missing data on alcohol consumption (n=333 889)

(n=344 737)
(n=263 766)

Included (n=3 383 738)

Figure 1. Flowchart.

Study population after applying inclusion and exclusion criteria.

cigarette smoking (current or noncurrent) and alcohol
consumption (every day or not every day) were col-
lected from self-reported questionnaires at the health
checkup. Overweight and obesity were defined as BMI
>25kg/m?. Diabetes was defined as having a fasting
glucose level >126mg/dL or using glucose-lowering
medications. Dyslipidemia was defined as low-density
lipoprotein cholesterol level >140mg/dL, high-density
lipoprotein cholesterol level <40mg/dL, triglyceride
level >150mg/dL, or using lipid-lowering medications.

Outcomes
Information on the outcomes was collected between

January 2005 and April 2021. The primary outcome
was AF (/ICD-10 code: 1480-1484, and 1489).

Statistical Analysis

We analyzed the study population stratified by sex.
The data are expressed as median (Q1-Q3) for con-
tinuous variables or number (percentage) for categori-
cal variables. The statistical significance of differences
between men and women on clinical characteristics
were assessed using unpaired t test and Chi-squared
test, for continuous variables and for categorical vari-
ables, respectively. We performed analyses using Cox
regression to examine the association between BP
categories and incident AF. We calculated hazard ra-
tios (HRs) in an unadjusted model (Model 1), an age-
adjusted model (Model 2), and after adjustment for age,
BMI, diabetes, dyslipidemia, cigarette smoking, and
alcohol consumption using the forced entry method
(Model 3). To examine whether the BP category had a
differential relationship with incident AF by sex, multi-
plicative interaction terms for sex were calculated. We
performed a stratified subgroup analysis by age (>50
versus <b0years) or alcohol consumption (every day
versus not every day). We checked the proportional
hazard assumption for Cox proportional hazard mod-
els using Schoenfeld residuals.
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We evaluated the dose-response relationship of
SBP or DBP with the risk of developing AF using a
restricted cubic spline regression model. We used
4 knots for SBP and DBP (5th, 35th, 65th, and 95th
percentiles), with the reference point set at SBP of
120mmHg and DBP of 80 mmHg. The HR of SBP or
DBP as a continuous variable was adjusted for age,
BMI, diabetes, dyslipidemia, cigarette smoking, and
alcohol consumption.

Four sensitivity analyses were conducted. First, we
included individuals taking BP-lowering medications at
the initial health checkup; these individuals had been
excluded from the main analysis as shown in Figure 1.
Second, we imputed missing data on cigarette smok-
ing and alcohol consumption and obtained results,
as previously described."'® Briefly, we performed the
analysis using the multiple imputation by the chained
equation method with 20 iterations described by
Aloisio et al,'® and obtained the HRs with standard er-
rors based on Rubin’s rules.?® Third, because death
could be regarded as a competing risks with AF events,
we also conducted a competing risks analysis using
cause-specific Cox proportional hazard modeling.2"??
Fourth, we added use of sex hormones or modulators
of genital system medications (ATC code of G03) to
multivariable Cox regression model (model 3).

Statistical significance was set at a P value <0.05.
All statistical analyses were conducted using STATA
version 17 (StataCorp LLC, College Station, TX, USA).

RESULTS

Clinical Characteristics

The clinical characteristics of the study participants
are summarized in Table 1. The median (interquar-
tile range) age was 43 (36-51) years, and 1943708
participants (67.4%) were men. The median age was
44 years in women, and 43years in men. The SBP and
DBP were higher in men than in women. Accordingly,
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Table 1. Baseline Characteristics
Men (n=1943708) Women (n=1440030) P value

Age, y 43 (36-51) 44 (36-51) <0.001
Body mass index, kg/m? 23.1 (211-25.9) 20.9 (19.2-23.2) <0.001
Overweight/obesity, n (%) 548872 (28.2) 210716 (14.6) <0.001
Systolic blood pressure, mmHg 120 (111-129) 111 (102-122) <0.001
Diastolic blood pressure, mmHg 75 (67-82) 68 (61-76) <0.001
Blood pressure category <0.001

Normal blood pressure, n (%) 851494 (43.8) 971120 (67.4)

Elevated blood pressure, n (%) 336104 (17.3) 167421 (11.6)

Stage 1 hypertension, n (%) 491298 (25.3) 199296 (13.8)

Stage 2 hypertension, n (%) 264817 (13.6) 102193 (7.1)
Diabetes, n (%) 65133 (3.4) 16038 (1.1) <0.001
Dyslipidemia, n (%) 875301 (45.0) 387728 (26.9) <0.001
Low-density lipoprotein cholesterol, 122 (101-144) 113 (94-135) <0.001
mg/dL
High-density lipoprotein cholesterol, 56 (48-67) 70 (61-81) <0.001
mg/dL
Triglycerides, mg/dL 94 (65-140) 64 (48-89) <0.001
Fasting plasma glucose, mg/dL 93 (87-100) 89 (84-94) <0.001
Cigarette smoking, n (%) 707 446 (36.4) 159791 (11.1) <0.001
Alcohol consumption, n (%) 552688 (28.4) 172932 (12.0) <0.001

Data are reported as medians (interquartile range) or numbers (percentage), where appropriate.

the prevalence of stage 1 and stage 2 hypertension
were higher in men than in women. Moreover, men had
a higher BMI and a higher prevalence of diabetes, dys-
lipidemia, cigarette smoking, and alcohol consumption
than women.

BP Category and AF

During a mean follow-up period of 1199+950days,
10601 AF diagnoses were recorded in men, and the
incidence of AF was 15.8 (95% ClI, 15.5-16.1) per 10000
person-years. In women, 2662 AF events were re-
corded, and the incidence of AF was 6.1 (95% Cl, 5.9
6.3) per 10000 person-years. The risk of AF increases
with increasing BP. Compared with normal/elevated BP,
HRs of elevated BP, stage 1 hypertension, and stage
2 hypertension for AF were 110 (95% ClI, 1.03-1.17),
117 (95% CI, 1.11-1.23), and 1.55 (95% ClI, 1.47-1.63)
in men, respectively. HRs of elevated BP, stage 1 hy-
pertension, and stage 2 hypertension for AF were 1.22
(95% ClI, 1.08-1.37), 1.37 (95% Cl, 1.23-1.562), and 1.89
(95% Cl, 1.68-2.12) in women, respectively. The P value
for interaction was 0.0076 in the model 3, suggesting
that the significant association of the BP category with
incident AF was modified by sex (Table 2). We checked
the proportional hazard assumption by Schoenfeld re-
sidual tests, and there was no breach of this hypothesis
(P=0.060 for men, P=0.462 for women).

The BP category was associated with the inci-
dence of AF in men and women, not only in people
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aged >b50years, but also in those aged <50years.
The P value for the interaction assessing the associ-
ation of BP category with incident AF between men
and women was statistically significant in people aged
<b0years, but not in those aged >50years. The asso-
ciation of hypertension with incident AF was greater
in women than in men among both people with and
without alcohol consumption. However, the statistically
significant interaction was more robust in people with
alcohol consumption (Table 3).

Furthermore, compared with the normal/elevated
BP, isolated diastolic hypertension, isolated systolic
hypertension, and systolic diastolic hypertension were
associated with an increased risk of developing AF
in both men and women, and this relationship was
more pronounced in women than in men (Table S1).
The significant interaction assessing the association of
this alternative BP category with incident AF between
men and women was only observed in people aged
<b0years (Table S2).

Restricted Cubic Spline

Restricted cubic spline showed that the risk of AF
associated with elevated systolic BP increased
steeply above an approximate threshold of systolic
BP of 130mmHg in men and 100mmHg in women.
In men, the risk of AF as a function of DBP was flat
(ie, did not increase with respect to DBP) when DBP
<80mmHg but increased steadily above a threshold
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of DBP >80mmHg. In women, the risk of AF increased
steadily throughout the range of DBP, without thresh-
old (Figure 2).

Sensitivity Analyses

First, we added 301 915 individuals taking BP-lowering
medications to the population of the main analysis
(h=8383738) and analyzed 3685653 individuals in
this sensitivity analysis. In this population, the main re-
sults were almost unchanged (Table S3). Second, after
multiple imputations, 15803 AF events were recorded
in 3981393 individuals. As also seen in this analysis,
the association between BP category and incident AF
was greater in women than in men (Table S4). Third,
our primary results were consistent with those of a
competing risks model (Table S5). Fourth, after adding
use of sex hormones or modulators of genital system
medications to model 3, our primary findings were un-
changed (Table S6).

DISCUSSION

The current analyses using a large-scale health checkup
and administrative claims database including >3000000
individuals demonstrated that hypertension was associ-
ated with a higher risk of developing AF in both men
and women, and the relationship between hypertension
and incident AF was more pronounced in women than
in men. This relationship is consistent across a variety of
sensitivity analyses. This is the first epidemiological data
suggesting a potential sex difference in the association
between hypertension and the subsequent risk of AF
using a large-scale real-world data set.

In agreement with preceding studies,>®° the in-
cidence of AF was higher in men than in women.
Furthermore, the status of cardiovascular risk factors,
including BP, was much better in women than in men.
Nevertheless, our analyses demonstrated that the
relationship between hypertension and incident AF
was more pronounced in women than that in men.
The restricted cubic spline suggested that the risk
of AF began to increase with SBP or DBP earlier in
women than in men. Women may be more susceptible
to BP than men are in terms of the risk of developing
AF. Several possible explanations for this have been
suggested. First, the baseline risk of developing AF is
lower in women than in men. Therefore, the influence
of hypertension could be more pronounced in women.
Accordingly, as shown in Table 3, among older indi-
viduals, we did not find the P value for the interaction
statistically significant. In the older people, the baseline
AF risk markedly increases in both men and women,
and the menopause-associated changes also in-
crease the risk of AF in women,® which would have
attenuated the sex difference in the hypertension-AF
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Figure 2. Restricted cubic spline.

Restricted cubic spline of systolic blood pressure (A) and diastolic blood pressure (B) in the incidence of atrial fibrillation. We used 4
knots for change in systolic blood pressure (5, 35, 65, and 95 percentiles), with the reference point set at systolic blood pressure of
120mmHg and diastolic blood pressure of 80 mmHg. The hazard ratio of systolic or diastolic blood pressure as a continuous variable
was adjusted for age, obesity, diabetes, dyslipidemia, cigarette smoking, and alcohol consumption.

relationship. Second, there are various sex differences
in the pathological mechanisms of AF (including struc-
tural, electrophysiological, and hormonal factors),?®
which may explain our results. For example, sex differ-
ences in atrial anatomy or tissue fibrosis are involved
in sex-specific responses to hypertension in the de-
velopment of AF.2425 Third, recent advances in basic
research have also identified possible sex differences
in the pathology of hypertension.?® For example, the
anti-inflammatory profile is greater in females as a
compensatory mechanism for hypertension, and this
enhanced anti-inflammatory response would be me-
diated by angiotensin type 2 receptor.?® Disruption of
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such regulatory mechanisms may be greater in women
than in men, and induce not only hypertension, but
also the development of AF. The underlying patholog-
ical link between hypertension and AF could explain
the sex difference in the relationship between hyper-
tension and incident AF.

Our study has several strengths and clinical im-
plications. Our data set included a large sample size
with high retention attributable to the linkage of insur-
ance records, which enabled various sensitivity anal-
yses that strengthened the robustness of our results.
Although the incidence of AF was lower in women,
our results underscore the importance of BP control
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in women for the primary AF prevention and should
not underestimate the clinical significance of BP in
both men and women. Results of subgroup analy-
ses are also important. Subgroup analysis stratified
by age showed that the interaction between sex and
BP as risk factors for incident AF was most significant
in the subgroup of individuals <50years of age. This
might be attributable to a potential complex interaction
on the risk of hypertension and AF between age and
sex,?"?® and we need further investigations regarding
this point. Subgroup analysis stratified by alcohol con-
sumption showed that the sex-specific relationship be-
tween medication-naive BP and incident AF was more
pronounced in people with daily alcohol consumption.
Unfortunately, our data set lacks detailed information
on alcohol consumption (eg, amount of alcohol con-
sumption), and thus, it is difficult to deepen this result
any further. However, given that alcohol drinking is in-
volved in the pathogenesis of both hypertension and
AF, and given the results from our subgroup analysis,
further studies are needed to explore sex differences
in the cardiovascular effects of alcohol consumption.
It is also essential that in both men and women, the
risk of AF started to increase from BP values much
lower than the SBF/DBP of 140/90mmHg, which is
the classical cut-off value for diagnosing hypertension.
Indeed, SPRINT (Systolic Blood Pressure Intervention
Trial) demonstrated that intensive BP-lowering treat-
ment in patients with hypertension reduced the risk of
AF.2° Furthermore, the results of cubic spline suggest
that the optimal BP value would be lower in women
than in men. Therefore, our results would be helpful in
determining target BP values from the point of view of
AF prevention. Because of the retrospective nature of
this study, we cannot conclude a causal relationship,
and further investigations are required to identify ade-
quate BP management for both men and women from
the perspective of primary AF prevention.

This study had several limitations that should be ad-
dressed. Most limitations of this study are common to
other studies using this health checkup and administra-
tive claims database, as we described previously.8141°
We used BP data measured at health checkups and
conducted BP measurement on a single occasion,
which may not fully represent the BP phenotype of
study participants. Although health care professionals
(eg, nurses) are requested to measure BP according
to the standardized protocol of the Ministry of Health,
Labor, and Welfare, adherence to this protocol might
be lenient in a busy clinical setting. Because the JMDC
Claims Database primarily includes employed working-
age individuals, a selection bias (healthy worker bias)
should be considered, and our results need to be val-
idated by other independent data sets. In addition,
when compared with countries with a diversity of eth-
nicities such as the United States, Japan is a relatively
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homogeneous country; this fact should be considered
when our results are applied to other populations.
Although we performed multivariable Cox regression
analyses, we could not eliminate potential unmeasured
confounders and residual bias (eg, salt intake, socio-
economic status, and psychological factors). Moreover,
while the accuracy of recorded diagnoses in an ad-
ministrative claims data set was reported to be high in
Japan,®%8! the recorded diagnoses of administrative
data sets should generally be considered as less well-
validated. In this study, we focused on the sex differ-
ence in the association between medication-naive BP
and the risk of developing AF. However, it is interesting
that this sex difference was seemingly attenuated if we
included people taking BP-lowering medications as
shown in Table S3 and we need further investigations
regarding the potential sex difference in the association
of BP on BP-lowering treatment and the subsequent
risk of AF. Although we used a large-scale database,
the number of AF events in women was relatively small,
and thus, the Cls for the results in women were wide.

CONCLUSIONS

We analyzed a large-scale health checkup and ad-
ministrative claims database and found that elevated
BP, stage 1 hypertension, and stage 2 hypertension
were associated with a higher subsequent risk of AF
in both men and women. However, the relationship
between the BP category and incident AF was more
pronounced in women than in men, suggesting a sex
difference in the association between hypertension
and incident AF. Therefore, we may need to recognize
the significance of hypertension, particularly in women,
in the primary prevention of AF.
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Data S1. Methods of Blood Pressure Measurement

1. The auscultation method should use an accurately calibrated mercury or aneroid
sphygmomanometer. A calibrated electronic sphygmomanometer can also be used.

2. Healthcare professionals should choose the correct cuff size and wrap the cuff around
the arm, with the center of the cuff bladder over the brachial artery. The stethoscope,
standard sphygmomanometers, and cuff and bulb should be checked regularly to ensure
that BP measurements have a standardized high level of accuracy and precision. The
appropriate BP cuff size should be determined by measuring the participant’s arm
circumference at the mid-point between the acromion and olecranon. A cuff with a
bladder 13 cm wide and 22—-24 cm long should be used for the auscultation method. A
pediatric cuff should be used for a brachial girth less than 27 cm, and a large adult cuff
for an arm girth >34 cm.

3. Caffeine, eating, heavy physical activity, smoking, and talking should be avoided
before measurement.

4. Research staff should measure right-arm brachial artery blood pressure two times after
the participant had been sitting in a quiet room for 5 minutes in a seated position on a
chair with back support and the participant’s legs uncrossed. The inner aspect of the bend
at the elbow (cubital fossa) should be maintained at heart level.

5. Measurement: The cuff should rapidly be inflated while palpating the radial or brachial
artery, and the stethoscope should be applied once the pressure in the blood pressure cuff
has risen to 20-30 mmHg or more above the level at which the radial (or brachial) arterial
pulse is no longer palpable. Then, the cuff should be slowly deflated (2 mmHg per
second). Staff should record the 1st and 5th Korotkoft sounds, rounding the pressure in
mmHg to the nearest even number and recording it.

6. The measurements should be performed two times at an interval of > 1 min, and the
mean value of two measurements that provide stable values (difference in the values:

<5 mmHg) should be used for the analyses.




Table S1. Alternative Blood Pressure Categorization and Atrial Fibrillation Stratified by Sex

Men Women
Normal/Eleva Isolated Isolated Systolic Normal/Eleva Isolated Isolated Systolic P for
ted BP Diastolic Systolic Diastolic ted BP Diastolic Systolic Diastolic interaction
Hypertension Hypertension Hypertension Hypertension Hypertension  Hypertension
No. of Individuals 1,187,598 278,915 94,058 383,137 1,138,541 107,489 52,192 141,808  —--—---
No. of Events 4,816 1,868 620 3,297 1,716 266 178 502 -
Incidence (10000 11.9 18.5 19.5 24.5 4.9 8.3 11.1 120 -
person-years) (11.6-12.3) (17.7-19.3) (18.0-21.1) (23.7-25.3) (4.7-5.2) (7.4-9.4) (9.6-12.9) (11.0-13.0)
Model 1 1 [Reference] 1.54 1.62 2.04 1 [Reference] 1.69 2.24 2.42 0.0002
(1.46-1.63) (1.49-1.77) (1.95-2.13) (1.48-1.92) (1.92-2.62) (2.19-2.68)
Model 2 I [Reference] 1.24 1.36 1.41 1 [Reference] 1.39 1.38 1.60 0.0894
(1.17-1.30) (1.25-1.48) (1.35-1.48) (1.22-1.58) (1.18-1.62) (1.45-1.77)
Model 3 I [Reference] 1.19 1.31 1.31 1 [Reference] 1.38 1.37 1.57 0.0097
(1.12-1.25) (1.20-1.42) (1.25-1.38) (1.21-1.57) (1.17-1.60) (1.42-1.75)

Model 1=Unadjusted Model. Model 2=Adjusted for age. Model 3=Adjusted for age, body mass index, diabetes mellitus, dyslipidemia, cigarette smoking, and
alcohol consumption.



Table S2. Subgroup Analysis of Alternative Blood Pressure Categorization and Atrial Fibrillation Stratified by Sex

Age > 50 years
Men Women
Normal/Eleva Isolated Isolated Systolic Normal/Eleva Isolated Isolated Systolic P for
ted BP Diastolic Systolic Diastolic ted BP Diastolic Systolic Diastolic interaction
Hypertension Hypertension Hypertension Hypertension Hypertension Hypertension
No. of Individuals 263,019 100,875 28,015 173,059 276,587 40,512 30,943 79,496 -
No. of Events 2,559 1,107 411 2,198 796 144 130 R
Incidence (10000 27.8 314 44.7 38.2 9.8 12.4 15.3 158 e
person-years) (26.7-28.9) (29.6-33.3) (40.5-49.2) (36.7-39.9) (9.2-10.6) (10.6-14.6) (12.8-18.1) (14.2-17.6)
Model 1 I [Reference] 1.13 1.61 1.38 I [Reference] 1.27 1.55 1.61 0.1023
(1.05-1.21) (1.45-1.78) (1.30-1.46) (1.06-1.51) (1.29-1.87) (1.42-1.83)
Model 2 I [Reference] 1.16 1.36 1.31 I [Reference] 1.27 1.24 1.46 0.2354
(1.09-1.25) (1.23-1.51) (1.24-1.39) (1.06-1.52) (1.03-1.50) (1.29-1.66)
Model 3 I [Reference] 1.13 1.32 1.24 I [Reference] 1.25 1.22 1.41 0.1615
(1.05-1.21) (1.18-1.46) (1.17-1.31) (1.05-1.49) (1.01-1.47) (1.24-1.61)
Age < 50 years
Men Women
Normal/Eleva Isolated Isolated Systolic Normal/Eleva Isolated Isolated Systolic P for
ted BP Diastolic Systolic Diastolic ted BP Diastolic Systolic Diastolic interaction
Hypertension Hypertension Hypertension Hypertension Hypertension Hypertension
No. of Individuals 924,579 178,040 66,043 210,078 861,954 66,977 21,249 62,312 -
No. of Events 2,257 761 209 1,099 920 122 48 157 e
Incidence (10000 7.2 11.6 9.3 14.2 3.5 6.0 6.4 7.8 -
person-years) (7.0-7.6) (10.8-12.4) (8.1-10.6) (13.4-15.1) (3.2-3.7) (5.0-7.2) (4.8-8.5) (6.7-9.1)
Model 1 1 [Reference] 1.57 1.25 1.91 1 [Reference] 1.74 1.81 2.24 0.0581
(1.45-1.70) (1.08-1.44) (1.78-2.06) (1.44-2.10) (1.35-2.42) (1.89-2.65)
Model 2 1 [Reference] 1.31 1.36 1.58 1 [Reference] 1.57 1.60 1.89 0.1053
(1.20-1.42) (1.18-1.57) (1.47-1.70) (1.30-1.90) (1.20-2.14) (1.59-2.24)



Model 3 I [Reference] 1.24 1.29 1.43 1 [Reference] 1.58 1.62 1.91 0.0068
(1.14-1.35) (1.12-1.48) (1.32-1.54) (1.31-1.92) (1.21-2.17) (1.59-2.28)

Model 1=Unadjusted Model. Model 2=Adjusted for age. Model 3=Adjusted for age, body mass index, diabetes mellitus, dyslipidemia, cigarette smoking, and
alcohol consumption.



Table S3. Blood Pressure Category and Atrial Fibrillation Stratified by Sex including individuals with taking antihypertensive medications

Men Women
Normal Elevated Stage Stage Normal Elevated Stage Stage 2 P for
Blood Blood Hypertension  Hypertension Blood Blood Hypertension ~ Hypertension interaction
Pressure Pressure Pressure Pressure
No. of Individuals 886,696 362,403 570,015 335,554 992,612 180,759 228,589 129,025 -
No. of Events 3,857 1,903 4,424 3,891 1,464 464 711 500 -
Incidence (10000 12.8 15.7 21.7 343 4.9 8.4 10.3 162 -
person-years) (12.4-13.2) (15.0-16.4) (21.1-22.4) (33.3-35.4) (4.6-5.1) (7.7-9.2) (9.5-11.0) (14.9-17.5)
Model 1 1 [Reference] 1.23 1.70 2.69 1 [Reference] 1.73 2.11 3.35 <0.001
(1.16-1.30) (1.62-1.77) (2.57-2.81) (1.55-1.92) (1.93-2.31) (3.04-3.69)
Model 2 1 [Reference] 1.15 1.28 1.68 1 [Reference] 1.27 1.41 1.85 0.1525
(1.09-1.22) (1.23-1.34) (1.61-1.76) (1.14-1.41) (1.29-1.55) (1.68-2.05)
Model 3 I [Reference] 1.11 1.20 1.52 1 [Reference] 1.24 1.38 1.78 0.0175
(1.05-1.17) (1.15-1.26) (1.45-1.60) (1.12-1.38) (1.25-1.51) (1.60-1.93)
Model 4 1 [Reference] 1.09 1.16 1.45 1 [Reference] 1.22 1.31 1.64 0.0694
(1.03-1.15) (1.11-1.22) (1.39-1.52) (1.10-1.36) (1.19-1.44) (1.47-1.82)

Model 1=Unadjusted Model. Model 2=Adjusted for age. Model 3=Adjusted for age, body mass index, diabetes mellitus, dyslipidemia, cigarette smoking, and
alcohol consumption. Model 4=Adjusted for age, body mass index, diabetes mellitus, dyslipidemia, cigarette smoking, alcohol consumption, and the presence of

antihypertensive medications.



Table S4. Blood Pressure Category and Atrial Fibrillation Stratified by Sex after Multiple Imputations

Men Women
Normal Elevated Stage Stage Normal Elevated Stage 1 Stage 2 P for
Blood Blood Hypertension  Hypertension Blood Blood Hypertension ~ Hypertension interaction
Pressure Pressure Pressure Pressure
No. of Individuals 1,023,634 411,638 585,119 311,154 1,115,074 192,088 227,479 115,207 —--—--
No. of Events 3,939 1,800 3,808 3,179 1,565 439 597 476 e
Incidence (10000 10.7 12.3 17.2 28.7 4.5 7.2 8.4 142 -
person-years) (10.4-11.1) (11.7-12.9) (16.7-17.8) (27.8-29.8) (4.3-4.7) (6.6-7.9) (7.7-9.1) (13.0-15.6)
Model 1 I [Reference] 1.14 1.59 2.67 1 [Reference] 1.60 1.86 3.18 <0.001
(1.08-1.20) (1.52-1.66) (2.55-2.80) (1.44-1.78) (1.69-2.04) (2.87-3.52)
Model 2 I [Reference] 1.14 1.25 1.71 1 [Reference] 1.24 1.32 1.89 0.1433
(1.07-1.20) (1.19-1.31) (1.63-1.80) (1.11-1.38) (1.20-1.46) (1.70-2.11)
Model 3 1 [Reference] 1.10 1.19 1.58 1 [Reference] 1.24 1.31 1.87 0.0259
(1.04-1.17) (1.13-1.24) (1.50-1.66) (1.11-1.38) (1.19-1.45) (1.68-2.09)

Model 1=Unadjusted Model. Model 2=Adjusted for age. Model 3=Adjusted for age, body mass index, diabetes mellitus, dyslipidemia, cigarette smoking, and

alcohol consumption.



Table S5. Blood Pressure Category and Atrial Fibrillation Stratified by Sex using the cause-specific Cox proportional hazard modeling

Men Women
Normal Elevated Stage Stage Normal Elevated Stage Stage 2 P for
Blood Blood Hypertension  Hypertension Blood Blood Hypertension ~ Hypertension interaction
Pressure Pressure Pressure Pressure
No. of Individuals 851,494 336,104 491,293 264,817 971,120 167,421 199,296 102,193 —--—--
No. of Events 3,326 1,490 3,160 2,625 1,345 371 532 414 -
Incidence (10000 11.4 13.2 17.8 29.1 4.6 7.2 8.7 143 -
person-years) (11.1-11.8) (12.6-13.9) (17.2-18.4) (28.0-30.3) (4.3-4.8) (6.5-8.0) (8.0-9.5) (13.0-15.7)
Model 1 1 [Reference] 1.15 1.54 2.54 1 [Reference] 1.57 1.91 3.16 <0.001
(1.08-1.23) (1.47-1.62) (2.41-2.67) (1.40-1.77) (1.73-2.12) (2.83-3.53)
Model 2 1 [Reference] 1.13 1.23 1.68 1 [Reference] 1.22 1.38 1.91 0.1066
(1.06-1.20) (1.17-1.29) (1.59-1.76) (1.08-1.37) (1.24-1.52) (1.70-2.14)
Model 3 1 [Reference] 1.10 1.17 1.55 1 [Reference] 1.22 1.37 1.89 0.0076
(1.03-1.17) (1.11-1.23) (1.47-1.63) (1.08-1.37) (1.23-1.52) (1.68-2.12)

Model 1=Unadjusted Model. Model 2=Adjusted for age. Model 3=Adjusted for age, body mass index, diabetes mellitus, dyslipidemia, cigarette smoking, and
alcohol consumption.



Table S6. Blood Pressure Category and Atrial Fibrillation Stratified by Sex after additional adjustment for use of sex hormones and modulators of the
genital system medications

Men Women
Normal Elevated Stage 1 Stage 2 Normal Elevated Stage 1 Stage 2 P for
Blood Blood Hypertension Hypertension Blood Blood Hypertension Hypertension interaction
Pressure Pressure Pressure Pressure
No. of Individuals 851,494 336,104 491,293 264,817 971,120 167,421 199,296 102,193 -
No. of Events 3,326 1,490 3,160 2,625 1,345 371 532 414 -
Incidence (10000 11.4 13.2 17.8 29.1 4.6 7.2 8.7 143 -
person-years) (11.1-11.8) (12.6-13.9) (17.2-18.4) (28.0-30.3) (4.3-4.8) (6.5-8.0) (8.0-9.5) (13.0-15.7)
Model 1 1 [Reference] 1.15 1.54 2.54 1 [Reference] 1.57 1.91 3.16 <0.001
(1.08-1.23) (1.47-1.62) (2.41-2.67) (1.40-1.77) (1.73-2.12) (2.83-3.53)
Model 2 1 [Reference] 1.13 1.23 1.68 1 [Reference] 1.22 1.38 1.91 0.1525
(1.06-1.20) (1.17-1.29) (1.59-1.76) (1.09-1.37) (1.24-1.52) (1.70-2.14)
Model 3 1 [Reference] 1.10 1.17 1.55 1 [Reference] 1.22 1.37 1.89 0.0073
(1.03-1.17) (1.11-1.23) (1.47-1.63) (1.08-1.37) (1.23-1.52) (1.68-2.13)

The association between blood pressure category and atrial fibrillation stratified by sex is summarized. The incidence is presented in in 10000 person-years. Model
1=Unadjusted Model. Model 2=Adjusted for age. Model 3=Adjusted for age, body mass index, diabetes mellitus, dyslipidemia, cigarette smoking, alcohol
consumption, and use of sex hormones and modulators of the genital system medications.
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