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Abstract

Elevated blood pressure and hypertension have been associated with increased risk of atrial fibrillation in a number of epide-
miological studies, however, the strength of the association has differed between studies. We conducted a systematic review
and meta-analysis of the association between blood pressure and hypertension and atrial fibrillation. PubMed and Embase
databases were searched for studies of hypertension and blood pressure and atrial fibrillation up to June 6th 2022. Cohort
studies reporting adjusted relative risk (RR) estimates and 95% confidence intervals (ClIs) of atrial fibrillation associated
with hypertension or blood pressure were included. A random effects model was used to estimate summary RRs. Sixty eight
cohort studies were included in the meta-analysis. The summary RR was 1.50 (95% CI: 1.42-1.58, 12=98.1%, n=56 stud-
ies) for people with hypertension compared to those without hypertension (1,080,611 cases, 30,539,230 participants), 1.18
(95% CI: 1.16-1.21, ’=65.9%,n=37 studies) per 20 mmHg increase in systolic blood pressure (346,471 cases, 14,569,396
participants), and 1.07 (95% CI: 1.03-1.11, I’=91.5%, n=22 studies) per 10 mmHg increase in diastolic blood pressure
(332,867 cases, 14,354,980 participants). There was evidence of a nonlinear association between diastolic blood pressure
and atrial fibrillation with a steeper increase in risk at lower levels of diastolic blood pressure, but for systolic blood pres-
sure the association appeared to be linear. For both systolic and diastolic blood pressure, the risk increased even within the
normal range of blood pressure and persons at the high end of systolic and diastolic blood pressure around 180/110 mmHg
had a 1.8-2.3 fold higher risk of atrial fibrillation compared to those with a blood pressure of 90/60 mmHg. These results
suggest that elevated blood pressure and hypertension increases the risk of atrial fibrillation and there is some increase in
risk even within the normal range of systolic and diastolic blood pressure.
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Introduction were diagnosed worldwide in 2010 [2] and the prevalence of

atrial fibrillation has been estimated at 33 million in 2015 [3].
Atrial fibrillation presents a considerable public health burden ~ In the USA the prevalence of atrial fibrillation has been pro-
and is the most common type of arrhythmia affecting around  jected to increase from 2.3 million in 1996-1997 to 5.6 million
1-2% of the general population, increasing to around 10% of by 2050 [4]. Patients with atrial fibrillation are at increased
persons by 80 years of age [1]. Five million incident cases  risk of a number of complications, most notably stroke, heart
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failure, dementia and all-cause mortality [5, 6]. Several risk
factors for atrial fibrillation have been established including
age, sex, diabetes, coronary heart disease, heart failure, smok-
ing, alcohol, obesity, low physical activity and possibly high
intensity physical activity [7-15].

Elevated blood pressure is the leading cause of death and
disability-adjusted life-years (DALYSs) globally with 10.4 mil-
lion deaths and 218 million DALY attributable to elevated
systolic blood pressure in 2017 according to the Global Burden
of Disease Study [16]. Although elevated blood pressure is an
established risk factor for several cardiovascular diseases, data
regarding blood pressure and risk of atrial fibrillation have to
our knowledge not been summarized in a meta-analysis. A
large number of cohort studies have investigated the associa-
tion between hypertension and the risk of atrial fibrillation
[7-9, 17-65], and most of these found an increased risk [7, 8,
17-22,24-31, 33, 34, 3649, 51-62, 64, 65], with few studies
reporting no association [9, 23, 32, 35, 50, 63], however, the
strength of the association has differed considerably between
studies with reported relative risks reported ranging from
0.93 to 2.85 [7-9, 17-59]. In addition, several studies have
investigated the association between systolic [8, 18, 20, 29, 33,
34, 39,41, 42, 44, 46, 51, 55, 63, 65-80] or diastolic [8, 29,
33, 39, 41, 44, 46, 51, 55, 67-70, 72-74, 79, 81] blood pres-
sure and risk of atrial fibrillation with most studies reporting
increased risk for increasing systolic blood pressure [18, 20,
29, 34, 39, 41, 44, 46, 51, 55, 65-72, 74-80], while results
have been more mixed for diastolic blood pressure with some
showing an increased risk [39, 44, 51, 55, 67-69, 72, 79, 82]
but other studies showing no association [8, 29, 33, 46, 70,
73,74, 81], or even reduced risk [41, 77] with higher diastolic
blood pressure.

Establishing whether hypertension and elevated blood pres-
sure increases the risk of atrial fibrillation would be important
from a preventive point of view as it is a risk factor that could
be modified by diet, physical activity, weight control and phar-
maceutical drugs [83]. In addition it would be useful to bet-
ter characterize the strength and shape of the dose-response
relationship between blood pressure and atrial fibrillation to
clarify whether the association is dose-dependent or if there
are threshold effects. We conducted a systematic review and
meta-analysis of cohort studies on hypertension and blood
pressure in relation to the risk of atrial fibrillation to clarify
the strength and shape of the dose—response relationship, and
to identify potential sources of heterogeneity in the results.

Material and methods
Search strategy and inclusion criteria

We searched Pubmed, and Embase databases up to June 9th
2022 for eligible studies. The search strategy is provided in
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the Supplementary Text. We followed standard criteria for
conducting and reporting meta-analyses [84]. In addition,
we searched the reference lists of the identified publications
for further studies.

Study selection

We included published retrospective and prospective cohort
studies and nested case—control studies within cohorts that
investigated the association between blood pressure or
hypertension and the risk of atrial fibrillation (any type).
Retrospective case—control studies were excluded because
of their potential for recall bias and selection bias and cross-
sectional studies were excluded because of difficulties in
establishing cause and effect relationships. Estimates of the
relative risk adjusted for at least one confounding factor had
to be available with the 95% confidence intervals (CIs) in
the publication. Conference abstracts, grey literature and
non-English publications were not included. When multi-
ple publications were available from the same study, the
study with the largest number of cases was used in general.
However, overlapping publications were used in specific
subgroup analyses by sex or ethnicity, when the article used
for the main analysis did not report such stratified analy-
ses. Overlapping publications that reported risk estimates
in three categories or more were also used for the nonlinear
dose-response analyses (as the nonlinear analysis requires
categorical data) if the article included in the main analysis
only reported risk estimates on a continuous scale. A list of
the excluded studies can be found in Supplementary Table 1.
DA, YMS, EK and TF did the study selection in duplicate
and any disagreements were resolved by discussion.

Data extraction

The following data were extracted from each study: The
first author’s last name, publication year, country where the
study was conducted, study period, sample size, number
of cases and participants, exposure (hypertension, systolic
blood pressure, or diastolic blood pressure), subgroup (e.g.
sex, race), relative risks (RRs) and 95% ClIs for hyperten-
sion versus no hypertension or for increments in systolic or
diastolic blood pressure and variables adjusted for in the
analysis. DA did the data extraction and it was checked for
accuracy by YMS.

Statistical methods

We calculated summary RRs (95% Cls) of atrial fibrilla-
tion for participants with hypertension compared with par-
ticipants without hypertension and for systolic and diastolic
blood pressure using the random-effects model by DerSimo-
nian and Laird [85] which takes into account both within and
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between study variation (heterogeneity). The average of the
natural logarithm of the RRs was estimated and the RR from
each study was weighted by the inverse of its variance. Lin-
ear dose-response analyses were conducted per 20 mmHg
for systolic blood pressure and per 10 mmHg for diastolic
blood pressure (consistent with previous studies [86—88])
using the method of Greenland and Longnecker [89]. For
studies that reported blood pressure by ranges we estimated
the midpoint for each category by calculating the average of
the upper and lower cut-off points. For open-ended catego-
ries we used the width of the adjacent interval to estimate an
upper or lower cut-off value for the extreme category. Frac-
tional polynomial models were used to investigate a potential
nonlinear association between systolic and diastolic blood
pressure and risk of atrial fibrillation [90]. A log-likelihood
test was used to test for nonlinearity [91].

Heterogeneity between studies was evaluated using Q
and I? statistics [92]. I? is an estimate of how much of the
heterogeneity that is due to between study variation rather
than chance. I*-values of 25%, 50% and 75% indicates low,
moderate and high heterogeneity respectively. We conducted
main analyses (all studies combined) and stratified by study
characteristics such as sample size, number of cases, whether
prevalent cases were excluded or not, geographic location,
study quality and by adjustment for confounding factors to
investigate potential sources of heterogeneity and we used
meta-regression analyses to test for differences in summary
estimates between subgroups. Study quality was assessed
using the Newcastle Ottawa scale which rates studies accord-
ing to selection, comparability and outcome assessment with
a score range from 0 to 9 [93].

Publication bias was assessed using Egger’s test [94] and
by inspection of funnel plots. The statistical analyses were
conducted using the software package Stata, version 13.1
software (StataCorp, Texas, US).

Results

From a total of 32,876 records that were identified by the
search we included a total of 69 publications [7-9, 17-82]
with data from 68 cohort studies (two of these were nested
case—control studies within cohort studies [21, 66]) in the
systematic review and meta-analysis of hypertension and
blood pressure and atrial fibrillation (Fig. 1). Five of these
publications were identified from separate searches on other
risk factors for atrial fibrillation [9, 21, 32, 34, 42]. Each of
two publications reported results from two studies combined
[73, 81], and another publication reported results from six
studies combined [65]. Two publications [42, 75] reported
results from two separate studies each and one publication
reported results from five separate studies [29], two of which
were included in the main analysis (the other three were

32876 records identified in total:
8599 records identified in PubMed
24272 records identified in Embase
5 records identified from other searches

31997 records excluded based on
title or abstract

| 879 potentially relevant articles

810 articles excluded:

212 patient populations

134 reviews

120 not relevant exposure

112 abstracts

79 cross-sectional studies

40 duplicates

27 not relevant outcome

25 case only studies

12 case-control studies

12 editorial, comment, letter

7 MR study

7 no risk estimates

3 unreliable risk estimates/Cls

2 not original data

2 meta-analysis

2 <3 categories of blood pressure

2 elevated blood pressure (not
hypertension)

2 lifetime risk

10 others (1 each: not relevant data,
summary for patients, hospital-based
study, workshop report, unadjusted risk
estimates, unspecific outcome, modeling
study, GWAS, autopsy study, ecological
study)

69 publications (68 cohort
studies) included

Fig. 1 Flow-chart of study selection

surpassed by more recent publications, but results of two of
these duplicate studies were included in subgroup analyses
by ethnicity). Twenty six studies (23 publications) [18, 20,
21, 25, 27-30, 33, 36, 42, 43, 48, 54, 64, 65, 69, 71-73, 75,
76, 78] were from Europe, twenty studies (25 publications)
[7,17,19, 22, 24, 26, 29, 31, 34, 37, 40, 41, 45-47, 52, 53,
56, 59, 67, 68, 70, 74, 77, 81] were from North America,
nineteen studies (19 publications) [23, 32, 35, 38, 39, 44,
49-51, 55, 57, 60-63, 66, 79, 80, 82] were from Asia, and
three studies (3 publications) [8, 9, 58] were from Australia.

Fifty six cohort studies (52 publications, 52 risk esti-
mates) [7-9, 17-65] were included in the analysis of hyper-
tension and atrial fibrillation risk including 1,080,611
cases and 30,539,230 participants (Fig. 1, Table 1). Data
on hypertension and atrial fibrillation by ethnicity [29,
59] and sex [25] from three studies (ARIC, REGARDS,
and Malmo Diet and Cancer Study) were only included
in the respective subgroup analyses as the publications
overlapped with more recent publications from the same
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studies which were used for the main analysis [27, 45, 56].
The summary relative risk for persons with hypertension
compared to persons without hypertension was 1.50 (95%
CI: 1.42-1.58, I’=98.1%, Pheterogeneity < 0-0001) (Fig. 2).
There was no evidence of publication bias neither with
Egger’s test (p =0.74) or by inspection of the funnel plot
(Supplementary Fig. 1). The summary RR ranged from
1.47 (95% CI: 1.42-1.52) when excluding the study by
Zoller et al. [30] to 1.51 (95% CI: 1.43-1.59) when exclud-
ing the study by Sano et al. [53] (Supplementary Fig. 2).

Thirty seven cohort studies (28 publications, 31 risk esti-
mates) [8, 18, 20, 29, 33, 34, 39, 41, 42, 44, 46, 51, 55, 63,
65-67, 69-75, 77-80] (347,813 cases, 14,565,763 partici-
pants) were included in the analysis of systolic blood pres-
sure and atrial fibrillation (Table 2). The summary RR was
1.19 (95% CI: 1.16-1.21, I =68.4%, Pheterogeneity < 0-0001)
per 20 mmHg increment (Fig. 3a). There was no evidence
of publication bias with Egger's test (p =0.46), but some
indication of asymmetry in the funnel plot (Supplemen-
tary Fig. 3a). When using the trim and fill method, eight
studies were added, but the results were similar, summary
RR=1.17 (95% CI: 1.14-1.19) (Supplementary Fig. 4).
The summary RR ranged from 1.18 (95% CI: 1.16-1.20)
when the Atherosclerosis Risk in Communities Study [77]
was excluded to 1.20 (95% CI: 1.18-1.22) when a pooled
analysis [65] was excluded (Supplementary Fig. 5). Ten
cohort studies [18, 34, 39, 55, 67-69, 76, 79, 80] were
included in the nonlinear dose—response analysis. Although
the test for nonlinearity was significant, p,qpjineariy < 0-0001,
the association was approximately linear, and there was a
dose-dependent increase in risk with increasing systolic
blood pressure from a systolic blood pressure level of
90 mmHg and above (Fig. 3b).

Twenty three cohort studies (19 publications, 21 risk
estimates) [8, 29, 33, 39, 41, 44, 46, 51, 55, 67, 69, 70,
7274, 77,79, 81, 82] (333,901 cases, 14,387,470 par-
ticipants) were included in the analysis of diastolic blood
pressure and atrial fibrillation. The summary RR was 1.06
(95% CI: 1.02-1.10, 1>=92.1%, Pheterogeneity < 0-0001)
per 10 mmHg increment (Fig. 3c). There was no evi-
dence of publication bias with Egger's test (p =0.55) or
by inspection of the funnel plot (Supplementary Fig. 6).
The summary RR ranged from 1.05 (95% CI: 1.00-1.10)
when excluding the UK GPRD study [72] to 1.07 (95%
CI: 1.03-1.11) when excluding a study at Vanderbilt
University [41] (Supplementary Fig. 7). Six cohort stud-
ies [39, 55, 67-69, 79] were included in the nonlinear
dose-response analysis of diastolic blood pressure and
atrial fibrillation. There was evidence of nonlinearity
(Pnontinearity < 0-0001) with a slightly steeper increase in risk
at lower levels of diastolic blood pressure than at higher
levels, however, there was an increased risk from a dias-
tolic blood pressure level of around 60 mmHg (Fig. 3d).
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Subgroup and sensitivity analyses

There were positive associations between hypertension and
risk of atrial fibrillation across all subgroup analyses defined
by sex, duration of follow-up, geographic location, num-
ber of cases, whether prevalent cases were excluded or not,
study quality and adjustment for confounding (and in some
cases potentially mediating) factors (including age, educa-
tion, alcohol, smoking, BMI, physical activity, diabetes,
hyperlipidemia, coronary heart disease, heart failure, val-
vular heart disease, left ventricular hypertrophy, and kidney
disease), although the number of studies was small in some
subgroups (Table 3). With meta-regression analyses there
was some indication of heterogeneity between some sub-
groups for hypertension, with a stronger association among
European studies than studies from the other geographic
locations (p =0.02), and a weaker association among studies
with adjustment for smoking (p=0.03) when compared to
those without such adjustment. Further subgroup analyses by
ethnicity showed summary RRs of 1.53 (95% CI: 1.29-1.80,
’=70.4%, n=>5) for Caucasians [26, 29, 45, 59] and 1.35
(95% CI: 1.16-1.59, I*=7.5%, n=6) for African Ameri-
cans [26, 29, 45, 46, 59] with no significant heterogeneity
between subgroups (p=0.77) (Supplementary Fig. 8).

There was evidence of heterogeneity in the subgroup
analysis of systolic blood pressure and atrial fibrillation
when stratified by adjustment for education (p=0.03) and
physical activity (p =0.04) with stronger associations among
studies with compared to without such adjustments, how-
ever, relatively few studies made such adjustments. For
diastolic blood pressure there was heterogeneity in analy-
ses stratified by sex (p =0.009) and by adjustment for BMI
or obesity (p=0.04), coronary heart disease (p=0.01),
and heart failure (p =0.009). However, the association was
weaker in studies of both sexes combined than in studies
among either men or women, and there was no heterogeneity
when comparing men with women (and excluding studies in
both sexes combined) (Table 3). There was no association
in studies that adjusted for BMI or obesity, coronary heart
disease, or heart failure, but a positive association in studies
that did not make such adjustments (Table 3).

Mean (median) study quality scores were 7.7 (8.0) for the
analysis of hypertension, 7.8 (8.0) for systolic blood pres-
sure, and 7.8 (8.0) for diastolic blood pressure.

Discussion

This meta-analysis of cohort studies suggests that persons
with hypertension have a 50% increase in the relative risk of
developing atrial fibrillation compared to persons without
hypertension. There was a 19% increase in the relative risk
of atrial fibrillation per 20 mmHg increase in systolic blood



149

Blood pressure, hypertension and the risk of atrial fibrillation: a systematic review and...

amjrej 11eay

S9sED UOIIR|
-[LqY [erne Gegy :sreak
$°8G a3e ueow

‘uorsualIadAy ‘oseasip Jefna . towom ‘$919QRIp INOYIIM
-E>. dmmoﬁvﬂéw: o%cohoﬂ (TSI ve'T OU"SA SO uotsuaLdAy EM&%& ﬁwnwﬁ
a1nssaxd poo[q o1[0IsAS Or1-€1'D 6T'1 OU "SA SO  uauI ‘uotsualiadAy pue syuaned dn-mo[[0}  1SOMYIION dUdU VSN ‘6002
‘TN ‘Sunjows ‘ool “xas 93y (94" 1-0T’1) 2E'1 ou'sA S9X  [[e ‘uorsuoiedAH SOJAqRIP £LGO9]  STBIK T°L ‘8007—666]1 -BULIQ JOSTeY] “Te 39 YD S[OYIIN
DDH uo sosed heilicrg)
JuowaSIe[us Terne 139 ‘uag uone[Lqy [eIne 19 [edIpojy Suns
-ouLIqQy ‘TN ‘OSeasIp A19)Ie 9sn uoNeIIpPIW 81894 g1 9Fe uBIpow dn-morjoy -wes ‘19ud) BAIOY
AIeuolod jo A101s1Y ‘x0s 98y (SL'€-1L°0) €91 OU "SA S9X uorsuRdAY  ‘UoWOoM puB USW §9G‘Q]  SIBAA /€ ‘9007—1007 uUonowold yi[esH L00T “Te 39 [H wry]
uoneInes SOSED UONB[[LIQY [BLIR
ua3AX0 [RUINIOOU JSIMO] ‘9S8 €€ 18k g7 93 uBoW dn-morjoy Apmis vSn
-SIp A19)1e 1800100 X3s 93y (TO'+—20°T) S8°C OU "SA SO uorsuollodA  ‘Uswom puR USW 7HGE  SIBAA Ly ‘€007—L861  Awuno) paswiQ  ‘L00T “TB 19 SV Iwen
pourad ‘[oyoore
‘smels Sunjows ‘T AT ‘TING
‘WS1om YS1OY ‘I/LS HA'T
DD ‘93eIjoA HAT-DOH
‘arnssaid poojq o1103sAs ‘smy S9SBD UONR[[LIqQY [BLIE dn-morjoy s1eok /
-I[[oW $3)oqeIp ‘uondIejul uors 6L¢ s1eak 6/—(f o3e “P661—H661-1661 Apmg 1reoy yrewuac
rerpresoAw Jorid ¢xas 93y O1-01) €1 OU 'SA SO -UdIdAY [BLIO)MY  ‘USWIOM PUB USW /9]‘Q] -¢861-1861 A uaSeyuado)y  ‘g00T “Te 10 [ S1oqLIg
sIeak 68-0t
aSe ‘uowom pue US|
(Apmys
[0TU0I—3sED PAISAU)
S[o1u0d 000S aseqele(q wop
Kypigiow sased dn-morjojy [o183s9y 201 -3ury] paun ‘200¢
Ie[NOSBAOIPIRD ‘Xas 93y (01°Z—0S'1) 08'1 OU "SA SO uorsudIadAy uone[[Lqy [eLe Ge0 T 183K [ ‘96619661 -Ovld [BIUSD) 3N “Te 12 v zowo3my
SMI[OW SAJAqRIP
‘UOTOTRJUT [RIPIEOOA ‘QIN[Te] SOSEO UONR[[LIQY [eLe
11831 9A1SAZUOD ‘9SBISIP 681 :S1BA GO1—G9 a3k dn-morjoj s1eak /6°¢ 0Dd VSN ‘100C
Ie[nAfea Jo A103s1y xos 93y (S0'Z-10°1) #¥'1 OU "SA SOX uoisuoyodAH — ‘Udwom pue uew GG9 ‘VN-8661-0661 —Kuno) paiswiQ “Te 39 INS.L SuesL,
S9sEd UONR[[LIqQY Kpms
uorsuayredAy  [eLne $G/ S18K GG—/ 4 dn-mo[[0] sIeak 7'G7  UONUAAIJ ATew uapams ‘100¢
By (6TTIED ELT OU "SA SOX 10} Jusuneal], oSe ‘uow G6y/ ‘9661—€L61-0L61 -l I0)orinmA T 39 7 USSWAY[IA
SOsEd UONE[[LIqY
[e1® 66T :STeak 79—81 dn-morjoy Apmgs dn epeue))
BY  (1RI-0I'D Tl OU 'SA $9X uorsualadAy ofe ‘uow ¢86¢ STt ‘TEEI-8F61  -MO[[O] BQONURIN  ‘GE6T “Te 10 IV UYery
(Teatayur
90UIPYUOD %G6) dnoi3qns ‘uors S9SED JO Joquunu uondrosop Anunoo ‘1edk uon
SIOPUNOJUO) 10§ Jusaumsnipy NSII QATIR[Y uvostedwo)  -usyradAy jo odAy,  ‘syuedromnred jo zoquunN potrad Apmg Io owreu Apnyg  -eorqnd ‘Toyine 3sIry

UONE[[LIqY [eLIe pue uorsuslradAy jo sarpnys 110yo) | 3jqeL

pringer

a's



D. Aune et al.

150

JUSWIATIR[UD
V71 pim uoneLqy
(§9°T-6v'1) 66T OU 'SAS9X  [eHIE ‘UOISUSNRdAR
JuowaSIe[ud
9S1010X9 ‘Suryows ‘[oyoore V1 Inoyim uomn SOsED UONB[[LIqY [eLIe
‘uoneONp? ‘9JelI ‘sA30qeIp -B[[LIqQY [eLnE 96. :SIeak Gy < o8k dn-mofjoj s1eak 91 Apmg vSn
ySrom £poq WSy 98y (T6'1-ST'T) SS°T Ol "SA SOX ‘uotsualIedAH ‘UAUWOM ETLpE ‘TT0T-S661-C661  UWIBSH SUSWOA,  ‘€T0T “'[& 12 (T Uduo)
S9SEO UONB[[LIQY [eLIe
LL1 :s1e9K 7/ 93e ueowr dn-moyoj jo SPUBLIOYION
xos 98y (61'C-1T1) 9’1 OU "SA S9X uorsuRdA  ‘uowom pue udw ¢0zE  STBAK YN ‘G007—L66]  ApmS Wepionoy ‘€107 “Te 19 Y OSuoly
Apmg yraelyAoy
SOSEO UONB[[LIQY [eLIe Kimqndoosng
|0t :sI1eak 9/ 93e ueow dn-mofjoj jo JUSWUOIIAUF pue[ad[
xos 98y (L6'T-8T'1) 651 OU "SA S9X uorsu)RdA  ‘Uowom pue udW 694 SIeAK YN ‘1102—200T jAuen) 98y ‘10T “Te 19 Y OSUo[y
SUBOLIOWY UBD
(86'c€ D 1€T OU 'SA SOX -1V ‘UoIsuddAH  soses uonequqy [e1e dn-morjoj jo s1eak Apmg senmu
SNMYM 611 :s1eak $9—Gy, o3e VN ‘S00T- ‘8661  -NUIWOD) UT STy vsn
x9s a3y (1S'7€9'1) 20°C OU "SA S9X ‘vorsud)adAY  ‘uowom pue uaw G190 —9661-6861—L861 SISOIQ[ISOIYY ‘€107 “T8 10 V OSUo[y
SUBOLIOWY UBD
(CTT-LLO) TET OU "SA SOX -1y ‘uotsuaiodAf $98E0 UONE[LIqY dn-mof[oy Jo s1eak
SMYM - [eLe 79 STk 69 o3e VN ‘000Z-€661 Apmg WesH vsn
X9s 93y (T6'T-8€°1) €9°1 OU "SA SOX ‘uorsuayrad Y ‘uUouIoM pue uaw ¢S —2661 ‘0661—6861 Ie[noseAoIpIe)  ‘CT0T “'Te 19 YV OSuo[y
unjows juarInd S9SEO UONR[[LIQY [BLNE dn-morjoy
‘s9)oqeIp ‘UOTOTRJUI [RIPIED 6€€T SIeA ¢/~ 9Te S1B9K GG ~“600T Apnis 100UR)) uopams
-ofw o 1011 ‘TINF ‘%08 98y (TL'T-LET) ST OU "SA SOX UOISUSLRdAH  ‘USWIOM PUE USW /f7()¢ —9661-1661  PUBISIQ OWR  ‘€I0T “T8 12 Df Yug
uowom
(8L T-LO0'T) 8€'T oU "SA SO ‘uorsua)radAy
(SS'1-06°0) 81°1 OU 'SA SO Udw ‘uorsuaiedAH
SAIYM
#S'1-260) 61°1 oU "SA SOX ‘uorsud)IadAy
SYOBIQ  soseo uone([LIqy [RLIE Apmg
(08 1-50°T) LE'T Ol "SA S9X ‘uorsuayradAy 2901 :sIeak ¢9 2 ade dn-morjoy 10y00) Aunw VSN ‘2102
dn-mofoj axedIpal Jo YISUT  (SS'1-L0°'1) 621 Ol "SA S9X [[e ‘uorsuo)radA  ‘uowom pue USW 9¢8]  SIBIAK /LG ‘8007—6661 -wo) uIYINOS “Ie 30 T yromdry
uowom SOSEO UONR[[LIqY [BLIe
€1y L1 OU "SA SO ‘uorsudlRdAg Qg1 STeA ¢/ 95 dn-mor[oy s1eak 711 Apms 10ue) uopoms
By (FIT-srDS8LT OU 'SA SO U ‘UOISUSLIDAAH  ‘USWOM PUE USW /()¢ ‘600T-9661-1661  PUBRIQ OWEN  ‘010T “T8 12 D[ Prus
(Teatayur
OUIPYUOD %G6) dnoi3qns ‘uors S9SED JO Joquunu uondrosop Anunoo ‘1edk uon
SIOpUNOJUO) 10§ Jusaumsnipy NSII QATIR[Y uvostredwo)  -udyradAy jo odAy,  ‘syuedromred jo zoquunN potrad Apmg Io owreu Apnyg  -eorqnd ‘Toyine 3sIry

(ponunuoo) | sjqey

pringer

Qs



151

Blood pressure, hypertension and the risk of atrial fibrillation: a systematic review and...

pringer

A's

UONOJBJUT [BIPIEOOAW Q1N
-[TeJ 1789y ‘SMI[[OUW S3JOqEIP
‘a1nssaxd poojq or1jo)seIp ‘aIns
-sa1d poorq o1703s4s ‘Furjowrs
JuaIINDd ‘JySTam ‘WST1aY ‘0T
qIn[rey 11eay
‘TIN snotaaixd ‘Ayfewzouqe
1-1S Jofew ‘erwopidijredAy
‘eruaoA[S10dAY TNY ‘smeis
unjows ‘[OYod[e ‘Xas ‘9Iy

Y319y ‘xas ‘a3
uoneonpa
‘Joyodre ‘snjejs Suryous ‘osn
suowrtoy [esnedousunsod
TING ‘9SBasIp 118y ATBUOIOD
‘aInyrey 11eay ‘erwapidiprodAy
‘$919QRIP ‘OSLasIp [BLIDLIR
rexoydurad ‘Kyroruyie/aoer a3y
wsIproIAY)IodAY ‘aseasp
1189y AIRUOIOD ‘QIn[Ie) 11eay
‘£)1S2q0 ‘[OYOIT. ‘S91aqeIp
7 9d4) ‘oseasip A1ojeridsox
JOMO[ d1uoIyd 10J pazifendsoy
‘LIIqow ‘snje)s [eant/ueqin
‘urdnIo Jo ANunod ‘uoneonpa
‘Quioour AIurey ‘snjess [ejLreu
‘uoneArzdop pooyroqustau 93y
aseasIp A19)1e
K1euo1o0o ‘suoneydred ‘sejoq
-BIp ‘[0121SI[0Y0 TAH 1019}
-So[0Y [e10} ‘TINY W31y D8y

(99'T-1S'D 10°C
(TT'1-99'0) 68°0
(0S'1-69°0) 01
(61'T-€L°0) €6'0

(E1'T-SEDOL'T

(0S'1-9¢'D €v'1

(8€'T-LTD TET
(LO'T=66'D) €0°C

WLI-€T'D OY'T
(69°T-97'1) 861

ou

ou

ou

ou

ou

ou

ou

ou

ou

ou

“SA SOX

"SA SO
"SA SO

"SA SOX

"SA SOX

"SA SOX

"SA SOX

"SA SOX

"SA SOX

"SA SOX

o
-jean) uorsuairadAy

Uowom
‘uorsuoyrad A

uow ‘uorsud)IedA

[1e ‘vorsuayredAH

o
-jean uorsua)radA

uorsuayredAy

uowom
‘uorsuaRdAyg

uaw ‘uorsuayradA

uowom
‘uorsua)rad A

uow ‘uorsua)radA

SOSEd UONB[[LIqY [eLe

9¢ s1edk 61—-6¢ o3e
‘UQWIOM pUB UdW ()04

S9SEd UONR[[LIqY [eIne

967 :S1BA 08—0¢ 25
‘uouIoOMm pue udw ()98

SOSEd UONR[[LIqY [eLe

€€ sTeak $8—G7 93e
‘USWIOM pUR USW /9TH

S9SED UONR[[LIqY [eLe

T6T8 STk 6.-0S
a3e ‘uowom 76818

SasBO UON
-R[[HqQY [BLIR 686 101

1s189A G < 93k ‘uowom

PpUB USW 687°99T°Y
RENcARI(0)1]
“B[ILQY [BLOE [9¢/191
:$189K 96—G 93¢e
‘UQWIOM puR UdW GT]‘CT

(s1e9k G 181y

0} PAJOLISaI SISATeue)

dn-mof[oj sreak ¢
‘600C—L661-€661

dn-mor[oj s1eak 49
‘000T-S661-T1661

dn-morjoy s1eak G
‘VN-S661-1661

dn-mor[oj s1eak §'¢
‘L00T-8661-7661

dn-morjoy
sreak 8~ ‘8007—000T

dn-mor[oy sreak ' 11

‘L00T-S661-1661

A[0JION-DIdH

Apms
SoNIUNWWO)) Ul
STy A103R[NOIID)

Apms
yJ[eaH uojfessng

JAne)IU]
[J[eoH S,USWIOA

Apms opIm
-UoONEN UdpIM§

Apm§ gswoiy,

wopsury] paytup
‘STOT “Te 10 Y 1oIsyd

ueder
‘10T “T8 19  oues

RI[ENSNY $[0T
“Ie 30 N uewInuy

vsn
‘€10T “Te 12 AN Z31d

uopomsg
‘€10T “T8 10 g W[I0Z

KemION
‘CTOT “Te 19 V SQUIAN

SIOPUNOJUOD J0J Judwisn(py

(Teatayur

0UIPYUOD %G6)
NSII QATIR[Y

uostredwo)

dnoi3qns ‘uors
-uo)radAy jo odAy,

S95BD JO JoquInu
‘syuedronaed jo roqunN

potrad Apmig

uondrosop
1o owreu Apmig

Anunod ‘reak uon
-eorjqnd ‘Toyine IsIJ

(ponunuoo) | sjqey



D. Aune et al.

152

SLHIN ‘osn
uonesrpawr Surromor prdiy

‘SN JOYO0[q [QUUBYD WNID[BD
“IONQIYUE IV ‘SN I0)IqIyut
ADV ‘osn Ioyo0[q ©Joq ‘osn
uonedIpaw 3uny ‘asn urxo3mp
“9SN UOTJEOIPAW PIOIAY)
‘asuodsal aA1su9IddAY ‘ased
-SIp A191I8 AIeU0IOd UMOUy
‘eraroprdifradAy jo A103STY
‘Sunjows ‘oseasIp A19)1e
K1eU010D JO A10ISTY AJruuej
‘K190 ‘AI1BIUIPIS ‘UOTSUD)
-10dAY ‘Kyrotuyje/aoel “xas 93y

UuonOIRJUI [RIPIEOOAW

Jo AJOISTY “as1019%2 AJIsuur

-9JeIopow ‘[OYOoo[k ‘Snje)s
Sunjows ‘Anunod yuiq ‘xas

uorsudyradAy

‘Funjows JUaIIND ‘ayeIuI [OU
-BYJO SSQIX? ‘AIISAQO ‘X3S ‘a3

Xas a3y

FET-21'D €TT

(6L 1-LL'0) 811

(€€'€-01'D T6'1

aTrvSD¥SC

(LL'1-99°0) 801

(09'1-80'D) TE'1

(90'T-LE'D) 891

(IL'1-90'1) S¢°1

(LTT-8T'D €91

(90°€-96'0) 1L'1

ou

ou

ou

ou

ou

ou

ou

ou

ou

ou

"SA SOX

"SA SOX

"SA SOX

"SA SOX

"SA SOX

"SA SOX

"SA SOX

"SA SOX

"SA SOX

"SA SOX

uorsudradAy

JSIEM PJBAJ[D
‘uorsuoyRdAyg

JSTem WNIpaw
‘uorsuayrad A

JSTEM [RULIOU
‘uorsuoyadAY

uorsuayredAy

LO0T—8661
‘uorsuaRdAyg

L661-8861
‘uorsuayrad A

L861-8L61
‘uorsuayrod Y

LL61—8961
‘uorsuarRdAyg

L961-8S61
‘vorsuayrod A

Sased

uone[LIqy [erne 919y
81894 GG o5 urowWw
‘UQWOM pUE UdUW [9G*H9

S9SEd UONB[[LIqY

[e1ne 687 :sI1eak ()9 a3k
‘uoumIom pue uawr g0
SISBO UONB[[LIQY [BLIR

6L :STeak 0g—0F 3¢
‘UouIOM pue UdW )17 1

S9SED UONR[[LIqY [eLe

G S1BIA 68—()G a3k
‘USWIOM pUR USW [ 66

1o0lo1d (L1A)
dn-mof[oy  Sumsog, 9s1oIoXyg
$189K °G ‘60021661 piog A1uoy
uowom
pue uaw pjo
dn-mof[oj s1eak 9°¢[ Ieak )9—uwioy
‘T10T-6661-L661 —001S
AaaIng
dn-mof[oj s1eak 1 juowaSeuR

‘€102-0102-800C YIEBSH BwIysmyng

VSN S102
“[2 10 LA 14s2InQ)

uspams ‘C10c
“Te 30 3[d WOonsAN

ueder
‘610T “Te 3 H Mnzng

VSN S10T
“Te 10 @ [Pqeuyos

SIOPUNOJUOD 10 Judwisn(py

(Teardyut

0UIPYUOD %G6)
NSII QATIR[Y

uostredwo))

dnoi3qns ‘uors
-uo)radAy jo odAy,

§9se) JO Jaqunu

‘syuedronaed jo raqunN

dn-mofjoj Apmg 1040
s1eak 06 ‘L007-8S61 weySurwery
uondriosap

potrad Apmig 1o owreu Apmig

Anunoo ‘1edk uon
-eoriqnd ‘Toyine JsIry

(ponunuoo) | sjqey

pringer

Qs



153

Blood pressure, hypertension and the risk of atrial fibrillation: a systematic review and...

aIn[rej Jeay ‘sa)dqeIp g
ad£) yuounyeon Surromor-prdry
‘[0191S9[0YD TAH ‘[0ISA[0Yd

[e103 “arnssaxd pooq J1joIsAs

‘TING ‘Sunjows ‘xas ‘03y

uonoIeJul [RIPIEdOAUI
‘aInyrej )Ieay ‘sajoqeIp ‘aIns
-saxd pooiq orjojserp ‘amssaxd
PoO[q O1[0ISAS ‘snje)s Surjows
qu3om 9y3ioy ‘aoer a3y
[N g ‘uoneonpd
JO 12A9] “‘Aimanoe TeorsAyd
‘SYULIP JI[OYOJ[. JO JoquInu
[ensn ‘snye}s Jujows ‘Xas 93y
Q01A9p Ul
-p10931 o1ydeIS0IpIed01I9[d
[BUISIXS /[RUIIUL JO SN ‘SUOT)
-eorpaw ‘uoi3ar orydei3ood
‘payroadsun—Aroyendsax
‘1oyjo A1oyeardsar ‘yjeaiq
Jo ssauoys ‘payroadsun
eIpreoAyoe) ‘suonejidred
‘ssourzzip ‘ured 3soydo ‘eoude
dagrs ‘aseastp Aoupry otuoIyo
“9seasIp AI9)Ie ATeuoIod ‘s9)
-9qeIp ‘aIn[Iej 1Ieay xos 03y
suonoenuod arnjeward
‘aInyIey 1183 JIUOIYD ‘ASBASIP
)Iedy AIRUOIOD ‘ayoxs ‘ased
-s1p Aoupry oruoIyo ‘sdnoid
110400 ‘snje)s SuDyuLIp ‘snyels
Junjows ‘seloqeIp ‘BruIo[0Io)
-so[oyo1adAy ‘TING ‘Xes 93y
9seasIp Jernosea [exoydrrad
‘erwrapidiradAy ‘uonounysAp
[BUAI ‘S9JoqRIp ‘@SBISIP ATeU
-ow[nd 2A19NNSQO JTUOIYD
‘9sBasIp AI9)Ie AIRUOIOD ‘WIST
-proxfyyrodAy ‘aInjrej 11eay
‘AyredoAworpres pajefIp ‘ased
-STp 1189 ONJBWINAYT ‘X3S 93y

(9¥'€-6S' 1 TET

WS 1-0€D 1+'1

(0¥'2-09°0) 0T'1

(10000>d) 1¢1

61'T-L0T) €S'T
(€L'1-€8°0) 0T'1
00T

T0c-srD L1

Ou 'SA SO X

OU "SA S9X

Ol "SA S9X

OU "SA S9X

06</0v1<
68-08/6£1-0C1
SHww 08> /0C[ >

Ou "SA SO X

Blicliialhi]
aAatsuayredAynuy

Juoux
-jean uorsua)radAH

uorsud)radAy

uorsud)radAH

uorsuaredAH

uorsuayredAy

Sosed
Uone[Lqy fetne ¢ |
:s19K ()G 95® ‘uow ¢gY

S9SED UONR[[LIqY [eIe

GG s18ak Oy < 93¢
‘UWIOM puUR UdW 61 CE

SISBO UONR[[LIQY [BLIR
€6 :sIeak g¢ < o3k
‘UaWIoOMm pue ual 8ES

Sased uon

“R[[HQY [BLOR [/ °COT
:sa3e [[e ‘uowom

pue U $/8°/00°¢

S9SBO UONR[[LIqQY [BLE

€67 :s1eak 6/—(0¢ 23e
‘USWIOM PUE UDUW 9()69

Sased
UONE[[LIQY [BLIE 998

1S1B9K ()7 < 98e ‘uswiom

PU® USW Opy° [ LYy

dn-mor[oy
s1Bak 971 ‘VN—OL61

dn-morjoy
s1eak G *010T-500T

dn-mofoj s1eok ¢

‘6002/7002-0002/6661

dn-morjoy
s1eak € “010T-L00T

dn-mofjoj s1eok 871
‘S102-9002-6861

dn-moroy
s1eak [ ‘T102-100C

(NVSTN)
U NPV JO
Apmsg [eurpm
-13uoT eresddn
SPI009Y
[BOIPSIAl O1UOI)
-09[q 1Au)
[eSIPaIA AJISIoA
-lupy iqrepueA
110Y0d
Apmis 91K1s9J1]
pue £11s9qQ ‘s9)
-9qeI(] UelensSNy

saseqeleq
reyuoworddng
QIRDIPOJA PUR
[eIOIOWWO))
UBOGIONICIA
[I[BOH ULANI],

Apmsg B1Ing

aseqereq
QoueInsuy [eo
-IPIJA] UBUUNX

Uspams ‘910¢
“Ie 19 g SIoquuaAS

vsn

‘910T “Te 12 [IN Y103

eI[RISNY
‘910T “Te 1 1 JnoIq

vsn

‘610T “'Te 30 Af noAyD

ueder

‘S10T “Te 19 X oqnyoy

eury)
‘ST0T “Te 1 X onp

SIOPUNOJUOD J0J Judwisn(py

(Teatayur

0UIPYUOD %G6)
NSII QATIR[Y

uostredwo)

dnoi3qns ‘uors
-uo)radAy jo odAy,

S95BD JO JoquInu
‘syuedronaed jo roqunN

potrad Apmig

uondrosop
1o owreu Apmig

Anunod ‘reak uon
-eorjqnd ‘Toyine IsIJ

(ponunuoo) | sjqey

pringer

a's



D. Aune et al.

154

Y402 ‘ANVOI-YN
9uourjean) Surromol-pidif
‘arel 1By ‘TN ‘XS 93y

Xas ‘93y

JSBASIP JB[NOSBAOIPIED
‘AydoniadAy rernornuoa 1jo1
‘erwoprdi[sAp ‘osroroxa ‘A1rs
-9qO ‘s91oqeIp ‘snje)s Juryows

‘Quooulr ‘AJIoTUYIR ‘X3S a3y
S9_qRIp ¢
ad£) ‘yuouneon Surromor-pidy
‘[0I1SA[OYD TH ‘[0IISA[0Yd
€103 “arnssaid poo[q J1[0IsAs

‘TING ‘Sunjouws ‘xas 03y

(80'C=58°0) €€°'1

(€€'6-61'1) TS'T

(95'7-88°0) 0S'1

OV T-2I'D ¥9'1

(IL'1-06'0) ¥T'1

@y 1-11'D 8T'1

(TT=501 TS'1

OUu "SA SO X

Ou "SA SO X

ou

ou

ou

ou

ou

"SA SOX

"SA SOX

"SA SOX

"SA SOX

"SA SOX

Uonge[Lqy erne
SuneuruI)-J[os
-uou ‘(Juaunean

aArsuayIodAy-nue)

uorsuaredAH
uoneqLqy
[eLne Suneurue)
-JIes ‘(yuounean

QAIsualIdAy-nue)

uorsuoydAH

QOUQLINJAIL
Ieok-7 Inoyim
uone[[uqy [erne
‘(Juowyean

QA1sualIdAy-njue)

uorsualredAHq

uorsuaredAHq

syor[q

‘uorsua)rad A
SAYM

‘uorsuoyadAy

JuUEI)
aatsuaredAynuy

Sased

uoneqLIqy [eLne 61 ¢
:s1894 G'gf 95k uBOW
‘USWOM PUE U 7H()]

S9SBD UONR[[LIqQY [eLR

¢ SIeok G8—Cy oS¢
‘USWIOM PUR USW QT CE

SOSBD UONR[[LIQY [BLIR
166 :STeak ¢g o3 ueow
‘USWOM PUE USW §QQ°C|

SOSED UONB[[LIqY

[e1ne 841 :s1eak (), 93k
‘UoUIOM pue UdW §/ 6

VN ‘VN—L661
dn-morjoy

512 9°C ‘F10T+00C

dn-morjoj s1eak 46
‘VN—L00Z—€00T

dn-morjoy
s1eak 01 “VN—100C

Apris ANAATI
Apmg reurpmi3
-uo dn-yoay)

[I[eaH IIU)
-n[njy Suopueys

Aprg

(SQIvOTD

930N)S Ul S9dUd

-IOJI(] [eroey

puy orydei3oen
JOJ SUOSBIY

(SNAId
s1otuag eresddn
Ul 9INJB[NOSEA
Q) Jo uonesn
-soAU] oAndadso1q

SPURHRYION ‘L 10T

“Te 30 HY 12990H

BuIy)
‘L10T “Te 30 1 Suiq

VSN ‘L10T
“Te 39 LM [BNLO

uapams ‘910¢
“Ie 10 g S10qUUIAS

SIOPUNOJUOD J0J Judwisnipy

(Teatayur

0UIPYUOD %G6)
NSII QATIR[Y

uostredwo)

dnoi3qns ‘uors
-uo)radAy jo odAy,

§9se) JO Iaqunu

‘syuedronaed jo roquinN

potrad Apmg

uondrosop
1o owreu Apmig

Anunod ‘reak uon

-eorjqnd ‘xoyjne 3sirj

(ponunuoo) | sjqey

pringer

Qs



155

Blood pressure, hypertension and the risk of atrial fibrillation: a systematic review and...

9SBASIp AIOJRWIWERYUL YIIM
Qrewd) ‘aInjrej 3reay judreadrd
Je 93® ‘OsBISIp AlojeuImRpUl
‘aseastp Areuownd oA
-ON1ISqo JIUOIYD ‘dINn[Iey 1Iedy
JO KI03SIY] “9SBaSIp [BLIS)IR
[exoydrrad ‘uonoreyur ferp
-1e20Aw Jo A103s1y ‘aInssoid
pooI[q J1[0ISAS ‘[IN{ ‘XS 93y
Jjenpel3 [00Yds
Y31y ‘painsur ‘Suryowrs Jual
-md ‘[eatnul ¥d DO Y4D?
‘I AT ‘uonoIRIUI [RIPIBOOA
Jo AI0ISIY ‘snye)s O1uadA[3
ySrom Y31y ‘xas 93y

QoURINSUI [)[BY ‘QUOdU] ‘UOT)
-BONpa ‘AJIOTUY}/00I ‘X3S A3y

(LST-6€D) 8¥'1

(ST'T-80'D TS'1

001
(60'1-L'0) TL'O
(20 1-0%°0) ¥9°0

001
(1€'1-09°0) 68°0
(ST1-9¥'0) 9L°0

00T
(I16'1-2L°0) LT'T
(6T'1-C'0) €L°0
00°1
(IT'1-L9°0) 98°0
(€6'0-€5°0) 0L'0
00°1
(€0'1-2L°0) 98°0
(L8'0-8S°0) 1L°0

Ou "SA SO

Ou "SA SO X

06</0¥V1<
68-08/6€£1-0C1
SHww 08> /021 >

06</0¥1<
68-08/6€1-0CI
SHww 08 >/0¢1 >

06</0¥V1<
68-08/6€1-0CI
SHw 08 > /0¢1 >

06</0%1<
68-08/6€1-0CT
SHww 08> /071 >
06</0¥1<
68-08/6€1-0C1
SHww 08> /071 >

uorsuaedAy

(uoneorpow
aArsuaredAynue)
uorsuaredAyg
oruedstg
‘armssaid pooiq
JuorsuairodAyq

SUBOLIOWY
ueoLyy ‘omssoid
poojq/uorsualredAHq

SUBOLIOWY
asoury) ‘arnssard
poojq/uorsuairedAH

soyrym “arnssard
poojqyuorsuairedAH

[1e ‘eanssaxd
poojq/uorsuairedAH

S9SBD UONR[[LIqY [eLne
0996 :sIeak ()G < o3k
‘UWIOM pUR UdW 8/./°06

SOSBO UONR[[LIQY [eLe
74T 1S1BIA GG oFe uroWw
‘USWOM PUE U ()4 ZS

SOsEd UONR[[LIqY [eLe

60L :SIeak $8—Gt o3e
‘UoumIoMm pue uat 9()G9

dn-morjoy

s1eak /6 ‘S10T-S00T

dn-mof[oj s1eak ¢'g
T102-8002-500C

dn-mof[oy sreak 711

‘VN—200Z-000T

SOIIAIOS

vsSn

UI[eSH IqBOORIA ‘81(T ¢ 10 (I UOSUOIy

Apmg
JIeQH uoSsYoR[

SISOJQ[JSOId
-y jo Apmg
oTUH-NIA

vsn

‘810C T8 10 YL unsny

vSn ‘810¢
“Ie 39 O noiowunsQ

SIOPUNOJUOD J0J Judwisn(py

(Teatayur

0UIPYUOD %G6)
NSII QATIR[Y

uostredwo)

dnoi3qns ‘uors
-uo)radAy jo odAy,

§9se) JO Iaqunu

‘syuedronaed jo roqunN

potrad Apmig

uondrosop
1o owreu Apmig

Anunod ‘reak uon
-eorjqnd ‘Toyine IsIJ

(ponunuoo) | sjqey

pringer

a's



D. Aune et al.

156

OSBASIP IB[NOSLAOIPIED
9ySrom y31oy ‘aoer a8y

X3S ‘03y
snyels

Sunjowss ‘OO ‘SopLIadA[IIn

‘[0I)SI[OYO-"T(IT ‘SAjaqeIp
asBasIp JBIPIRD ‘X3s ‘93
[0191S9[0YO-"TH Paonpal
‘SOPIIQIATIII) pastel ‘9soon[3
3urnsej paster ‘A31saqo [enuad
aseasIp AQUpIY OIUOIYD
‘SuUnULIp [OYOI[E ‘9SIOIIX
Iern3ar ‘smels Sunjows 93y
aIn[rej ey ‘oseasip K10l
KIeuO0I0D ‘a3[0Ms “QseasIp
[erroyre rexoydirad ‘wistjoquuio
-0quIoIy) snoudA ‘uorssaidop
‘wisTproIAy)odAy ‘wiSIproIAy)
-1odAy ‘eseasip Areuownd
QATIONIISQO OIUOIYD ‘BUIYISE
‘eoude dooys ‘oseasip Aoupry
oTuoIYyd ‘sajeqelp ‘erwapidi]
-1odAy ‘Joyoore ‘snjeys Sut
Sows ‘TN ‘Qo®I ‘Xas 93y

(95'1-00'D) ST'1

OL1-TTD 91

(6L 1-60°D) OF'1

(S1'T-96'0) ¥1'1

(98'1-66'0) SE'1

(@o1-8€D6¥'1

OUu "SA SO

Ou "SA SO X

OU "SA S9X

Ou "SA SO X

Ol "SA S9X

Ou "SA SO X

uauIom
‘(uonesrpaw

amssaid pooiq jo
asn) uorsuayradAy

QW ‘(uonedIpow
aimssaid poojq jo
asn) uorsuoyRdAyg

(esn juade

aAatsuayredAynue)

uorsualedAH

uorsuaredAHg

uorsud)radAy

uorsuayredAy

Sased

uone[Lqy [erne 91|
:s189K ¢9 95k uBoW

‘UQWIOM PUB UW 9()]‘T |

S9SBO UONR[[LIQY [eLIe

61€ s1K 6/ o3e

‘UQWIOM PUR UdW $86°G9

S9SBO UONR[[LIqQY [eLR

€€ :sIeak /0t o3e

‘USWOM PUB USW ()£

REN )
Joyny /uone[qy
rerne 8971 :sieak ¢ G
oSe ueow ‘uow ¢8I

SOSBO UONR[[LIqY [eLIE
619°01 :s1eak 69—01
93¢e ‘uswom

pUe USW $61°681

dn-mor[oj s1eak ¢'6
‘VN—L00Z—€00T

dn-mofjoj s1eak /
‘S102-¥102-800C

dn-morjoy
s1eak 6°9 ‘S10T—800C

dn-mofjoj s1eak /g
‘9102-8002-£002

dn-morjoy
s1eak / ‘910C
—S102-0102—900C

Apmg
[Saavoadl
9YoNg Ul SA0US
-1 [eroey
pue orydei3oon
10J SUOSEY
ISii)
nsjpwRWRY
QUIDIPAIA AT}
-UQAQIJ pue uon
-owo1d YIesH
10§ 19JUQ)) 10119§

dv-109f01g
AN VINV.L

rendsoy
AysIoATun) Ues[)

queqorg 3N

vsn
‘610C “Te 19 v asog

ueder
‘610C T8 190 Y eprwRH

ueder
‘610C “T8 10 g uepoy

BOIOY]
‘810T “T8 10 DA Wy

wop
-Sury] panun ‘8107
“Ie 30 § prysInyy|

SIOPUNOJUOD J0J Judwisnipy

(Teatayur

0UIPYUOD %G6)
NSII QATIR[Y

uostredwo)

dnoi3qns ‘uors
-uo)radAy jo odAy,

S9sBD JO JoquInu
‘syuedronaed jo roquinN

potrad Apmg

uondrosop
1o owreu Apmig

Anunod ‘reak uon
-eorjqnd ‘ToyIne IsIJ

(ponunuoo) | sjqey

pringer

Qs



157

Blood pressure, hypertension and the risk of atrial fibrillation: a systematic review and...

(T0¥-880) OF'€

(00€-8YD TLT

(€S T-TEe D Tl
(0T1-60'D ST'1
00T

(9€01-¥L€) TT9
(9L¥=€80) L9°€E

(8S'T-61'D) LE'T

@T1-L0D¥I'T
erwopidifsAp ‘smijjow
S9JoqRIp ‘QuOodUT MO] ‘AJTATIOR
[eorsAyd ren3ar ‘joyoore

SIBaA G < ‘uon
-BOIPAW 1M
uorsuairedAH
s1eak ¢ > ‘uon
-BOIPAW 1M
uorsuoyrdAy

uonesIpawl JNo
-y uorsudlradAy

uorsuayrodAy-a1g
uorsualradAy-uoN

SIBOA ¢ < “powt
q)m uorsua)radA
SIedA G> “powr
yim uorsua)radAg

SIBIK ¢> ““pow
y)m uorsua)radAg

uorsuayrodAy-a1g

0¥ >-0¢
a3e ‘vorsuairadAyg

0€>-0¢

S9SBO UONB[[LIQY [eLIe

9€1°961 :s1eak /1y
98k uroW ‘UoWOM

aseqele(J adoue

dn-morjoy -Insuj YI[esH

BOIOY]

‘snje)s Jupjouwrs “xas ‘93y 00’7 uorsuouedAy-uoN oS ‘uorsudredAyg pue UsW §1H°/6L°6 s1edk 7' ‘VN-VN [eUOTIEN BOIOY]  ‘6T0T T8 10 DX Wy
K)1s9qo Qz9DI1T 0€ <IN ‘SeX
[EUIIOPQE ‘[OIRIS[OYI-"TAH 61-6'0 €1 0€>TINg ‘ON
‘SOp1LI20A1311) “9s0on[3 poo[q 6'67-0'ST
xas ‘urajord aAnoraI-) @1 L' TN “SOK
‘[oyoore ‘Kyranoe fearskyd Y e e .
‘snye)s [eILIeW “YIom Jo odK) LT0DET 66706 INE ON S9SBD UONR[[LIQY [BLIR
‘[eaW ISB] QOUIS SW ‘SNIRIS ol 0'STING *S9X 8G/ 1 :s1eak ()7 293w dn-mof[og s1eak 1°g KemIoN
Supjous 3oy Xas 3y 01 0°$7>1INg ‘ON uoisua)adAH  ‘uewom pue usw ()L8°Ly ‘S10T-8007-900C INNH ‘610C “Te 2 L Suag
wSIPIOIAY)
-odAy ‘aseasip Aoupny JruoIyd
“oseasIp A10)re [eroydrrad
‘VI1L/ons snoraald ‘oseasip
Te[NAJeA ‘9SBISIP 1189y
AIBUO0I0D ‘QIN[Ie] }1eay ‘BIuap
-1dipradAy ‘arnssaxd poorq
orjoiserp ‘parenbs 1yStom SOSBO UONR[[LIqY [eLe Ans13oy vl
9y3om ‘parenbs JyTroy 9177L :SIeak G-t Juaned YoIeasay]
Y319y ‘Furjows ‘Qory/AIr 93e ‘uowom WwISAS are) vSn
-oTuy)o “‘xas ‘parenbs oSe <08y (8T 1-S0'T) 11°T ou "SA SOX uorsud)radAH pue usl 740907 VN ‘Y107-0007  -UESH s1ouwred ‘610T “Te 30 "TO Sw[nH
(Teatayur
OUIPYUOD %G6) dnoi3qns ‘uors S9SED JO Joquunu uondrosop Anunoo ‘1edk uon
SIOPUNOJUO) 10§ Jusaumsnipy NSII QATIR[Y uvostredwo)  -udyradAy jo odAy,  ‘syuedromred jo zoquunN potrad Apmig Io owreu Apmyg  -eorqnd ‘Toyine 3sIry

(ponunuoo) | sjqey

pringer

a's



D. Aune et al.

158

O1'1-20'1) 90°1
(20'1-96'0) 660

00T

OL'1-19'1) 99°1

(EV'1-¥€1D) 8€'T
CrI-L0D 111

(¥0'1-66'0) 10'1
00T

a8 1-0L'D9L'T

(8S'T-6¥'1) €51
6I'T-01'D ST'T

(80'1-20'D) SO'T
00°1

(STT-10D €1'C

(€6'T-9LD) ¥8'1

(Te'1-1TD LTT

(ET'T-L0'D 011
001

uonesIpaw JNoO
-y3m uorsudiredAy

uorsuayradAy-o1g

uorsud)radAy-uoN
SIedk G < ‘uon
-BOIpOW YIIM
uorsuayredAy
S1eA G > ‘uon
-BOIpOW YIIM
uorsuayredAy
uonedIpaw JNoO
-3m uorsuairedAy
uorsuayredAy-o1g
uorsuayodAy-uoN
SIedk G < ‘uon
-BOIPAW 1M
uorsuayredAH
s1RA G > ‘uon
-BOIpOW YJIM
uorsuayredAyg
uorEdIpawW JNO
-ym uorsudlredAH
uorsuayradAy-o1g
uorsudradAy-uoN
SIedA G < ‘uon
-BOIpOW YIIM
uorsuayredAy
s1eak ¢ > ‘uon
-BOIPAW NIM
uorsuairedAH
uonesIpaw JNoO
-y3m uorsudlredAy
uorsuayradAy-o1g
uor1sua)IodAy-uoN

0L <95
‘uorsua)radAy

0L>-09
a3e ‘vorsuairedAy

09>-0S
a3e ‘vorsuairadAH

0S>-0t
a3e ‘vorsuayredAy

SIOPUNOJUOD 10 Judwsnipy

(Teatayur

0UIPYUOD %G6)
NSII QATIR[Y

uostredwo))

dnoi3qns ‘uors
-uo)radAy jo odAy,

S95BD JO JoquInu
‘syuedronaed jo raquinN

potrad Apmg

uondrosop
1o owreu Apnyg

Anunod ‘reak uon
-eorjqnd ‘ToyIne IsIJ

(ponunuoo) | sjqey

b
)
)
5
et
|9
A
&l



159

Blood pressure, hypertension and the risk of atrial fibrillation: a systematic review and...

WSI[OYOoTe INo3 ‘9seasIp
[eual 93e)S-pud JNOYIIM IO
UM 9SBISIP ASUPIY OTUOIYO
‘wSTPIoIAY)Iad Ay ‘SISOYIITD
JOAT[ ‘SSBISIP QunuIIoINe
‘AdQD ‘saSeasIp I[NOSBA [RID
-ydrred ‘uonjorejur rerprecoAwr
INOYIIM IO (IIM ISBISIP AIoYIe
AIeuoIod ‘aoxs ‘aInjrej 1Ieay

Sased uol}

-R[[HqY [BLIR 06 SEY
81834 () 95 ‘Uowom

dn-morjoy

aseq
-e)e(J QouRINSU]

uemIe],

‘STI[OW SAOQRIP X3S 0Ty (T 1-0F'1) T+'1 OU "SA SOX uorsuayedAy PUE USW $69°0CT’L  SIAA 9T ‘9T0T—000C WIeSH UeMIBL,  TZ0T “T8 19 4L 0'UD
uQuIoMm
. . . . . hEilicig¥elig)
9sBasIp Aoupry O1UOIYD LLyTeD 69T U 'SA SR vorsudedAy SOSED UONB[[LIQY [BLIR [I[eaH [eJIPIA
‘Sunyurip ‘erwopidi[sAp ‘sa19q (S6°'1-60"D 9¥'1 OU 'SA SOX  UoW ‘UOISUAIRAAY (157 :s1vak ¢ oS UeOW dn-morjoy UQIISNOY] ueder ‘1202
-BIP ‘QOURIQJWINDII IsTem 93y (L7'Z-SE€1) SL'T Ol "SA SQX [Te ‘uorsud)radAy —‘uowom pue usW /g /9 s189A G ‘9107—800C BWIYSO3RY V[ “Te 10 A eAtwourN
9S1019%? Je[n3ax ‘SuryuLp ‘Jur SOSED UONB[[LIqY [BLIR
-Youws ‘ay0Is ‘aseasIp KIoye uswom $78 18k 682 -Gy
KIeU0I100 JYSIOMIIAO BIWIP (SV'T-6T D OL'T OU "SA S9X ‘uotsualIdAH 93e ‘uowom dn-morjoy uedef ‘1702
-1dirsAp ‘smyqow sejoqerp ‘o8 (¢4 1-10°1) 0T'1 OU "SA SO Udw ‘uorsuaiedAH pUe UdW 96€°0¢ | SIROA € ‘C10T—010C  2IMO9Jald Aem] “Te 10 N eweA1ysoy]
SOSED UONB[[LIqY [BLIR [)[eH S,USWOM
SOLIYIIE LT8T s1eak g1/ o5e uo Apmg Teurpm eIENSNY
‘euIgue ‘yoe)e 1Ieay ‘9SI0IXH T 1-601) ¥2'1 OU "SA SOX uorsud)radAH uedw ‘UdWoM [/99 VN ‘S107—-0007 -1SuoT uerensny  ‘0z0c T8 10 SS seqqy
uors
GLTP71) 86T -ud1adAy g 93eig
uors
(LET-LOD TTT  -usnadAy 1 93wig (VEV/IOV
(EV1-1T'D 9T'1 PAIBASIH | 1(7) seLoSered
00'1 [BULION uorsuayredAy
) (VHV/OOV
SAONS OSLISID (g 1-9T1) L€' U "SA $OX £ [0T) uotsualadAy
1189y AIRUOIOD ‘QIn[rej 1Iedy BL b D) 851 worsuoyadAyy
‘sajoqerp ‘snyels Suryurp ‘Sur : S9SBO UONR[[LIqY [eLIe Kpmg sonmu
-yows ‘[N “191Ud0 p[oy ‘uon (Gl Ry AN DR AN uosuIadAya1d  (; H\p) sen0Se 1687 :S18ak $9—C 93e dn-mo[[0}  -nWWo)) ur ysry vsn
-eonpa W31y ‘9oel ‘xas 93y 001 [ewIoON  -1ed UOISUNIAdAH — ‘USWIOM PUR USW G[6'p]  STBA 1T ‘L10T—L86] SISOIR[ISOIRYY ‘6107 “Te 10 V Iueney
s1eak ¢ < ‘uon
-BOIPOW 1M
(8S'T-65'1) ¥S'1 uotsudadAy
s1eak ¢ > ‘uon
-BOIpAW M
(SE'T-9T°D 0€'1 uotsuayedAy
(Teatayur
OUIPYUOD %G6) dnoi3qns ‘uors S9SED JO Joquunu uondrosop Anunoo ‘1edk uon
SIOPUNOJUO) 10§ Jusaumsnipy NSII QATIR[Y uvostredwo)  -udyradAy jo odAy,  ‘syuedromred jo zoquunN potrad Apmig Io owreu Apmyg  -eorqnd ‘Toyine 3sIry

(ponunuoo) | sjqey

pringer

a's



D. Aune et al.

160

S[oBIIE OTWAYDST JUAISULRT} = /[ [ ‘Ol 9ABM [, pue IS = 7/L§ ‘de1asind = y4 ‘d[qe[reae jou =y ‘opnded oneinineu [erne oid [euorsor

-prur = gNvold-ypy Yser wuseamba orjoqerow = ;7 ‘AydoniodAy renornuaa 139] = gA7 ‘urdjordodr) Aysuop-y3y=7qy ‘osepndadsuen [Awein|s ewwes =700 ‘s | 1od sawnjoa A10jendxe
PIdIOY = JAH ‘@6l UOTIRN[Y JB[NISWO[S pajewnsd = y,/02 ‘AydeI3oIpIeoonod[o =07 ‘Xopul ssew Apoq =g ‘QWAZUI JUIIAUOD UISUOISUR =F )V ‘1o)00[q 101dooa1 uIsuoIue = gyy

Apmg
@swol], Y],
(OHHHS)
110Y0D)
popuaIxy yesq
JIe9H USTI0OS
Apms VOINOIN
UIPIM§ UIDYION
Apms Tues-1[OJA

amssaxd S9sEd UONR[[LIqQYy Apms STANIA
pooi[q 21[018As ‘Sunjows A[rep [BLIR €147 :STeak ()'9f Apms
‘$919QRIp ‘[0I)SA[OYD WNIS juswean 95e UBIPOW ‘USWOM dn-moqoy s1eak 01 VOINOIW-NVA adorng
8101 ‘TN 110Y0d “Xas ‘93 99 T—+0'1) SE'1T OU "SA SOX aAatsudedAynuy pue uaw €9¢‘801 Xew ‘01077861 1SAIPMIS 1I0Y0d 9 ‘7Z0T e 19 S uowe)
jusuean)

[eo1paw Jo A10)s1y [euosiad
‘PAYISSE[O 2IYMIS]d JoU qUIT|
JOMO] JO I90[N ‘Seruy)AyLIe
OBIPIED Y0 ‘BIPIBOAYOR]
[ewrsAxored ‘saseasIp ey
Kreuownd 1oyjo ‘er3ordruuay
‘uonorejul 1o oSeyLIOWY

se pay1oads Jou—axons SosBD Uon
‘aseasIp AQupIy OTUOIYd ~e[[1qY [BLIE 8C6°86
‘9SBASIP 11BAY JB[NAJRA pajean  :s1eak Gy <ofe ‘uowiom aseqejep Auew1an ‘7702
‘QIn[rej 1189y pajean) ‘xas a3y 6L T1-C2LT)9L'T OU "SA S9X ‘uorsuayrod A pue uow [6€9L 1T ‘9102—€10¢ [OIeasaI Jonuy “Te 10 gy [eqeuyos
snje)s [eILIeWw ‘uoneonpa S9SBD UONR[[LIqQY [BLR dn
‘Joyodre ‘Surjows ‘SApLIAOA[3 21 sIeak 69—Gt o3e -MO[[0J STeA G871 eISsSNy ‘7z0¢
-1 “[012ISA[OYO [e10 TNE 93V (€6'T-99°0) €11 OU "SA SOX uorsualedAy  ‘UOWOM pue uour /8¢ ‘L102-5002-€00T Aprus HIAVH “Te 30 N eunydeys
s1eak G/—09
(SSTI-SE' 1) SH'1 OU "SA SQX ‘uorsuayrad Y
Kanoeur 1eorsAyd ‘[oyoore s1eak 66-0S S9SBO UONR[[LIQY [BLNE
‘Sunjouws apa1es1o> ‘erwapid] 69 1-0S°1) 09'1 ou 'SA SO 93e ‘uorsuoyRdAy €LLT1 Sk ¢/—0T
-SAp “S91ogRIp ‘9OUAIWINIIID s1ek 61—0C a3e ‘uowom pue dn-moy[oy aseqereq ueder ‘zz0T
IsTem 81 “A)1saqo “xas 08y (Z8'T-SH'1) 89'1 ou 'sa soX  oSe ‘uorsud)radAH U [HHL6ST  STRAA €°¢ ‘0T0T—S00T swrer) DANS “[e 10 S eyonsIEN
(Teatayur
OUIPYUOD %G6) dnoi3qns ‘uors S9SED JO Joquunu uondrosop Anunoo ‘1edk uon
SIOpUNOJUO) 10§ Jusaumsnipy NSII QATIR[Y uvostredwo)  -udyradAy jo odAy,  ‘syuedromred jo zoquunN potrad Apmg Io owreu Apnyg  -eorqnd ‘Toyine 3sIry

(ponunuoo) | sjqey

pringer

Qs



Blood pressure, hypertension and the risk of atrial fibrillation: a systematic review and... 161
Relative Risk
Study (95% ClI)
Camen, 2022 ) 1.35 ( 1.04, 1.66)
Matsuoka, 2022 Ll 1.55 ( 1.49, 1.62)
Schnabel, 2022 | ] 1.76 (1.72, 1.79)
Shapkina, 2022 ] + 1.13 ( 0.66, 1.93)
Chao, 2021 B 1.41 ( 1.40, 1.42)
Koshiyama, 2021 — 1.28 ( 1.10, 1.50)
Ninomiya, 2021 + . 3 1.75 ( 1.35, 2.27)
Abbas, 2020 — B 1.24(1.09, 1.42)
Bose, 2019 — 1.37 (119, 1.58)
Feng, 2019 — 1.52 ( 1.26, 1.85)
Hamada, 2019 - 1.40 ( 1.09, 1.79)
Hulme, 2019 —— | 1.10 ( 1.04, 1.17)
Kim, 2019 [ B 1.45 ( 1.4, 1.47)
Kodani, 2019 - 1.4 (0.96, 2.15)
Rattani, 2019 —B— 1.58 (1.4, 1.74)
Aronson, 2018 + 1.48 ( 1.39, 1.57)
Austin, 2018 152 ( 1.08, 2.15)
Khurshid, 2018 4L 1.49 ( 1.38, 1.62)
Kim, 2018 - ‘ 1.35 ( 0.99, 1.86)
Ogunmoroti, 2018 — . 1.41 (1.15, 1.72)
Ding, 2017 ! = 1.64 (1.12, 2.40)
Hobbelt, 2017 |y 1.55 ( 1.13, 2.11)
Diouf, 2016 » ! 1.20 ( 0.60, 2.40)
Kolek, 2016 — . 1.41 (1.30, 1.54)
Svennberg, 2016, PIVUS ] 1.52(1.05, 2.21)
Svennberg, 2016, ULSAM ! L 2.32( 1.55, 3.46)
Chyou, 2015 —m 1.31 ( 1.14, 1.50)
Guo, 2015 - 1.72(1.48, 2.01)
Kokubo, 2015 L - 1.75 ( 1.33, 2.29)
Nystrom, 2015 + = 1.69 ( 1.28, 2.24)
Pfister, 2015 | - 2.01( 1.51, 2.66)
Qureshi, 2015 —— | 1.23(1.12, 1.34)
Schnabel, 2015 — . 1.48 ( 1.32, 1.65)
Suzuki, 2015 - + 1.08 ( 0.66, 1.77)
Knuiman, 2014 + - 1.70 ( 1.35, 2.13)
Sano, 2014 - | 0.93(0.73, 1.19)
Alonso, 2013, AGES — . 1.59 ( 1.28, 1.97)
Alonso, 2013, CHS —_— 1.60 ( 1.37, 1.87)
Alonso, 2013, RS T : 1.62(1.21,2.19)
Conen, 2013 R 1.69 ( 1.43, 2.01)
Perez, 2013 — 1.43 ( 1.36, 1.50)
Smith, 2013 — 1.54(1.37,1.72)
Zoller, 2013 | [ ] 214 (2.11,2.18)
Lipworth, 2012 — R 1.29 (1.07, 1.55)
Nichols, 2009 —— 1.32(1.20, 1.46)
Gami, 2007 - 2.85 (2,02, 4.02)
Kim, 2007 ! 1.63(0.71, 3.75)
Friberg, 2003 - ! 1.30 ( 1.00, 1.70)
Ruigomez, 2002 SR — 1.80 ( 1.50, 2.10)
Tsang, 2001 - 1.44 (1.01, 2.05)
Wilhelmsen, 2001 | ] 1.73(1.31, 2.29)
Krahn, 1995 - 1.42(1.10, 1.84)
Overall _ 1.50 ( 1.42, 1.58)
I I
5 75 1 15 2 3 5
Relative Risk

Fig.2 Hypertension and atrial fibrillation

pressure and 6% increase in relative risk per 10 mmHg of
diastolic blood pressure. Although the test for nonlinearity
was significant both for systolic and diastolic blood pressure
in relation to atrial fibrillation, the association with systolic
blood pressure appeared to be approximately linear, while
the association for diastolic blood pressure was nonlinear
with a slightly steeper increase in risk at lower levels than
at higher levels of diastolic blood pressure. However, there
was an increased risk even within what is considered the nor-
mal blood pressure range and the lowest risk was observed
at a systolic and diastolic blood pressure of 90/60 mmHg,
respectively, while there was a 1.8-2.3 fold increase in risk
at the high end of systolic and diastolic blood pressure around
180/110 mmHg. Positive associations were observed both
in men and women, and among European, American, Asian
and Australian studies, however, data from other regions

are lacking. In the few studies that reported results strati-
fied by ethnicity, there was a positive association between
hypertension and atrial fibrillation among both Caucasians
and African Americans. Our findings of an increased risk
of atrial fibrillation with higher systolic and diastolic blood
pressure are partly consistent with several recent Mendelian
Randomization (MR) studies [95-97], as well as a rand-
omized open-label trial which found a 54% reduction in risk
of new-onset atrial fibrillation among participants allocated
to tight vs usual blood systolic blood pressure control (target
of <130 mmHg and < 140 mmHg, respectively) [98], sug-
gesting a possible causal relation between elevated blood
pressure and atrial fibrillation. The MR studies reported
stronger associations between blood pressure and atrial fibril-
lation when compared to the current analysis with 17-19%
vs. 9% increases in risk of atrial fibrillation per 10 mmHg
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A l Systolic blood pressure and atrial fibrillation, linear dose-response analysis, per 20 mmHg ‘ C l Diastolic blood pressure and atrial fibrillation, linear dose-response analysis, per 10 mmHg
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B l Systolic blood pressure and atrial fibrillation, nonlinear dose-response analysis ‘
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Fig.3 Systolic and diastolic blood pressure and atrial fibrillation, linear and nonlinear dose—response analysis

increase in systolic blood pressure and 25-29% vs. 6%
increases in risk of atrial fibrillation per 10 mmHg increase in
diastolic blood pressure, respectively. The stronger associa-
tions observed in the MR studies could be due to a stronger
impact of lifelong elevated blood pressure that may be better
captured in the MR studies, and potential overadjustment for
intermediate risk factors in some of the observational stud-
ies. We did not observe significant differences in the asso-
ciation between hypertension or blood pressure and atrial
fibrillation by sex, in contrast to what has been previously
observed for cardiovascular disease incidence [99], but con-
sistent with that observed for stroke [100] and cardiovascular
disease mortality [99]. This suggests that for the prevention
of atrial fibrillation, blood pressure lowering may be equally
important among men and women.

Several biological pathways could explain an increased
risk of atrial fibrillation in patients with hypertension. Ele-
vated blood pressure increases the risk of coronary heart
disease and heart failure [101], conditions that predisposes
to atrial fibrillation [29, 34, 47, 48]. Hypertension induces

@ Springer

structural remodelling of the left atrium with excessive fibro-
blast proliferation, and fibroblasts can switch and proliferate
to myofibroblasts which have a higher profibrotic potential
and also contribute to collagen accumulation [102]. Epi-
demiological studies have shown that elevated blood pres-
sure predisposes to left ventricular hypertrophy [103-106],
which again increases the risk of atrial fibrillation [17, 20,
29, 34, 41, 51]. It also stimulates apoptosis and inflam-
mation of the cardiomyocytes, leading to fibrosis and left
ventricular hypertrophy. Activation of the renin—angioten-
sin—aldosterone system and autonomic dysregulation are
major factors behind these changes. Long-term hyperten-
sion can through ventricular thickening, left ventricular
hypertrophy and impaired left ventricular systolic-diastolic
function increase atrial pressure, ultimately leading to atrial
stretch, enlargement and deterioration of atrial contraction
[102]. Dysregulation of the autonomic nervous system may
also contribute to the development of atrial fibrillation and it
has been shown that both sympathetic and parasympathetic
overactivation may trigger atrial fibrillation [102].
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Table 3 Subgroup analyses of hypertension, systolic and diastolic blood pressure and atrial fibrillation

Hypertension and atrial fibrillation Systolic blood pressure and atrial fibrillation Diastolic blood pressure and atrial fibrillation
n | RR (95% CI) P (%) | Py Py n RR (95% CI) P (%) | Py Py n RR (95% CI) P (%) | Py Py
All studies 52 | 1.50(1.42-1.58) | 98.1 <0.0001 31 1.19 (1.16-1.21) 68.4 | <0.0001 21 1.06 (1.02-1.10) 92.1 | <0.0001
Sex
Men 12 | 1.52(1.28-1.80) | 91.6 <0.0001 | 0.99/ |5 1.17 (1.12-1.23) 29.1 023 041/ |2 1.24(1.21-1.26) 0 0.67 0.009
Women 11 | 1.46 (1.18-1.80) | 91.6 <0.0001 |0.74 |2 1.31 (1.18-1.45) 66.7 | 0.08 0.14 |2 1.19 (1.16-1.21) 0 0.51 /0.10
Men, women 38 | 1.50(1.44-1.56) | 93.6 <0.0001 25 1.18 (1.14-1.22) 89.4 | <0.0001 18 1.04 (0.99-1.09) 84.7 | <0.0001
Follow-up
<10 years 34 | 1.48(1.36-1.60) | 98.3 <0.0001 | 042 |15 1.17 (1.14-1.20) 75.5 | <0.0001 | 0.32 13| 1.06(1.01-1.12) 94.2 | <0.0001 | 0.88
>10 years 17 | 1.52(1.44-1.61) | 58.1 0.001 16 1.21 (1.17-1.26) 58.6 | 0.002 8 1.06 (0.98-1.14) 80.8 | <0.0001
Geographic location
Europe 17 | 1.65(1.51-1.81) | 95.1 <0.0001 |0.02 |15 1.16 (1.12-1.20) 76.3 | <0.0001 | 021 |6 1.07 (0.96-1.20) 84.1 | <0.0001 | 0.60
America 18 | 1.46 (1.41-1.50) | 84.3 <0.0001 8 1.24 (1.16-1.32) 72.6 0.001 8 0.99 (0.92-1.05) 71.8 <0.0001
Asia 12 | 1.42(1.33-1.52) | 78.7 0.001 7 1.18 (1.18-1.19) 0 0.44 6 1.13 (1.09-1.17) 427 ]0.12
Australia 3 | 1.40(1.08-1.80) | 64.3 0.06 1 1.11 (0.99-1.26) 1 1.00 (0.88-1.13)
Number of cases
Cases <250 14 | 1.62 (1.41-1.87) |43.2 0.04 0.13 12 1.23 (1.17-1.30) 0 0.48 037 |8 1.10 (1.03-1.18) 372 | 0.13 0.32
Cases 250-<1000 16 | 1.51(1.40-1.64) | 52.9 0.007 11 1.19 (1.13-1.24) 49.9 0.03 9 1.05 (0.99-1.12) 71.7 <0.0001
Cases >1000 22 | 1.46 (1.35-1.56) | 99.2 <0.0001 8 1.18 (1.15-1.21) 88.7 | <0.0001 4 1.03 (0.94-1.12) 98.5 | <0.0001
Prevalent cases excluded
Yes 47 | 1.48(1.43-1.53) | 924 <0.0001 0.68 28 1.19 (1.16-1.21) 70.3 <0.0001 0.90 18 1.05(1.01-1.10) 92.4 <0.0001 0.26
No 5 | 1.48(1.06-2.05) | 96.0 <0.0001 3 1.21 (1.09-1.33) 477 | 0.15 1 1.21(1.07-1.37)
Study quality
0-3 stars 0 0.28 0 0.58 0 0.39
4-6 stars 7 | 1.55(1.24-1.95) | 94.7 <0.0001 2 1.25 (1.02-1.55) 88.7 | 0.003 1 1.15 (1.05-1.27)
7-9 stars 45 | 1.47 (1.42-1.52) | 92.7 <0.0001 29 1.19 (1.16-1.21) 67.4 | <0.0001 18 | 1.06(1.02-1.11) 92.4 | <0.0001
Adjustment for confounding factors®
Age [Yes |49 | 1.51(1.43-1.59) | 98.2 <0.0001 | 0.31 31 1.19 (1.16-1.21) 68.4 | <0.0001 | NC 21 1.06 (1.02-1.10) 92.1 <0.0001 | NC
o 3 | 1.34(1.15-1.56) | 483 0.15 0 0
Education [Yes |8 |[1.55(1.26-1.90) |97.6 <0.0001 | 023 |4 1.29 (1.17-1.42) 63.3 | 0.04 0.03 |4 1.01 (0.89-1.14) 81.4 | 0.001 0.30
o |44 | 1.46(1.41-152) [92.9 <0.0001 27 | 118 (1.15-1.20) 65.9 | <0.0001 17 [ 1.07(1.03-1.12) | 92.7 | <0.0001
Alcohol [Yes | 16 | 1.47 (1.41-1.53) | 60.7 0.001 027 |9 1.25 (1.18-1.33) 66.5 | 0.002 0.09 |5 1.06 (0.98-1.15) 86.4 | <0.0001 | 0.99
o 36 | 1.54(1.42-1.67) | 98.6 <0.0001 22 1.18 (1.14-1.21) 69.8 <0.0001 16 1.06 (0.99-1.14) 91.2 <0.0001
Smoking Yes |26 | 1.41(1.34-1.48) | 83.2 <0.0001 | 0.03 |20 1.20 (1.17-1.22) 75.1 | <0.0001 | 0.45 12| 1.04(0.99-1.10) 95.1 | <0.0001 | 0.44
o 26 | 1.58(1.43-1.75) | 98.9 <0.0001 11 1.17 (1.12-1.22) 356 | 0.11 9 1.08 (1.01-1.16) 71.0 | 0.001
BMI or obesity Yes |26 | 1.42(1.34-1.51) | 82.9 <0.0001 | 0.03 |21 1.21 (1.16-1.26) 70.8 | <0.0001 | 0.52 11 1.01 (0.94-1.08) 77.9 | <0.0001 | 0.04

The present systematic review and meta-analysis has
some limitations that need to be discussed. Persons with
hypertension often have less healthy lifestyles than persons
without hypertension, including higher BMI, less physi-
cal activity and they may be more likely to smoke. Sev-
eral of the included studies adjusted for the most impor-
tant confounding factors and the results persisted across
most subgroup analyses, and we found little evidence of
heterogeneity between these subgroups. However, we can-
not exclude the possibility that residual confounding could

partly explain the results. There was very high heterogeneity
in the analyses of hypertension and diastolic blood pressure
and moderately high heterogeneity in the analysis of systolic
blood pressure and this persisted in many of the subgroup
analyses, but there was lower heterogeneity in studies with
a longer duration of follow-up. The heterogeneity observed
appeared to be more driven by differences in the effect
sizes rather than differences in the direction of the asso-
ciation, as all except one study found positive associations
between hypertension or systolic blood pressure and atrial

@ Springer
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Table 3 (continued)

o |26 157(146-1.70) | 99.0 | <0.0001 10 | 118 (1.16-121) 655 | 0.002 10 | L11(1.06-1.18) | 943 | <0.0001
Physical activity  [Yes | 10 | 142 (134-1.51) | 74.6 | <0.0001 | 028 |6 | 127 (1.18-1.37) 742 | 0.002 004 |4 | 107(097-120) |90.5 |<0.0001 |0.78
o | 42| 152(1.41-1.64) | 984 | <0.0001 25 | 118 (1.14-1.21) 67.7 | <0.0001 17 | 1.06 (0.99-1.13) | 90.7 | <0.0001
Diabetes mellitus _ [Yes | 28 | 151 (1.40-1.62) | 98.8 | <0.0001 | 0.71 | 18 | .19 (1.16-1.22) 778 | <0.0001 | 091 | 13 | 1.04(0.98-1.09) | 948 | <0.0001 | 0.22
o |24 | 149(135-1.64) | 925 | <0.0001 13 | L18(1.14-123) 288 | 0.16 8 | 1.10(1.03-1.19) | 70.2 | 0.001
Hyperlipidemia  [Yes | 13 | 140 (131-1.50) | 91.1 | <0.0001 | 0.13 |3 | L.17(1.06-1.29) 555 | 0.11 062 |2 | 1.09(1.09-1.10) |0 0.90 0.62
o |39 153(141-1.66) | 984 | <0.0001 28 | 120 (1.16-1.23) 689 | <0.0001 19 | 1.06(0.99-1.13) | 91.6 | <0.0001
Coronary heart Ves |27 | 148 (1.35-1.62) | 99.0 | <0.0001 | 053 |11 | 1.22(1.18-1.26) 373 | 0.10 024 |7 |097(0.90-1.05 | 729 |0.001 0.01
disease 0 |25 151(145-1.56) | 264 | 0.11 20 | 1.17 (1.14-1.20) 74.6 | <0.0001 14 | 110(1.05-1.15) | 924 | <0.0001
Heart failure Ves |17 | 148 (1.32-1.66) | 99.4 | <0.0001 | 0.66 |4 | 1.28(1.19-1.38) 375 | 0.19 006 |5 |096(0.88-1.04) | 799 |0.001 0.009
o |35 150(144-1.55) |434 | 0.004 27 | 118 (1.15-1.20) 683 | <0.0001 16 | 1.10(1.05-1.15) | 913 | <0.0001
Valvular heart Ves |4 | 1.38(1.02-1.87) | 988 | <0.0001 | 029 |0 NC |1 | 0.97(0.88-1.06) 041
disease o |48 | 151(143-1.60) | 97.9 | <0.0001 31 | 119 (1.16-1.21) 684 | <0.0001 20 | 1.06(1.02-1.11) | 923 | <0.0001
Left ventricular  [Yes |2 | 1.41(1.40-1.42) |0 055 044 |3 | 115(1.07-122) 01 | 037 043 |3 | 1.05(092-120) | 752 |0.02 0.88
hypertrophy o |50 | 151 (141-1.60) | 975 | <0.0001 28 | 1.19(1.17-1.22) 70.6 | <0.0001 18 | 1.06 (1.02-1.11) | 93.0 | <0.0001
Kidney disease Yes |6 | 1.48(1.29-1.71) | 99.0 | <0.0001 | 088 |0 NC |0 NC
0 |46 | 1.50 (1.40-1.61) | 97.4 | <0.0001 31 | 119 (1.16-1.21) 684 | <0.0001 21 | 1.06(1.02-1.10) | 92.1 | <0.0001

n denotes the number of risk estimates
'P for heterogeneity within each subgroup

2 P for heterogeneity between subgroups with meta-regression analysis

2 P for heterogeneity between men and women (excluding studies with both genders) with meta-regression analysis

BML, body mass index

NC, not calculable because no studies were present in one of the subgroups.

fibrillation. Since the studies only had one baseline assess-
ment of hypertension status or blood pressure, regression
dilution bias could have attenuated the association between
hypertension or blood pressure and risk of atrial fibrillation.
Some participants with high blood pressure at baseline may
have undergone subsequent treatment for high blood pres-
sure with pharmaceutical medications or lifestyle changes,
which would have lowered their blood pressure, but any
such effects would most likely have led to conservative esti-
mates of the associations between hypertension and blood
pressure and risk of atrial fibrillation. Some of the included
studies may also have over-adjusted by including hyperten-
sion status and blood pressure in the same models, adjusting
rather than stratifying for blood pressure treatment, and/or
by adjusting for potentially intermediary conditions such as
coronary heart disease, heart failure, valvular heart disease,
and left ventricular hypertrophy in the multivariable mod-
els. Any further studies might want to adjust for potential
confounders and mediators separately to evaluate the impact
of both on the observed associations.

Strengths of the present meta-analysis include (1) the
cohort design of the included studies (which avoids recall
bias and reduces the potential for selection bias), (2) the
detailed subgroup and sensitivity analyses, (3) the very
large sample size with 14.3-30.5 million participants

@ Springer

and 333,000 to 1,080,000 cases providing a more robust
estimate of the association between blood pressure and
hypertension and risk of atrial fibrillation than most indi-
vidual studies, and (4) the detailed dose-response analy-
ses. Our findings have important clinical and public health
implications as the number of people with hypertension
worldwide increased from 594 million in 1975 to 1.13
billion in 2015, mainly due to population growth and age-
ing, but also due to lifestyle factors [107]. This increase
in the number of people with hypertension may at least
have partly contributed to increased rates of atrial fibril-
lation. Routine screening for hypertension and lifestyle
interventions to reduce blood pressure that emphasize
healthy diets, physical activity, weight control and proper
pharmaceutical treatment of hypertension may therefore
also reduce the risk of atrial fibrillation as well as other
cardiovascular complications.

Conclusion

In conclusion, this meta-analysis suggests that people with
hypertension have a 50% increase in the relative risk of devel-
oping atrial fibrillation compared to those without hyperten-
sion. Increasing systolic and diastolic blood pressure even
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within the normal range was associated with increased risk
and at the high end was associated with a twofold increase in
risk. These results strongly support a role of elevated blood
pressure in the development of atrial fibrillation.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10654-022-00914-0.
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