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ABSTRACT

OBJECTIVE

To determine whether atrial fibrillation is a stronger
risk factor for cardiovascular disease and death in
women compared with men.

DESIGN
Meta-analysis of cohort studies.

DATA SOURCES

Studies published between January 1966 and March
2015, identified through a systematic search of
Medline and Embase and review of references.

ELIGIBILITY FOR SELECTING STUDIES

Cohort studies with a minimum of 50 participants

with and 50 without atrial fibrillation that reported sex
specific associations between atrial fibrillation and all
cause mortality, cardiovascular mortality, stroke,
cardiac events (cardiac death and non-fatal myocardial
infarction), and heart failure.

DATA EXTRACTION

Two independent reviewers extracted study
characteristics and maximally adjusted sex specific
relative risks. Inverse variance weighted random
effects meta-analysis was used to pool sex specific
relative risks and their ratio.

RESULTS

30 studies with 4371714 participants were
identified. Atrial fibrillation was associated with a
higher risk of all cause mortality in women (ratio of
relative risks for women compared with men 1.12,
95% confidence interval 1.07 to 1.17) and a
significantly stronger risk of stroke (1.99, 1.46 to
2.71), cardiovascular mortality (1.93, 1.44 to 2.60),
cardiac events (1.55, 1.15 to 2.08), and heart failure
(1.16, 1.07 to 1.27). Results were broadly consistent
in sensitivity analyses.

WHAT IS ALREADY KNOWN ON THIS TOPIC

Atrial fibrillation (AF) is associated with an increased risk of stroke and death in

men and women

A growing body of literature suggests that women and men experience risk factors
for cardiovascular disease differently, including diabetes, smoking, and body mass

index

WHAT THIS PAPER ADDS

AFis associated with a stronger relative risk of all cause mortality, cardiovascular
mortality, stroke, ischaemic heart disease, and heart failure in women than in men

Whether the differential association of AF with death and cardiovascular disease in
women relative to men is causal is unclear
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CONCLUSION

Atrial fibrillation is a stronger risk factor for
cardiovascular disease and death in women compared
with men, though further research would be needed to
determine any causality.

Introduction

Atrial fibrillation (AF) is a leading cause of cardiovascu-
lar disease worldwide,! with an estimated 33.5 million
people affected in 2010.2 Recent estimates from the
Global Burden of Disease study indicated that AF was
associated with an age adjusted mortality rate of 1.7 per
100000 people (95% uncertainty interval 1.4 to 2.1) in
20103 and that the prevalence is increasing in both
developed and developing countries.?

Although AF is associated with an increased risk of
stroke* and death® in men and women, a growing
body of literature suggests that women and men expe-
rience risk factors for cardiovascular disease differ-
ently. Previous analyses have shown that smoking and
diabetes are associated with greater proportional risks
of coronary heart disease in women than in men.6”
Diabetes is also associated with a greater relative risk
of stroke in women.? It is currently unclear, however,
whether such sex differences exist for AF. While being
female is a risk factor for stroke among individuals
with AF,? this could reflect differences in the multi-
variable adjusted risk of stroke by sex in the general
population rather than differential effects of AF by
sex. To explore sex differences in the effect of AF, it is
necessary to compare sex specific estimates of the
effect of AF on risk of death and cardiovascular dis-
ease. While some studies have suggested that AF is
more strongly associated with the risk of stroke!® and
death in women than men, others have suggested
not.'?™ Sex differences in the association between AF
and death and cardiovascular disease would have sub-
stantial implications for the estimation of the global
and regional burden, for the targeting of treatment to
manage it, and for future research into causes of sex
differences.

Accordingly, we conducted a meta-analysis of cohort
studies to estimate the association between AF and car-
diovascular disease and death in women and men and
to compare the sexes.

Methods

Search strategy and selection criteria

We conducted a systematic review of cohort studies
that reported associations between AF and death or
cardiovascular events in men and women. This was
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done in accordance with the MOOSE (meta-analysis of
observational studies in epidemiology) guidelines.®®
An experienced research librarian designed and con-
ducted the search strategy. Medline and Embase were
searched from 1966 to March 2015 with a combined
text and MeSH subheading search with the following
terms: “atrial fibrillation”, “mortality”, “death”, “car-
diovascular disease”, “heart failure”, “myocardial
infarction”, “death, sudden, cardiac”, “stroke”, “kid-
ney”, “renal”, “peripheral”, and “risk factors”. We
conducted a review of the references of identified
studies.

We included any study that reported sex specific
associations between AF and any of the following out-
comes: all cause mortality, cardiovascular mortality,
stroke (fatal and non-fatal), cardiac events (a compos-
ite of cardiac death and non-fatal myocardial infarc-
tion, excluding heart failure), heart failure, peripheral
arterial disease, and chronic kidney disease. For
inclusion in the analysis, studies were required to
have a minimum of 50 participants with AF, a mini-
mum of 50 participants without AF, and a median fol-
low-up of at least six months. Importantly, we
included only studies that reported associations for
both men and women to restrict our analysis to com-
parisons of men and women within studies and to
reduce the risk of heterogeneity between studies
influencing our results. Additionally, we required all
studies to adjust for, at a minimum, age and the pres-
ence of cardiovascular disease at baseline. We
excluded studies that examined postoperative atrial
fibrillation because the differing epidemiology and
duration of postoperative atrial fibrillation relative to
chronic atrial fibrillation.’® There were no language
restrictions, and an investigator with extensive expe-
rience in epidemiological study translation (AJH)
translated non-English studies. We contacted authors
of studies that did not report separate associations for
women and men to provide any unpublished data on
adjusted sex specific associations.

Data extraction

Data were extracted, in duplicate, from studies
deemed to meet the eligibility criteria. These included
details on general study characteristics (study name,
duration of follow-up, year of publication), informa-
tion about the studied population (number of partici-
pants with and without AF, mean age, number of men
and women, number of participants with a history of
coronary heart disease, stroke, and heart failure), and
information on the outcomes in the study (all cause
mortality, cardiovascular mortality, stroke, cardiac
events, heart failure, peripheral arterial disease, and
chronic kidney disease). We extracted sex specific
adjusted measures of relative risk (hazard ratios, rela-
tive risks, and odds ratio) and 95% confidence inter-
vals. We used the maximally adjusted relative risk that
was available and risk estimates corresponding to the
longest period of follow-up. For cohorts that had mul-
tiple reports of the same outcome, we used the report
with the largest number of events. Study quality was
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assessed with the Newcastle-Ottawa scale for cohort
studies.”

Statistical analysis

For the primary analysis, we derived a ratio of relative
risks with 95% confidence intervals of AF for each out-
come in women compared with men, as previously
described.? This relative risk ratio for each study was
then pooled with inverse variance weighted random
effects meta-analysis. We also pooled relative risks for
men and women separately. For one study, which
reported separate hazard ratios for men and women in
different age groups, we first used inverse variance
weighted fixed effects meta-analysis to generate a sum-
mary hazard ratio for men and for women.'® We used
funnel plots to examine if publication bias seemed to be
present for outcomes that had at least 10 studies pres-
ent (all cause mortality and stroke).! If publication bias
was present, we used the trim and fill method to adjust
for publication bias.?® Heterogeneity was quantified
with the I? statistic and the Q test. P<0.05 was consid-
ered significant.

To estimate the difference in absolute risks associ-
ated with AF between women and men, we multiplied
estimated sex specific excess incidence rates for all
cause mortality,?! cardiovascular mortality,”! coronary
heart disease? (restricted to coronary heart disease
mortality as an incidence rate for the composite of cor-
onary heart disease death and non-fatal myocardial
infarction could not be obtained), stroke,2 and heart
failure? in the United Kingdom general population by
sex specific associations of each outcome with AF. The
relative risk associated with each outcome in women
was calculated by multiplying the pooled ratio of rela-
tive risks by the relative risk in men. We then subtracted
the excess risk in men from the excess risk in women to
estimate the difference in absolute risks associated with
AF between men and women. Confidence intervals
were derived through simulation with 10000 draws
from the distribution of the men’s relative risk and ratio
of relative risks performed.

Sensitivity analyses

We undertook seven sensitivity analyses to determine if
the ratio of relative risks in women versus men for mor-
tality and stroke differed by methodological and study
characteristics. Firstly, we stratified studies by whether
AF was ascertained through electrocardiography at base-
line or through medical records. Secondly, we stratified
by region (Europe versus non-Europe). For these two
stratified analyses (which stratified on categorical vari-
ables), we performed tests for interactions between sub-
groups. Thirdly, we stratified by size of the study
(>100000 versus <100000 participants) to examine
whether the results were consistent we excluded two
large studies?? (each with more than 100000 partici-
pants). Fourthly, we stratified by baseline year of enrol-
ment of each cohort (1990 and before versus 1991 or
later). Fifthly, we stratified by length of follow-up (<10
versus >10 years). Sixthly, we stratified by median age
(<65 versus >65 at baseline). Finally, we stratified studies
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by the ratio of the event rate in women to men to examine
whether our results were influenced by potentially lower
absolute risk of outcomes in women than men. For the
five analyses that stratified on continuous variables we
performed tests for trend using meta-regression. The
seven sensitivity analyses were restricted to stroke and
all cause mortality because there were too few studies to
conduct sensitivity analyses for other outcomes. All sta-
tistical analyses were conducted with R version 3.0.

Patient involvement

No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved in
the design and implementation of the study. There are
no plans to involve patients in dissemination.

Results

The systematic search identified 3635 studies, of which
268 were examined in the full text review (fig 1) and 238
were excluded. Accordingly, we included 30 cohort
studies. None of these studies reported sex specific
associations for either peripheral arterial disease or
chronic kidney disease. Twenty studies provided pub-
lished sex specific associations, while 10 studies pro-
vided unpublished associations.

Table 1 shows the characteristics of the included
studies. Ascertainment of AF status was through elec-
trocardiography or continuous monitoring in 15 studies,
medical records in eight studies, and a combination in
six studies. One study did not report the method of

Studies identified and screened (n=3635):
Medline search (n=1670)
Embase search (n=1963)
Bibliography review (n=2)

Studies excluded during initial screen for violating
inclusion criteria (n=3367):
Had unrelated population or outcome (n=2754)
Had <50 AF and 50 controls or <6 months’
follow-up (n=83)
Were not cohort studies (n=333)
Examined postoperative AF (n=136)
Used overlapping cohorts (n=61)

Studies screened in full text review (n=268)

Studies excluded (n=238):

Studies used overlapping cohorts (n=18)

Had inadequate adjustment (n=13)

Had <6 months’ follow-up (n=21)

Had <50 AF and 50 controls (n=32)

Did not report association of AF with
prespecified outcomes (n=42)

Were not cohort studies (n=15)

Studies did not report separate associations for
men and women (n=97)

Cohort studies included (n=30):
Studies ascertained AF through electrocardiography/
monitoring (n=15)
Studies ascertained AF through medical records (n=8)
Studies ascertained AF through electrocardiography and
medical records (n=6)
Did not reported method of AF ascertainment (n=1)

Fig 1| Identification of cohort studies that reported
associations between atrial fibrillation (AF) and death or
cardiovascular events in men and women
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ascertainment. Quality of included studies, as assessed
by the Newcastle-Ottawa Scale, was high (appendix
table A).

Studies included a total of 4371714 participants,
66511 with AF (not counting one study?* with an over-
lapping cohort as a second study?). Twenty six studies
reported the number of events. Of these, 14 studies
reported on all cause mortality (18563 events), four
studies on cardiovascular mortality (7702 events), 11
studies reported on stroke (83030 events), six studies
on cardiac events (3583 events), and three studies on
heart failure (27 468 events). Four additional studies
reported relative risks for all cause mortality, cardiovas-
cular mortality, and stroke associated with AF but did
not report the number of events. Appendix table B
shows pooled incidence rates for studies that reported
number of events for men and women separately are
provided.

Risk of cardiovascular disease and all cause
mortality in women versus men

The pooled relative risk of all cause mortality for indi-
viduals with AF compared with those without AF was
higher in women than in men (relative risk 1.69 (95%
confidence interval 1.50 to 1.90) v 1.47 (1.32 to 1.65);
fig 2). The pooled ratio of relative risks for women ver-
sus men showed a 12% greater risk of all cause mortal-
ity associated with AF in women than in men (relative
risk ratio 1.12, 95% confidence interval 1.07 to 1.171;
fig 3). Although heterogeneity was observed in the rela-
tive risk of all cause mortality associated with AF in
both women and men (I>=91% and I’=89%, respectively,
P<0.001; fig 2), no significant heterogeneity was
observed in the pooled ratio of relative risks (12=2%,
P=0.43; fig 3).

The relative risk of stroke was also greater in women
than in men (relative risk 4.05 (95% confidence interval
2.52t0 6.50) v 1.77 (1.40 to 2.24); fig 4 ). When we pooled
the ratios of relative risks, AF was observed to be asso-
ciated with twice the relative risk of stroke in women
than in men (relative risk ratio 1.99, 95% confidence
interval 1.46 to 2.71; fig 5). There was significant hetero-
geneity between studies (1>=73%, P<0.001).

AF was associated with a higher relative risk of car-
diovascular mortality in women than in men (relative
risk ratio 1.93, 95% confidence interval 1.44 to 2.60;
fig 6; appendix fig A), with little heterogeneity observed
between studies (I1>=8%), and was associated with a
55% higher relative risk of cardiac events (cardiac death
or non-fatal myocardial infarction) in women versus
men (1.55, 1.15 to 2.08; fig 6; appendix fig B). This was
consistent when we restricted our analysis to three
studies that reported only myocardial infarction,
excluding the one study that reported sudden cardiac
death3° (1.64, 1.15 to 2.34). AF was also associated with
an increased risk of heart failure in women compared
with men (1.16, 1.07 to 1.27; appendix fig C).

When we looked at events per 1000 patient years,
corresponding absolute risk increases in outcomes
associated with AF in women compared with men were
1.8 (95% confidence interval 1.1 to 2.6) for all cause



RESEARCH

(panupuod)

aseasip
|BUSI D1UOIYD ‘DSBISIP JBINISBAOIPIED ‘S919qeIp | 9dA) ‘A11d1uyls ‘sniels

€GL0C 1219

3upjows ‘sajaqelp Jo uoljeinp ‘uoljeAldap ‘ol JQH/1019353]0Yd 98y 0 VN VN VN 09 96876l  (€56€l)908/¢EY Spi0%al |B2IPAN  ¥10T-866L N x0)-A9isiddiy

S9131P1gIOW0d J3Y30 ‘9SeaSIp SaleM wEL0T

lenaseA A3d1uya ‘Supjows ‘uoljealidap |01a3saloyd ‘dg ‘IWg 98Y 76791 0 19966 / a7 0/£1081  (LZ€Sl) 8765 € Sp102a1BJIPA  CLOZ-866L Ppuepue|du3  x0)-A9isiddiH
[EEEIEN
awl} SulAjIopun se pasn 98e) 9Seas|p |eual JUOIYD ‘UOIIR||IiqY |eLIle

‘si}1IY3Ie plojewnayd ‘uoisuaiiadAy pajeass ‘sajaqelp ¢ adA} ‘aseasip 1ieay 40L0T ‘1B 319

Aseuo100 jo Aloysiy Ajiwey ‘dnous ojuy3e ‘uorjeanidap o1a3saloyd ‘4gs ‘INg 0 0 0 07 '8y S¥868LL  (LE0TL) 65LEVET Sp10231|BIIPA  0LOZ-7661 N x0)-Agisiddiy

3upjows pue «€10C

‘SnjijjaW S919geIp 019159)0Yd TQH PUR 1Q7 ‘@Inssaid poo|q 21103SAs 98y 0 0 0 6/ 65 e (z9) 08LYy [SRE| £€0-000¢ AuBWIDD  ‘|B 19 UUBWIDH

S9SN UOIIBDIPaW 4IAT ‘S|9A3] dNgG pue £600C

UIGO)SOWSRY ‘DUIUIIERID WIS ‘AI0ISIY |BIIPSW ‘DINjIR) 1IBSY JO 9SNed 98y 659C 66€ 168 7' 1/ 6901 (££6) 659T 913 S0-700¢C uede( 1yongeweH
Ayoeded |eyiA oyode ‘Suows ‘|\g ‘elwaedA|s |01a1sa)0yd

‘ainssaid poo|q ‘AydoiiadAy tejndtuan ya) ‘AyiedoAuolpied a8y VN VN VN TSl IS 60LSS (860) 0£0%SL 903 886l-¢/6L UBl /00T 9zIN9

2¢600C

S9)aqeIp ‘9SeasIp }eay dlwaeyds| a8y a7 VN 455 0¢ VN 661 L2y 9Ly 903 90-€00¢ Aey ‘|1 1sanousn
'A34 ‘Supjows ‘AydouysadAy tejndijusn

3] ‘UOIIBJUl [BIPIBIOAW ‘SDIAGEIP ‘dgS ‘UoISualadAy |elalie 98y VN 0 €9/ 0Ly 89 71E9L (9L0) oLe6T 903 8/-9/61 HMewusq  ,700¢ 81941

sajaqelp ‘senales|d ‘AydoipiadAy JejndlijusA Yaj ‘9seasip V661

Jenasenolpied ‘Adessy) saisualiadAyiiue ‘ainssaid poo)q 21101SAs @8y VN 0 VN oI} 99 79¢€€ (ot71) €45 903 86l SN ounsosy.q

95e3sIp }1Jeay AIRUOIOD ‘SNIjjaW Sa}aqeIp SpJ10dal

‘uolsuanadAy ‘IWg ‘sniels Supows ‘ajel Jeay ‘al3uad pjay ‘adel a8y 1t6 YN 98/l LEL 65 E€LZLL (¢5€0) 816 0T |B31paw pue 933 6861 SN 0e€LOC UaY)
(uoIssai8al asimda)s) saseasip

UNWWIOINE ‘SISO JDAI) ‘AouruSiew ‘ewyise ‘gyD ‘elwaepidsip @98y VN VN VN 8t 47 0Cse 68 6LL6 SploJal |edIpay 60-000C uemie] 0lCL0Z 0rY)
uonedIpaw ‘| ‘ad0? ‘snijlsw

S91aqeIp ‘uoiSusadAy ‘elwaBUR ‘91 UOIIRI}Y JB|NISWO|S PaJRWIISI ‘SSB)D Sp10dal szL10C ‘IR 12

VHAN PIALIBP ‘SNJe)s Suows ‘sisouserp ainjiej 1eay Jo 1edk ‘|ng 98y 7991 VN 319 07 9/ 506 (€59) 7991 |B2IpaW pue 933 900C-€861 SN ulellaquieyd

a1kl 11eay ‘dgs yead ‘s| 3w ‘913 as1diaxa ‘ured 1sayd 52010C

‘uoledIpaW ‘ggg ‘euIBUR 98y ‘1Dd ‘IW ‘QVD Jo A1olsiy Ajiwey yiqey ‘e 3a esanbsopy

supfous ‘e1wa|o1a)sa|joyuadAy ‘uoisuaiiadAy ‘snyjaw saiaqelp 98y VN VN  €96¢ 59 %9 6669 (619) 00LZL 9133 800666l ureds -seznog

9SBISIP JBINISeA <8661

‘AydoupsadAy tenojusn Ya) 917 ‘sa1aqelp ‘Supjows ‘uoisuspadAy 98y Loz €le st 9'6C S/ 66 (129) €981 923 81761 sn ulwefusag

12600C

a8y VN  #790¢ 0¢9 0C 7 Sl (¢£9) 790¢€ 923  900¢-S861 9ouel4 BERERIJELS

9z71L0C

PapN|IXa $311IpIqioWod ‘a3e Joj pajsnipe xas Ag paydlely VN VN VN VN 65 9189 (6196) /86 LT Spi02311edIpaN  800C-S661 uspams uossispuy

?)qe)leAe Juswisnipe wnwixey 4H 9oas aHl (sieah) (sieak) uswom (4 Y}IM)ON|BIOL  JudWUIRIDISE 4y (s)1eahk uoled’o Apnis

dn-mojjo4 a8y JooN auljaseg

yam auyjaseq

18 S|enpIAIpUl JO ON

UBWOM PUB U3W U SUIAS JB]NISBAOIPIED 10 Y}eap pue (4Y) uolje)|Liqy |elie uaamiaq suolje|dosse payiodal Jey) Saipnis 1oyod papnjdul jo sdijsialaeleyd| | ajqel

doi: 10.1136/bmj.h7013 | BMJ2016;352:n7013 | thebmj



RESEARCH

'95B3SIP 1BaY dIWARYIS|=H| ‘UOIIRID0SSY
1IR3 Y10A MON=VHAN ‘@pndad d1ainiieu adA) g=dNg ‘U011dR1} U0IIB[B JRNIIIIUBA UB|=4JA] ‘DWN|OA A101RlidXD PadIoj='AT4 ‘@Seasip Aleuow|nd aAI1INIISO JIUOIYI=Id QD ‘UOIIDIRIUI |BIPIRIOAW 3INJB=||\Y 420]q Yyduelq a|punqg Ya)=gdg1]
‘uiajoid aAIRAI D=4y ‘@3Bl UOIIRI}Y JB|NIaWO)|8 pajewIsa=y49a ‘dInssaid poo|q d1j0iselp=dgq ‘ainssald poo)q 21)01sAS=dgS ‘xapul ssew Apog=|\g ‘2inssaid poojg=dg ‘@Seasip AUp[y d[U0IYI=}D ‘WeIS0IpIed01}I3)9=0)7 ‘d]qe|IeAR JOU=YN

uolssiwpe _mtamo_(_ 1S9) MOJ|BMS ‘92UaUIIU0dUl ‘pajeal]) pue pajealiun

V|1 ‘S919qeIp ‘pajeal) pue pajealiun uoisusliadAy ‘pajessl pue pajealiun sopeqleg 97900¢
@HI ‘10y021e “Su|ows ‘9109S |ayieg ‘@uoe SulAl] JuUapISal sopeqleg 98y VN 378 %6 Ak 9'69 9% (79) 878 VYN  €007-G661 puedn ‘18 12 3J]0M
ad0D ‘@013S ‘9SBaS|p JBINAJBA ‘S319GRIp ‘UOISUaLIadAY ‘DInjie) Jieay 318661
‘eulSue 9)qels ‘euldue a1geIsun |\ 1oj paisn(pe ‘xas pue aSe J0j paydie N VN N ¢ N ol 7L (895 €1) £5/9C Spl0Jal |edIPaY 6861 sn ‘1233 JJom
uedsS | ) Uo UuoISa)] Jayjew s£00C
SHYM ‘JIejul Aue ‘3]dS upjuBy ‘Sa3aqeIp ‘Supjows ‘uoisuapadAy 98y YN 699 /LT Lot 99 96 (981) 659¢ 93 €6-9861 SPUBLIBYIBN  ‘|e 19 3ifip ueA
(uo1sSa18a1 351Mda1S) 3SLI JBINISBAOIPIRD 1oyuow #7€10C
‘swoldwAs ‘A103siy [edipaw ‘sa1aqgelp ‘uoisuanadAy ‘|ng 98y 79¢ 0€ g€ L €8 72C (L€1) 68€ snonupiuo) [1-/00C PUBMRZIMS  ‘|B 12 A¥D31101S
ggg7UaWSas | S ‘SoABM D ‘siIyouoiq A3 2.00C
‘9500N|3 ‘014 212B10Y10IPIRD ‘4G |04a1Sa]0Yd ‘Uled 353D ‘93013S 98y VN /6l VN 0c¢ 74 745€8 (ooL) 90t sL 903 9/-C/61 puerjoss ‘e 19 Hemals
S9SN UOIIRIIPSW ‘9SBISIP JBINISBAOIPIRD Y409 ‘Salaqelp ‘|Ng ‘dgS ‘Sniels Splodal ¥ GLOT
U OWS 1049153104 ‘DWOJUI ‘UOIIBINPS ‘213U play Apnis ‘9del 98y 1/ 6%7¢ 0 9'1T G /18 (S¥7SL) 297 7L 1edlpawl pue )3 68-/861 sSn ‘1e 1o uewl oS
uiwngpe ‘qyd A1oisiy
‘4499 ‘9SBISIP IBINISBA JB[pIRIUOU JO AI0)SIY PUB ‘UOIIBDIPIW ‘S3IDGRIP pallodal-}|as ey 710C
‘IWg ‘dgS ‘Bupjouls 1|01a1sa]0Ld ‘BU0dUI ‘UOIEINPS ‘UOISAI ‘9IBI ‘B8Y VN VN 0 Sy %9 /E6€L (Le9l) 8z6 €T pue 533 £0-£00¢ SN ‘lels uewios
urejiem Sp40dal e 710¢
/utlidse ‘9dAjouayd aA1ONIISGO “Al/III SSBI YHAN ‘DS XH4 X3S 98y M\ VN M\ L'y S5 1991 (099) ££9¢ |BdIpaw pue 933 10C-G/61 sn ‘B39 siuols
950115 21042q Aduspuadap
‘SISA|BIp ‘BIIUSWSP “I9DURD “din|Ie) JIeay 9A1}S98U0D ‘9seas|p A1alle wlloT
A1eu0102 ‘9502N|8 ‘9dAIqns 9%0.3S JBUNIRIUOU ‘9% 0135 3IDASS ‘X3S ‘98Y ve/ €78 9g6l L T/ L06€ (Ssowl) €cz8 SploJal |edIpay 70-200C epeue)  ‘|elausodes
95BaS|p JBINISPAOI(aIaD ‘UoISualadAy o7 00T
‘95BASIp 11eay dIWBRYDS! ‘D1N|1e) LIBAY ‘S3)aqRIp ‘BUINOWS 98y VN VN VN 14 VN VN (s€01) 5€09 SplodaljedIpay 9661 N 1B 19 Zawosiny
Supjows qoyodie ‘AydosriadAy JejndiiusaA
3] ‘9seasIp 1eay Je|NAjRA JO AI0ISIY 01915810 9S00N|3 dgS ‘NG 98 VN 0 VN 6l LS 6C€S (09) €876 903 0861 uede[ ¢/00¢ eMBSYO
QHI ‘A3Ai3oe 1ed1sAyd qoyodie ‘say3alesdid ‘snpuny dizdo 9c/661
9500N)3 ‘ulung)e ‘Ajjewsoude 9H3 ‘|Ng ‘}1d0jeWSRY 1049159104 ‘dg @8V VN 0 VN GGl VN L€l (VN) ¢o€c 5)3 1/61 uedef ewehexen
Splodal 162661
uoisuapadAy |\ snoinaid |\ Juadal 98y VN Ge9¢ /5% L 8 088l (£92) 5€9¢ |B3Ipaw pue 533 6-€86L puejui4 ojesuee)|
Sniij|swW salaqelp
‘ejwaepldisAp ‘uoisuapadAy A31Saqo ‘sniels Supjulip ‘Sulyows ‘98e ‘ealy VN 0 VN /0L 96 7879 (79) 62601 903 S6-7661 uede[ oc1LOZ BUBYEM|
9)qejieAe Juswisn(pe wnwixey 4H 9ons [ (sieah) (sieak) uswom (4 Y}IM)ON]BIOL  JudWUIR}IDISE 4y (s)1eahk uoije’oq Apnis
dn-mojjo4 a8y JooN auljaseg

yam aurjaseq
18 S|enpIAIpUl JO ON

USWOM PUB U3W U SJUIAS JB]NISBAOIPIED 10 Y}eap pue (4Y) Uolje)|iiqy |elije uaamiaq suolje|dosse payiodal Jey) Saipnis Hoyod papnjdul Jo sdijsiajaeiey))| | ajqel

thebmj | BMJ2016;352:n7013 | doi: 10.1136/bmj.h7013



RESEARCH

Study Relative risk Relative risk
(95% CI) (95% CI)

Men
Hamaguchi —— 0.89 (0.59 to 1.33)
Wolf — 1.10 (1.05 to 1.15)
Andersson - 1.20 (1.05 t0 1.37)
Chamberlain —-—' 1.21 (1.00 to 1.47)
van Wijk - 1.31 (1.04 t0 1.65)
Bouzas-Mosquera 1.32 (1.06 to 1.65)
Kaarisalo 1.37 (1.09t0 1.72)
Ohsawa 1.39 (0.82t0 2.35)
Benjamin 1.50 (1.22to0 1.84)
Guize 1.50 (1.06 t0 2.12)
Stewart 1.50 (1.11 to 2.03)

Hippisley-Cox 2010
Siontis

Friberg

Saposnik

Bejot

Ruigomez

Stortecky

Wolfe
Random effects model

Test for heterogeneity: 1>=89%, P<0.001

Women
Hamaguchi
Kaarisalo
Wolf
Chamberlain
Siontis
Andersson
van Wijk
Hippisley-Cox 2010
Bejot
Guize
Bouzas-Mosquera
Benjamin
Saposnik
Stortecky
Stewart
Ohsawa
Friberg
Ruigomez
Wolfe

Random effects model

Test for heterogeneity: 1?=91%, P<0.001

1.51 (1.44 t0 1.59)
1.60 (1.26 to0 2.03)
1.70 (1.31t0 2.21)
1.82 (1.64 t0 2.02)
1.82 (1.47 to 2.26)
2.30 (1.78 0 2.97)
2.86 (1.35 t0 6.04)
4.40 (1.10t0 17.58)
1.47(1.32 to 1.65)

0.96 (0.60 to 1.54)
1.19 (1.04 to 1.37)
1.21 (1.15t0 1.28)
1.35 (1.14 to 1.60)
1.38 (1.12 t0 1.70)
1.40 (1.26t0 1.55)
1.66 (1.26 t0 2.18)
1.73 (1.65 t0 1.82)
1.76 (1.47 t0 2.10)
1.80 (0.99 to 3.27)
1.87 (1.29t0 2.71)
1.90 (1.58 to 2.28)
1.90 (1.74 to 2.08)
1.97 (1.01 to 3.84)
2.20 (1.51 t0 3.21)
2.28 (1.53 t0 3.39)
2.80 (1.98 t0 3.96)
— 2.80(2.19t03.58)
; 3.09 (0.66 to 14.49)
- 1.69 (1.50 to 1.90)
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0.5 1 2 3

Fig 2 | Maximally adjusted relative risk for all cause mortality for individuals with and
without AF by sex. Area of each square is proportional to inverse variance of estimate.
Horizontal lines indicate 95% confidence intervals

mortality, 4.3 (1.9 to 7.5) for cardiovascular mortality, 3.1
(1.1 to 6.1) for stroke, 0.6 (0.03 to 1.3) for cardiac events,
and 6.1 (2.1to 12.7) for heart failure.

Sensitivity analyses

Ratios of relative risk for all cause mortality were
broadly consistent in seven sensitivity analyses (appen-
dix fig D). Results of tests of interaction were non-signif-
icant when we stratified studies by ascertainment of AF
through electrocardiography versus use of medical

records/self reported history and region (Europe,
non-Europe; all P>0.05 for interaction). Results of tests
for trend by number of participants, baseline year, and
ratio of mortality rate in women to men were also
non-significant. Ratios of relative risk, however,
declined with increasing length of follow-up and
increasing age (appendix fig D).

For ratios of relative risks for stroke, results of tests
of interaction by ascertainment method and region
were non-significant (appendix fig E). Results of tests
for trend by number of participants, baseline year,
length of follow-up, and median age were also
non-significant. Relative risks were significantly
higher in studies with a lower ratio of absolute rate of
stroke in women compared with men (P=0.027 for
trend for ratio of stroke rate in women to men). When
we restricted the meta-analysis to three studies with
a ratio of stroke rate in women to men greater than 1
(that is, a greater absolute rate of stroke in women
than men), however, atrial fibrillation continued to
be associated with a higher relative risk of stroke in
women than men (1.47, 95% confidence interval 1.18
to 1.83).

We found no evidence of publication bias for all
cause mortality (appendix fig F), though we observed
significant publication bias for stroke (appendix fig G;
P=0.002). When we used the trim and fill method to
control for publication bias, AF was associated with a
non-significantly higher risk of stroke in women than in
men (relative risk ratio 1.28, 95% confidence interval
0.94t0 1.73).

Discussion

In this systematic review and meta-analysis of 30 stud-
ies with 4 371714 participants, we observed atrial fibril-
lation (AF) to be a significantly greater risk factor for
death and cardiovascular disease in women than in
men. AF was associated with a higher relative risk of
all cause mortality, stroke, cardiovascular mortality,
cardiac events, and heart failure in women compared
with men.

Comparison with previous individual studies
Previous studies have presented conflicting evidence
on the effect of AF on the risk of death and cardiovascu-
lar disease in women. Of the 19 studies on the associa-
tion of AF with the risk of all cause mortality (fig 2) we
included in our analysis, the ratio of relative risks was
greater than one but not significant for 11 studies. When
we pooled these studies using random effects
meta-analysis, the estimate for all cause mortality was
significant, indicating that individual studies were
underpowered to detect a differential effect of AF on
risk of all cause mortality in women compared with
men. Similarly, six of the 13 studies that reported a sex
specific association of AF with stroke did not detect a
significant interaction between women and men (fig 3).
When we pooled these studies, however, we observed a
significant ratio of relative risks, again indicating a lack
of power of some previous individual studies to detect
an interaction by sex.

doi: 10.1136/bmj.h7013 | BMJ2016;352:n7013 | thebmj



RESEARCH

Study

Stortecky

Wolfe

Siontis

Kaarisalo

Bejot

Saposnik
Hamaguchi

Wolf

Chamberlain
Hippisley-Cox 2010
Andersson

Guize

Ruigomez

van Wijk

Benjamin
Bouzas-Mosquera
Stewart

Ohsawa
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Test for heterogeneity: 1°’=2%, P=0.43

Ratio of relative risk Ratio of relative risk
(95% CI) (95% CI)

0.69 (0.25 to 1.88)
: 0.70 (0.09 to 5.58)
— 0.86 (0.63 t0 1.18)

—_— 0.87 (0.67 t0 1.13)
—_— 0.97 (0.73 t0 1.28)
—— 1.05 (0.91 to 1.20)

: 1.08 (0.58 t0 2.01)

B 1.10 (1.03 t0 1.18)
—— 1.12 (0.86 to 1.44)
B 1.15 (1.07 to 1.23)

| 1.17 (0.99 t0 1.38)

1.20 (0.60 t0 2.39)
_ 1.22 (0.85 to 1.74)
4 1.27 (0.89 t0 1.81)
e 1.27 (0.96 to 1.66)

1.42(0.9210 2.18)
o 1.47 (0.90 t0 2.38)
' 1.64 (0.85 10 3.17)
- 1.65 (1.07 to 2.54)
'S 1.12 (1.07 to 1.17)

0.5 1 2 3

Fig 3 | Maximally adjusted women-to-men ratio of relative risks for any all cause mortality
forindividuals with and without AF. Area of each square is proportional to inverse variance
of estimate. Horizontal lines indicate 95% confidence intervals

Recent meta-analyses have shown that type 2 diabe-
tes is a greater risk factor for coronary heart disease”*
(ratio of relative risk 1.44, 95% confidence interval 1.27
to 1.63) and for stroke? (1.27, 1.10 to 1.46) in women than
in men and that type 1 diabetes is also a greater risk
factor for death and cardiovascular disease in
women.*® Evidence of an increased risk of coronary
heart disease associated with type 2 diabetes in women
has been cited in European Society of Cardiology
guidelines for the treatment of cardiovascular disease
in patients with type 2 diabetes.*® Similarly, evidence
of an increased risk of stroke associated with type 2
diabetes in women has been included in American
Heart Association/American Stroke Association guide-
lines for stroke prevention in women.*® Our results
show that AF is also a greater risk factor for death and
cardiovascular disease in women than in men and
extend these previous works showing that women
experience the effects of some key risk factors for car-
diovascular disease differently to men.

It is unclear what could cause the observed differ-
ences in risk of mortality and cardiovascular disease
associated with AF between women and men. One pos-
sibility is that women with AF are undertreated relative
to men. The results of a cohort study of Canadian
patients with AF enrolled in 1990-94 support this
hypothesis. Canadian women were half as likely as
Canadian men to receive warfarin.”! Analyses of more
contemporary cohorts, including a global registry of
17814 patients with AF>? and an analysis of 83513
patients with AF in Quebec,* however, showed no dif-
ferences in use of anticoagulants between men and
women with AF.>? It is therefore unlikely that broad

thebmj | BMJ2016;352:n7013 | doi: 10.1136/bmj.h7013

differences in treatment between the sexes are respon-
sible for the increased relative risks we observed in
women. Physiological or psychosocial differences
between women and men could result in differential
effects of AF on cardiovascular risk. For example,
women are at a higher risk of torsade de pointes, an
often lethal adverse event of antiarrhythmic drugs pre-
scribed for AF.>* Response to oral anticoagulants could
also differ between the sexes, with a higher risk of
bleeding observed among women.>® Future research is
needed to distinguish if one or many of these potential
mechanisms underlie the differential effects of AF
observed in our analysis.

Strengths and limitations

This analysis has several strengths. Firstly, as a system-
atic review and meta-analysis of all available studies of
AF and risk of death and cardiovascular disease in
women compared with men, it has greater power than
any of the included individual studies to detect differ-
ences. This is evident in the meta-analysis of all cause
mortality, in which 16 of the included 19 studies did not
detect a difference. Secondly, we included only studies
that reported the effect of AF on risk of cardiovascular
disease and death separately in men and women. This
ensured that our primary analysis (the ratio of relative
risks) was a within study comparison, minimising the
effect of heterogeneity between studies. Thirdly, we
included only cohort studies that were adequately
adjusted (prespecified requirement to adjust by at least
age and history of cardiovascular disease) and that had
a minimum of 100 participants with six months’ fol-
low-up to reduce the risk of confounding and small
study effects. Fourthly, pooled ratios of relative risk for
all cause mortality or stroke were broadly consistent in
several different sensitivity analyses.

This analysis also has several limitations. Firstly,
while we attempted to contact and acquire unpublished
data from eligible cohorts, our results might be influ-
enced by publication bias because studies that detect
an interaction between AF and risk of death and cardio-
vascular disease by sex might be more likely to be pub-
lished. While there was evidence of publication bias for
stroke, however, we found no evidence of this for all
cause mortality. Furthermore, use of trim and fill proce-
dures resulted in a non-significantly increased effect of
AF on risk of stroke in women compared with in men
similar in magnitude to other outcomes. Secondly, as a
meta-analysis of observational studies, sex differences
in the association of AF with risk of death and cardio-
vascular disease might be caused by unobserved con-
founding between sexes. For example, women might
have had a greater number of comorbidities at the time
of diagnosis of AF, which could not be fully adjusted for.
However, we required included studies to adjust for, at
minimum, age and presence of cardiovascular comor-
bidities, and we used the maximally adjusted model
available. Thirdly, many of the studies had differences
in design, duration of follow-up, outcome ascertain-
ment, and populations. Indeed, we observed a greater
absolute increase in cardiovascular death than all
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Random effects model
Test for heterogeneity: 1?=92%, P<0.001
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Hermann
van Wijk
D'Agostino
Hippisley-Cox 2013
Andersson
Stewart
Ohsawa
Guize
Chao
Friberg
Iwahana
Nakayama
Random effects model
Test for heterogeneity: 17’=96%, P<0.001

Relative risk
(95% CI)

0.5

1

2 9

Relative risk
(95% CI)

1.08 (1.03t0 1.13)
1.27 (0.31t0 5.19)
1.27 (0.62 to0 2.58)
1.37 (0.92 t0 2.05)
1.60 (1.49t0 1.71)
1.70 (1.00 to 2.89)
1.82(1.01t0 3.28)
2.00 (0.81 to 4.96)
2.12(0.77 to 5.84)
2.20(1.87 t0 2.59)
2.50 (1.30 to 4.80)
4.29 (1.29 to 14.28)
5.21(2.16t0 12.57)
1.77 (1.40 to 2.24)

1.23 (1.17 to 1.29)
2.39(0.32t017.92)
2.95 (1.98 to 4.40)
3.06 (1.95 to 4.80)
3.08 (1.79 t0 5.30)
3.10 (2.60 to 3.70)
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7.80 (4.88 t0 12.46)
10.60 (5.01 to 22.41)
10.68 (4.17 to 27.35)
4.05 (2.52 t0 6.50)

Fig 4 | Maximally adjusted relative risk for stroke for individuals with and without AF by
sex. Area of each of each square is proportional to inverse variance of estimate. Horizontal

lines indicate 95% confidence intervals
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Ratio of relative risk
(95% CI)
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(95% CI)

0.56 (0.05 to 5.82)
1.14 (1.06 to 1.22)
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1.41(1.11t0 1.79)
1.68 (0.80t0 3.53)
1.92(1.11t0 3.33)
2.05 (0.57 to 7.44)
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2.95 (0.60 to 14.45)
4.59 (2.26 t0 9.32)
5.00 (1.42t017.62)
6.12 (2.30t0 16.26)
1.99 (1.46 t0 2.71)

Fig 5| Maximally adjusted women-to-men ratio of relative risks for stroke for individuals
with and without AF. Area of each square is proportional to inverse variance of estimate.
Horizontal lines indicate 95% confidence intervals

Outcome Ratio of relative risk  Ratio of relative risk
(95% CI) (95% CI)
All cause mortality = 1.12 (1.07 to 1.17)
CVD mortality 1.93 (1.44 t0 2.60)
Stroke 1.99 (1.46 t0 2.71)
Cardiac events 1.55(1.15 t0 2.08)
Heart failure - 1.16 (1.07 to 1.27)
0.75 1 1.5 3

Fig 6 | Maximally adjusted pooled women-to-men ratio of
relative risks for all cause mortality, CVD (cardiovascular)
mortality, stroke, cardiac events, and heart failure,
comparing individuals with and without AF. Area of each
square is proportional to inverse variance of estimate.
Horizontal lines indicate 95% confidence intervals

cause death because of differing studies contributing to
either outcome. Because our primary analysis was
focused on comparisons within studies (the ratio of rel-
ative risks between women and men), however, hetero-
geneity was low for outcomes other than stroke.
Fourthly, our primary analysis focused on the ratio of
relative risks, which might not reflect absolute differ-
ences in risk of death and cardiovascular disease asso-
ciated with AF between sexes. We found no evidence of
a difference in ratios of relative risk in studies in which
the absolute risk of all cause mortality was higher in
men (appendix fig D), and a higher ratio of relative risks
continued to be observed in studies in which women
had a higher absolute rate of stroke than men (appendix
fig E). Finally, we were unable to ascertain the underly-
ing cause of the sex differences in the association of AF
with risk of mortality and cardiovascular disease.

Implications for clinicians, policy makers, and

future research

This analysis has several implications. With respect to
clinical care, our results indicate that AF is associated
with worse outcomes in women than in men. Although
female sex is incorporated as a risk factor for stroke in
the widely used CHA,DS,-VASc score,*® AF seems to
affect women and men differently. The American Heart
Association recently recommended the development of
a specific risk score for stroke in women as some risk
factors for stroke are unique to women, others are more
prevalent in women, and others differentially increase
the risk of stroke in women.>” These results support the
development of such a score. They also, however, show
that AF is associated with an increased risk of all cause
mortality, cardiovascular mortality, and cardiac events
in women relative to men. Therefore, it might be appro-
priate for clinicians to consider more aggressive treat-
ment of risk factors in women with AF as they seem to
be at higher proportional risk of death and cardiovascu-
lar disease.

With regard to public health policy, these results
indicate that sex differences in the effect of AF on risk
of death and cardiovascular disease exist. Conse-
quently, estimation of the global and regional burden
of AF should be independent of sex. Allocation of
public health resources for prevention and treatment
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of AF should also consider the differential effects of
AF by sex. Future research should be encouraged to
determine the underlying causes of the observed sex
differences.
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