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Abstract

BACKGROUND—QRS duration (QRSd), a measure of ventricular conduction, has been
associated with adverse cardiovascular outcomes, but its relationship with incident atrial
fibrillation (AF) is poorly understood.

METHODS AND RESULTS—This study included 15,314 participants from the Atherosclerosis
Risk in Communities (ARIC) study who were free of AF at baseline. QRSd was automatically
measured from resting 12-lead electrocardiograms (ECGs) at baseline. Incident AF cases were
systematically ascertained using ECGs, hospital discharge diagnoses and death certificates.
Multivariable adjusted Cox regression analyses were performed to investigate the relationship
between QRSd and incident AF. Mean age of our population was 54+6 years (55% females).
During a median follow-up of 21.2 years, 2,041 confirmed incident AF cases occurred. In
multivariable adjusted Cox models, a 1-SD increase in QRSd was associated with a hazard ratio
(HR) (95%Cl) for AF of 1.05 (1.01;1.10), p=0.01. This relationship was significant among women
(HR per 1-SD increase in QRSd (95%Cl) 1.13 (1.06; 1.20), p<0.001), but not among men (1.00
(0.95; 1.06), p=0.97) (p for interaction 0.005). Compared to individuals with a QRSd <100ms, the
HRs for incident AF in individuals with a QRSd of 100-119 and =120ms were 1.13 (1.02; 1.26)
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and 1.35 (1.08;1.68), respectively (p for trend 0.002). Again, this relationship was significant
among women (p for trend <0.001) but not among men (p for trend 0.23).

CONCLUSION—In this large population-based study, QRSd was an independent predictor of
incident AF among women, but not in men. Further studies are needed to better understand the
underlying mechanisms.
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Introduction

Methods

Atrial fibrillation (AF) is the most common cardiac arrhythmia in the population [1-4] and
the number of individuals with AF is expected to increase substantially over the next years
[1, 5]. AF is strongly associated with an increased risk of death, stroke and heart failure (HF)
[6, 7]. While several risk factors for AF development are already known [4, 8], they
currently explain only about 50% of its population attributable risk [9].

QRS duration (QRSd) represents the time of ventricular depolarization and depends on age,
heart rate and sex, with a longer QRSd in men compared to women [10]. A prolonged QRSd
on the resting electrocardiogram (ECG) is associated with cardiac structural and functional
abnormalities [11, 12] and was shown to be an independent predictor of congestive HF [11,
13] and death [14]. Little evidence is available on the association between QRSd and
incident AF. In a cross-sectional study of 25,000 patients with left ventricular dysfunction,
the authors found a higher prevalence of AF in patients with prolonged QRSd [15]. Similar
results were found in patients with septic shock or ischemic stroke [16, 17].

However, limitations of these previous studies include their small sample size, the study
design and/or the inclusion of selected patient groups, such that the generalizability to
general population samples remains unclear and the directionality of the association
unknown. To overcome these limitations, we investigated the relationship between QRSd
and incident AF in a large prospective sample representative of the general population.

Study population

The Atherosclerosis Risk in Communities (ARIC) study is a prospective, community-based
cohort study. Overall, 15,792 individuals aged 45 to 64 years were enrolled between 1987 to
1989 at four centers in the United States (Washington County, MD; Forsyth County, NC;
Jackson, MS; suburban Minneapolis, MN). Participants returned for 4 follow-up
examinations (1990-1992, 1993-1995, 1996-1998 and 2011-2013). Additionally, there
were annual phone calls to ascertain study end points. Detailed study procedures have been
published previously [18]. The study was approved by the institutional review boards at all
participating universities and all participants provided written informed consent at each
study visit.
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For this analysis we excluded participants with AF, non-sinus rhythm or pacemaker rhythm
on the baseline ECG (n=37), those with missing baseline covariates (n=240), participants
with missing information on AF during follow-up (h=99), and individuals with race other
than black or white, and the small number of black participants from Washington County
and Minneapolis (n=102), leaving 15,314 participants for this analysis.

Electrocardiogram

A resting 12-lead ECG was obtained in every participant at baseline and at all follow-up
examinations using MAC PC ECG machines (Marquette Electronics, Milwaukee, W1). All
ECGs were inspected for technical errors and adequate quality at the Epidemiology
Coordinating and Research Center at the University of Alberta (Edmonton, Alberta, Canada)
during the initial phases of the study and at the Epidemiological Cardiology Research Center
at the Wake Forest School of Medicine (Winston-Salem, North Carolina, USA) during later
phases. QRSd was measured automatically as the average value in all leads. The Cornell
voltage was calculated as the sum of R inaVL and S in V3 and left ventricular hypertrophy
(LVH) was defined as a sum of =20mm in women and =28mm in men. The PR interval and
P wave terminal force in lead V1 (PTFV1) were measured automatically.

Ascertainment of atrial fibrillation

Incident AF cases were systematically ascertained using study visit ECGs, review of hospital
discharge diagnoses or death certificates through December 315t 2010. ECG recordings that
were automatically defined as AF were visually checked by a trained cardiologist to confirm
the diagnosis. Information on hospitalization during follow-up was obtained from annual
follow-up calls and surveillance of local hospitals, with hospital discharge diagnosis codes
collected by trained abstractors. AF during follow-up was defined by /nternational
Classification of Diseases, 9" Revision codes 427.31 or 427.32. AF cases detected in the
same hospitalization as open cardiac surgery were not included since these cases were
considered transient.

Ascertainment of other covariates

Information on age, sex, race, body mass index (BMI), blood pressure, heart rate, smoking
status (current versus former and never smoker), medication, and history of diabetes
mellitus, coronary heart disease and HF were obtained during the baseline examination.
Age, sex, race and smoking status were self-assessed. BMI was calculated as body weight in
kg divided by height in m2. Diabetes mellitus was defined as a fasting glucose of
>125mg/dl, a non-fasting glucose of >200mg/dl, a self-reported physician diagnosis, or
intake of antidiabetic drugs. Blood pressure was measured three times in a sitting position
after 5 minutes of rest using sphygmomanometers. The average of the last two blood
pressure measurements was used as the final reading. Prevalent coronary heart disease was
defined as having a history of a myocardial infarction, coronary artery bypass surgery,
coronary angioplasty or electrocardiographic evidence of myocardial infarction. Prevalent
HF was defined as taking HF medication or fulfilling the Gothenburg criteria, which is a
points system that assigns HF grades depending on medical history, physical findings and
drug treatment.
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Statistical analysis

Results

Baseline characteristics were stratified according to the predefined QRSd categories
<100ms, 100-119ms and =120ms. We also assessed differences in baseline characteristics
according to sex. Continuous variables were presented as mean + standard deviation (SD)
and compared using analysis of variance or student’s t-tests. Categorical variables were
presented as numbers (percentages) and compared using chi-square tests.

Person-years of follow-up were calculated as the time between the recording of the baseline
ECG until AF onset, loss to follow-up, death or end of follow-up (December 31, 2010),
whichever occurred first. The cumulative incidence of AF across QRSd categories was
examined through Kaplan-Meier estimates. Differences across strata were compared using
log-rank tests. We then constructed multivariable Cox regression models to compute hazard
ratios (HR) with 95% confidence intervals (ClI), and to adjust for potential confounders.
QRSd was used both as a categorical and a continuous variable. P-value for trend was
calculated using the category-specific median. In a first step, multivariable models were
adjusted for age, sex, race and study site. A second model additionally adjusted for BMI,
systolic blood pressure, smoking status, heart rate, antihypertensive treatment, diabetes
mellitus, coronary heart disease and a history of HF. We also examined the dose-response
relationship between QRSd and AF using a restricted cubic spline model with knots at the
5th 50t and 95t percentile. Subgroup analyses were performed to investigate whether the
relationship between QRSd and incident AF differs between men and women, different race
groups and age categories. Multiplicative interaction terms were included in the non-
stratified multivariable Cox models to formally assess differences across subgroups. We
performed several additional analyses. First, to assess the influence of L\VH on the
association between QRSd and incident AF, we added electrocardiographic LVH to the
multivariable model. Second, due to the known relationships of PR-interval and PTFV; with
AF [19] we built separate Cox models additionally adjusting for these variables. Third, as a
sensitivity analysis we excluded individuals with complete bundle branch block (i.e. QRSd
>120ms) and repeated the main multivariable analyses among those with QRSd <120m:s.

Categorical variables were entered in all models using binary indicator variables. Statistical
significance was pre-specified as a p-value <0.05 and all analyses were performed using
SAS version 9.4 (Cary, NC).

The mean age of our study population at baseline was 54 + 6 years, 8,452 (55%) were
females and 4,051 (26%) were black. QRSd was <100ms in 11,898 (78%), 100-119ms in
2,990 (19%) and =120ms in 426 (3%). Baseline characteristics stratified by QRSd categories
are presented in Table 1. Individuals with longer QRSd were more likely to be older, male or
active smokers and they had a higher prevalence of hypertension, coronary heart disease, HF
and diabetes mellitus. Mean QRSd was significantly higher in men compared to women
(97ms vs. 88ms, p<0.001). Baseline characteristics stratified by sex are shown in Table S1.

Over a median follow-up of 21.2 years (interquartile range 16.6; 22.1 years), a total of 2,041
incident AF cases were detected, 1,109 in men and 932 in women. AF incidence rates (95%
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Cl) were 6.5 (6.2; 6.8), 9.2 (8.5; 10.1) and 13.1 (10.6; 16.2) per 1000 person-years of follow-
up in individuals with a QRSd of <100ms, 100-119ms and =120ms, respectively (Table 2),
and these differences were significant in Kaplan Meier analyses (p<0.001) (Figure 1). In
multivariable Cox regression analysis, the adjusted HR per 1-SD increase (12ms) in QRSd
was 1.05 (1.01, 1.10), p=0.01 (Table 2). Compared to individuals with a QRSd <100ms, the
multivariable adjusted HR (95% CI) for individuals with a QRSd of 100-119ms and =120ms
were 1.13 (1.02; 1.26) and 1.35 (1.08; 1.68), respectively (p for trend 0.002).

Subgroup analyses revealed consistent results across strata of age and race, but not sex (p for
interaction 0.005, Table S2). Sex-specific incidence rates are shown in Table 3. Among
women, a 1-SD increase (11ms) in QRSd was associated with a HR (95% CI) for incident
AF of 1.13 (95% CI 1.06; 1.20), p<0.001. The corresponding HR (95% CI) among men was
1.00 (0.95; 1.06), p=0.97). Compared to women with a QRSd <100ms, multivariable
adjusted HRs (95% CI) for incident AF were 1.27 (1.04; 1.54) and 1.86 (1.29; 2.68) among
those with a QRSd of 100-119 and =120ms, respectively (p for trend <0.001). The same HR
estimates (95% CI) among men were 1.06 (0.94; 1.21) and 1.14 (0.87; 1.51), respectively (p
for trend 0.23). In restricted cubic spline models there was no evidence of non-linearity for
the relationship with incident AF across the entire spectrum of QRSd in either sex (Figure
S1).

Additional adjustment for PR interval or PTFV; did not change our results (Table S3).
Although adjustment for L\VVH attenuated the relationship between QRSd and incident AF in
the overall cohort (HR (95% CI) 1.04 (0.99; 1.08), p=0.11), the results remained statistically
significant among women (HR (95% CI) 1.11 (1.04; 1.19), p<0.001), as shown in Table S3.
Finally, when individuals with a QRSd >120ms were excluded, the HRs (95% CI) for
incident AF per 1-SD increase in QRSd were 1.02 (0.98; 1.08), p=0.34 in the overall cohort,
1.07 (1.00; 1.14), p=0.04 among women and 0.98 (0.93; 1.04), p=0.58 among men (Table
S4).

Discussion

In this large well-characterized population based cohort, we found an independent
relationship between QRSd and incident AF. Our results were robust and remained
significant after comprehensive adjustment for important comorbidities and potential
confounders. Our study provides important new information as previous studies in this area
were mostly limited by the exclusive inclusion of diseased populations and a cross-sectional
study design [15-17]. In addition, our results provide evidence that these relationships may
be exclusively present among women but not among men. Further studies are needed to
better understand the underlying mechanisms of these potential sex-specific differences.

QRSd is a marker of structural modifications and ventricular remodeling [11, 12]. Based on
related risk factors, pathways and mechanisms prior studies have suggested that structural
changes in the myocardium coexist in the atria and the ventricles, including cardiomyocyte
hypertrophy and fibrosis [12, 20]. Thus, QRSd may be an indirect marker of left atrial
disease, which is known to be strongly associated with AF development [21]. For example,
prolonged QRSd was found to be associated with left atrial size, again supporting the
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concept of simultaneous processes in the atria and ventricles [12]. These modifications
impair cardiac function and modify electrophysiological properties, which then may result in
a prolonged QRSd and provide an ideal substrate for AF development [21]. Another study
also showed that LVH was a strong predictor of atrial fibrosis in AF patients [22].
Interestingly, our findings were attenuated after adjusting for electrocardiographic LVH.

Comorbidities, mainly hypertension and HF may have an important influence on the
relationship between QRSd and incident AF based on their impact on ventricular structure
and function, and their significant associations with AF. Even though we comprehensively
adjusted for hypertension, HF and the other potential confounders, residual confounding is
possible. Additionally, there is some evidence that genetic polymorphisms are involved in
the relationship between QRSd and incident AF. For example, variations in the gene
SCNB5A, which is associated with lone AF [23], have shown to accelerate the process of
ventricular fibrosis [24] that may in turn be responsible for a prolonged QRSd.

These potential mechanisms do not directly explain the sex-specific differences in the
relationship between QRSd and incident AF. Mechanisms, which could be involved include
differences in cardiac structure, electrical conduction as well as in hormone and
inflammation levels [10, 25-27]. Inflammatory biomarkers, which are known to be strong
predictors of AF [28] are higher in women compared to men [29]. Although the role of
inflammation in AF pathophysiology is not fully understood, chronic inflammation might
induce cardiac remodeling and fibrosis [30]. Sex hormones are known to have an influence
on electrical conduction [25]. Cheng et al. found a greater age-associated increase of LV
wall thickness in women compared to men [31]. One plausible reason for this
disproportional increase in LV wall thickness might be the menopause induced decrease of
the endogenous estrogen level [25, 32]. Additionally, a recent study showed a linear
association between the number of pregnancies and incident AF, underscoring the
importance of sex hormones in AF development [33]. Finally, it is worthwhile to mention
that women in our study were between 45 to 64 years old at study entry, such that
menopause associated hormonal changes and adaptations of the cardiovascular system might
constitute a vulnerable phase in women.

In addition to the multiple strengths of our study, some limitations should be taken into
account when interpreting our results. First, detection of AF cases is mainly based on
hospitalization discharge codes and death certificates. Misclassification, mainly due to
asymptomatic AF, is possible. Sex-specific differences in the perception of AF-related
symptoms could potentially affect our results. However, the influence of this
misclassification is expected to be small. Second, baseline echocardiograms were not
available in this population. Third, as in every observational study, residual confounding
may be present, even though we comprehensively adjusted for all known confounders.

Conclusion

In this large population based study, QRSd was an independent predictor of new-onset AF.
This relationship remained significant after comprehensive multivariable adjustment and was
observed in women, but not men. Our findings suggest that altered ventricular conduction,
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potentially related to diffuse modifications in the myocardial tissue, is associated with the
development of AF.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. QRSd was an independent predictor of new-onset AF in this population based
cohort.
. This relationship was observed in women, but not in men.
. Modified ventricular conduction might be involved in AF development.
. Further studies are needed to investigate the underlying mechanisms.
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Figure 1. Cumulative Incidence of Atrial Fibrillation stratified by QRS Duration Category
Cumulative incidence curves are statistically different (log-rank: p<0.001).

Int J Cardiol. Author manuscript; available in PMC 2019 September 01.



Page 12

Aeschbacher et al.

"UOIRIASD pIepuBIS=aS

"a1npad0id aoueLIeA Jo sisAjeue ay) Buisn paisa) Sem elep snonuiluod pue ainpadoid atenbs-1ya ay) Buisn pajsa) sem elep [eatiobiares 1oy aouealylubis [eansiels
¥

100°0>
100°0>
¢00
100°0>
100°0>
100°0>
100°0>
100°0>
100°0>
100°0>
100°0>

(z'6) 68
(1) zL
(s1) %9
(ev) a8T
TT 69
0z F¥2T
TG6F8¢2
(59) 8.2
(92) 111
(89) 682
GG F LS

(8'9) vL1
(0°6) 692
(e1) 8LE
(5e) 850'T
0T 49
6T F€2T
TG6¥82
(59) 9v6'T
(€2) 002
() 122'e
L'SFYS

(z'v) vev
(e¢) e6€
(T1) g9e'T
(62) 6TV'E
0T ¥.9
6T F 12T
'S ¥ 8¢
(99) L12'9
(L2) ove'e
(28) zse'y
8'G F ¥

(%) ainjrey LiesH

(%) eseasip Leay Areuolod

(%) snuyjaw saleqeIq

(9%) suonealpsw aaIsusadAynUY
(wdq) ‘gs ¥ ueaw ‘ajes LeaH

(BH ww) @S F ueaw ‘ainssaid poojq a1joIsAS
(;w/B¥) AS F ueaw ‘xapu ssew Apog
(%) J8xjows Jus1In

(%) >0e19

(%) are

(s1eak) @S F ueaw ‘sby

onead

(9zv=u) 021=

(066'2=U) 6TT-00T

(868'TT=U) 00T>

(sw) uoireang sHO

sonsLisloRIRYD

Author Manuscript

sal0681e9 uoIRIND SYO 01 HUIPI0L PalLITes SONISIIS1oRIRYD BuUljaseyg

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Int J Cardiol. Author manuscript; available in PMC 2019 September 01.



Page 13

Aeschbacher et al.

"SWIZT = UONBIASP pJepuels HH

"30U8J8J8Y =18y ‘0l1e) pIezey=yH ‘[eAIsIul 80USPLUOI=|D

"a.n|1ey LAY pue ‘asessip Leay A1euolod ‘ajes Jesy ‘seragelp ‘Buryows ‘ainssaid poojq o1j01sAS ‘Xapul ssew Apoq snjd sererienod T [9pojAl 104 paisnipy

/
"8IS Apnis pue ‘aoel ‘xas ‘abe Joy paisnipy
*

100 (OTTTOT)SOT 1000>  (STT'20T)TTT (5L'69) 2L 050'582 PTE'STTP0'z  #95E9I0UI AS-T Jad SHO
200°0 puah 10} d T00°0> puJy 104 d
8000  (89T'80T)GET T000>  (66'T'8C'T)09'T (zot'9oT) TET 829'9 9¢v/.8 Sw 0ZT< 'SHO
€00  (92TZ0T)ETT  T000>  (OVT'ETT) 9T (Tor's8)¢6 ¥9.'€S 066'2/L6V SWw 6TT-00T ‘'SHO
- Jd - G| (89'2°9) 59 159'v2e 868'TT/LSV'T SWw 00T> ‘SHO
(10%56) ¥H (10%56) 4H  (199456) saeak-uostad gooT Jod
anjeA-d 1€ ISPOIN anjea-d LV [3PON a1eJ 82uapIou| SIeak-uosiad  MSId 1e ‘ON/SIUSAT

Author Manuscript

UoITe||LIqL [eLITR JUSPIOUI YN uoieINp SO Jo diysuoneley

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript

Int J Cardiol. Author manuscript; available in PMC 2019 September 01.



Page 14

Aeschbacher et al.

‘o11el plezey=yH ‘[eAld)ul 90UBPILU0I=]D

"24n|1ey L3y pue ‘asessip Leay AJeuoiod ‘suoiiedipaw aaIsusiadAynue ‘ares 1eay ‘selaqelp ‘Buryows 1us1Ind ‘ainssaid poojq 21j0IsAs ‘Xapul ssew Apog snjd saleLeAod T [9pOIA oy palsnipy

i
"8]1s Apnis pue ‘aoeu ‘abe 1oy parsnipy
*

T00°0
¢00

T00°0> puaiy Jo} d

(892 '62'T) 98'T
(#STv0'T) 12T
JEX|

T00°0> puai} 10} 4

1000>  (¥6°C 'TV'T) ¥0'C (88T ‘'26) T'ET 182'c og sw 0ZT< SHO
T000>  (#8T'GCT) 28T (96°2'9)0°8 vEE'YT GIT Sw 6TT-00T SHO
- JER| (85'09) ¥'S 22T 8L Sw 00T> SHO
USWIOAN

¥€0
¥€0

€2°0 puai} 1o} d

(TS'T°280) ¥T'T

(TZ'1'¥6'0) 90'T
18y

¢00°0 puaiy Joj d

100 (¥8'T'20T) TH'T (0LT'TOT) T'ET e’y LS Sw 0ZT=< SHO
€00 (Te'T'20T) 9T'T (£'01'8'8) L'6 0£'6€ z8e Sw 6TT-00T SHO
- Y (z6'62) 58 Gev'8L 0.9 sw 001> SHO
UaIN

anjen-d

(1D %56) YH
12 13pON

(109%656) 4H (1D %56) saeak-uosdad 0Q0T 48d
anjen-d ¥ [3PON a1eJ 82uapIou| SIeeA-uosiad  YSU 1B “ON/SIUBAT

Author Manuscript

UOIE| |11 [ELIIE JUSPIdUI puR uoieInp SYO usamiag diysuoiiejal 91198ds-Xas

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript

Int J Cardiol. Author manuscript; available in PMC 2019 September 01.



	Abstract
	Introduction
	Methods
	Study population
	Electrocardiogram
	Ascertainment of atrial fibrillation
	Ascertainment of other covariates
	Statistical analysis

	Results
	Discussion
	Conclusion
	References
	Figure 1
	Table 1
	Table 2
	Table 3

