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ARTICLE INFO ABSTRACT

Keywords: Background: Electrocardiogram (ECG) measured QRS duration has been shown to influence cardiovascular
ECG QRS duration outcomes. However, there is paucity of data on whether ECG QRS duration is influenced by obesity and sex in
BMI large populations.

i‘;’; Methods: All ECGs performed by a pathology provider over a 2-year period were included. ECGs with con-

founding factors and those not in sinus rhythm were excluded from the primary analysis.

Results: Of the 76,220 who met the inclusion criteria, 41,685 (55%) were females. The median age of the study
cohort was 61 years (interquartile [IQR] range 48-71 years). The median QRS duration was 86 ms (IQR 80-94
ms). The median BMI was 27.6 kg/m2 (IQR 24.2-31.8 kg/mz). When stratified according to the World Health
Organization classification of BMI < 18.50 kg/m?, 18.50-24.99 kg/m?, 25.00-29.99 kg/m?, and > 30.00 kg/m?,
the median QRS durations were 82 ms (IQR 76-88 ms), 86 ms (IQR 80-92 ms), 88 ms (IQR 80-94 ms) and 88 ms
(IQR 82-94 ms), respectively (p < 0.001 for linear trend). Median QRS duration for females was 84 ms (IQR
78-88 ms); for males, it was 92 ms (IQR 86-98 ms), p < 0.001. Compared to males, females had narrower QRS
complexes at similar age and similar BMI. In multiple linear regression analysis, BMI correlated positively with
QRS duration (standardized beta 0.095, p < 0.001) independent of age, sex, and heart rate.

Conclusions: In this large cohort there was a positive association between increasing BMI and QRS duration.
Females had narrower QRS duration than males at similar age and similar BMI.

Population health

1. Introduction

Obesity has been linked to an increased risk of arrhythmia, pro-
longed corrected QT interval (QTc) and increased risk of sudden cardiac
death [1]. Various electrocardiographic measurements including R-R
interval, and QTc have been studied in obese populations. A positive
correlation between increased BMI and increased QTc has been docu-
mented, but was limited by small patient sample size [2]. A recent meta-
analysis suggested correlation between QTc duration and increased risk

of mortality [3]. P wave duration has also been observed to increase
with general and central obesity, indicating a relationship between the
development of obesity and atrial remodelling [4]. However, there is
little data regarding potential relationship between obesity and QRS
duration, which may be a marker of electrical remodelling in the con-
duction system and ventricle.

ECG measured QRS duration has been shown to influence cardio-
vascular outcomes in multiple clinical situations. Increased QRS dura-
tion has been associated with increased incidence of heart failure [5].

Abbreviations: BMI, Body Mass Index; CRP, C Reactive Protein; CRT, Cardiac Resynchronisation therapy; Cx 43, Connexin 43; ECG, Electrocardiogram; EDV, End
Diastolic Volume; ESV, End Systolic Volume; IQR, Interquartile range; QTc, Corrected QT interval; WHO, World Health Organisation.
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Increased QRS duration has been associated with increased mortality in
diabetics [6] and predicted mortality in patients with non-ST segment
elevation myocardial infarction [7].

Females have been noted to derive more benefit from cardiac
resynchronisation therapy (CRT) therapy for similar entry QRS duration
when compared to males [8,9]. ECG QRS duration in females was also
noted to be an independent predictor for development of atrial fibril-
lation [10]. However, there are no large studies available to compare
QRS durations of females and males in the general population in
different age groups and in different BMI categories.

In this study, we sought to determine the relationship between QRS
duration BMI and sex.

2. Methods
2.1. Study population

Electrocardiographic (ECG) data and associated clinical information
were obtained from a large pathology provider in Australia. All
consecutive ECGs performed from 1 January 2017 to 31 December 2018
were included in the study. Additional routine clinical information
collected during ECG performance included subject’s height, weight,
medications, clinical indications, cardiologist’s interpretation, QRS
duration and heart rate. ECGs were recorded on Schiller ECG machines
(Schiller AG, Baar Switzerland Model AT 101). ECG intervals were
computer generated. The QRS duration was measured on the super-
imposed 12 lead ECG QRS complexes on SEMA workstation (SchillerAG,
Baar Switzerland) These values were verified by the reporting cardiol-
ogists and edited if required using electronic callipers.

Subjects with age less than 20 and over 90, QRS duration > 120 ms
and those with confounding causes for wide QRS duration such as
conduction disease (complete and incomplete left and right bundle
branch blocks, or non-specific intra-ventricular conduction delay),
myocardial infarction (Q waves or evidence of acute ischaemia), left
ventricular hypertrophy (Based on Sokolow-Lyon or Cornell criteria),
medications that can affect QRS duration (e.g. anti-arrhythmic medi-
cations, anti-psychotic and antidepressant medications), non-sinus
rhythm, and pre-excitation were excluded. Those subjects without
recorded height and weights were also excluded. Duplicate ECGs for the
same subjects were also removed from analysis. ECGs with noise inter-
ference were excluded.

The study was approved by the institutional ethics committee and
was conducted in accordance with the Declaration of Helsinki.

2.2. Statistical analysis

All continuous variables were tested for Gaussian distribution based
on the Kolmogorov-Smirnov (KS) test and Q-Q plot. Continuous vari-
ables with Gaussian distribution were presented as mean + 1 standard
deviation, or median with interquartile range (IQR) if not normally
distributed. Categorical variables were presented as frequencies and
percentages. Pairwise comparisons were performed using unpaired
Student’s t-test and Mann-Whitney U test for continuous variables of
Gaussian and non-Gaussian distribution respectively, and chi-square test
for categorical variables. One-way ANOVA was used to compare
continuous variables between multiple groups, with Bonferroni correc-
tion. Pearson correlation was used to determine the association between
2 continuous variables. Multiple linear regression analyses were per-
formed to identify independent variables associated with QRS duration.
In each multiple linear regression model, significant univariables with p
< 0.05 were entered as covariates and independent variables were
identified using the backward elimination method. A tolerance of > 0.4,
equating to a variance inflation factor (VIF) of > 2.5 was set to avoid any
potential multicollinearity. A 2-tailed p value of < 0.05 was considered
significant. All statistical analyses were performed using SPSS V23.0
(IBM, USA).
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3. Results
3.1. Baseline characteristics

A total of 121,162 records were initially found. Successive filters
based on exclusion criteria were applied (Supplementary Fig. 1), leaving
79,465 records. Out of these records, 76,220 were in sinus rhythm and
formed the primary cohort of the study (Table 1). The KS test (all p <
0.001) and Q-Q plot showed that age, height, weight, BMI, heart rate
and QRS duration to be all not normally distributed, whether for the
whole cohort or stratified by sex. Median age of the study cohort was 61
years (IQR 48 —71 years). For the total cohort, the median height, weight
and BMI measurements were 168 cm (IQR 160 — 176 cm), 79 kg (IQR 67
- 93 kg), and 27.6 kg/m2 (IQR 24.2-31.8 kg/mz), respectively. The
median heart rate of the total cohort was 66 beats per minute (bpm)
(IQR 59-74 bpm), with a median QRS duration of 86 ms (ms) (IQR
80-94 ms). Table 1 also shows the study cohort’s baseline characteristics

Table 1
Baseline characteristics of cohort.
Total cohort Female Male
Parameters N = 76,220 N = 41,685 N = 34,535 P value
(55%) (45%)
Age, years 58.7 £ 16.3 59.0 + 16.6 58.5 +£15.9
Median (IQR) 61 (48-71) 62 (48 - 72) 61 (48-70) <0.001
Age by decade, years
20-29 4,806 (6.3) 2,769 (6.6) 2,037 (5.9) <0.001
30-39 6,450 (8.5) 3,477 (8.3) 2,973 (8.6)
40-49 9,787 (12.8) 5,251 (12.6) 4,536 (13.1)
50-59 14,015 7,486 (18.0) 6,529 (18.9)
(18.9)
60-69 18,717 9,872 (23.7) 8,845 (25.6)
(24.6)
70-79 16,288 9,054 (21.7) 7,234 (20.9)
(21.9)
80-89 6,157 (8.1) 3,776 (9.1) 2,381 (6.9)
Anthropometric measurements
Height, cm 168.2+10.3 161.9+7.4 175.8 + 7.8
Median (IQR) 168 162 176 <0.001
(160-176) (157-167) (170-181)
Weight, kg 81.0 + 20.1 74.4 +£19.1 89.0 +£18.3
Median (IQR) 79 (67-93) 71 (61-85) 87 (76-99) <0.001
Body mass index 28.6 + 6.3 28.4 + 6.9 28.7 +£5.3
(BMI), kg/m?
Median (IQR) 27.6 27.2 28.0 <0.001
(24.2-31.8) (23.4-32.2) (25.1-31.4)
BMI WHO
categories
<18.50 1,412 (1.9) 1,179 (2.8) 233 (0.7) <0.001
18.50-24.99 21,683 13,698 7,985 (23.1)
(28.9) (32.9)
25.00-29.99 26,721 12,299 14,422
(35.1) (29.5) (41.8)
>30.00 26,404 14,509 11,895
(34.6) (34.8) (34.4)
ECG measurements
Heart rate 74,979 40,913 34,066
recorded (98.4) (98.1) (98.6)
Missing heart rate 1,241 (1.6) 772 (1.9) 469 (1.4)
data
Heart rate*, beats/ 67.3 £11.2 68.5 +10.8 65.8 +11.4
min
Median (IQR) 66 (59-74) 68 (61-75) 65 (58-73) <0.001
QRS duration, ms 87.0 £9.4 83.4 +8.2 91.3 £ 8.9
Median (IQR) 86 (80-94) 84 (78-88) 92 (86-98) <0.001

Plus-minus value represents mean =+ standard deviation (SD); all others repre-
sent numbers of patients with values in brackets representing percentages, or
otherwise stated.

ECG, electrocardiogram; IQR, interquartile range; WHO, World Health Organi-
zation

*Only in patients with heart rate recorded.
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stratified by sex. The height, weight and BMI in male study participants
were higher than female participants. The median heart rate was noted
to be higher in females compared to males (68 bpm [61-75 bpm] vs 65
bpm [58-73 bpm] respectively, p < 0.001), while the median QRS
duration was longer in males compared to females (92 ms [86-98 ms] vs
84 ms [78-88 ms], p < 0.001) (Table 1).

When the study cohort was stratified according to the World Health
Organization classification of BMI < 18.50 kg/m?, 18.50-24.99 kg/m?,
25.00-29.99 kg/mz, and those with BMI > 30.00 kg/mz, the median
QRS durations were 82 ms (IQR 76-88 ms), 86 ms (IQR 80-92 ms), 88
ms (IQR 80-94 ms) and 88 ms (IQR 82-94 ms), respectively. The mean
QRS durations were 82.2 + 9.0 ms, 85.7 + 9.1 ms, 87.6 + 9.4 ms and
87.7 £ 9.4 ms respectively (p < 0.001 for linear trend) (Fig. 1).

Supplementary Fig. 2 shows the mean BMI of females and males
participants stratified into their respective age groups by decade. One
way ANOVA test showed differences between groups for both female
and male cohorts were significant (p < 0.001). For females, post hoc test
with Bonferroni correction showed no significant difference in mean
BMI between age groups of 30-39 and 70-79, between age groups of
30-39 and 70-79, and between age groups of 40-49 and 50-59 and
60-69, while all other comparisons were significant. For males, there
were no significant difference in mean BMI between age groups of 20-29
and 80-89, between age groups of 30-39 and 60-69, between age
groups of 40-49 and 50-59, while all other comparisons were
significant.

Analysis of univariable and multivariable determinants of QRS
duration were conducted with BMI, and separately based on height and
weight. BMI showed positive correlation with QRS duration and was
independent of age, sex and heart rate (Supplementary Table 1A).
Collinearity test suggests no collinearity between age, sex, BMI, heart
rate and QRS duration.

When height and weight replaced BMI, both variables correlated
positively and independently with QRS duration (Supplementary
Table 1B). Collinearity test suggests no collinearity between age, sex,
height, weight, heart rate and QRS duration.

Fig. 2 shows mean QRS stratified by age (by decade) and BMI (17
groups) for females and males. These bar charts demonstrate the com-
plex inter-relationship of QRS duration, age, BMI and sex. Fig. 3 illus-
trates the distribution of QRS duration of the study cohort stratified by
sex.
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Fig. 1. Figure illustrates the mean QRS duration, with 95% confidence interval,
of study cohort stratified by BMI based on WHO categories. Linear trend P <
0.001 (See ANOVA analysis with Bonferroni correction regarding statistical
differences between groups in supplementary data.) BMI, body mass index in
kg/m?% WHO, World Health Organization.
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Table 2 shows the mean QRS duration of males compared to females
within each age groups, stratified by BMI based on WHO categories. The
mean QRS duration was significantly longer for males compared to fe-
males across all groups and BMI ranges, except in the age group of 60-69
with BMI < 18.50 kg/m?.

4. Discussion

There were two main findings in the present study. The first finding
was a positive association between increasing BMI and QRS duration
that was independent of other covariates such as sex and age. The other
finding was females having a narrower QRS complex than the males at
similar age and similar BMI category.

4.1. Association between BMI and QRS duration

The finding of a positive association between increasing BMI and
QRS duration in our large study population, is consistent with prior
smaller cohort studies [11-17]. For example, in an earlier study by
Ishikawa et al, anthropometric measures such as chest diameter were
measured in 300 Japanese men and was suggested to correlate with ECG
measurements, however notably sex comparison could not be done and
ECG changes with reference to validated indices of obesity (such as BMI)
were not examined specifically (though simple height and weight
measurements were correlated) [17]. Sun et al observed progressive
increase in QRS duration with increasing BMI in an observational study
of 5,556 children and adolescents [16]. Chi et al also reported associa-
tion between increasing visceral adiposity burden on cardiac CT, and
leftward deviation of P and QRS axes, longer PR interval and longer QRS
duration in a cohort study of 3,411 adults. This study looked at a group
younger than our study cohort and had only 28% females [12].

The present study which was a multiparametric analysis of the in-
fluences of age, sex and BMI, not only confirms the relationship between
BMI and QRS duration in a large cohort but extends previous work by
demonstrating that the association of BMI and QRS duration is inde-
pendent of age in both females and males.

There are several potential mechanisms to explain the finding of
increased QRS duration in obese patients. Conduction velocity through
the myocardium is influenced by properties of the cardiac myocytes (e.g.
ion channel regulation, membrane capacitance and axial resistance) as
well as factors affecting conduction between myocytes [18]. In a study
of atrial myocardium, migration/infiltration of epicardial fat cells be-
tween myocytes in the atria has been implicated in the creation of
electrically inert areas, that confound and delay electrical conduction
[19]. Research investigating electrical and anatomical remodelling of
the atria in obesity suggested that atrial fibrosis may be mediated by a
pro-fibrotic cytokine activin A, which in turn may have several in-
fluences on myocytes and consequently conduction [20]. In addition,
adipocytes may be a source of a vast range of clinically significant in-
flammatory mediators, including angiotensin II, fibrinogen, C-reactive
protein (CRP), interlukin-6 and tumor necrosis factor-alpha [21].
Chronic inflammation driven by pro-inflammatory cytokines, may cause
abnormal differentiation of fibroblasts into myofibroblasts [22] that
could result in alteration in conduction by a number of mechanisms
including disruption of cell-to-cell coupling, increased axial resistance
and altered membrane capacitance [18].

4.2. Association between sex and QRS duration

In our study, we also observed that females had narrower QRS
duration than males. This not only confirms observations from previous
smaller studies, but importantly demonstrates that the association is
independent of important confounders such as age and the increased
body mass in males. McFarlane and colleagues studied ECG parameters
in a heterogenous group of 1,555 adult white individuals, and 503 adult
Chinese individuals and noted a statistically significant increase in QRS
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Fig. 2. Figure illustrates the mean QRS duration stratified by age and BMI. Figure A represents female cohort. Figure B represents male cohort.
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Fig. 3. Figure illustrates the distribution of QRS duration of study cohort
stratified by sex.

duration in males compared with females [23]. Randolph and colleagues
studied 2,463 black and white patients with Heart failure and reduced
ejection fraction (ejection fraction < 35%) and found QRS duration was
longest in white men (111 ms; IQR, 98-139) followed by white women
(108 ms; IQR, 92-140), black men (100 ms; IQR, 91-120), and black
women (94 ms; IQR, 86-118). Furthermore, the authors demonstrated
in black patients, there was a 16% increase in risk of mortality for every
10 ms increase in QRS duration [24].

The narrower QRS in females may be related to reduced cardiac mass
in females, as suggested in the Framingham heart offspring cohort study,
where left ventricular mass was smaller in women, even after adjust-
ment for height or body surface area [25,26]. Animal studies have
postulated that oestrogen may affect expression of gap junction protein
Connexin43 (Cx43), and confer greater resilience to conduction

abnormalities in female, suggesting a role for hormonal differences [27].

4.3. Study limitations

Although the findings of the present study were based on a large
cohort, the influence of additional confounders such as structural heart
disease and heart failure could not be evaluated because the medical
history was variably recorded on the database. Future studies should
explore linkage analysis based on our large ECG database to available
population databases to obtain information including comorbidities,
cardiac events leading to hospital admissions and death. Selection bias
may also have confounded the results because the ECGs were collected
for various indications including asymptomatic screening as well as
symptomatic evaluation.

5. Conclusions

In this large group of subjects without overt conduction system dis-
ease, we found a positive association between QRS duration and
increased body mass index which was independent of age and sex. We
also found that females had narrower QRS complexes compared to the
males at similar age and BMI category. These findings should prompt
studies to further explore the underlying mechanisms, and potential
reversibility of the conduction abnormality with weight loss and to see if
gender differences in QRS duration may influence threshold for and
response to therapies such as cardiac resynchronisation.
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Table 2
Comparing QRS duration of female vs male stratified by age groups and BMI

1JC Heart & Vasculature 37 (2021) 100884

BMI < 18.50 kg/m?

BMI 18.50-24.99 kg/m?

BMI 25.00-29.99 kg/m? BMI > 30.00 kg/m?

Parameters Female Male Female Male Female Male Female Male

Age by decade, yrs Mean QRS duration, ms

20-29 828 +7.7 91.3 + 8.5% 83.4+7.9 94.4 + 8.3* 83.9+7.9 94.0 + 8.2* 85.6 + 7.5 94.3 + 8.8*
30-39 80.1 + 10.6 87.7 £ 9.4* 83.1+7.4 92.3 £+ 8.3* 83.6 +£8.0 93.2 + 8.3* 85.0 £ 7.6 93.1 + 8.5*
40-49 80.5 £ 8.1 90.5 + 8.4* 828 +7.6 91.8 + 8.4* 835+7.6 92.4 + 8.1* 846 £7.9 92.9 + 8.5*
50-59 80.3 £ 8.5 86.5 + 7.4* 82.6 £7.6 90.2 + 8.8* 83.2+7.8 91.5 + 8.4* 84.5 + 8.1 91.8 + 8.8*
60-69 80.8 £8.5 83.0+7.8 828 +7.8 89.5 + 8.7* 83.5+8.0 90.7 + 8.8* 84.2 £ 8.5 91.4 £9.1*
70-79 81.2 +8.4 86.1 + 9.0* 82.6 +£8.3 89.4 +9.3* 82.9 + 8.4 90.5 + 9.1* 84.0 £ 8.9 90.9 + 9.6*
80-89 80.1 +£9.3 88.5 +7.7* 82.4 + 8.4 89.5 + 9.9* 82.7 + 8.8 89.6 + 9.8* 89.9 +£ 9.5 89.9 + 9.5*

The plus-minus values represent mean + 1 standard deviation.
*p < 0.05 comparing male to female mean QRS duration within each age group.
BMI, body mass index.
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