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Aims To determine if the association between electrocardiographic left ventricular hypertrophy (ECG-LVH) and ischaemic
stroke is partially explained by the concomitant presence of QT prolongation.

Methods
and results

A total of 24 948 (mean age ¼ 65+ 9.4 years; 40% black; 55% women) participants from the REasons for Geographic
And Racial Differences in Stroke (REGARDS) study were included in this analysis. Electrocardiographic left ventricular
hypertrophy was defined by the Sokolow–Lyon criteria. Heart rate-adjusted QT (QTa) was computed using a linear
regression model. Adjudicated ischaemic stroke events were the outcome of interest. Cox regression was used to com-
pute hazard ratios (HRs) and 95% confidence intervals (CIs) for associations between ECG-LVH and prolonged QTa, in
isolation and combined, with ischaemic stroke. There were 2422 (9.7%) participants with ECG-LVH, 820 (3.3%) with
prolonged QTa, and 161 (0.6%) with both. Over a median follow-up of 7.6 years, 714 (2.9%) ischaemic stroke events
occurred. After adjustment for stroke risk factors and potential confounders, an increased risk of ischaemic stroke was
observed among participants with ECG-LVH and prolonged QTa (HR ¼ 1.85, 95% CI ¼ 1.04–3.30), isolated
ECG-LVH (HR ¼ 1.40, 95% CI ¼ 1.13–1.75), and isolated prolonged QTa (HR ¼ 1.45, 95% CI ¼ 1.04–2.03) com-
pared with participants without either condition. When ECG-LVH and prolonged QTa were examined as separate
variables, the risk of ischaemic stroke for each condition remained statistically significant.

Conclusion The combination of ECG-LVH and prolonged QT is associated with a higher risk of ischaemic stroke compared with
either condition in isolation, and the stroke risk for each condition does not depend on the presence of the other.
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Introduction
Experimental studies have demonstrated that electrocardiographic
left ventricular hypertrophy (ECG-LVH) alters ventricular conduc-
tion and repolarization, possibly resulting in prolongation of the QT
interval.1– 4 This is supported by results from observational studies
showing that ECG-LVH and prolonged QT commonly coexist.5 –9

Electrocardiographic left ventricular hypertrophy is an estab-
lished risk factor for stroke and is one of the components of the Fra-
mingham Stroke Risk Score.10– 12 Similarly, prolongation of the QT
interval is an independent predictor of stroke.13 – 15 However, it is
unclear if QT prolongation in the presence of ECG-LVH should
be considered an innocent finding that is commonly found with
ECG-LVH and whether the risk of stroke with ECG-LVH is partially

* Corresponding author. Wake Forest School of Medicine, Medical Center Boulevard, Winston-Salem, NC 27157, USA. Tel: +1 366 716 2715; fax: +1 336 716 2273. E-mail address:
woneal@wakehealth.edu

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2015. For permissions please email: journals.permissions@oup.com.

Europace (2016) 18, 767–772
doi:10.1093/europace/euv232



explained by the concomitant presence of QT prolongation. There-
fore, the purpose of this study was to examine the interrelationship
between ECG-LVH and prolonged QT and the risk of ischaemic
stroke in the REasons for Geographic And Racial Differences in
Stroke (REGARDS) study.

Methods

Study population and design
Details of REGARDS have been published previously.16 Briefly,
REGARDS was designed to identify causes of regional and racial dispar-
ities in stroke mortality. Between January 2003 and October 2007, the
study over sampled blacks and residents of the stroke belt (North
Carolina, South Carolina, Georgia, Alabama, Mississippi, Tennessee,
Arkansas, and Louisiana). A total of 30 239 participants were recruited
from a commercially available list of residents using postal mailings and
telephone data. Demographic information and medical histories were
obtained using a computer-assisted telephone interview (CATI) system
that was conducted by trained interviewers. Additionally, a brief
in-home physical examination was performed 3–4 weeks after the tele-
phone interview. During the in-home visit, trained staff obtained infor-
mation on medications taken within the past 2 weeks, blood and urine
samples, and a resting electrocardiogram. For the purpose of this
analysis, participants were excluded with data anomalies (n ¼ 56), base-
line stroke (n ¼ 1930), missing follow-up data (n ¼ 456), and missing
baseline characteristics (n ¼ 2849).

Left ventricular hypertrophy and
prolonged QTa

Electrocardiographic left ventricular hypertrophy was defined by the
Sokolow–Lyon criteria using baseline electrocardiogram data.17 Guided
by current recommendations, heart rate-adjusted QT (QTa) was com-
puted using a linear regression model.18 Specifically, we used a linear re-
gression model with the QT interval as the dependent variable and heart
rate as the independent variable. Based on the b-coefficient associated
with heart rate, the following formula was derived to adjust for heart
rate: QTa ¼ QT + 2.03 × (heart rate –60).19 Prolonged QTa was de-
fined as QTa ≥460 ms for women and ≥450 ms for men.18

Ischaemic stroke events
The adjudication process for stroke events in REGARDS has been pre-
viously reported.20 Briefly, during follow-up, reports of possible strokes,
transient ischaemic attacks, deaths, hospitalizations or emergency de-
partment visits for stroke symptoms, or unknown reasons generated
a request for medical record review. Possible stroke events were cen-
trally adjudicated by a team of physicians. For deaths without medical
records, death certificates and/or proxy interviews were used to adju-
dicate events. Strokes were defined using the World Health Organiza-
tion (WHO) definition.21 Events that did not meet the WHO definition
but with symptoms lasting .24 h and with imaging consistent with
acute ischaemia or haemorrhage were classified as ‘clinical strokes’.
When adjudicators agreed that the event was likely a stroke but infor-
mation was insufficient to meet other classifications, the event was clas-
sified as probable stroke. This analysis included WHO, clinical, and
probable ischaemic stroke events.

Covariates
Age, sex, race, and smoking status were self-reported. Smoking was de-
fined as current tobacco use. Fasting blood samples were obtained and
assayed for serum glucose. Diabetes was defined as a fasting glucose le-
vel ≥126 mg/dL (or a non-fasting glucose ≥200 mg/dL among those
failing to fast) or self-reported diabetes medication use. The current
use of aspirin and antihypertensive medications was self-reported.
The use of statins, warfarin, and QT prolonging medications was ascer-
tained during the in-home visit by pill bottle review. After the participant
rested for 5 min in a seated position, blood pressure was measured
using a sphygmomanometer. Two values were obtained following a
standardized protocol and averaged. Hypertension was defined as
blood pressure ≥140/90 or by the self-reported use of antihypertensive
medications. Body mass index was defined as the weight in kilograms di-
vided by the height in meters squared. Atrial fibrillation was identified
from the baseline electrocardiogram and also from self-reported history
of a physician diagnosis during the CATI survey.22 Coronary heart dis-
ease was ascertained by self-reported history of myocardial infarction,
coronary artery bypass grafting, coronary angioplasty or stenting, or if
evidence of prior myocardial infarction was present on the baseline
electrocardiogram.

Statistics
Categorical variables were reported as frequency and percentage while
continuous variables were reported as mean+ standard deviation.
Statistical significance for categorical variables was tested using the
x2 method and the Kruskal–Wallis procedure for continuous vari-
ables. Participants’ characteristics were compared across categories
stratified by ECG-LVH and prolonged QTa. Incidence rates per 1000
person-years were calculated for ischaemic stroke using the following
categories: ECG-LVH and prolonged QTa, isolated prolonged QTa,
isolated ECG-LVH, no ECG-LVH or prolonged QTa (reference group).
Kaplan–Meier estimates were used to compute the cumulative inci-
dence of ischaemic stroke for each category, and the differences in es-
timates were compared using the log-rank procedure. Follow-up time
was defined as the time between the baseline electrocardiogram meas-
urement until a diagnosis of ischaemic stroke, death, loss to follow-up,
or end of follow-up (31 March 2014). The influence of ECG-LVH and
prolonged QTa on each condition in terms of their association with is-
chaemic stroke was assessed using an approach similar to what has
been used to describe the interrelationship between ECG-LVH and
prolonged QT as predictors of all-cause mortality.19 Specifically, we
examined the interrelationship between ECG-LVH and prolonged
QTa as predictors of ischaemic stroke using two approaches. First,

What’s new?
† It is unclear if QT prolongation in the presence of ECG-LVH

should be considered an innocent finding that is commonly
found with ECG-LVH, and whether the risk of stroke with
ECG-LVH is partially explained by the concomitant presence
of QT prolongation.

† Using data from the REGARDS study, we have shown
that ECG-LVH and prolonged QT commonly coexist and
the combination of both is associated with a higher risk of is-
chaemic stroke compared with either condition in isolation.
Additionally, the ischaemic stroke risk for each electrocardio-
graphic finding did not depend on the presence of the other.

† ECG-LVH and prolonged QT are distinct clinical entities
associated with separate risk profiles for ischaemic stroke.

† Potentially, persons with ECG-LVH and prolonged QT will
benefit from preventive measures to reduce the risk of future
cerebrovascular events.

W.T. O’Neal et al.768



we used Cox regression to compute hazard ratios (HRs) and 95% con-
fidence intervals (CIs) for the associations of ECG-LVH and prolonged
QTa, in isolation and combination, with ischaemic stroke. In these mod-
els, different combinations of ECG-LVH and prolonged QTa were used
as one categorical variable with the above four levels. This approach
aimed to examine whether there was an additive risk of stroke when
ECG-LVH and prolonged QTa coexist compared with each condition
in isolation. Secondly, we examined the risk of stroke associated with
ECG-LVH and prolonged QTa when entered in two separate models
and with both entered in the same model as two separate variables
(e.g. adjusting for each other). This method examined the attenuation
of the magnitude of risk observed when the association between
ECG-LVH and ischaemic stroke was adjusted for prolonged QTa, and
vice versa. This approach determined how much the observed risk of
ischaemic stroke associated with ECG-LVH was explained by pro-
longed QTa. In both approaches, the following models were con-
structed: Model 1, adjusted for age, sex, race, and age × race; Model
2, adjusted for Model 1 covariates plus systolic blood pressure, antihy-
pertensive medications, current smoking, diabetes, body mass index,
atrial fibrillation, and prevalent coronary heart disease; Model 3,
adjusted for Model 2 covariates plus QT prolonging medications, statin
use, warfarin use, and aspirin use. Additionally, we examined if the as-
sociation between ECG-LVH, prolonged QTa, and ischaemic stroke
varied by age (,65 years vs. ≥65 years), sex, race (black vs. white),
hypertension, coronary heart disease, and obesity using a stratification
technique and comparing models with and without interaction terms
(see Supplementary material online). Statistical significance for all com-
parisons including interactions was defined as P , 0.05. All tests of
significance were two-sided. SASw Version 9.3 (Cary, NC, USA) was
used for all analyses.

Results
A total of 24 948 (mean age ¼ 65+ 9.4 years; 40% black; 55%
women) participants were included in this analysis. There were

2422 (9.7%) participants with ECG-LVH and 820 (3.3%) with pro-
longed QTa. Participants with ECG-LVH were more likely to have
concomitant prolonged QTa (n ¼ 161, 6.7%) than those without
ECG-LVH (n ¼ 659, 2.9%) (P , 0.0001). Baseline characteristics
for study participants by ECG-LVH and prolonged QTa are shown
in Table 1.

Over a median follow-up of 7.6 years, a total of 714 (2.9%) ischae-
mic stroke events occurred. A higher incidence of ischaemic stroke
was observed among participants with ECG-LVH and prolonged
QTa compared with those with isolated ECG-LVH, isolated pro-
longed QTa and those without either condition (Table 2). Cumula-
tive incidence curves for ischaemic stroke events by each category
are shown in Figure 1 and are statistically different (log-rank P ,

0.0001).
Electrocardiographic left ventricular hypertrophy and prolonged

QTa, isolated ECG-LVH, and isolated prolonged QTa were asso-
ciated with an increased risk of stroke compared with no ECG-LVH
or prolonged QTa (Table 2). The results were consistent in sub-
groups stratified by age, sex, race, hypertension, coronary heart dis-
ease, and obesity (see Supplementary material online). When
ECG-LVH and prolonged QTa were included separately in the mod-
el, both conditions remained significantly associated with ischaemic
stroke (Table 3). Notably, the strength of the association was not
materially altered when both conditions were included in the
same model.

Discussion
In this analysis from REGARDS, we have shown that ECG-LVH and
prolonged QT commonly coexist and the combination of both is as-
sociated with a higher risk of ischaemic stroke compared with either
condition in isolation. Additionally, the stroke risk associated with
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Table 1 Baseline characteristics by ECG-LVH and prolonged QTa (n 5 24 948)

Characteristic No ECG-LVH (n 5 22 526) ECG-LVH (n 5 2422) P-valuea

No prolonged QTa

(n 5 21 867)
Prolonged QTa

(n 5 659)
No prolonged QTa

(n 5 2261)
Prolonged QTa

(n 5 161)

Age, mean (SD), years 64 (9.3) 69 (9.6) 66 (9.1) 72 (9.6) ,0.0001

Male (%) 9754 (45) 420 (64) 941 (42) 94 (58) ,0.0001

Black (%) 8320 (38) 213 (32) 1372 (61) 83 (52) ,0.0001

Current smoker (%) 3189 (15) 80 (12) 201 (8.9) 17 (11) ,0.0001

Diabetes (%) 4335 (20) 169 (26) 629 (28) 59 (37) ,0.0001

Systolic blood pressure, mean (SD) (mmHg) 126 (16) 130 (17) 134 (18) 135 (19) ,0.0001

Body mass index, mean (SD) (kg/m2) 29.1 (6.1) 28.9 (5.9) 31.2 (6.1) 30.4 (6.4) ,0.0001

Aspirin (%) 9199 (42) 365 (55) 983 (43) 96 (60) ,0.0001

Warfarin (%) 595 (2.7) 76 (12) 70 (3.1) 12 (7.5) ,0.0001

Statin (%) 6618 (30) 258 (39) 739 (33) 71 (44) ,0.0001

Antihypertensive medications (%) 10 837 (50) 441 (67) 1532 (68) 128 (80) ,0.0001

Atrial fibrillation (%) 1658 (7.6) 141 (21) 187 (8.3) 22 (14) ,0.0001

Coronary heart disease (%) 3363 (15) 257 (39) 482 (21) 76 (47) ,0.0001

QT prolonging medications (%) 5330 (24) 212 (32) 510 (23) 50 (31) ,0.0001

ECG-LVH, electrocardiographic left ventricular hypertrophy; QTa, heart rate-adjusted QT interval; SD, standard deviation.
aStatistical significance for categorical variables was tested using the x2 method and for continuous variables the Kruskal–Wallis procedure was used.
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Table 2 Risk of ischaemic stroke associated with ECG-LVH and prolonged QTa

ECG-LVH Prolonged QTa Incidence rate per 1000
person-years

Model 1a HR
(95% CI)

Model 2b HR
(95% CI)

Model 3c HR
(95% CI)

Absent Absent 3.7 (3.4–4.0) Referent Referent Referent

Present Absent 6.2 (5.1–7.5) 1.49 (1.20–1.85) 1.42 (1.14–1.77) 1.41 (1.13–1.76)

Absent Present 9.3 (6.8–12.8) 1.76 (1.26–2.45) 1.46 (1.05–2.05) 1.43 (1.02–2.00)

Present Present 13.8 (7.8–24.2) 2.26 (1.27–4.01) 1.88 (1.06–3.35) 1.86 (1.04–3.31)

CI, confidence interval; ECG-LVH, electrocardiographic left ventricular hypertrophy; HR, hazard ratio; QTa, heart rate-adjusted QT interval.
aModel 1, adjusted for age, sex, race, and age × race.
bModel 2, adjusted for Model 1 covariates plus systolic blood pressure, antihypertensive medications, current smoking, diabetes, body mass index, atrial fibrillation, and prevalent
coronary heart disease.
cModel 3, adjusted for Model 2 covariates plus QT prolonging medications, statin use, warfarin use, and aspirin use.
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Table 3 Ischaemic stroke risk associated with ECG-LVH and prolonged QTa with and without adjustment for each
condition

Model 1a HR (95% CI) Model 2b HR (95% CI) Model 3c HR (95% CI)

ECG-LVH 1.51 (1.23–1.85) 1.42 (1.15–1.75) 1.42 (1.15–1.75)

ECG-LVH with adjustment for prolonged QTa 1.47 (1.19–1.81) 1.40 (1.14–1.73) 1.40 (1.13–1.72)

Prolonged QTa 1.77 (1.32–2.37) 1.47 (1.10–1.98) 1.45 (1.08–1.94)

Prolonged QTa with adjustment for ECG-LVH 1.70 (1.27–2.28) 1.43 (1.06–1.92) 1.40 (1.04–1.89)

CI, confidence interval; ECG-LVH, electrocardiographic left ventricular hypertrophy; HR, hazard ratio; QTa, heart rate-adjusted QT interval.
aModel 1, adjusted for age, sex, race, and age × race.
bModel 2, adjusted for Model 1 covariates plus systolic blood pressure, antihypertensive medications, current smoking, diabetes, body mass index, atrial fibrillation, and prevalent
coronary heart disease.
cModel 3, adjusted for Model 2 covariates plus QT prolonging medications, statin use, warfarin use, and aspirin use.
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Figure 1 Unadjusted Kaplan–Meier survival curves stratified by ECG-LVH and prolonged QTa [cumulative incidence curves are statistically
different (log-rank P , 0.0001)]. ECG-LVH, electrocardiographic left ventricular hypertrophy; QTa, heart rate-adjusted QT interval.
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each condition was not substantively altered when both ECG-LVH
and prolonged QT were included in the same model, suggesting that
the ischaemic stroke risk for each electrocardiographic finding does
not depend on the presence of the other.

Several studies have shown that ECG-LVH and prolonged QT
are risk factors for stroke.10 – 15 Owing to the fact that both
ECG-LVH and prolonged QT commonly coexist, it was unclear
if ECG-LVH and prolonged QT were two distinct entities with
separate stroke risk profiles. However, the results of this analysis
suggest that ECG-LVH and prolonged QT are distinct abnormal-
ities that yield separate risks for ischaemic stroke. To our knowl-
edge, only one study from the general Japanese population has
attempted to show that each condition confers a separate stroke
risk.23 Our results are in agreement with this study and confirm
that both ECG-LVH and prolonged QT have different profiles
regarding ischaemic stroke risk in a population of blacks and
whites in the USA. Furthermore, our analysis accounted for
medications that artificially prolong the QT interval and we
used a method to calculate prolonged QT that is less susceptible
to error when heart rate is high, such as Bazett’s traditional for-
mula for QT correction.18 Therefore, despite hypotheses that
prolongation of the QT interval is a result of ECG-LVH, our
findings show that ECG-LVH and prolonged QT are associated
with separate risks of ischaemic stroke and suggest that pro-
longation of the QT interval is not an innocent consequence
of repolarization.

Electrocardiographic left ventricular hypertrophy and prolonged
QT have been linked with stroke by several mechanisms. Hyper-
trophy of the left ventricle is a likely consequence of long-standing
hypertension and reflects a poor cardiovascular profile associated
with an increased stroke risk.24 – 26 This is further supported by
data that have shown the risk of stroke decreases with regression
of ECG-LVH among patients who are treated with agents that block
the renin–angiotensin–aldosterone system and suggest that neuro-
hormonal mechanisms link ECG-LVH with stroke.27 – 29 Similarly,
those with prolonged QT have poor risk factor profiles that also in-
crease one’s risk for cardiovascular events, including stroke.14,30 An-
other possible explanation is mediation by atrial fibrillation since
both ECG-LVH and prolonged QT are associated with the develop-
ment of this arrhythmia.31,32 However, we were unable to explore
this hypothesis as we did not have incident atrial fibrillation in our
dataset. Although we offer several mechanisms for the observed as-
sociation, it is likely that both conditions are markers for poor car-
diovascular profiles which predispose to the development of future
cerebrovascular events rather than distinct pathological processes
which result in stroke.

Electrocardiographic left ventricular hypertrophy and prolonged
QT are commonly found in the general USA population.19 Our find-
ings confirm that both conditions commonly coexist and confer an
increased risk of ischaemic stroke when in combination. Additional-
ly, both electrocardiographic findings are associated with separate
risk profiles for ischaemic stroke. Potentially, preventive measures
that result in decreasing the prevalence of ECG-LVH and prolonged
QT are associated with reductions in ischaemic stroke risk. This is
supported by data that have shown reductions in stroke risk among
those with ECG-LVH regression,27 – 29 and further reduction in
stroke risk possibly occurs with the return to a normal QT interval.

However, it is currently unknown if reducing the QT interval will al-
ter stroke risk in those with ECG-LVH, and further studies are
needed before recommendations regarding clinical practice are
made. It is more likely that reductions in the presence of ECG-LVH
and prolonged QT will decrease the cardiovascular risk factor
profile associated with conditions that serve as mediators in the cau-
sal pathway between ECG-LVH, prolonged QT, and ischaemic
stroke (e.g. atrial fibrillation). Nonetheless, we have identified a
group more likely to experience ischaemic stroke that possibly
will benefit from preventive measures and risk factor modification
(e.g. hypertension treatment) to reduce the risk of future cerebro-
vascular events. This finding likely is of interest to preventive cardi-
ologists with aims to identify persons who are at risk for ischaemic
stroke.

Our results should be interpreted in the context of several limita-
tions. We had to exclude many participants with missing baseline
data. However, these data were assumed to be missing at random.
Also, the percentages of participants with ECG-LVH (8.5%) and
future stroke events (2.6%) with missing data were comparable
with those who had available data (ECG-LVH, P ¼ 0.06; stroke,
P ¼ 0.50). Electrocardiographic left ventricular hypertrophy was de-
fined by the Sokolow–Lyon criteria and the results possibly vary
with different criteria. However, this definition is the most sensitive
traditional ECG-LVH marker with the best overall diagnostic per-
formance when compared with other criteria.33 Electrocardio-
graphic left ventricular hypertrophy and the QT interval also are
dynamic measurements that vary between electrocardiogram tra-
cings, and the results potentially differ with subsequent recordings.
Several baseline characteristics were self-reported and subjected
our analysis to recall bias. Additionally, although we adjusted for sev-
eral factors that are known to influence the development of ischae-
mic stroke, we acknowledge that residual confounding remains a
possibility similar to other epidemiologic studies. We also were un-
able to adjust for conditions (e.g. incident atrial fibrillation) that po-
tentially mediate the association between ECG-LVH, prolonged QT,
and ischaemic stroke.

In conclusion, we have shown that ECG-LVH and prolonged QT
are distinct clinical entities with separate risk profiles for ischaemic
stroke. Further research is needed to confirm our findings and to
explore the possible benefit of pharmacologic interventions that re-
duce the stroke burden in those with ECG-LVH and prolonged QT.

Supplementary material
Supplementary material is available at Europace online.
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