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Abstract

Introduction—It is unclear whether LVH detected by electrocardiogram (ECG-LVH) is equally
predictive of heart failure as LVH detected by echocardiography (echo-LVH).

Methods—This analysis included 4,008 white participants (41% male) aged 65 years or older
from the Cardiovascular Health Study (CHS) who were free of stroke and major intraventricular
conduction defects at baseline. ECG-LVH was defined by the Cornell criteria from baseline ECG
data and echo-LVVH was computed from baseline echocardiography measurements. Cox regression
was used to compute hazard ratios (HR) and 95% confidence intervals (Cl) for the association
between ECG-LVH and echo-LVH and adjudicated incident stroke events, separately. Harrell’s
concordance indices (C-index) were calculated for the Framingham Stroke Risk Score with
inclusion of ECG-LVH and echo-LVH, separately.

Results—ECG-LVH was detected in 136 (3.4%) participants and echo-L\VVH was present in 208
(5.2%) participants. Over a median follow-up of 13 years (interquartile range=7.5, 19.1), a total of
769 (19%; incidence rate=15.4 per 1000 person-years) strokes occurred. In a multivariable Cox
regression analysis adjusted for stroke risk factors and potential confounders, ECG-LVH
(HR=1.68, 95%CI1=1.23, 2.28) and echo-LVH (HR=1.58, 95%CI=1.17, 2.14) were associated with
an increased risk of stroke. Similar values were obtained for the C-index when either ECG-LVH
(C-index=0.786) or echo-LVH (C-index=0.786) were included in the Framingham Stroke Risk
Score.

Conclusion—ECG-LVH and echo-LVH can be used interchangeably in stroke risk scores.
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INTRODUCTION

Left ventricular hypertrophy (LVH) diagnosed by electrocardiography (ECG-LVH) and
echocardiography (echo-LVH) have been independently associated with an increased risk for
future cardiovascular events, including stroke [1-7]. The Framingham Stroke Risk Score was
developed to identify individuals who are high risk for developing future stroke [3]. In
addition to other stroke risk factors, a key component of this score is ECG-LVH. Due to its
low-cost and widespread availability, ECG risk factors such as ECG-LVH are cost-effective
makers for preventive cardiologists to incorporate into models of stroke risk. However, the
ECG has a relatively low sensitivity regarding the detection of LVH [8, 9]. Although it has
been suggested that ECG-LVH and echo-LVH are distinct clinical entities with separate
predictive abilities, it is currently unknown if the addition of echo-LVVH, a more sensitive
marker for LVH, improves the prediction of stroke risk models. Therefore, the purpose of
this analysis was to compare the predictive ability of the Framingham Stroke Risk Score
when using ECG-LVH and echo-LVH to determine if these markers can be used
interchangeably in a model to identify persons who are high risk for future stroke.

METHODS

Study Population

Details of CHS have been previously described [10]. Briefly, CHS is a prospective
population-based cohort study of risk factors for coronary heart disease and stroke in
individuals 65 years and older. A total of 5,888 participants with Medicare eligibility were
recruited from 4 field centers located in the following locations in the United States: Forsyth
County, NC; Sacramento County, CA; Washington County, MD; and Pittsburgh, PA.
Subjects were followed with semi-annual contacts, alternating between telephone calls and
surveillance clinic visits. CHS clinic exams ended in June of 1999 and since that time 2
yearly phone calls to participants were used to identify events and collect data. The
institutional review board at each site approved the study and written informed consent was
obtained from participants at enrollment. Participants were excluded if any of the following
criteria were met: baseline stroke was present, baseline covariate data were missing, QRS
duration 2120 ms, or follow-up data were missing.

Of the 5,888 participants from the original CHS cohort, we excluded 901 black participants
due to the known racial differences that have been reported regarding the criteria for
detection of ECG-LVH and echo-LVH [11-14]. Of those that remained, 48 participants with
missing follow-up data, 168 participants with baseline stroke, 361 with QRS =120 ms, and
402 with missing baseline covariate data also were excluded. A total of 4,008 participants
(41% male) with complete data were used in this analysis.

Left Ventricular Hypertrophy

LVH was determined from the baseline ECG or echocardiogram. Identical
electrocardiographs (MAC PC, Marquette Electronics Inc., Milwaukee, Wisconsin) were
used at all clinic sites, and resting, 10-second standard simultaneous 12-lead ECGs were
recorded in all participants [15]. ECG-LVH was defined by the Cornell criteria (R wave
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amplitude AV|_ plus S wave amplitude V3 =28 mm for men and =20 mm for women) [16]. A
baseline echocardiogram was obtained for each study participant according to previously
described techniques [17]. Measurements were made from digitized images using an off-line
image-analysis system equipped with customized computer algorithms. Left ventricular
mass was derived from standard formulas described by Devereux et al.[18] Echo-LVH was
defined by left ventricular mass values >95t" sex-specific percentiles (male: >209 g; female:
>169 g).

Stroke Events

Covariates

Baseline and incident cases of stroke were identified by adjudication of medical records,
including hospitalization data, and these methods have been previously described [19-21].
Briefly, baseline self-reported cases of transient ischemic attack and stroke were confirmed
through review of appropriate medical records. All suspected stroke events and stroke-
related deaths were reviewed by the Cerebrovascular Adjudication Committee. This
committee was composed of study neurologists from each of the four study sites, a
neuroradiologist from the MRI Reading Center, and an internist or neurologist representing
the Coordinating Center. Based on this information, which included neuroimaging studies,
the Cerebrovascular Adjudication Committee would decide whether a transient ischemic
attack, nonfatal stroke, or fatal stroke had occurred and, if appropriate, assign a stroke type:
ischemic, hemorrhagic, or uncertain. For this analysis, incident stroke included fatal and
non-fatal events and subtypes classified as ischemic or hemorrhagic.

Participant characteristics were collected during the initial CHS interview and questionnaire.
Age, sex, race, income, education, and smoking status were self-reported. Annual income
was dichotomized at $25,000 and education was dichotomized at “high school or less.”
Smoking was defined as current or ever smoker. Participants’ blood samples were obtained
after a 12-hour fast at the local field center. Measurements of total cholesterol, high-density
lipoprotein (HDL) cholesterol, and plasma glucose were used in this analysis. Diabetes was
defined as a self-reported history of a physician diagnosis, a fasting glucose value =126
mg/dL, or by the current use of insulin or oral hypoglycemic medications. Blood pressure
was measured for each participant in the seated position and systolic measurements were
used in this analysis. The use of aspirin, statins, and antihypertensive medications were self-
reported. Body mass index was computed as the weight in kilograms divided by the square
of the height in meters. Baseline cardiovascular disease was determined by a self-reported
history or by medical record adjudication of the following diagnoses: myocardial infarction,
angina pectoris without myocardial infarction, coronary revascularization procedures
(angioplasty and coronary artery bypass graft surgery), congestive heart failure, and
claudication [19].

Statistical Analysis

Categorical variables were reported as frequency and percentage while continuous variables
were recorded as mean + standard deviation. Statistical significance for categorical variables
was tested using the chi-square method and the Wilcoxon rank-sum procedure for
continuous variables. Comparisons were examined between participants with and without
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ECG-LVH and echo-LVH, separately. We examined the association between ECG-LVH and
echo-LVVH at baseline with incident stroke, separately. Follow-up time was defined as the
time from the initial study exam until one of the following: stroke, death, loss to follow-up,
or end of follow-up which was July 1, 2008. Kaplan-Meier estimates were used to compute
cumulative incidence of stroke by LVH and the differences in estimates were compared
using the log-rank procedure [22]. Cox regression was used to compute hazard ratios (HR)
and 95% confidence intervals (ClI) for the association between LVH and incident stroke. We
examined the effect of ECG-LVH and echo-LVH in isolated Cox regression models and also
examined the association of either ECG-LVH or echo-LVH to define LVH to determine the
combined effect of both modalities to define LVH and the associated risk of stroke.
Multivariable models were constructed as follows: Model 1 adjusted for age, sex, education,
and income; Model 2 adjusted for Model 1 covariates plus smoking, systolic blood pressure,
diabetes, body mass index, total cholesterol, HDL cholesterol, aspirin, statins,
antihypertensive medications, and cardiovascular disease. To explore the potential
interchangeability of ECG-LVH and echo-LVH in the Framingham Stroke Risk Score, we
computed Harrell’s concordance index (C-index) for models that included ECG-LVH as
originally done in the Framingham Stroke Risk Score and echo-LVH using methodology
developed for survival analyses [3, 23]. In addition to a marker for LVH, we included the
other covariates of the risk score: age, systolic blood pressure, antihypertensive medications,
diabetes, smoking, prior cardiovascular disease, and atrial fibrillation. The proportional
hazards assumption was not violated in our analyses. Statistical significance was defined as
p<0.05. SAS Version 9.3 (Cary, NC) was used for all analyses.

RESULTS

ECG-LVH was detected in 136 (3.4%) participants and echo-LVH was present in 208 (5.2%)
participants. A total of 54 (19%) had both ECG-LVH and echo-LVH. Baseline
characteristics stratified by ECG-LVH and echo-LVH are shown in Table 1.

Over a median follow-up of 13 years (interquartile range=7.5, 19.1), a total of 769 (19%;
incidence rate=15.4 per 1000 person-years) strokes occurred. The unadjusted cumulative
incidence curves of stroke by ECG-LVH and echo-LVH are shown in Figure 1 and Figure 2,
respectively. In a multivariable Cox regression analysis, ECG-LVH and echo-LVH were
associated with a nearly 68% (p=0.0010) and 58% (p=0.0028) increased risk of stroke,
respectively (Table 2). ECG-LVH and echo-LVH were associated with an increased risk of
stroke when included in the Framingham Stroke Risk Score (Table 3). Similar C-index
values were obtained when either ECG-LVH (C-index: 0.786) or echo-LVH (C-index:
0.786) were included in the Framingham Stroke Risk Score (Table 3).

DISCUSSION

In this analysis from CHS, we have shown that ECG-LVH and echo-LVH are associated
with an increased risk of stroke. Additionally, ECG-LVH and echo-LVH are able to be used
interchangeably in the Framingham Stroke Risk Score to identify high risk individuals for
future stroke events.
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Data from the Framingham Heart Study, CHS, and Progetto Ipertensione Umbria
Monitoraggio Ambulatoriale (PIUMA\) study have shown that LVH, whether detected by
ECG or echocardiography, is associated with an increased risk of future stroke [3-5].
However, few studies have examined the predictive ability of these modalities to determine
future stroke risk. The Framingham Stroke Risk Score was developed to identify high risk
individuals for stroke and included ECG-LVH in addition to several conditions that
influence the development of stroke [3]. When ECG-LVH was included in our analysis, the
model performed well with high-yield regarding participant discrimination in our population
of older adults. The addition of echo-LVH did not improve the discriminatory capacity
beyond the original model which included ECG-LVH, suggesting that measures to define
LVH, such as the ECG-LVH, perform equally well in risk models designed to estimate
stroke risk. Due to the known racial differences in the performance of ECG criteria for LVH,
we only included white participants in our analysis and this limits the generalizability of our
findings to populations of white, older adults similar to the Framingham Study [11-14].

It has been suggested that ECG-LVH and echo-LVH detect different conditions. The QRS
changes that occur with ECG-LVH have been shown to represent a combination of anatomic
and electric remodeling [24, 25]. In contrast, echo-LVH commonly relies entirely on left
ventricular mass [26]. Although differences potentially exist in the cardiac pathology that is
detected, equally important prognostic information regarding stroke risk is obtained from
both ECG-LVH and echo-LVH. The implication for the clinician assessing stroke risk
associated with LVH is that the combination of clinically relevant risk factors and data from
the standard 12-lead ECG are able to provide valuable prognostic information regarding
future stroke risk instead of relying on more costly imaging modalities which provide
similar information.

Each year, nearly 800,000 persons experience a stroke event in the United States [27]. The
yearly cost of direct medical care related to stroke is around $28 billion, with projections to
exceed $95 billion by 2030 [28]. The identification of high risk individuals is of paramount
importance for public health officials with aims of targeted preventions to reduce the future
burden that stroke will place on the healthcare system. Due to its low-cost and widespread
availability, the ECG is a cost-effective tool for identifying individuals who are at risk for the
development of stroke in addition to other common risk factors included in stroke risk
models. Therefore, our data support the use of the ECG to detect LVH to include in risk
prediction models of stroke in place of methods such as echocardiography that are not as
widely available. However, further research is needed to determine the optimal model for
stroke risk prediction in minority populations, as the risk afforded with ECG-LVH and echo-
LVH possibly varies by race.

The results of the current analysis should be interpreted in the context of several limitations.
We defined ECG-LVH by the Cornell criteria and our results may vary with other definitions
(e.g., Sokolow-Lyon). Similarly, we defined echo-LVH by left ventricular mass values >95t
sex-specific percentiles. Other definitions for echo-LVH have been proposed and the results
may vary with alternative definitions [26]. Additionally, the definition of echo-LVH used
was based on left ventricular mass which depends on assumptions of left ventricular
geometry and the indexing method. Thus, cases of echo-LVVH may have been missed.
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However, other studies have shown that the predictive value of left ventricular geometry
beyond left ventricular mass for heart failure prediction is negligible [29, 30]. The outcome
of interest included ischemic and hemorrhagic stroke events, and the results possibly differ
when examining each stroke subtype in isolation. However, due to the limited number of
stroke events, we included all stroke events as the main endpoint. Also, several potential
confounders were included in our multivariable models that likely influenced the
development of incident stroke and we acknowledge the possibility of residual confounding.

In conclusion, we have demonstrated that ECG-LVH and echo-LVH are associated with an
increased risk of stroke and both conditions can be used interchangeably in stroke risk
scores. Further research is needed to explore the clinical utility of current stroke risk
prediction models to target groups who are high risk for developing stroke and also to
develop race-specific models that are representative of minority populations.
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Figure 1. Risk of Stroke by ECG-LVH"

*The cumulative incidence curves are statistically different (log-rank p<0.0001). ECG-
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LVH=electrocardiographic left ventricular hypertrophy; LVH=left ventricular hypertrophy.
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Figure 2. Risk of Stroke by echo-LVH"
*The cumulative incidence curves are statistically different (log-rank p=0.0004). echo-

LVH=echocardiographic left ventricular hypertrophy; L\VVH=left ventricular hypertrophy.

J Stroke Cerebrovasc Dis. Author manuscript; available in PMC 2016 September 01.



Page 11

O’Neal et al.

‘uoneInsp paepuels=s ‘utsioldodi| Ansusp-ybiy=1aH ‘AydosuadAy Jeinariusa Yaj olydesBolpreaoyss=HAT-0yds ‘AydoliiadAy Jejnariuaa 1a| o1ydelboipsesonds|e=HAT-923

158} aJenbs-1yo sy} Buisn pajsa) sem eyep [ea1106a1ed pue 8INPaooid WNs-3ues UOX0D[IAA Buisn palsa) sem elep snonuuOod oy 8duedIUBIS [2oNSIRIS
"

1000°0> (81) 2L9 (9g) 52 20000 (81) 502 (te) zv (%) aseasip senasenoipied
8900 (ze) ogz't (se) 08 110 (ee) voz't (¥e) oy (%) asn uudsy
860 (02 vL (61T ¥ 89°0 (02 9L (RN (%) asn uneis
1000°0> (Tv) 9.6'T (¥9) ¥€ET  7000°0> (ev) €29'T (¥9) 28 (%) asn uoneaIpaw snIsuaLBdAYNUY
1000°0> (91) &5 (e1) Lv ST0°0 (91) vs (91) 18 p/Bw (as) uesw ‘|oseIss|0yd-1aH
zro (68) €12 (ev) 21 1€0 (68) €12 (ov) 912 Tp/Bw (as) ueaw ‘[oia)ss|oy [eloL
20000 (02) et (02) eyt 1000°0> (67) 8€ET (c2)osT  BH ww ‘(as) uesw ‘ainssaid poojq a1j0IsAS
€000°0 (ov) 6.1 (01) 12 20000 (L'v) 08T (1) 91 (%) uonelLqy [etny
1000°0> (e1) €6V (62) 09 LE00 (1) 9¢5 (02) L2 (%) sareqe1q
920 (S) €€0'C (0) g0t €000°0 (¥5) ¥80°C (8e) ¢s (%) Jox{0Ws JoWIO4 10 JUBLND
1000°0> (8€) 9z (6¢) 1€ £2°0 (o) 9z (s¢) 9z W/ '(as) ueaw ‘xepul ssew Apog
6,00 (09) 682'¢ (99) geT 10 (T9) eve'e (c9) ¥8 (%) 000'5z$> awoou|
€2000 (99) 1112 (99) 8T 280 (99) vL1'C (s9) sL (%) ssaj 4o Jooyos ybIH
80 (Tv) 195'T (ov) v8 ¥000°0 (zv) 609'T (92) 9 (%) aren

0v0'0 (o1) 89 (8v) 0T 2€00 (e'6) 6S€ (¥1) 6T (%) 08<

(€2) L8 (z2) 9oy (z2) 998 (L2) L (%) 08-G2

(¥2) 206 (t2) v (¥2) 116 (92) g¢ (%) vL-12L

() €29'T (¢s) 8ot (sv) 9eL'T (e€) sv (%) 02-59
sIeak ‘aby

(008'e=u) (8oz=u) (c/8'e=v) (9eT=U)

LONBAd paToyogoN  HATowa  P'BAd yAT-9030N HAT-9D3 ols1e1R ey

(800'%7=N) sonsusoeIeyD duljsseq
T 3lgqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Stroke Cerebrovasc Dis. Author manuscript; available in PMC 2016 September 01.



Page 12

O’Neal et al.

‘oneJ prezey=yH ‘AydoipadAy Jejnarnusa Yaj=HAT ‘uisroidodi] Ansusp-ybiy="1aH ‘WesBo1psed01d89=9D3 {[eAI8IUI BOUBPLUOI=|D

"3588SIP JBINISeAOIPIED

pue ‘suonesipaw aAIsusuadAyue ‘sunels ‘uiidse ‘|081s8|0yd-T1aH ‘|0J81S8|oyo [B10] ‘Xapul ssew Apoq ‘se1eqeIp ‘ainssaid poojq 21j01sAs ‘sniels Buryows snjd sa1eLienod T [8POJA 104 paisnipy

4

'3W0JUI pUe ‘uo1IeINpa ‘xas ‘abie 1oy palsnipy
*

G0000 (66'T‘TZT)SST TO000> (922 'TV'T)8LT (0'ze 's'02) 9'GC 062/LL HAT

- 0T - 0T (65T ‘L€T) 8T 81.'€/269 HATON
weibolpseoya 10 597

82000 (PT'Z'LTT)8ST T0000> (2€2'2€T)GLT (8'1€'9'8T) €72 802/€S HAT

- 0T - 0T (T°9T '6'€T) 0'GT 008'€/9TL HAT 0N
EN\QQ\\ﬁmGQQQM

01000 (82'2'€2’T) 89T T0000> (18'C'€S'T)80C (Tev'ove) z'ee 9ET/SY HAT

- 0T - 0T (09t '6€T) VT u8'eveL HAT 0N
203

(10%56) ¥H (10%36) ¥H (10 %S6) s Jeak-uos jad 11T
anen-d JC PPON anen-d « PPON 000T Jod 878y 80UBPU|  'ON SIBAT
(800'7=N) 80415 JO Xs1y
¢ d|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Stroke Cerebrovasc Dis. Author manuscript; available in PMC 2016 September 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

O’Neal et al.

Table 3

Harrell’s C-index for Framingham Stroke Risk Score

HR (95%Cl)  P-value  C-index (95%Cl)

ECG-LVH 1.65(1.21,2.24) 0.0015 0.786 (0.725, 0.841)
Echo-LVH 1.39 (1.05, 1.85) 0.024  0.786 (0.725, 0.841)
ECG- orecho-LVH 1.43(1.12,1.82) 0.0038  0.785 (0.724, 0.841)

*
Age, systolic blood pressure, antihypertensive medications, diabetes, smoking, prior cardiovascular disease, atrial fibrillation.
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Cl=confidence interval; ECG-LVH=electrocardiographic left ventricular hypertrophy; echo-L\VVH=echocardiographic left ventricular hypertrophy;

HR=hazard ratio.
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