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Abstract
The qualitative ECG strain pattern of ST depression (STD) and T-wave inversion is strongly
associated with coronary heart disease and left ventricular (LV) hypertrophy and is an independent
predictor of new-onset heart failure in hypertensive patients. However, whether quantitative
measures of STD in the lateral precordial predict new heart failure is unclear. Digital ECGs were
examined in 2,059 American Indian participants in the second Strong Heart Study examination with
no history of heart failure. The absolute magnitude of ST segment deviation was measured by
computer to the nearest 5 μV in leads V5 and V6. During 5.7±1.4 years follow-up, heart failure
developed in 77 participants (3.7%). Participants who developed heart failure had greater STD in
leads V5 or V6 (−11±35 vs 12±27 μV, p<0.001) than those who did not. In univariate Cox analyses,
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STD was a significant predictor of new heart failure, with each 10 μV greater STD associated with
a 31% greater risk of heart failure (hazard ratio [HR] 1.31, 95% CI 1.24-1.39). Increasing STD
grouped according to quartiles was strongly associated with the development of heart failure, with
step-wise increasing risk of heart failure compared with the lowest quartile of STD for the second
(HR 2.39, 95% CI 0.77-7.40), third (HR 3.01, 95% CI 1.00-9.08) and fourth quartile of STD (HR
9.06, 95% CI 3.26-25.16). In Cox multivariate analyses controlling for age, gender, diabetes,
coronary heart disease, albuminuria and for other baseline risk factors, STD remained a significant
predictor of incident heart failure (HR 1.22, 95% CI 1.13-1.32, per 10 μV increment in STD,
p<0.001). In conclusion, increasing STD in the lateral precordial leads is strongly associated with an
increased risk of developing heart failure, independent of other risk factors for new heart failure.
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Computerized measurement of the degree of ECG ST depression (STD) in the lateral precordial
leads has demonstrated that increasing magnitude of STD in leads V5 and/or V6 is associated
with higher left ventricular (LV) mass and greater prevalence of anatomic LV hypertrophy
(1). Although the magnitude of STD has been demonstrated to predict all-cause and
cardiovascular mortality independent of the predictive value of ECG and echocardiographic
LV hypertrophy (2), whether greater STD in the lateral precordial leads on the standard rest
ECG is associated with increased risk of new-onset heart failure has not been examined.
Therefore, the present study examined the relation of the magnitude of STD in the lateral
precordial leads to the development of heart failure, adjusting for the severity of ECG LV
hypertrophy and other potential risk factors for heart failure.

The Strong Heart Study is a population-based study of cardiovascular disease and its risk
factors in American Indians from 13 communities in Arizona, Oklahoma, and North and South
Dakota. Detailed information about the population, methods, and enrollment procedures for
the study have been previously reported in detail (1-3). The current study examined 2059
participants in the second Strong Heart Study examination (64% women, mean age 59±8 years)
with digital ECG records in sinus rhythm with no bundle branch block and no history of heart
failure.

Digital 12-lead ECGs were performed as previously described (1,2). Absolute ST segment
deviation was measured by computer at the midpoint of the ST segment on median complexes
in leads V5 and V6 and participants divided into quartiles based on the maximal magnitude of
ST deviation in these leads (1). ECG LV hypertrophy was determined using Cornell voltage
duration product ([RaVL + SV3]*QRS duration) (4) and Sokolow-Lyon voltage criteria
(SV1 + RV5/6) (5).

Development of heart failure was a prespecified endpoint in the Strong Heart Study (3), with
the diagnosis of heart failure made using clinical and diagnostic findings based on Framingham
criteria (6). Each case was reviewed and verified by investigators who were blinded to ECG
STD results when classifying possible morbid events (3).

Data management and analysis were performed with SPSS version 12.0. Data are presented as
mean±SD for continuous variables and proportions for categorical variables. Prevalences were
compared using χ2 analyses and mean values of continuous variables were compared using
two-sample t-tests. Heart failure rates were calculated and plotted for ST deviation quartiles
according to the Kaplan-Meier product limit method and compared with the log-rank test. The
relation of ST deviation to the risk of developing heart failure was assessed using Cox
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proportional hazards models. Hazard ratios for heart failure incidence were computed as the
antilog of the estimated coefficient for ST deviation quartiles and per 10 μV of STD as the
antilog of the product of this and the estimated coefficient. The 95% CI of each hazard ratio,
Wald χ2 statistics and p-values were calculated. To test the independence of ST deviation as a
predictor of new-onset heart failure, either STD as a continuous variable or quartiles of ST
deviation were entered into multivariable Cox models that included as covariates significant
univariate Cox predictors of new heart failure. A stepwise selection procedure was used to
identify significant covariates.

Analyses were repeated stratifying the population by sex, age, diabetes, obesity, albuminuria
and by the presence or absence of LV hypertrophy by Cornell product on the ECG. Interaction
between the magnitude of ST deviation as a continuous variable and these variables was
formally tested by adding cross-product terms of ST depression and these variables into the
models in the total population. For all tests, a two-tailed p-value < 0.05 was required for
statistical significance.

Results
During 5.7±1.4 years follow-up, heart failure developed in 77 participants (3.7%). Clinical and
demographic characteristics of participants in relation to development of heart failure are
shown in Table 1. Participants who developed heart failure were older, more likely to be female
and diabetic, had greater baseline severity of ECG LV hypertrophy, higher fasting glucose,
hemoglobin A1C, fibrinogen and triglyceride levels, greater albuminuria, higher systolic
pressures and greater maximal STD in leads V5 or V6 than participants who did not develop
heart failure, but were similar with respect to history of coronary heart disease, smoking status,
body mass index, and C-reactive protein, low and high density lipoprotein cholesterol levels.

STD was a strong univariate predictor of new-onset heart failure, whether examined as a
continuous variable or in increasing quartiles (Table 2 and Figure 1). In univariate Cox
analyses, each 10 μV greater magnitude of STD in the lateral precordial leads was associated
with a 31% greater risk of developing heart failure (Table 2). When participants were grouped
in quartiles of STD, increasing magnitude of STD in the lateral precordial leads was associated
with stepwise increasing incidence and risk of new heart failure (Table 2 and Figure 1). The
7-year actuarial incidence of heart failure was only 1.1% in participants in the first quartile of
STD, 2.9% in those in the second quartile, 4.5% in participants in the third quartile, and
increased to 10.7% among participants in the fourth quartile with STD of ≤ −5 μV (p<0.0001).

Because patients who developed heart failure differed significantly from those who did not
develop heart failure with respect to demographic and clinical variables which could affect
outcome (Table 1), the independent relation of new-onset heart failure to the magnitude of
STD was examined after adjusting for these variables. In step-wise multivariable Cox models
(Table 2) in which age, diabetes and urine albumin/creatinine ratio were also significant
predictors of heart failure, STD remained associated with new heart failure, whether STD was
included as a continuous variable, with each 10 μV increment of STD associated with a 22%
greater risk of developing heart failure, or examined as increasing quartiles, with a significantly
increased risk of heart failure confined to participants in the highest quartile of STD who had
a 5.6-fold greater risk of new heart failure.

The predictive value of lateral precordial STD for new-onset heart failure in relevant subsets
of the population is examined in Table 3. The association between strain and new-onset heart
failure was similar in participants grouped according to gender, age above and below 65 years,
presence of diabetes, obesity, Cornell product LV hypertrophy on the ECG and according to
the presence or absence of albuminuria, with nonsignificant interaction terms between STD

Okin et al. Page 3

Am J Cardiol. Author manuscript; available in PMC 2008 September 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



and these variables. Of note, Sokolow-Lyon voltage LV hypertrophy was present in too small
a number of the population (n=30, 1.5%) to allow for meaningful subgroup analysis.

Discussion
This study demonstrates that the presence of small but measurable increases in the magnitude
of STD in the lateral leads of the standard resting ECG is associated with increased risk of
developing new heart failure and that the increased risk of heart failure associated with STD
persists after adjusting for other clinical predictors of new heart failure in this population. The
present findings using a quantitative measure of STD that can be applied using standard
computerized electrocardiography are supported by previous evidence of an association of the
more qualitative ECG strain pattern with the development of heart failure (7).

The relation of a more qualitative assessment of lateral repolarization abnormalities on the
ECG to the development of heart failure has not been extensively examined. Although a number
of previous studies have demonstrated the predictive value of ECG LV hypertrophy criteria
which include some measure of the qualitative ECG strain pattern in their determination for
the development of heart failure (8-12), these studies did not examine the predictive value of
strain alone. In addition, among studies that examined ECG strain alone for Cardiovascular
outcomes (7,13-18), the relationship of ECG strain to developing heart failure was evaluated
in only one (7). In a previous report on hypertensive patients with ECG LV hypertrophy in the
LIFE study (7), typical strain on the baseline ECG was a significant predictor of new-onset
heart failure and heart failure mortality. The predictive value of strain for heart failure outcomes
in LIFE was independent of the possible impact of standard Cardiovascular risk factors,
baseline and in-treatment severity of ECG LV hypertrophy by both Cornell product and
Sokolow-Lyon criteria, baseline and in-treatment blood pressures, baseline demographic
differences, and of randomized study treatment (7). In addition, the association between strain
and new heart failure was similar in all relevant subsets of the LIFE Study population with the
exception of patients with and without diabetes or microalbuminuria (7). However, quantitative
measures of STD were not available in the LIFE study, precluding evaluation of the possible
predictive value of lesser degrees of STD for new heart failure.

The present study extends these observations to a large, prospectively-studied population-
based sample without preselection for LV hypertrophy or hypertension, confirming the strong
association between lateral repolarization abnormalities and new heart failure and further
demonstrating that gradual decreases in the amplitude of the ST segment in leads V5 and/or
V6, even when above the isoelectric baseline, increase the risk of developing heart failure,
independent of the predictive value of other risk factors for heart failure. In this context, it is
important to note that the association between STD and heart failure in the current study does
not reflect the impact of the typical strain pattern on the magnitude of STD, as only four
participants had >0.1 mV (100 μV) of STD, which would be considered to reflect strain on the
ECG. However, the greatest risk of developing heart failure was seen in those participants with
true, although mostly minimal, STD (quartile 4), with STD of ≤ −5 μV associated with a 10.7%
incidence of heart failure over 7 years, a more than 5.5-fold greater risk compared to the lowest
quartile of STD after controlling for other risk factors. Moreover, STD remained a strong
predictor of new heart failure when considered as a continuous variable, further demonstrating
the predictive value of STD over the range of measured values. In addition, the association
between STD and new heart failure was similar in all subgroups of the population (Table 3).

Several potential limitations should be considered with respect to these findings. First, it is
unclear to what degree these findings in American Indians can be extrapolated to other ethnic
populations. However, the demonstrated predictive value of ECG strain and minor degrees of
STD for Cardiovascular morbidity and mortality in other populations (7,8,14-19) suggest that
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quantitative analysis of lateral STD will stratify the risk of developing heart failure in other
populations as well. Second, the absence of information from serial ECGs precludes analysis
of the impact of changes in STD on risk. The demonstrated relationship of changes in the strain
pattern to Cardiovascular morbidity and mortality (16) suggest that the present findings may
underestimate the true prognostic value of STD because it is likely that a proportion of
participants will have new or worsening repolarization abnormalities over time. Further
analysis of changing levels of lateral STD considered as time-varying covariates should provide
useful insights into the value of serial analysis of STD for more accurately stratifying heart
failure risk. Lastly, the relatively small number of incident heart failure events limits the power
to detect significant interactions in this population.
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Figure 1.
Kaplan-Meier curves comparing event rates between participants grouped according to
maximal ST segment deviation in lead V5 or V6 for the development of heart failure.
(CHF=congestive heart failure; STD=ST deviation)
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Table 1
Demographic and Clinical Characteristics in Relation to Development of New-Onset Heart Failure

Variables Heart Failure p value
No (n=1982) Yes (n=77)

Age (years) 59±8 63±8 <0.001
Women 63% 75% 0.030
Diabetes 51% 87% <0.001
History of coronary heart disease 3.3% 7.8% 0.076
Body mass index (kg/m2) 30.9±6.0 30.8±6.3 0.919
Fasting glucose (mg/dL) 153±80 206±95 <0.001
Hemoglobin A1C (%) 6.9±2.5 8.5±2.3 <0.001
Fibrinogen (mg/dL) 361±79 408±88 <0.001
C-reactive protein (mg/dL) 6.5±9.5 7.4±10.1 0.436
Low density lipoprotein cholesterol (mg/dL) 120±34 120±40 0.923
High density lipoprotein cholesterol (mg/dL) 42±14 39±12 0.056
Triglycerides (mg/dL) 154±109 190±127 0.018
Urine albumin/creatinine ratio (log mg/g) 3.2±1.9 5.0±2.3 <0.001
Smoking status 0.401
 Never 29% 25%
 Previous 39% 47%
 Current 31% 28%
Systolic blood pressure (mm Hg) 129±19 136±23 0.001
Diastolic blood pressure (mm Hg) 75±10 74±12 0.481
Cornell voltage-duration product (mm•msec) 1438±619 1731±846 0.003
Sokolow-Lyon voltage (mm) 20.3±6.1 23.7±9.0 0.001
Maximal ST depression V5/V6 (μV) 12±27 −11±35 <0.001
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Table 2
Univariate and Multivariable Cox Regression Analyses to Assess the Predictive
Value of Electrocardiographic ST Segment Depression for the Development of
New-Onset Heart Failure

Predictor Variable X2 p value Hazard Ratio 95% CI

Univariate
ST depression (per 10 μV) 73.35 <0.001 1.31 1.24 – 1.39
ST depression quartiles 36.76 <0.001
 ≥ 25 μV ---- ---- 1 ----
 10 to 24 μV 2.27 0.132 2.39 0.77 – 7.40
 −4 to 9 μV 3.84 0.050 3.01 1.00 – 9.08
 ≤−5 μV 17.86 <0.001 9.06 3.26 – 25.16

Multivariable*
ST depression (per 10 μV) 31.06 <0.001 1.22 1.13 – 1.32
ST depression quartiles 18.83 <0.001
 ≥ 25 μV ---- ---- 1 ----
 10 to 24 μV 0.96 0.326 1.79 0.56 – 5.71
 −4 to 9 μV 3.24 0.072 2.76 0.91 – 8.34
 ≤−5 μV 10.39 0.001 5.55 1.96 – 15.74

*
age, prevalent diabetes and urine albumin/creatinine ratio also entered the multivariable Cox models
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