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Abstract
A US national sample of 20,962 participants (57% women, 44% blacks) from the Reasons for
Geographic and Racial Differences in Stroke (REGARDS) study provided general population
estimates for ECG abnormalities among black and white men and women. Participants were
recruited during 2003–2007 by random selection from a commercially available nationwide list,
with oversampling of blacks and persons from the stroke belt for a cooperation rate of 49%.
Measurement of risk factors and 12-lead ECGs (centrally coded using Minnesota Code criteria)
showed 28% had at least one major ECG abnormality. Prevalence of abnormalities was higher
(35%+) for those 65 years and older with no differences between blacks and whites. However,
among men less than 65 years, blacks had more major abnormalities than whites, most notably for
atrial fibrillation, major Q waves and left ventricular hypertrophy (LVH). Men generally had more
ECG abnormalities than women. The most common ECG abnormalities were T-wave
abnormalities. Average heart rate corrected QT interval was longer in women than men, similar in
whites and blacks and increased with age, whereas the average heart rate was higher in women
than men and in blacks than whites and decreased with age. The prevalence of ECG abnormalities
was related to hypertension, diabetes, blood pressure level and age. In conclusion, black men and
women in the US have a significantly higher prevalence of ECG abnormalities than whites at ages
45–64 but these proportions, although larger, tend to equalize or reverse after age 65.
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INTRODUCTION
No published data exist of the prevalence of ECG abnormalities from national samples of
black and white Americans beyond The National Health and Nutrition Examination Survey
(NHANES) reports. The first of these was a sample of 25 to 74 year old Americans from the
1971–1975 Health and Nutrition Study (HANES I) survey 1 of 6,913 persons with recorded
ECGs. Only simple frequencies of ECG abnormalities are given without age, race or sex
stratification. Some continuous measurements are given without heart rate correction and the
abnormalities listed do not have precise definitions as in the Minnesota Code which is the
primary ECG classification system for electrocardiographic findings and abnormalities in
clinical trials and epidemiologic studies 2. The only other ECG recordings on a national
sample of the US was made for NHANES III (1988–1994) and was only for 6,286 white and
2,041 black persons 40 years of age and over. The totality of these data has not been
published but is available in reports of the US Department of Health and Human Services 3.
Only the white prevalences, unstratified, by race and sex, have been published in a recent
paper comparing US white and Taiwanese Chinese populations 4. These reports of ECG
abnormalities lack subgroup specificity and associations with relevant demographic and
clinical variables. Here we characterize the full range of ECG findings and abnormalities
among a national sample of 20,962 black and white men and women from The Reasons For
Geographic and Racial Differences In Stroke (REGARDS) study and assess the impact of
adjustment for confounding clinical and demographic modifiers on observed differences.

METHODS
The REGARDS study is a national, population-based longitudinal study evaluating causes
of racial and regional differences in stroke mortality. The objectives and methods of the
study have been published elsewhere.5 Briefly, between January 2003 and October 2007
30,239 black and white men and women aged ≥45 years were recruited by random selection
of names/addresses from a commercially available nationwide list (Genesys Inc., Daly City,
CA), with a 49% cooperation rate.6 The final sample comprised 21% from the stroke buckle
(coastal plain of North Carolina, South Carolina, and Georgia), 35% from rest of the stroke
belt area (the remainder of North Carolina, South Carolina, and Georgia, and Tennessee,
Mississippi, Alabama, Louisiana, and Arkansas, 44% from the other 40 contiguous states,
and 42% black, 55% women. Demographic information and medical history were obtained
by telephone interview. A brief physical examination was conducted 3 to 4 weeks after the
telephone interview, including standardized measurements of risk factors, collection of
blood and urine, and recording of resting ECG

The ECG recording in REGARDS was initially incorporated only to diagnose atrial
fibrillation, one of the major risk factors for stroke. Hence, the first 8,432 REGARDS
participants underwent 7-lead ECG recording acquired by applying the standard 4 limb
electrodes and a mid-sternal electrode. However, during the course of the study, it was
determined that a 12-lead ECG should (and could) be recorded. Therefore, the remaining
REGARDS participants (n = 21,071) underwent a standard 12-lead-ECG recording. The
change in the ECG protocol and the broadening of the age eligibility to include those aged
45 to 54 occurred at approximately the same time. All ECGs were read centrally at the
EPICARE center located at Wake Forest School of Medicine, where the ECGs were coded
by trained MD electrocardiographers and all abnormalities over-read by a second MD
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electrocardiographer. For the purpose of this analysis we excluded all participants without a
12-lead ECG and those without readable ECGs. This left 20,962 ECGs for the present
analysis. The ECG variables include all ECG Minnesota codes (MC) with codes 1 through
9 7 and continuous ECG variables: heart rate, QRS duration, QT duration (and QTI: ([QT]/
656 * ([HR] + 100), RaVL, SV1 and SV3. Major abnormalities (Appendix table 2) include:
ventricular conduction defects (MC 7.1.7.2, 7.4, 7.8), major Q waves (MC1.1, 1.2: all at
least ≥.03 sec duration), minor Q waves plus STT abnormalities (MC 1.3 + 4.1 or 4.2 or 5.1
or 5.2), major isolated STT abnormalities (MC 4.1 or 4.2 all with STJ at least 0.5 mm
depressed with a horizontal or downward sloping ST segment; or 5.1 or 5.2: at least 1 mm T
wave inversion)), left ventricular hypertrophy plus major STT abnormalities (MC 3.1 + 4.1
or 4.2 or 5.1 or 5.2), atrial fibrillation or flutter (MC 8.3), major AV conduction
abnormalities (MC 6.1, 6.2, 6.4), other major arrhythmias (MC 8.2,8.4), artificial pacemaker
(MC 6.8), and major QT prolongation (QTI≥116).

For national prevalence estimates reflecting the sampling design of REGARDS, SAS-
callable SUDAAN 8 was used to perform all statistical analyses with sampling weights. The
sampling weights were obtained using a post-stratification method. There were 108 strata
based on region, race, sex, and age groups. The national population was based on the 2000
census and obtained through the Centers for Disease Control and Prevention (CDC) Wonder
website. National population estimates by strata and REGARDS population by strata were
obtained to create selection probabilities. Sampling weights were then obtained by taking the
inverse of the selection probability.

Population weighted means and proportions were obtained to describe the distributions of
continuous ECG variables and categorical variables, respectively. Logistic regressions were
used to assess associations between risk factors and demographic traits with the outcome.
Simple models were adjusted for demographic factors such as age, race and sex. Full models
took into account major risk factors as well as socioeconomic factors. After producing the
weights, we were able to recreate the national population estimates using these weights.

RESULTS
The national weighted mean age of the study sample was 59 years (56 years for black men
[BM], 58 for black women [BW], 61 for white women [WW] and 58 for white men [WM]).
Clinical measurements of blood pressure, body mass index (BMI) and serum lipid levels
together with histories of diabetes, hypertension and treatment for hyperlipidemia are given
in Table 1. Smoking rates and blood levels of LDL, and HDL cholesterol and triglycerides
differed between groups as did treatment for hyperlipidemia and hypertension.

In Table 2 weighted means and standard errors are given for selected continuous measures
of ECG variables with independent prognostic value. Each of the 4 race/sex groups are
divided into age groups above and below 65 years. QRS duration increases with age and is
longer in men than women and in whites than blacks. QTc and QTI, both heart rate-
corrected measures of QT interval, increase with age and are longer in women than men and
are similar in blacks and whites. Heart rate is also higher in women than men but decreases
with age and is higher in blacks than whites.

The prevalence of extant ECG abnormalities, are displayed in Table 3 and the significant
age/race/sex associations of each of the abnormalities is given in Appendix table 1). Of the
total population 28.2% had at least one major ECG abnormality, the prevalence of which
was greater in those over 65 (p<0.0001) (37% in black and white men; 35.7% in WW and
34.9% in BW). Among those less than 65 years women had more abnormalities than men
among whites (25.4% vs. 23.2%) and these were greater among blacks where the sex
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proportions were more nearly equal for women and men (28.4% vs. 28.8% respectively).
Major Q waves were present in 11.2 % of the population with the highest proportion
(20.4%) among WM over the age of 65 years p<0.0001); and major Q waves more common
in blacks than whites under the age of 65 years. The most common abnormalities overall
were minor T wave abnormalities (20.4%) and the most common major abnormality also
was T wave abnormalities (19.1%). Left ventricular hypertrophy (LVH), by Cornell voltage,
was 7.4% overall and was more common in women than men (p<0.0001) and much more in
blacks than whites (p<0.0001), reaching 19.9% in BW. Bundle branch block (BBB) was
most common in white men older than 65 years (p<0.0001): 17.1% (any MC 7 code). More
persons had right BBB (2.7%) than had left BBB (1.2%). Atrial fibrillation (AF) was present
in 1.2% of the population with increased levels above age 65 and the highest proportion in
men over the age of 65 years; blacks had lower prevalence than whites except for BM less
than 65 years (1.0%) who were twice as likely to have AF as white men under 65 years
(0.4%). Atrial premature beats were more common in blacks than whites and more common
in men than women. Overall, atrial premature beats were more common than were
ventricular premature beats (5.8% vs. 3.5%).

Demographic and clinical variable associations with the presence of major ECG
abnormalities are shown in the forest plot of figure 1: Significant independent increased
odds ratios (OR) are shown for each 5 year increase in age (OR 1.22, 95% confidence
interval [CI] 1.16, 1.28), presence of hypertension (OR 1.35, 95% CI 1.18,1.55) and diabetes
(OR 1.52, 95% CI 1.28,1.82). Raised HDL cholesterol significantly reduced the risk (OR
0.91, 95% CI 0.85,0.98) and systolic BP increased the risk (Appendix Table 3).

DISCUSSION
This study provides prevalence estimates for major and minor ECG abnormalities for blacks
and whites in the US by ages above and below 65 years for men and women separately. The
presence of ECG abnormalities is high in US middle aged and older adults. Black men and
women in the US have significantly higher prevalence of ECG abnormalities than whites at
ages 45 to 64 but these proportions, although larger, tend to equalize or reverse in relation to
whites over the age of 65. The race and sex differences for the presence of major ECG
abnormalities were removed after adjustment for systolic blood pressure, history of
hypertension and diabetes, age and HDL cholesterol.

Descriptions of the differences in the prevalence of specific ECG findings between US
blacks and whites began with limited and regional studies in Evans County Georgia 9, where
53% of 308 blacks and 31 % of 511 whites were found to have any ECG abnormalities. And
later, in Charleston In 1960 in South Carolina 10 1,394 white and 787 black men and women
were examined with only 8-lead ECG recordings. Minnesota coding was performed at a
later date for the men only and revealed almost double the proportion of minor and major
ECG abnormalities in black than white men. Another study of a southern urban population
showed differences in black and white ECG abnormalities also 11.

Later, more descriptions with detailed Minnesota coding of ECG findings appeared for more
than 10,000 black and white men and women in the Hypertension Detection and Follow-up
Program 12 with specific abnormalities tabulated by age race and sex and showed generally
that black men had the greatest proportion of abnormalities present. This was a cohort of
hypertensive persons of whom 79% had an ECG abnormality.

Among healthy biracial cohorts of US populations, reports of specific ECG variables and
Minnesota codes began to appear for larger numbers of men and women from particular
regional epidemiologic cohort studies of cardiovascular disease where standard 12 lead
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ECGs had been recorded. Specifically, in the Atherosclerosis Risk in Communities study
(ARIC) for a cohort of average age 51 years, comprising 493 black and 2,193 white men and
women free of cardiovascular disease, among men 46 % of African Americans men but only
24 % of whites had minor ECG abnormalities and in women the prevalence among blacks
was 32% vs. 23 % 13. However, in this study the majority of the African Americans were
from only one of the four clinical centers of the study (Jackson Mississippi), and as such it is
not clear whether racial differences are confounded by the geographic location of study
participants. Later, for selected ECG abnormalities prevalence values were published for the
whole ARIC cohort of 12,987 black and white men and women aged 45–64 years 14,
recorded at the baseline examination in 1987–1989. More recently the results of 12-lead
ECG recordings for the 20 year examination for the Coronary Artery Risk Development in
Young Adults (CARDIA) study from examination in 2005–2006 with identical recording
and Minnesota code analysis as in the ARIC study among 2,585 black and white men and
women showed smaller differences in black and white prevalent ECG abnormalities than
those in the ARIC study of almost a decade earlier 15. By design, CARDIA recruited from
each of four clinical centers, and as such the black-to-white distribution is also confounded
with geography. There are also published data for standards of continuous measurement of
durations and voltages on more than 79,000 participants in pharmaceutical clinical trials 16.

Limitations of our study include a complex sampling scheme and the fact that the ECGs are
paper copy only, recorded on multiple electrocardiograph models, which in fact mirrors the
state of US physician offices. In addition, because the focus of the REGARDS was on black-
to-white disparities and on the distribution of geographic disparities, by design REGARDS
did not recruit study participants from either Hawaii or Alaska. It was felt that these states
included relative few African Americans and they were geographically “detached” from the
continental US, making smoothing of incidence rates to describe geographic disparities
problematic. Finally, since the focus of REGARDS was on stroke incidence, the age of the
population was restricted to ages 45 and over, not permitting us to report ECG abnormalities
in the younger ages. The strengths are the large biracial sample size and quality controlled
standardized coding of the ECGs, together with clinical and demographic data available for
subgroup categorization.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Independent associations (odds ratios) of demographic and clinical variables with
prevalence of major ECG abnormalities:
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