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Abstract
Background—Data are sparse describing factors associated with development of prolonged
QRS duration (QRSd) from young adulthood to middle age.

Methods—We analyzed 12-lead electrocardiograms (ECGs) from the Coronary Artery Risk
Development in Young Adults (CARDIA) study over 20 years. We performed logistic regression
to examine associations of baseline (Year 0) or average (Year 0 to Year 20) risk factors with
incident prolonged QRSd (QRS > 100 msec).

Results—We included 2,537 participants (57.2% women, 44.7% black, mean age 25 years); 292
(11.5%) developed incident QRSd >100 msec by Year 20. In univariate analyses, baseline
covariates associated with incident QRSd prolongation included white race, male sex, ECG-
LVMI, and baseline QRSd. Similar results were observed after multivariable adjustment.

Conclusion—We found no long-term associations of modifiable risk factors with incident QRSd
>100 msec. Men, whites, and those with higher ECG-LVMI and QRSd in young adulthood are at
increased risk for incident prolonged QRSd by middle age.

Introduction
The QRS complex on the standard, resting 12-lead electrocardiogram (ECG) is a
manifestation of electrical impulse propagation through the conduction system and the
ventricular myocardium. A QRS duration (QRSd) ≤100 msec has been considered “normal”
(1). While prolongation of the QRSd (typically > 120 msec) has been associated with
adverse cardiovascular events, including heart failure, sudden cardiac death, and mortality in
older adults (2-4), intermediate degrees of QRSd (100-120msec) in younger, healthier
populations also have been associated with increased cardiovascular risk (5). Definitions of
QRSd conferring risk have varied, and cutpoints of >100 msec, >110msec, and >120 msec
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have all been associated with adverse cardiovascular disease events, including heart failure
(6-9). Therefore, since QRSd appears to increase with age (6,9), in healthier and younger
populations, an intermediate QRSd may be appropriate to study and may confer
cardiovascular risk.

Most studies examining QRSd have been limited by single time point assessments of ECGs
or limited longitudinal follow-up. Furthermore, factors associated with the development of a
prolonged QRSd from young adulthood to middle age using serial ECGs and long-term
traditional risk factor measurements have not been well described. Recognition of factors
associated with the development of a prolonged QRSd may provide insight into the possible
modifiers of this prognostically important ECG finding in middle age.

In the CARDIA cohort, we hypothesized that participants with exposure to underlying
cardiovascular risk factors, such as hypertension and diabetes, would be more likely to
develop incident QRSd >100 msec. Therefore, we assessed longitudinal ECGs obtained over
a 20 year period in a young, healthy, biracial population to determine prospective
associations of established cardiovascular risk factors, subclinical atherosclerosis disease
measures, and left ventricular structural measures by echocardiography with incident QRSd
prolongation, defined a priori as QRSd>100 msec. Finally, we sought to determine whether
there are sex and race differences in the development of incident QRSd >100 msec.

Methods
Study Population

Details of the Coronary Artery Risk Development in Young Adults (CARDIA) study
enrollment and follow-up have been published elsewhere (10). Briefly, the CARDIA study
began in 1985–1986 with the enrollment of 5,115 black and white participants, aged 18 to
30 years and balanced on sex, education status and age distribution within center.
Participants were recruited in Birmingham, AL; Chicago, IL; Minneapolis, MN; and
Oakland, CA. The institutional review board at each of the study sites approved the study
protocols, and written informed consent was obtained from all participants. Participants
were examined at baseline (Year 0) and at follow-up examinations in year 2 (Y2), Y5, Y7,
Y10, Y15, and Y20. The CARDIA study has had a high retention rate, with 71.8%
completing the in-person examination at Y20. With the addition of telephone contact with
participants who did not attend exams, follow-up has been maintained on 91% of all
baseline participants. For this analysis, we included participants who attended the Y20
examination and who had Y20 ECG ascertainment (N= 2,572).

Data Collection
ECG Analysis—Our analysis included ECGs obtained at CARDIA examinations at Y0
and Y20. The methodology for ECG analysis has been described previously (11). Briefly,
the outcome variable (QRSd) was derived from Y20 ECGs that were acquired using
identical electrocardiographs (GE MAC 1200 models, GE Milwaukee, WI) in all of the
study sites. Resting 12-lead ECGs sampled at a rate of 500 samples per second were
recorded in all participants by strictly standardized procedures. Staff was trained to reduce
chest electrode placement errors using the Heartsquare device, thereby reducing inter-
individual variability. The electronic ECGs stored in the electrocardiographs were
transmitted regularly over analog phone lines to the CARDIA central ECG Reading Center,
EPICARE, located at Wake Forest University, Winston-Salem, NC, for analysis. The study
ECGs were automatically processed (after being visually checked for quality) using the
2001 version of the GE Marquette 12-SL program (GE, Milwaukee, WI). Baseline QRSd
was derived from the automated measurements and visually confirmed by trained ECG
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coders at EPICARE. QRSd was automatically measured as a global interval from the earliest
detection of depolarization in any lead (QRS onset) to the latest detection of depolarization
in any lead (QRS offset). This process starts with signal conditioning (filtering), then
proceeds to signal averaging (having all QRSs of the same shape aligned in time), and ends
by generating a representative QRS complex from which the QRS onset and offset are
identified.

A variety of cutpoints for QRSd historically have been used (5-9). Consistent with previous
published literature reporting cutpoints for QRSd in the general population (6,9), we defined
“normal QRS duration” as a QRSd ≤100 msec and a “prolonged QRS duration” as a QRSd
>100 msec. Measurement of QRSd, therefore, was consistent across examination years. In
addition to measurements of QRSd, all CARDIA ECGs were read and coded using the
Minnesota Code (MC) ECG classification system (12). Furthermore, sex and race-specific
measures of ECG-LV mass (LVM), which have previously been shown to have the closest
correlation with echocardiographic LVM (13), were also used and indexed to height2.7.
Using sex and race-specific calculations incorporating Cornell voltage and body weight
devised by Rautaharju (13), values for ECG-LVM index (ECG-LVMI) were calculated.
Participants with prolonged QRSd at baseline (Y0 QRSd >100 msec) were excluded from
the analysis (n=35).

Clinical Covariates—Clinical covariates from Years 0 and 20, selected a priori because
of their known association with cardiovascular diseases, included age, sex, race, measures of
blood pressure, height and weight, body-mass index (BMI), smoking history, serum
creatinine, education level, and total and HDL-cholesterol. Race and sex were reported by
the study participants. Weight was measured with the use of a standard balance-beam scale,
with the participant wearing light clothing without shoes. The body-mass index was
calculated as the weight in kilograms divided by the square of the height in meters. Diabetes
was considered to be present if the person was taking medication for diabetes. Total
cholesterol and high-density lipoprotein (HDL) cholesterol were measured from fasting
samples as previously described (14). Measures of subclinical atherosclerosis, including
coronary artery calcium (CAC) scoring (using computed tomography) and carotid intimal
media thickness (IMT) measurements (using B-mode ultrasound) were performed at the Y20
examination (15). These measures were not available at the Y0 (baseline) examination. We,
therefore, used CAC and CIMT measures at Y20 examination.

Echocardiographic Imaging—As part of the examination at Y5, CARDIA participants
underwent two-dimensional and M-mode echocardiography performed on an Acuson
cardiac ultrasound machine (Siemens). Echocardiographic measures of wall thickness and
internal dimensions of the left ventricle were performed using standard echocardiographic
definitions. Echocardiographic measures in our analysis (at Y5) included left ventricular
internal dimensions in diastole and systole, and left ventricular posterior wall thickness in
diastole.

Statistical Analysis
All analyses were performed using SAS version 9.1 (SAS institute, Cary, NC).
Characteristics were compared by the QRS status at Y0 and Y20, respectively, among
participants using chi-square tests for categorical variables and t tests or Wilcoxon rank-sum
tests for continuous variables, as appropriate. We compared differences in 20-year incidence
of prolonged QRSd between sex-race groups using chi-square tests. Logistic regression
models were fitted to determine the association of incident QRSd prolongation (new QRSd
>100 ms at Y20) with the covariates. All regression models were adjusted for age, sex, race
and clinical covariates (systolic and diastolic blood pressure, serum creatinine, body mass
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index, smoking status, total and high-density lipoprotein cholesterol, hypertension treatment
status and ECG left ventricular mass index (ECG-LVMI) in Model 1. To determine whether
measures of subclinical atherosclerosis or cardiac structure might mediate the association of
established risk factors with prolonged QRSd, in secondary analyses, we further adjusted for
CAC presence (defined as CAC score>0) and CC-IMT at Y20, in addition to
echocardiographic variables (left ventricular internal dimension in diastole and posterior
wall thickness in diastole) measured at Y5 (Model 2). To determine whether baseline or
long-term risk factors were associated with QRSd prolongation, in separate models, we
examined two sets of clinical risk factors: “baseline covariates” (from Y0) and “average
covariates,” which were taken as the average level of measurements across the whole
follow-up period, from Y0 to Y20. To be included in the models examining average
covariates, participants had to have measurements of each risk factor at Y0 and Y20 and at
least one intervening examination. In these analyses, the risk factor levels at Y20 were used
for categorical covariates of smoking status, diabetes status and hypertension treatment.
Models were also adjusted for baseline (Y0) QRSd. Finally, we determined the change in
QRSd from Y0 to Y20 for all participants and for those who had incident QRSd >100 msec.
We performed linear regression models using clinical covariates and adjustments as
described above, but we used change in QRSd (delta QRSd) as the dependent variable of
interest. A two-tailed p value <0.05 was considered statistically significant.

Results
Study Participants

There were 2,537 participants included in the study sample who had no QRS >100 at
baseline (Y0) ECG examination, with 292 (11.5%) developing incident QRS >100 msec by
Y20. Baseline characteristics are shown in Table 1, stratified by QRSd at Y20. White race,
male sex, elevated serum creatinine, elevated systolic blood pressure, lower HDL
cholesterol, higher BMI, and higher ECG LVMI at Y0 were present in participants with
incident QRSd > 100 msec by Y20. In addition, Year 5 echocardiogram parameters of
greater LV internal dimension in diastole and a thicker LV posterior wall dimension in
diastole were more likely to be present in participants with incident prolonged QRSd by
Y20.

Among those with incident QRSd > 100 msec, there were 10 with complete and 16 with
incomplete RBBB, none with complete and 212 with incomplete LBBB using Minnesota
Code criteria. We observed no significant differences in prevalence of other Y20 ECG
findings including high amplitude R waves (MC3) and minor ST-T wave abnormalities (MC
4-3, 4-4, 5-3, 5-4) and first degree AV block. However, there was significantly greater
prevalence of major STTA (MC 4-1, 4-2, 5-1, 5-2): 6.5% of those with incident QRSd
prolongation had major STTA compared with 3.6% of those without incident QRSd
prolongation (P=0.02). Among those who did not develop incident QRSd >100 msec by
Y20, QRSd at Y0 and Y20 were 81.1 ± 7.0 msec, and 87.0 ± 7.5 msec, respectively. Among
those who did develop QRSd > 100 msec by Y20, QRSd at Y0 and Y20 were 87.2 ± 7.6
msec, and 107.5 ± 7.5 msec, respectively. The QRSd change between Y20 and Y0 was 5.91
msec ± 8.17 msec for those without incident QRSd > 100 msec at Y20. The QRSd change
between Y20 and Y0 was 20.36 ± 10.37 msec with incident QRSd > 100 msec.

Incidence of Prolonged QRSd (> 100 msec) over 20 Years
Figure 1 shows the incidence rates of QRSd >100 msec stratified by race and sex. Overall,
whites were more likely than blacks (P<0.001) and men were more likely than women
(P<0.001) to develop incident prolonged QRSd. White men were more likely than black
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men to develop incident prolonged QRSd (P=0.004). White women also were more likely to
develop incident QRS > 100 msec than black women (P= 0.023).

Associations with Incident QRSd Prolongation at Y20
Table 2 shows the results of our multivariable analyses examining associations between
baseline (Y0) covariates and incident QRSd > 100 msec at Y20. White race, ECG-LVMI at
Y0 and QRSd at Y0 were directly associated with QRS >100 msec at Y20, while female sex
was inversely associated (Model 1). In secondary analyses, we examined whether measures
of subclinical atherosclerosis, measured at Y20, and echocardiographic parameters of left
ventricular structure at Y5, were associated with QRSd >100 msec at Y20. After adjustment
for measures of subclinical atherosclerosis at Y20 and echocardiographic covariates
measured at Y5, white race, ECG-LVMI and QRSd at Y0 remained significantly associated
with incident QRSd at Y20, and the echocardiographic measure of LV internal dimension in
diastole was also significantly associated with incident QRSd at Y20, while LV posterior
wall thickness in diastole was of borderline significance, and CAC and CC-IMT were not
associated. Sex was no longer associated after adjustment for left ventricular structural
variables. When we repeated the analyses examining factors associated with incident QRSd
>110 msec (N=53), the results were very similar.

In order to determine whether patterns of association might differ for long-term levels of
risk factors, rather than single baseline measures, we examined associations between
“average” clinical covariates from Y0 to Y20 in separate models (Table 3). Overall patterns
and magnitudes of association were similar to the findings for baseline covariates in primary
(Model 1) and secondary (Model 2) analyses.

In linear regression models in which the dependent variable of interest was change in QRSd
from Y0 to Y20, we found a similar pattern of results after adjusting for baseline traditional
risk factors plus QRSd at Year 0, and after adjusting for average risk factors from Y0 to Y20
(data not shown). In these models, white race, male sex, smoking status, antihypertensive
medication use, ECG-LVMI and QRSd at Y0 were associated with absolute change in
QRSd over 20 years.

Analyses by Sex-Race Groups
We observed no significant interactions between covariates associated with incident QRSd
prolongation and sex or race. Thus, overall patterns of association were similar for diverse
sex-race groups, even though incidence rates differed.

Discussion
In this analysis of longitudinal risk factor associations with incident prolongation of the QRS
complex among young adults from the CARDIA study, we observed two important findings.
First, we observed a 11.5% incidence of QRSd >100 msec over 20 years in a young, healthy,
biracial cohort. Moreover, we identify factors that are associated with the development of a
prolonged QRSd in this population. Specifically, we found that white race, male sex, and
baseline ECG-LVMI and baseline QRSd were significantly associated with incident QRSd
prolongation. In addition, echocardiographic measures of LV structure (LV internal
dimension and posterior wall thickness at Y5) were generally associated with incident QRSd
>100 msec over 15 to 20 years of follow-up. Findings were similar whether we used
baseline risk factor levels from young adulthood or long-term (20-year) “average” risk
factor levels. Second, our findings suggest that women and blacks appear to be less
susceptible, and men and whites more susceptible, to prolongation of the QRS complex from
young adulthood to middle age. Taken together, given the prognostic significance of a
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longer QRSd in middle age, additional studies examining potential sex and race/ethnicity
differences linking longer-term cardiovascular risk factor exposures and development of
incident QRSd prolongation are warranted.

Prior Studies
QRS Duration and Cardiovascular Events

Prior studies from predominantly Caucasian samples have shown that prevalent QRSd
predicts cardiovascular events in patients after myocardial infarction, with left ventricular
systolic dysfunction, or heart failure (2-8). Fewer studies have examined this ECG
phenotype and its prognostic significance in community-dwelling individuals or in diverse
racial groups. Reports have been mixed. One prior analysis (16), including Framingham
participants with ages ranging from 44 to 78 years of age, reported that age-adjusted
incidence of myocardial infarction, angina pectoris, and coronary death were unrelated to
baseline QRSd prolongation in both sexes. Conversely, in a large Veteran’s Administration
study (5) of over 45,000 patients with an average age of 56 ± 15 years (90% males),
investigators found that every 10 msec prolongation of the QRSd was associated with an
18% increase in risk for cardiovascular death. Importantly, in patients without bundle branch
block or paced rhythms, an increase in QRSd from ≤110 msec to >130 msec was associated
with a 180% increased risk of cardiovascular death. Recently, investigators (7) reported that
persistence of or the development of a prolonged QRSd, defined as a QRSd ≥110 msec,
during antihypertensive treatment, was associated with twice the likelihood of new-onset
heart failure, independent of blood pressure lowering, treatment modality, and regression of
ECG LVH in patients with essential hypertension. These same investigators have also
reported that QRSd predicts mortality and, importantly, sudden cardiac death, in
hypertensive patients on intensive medical therapy (8). Therefore, a prolonged QRSd
appears to have prognostic implications for development of heart failure, and in predicting
overall mortality and sudden death.

Associations of QRS Duration with Cardiac Structural and Functional Measures
Dhingra et al. evaluated cross-sectional associations with QRSd in middle-aged and older
participants of the Framingham study (9). Left ventricular mass, end-diastolic dimension,
and left ventricular wall thicknesses were directly associated with prolonged QRSd, whereas
fractional shortening (FS) was inversely associated (p < 0.001). There was a significant
trend for increasing LV mass and chamber dimensions and decreasing FS across categories
of QRS duration, which included QRSd <100 msec, QRSd 100-119 msec, and QRSd ≥120
msec (p < 0.001). Our findings are consistent with those of Dhingra et al. First, we found
that ECG-LVMI at baseline was associated prospectively with incident QRSd >100 msec in
younger adults. Second, we report that echocardiography parameters of posterior wall
thickness and left ventricular chamber size also were associated with incident QRSd > 100
msec.

However, our findings extend the observations of Dhingra et al. with regard to sex
differences. First, we noted a sex difference in incident prolonged QRSd, with women
consistently demonstrating less susceptibility to incident QRSd >100 msec. Recent studies
suggest that female hearts may adapt to myocardial stressors such as hypertension with a
differential pattern of myocyte remodeling (17). This pattern may also be partly driven by
exposure to sex steroids, such as estrogen (18), which, in women, may play a protective role
in adverse cardiac structural remodeling. Second, our study also benefited from inclusion of
white and black participants. We found that whites were significantly more likely to develop
incident QRSd >100 msec. Despite prior reports suggesting that blacks are more likely to
have greater baseline LV mass, and LVH on ECG (19) and thicker posterior walls on
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echocardiography (20) – factors which may theoretically result in prolonged conduction
times -- our study found that whites were more likely to have a prolonged QRSd at Y20.
Moreover, a prior study using the CARDIA cohort suggested that long-term exposure to risk
factors such as hypertension in blacks were more likely to result in cardiac structural
changes and subsequent risk of heart failure (21), largely driven by exposure to
hypertension. Given the strong associations between long-term risk factor exposure and
heart failure risk (22), as well as associations between QRSd and LV remodeling, our
findings suggest a possible “disconnect” between long-term risk factor exposure, cardiac
structural and electrical changes and race – particularly because whites were more likely to
develop a prolonged QRSd over 20 years of follow-up than blacks. Further studies are
needed to determine a potential link between QRSd as a predictor of heart failure and
possible racial differences in QRSd as a marker of heart failure risk.

Potential Pathophysiologic Mechanisms
After multivariable adjustment, we did not observe prospective associations with incident
QRSd prolongation for any of the traditional cardiovascular risk factors, whether measured
at baseline or as long-term average values. Given CARDIA is a young cohort, we cannot
comment on whether these associations would remain non-significant with longer follow-up
or in older populations. Rather, we observed that “immutable” characteristics (sex and race,
and QRSd at baseline) were associated with incident QRSd prolongation over long-term
follow-up. In CARDIA, Year 5 echocardiogram LV internal dimension and LV posterior
wall thickness also were associated with QRSd > 100 msec at Year 20. These structural
findings do not appear to be related to risk factor exposures in this study, although blood
pressure differences certainly could explain the structural findings noted on
echocardiograms at Y5. One may expect that certain myocardial stressors, such as pressure
overload and myocyte hypertrophy, may manifest as changes in left ventricular remodeling
as measured by echocardiographic metrics, or by ECG criteria for LV mass. While
longitudinal echocardiographic information was not available beyond Y5, we speculate that
the higher prevalence of “incomplete LBBB” noted in this study suggests conduction delay
reflecting structural changes from increased LV size, mass, and/or hypertrophy. In addition,
there may be variable susceptibility to QRSd prolongation, either related to or independent
of structural or morphologic changes associated with cardiac remodeling. Studies have
suggested potential sex differences in the electrophysiologic susceptibility to prolonged
QRSd in a hypertensive treated population (23). There may be additional factors, such as
genetics (24), that account for additional differences in these findings. In the LIFE Trial of
hypertensive patients with ECG-LVH, echocardiographic findings at baseline and year two
suggest that the higher incidence of heart failure in black patients may be mediated via a
differential response of LV structure and function to hypertension over time (25). The
explanations for racial differences noted in incident QRS >100 msec in our study are less
clear and require further exploratory research.

Study Implications
Prolongation of the QRSd is associated with adverse cardiovascular outcomes in middle age.
Identification of factors that may influence or modify QRSd over time is, therefore,
potentially important and may provide insight into mechanisms for which QRSd
prolongation serves as a marker of risk. Further studies over time are needed to confirm
whether prolongation of the QRSd is linked to adverse cardiovascular events in this cohort,
and whether the identified characteristics are consistently associated with prolongation of
the QRSd. Understanding the links between cardiac structural changes over time and cardiac
conduction properties manifested by the ECG, such as the QRSd or ECG-LVMI, will be
critical in understanding the utility of the ECG in predicting adverse cardiovascular events.
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Limitations
Our data represent a large cohort but may be subject to some selection bias. Participants who
did not attend the Y20 examination, and those who attended but did not undergo ECG
ascertainment, were more likely to be black, male and smokers at baseline (11). Other
baseline covariates did not differ. We are limited in providing cardiac structural information
at Y20, as echocardiograms were only available at Y5. Our QRSd cutoff of >100 msec may
not represent the optimal cutpoint to indicate a substantially prolonged QRSd; however, in
younger adults, the likelihood of prolonged QRSd using a higher threshold is low,
precluding informative analyses. In our study, only 2% of participants had QRSd >110 to
120 msec and 0.6% had a QRSd ≥ 120 msec at Y20. Furthermore, our secondary analyses
examining QRSd at Y20 as a continuous variable revealed similar associations. Lastly, the
high prevalence of incomplete LBBB likely reflects the non-specific criteria used by the
Minnesota code for this diagnosis.

Conclusion
Since QRSd is an important prognostic marker in middle age, understanding factors that
modify its progression and potentially preventing its development from young adulthood to
middle age may have important implications. Despite long-term exposure to cardiovascular
risk factors, we found no modifiable risk factor associations with incident QRSd >100 msec.
Men, whites, and those with higher ECG-LVMI and QRSd in young adulthood appear to be
at higher risk for development of prolonged QRSd by middle age. Further studies aimed at
understanding the potential sex and race differences in the development of a prolonged QRS
duration are warranted.
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Figure 1. Incidence Rates of QRSd > 100 msec at Year 20 Stratified by Race and Sex
Incidence rates are reported as percentage (%). Comparisons are made between race-sex
groups; white men vs. white women (P<0.001); white men vs. black men (P=0.004); black
men vs. black women (P<0.001); white women vs. black women (P=0.023); all blacks vs.
all whites (P<0.001); all men vs. all women (P<0.001).
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Table 1

Characteristics of Study Participants Stratified by Incidence of QRSd >100 msec at Y20

Characteristic Incident QRSd > 100 msec at Y20

No (n=2245) Yes (n=292) P value

Age, year 25.1 ± 3.6 25.3 ± 3.4 0.35

Race, black (%) 46.2 32.9 < 0.01

Sex, male (%) 38.5 76.0 < 0.01

Y0 Systolic BP (mmHg) 109 ± 11 112 ± 10 < 0.01

Y0 Creatinine (dL) 1.02 ± 0.18 1.16 ± 0.8 < 0.01

Y0 BMI (kg/m2) 24.1 ± 4.7 25.0 ± 5.0 < 0.01

Y0 Total Cholesterol (mg/dL) 176.7 ± 32.3 178.9 ± 34.1 0.28

Y0 HDL Cholesterol (mg/dL) 53.9 ± 12.9 50.6 ± 12.9 < 0.01

Y0 Smoker (%) 24.2 28.1 0.14

Y0 Antihypertensive Therapy (%) 2.1 4.1 0.03

Y0 Diabetes (%) 0.6 0.7 0.90

Y0 ECG LVMI (g/m2.7) 31.9 ± 5.2 35.1 ± 5.8 < 0.01

Y5 Echo LV Internal Dimension in Diastole (cm) 4.91 ± 0.47 5.23 ± 0.47 < 0.01

Y5 Echo LV Posterior Wall Thickness in Diastole (cm) 0.83 ± 0.13 0.89 ± 0.14 < 0.01

Y20 Coronary Artery Calcium Score >0 (%) 16.5 26.1 < 0.01

Y20 Common Carotid IMT, mm 0.79 ± 0.12 0.82 ± 0.14 < 0.01

Abbreviations: BP: blood pressure; LV: left ventricular; HDL: high density lipoprotein; BMI: body mass index; ECG LVMI: electrocardiographic
left ventricular mass index; CAC: coronary artery calcium; IMT: intima medial thickness; Kg: kilograms; m: meters; LVM: left ventricular mass;
Echo: echocardiography; Yrs: years; mmHg: millimeters of mercury; dL: deciliter; g: grams; cm: centimeters; %: percent
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Table 2

Logistic Regression Adjusted for Baseline Traditional Risk Factors Plus QRS at Year 0 and Incident QRS >
100 msec at Year 20

Odds Ratio (95% CI) for Incident Prolonged QRS Duration at Year 20

Year 0 Covariates Model 1
(N=2501)

Model 2
(N=1911)

Age (per 1 year) 0.99 (0.95-1.03) 1.01 (0.96-1.06)

White race (vs. Black) 1.49 (1.10-2.02) 1.63 (1.11-2.40)

Female sex (vs. Male) 0.42 (0.28-0.63) 0.71 (0.42-1.20)

SBP (per 1 mm Hg) 1.00 (0.98-1.02) 0.99 (0.97-1.01)

Diabetes 0.60 (0.07-5.01) 0.86 (0.09-7.94)

Creatinine (per 1 mg/dL) 2.14 (0.90-5.09) 2.04 (0.73-5.67)

BMI (per 1 kg/m2) 0.97 (0.93-1.01) 0.93 (0.88-0.98)

ECG LVMI (per 1 g/m2.7) 1.10 (1.06-1.14) 1.13 (1.08-1.18)

Current smoker (vs. not) 1.29 (0.95-1.74) 1.20 (0.84-1.73)

Antihypertensive therapy 2.06 (0.95-4.49) 1.90 (0.74-4.89)

QRS duration at Year 0 (per 10 msec) 1.09 (1.07-1.11) 1.10 (1.07-1.12)

Additional Covariates

CAC >0 at Year 20 - 0.94 (0.63-1.39)

Mean maximal CC-IMT at Year 20 - 1.52 (0.39-5.99)

Left Ventricular Diastolic Dimension (in mm) - 2.11 (1.43-3.11)

Left Ventricular Posterior Wall Thickness (in mm) - 3.72 (0.99-13.89)

Abbreviations: SBP: systolic blood pressure; mm Hg: millimeters of mercury; mg/dL: milligrams per deciliter; BMI: body mass index; kg/m2:
kilograms per meter squared; g/m: grams per meter; ECG LVMI: electrocardiographic left ventricular mass index; CAC: coronary artery calcium;
CC-IMT: common carotid intima medial thickness
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Table 3

Logistic Regression Adjusted for “Average” Risk Factors Plus QRS at Year 0 and Incident QRS > 100 msec at
Year 20

Odds Ratio (95% CI) Incident Prolonged QRS Duration at Year 20

Year 0 Covariates Model 1 (N=2525) Model 2 (N=1936)

Age (per 1 year) 0.99 (0.96-1.04) 1.00 (0.96-1.04)

White race (vs. Black) 1.70 (1.24-2.31) 1.70 (1.24-2.31)

Female sex (vs. Male) 0.37 (0.25-0.53) 0.37 (0.25-0.53)

SBP per 1 mm Hg) 1.03 (1.00-1.05) 1.03 (1.00-1.05)

Diabetes 0.60 (0.34-1.08) 0.74 (0.37-1.49)

Creatinine (per 1 mg/dL) 1.73 (0.97-3.09) 1.73 (0.97-3.09)

BMI (per 1 kg/m2) 1.02(0.98-1.06) 1.02 (0.98-1.06)

ECG LVMI (per 1 g/m2.7) 1.03 (1.00-1.06) 1.03 (1.00-1.06)

Current smoker (vs. not) 1.37 (0.98-1.92) 1.37 (0.98-1.92)

Antihypertensive therapy 0.80(0.52-1.22) 0.80 (0.52-1.22)

QRS duration at Year 0 1.09 (1.07-1.11) 1.09 (1.07-1.11)

Additional Covariates

CAC >0 at Year 20 - 0.96 (0.65-1.41)

Mean maximal CC-IMT at Year 20 - 1.34 (0.34-5.25)

Left Ventricular Diastolic Dimension (in mm) - 1.88 (1.29-2.73)

Left Ventricular Posterior Wall Thickness (in mm) - 4.22 (1.16-15.37)

Abbreviations: SBP: systolic blood pressure; mm Hg: millimeters of mercury; mg/dL: milligrams per deciliter; BMI: body mass index; kg/m2:
kilograms per meter squared; g/m: grams per meter; ECG LVMI: electrocardiographic left ventricular mass index; CAC: coronary artery calcium;
CC-IMT: common carotid intima medial thickness
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