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Abstract

Objective—To determine whether T-wave axis on the resting electrocardiogram (ECG) is
associated with coronary artery calcification (CAC) score, a measurement of coronary
atherosclerosis, in older adults.

Methods—The sample consisted of 2004 adults aged 66 and over participating in the
prospective, population-based Age-Gene/Environment Susceptibility-Reykjavik Study. The cohort
was divided into gender-stratified quartiles based upon Agatston CAC score derived from
computerized tomography. Frontal T-axis deviation from 45° was assessed using surface ECG.
Statistical analysis was performed with Tobit regression models adjusted for demographic and
cardiovascular risk factors.

Results—In the entire study population, T-axis deviation from 45° was significantly associated
with increasing CAC score in men (p<0.001) and women (p = 0.03). In men without clinically
recognized coronary heart disease (CHD), the association with CAC score remained statistically
significant (p = 0.02). This association was significant among women without CHD once male
CAC cut points were used (p = 0.05).

Conclusion—An abnormal T-wave axis is associated with an increasing CAC score in this
population of Icelandic older adults. This association remains in the subgroup of subjects without
clinical CHD.
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The axis of the T-wave on the electrocardiogram (ECG) is a marker of ventricular
repolarization that, when deviated from normal by more than 60 degrees in either direction
in the frontal plane, has been strongly associated with an increased risk of fatal and non-fatal
cardiac events in older adults (1) as well as all-cause mortality, incident coronary heart
disease (CHD), and death from CHD in older adults free of CHD at baseline (2).
Abnormalities in ventricular repolarization on ECG have long been recognized as features of
myocardial ischemia. However, the pathophysiologic relationship between CHD and
deviation of the T-wave axis from normal is unclear, especially in light of data showing a
lack of association between an abnormal T-axis and coronary atherosclerotic disease on

angiography (3).

Coronary artery calcium (CAC) score is a measure of coronary atherosclerosis assessed by
computerized tomography (CT). CAC score is strongly correlated with angiographic and
histopathologic evidence of coronary atherosclerosis (4-7) and is an independent predictor
of coronary events, even in adults over the age of 70 (8). While CAC scoring is not designed
to localize which regions of the myocardium are at greatest risk of ischemia or infarct, nor is
it a direct measurement of coronary stenosis, it is useful in providing a global assessment of
CHD risk. To assess the degree to which T-axis is associated with underlying coronary
atherosclerosis, we analyzed the association between CAC score and degree of T-axis
deviation from normal. We carried out this analysis in the Age Gene/Environment
Susceptibility (AGES)-Reykjavik Study population, first in the entire cohort, then in a
subpopulation free of clinical CHD.

Methods

Study population

AGES-Reykjavik is a prospective, population-based study of older adults born between 1907
and 1934 and residing in Reykjavik, Iceland. The study is designed to assess neurocognition,
musculoskeletal function, body composition, and cardiovascular function in older adults. It
is an extension of the Reykjavik Study, a prospective study of a random sample of Icelandic
men and women intended to investigate the natural history of heart disease. Study methods
have been described previously (9). AGES-Reykjavik was approved by the National
Bioethics Committee and the institutional review boards of the Icelandic Heart Association
and National Institute on Aging. All subjects gave informed consent.

This analysis was performed on the participants (n = 2300; 976 men, 1 324 women)
recruited for the baseline study of AGES-Reykjavik between 2002 and 2004. Data collected
included medical history and current medications, answers to the Rose angina questionnaire
(10), blood sample, resting ECG, and multi-detector CT for CAC scoring. Subjects with
incomplete ECG or CT data (n = 296) were excluded, leaving a study population of 2004
(848 men, 1 156 women).

In the second analysis, we tested our hypothesis in a population free of CHD by excluding
subjects with a positive score for angina by the Rose criteria (n = 50), self-reported history
of percutaneous coronary intervention (n = 165), coronary artery bypass graft (n = 157),
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myocardial infarction (MI) (n = 363), or silent Q waves on ECG (Minnesota codes 1.1-1.2,
n = 43), or an unknown Ml/coronary intervention history (n = 56). Subjects with right or left
bundle-branch block, left anterior hemiblock, or intraventricular block (Minnesota codes 7.1,
7.2,7.4,0r 7.7 n = 166) also were excluded from the second analysis because ventricular
conduction abnormalities are known to affect the T-wave and may be secondary to
underlying ischemia. The final population free of CHD or ventricular conduction defects
was 1433 (511 men, 922 women).

ECG outcome

Resting 12-lead ECGs were recorded using a Marquette/MAC 5000 ECG machine (General
Electric Marquette Medical Division, Milwaukee, Wisconsin, USA). Patients were at rest
and supine and the electrodes were placed in the standard positions. A technician recorded a
10 second ECG digitized at a rate of 500 samples per second. It was analyzed using the 12
SL analysis program (General Electric Marquette Medical Division, Milwaukee, Wisconsin,
USA) and manually by expert readers and coded according to the Minnesota codes (11).

Frontal T-axis was calculated by the 12SL program (12). Briefly, the program calculated the
signed areas of the T-wave projection in leads I and Il by calculating the algebraic sum of
samples between the onset and the offset of the T-wave in these leads. The axis was
calculated as follows: a = tan=1(2/V3((11-1/2)/1)) where « represents the T-wave axis in the
frontal (XY) plane and | and Il represent the signed areas of the vectors in leads I and I,
respectively. T-wave axis was reported as the angle between the x axis and the axis of the T-
wave in the frontal (XY) plane. The main outcome variable used in this analysis was the
absolute value of frontal T-axis deviation from 45°. This value was chosen to facilitate
comparisons with prior studies in which a frontal T-axis between 15° and 75° was defined as
normal (1). QT interval was corrected for rate using Bazett’s equation (QT¢ = QT
interval(msec)/V(60/ventricular rate)). QRS-T angle was derived by subtracting the frontal
QRS axis from the frontal T-axis, and the results were divided into gender-specific quartiles
based upon an absolute value of the deviation from the population median of 31°. ST-
segment depression was defined as Minnesota codes 4.1 or 4.2. Minor ST-segment change
was defined as Minnesota codes 4.3 or 4.4. T-wave inversion was defined as Minnesota
codes 5.1 or 5.2, and minor T-wave change was defined as Minnesota codes 5.3 or 5.4.

CT imaging of coronary calcium

Approximately two weeks after the clinic visit in which the ECG was taken, all participants
were scanned in one imaging center using a Siemens Somatom Sensation 4 multi-detector
CT (Siemens Medical Solutions, Malvern, Pennsylvania, USA) with prospective ECG
triggering. The heart was scanned sequentially using 2.5 mm thick slices in the cranio-
caudal direction with the subject in suspended inspiration. Scans were analyzed with
calcium scoring software by one of five readers using the image analysis software used in
the MESA study (13). Inter-observer variability assessment showed high average correlation
between the five readers and the UCLA Center (r = 0.94) based on the re-analysis of 200
scans.
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CAC was quantified using the Agatston method (14). Briefly, in order to calculate an
Agatston score, intracoronary calcified lesions were identified on each slice and a score was
computed for each lesion that multiplied the area of the plaque by a factor accounting for
tomographic density. These values were summed across all of the slices to create a global
score. Gender-specific quartiles of CAC from the entire cohort were used in all analyses.
Covariates

Body mass index (BMI) was calculated as weight in kilograms divided by the square of
height in meters. Hypertension was defined as systolic blood pressure above 140 mmHg,
diastolic blood pressure above 90 mmHg, or use of an antihypertensive medication for the
treatment of hypertension. Diabetes was defined as self-report of history of diabetes, fasting
plasma glucose concentration greater than 126 mg/dl, or use of an oral hypoglycemic
medication or insulin. Hypercholesterolemia was defined as fasting total cholesterol greater
than 240 mg/dl, fasting low-density lipoprotein greater than 160 mg/dl, or use of an
antilipemic medication. Smoking status was determined by self-report and categorized as
“current smoker,” “former smoker,” or “never smoked.”

Statistical analysis

Results

Demographic characteristics, cardiovascular risk factors, and selected ECG criteria were
compared across the gender-specific quartiles of CAC using a one-way ANOVA or Kruskal-
Wallis test for continuous variables where appropriate and chi-squared test for categorical
variables. Tobit regression analysis was performed using the absolute value of the deviation
of frontal T-axis from 45° as the outcome variable with the four gender-specific quartiles of
CAC as the main independent variable. The Tobit model assumes an outcome that is
normally distributed but censored at zero. This is equivalent to the behavior of the absolute
values of a normal distribution, which was the nature of the distribution of T-axis deviation
from 45° in this population.

The models were first adjusted only for age, then for age, BMI, smoking status, presence of
hypertension, diabetes, and hypercholesterolemia. To address the issue of different CAC
distributions between men and women, our analyses were repeated in women using the cut
points for CAC quartiles derived from the population of men. Logistic regression analysis
was used to test the association between other ECG repolarization abnormalities and CAC.
All statistical analyses were performed using Stata, version 9.2 (StataCorp, College Station,
Texas, USA).

Distribution of CAC scores

Overall, subjects with a history of CHD had higher CAC scores than those without CHD.
Men with CHD had a median CAC score of 1 035 (mean 1 478), while men without CHD
had a median CAC score of 339 (mean 717). Women with CHD had a median CAC score of
420 (mean 720); those without CHD had a median CAC score of 98 (mean 355). Table |
displays the distribution of CAC scores by gender-specific CAC quartile for the entire study
population. As expected given the higher mean CAC scores in subjects with CHD and in
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men, exclusion of those with CHD resulted in greater exclusion of men than women from
the study and a greater attrition of subjects from the higher CAC groups.

Clinical and ECG characteristics by CAC quartiles

In men, older age, increased BMI, use of an antilipemic medication, current smoking,
hypertension, CHD, and peripheral arterial disease were all associated with increased CAC
score (Table I1). Lower diastolic blood pressure, lower total cholesterol, and lower LDL
levels were all associated with higher CAC scores. In women, older age, higher systolic
blood pressure, use of an antilipemic medication, diabetes, smoking status, hypertension,
and CHD were all associated with higher CAC score. As in the men, there was a significant
trend toward lower total cholesterol and LDL in women with higher CAC. Men with higher
CAC had a significantly rightward-shifted frontal T-axis, increased frontal T-axis deviation
from 45°, longer mean rate-corrected QT interval, wider mean QRS-T angle, and were more
likely to have a ventricular conduction abnormality (Table I11). The women in the highest
CAC quartiles had a significantly rightward-shifted frontal T-axis, increased frontal T-axis
deviation from 45°, and were more likely to have an inverted T-wave or any ST-T change.

T-axis deviation by CAC quartiles

In the entire study population, increased CAC score was significantly associated with
increasing frontal T-axis deviation from 45° in both men and women, whether adjusting for
age only, or for age and other cardiovascular risk factors (Table 1V). When the analysis was
limited to subjects free of symptomatic CHD or ventricular conduction abnormality, the
association between CAC score and frontal T-axis deviation from 45° remained statistically
significant in men, but not in women (Table 1V, Supplemental Figure). To test whether the
lack of an association between CAC and T-axis deviation in women was due to the use of
different gender-specific CAC cut points, we applied the male CAC cut points to the female
population, which revealed a statistically significant association between CAC and T-axis,
even after adjustment for the cardiovascular risk factors (Table 1V).

Other ECG repolarization abnormalities by CAC quartiles

Finally, we tested the relationship between CAC and several other indicators of abnormal
repolarization on ECG (Table V). In men, increasing CAC score was associated with QTc >
460 ms, deviation of the frontal QRS-T angle from normal, and minor T-wave changes. In
women, inverted T-waves were associated with increasing CAC whether or not the male
CAC cut points were used. After applying the male CAC cut points, having any ST-T change
also showed an association with increasing CAC score that achieved statistical significance.

Discussion

In this population of older adults, increasing CAC score, a measurement of global coronary
atherosclerotic burden, was associated with an increase in deviation of the frontal T-axis
from 45°. In men, this association remained statistically significant after the exclusion of
subjects with clinical CHD. In women free of CHD, the relationship between increasing
CAC score and T-axis deviation was statistically significant once the male CAC cut points
were applied. No other ECG indicator of repolarization abnormality that we tested was
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associated with high CAC in both men and women free of CHD. That the relationship
between CAC and T-axis remained statistically significant in subjects without CHD suggests
that T-axis deviation may be a marker of coronary atherosclerotic disease in individuals who
are asymptomatic.

In two prior prospective studies, T-axis deviation from normal was associated with an
increased risk of cardiovascular death, all-cause mortality, and incident CHD events (1,2).
Although authors of those studies speculated that the abnormal T-axis was in part a
reflection of myocardial ischemia, a separate study found no association between T-axis
deviation and degree of angiographic evidence of atherosclerosis (3). However, this study
used the Duke Myocardial Jeopardy Score, a measurement of myocardial area potentially at
risk from upstream coronary artery stenosis, which is conceptually and physiologically
different from Agatston scoring, a measure of coronary atherosclerotic burden. Therefore,
the pathophysiologic link between coronary atherosclerosis and these changes in the T-wave
axis remains to be elucidated.

In a separate population-based study assessing the relationship between CAC and ECG
parameters, men without a CHD history with an abnormal T-axis had median CAC scores
that were higher than those of men with any other repolarization abnormality (15). In two
prior studies of middle-aged populations, T-axis deviation was not associated with fatal or
non-fatal CHD events (16,17). However, in one of these studies, minor T-wave changes were
associated with increased mortality from CHD and from all-cause cardiovascular disease
(16). The authors of this analysis hypothesized that minor T-wave changes in midlife might
precede T-axis deviation that could become apparent later in life.

We also found that frontal QRS-T angle was associated with increased CAC in men free of
CHD. Other studies have found an association between spatial QRS-T angle and
cardiovascular mortality (18,19). Although abnormalities of the QRS-T angle and T-axis are
likely functions of the same underlying pathophysiology, the assessment of frontal T-axis
offers several advantages from a public health perspective. While frontal QRS-T angle as we
calculated it is only weakly correlated with spatial QRS-T angle (20), frontal T-axis has been
shown to have a similar predictive value for cardiac events whether assessed on surface ECG
or on vectorcardiography (1). Frontal T-axis can be estimated easily by a clinician on routine
ECG and also has a high degree of repeatability, two important attributes of any potential
screening test (21).

To address whether the evaluation of T-axis offers any information beyond the conventional
assessment of changes in T-wave morphology, we repeated our analyses on a subset of our
population without any abnormalities in the T-wave. In this analysis, the association between
deviation in the T-axis from 45° and CAC remained statistically significant in men free of
CHD, but not in women (data not shown). Others have noted that abnormalities in the spatial
T-axis are not always reflected as inverted T-waves on the surface ECG (2).

High CAC score has been shown to predict coronary events in older adults (8) and has been
associated with an increased risk of mortality in older men (22). However, coronary
scanning by multi-detector CT is associated with significant cost and radiation exposure
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(23), both of which detract from its utility as a screening tool in asymptomatic individuals. A
recent joint consensus document from the American College of Cardiology Foundation and
the American Heart Association made no specific recommendations regarding the use of
CAC scoring by coronary CT in older adults (24).

One additional finding worth noting was that in both men and women, participants in the
highest CAC quartiles had lower total and LDL cholesterol levels, and men in the highest
CAC quartiles had lower systolic and diastolic blood pressures. There are several potential
explanations for this seemingly paradoxical association. First, a significantly higher
proportion of subjects in the highest CAC quartile have CHD, so some of this paradox might
be explained by behavioral and pharmacological changes (using an antilipemic or
antihypertensive medication, for example) secondary to experiencing clinical CHD. Further,
subjects with CHD typically have higher levels of circulating inflammatory cytokines, which
may paradoxically lower cholesterol levels in these subjects (25-27). The lack of positive
association between CAC and these well-studied risk factors for CHD in this population
underscores the need for the development of new markers for CHD in older adults.

There are several potential limitations to our study. We chose to use an absolute value of T-
axis deviation rather than consider leftward and rightward deviations separately because
CAC scoring provides a global assessment of plaque burden. It is not designed to identify
which areas of myocardium might be most at risk. Also, one potential reason for the
difference in relationship between CAC and T-axis deviation between the entire cohort and
the CHD-free subpopulation might have been the exclusion of subjects with ventricular
conduction abnormalities on ECG from the latter group but not the former. However, when
we adjusted our analyses in the entire cohort for the presence of these conduction defects,
the results were similar to those reported. In addition, because left ventricular hypertrophy
can also lead to repolarization abnormalities it is possible that this might confound the
relationship between CAC and T-axis deviation. Although we adjusted our analysis for
hypertension status, this may not have fully accounted for the effect of left ventricular
hypertrophy on the T-wave axis.

In conclusion, we found that increasing deviation of the frontal T-axis from 45° is associated
with increasing CAC score, a measure of coronary atherosclerosis, in this cohort of older
adults, even after excluding subjects with CHD. Future work will be undertaken in the
AGES-Reykjavik Study to determine the role of this ECG measurement in predicting CHD
events in older adults free of clinical CHD. Especially given the somewhat paradoxical
relationship between many of the major cardiovascular risk factors and CAC older adults, it
will be useful to study what the assessment of the T-wave axis might contribute to coronary
risk stratification in older adults.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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n, excludes subjectswith CHD or ventricular

CAC Quartile n, entirestudy population Median CAC Score  Range conduction defects
Men
1 212 45 0-166 176
2 212 317 167-557 147
3 212 929 558-1 422 108
4 212 2205 1423-10 265 80
Total 848 557 0-10265 511
Women
1 289 0 0-11 260
2 290 55 11-128 251
3 288 282 130-547 225
4 289 1052 548-8 608 186
Total 1156 128 0-8 608 922

CAC indicates coronary artery calcium; CHD, coronary heart disease.
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Table V

Odds (95%Cl) for selected ECG criteria by increasing CAC quartile ™,

ECG Parameter

Men

Women, Model 1t

Women, M odel ot

QTc>460 ms

QRS-T Angle Deviation, Quartile 48
ST-Segment Depression

Minor ST-Segment Change

T-Wave Inversion

Minor T-wave Change

Any ST-T Change

1.47 (1.03-2.09)
1.65 (1.30-2.10)

1.05 (0.65-1.69)
1.31 (0.85-2.02)
0.83 (0.58-1.19)
1.35 (1.00-1.83)
1.11 (0.87-1.41)

1.01 (0.75-1.36)
1.08 (0.91-1.27)

0.96 (0.70-1.33)
1.33 (0.89-2.00)
1.33 (1.03-1.72)
1.00 (0.80-1.23)
1.12 (0.94-1.33)

0.92 (0.65-1.30)
1.15 (0.96-1.39)

1.23 (0.88-1.73)
1.28 (0.84-1.97)
1.57 (1.20-2.05)
0.99 (0.77-1.27)
1.23 (1.02-1.49)
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*
Excludes subjects with coronary heart disease, ventricular conduction defects. All models adjusted for age, BMI, smoking status, presence of

diabetes, hypertension, dyslipidemia.

fFemaIe-specific CAC cut points.

7

Male CAC cut points.

§Quarti|e 4 of absolute value of deviation from population median compared to lowest 3 quartiles.

CAC indicates coronary artery calcium.
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