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Abstract
Widening of the electrocardiographic [ECG] spatial QRS-T angle has been predictive of
cardiovascular disease [CVD] events in the general population. However, its prognostic
significance in HIV-infected individuals remains unknown. Spatial QRS-T angle was derived
from the baseline ECG of 4453 HIV-infected patients aged 43.5 (SD 9.3) years from the Strategies
for Management of Antiretroviral Therapy [SMART] trial. CVD events were identified during a
median follow up of 28.7 months. Quartiles of spatial QRS-T angle was calculated for males and
females separately, and values in the upper quartile were considered as widened angle (values
above 74° for women and 93° for men). Multivariable Cox proportional hazards analysis was used
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to examine the association between widened baseline spatial QRS-T angle and incident CVD
events. During 11965 person-years of follow-up, 152 CVD events occurred at a rate of 1.27 events
per 100 person-years. The rate of CVD events in individuals with widened spatial QRS-T angle
was almost double the rate in those with normal spatial QRS-T angle [Rate ratio (95% CI) of 1.94
(1.40, 2.69); p <0.001]. In a model adjusted for study treatment arm, demographics, CVD risk
factors, HIV characteristics, inflammatory markers and other ECG abnormalities, widened spatial
QRS-T angle was associated with more than 50% increased risk of CVD events compared to
normal spatial QRS-T angle [Hazard ratio (95% CI): 1.53 (1.07, 2.17); p= 0.02]. There was no
interaction by SMART trial arms [p-value for interaction 0.37] or by gender [p-value for
interaction 0.84]. In Conclusion, widened spatial QRS-T angle is independently predictive of CVD
events in HIV-infected patients on antiretroviral therapy. This highlights the potential role of
routine ECG as a simple non-invasive CVD risk-screening tool in HIV-infected individuals.
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INTRODUCTION
Developing a cost-effective strategy for prevention and treatment of CVD in HIV-infected
population requires identifying simple non-invasive tools for screening and risk
stratification. Accordingly, the 12-lead resting electrocardiogram (ECG) can play an
important role. We have previously shown that presence of a major ECG abnormality
defined as major ventricular conduction defects, major Q/QS, ST-T, or AV conduction
abnormalities, left ventricular hypertrophy, atrial fibrillation/flutter, or major QT
prolongation as identified by Minnesota ECG Code Classification is a predicator of incident
CVD events in HIV-infected individuals [1]. Nevertheless, ECG classification by Minnesota
Coding [2] is better conducted at an ECG core laboratory, and hence searching for novel
ECG predictors that could be used in clinical settings is warranted. Widening of the spatial
QRS-T angle, defined as the angle between the mean QRS and T vector on the 12-lead
ECG, has been a strong independent predictor of incident CVD and total mortality in the
general population [3-10]. With the widespread availability of automated ECG interpretation
machines nowadays, a spatial QRS-T angle could easily be calculated and incorporated into
the output measurements matrix [11]. Whether spatial QRS-T angle is predictive of CVD
events in HIV-infected population, in whom the virus and ART may be added risk factors, is
currently unknown. We sought to examine the prognostic significance of spatial QRS-T
angle for prediction of CVD events in HIV-infected individuals enrolled in the Strategies for
Management of Antiretroviral Therapy [SMART] trial.

METHODS
Detailed descriptions of the design and aims of the SMART trial have been published
elsewhere [12, 13]. Briefly, SMART was an open-label, randomized trial comparing two
antiretroviral treatment strategies. Viral Suppression [VS] strategy, the control arm, was
defined to be consistent with the guidelines for the use of antiretroviral agents in HIV-
infected adults and adolescents [14]; that is, available antiretroviral regimens were to be
used in an uninterrupted manner with the goal of maximal and continuous suppression of
HIV replication. The experimental Drug Conservation [DC] strategy entailed the episodic
use of ART according to CD4+ T cell count thresholds; that is, the use of ART was deferred
until the CD4+ T cell count decreased to less than 250 cells per cubic millimeter [cells/
mm3], at which time ART was to be initiated [or reinitiated] and continued until the CD4+ T
cell count increased to more than 350 cells/mm3. On January 10, 2006, the data and safety
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monitoring board recommended stopping enrollment in the SMART trial because of a safety
risk in the DC group. After this change in protocol, all patients were advised to receive
continuous ART and were followed up for an additional 1.5 years. This analysis describes
findings through July 11, 2007.

SMART recruited individuals infected with HIV who were older than 13 years and were not
pregnant or breast-feeding. Participants were eligible for inclusion in the SMART study if
their CD4+ T cell count exceeded 350 cells/mm3 and they were willing to participate. All
participants in the trial were considered eligible for the present analysis except those with
missing or poor-quality ECG data, ECG conditions that interfere with calculation of spatial
QRS-T angle, and/or known CVD at baseline. After all exclusions, 4453 participants were
included in this analysis [Figure 1].

Before randomization [baseline], an ART and medical history were obtained, CD4+ T cell
count and plasma HIV RNA levels were measured, and a 12-lead ECG was obtained.
Follow-up visits were scheduled monthly for the first 2 months, every 2 months thereafter
for the first year, and every 4 months in the second and subsequent years. At each visit, a
history was taken, an examination was conducted and the CD4+ T cell count and plasma
HIV RNA level were measured.

At the baseline visit and at each annual visit, a 12-lead ECG was obtained. Detailed
description of ECG recording in SMART has been published elsewhere [1]. Briefly,
identical electrocardiographs [GE MAC 1200 models, GE Milwaukee, WI] were used in all
of the study clinical sites, and standard 12-lead ECGs were recorded in all participants by
strictly standardized procedures. The digital ECG tracings stored in the electrocardiographs
were transmitted regularly over analog phone lines to the SMART ECG Reading Center,
EPICARE, located at Wake Forest School of Medicine, Winston-Salem, NC for analysis.
ECGs were evaluated blinded to treatment group and ART use. After being visually checked
for quality, the study ECGs were automatically processed using the 2001 version of the GE
Marquette 12-SL program [GE, Milwaukee, WI]. ECG abnormalities were classified using
the Minnesota ECG Classification [10]. Spatial QRS-T angle was defined as the angle
between the mean QRS vector and T vector. Mean spatial QRS and T vectors were
automatically calculated from quasi-orthogonal X, Y, and Z leads reconstructed from
standard ECG leads using a matrix transformation method [15].

Using pre-established criteria, an independent end point review committee reviewed major
clinical events, including CVD events [16]. The endpoint review committee classified the
underlying cause of death using the Coding of Death in HIV Project classification system
[17]. A composite CVD outcome [incident myocardial infarction, coronary artery disease,
congestive heart failure, peripheral vascular disease, stroke, sudden death, or CVD death]
was used in this analysis.

Quartiles of spatial QRS-T angle were calculated for males and females separately because
of the reported gender differences in the distribution of spatial QRS-T angle [18], and
participant characteristics were compared across these quartiles. Incidence rates of CVD
events per 100 person-years in each quartile and overall were calculated. Given the observed
similar rates of CVD events in the lower three quartiles, these quartiles were combined into
a single reference group and compared to the fourth quartile. Cox proportional hazard
analysis was used to assess the risk of CVD events associated with the upper quartile QRS-T
angle [referred to as widened spatial QRS-T angle in the rest of this report] versus the lower
three quartiles combined [referred to as normal QRS-T angle in the rest of this report]. Five
models were created: Model 1, adjusted for the trial treatment groups; Model 2, adjusted for
treatment group plus demographics [age, sex, and race/ethnicity]; Model 3, adjusted for
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model 2 covariates plus common CVD risk factors [smoking status, total/high-density
lipoprotein [HDL] cholesterol ratio, body mass index, diabetes, and blood pressure and
lipid-lowering drugs] and HIV characteristics [time since HIV diagnosis, baseline CD4+ T
cell count, and plasma HIV RNA level/ART status]; and Model 4, adjusted for model 3
covariates plus inflammatory markers [interleukin 6 (IL-6) and high sensitivity C-reactive
protein (hs-CRP)], and presence of any minor or major ECG abnormalities as defined by the
Minnesota ECG Code Classification and a previous report [1, 2]. The interaction with
treatment group and gender, separately, was examined. In an additional analysis we also
used spatial QRS-T angle in the models as a time dependent variable to take into account
changes in the levels of spatial QRS-T angle during the follow-up visit. Follow-up time was
measured from baseline to first CVD event, non-CVD death, lost to follow-up, or end of
study in July 11, 2007. All reported P values are two sided, and P <.05 was considered
statistically significant. SAS, version 9.1 [SAS Institute, Inc, Cary, NC] was used in all
analyses.

RESULTS
This analysis included 4453 SMART participants [46% non-whites, 28% women] who were
43.5 ± 9.3 years at the time of enrollment. The mean [SD] of the spatial QRS-T angle was
70.3 [29.1] degrees. Among men the mean was 74.53 and the 25th, 50th and 75th percentiles
were 54.95, 73.35 and 93.30; for women the mean was 58.81 and the corresponding
percentile cut points were 38.68, 55.79, and 74.06. Table 1 shows the baseline
characteristics of the participants stratified by gender-specific quartiles of spatial QRS-T
angle. As shown, across spatial QRS-T angle quartiles there were significant differences in
age, race/ethnicity, smoking status, HDL-cholesterol, triglycerides, total/HDL cholesterol
ratio, body mass index, diabetes, use of blood pressure lowering drugs, proportion of
participants with plasma HIV RNA < 400 copies/mL, HIV-RNA level/ART status, and any
major or minor ECG abnormalities [p <0.001 for all except smoking p=0.03; and
triglycerides p=0.003].

During 11965 person-years of follow-up, 152 CVD events occurred at a rate of 1.27 events
per 100 person-years. There was about 11% increased risk with each 10 degrees increase in
the spatial QRS-T angle (p<0.001) (Table 2). When the CVD events were examined across
spatial QRS-T angle quartiles, it was noticeable that the number of events was almost
identical in the first 3 quartiles of spatial QRS-T angle [32 events in Q1 and 30 events in
each of Q2 and Q3] while double that number [60 events] was observed in Q4. As shown in
Table 2, the event rate ratio in the upper quartile [i.e. widened spatial QRS-T angle] versus
the lower three quartiles combined [i.e. normal QRS-T angle] was 1.94 with a 95%
confidence interval between 1.07 and 1.47 and p-value <0.001. A Kaplan-Meier estimates of
the cumulative percent experiencing CVD for those with widened vs. normal spatial QRS-T
is shown in Figure 2. As shown, the risk of CVD associated with widened spatial QRS-T
angle on the ECG persists during the follow-up period [P> .99 for proportional hazards].

Table 3 shows the results of the multivariable adjusted Cox proportional hazards models for
the association between widened baseline spatial QRS-T angle and incident CVD events. As
shown, baseline widened spatial QRS-T angle [compared to normal] was associated with
significantly higher risk of CVD events across all models. This includes the final model
which was adjusted for study treatment arm (DC/VS), demographics, CVD risk factors,
HIV-characteristics, inflammatory markers and other ECG abnormalities [hazard ratio (95%
CI): 1.53 (1.07, 2.17); p= 0.02]. Similar results were observed when spatial QRS-T angle
was used in the models as a time dependent variable that takes into account changes of
QRS-T angle during follow-up visits [hazard ratio (95% CI): 1.69 (1.19, 2.40); p= 0.003].
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There was no significant interaction by SMART treatment group [p-value for interaction
0.37] or by gender [p-value 0.84].

DISCUSSION
We showed that widened spatial QRS-T angle in the resting 12-lead ECG is associated with
future CVD events in a demographically diverse HIV-infected population initially free of
CVD. This association is independent of common CVD risk factors, HIV characteristics and
other ECG abnormalities. These findings suggest that important predictive information can
be derived from spatial QRS-T angle in HIV-infected individuals similar to what previously
reported in the general population [3-10].

The spatial QRS-T angle, the angle between the QRS axis and T axis in the plane that these
axes derived form, is considered as a global ECG descriptor of cardiac repolarization and its
relation to the preceding depolarization. The concept of the spatial QRS-T angle stems from
vectorcardiography, but today its calculation is made from routine standard 12-lead ECGs
[18]. In healthy subjects, spatial direction of the initial repolarization, dominated largely by
repolarization of the left ventricular lateral wall, is predominantly reverse to the direction of
depolarization. Terminal repolarization, in contrast, is predominantly concordant with
depolarization sequence. Correspondingly, the initial QRS and T wave polarities tend to be
concordant and terminal QRS and T wave polarities discordant [19]. At the cellular level, an
abnormally wide angle indicates pathophysiologic changes in the gating mechanism of ionic
channels in the myocardium, which in turn alters the regional sequence of ventricular
repolarization [20-22].

There are no widely accepted reference values for spatial QRS-T angle, but overall, the
wider the angle, the higher the probability of ongoing pathological changes either clinical or
subclinical. In the general population, there have been some suggested normal values for
spatial QRS-T angle [23, 24]. However, these values were defined based on the normal
distribution of spatial QRS-T angle in the general population, not based on how much they
predict future outcomes, which is more important. In our study, CVD events among
participants in the upper quartile of spatial QRS-T angle were almost double the events in
any of the lower quartiles. Accordingly, focusing extensive CVD risk management and
follow up on those in the upper quartile of spatial QRS-T angle (i.e. spatial QRST angle >=
93° in males and 74° females) would provide the highest cost-benefit ratio. Notably, the 75th

percentile of spatial QRS-T angle in our study population of HIV-infected individuals
enrolled in the SMART study was similar to that in the general population of apparently
healthy individuals enrolled in the ARIC study [25] [93 ° in males in both SMART and
ARIC, and 77° and 74° in females in ARIC and SMART respectively].

Based on our findings in this study and what we have reported previously on other utilities
of ECG in HIV-infected patients [1, 26], it may be useful to introduce the ECG in the
routine care of HIV-infected patients. The ECG is the least expensive and most available
clinical tool for evaluation of CVD, and therefore it can fit any healthcare system regardless
of the economic status whether in developed or developing countries.

Our results and their application should be read in the context of few considerations. This
analysis was conducted on individuals who chose to enter a clinical trial of HIV treatment
strategies. Thus, it is possible that the results are not generalizable to all HIV-infected
individuals. Further, although spatial QRS-T angle could be simply incorporated in
automated ECG reports by modern digital ECG machines [11], these machines may not be
available in places where the majority of HIV-infected individuals resides (e.g. Sub-Saharan
Africa), and many clinicians are not yet familiar with this measurement. Hence, updating the
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ECG recording equipment and educating clinicians treating HIV-infected patients may be
needed to take full advantage of incorporating ECG in routine care of HIV infection.
Nevertheless, updating the ECG recording equipment at a large scale may be challenged by
the regulations controlling manufacturing of ECG machines and the economic status of
some countries. However, it is possible to reasonably calculate the mean spatial QRS-T
angle by using a simple set of manual measurements of peak QRS and T waves from 3 ECG
leads recorded with any non-digital ECG machine. QRS-T angle could then by determined
by a pocket calculator [27]

Our study has several strengths that warrant highlighting. This analysis was conducted on a
well-defined population of HIV-infected patients free of CVD. The key exposure variable
[spatial QRS-T angle] and the outcome [incident CVD] were carefully ascertained; that is,
ECG recordings were obtained by trained technicians using a standardized protocol, and the
events were adjudicated by an independent adjudication committee.
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Figure 1.
Inclusion and Exclusion Criteria
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Figure 2.
Kaplan-Meier Estimates of the Cumulative Risk of Cardiovascular Events for Normal (Q1-
Q3) and Widened (Q4) Spatial QRS-T angle a
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