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Summary

Background: Clinical and demographic determinants of
heart rate variability (HRV), an almost universal predictor of
increased mortality, have not been systematically investigated
in patients post myocardial infarction (MI).

Hypothesis: The study was undertaken to evaluate the re-
lationship between pretreatment clinical and demographic
variables and HRYV in the Cardiac Arrhythmia Suppression
Trial (CAST).

Methods: CAST patients were post MI and had 26 ven-
tricular premature complexes/h on pretreatment recording.
Patients in this substudy (n=769) had usable pretreatment and
suppression tapes and were successfully randomized on the
first antiarrhythmic treatment. Tapes were rescanned; only
time domain HRV was reported because many tapes lacked
the calibrated timing signal needed for accurate frequency do-
main analysis. Independent predictors of HRV were deter-
mined by stepwise selection.

Results: Coronary artery bypass graft surgery (CABG) after
the qualifying MI was the strongest determinant of HRV. The
markedly decreased HRV associated with CABG was not as-
sociated with increased mortality. Ejection fraction and dia-
betes were also independent predictors of HRV. Other pre-
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dictors for some indices of HRV included beta-blocker use,
gender, time from MI to Holter, history of CABG before the
qualifying MI, and systolic blood pressure. Decreased HRV
did not predict mortality for the entire group. For patients with-
out CABG or diabetes, decreased standard deviation of all NN
intervals (SDANN) predicted mortality. Clinical and demo-
graphic factors accounted for 31% of the variance in the aver-
age of normal-to-normal intervals (AVGNN) and 13-26% of
the variance in other HRV indices.

Conclusions: Heart rate variability post MI is largely in-
dependent of clinical and demographic factors. Antecedent
CABG dramatically reduces HRV. Recognition of this is nec-
essary to prevent misclassification of risk in patients post
infarct.

Key words: heart rate variability, postmyocardial infarction,
coronary artery bypass graft surgery (CABG), diabetes

Introduction

Clinical and demographic predictors of heart rate variabili-
ty (HRV) have not been systematically investigated in patient
populations post myocardial infarction (MI). While decreased
HRY is an almost universal and statistically independent pre-
dictor of poor outcome after M1,"-2 clinical and demographic
covariates may correlate with measures of HRV. Strong cor-
relations between HRV and clinical variables could provide
mechanistic insights into the robust predictive power of de-
creased HRV and define important covariates to include in fu-
ture studies.

We evaluated the relationship among clinical and demo-
graphic variables and pretreatment (enrollment) HRV in the
Cardiac Arrhythmia Suppression Trial (CAST), a large postin-
farction trial for which Holter data and extensive covariates
were available. We also evaluated the univariate predictive val-
ue of indices of HRV for mortality in CAST.3
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Methods
Patient Population

The purpose of CAST was to determine the effects of sup-
pression of ventricular premature beats on mortality after MI.3
Enrollment required an acute MI within the preceding 2 years
and 26 ventricular premature beats’h on the pretreatment
(qualifying) Holter recording. Those enrolled within 90 days
of the index MI were required to have ejection fractions
<55%, while those enrolled after this 90-day window were re-
quired to have ejection fractions £40%. After qualification,
patients were randomly assigned to encainide, moricizine, or
flecainide, with flecainide omitted in the subgroup with the
lowest ejection fraction. Patients with significant suppression
of ventricular premature beats with a particular agent were
continued on that agent or placebo. More complete informa-
tion concerning study design may be found in the primary end-
point reports.*-6

Qualifying tapes from among the 3,549 participants in
CAST were obtained from the data coordinating center. Pa-
tients in the current study (n = 830) were selected on the basis
of having usable qualifying and suppression tapes to permit
later evaluation of the predictive value for outcome of the
change in HRV with treatment. For the same reason, only pa-
tients who had their ventricular premature beats successfully
suppressed on their first, randomly assigned, antiarrhythmic
treatment and who were continued on that agent were studied.
Tapes with atrial fibrillation (n = 27) or paced rthythm (n = 9)
were eliminated from this analysis, as were tapes with< 18 h
of usable data (n = 24). The remaining qualifying tapes (n =
769) served as the basis for this study. Of these 769 patients,
273 were subsequently randomized to encainide, 219 to fle-
cainide, and 277 to moricizine. It is important to emphasize
that HRV data reported here are from the pretreatment tapes
recorded prior to antiarrhythmic therapy.

Clinical and Demographic Data

Clinical and demographic data for each patient were pro-
vided by the CAST coordinating center. Characteristics of the
CAST patient population and procedures for data validation
have been reported previously.*©

Analysis of Heart Rate Variability

Tapes were scanned on a Marquette SXP Laser Holter scan-
ner (software version 5.8) (Marquette Electronics, Milwaukee,
Wisc., USA). Beat-stream files, representing the time and clas-
sification of each QRS complex, were transferred to a Sun
Sparcstation computer (Sun Microsystems, Palo Alto, Calif.,
USA), where careful secondary editing and HRV analysis were
performed using previously reported and validated techniques.”8

Calculations were based on the set of normal-normal
(N-N) interbeat intervals. The following commonly reported
time domain measures of HRV were calculated for 24-h peri-

ods: average N-N in ms (AVGNN), the standard deviation of
N-Ns in ms (SDNN), the standard deviation of 5-min mean
N-Ns in ms (SDANN), the average of standard deviations of
N-Ns for each 5-min interval in ms (SDNNIDX), and the root
mean square successive difference of N-Ns in ms (rMSSD).
The rtMSSD primarily reflects parasympathetically mediated
changes in heart rate.? The other time domain variables reflect
amixture of parasympathetic, sympathetic, and other physio-
logic influences.’

Accurate frequency domain analysis of HRV requires
recording with a timing track to compensate for the effects of
tape speed variation. Approximately half of the tapes from
CAST were recorded on reel-to-reel or other recorders that
lacked a timing track. To avoid possible selection bias by cen-
ter or recording equipment choice, frequency domain indices
of HRV were not included in this analysis. In general, time
domain measures provide close correlates for the standard
frequency domain measures, and time domain HRV may be
less subject to computational artifacts.

Statistical Analyses

Indices of HRV were tested for normality, and log trans-
formation was applied when necessary to provide a normal
distribution appropriate for parametric statistical comparisons.
To identify candidate variables for the multivariate model,
Student’s r-tests evaluated univariate associations between cat-
egorical pretreatment clinical and demographic variables and
indices of HRV from the pretreatment tapes. Correlation anal-
ysis tested continuous variables as candidate predictors of
HRYV. Statistical significance was based on single compar-
isons, but the exact p values are presented to allow direct eval-
uation of the likelihood that a significant result arose as aresult
of the multiple a priori comparisons. Stepwise linear regres-
sion assessed independent clinical and demographic predic-
tors of HRV. Only variables that were univariate predictors of
eachindex of HRV (p <0.10) were candidates variable for the
stepwise model for that index. A univariate Cox proportional
hazards regression separately tested the predictive value of
eachindex of HRV for mortality.

Results

Distributions for SDANN, SDNNIDX, and rMSSD were
skewed and corrected by log transformation. Other time-
domain HRYV variables showed approximately normal distri-
butions in this population. The expected correlations between
time- and frequency-domain measures of HRV were observed
in those tapes in which both could be accurately evaluated. 1
Further results are presented in terms of time domain HRV
only because these measures could be computed on all tapes in
the study.

Univariate associations between HRV and historical and
demographic variables are presented in Table I. Lower values
for AVGNN (i.e., higher heart rates) were associated (p<0.1)
with female gender, nonwhite race, history of congestive heart
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failure, history of sustained hypertension [defined as a doc-
umented history of systolic blood pressure (SBP) 2 160 or di-
astolic blood pressure (DBP) 290 mmHg] and diabetes, and
these were retained as candidate variables for the multivariate
model. All of the historical and demographic variables tested
were associated with reduced SDNN, natural logarithm (In)
SDANN and In SDNNIDX, and were retained to be tested in
the multivariate model. Female gender, diabetes, and history
of CABG sur-gery before the qualifying MI were associated
with reduced In rMSSD and retained. Also, as can be seen in
Table I, differences in HRV between groups are not surrogates
for differences in age or ejection fraction.

The relationship between procedures subsequent to the
qualifying MI and HRV is shown in Table II. Coronary artery
bypass graft surgery was retained as a predictor variable for all
indices of HRV. Although patients with PTCA or thromboly-
sis were younger, this difference was not associated with any
differences in HRV. The dramatic reduction in HRV associat-
ed with CABG surgery was not associated with any reduction
in ejection fraction.

A variety of medications are known to alter HRV.” We
therefore compared HRV by specific pretreatment medica-
tions in CAST. Many patients were taking multiple medica-
tions, but interactions were not considered in this univariate

TaBLE I Univariate comparisons of age, left ventricular ejection fraction, and indices of heart rate variability by demographics and history pre-
ceding qualifying myocardial infarction (total n="769). P values for SDANN, SDIDX, and rtMSSD reflect comparisons of log-transformed values

Group Age LVEF AVGNN SDNN SDANN SDIDX r™MSSD
Sex
(n=632) M 60+ 10 3710 815+ 140 97 +40 86 +37 4220 2719
(n=137) F 63+8 39+10 768+ 126 83+31 75+29 3416 25+16
p=0.003 p=0.056 p=0.0004 p=0.0001 p=0.002 p<0.0001 p=0.055
Race
(n=628) White 61x10 38+10 816+ 141 97+39 87+37 4120 2719
(n=141) Non- 59+9 35+10 767117 85x36 74 £33 38x18 26x17
white p=0.061 p=0.002 p=0.0001 p=0.0005 p=0.0001 p=0.070 p=0597
Hx CHF
(n=92) Yes 647 32+10 781 %124 83+37 74+34 36+20 28 +21
(n=677) No 60+ 10 38+10 810+ 140 96+ 39 8736 41x10 27x18
p=0.0003 p<0.0001 p=0.055 p=0.003 p=0.001 p=0.0007 p=0.809
Hx Angina
(n=342) Yes 619 36x10 809+ 146 90+ 37 80+34 38+18 2618
(n=427) No 60+ 10 38+10 804+ 133 99 +40 88 +37 42+20 27+20
p=0.178 p=0.002 p=0.625 p=0.002 p=0.004 p=0.004 p=0591
Hx Htn
(n=239) Yes 619 36+10 789+ 138 90+ 38 81+36 38+ 19 27+19
(n=530) No 61+10 38+10 814+ 138 97+39 86+36 42+ 19 2719
p=0.181 p=0.049 p=0.022 p=0018 p=0.040 p=0.003 p=0.596
Diabetes
(n=161) Yes 63+9 3411 769+ 120 78 +31 70+28 3216 23+13
(n=608) No 60+ 10 38+10 816+ 142 9939 88 +37 43+20 28 +20
p=0.004 p=0.0001 p=0.0001 p<0.0001 p <0.0001 p<0.0001 p<0.0001
HxMI
(n=311) Yes 62+9 34«10 807 + 140 91+36 8034 39+21 28+23
(n=458) No 60x10 39+10 806+ 138 98 +40 87+38 41+ 18 26+ 15
p=0.059 p<0.0001 p=0.884 p=0012 p=0.035 p=0.046 p=0.664
Hx CABG
(n=112) Yes 62+8 36x11 800+ 135 86+31 T7x29 35+17 25+19
(n=657) No 61+10 37+10 808 £ 139 96 x40 86+37 4120 27+19
p=0.057 p=0.148 p=0.566 p=0.007 p=0.057 p=0.002 p=0.026

Abbreviations: M= males, F=females, LVEF = left ventricular ejection fraction, AVGNN = average normal-to-normal interbeat interval for the
entire tape, SDNN = standard deviation of normal-to-normal interbeat intervals for the entire tape, SDANN=standard deviation of the 5-min av-
erages of normal-to-normal interbeat intervals for the entire tape, SDIDX = SDNNIDX= average 5-min standard deviation of normal-to-normal
interbeat intervals for the entire tape, rIMSSD= root mean square successive differences of normal-to-normal interbeat intervals for the entire tape,
Hx CHF = history of congestive heart failure prior to the qualifying MI, Hx Angina = history of angina prior to the qualifying MI, Hx Htn= histo-
ry of sustained hypertension prior to the qualifying MI, Hx MI= history of MI prior to the qualifying MI.
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TaBLE I  Univariate comparisons of age, left ventricular ejection fraction, and heart rate variability by procedures following qualifying myocar-
dial infarction (total n = 769). Those with percutaneous transluminal coronary angioplasty did not have subsequent coronary artery bypass graft-
ing. P values for SDANN, SDIDX, and rMSSD reflect comparisons of log-transformed values.

Group Age EF AVGNN SDNN SDANN SDIDX ™MSSD
Thrombolysis
(n=245) Yes 59+9 3710 797127 95+37 84 +35 41+18 25+15
(n=524) No 62+9 3710 8l11+144 95+39 84 +37 40+20 2820
p<0.0001 p=0.938 p=0.180 p=0.859 p=0.724 p=0.275 p=0.105
PTCA#
n=112) Yes 58+10 39+9 819+132 97+34 86+31 42+18 26+12
(n=642) No 62£10 37+10 830134 100 +38 89136 4319 29+21
p=0.0007 p=0.040 p=0.450 p=0.585 p=0.526 p=0.755 p=0.225
CABG
(n=123) Yes 609 3710 694 +103 69+33 61+39 28+ 15 20+12
(n=646) No 61+10 3710 828+134 100+38 89+36 43+19 28+20
p=0.020 p=0.997 p=<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001

4 Patients with both PTCA and CABG before Holter excluded.
Abbreviations: PTCA = percutaneous transluminal angioplasty after the qualifying myocardial infarction (MI), CABG = coronary artery bypass
graft surgery after the qualifying ML Other abbreviations as in Table I.

TaBLE Il Univariate comparisons of age, ejection fraction, and heart rate variability by medications at the time of the qualifying Holter (total n=
769). P values for SDANN, SDIDX, and rtMSSD reflect comparisons of log-transformed values

Group Age EF AVGNN SDNN SDANN SDIDX rMSSD
Beta blocker
(n=254) Yes 61+9 39+9 868 + 148 10035 88x31 43x19 27+20
n=515) No 61+10 36+10 776 123 92 +40 83+39 39+19 27+18
p=0.730 p<0.0001 p<0.0001 p=0.013 p=0.004 p=0.0005 p=0.165
Calcium blocker
(n=370) Yes 61+10 38+10 821+127 97+36 8634 42+20 29+22
{(n=399) No 6110 36x10 793 + 147 93+41 82+38 39+19 25+ 14
p=0.663 p=0.004 p=0.005 p=0.080 p=0.012 p=0.009 p=0.0003
Digitalis
(n=178) Yes 63+9 33+10 771+128 85+40 7639 3520 24+19
(n=591) No 6010 39+10 817140 98 + 38 87+x35 42+19 27+19
p=0.002 p<0.0001 p=0.0001 p<0.0001 p<0.0001 p<0.0001 p=0.0007
Diuretic
(n=250) Yes 64+9 33+10 773+126 85+38 77+38 35+18 2619
(n=519) No 59+10 39+9 823+ 141 99 + 38 8835 43x19 2719
p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p=0.062
Vasodilator
(n=197) Yes 62+9 32x10 778130 89+40 79+38 37+19 25+19
(n=572) No 60+ 10 39+9 816+ 140 97+38 86+35 42+19 2719
p=0.139 p<0.0001 p=0.0007 p=0.010 p=0.007 p=0.0008 p=0.022
Nitrates
(n=363) Yes 62+9 3710 819+138 96+ 38 85+36 4120 28+22
(n=406) No 6010 3810 796 + 138 94 +39 8436 40+19 25+16
p=0.007 p=0.077 p=0.022 p=0.667 p=0.508 p=0.185 p=0.026
Abbreviations as in Table I.

analysis. Results are shown in Table ITI. All medications tested
were retained as candidate predictors of AVGNN. The direc-
tion of the effect was different across drugs: beta blockers, cal-

cium-channel blockers, and nitrates were associated with in-
creased AVGNN (slower heart rates), while the other classes
of medications were associated with decreased AVGNN. All
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medications except nitrates were retained as candidate vari-
ables for prediction of SDNN, In SDANN, and In SDNNIDX.
Again, the direction of the effect was different across medica-
tions, with beta blockers and calcium-channel blockers being
associated with increased HRV. Calcium-channel blockers
and nitrates were associated with increased In rMSSD, while
vasodilators and digitalis were associated with decreases in
InrMSSD.

The relationship between continuous demographic and
clinical variables and HRYV is displayed in Table [V (p<0.1).
The AVGNN was positively associated with age, left ventric-
ular ejection fraction, and systolic blood pressure, and nega-
tively associated with New York Heart Association class. The
SDNN and In SDNNIDX were each negatively associated
with age and New York Heart Association class and positive-
ly associated with left ventricular ejection fraction, time from
MiI to Holter, and systolic and diastolic blood pressure. Asso-
ciations with In SDANN were similar except that age was not
apredictor. Ln ’MSSD was the only variable associated with
ventricular premature beats/h and was also positively related
to left ventricular ejection fraction and systolic and diastolic
blood pressure.

Stepwise multiple linear regression analysis was performed
to identify the extent of independence among univariate pre-
dictors of HRV in the pretreatment CAST recording. Variables
that entered the model for each index of HRY, their coef-
ficients, and their level of statistical significance are listed in
Table V(A). Only predictors that contributed at least R? =
0.009 to the model were included. Independent predictors for
In SDANN were similar to those for SDNN and are not
shown. Total explained variance for In SDANN was R?=0.24.
Coronary artery bypass graft surgery after the qualifying MI
entered the model first for each of the HRV measures, fol-
lowed by ejection fraction or the presence of diabetes mellitus.
Gender was an independent predictor of all indices except

rMSSD. Age and use of beta blockers were predictive for
AVGNN only. Time from MI to index Holter was an indepen-
dent predictor of SDNN, In SDANN, and In SDNNIDX.

Finally, a univariate proportional hazards (Cox) model re-
gression evaluated the predictive value of each index of HRV
(n = 769, 70 deaths). There were no significant univariate
HRYV predictors of mortality [Table V(B)]. When patients
with CABG were removed from the analysis, the predictive
value of decreased SDNN and of decreased In SDANN
achieved borderline statistical significance [p <0.06, Table
V(B)]. When patients with diabetes were also removed, the
predictive power for mortality of decreased In SDANN in-
creased further (p =0.02).

Discussion

The CAST trial encompassed patients with a broad range of
clinical and demographic data together with high-quality Hol-
ter data and long-term follow-up. It is a superb population in
which to investigate the association between risk stratifying
variables and HRV and to determine the effects of subsequent
alteration with therapy.

The most striking finding in our analysis is the association
between CABG after MI and a marked reduction (~ 70%) in
all indices of pretreatment HRV (p <0.0001). This reduction
was not associated with a concomitant difference in left ven-
tricular ejection fraction and with a decrease in survival—a
nearly universal co-occurrence with decreased HRV in most
patient populations [mortality after 1.1 & 1.0 years of follow-
up was 4.86% for CABG, 4.84% for percutaneous translu-
minal coronary angioplasty (PTCA), and 11.4% for neither
PTCA nor CABG].

It is impossible to assign definite causation in a cross-
sectional, post hoc analysis. However, we suspect that the re-

TabLE IV Correlations with p <0.1 between continuous demographic and clinical variables and indices of heart rate variability (total n = 769)

AVGNN SDNN Lan SDANN Ln SDNNIDX LnrMSSD
Age (years) r=0.14 r=-0.08 NS r=—0.11 NS
(p=0.0001) (p=0.024) (p=0.002)
LVEF (%) r=0.24 r=0.19 r=0.18 r=0.19 r=0.17
(p=0.0001) (p=0.0001) (p=0.0001) (p=0.0001) (p=0.0001)
MI-to-Holter (days) NS r=0.10 r=0.12 r=0.07 NS
(p=0.007) (p=0.001) (p=0.043)
VPB/h NS NS NS NS r=0.08
(p=0.022)
Systolic BP (mmHg) r=0.10 r=0.08 r=0.10 r=0.07 r=0.11
(p=0.0006) (p=0.035) (p=0.004) (p=0.056) (p=0.0015)
Diastolic BP (mmHg) NS r=0.078 r=0.10 r=0.08 r=0.09
(p=0.030) (p=0.005) (p=0.025) (p=0.012)
NYHA class r=—0.06 r=-0.10 r=-0.09 r=-0.13 NS
(p=0.097) (p=0.006) (p=0.012) (p=0.0002)

Abbreviations: Ln = natural logarithm, r = Pearson correlation coefficient, VPB/h = ventricular premature beats/h, BP = blood pressure, NS = not
significant, NYHA class = New York Heart Association class. Other abbreviations as in Table I.
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TaBLE V(A) Independent predictors of heart rate variability in CAST (n = 769) for which contribution to total R?20.009. Dichotomous vari-
ables are coded 1 =yes,2=no

Variable Coefficient Contribution to total R? p Value
AVGNN (model R2=0.31)
CABG after qualifying MI 119.60 0.126 0.0001
Beta-blocker use ~-66.28 0.073 0.0001
Ejection fraction 2.62 0.040 0.0001
Age 2.12 0.012 0.0001
Sex(M=1,F=2) —47.66 0.023 0.0001
Diabetes 29.64 0.009 0.0017
SDNN (model RZ = 0.217)
CABG after qualifying MI 33.03 0.088 0.0001
Diabetes 13.74 0.047 0.0001
Ejection fraction 0.58 0.026 0.0001
SexM=1,F=2) —13.74 0.020 0.0001
Time from MI to Holter 0.04 0.019 0.0001
Ln SDNNIDX (model R? =0.259)
CABG after qualifying MI 0.46 0.111 0.0001
Diabetes 0.21 0.057 0.0001
Diuretic use 0.14 0.029 0.0001
Sex(M=1,F=2) —0.20 0.015 0.0001
Ejection fraction <0.01 0.017 0.0001
Time from MI to Holter <0.01 0.014 0.0002
History of CABG before qualifying MI 0.15 0.010 0.0011
Ln RMSSD (model R2=0.129)
CABG after qualifying MI 0.32 0.054 0.0001
Ejection fraction 0.01 0.030 0.0001
Diabetes 0.15 0.015 0.0004
Systolic blood pressure <0.01 0.010 0.0038

Abbreviation: CAST = Cardiac Arrhythmia Suppression Trial.
Other abbreviations as in Table I1.

TaBLE V(B) Univariate heart rate variability predictors of mortality in CAST (n =769, 70 deaths)

Variable RR (95% CI) Significance (p value)
AVGNN 1.001 (0.999-1.002) 0.36

SDNN 0.997(0.991-1.003) 0.36

Ln SDANN 0.800(0.485-1.319) 0.38

Ln SDNNIDX 0.919(0.581-1.452) 0.72
LnrMSSD 1.271(0.803-2.010) 0.31
Univariate heart rate variability predictors of mortality in patients without coronary artery bypass grafting in CAST (n =627, 63 deaths)
AVGNN 1.000 (0.998-1.002) 0.77

SDNN 0.994 (0.987-1.001) 0.09

Ln SDANN 0.576 (0.322-1.028) 0.06

Ln SDNNIDX 0.740 (0.435-1.257) 0.26
LnrMSSD 1.127 (0.683-1.860) 0.64

Univariate heart rate variability predictors of mortality in patients without coronary artery bypass grafting and without diabetes in CAST (n=497,
39 deaths)

AVGNN 1.000 (0.998-1.003) 0.77
SDNN 0.992 (0.982-1.001) 0.07
LnSDANN 0.400(0.184-0.871) 0.02
Ln SDNNIDX 0.748 (0.360-1.553) 0.44
LnrMSSD 1.371 (0.735-2.557) 0.32

Abbreviations: CAST = Cardiac Arrhythmia Suppression Trial, RR =risk ratio, CI = confidence interval. Other abbreviations as in Table L.
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duction in HRV with CABG was primarily a consequence of
the surgical procedure. Our multiple regression analysis con-
firms that the presence of CABG was not a direct proxy for
other clinically predictive variables. In fact, the most likely
clinical predictors of decreased HRYV, such as elapsed time
since index MI, were very similar between patients with and
without CABG (time from the index MI to the qualifying
Holter recording was 77 + 113 days in those withand 70 + 122
days in those without CABG).

Although little is known about the effect of CABG on HRY,
Hogue et al. have reported that HRV is substantially reduced
in the days immediately following surgery.'! Results of CAST
are consistent with those of Niemela et al. '2 who reported that
HRV was markedly decreased 1 week after CABG and
remained decreased at 6 weeks. Piha and Himéldinen!? ad-
ministered standard cardiovascular reflex tests before and 3
months after CABG. A significant diminution of heart rate re-
sponses was noted, suggesting a blunting of autonomic re-
sponses. Such changes are likely to be reflected in decreases
in some measures of HRYV, although we observed decreases in
HRV measures which strongly reflect circadian rhythms as
well. Piha and Haméldinen suggested that the changes in heart
rate response were due to local mechanical damage to the
heart or to its autonomic pathways, rather than to baroreceptor
or central nervous system alterations, since blood pressure and
pupillometric variables were unchanged. Because most of the
CABG:s were relatively close to the time of the Holter record-
ing, our data do not address the extent or rate at which HRV
normalizes over time in these patients.

Other independent predictors of HRV in this study are con-
sistent with those seen in post-MI populations. Bigger et al.'*
examined the relationship of gender and HRYV in patients with
coronary heart disease. As we also observed, most indices of
HRYV were higher in men than in women. The correlation be-
tween SDNN and left ventricular ejection fraction reported in
the Multicenter Post Infarction Project (r=0.24) was similar to
that in the CAST population (r =0.20). We observed a smaller
relationship between SDNN and age (r = — 0.08) than was
noted in the Multicenter Post Infarction Project (r= — 0.19).!
While the association between diabetes and decreased HRV
has been observed in numerous studies, diabetes as an inde-
pendent predictor of HRV post MI has not previously been
reported. Taken together, these comparisons suggest that al-
though CAST patients were selected because of having a large
number of ventricular premature beats at entry, the relation-
ship between HRV and clinical and demographic predictors is
similar to that in the general post-MI population.

Consistently in our study, markers of more severe cardi-
ovascular disease were associated with decreased HRV. How-
ever, the extensive set of clinical and demographic factors
evaluated here could account for only 13-31% of the variance
in the various HRV indices. Approximately 5-13% of this
was accounted for by CABG after the qualifying MI, and dia-
betes accounted for another 1-6%. Thus, variations in HRV
are not substantially predicted by clinical measurements, and
may provide additional information in studies even when ex-
tensive clinical covariates are known.

Some limitations of this study must be noted. First, patients
were all suppressible on their first antiarrhythmic treatment. It
is possible that such patients are different in some way from
those CAST patients who were not. In addition, patients later
randomized to encainide, flecainide, or moricizine were sup-
pressible on that particular therapy, and it is possible that they
could be different from each other. When the clinical and de-
mographic predictors of HRV were compared between subse-
quent drug treatments, our results were essentially unchanged.
Coronary artery bypass graft surgery, diabetes, and ejection
fraction remained the strongest predictors of HRV, and the
amount of variance in HRV explained by clinical and demo-
graphic variables did not increase.

Finally, HRV did not predict mortality in the entire CAST
population. This somewhat surprising result may partly reflect
the broad range of times from MI to the qualifying Holter
recording (mean 71 + 119 days, range 4-730 days) and the rel-
atively good prognosis of this population. The removal from
the analysis of patients post CABG, a group whose HRV was
approximately 70% of values in those without CABG without
a concomitant increase in mortality, increased the predictive
value of HRV. Similarly, removal from the analysis of the dia-
betics whose decreased HRV may reflect the severity of their
diabetes rather than just the severity of their cardiovascular
disease, identified a post-MI population in which decreased
HRYV was a predictor of mortality.

Our findings reinforce the utility of studies in which HRV is
used in addition to standard clinical and demographic vari-
ables. They also suggest that antecedent CABG can result in
misclassification of risk in both individuals and in population
studies and consequently underscore the importance of con-
trolling for antecedent CABG when HRYV is used in risk pre-
diction. Our results also suggest that the magnitude of the re-
duction in HRV may be less useful in risk stratification among
diabetics after M1. Reanalyses of data from prior studies of the
relationship of HRV and mortality post MI, in which patients
who had CABG or diabetes were included, may provide addi-
tional insights into the predictive value of HRV post M.
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