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Impact of Reduced Heart Rate Variability  
on Risk for Cardiac Events  

The Framingham Heart Study  

Hisako Tsuji, MD; Martin G. Larson, ScD; Ferdinand 1. Venditti, Jr, MD; Emily S. Manders, BS;  
Jane C. Evans, MPH; Charles L. Feldman, ScD; Daniel Levy, MD  

Background Although heart rate variability (HRV) is altered 
in a variety of pathological conditions, the association of reduced 
HRV with risk for new cardiac events has not been studied in a 
large community-based population. 

Methods and Results The first 2 hours of ambulatory ECG 
recordings obtained on subjects of the Framingham Heart Study 
who were free of clinically apparent coronary heart disease or 
congestive heart failure were reprocessed to assess HRV. Five 
frequency-domain measures and three time-domain measures 
were obtained. The associations between HRV measures and the 
incidence of new cardiac events (angina pectoris, myocardial in-
farction, coronary heart disease death, or congestive heart failure) 
were assessed with proportional hazards regression analyses. 
There were 2501 eligible subjects with a mean age of 53 years. 
During a mean follow-up of 3.5 years, cardiac events occurred 

Heart rate variability, or heart period variability, is 
a measure of the cyclic variations of beat-to-
beat (RR) intervals that reflects cardiac auto-

nomic function. I Heart rate variability is influenced by 
various physiological and pathological conditions. 2-13 For 
several decades, obstetricians have recognized dimin-
ished beat-to-beat variation in fetal heart rate as an indi-
cator of distress. 14 In cardiology, prior studies have doc-
umented adverse prognostic implications of reduced heart 
rate variability in patients after myocardial infarction 15·17 

and with other pathological conditions. 18-2\ Recently, we 
reported-" an association between reduced heart rate vari-
ability and risk for all-cause mortality in elderly original 
participants in the Framingham Heart Study. The relation 
of altered heart rate variability to risk for cardiac events 
has not been studied in the general population. 

The present investigation was undertaken to examine 
the association of reduced heart rate variability with risk 
for cardiac events in a large population-based sample 
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in 58 subjects. After adjustment for age, sex, cigarette smoking, 
diabetes, left ventricular hypertrophy, and other relevant risk 
factors, all HRV measures except the ratio of low-frequency 
to high-frequency power were significantly associated with 
risk for a cardiac event (P=.0016 to .0496). A one-standard 
deviation decrement in the standard deviation of total normal 
RR intervals (natural log transformed) was associated with a 
hazard ratio of 1.47 for new cardiac events (95% confidence 
interval of 1.16 to 1.86). 

Conclusions The estimation of HRV by ambulatory moni-
toring offers prognostic information beyond that provided by the 
evaluation of traditional cardiovascular disease risk factors. 
(Circulation. 1996;94:2850-2855.) 

Key Words • heart rate • electrocardiography • prognosis 
• epidemiology 

Subjects in this study included elderly participants in the 
original Framingham Heart Study and younger partici-
pants in the Framingham Offspring Study. The study set-
ting provides an opportunity to explore the prognostic 
implications of heart rate variability measures in .3. sample 
in which referral bias is inherently minimal. 

Methods 
Setting 

The Framingham Heart Study began in 1948, enrolling 5209 
residents of Framingham, Mass, who were between the ages of 
28 and 62 years in a prospective epidemiological study. In 1971, 
5 I24 subjects (offspring of the original cohort and spouses 'of 
these offspring) were entered into a second prospective study. 
Selection criteria and study design have been reported previ-
ously.v> From 1983 to 1987, ambulatory ECG recordings were 
obtained routinely on original Framingham Heart Study subjects 
undergoing their 18th biennial examination and Framingham Off-
spring Study subjects attending their 3rd examination. 

Processing of Ambulatory Recordings 
All ambulatory recordings included two channels of ECG in-

formation and were obtained on standard four-track cassette tapes 
with the use of either a Cardiodata PR2 or PR3 pace recorder 
(Cardiodata Corp). The tape speed was I mm/s, and one channel 
was used to record a 32-Hz crystal-controlled timing track. For 
heart rate variability analysis, tapes were played back at 120 times 
real time on a Cardiodata/Mortara Mk5 Holter analysis system 
(Mortara Instrument Co) that sampled each ECG channel at ISO 
samples/so The playback incorporated a phase-locked loop that 
used the recorded timing track to compensate for errors in re-
corder speed control. Because clinic examinations typically lasted 
2 to 3 hours, only the first 2 hours of data were analyzed for heart 
rate variahility hy use of recently described methods.v- Briefly, 
the fast Fourier transform was calculated on IOO-s hlocks of RR 
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interval data. The power density spectrum was estimated by tak-
ing the sum of the squares of the magnitude of the fast Fourier 
transform performed on all usable IOO-s biocks.w The resulting 
IOO-s power spectra were corrected for attenuation. We computed 
power spectral densities on all usable IOO-s blocks and calculated 
five frequency-domain measures: (l) very-low-frequency power 
(0.01 to 0.04 Hz), (2) low-frequency power (0.04 to 0.15 Hz), 
(3) high-frequency power (0.15 to 0.40 Hz), (4) total power (0.01 
to 0.40 Hz), and (5) the ratio of low-frequency to high-frequency 
power." In addition, we computed three time-domain measures: 
(I) the SD of normal RR intervals (2-hour SDNN), (2) the per-
centage of differences between adjacent normal RR intervals ex-
ceeding 50 ms (pNN50), and (3) the square root of the mean of 
the squared differences between adjacent normal RR intervals 
(r-MSSD). 

Normal QRS complexes and arrhythmias were diagnosed un-
der constant visual monitoring. Supraventricular premature beats 
were differentiated from sinus arrhythmia on the basis ofP-wave 
morphology and cyclic changes in RR intervals. 

Clinical Covariates 
Risk factors possibly predisposing to coronary heart disease 

were recorded at each examination.» Additional variables that 
might be associated with autonomic function also were consid-
ered, including coffee and alcohol consumption. 

Systolic and diastolic blood pressures were measured twice on 
seated subjects by the examining physician using a mercury col-
umn sphygmomanometer positioned near eye level. The averages 
of repeated measures were used for analysis. Diabetes was de-
fined, with the use of current and historical data, as a nonfasting 
blood glucose level ;",200 mg/dL (;", IUO mmollL) or the use of 
insulin or an oral hypoglycemic agent. The diagnosis of left ven-
tricular hypertrophy on the 12-lead ECG was made on the basis 
of fulfillment of at least one of the following voltage criteria with 
associated ST-T repolarization abnormalities: R wave >l.l mY 
in aYL, R wave ;",2.5 mY in left precordial leads, S wave ;",2.5 
mY in right precordium, sum ofprecordiaJ SY, or SY 2 plus RYs 
or RY6 ;",3.5 mY, or sum of limb lead RI plus SIII ;",2.5 mY. 
Current cigarette smoking status and use of cardioactive medi-
cations were recorded. For Offspring Study subjects, total and 
HDL cholesterol data were obtained at the index examination. 
Because total and HDL cholesterol data were not obtained at the 
l8th biennial examination of the original cohort subjects, levels 
obtained at a prior examination cycle 6 years earlier were used. 
Mean heart rate was calculated from the same ambulatory mon-
itoring recording processed for the analysis of heart rate vari-
ability. The number of ventricular premature beats per hour was 
analyzed as a continuous variable, but supraventricular premature 
beats were categorized into three groups as follows: < 120 per 
hour, 120 to 240 per hour, and >240 per hour. Average reported 
alcohol consumption was converted to ounces of alcohol per 
week on the basis of a published algorithm. 27 

Sample Selection 
At baseline, all study subjects had to be free of clinically ap-

parent coronary heart disease and congestive heart failure by his-
tory and clinical examination. We required that they have ;",60 
minutes of analyzable data '6." on the ambulatory recording, at 
least 50% time processed, and premature beats < I0% of total 
beats. 2H Subjects were excluded if they had no follow-up contact 
after the index examination. 

Outcome Events 
At each follow-up examination. interim cardiovascular events 

were assessed with the help of medical history. physical exami-
nation, and 12-lead ECG. Medical records were obtained for all 
participants. including those who did not attend an examination, 
and these were evaluated for evidence of interim heart disease. 
All suspected interim events were reviewed by a committee of 
three physicians who evaluated pertinent medical records, hos-
pitalization records. and pathology reports. All deaths were eval-

uated by a committee of three physicians who determined prob-
able cause after review of hospital records, autopsy findings, 
death certificates, and interviews with family members. A death 
that occurred within I hour of the onset of symptoms suggestive 
of coronary heart disease was classified as a sudden death attrib-
utable to coronary heart disease. A death that occurred > I hour 
after the onset of symptoms suggestive of myocardial ischemia 
was classified as a nonsudden death of coronary heart disease. 

The primary end point in the present study was time to onset 
of coronary heart disease or congestive heart failure. Coronary 
heart disease comprised angina pectoris, coronary insufficiency 
(unstable angina with transient ischemic ECG changes), myocar-
dial infarction (clinically recognized at time of occurrence or un-
recognized), and sudden or nonsudden death attributed to coro-
nary heart disease. Criteria for the cardiovascular disease events 
have been reported.w 

Statistical Methods 
Measures of heart rate variability were transformed by natural 

logarithm because their distributions were skewed. Proportional 
hazards regression proceduresv were used to assess heart rate 
variability measures as predictors of cardiac events. All propor-
tional hazards regression analyses were stratified by sex with age 
as a covariate, and all were performed with the use of the Statis-
tical Analysis System version 6.09 procedure PHREG31 on a Sun 
Spare 2 workstation. 

Measures of heart rate variability were studied first without, 
then with adjustment for several pertinent clinical variables that 
may be associated with heart rate variability and/or subsequent 
cardiac events. These clinical variables included frequent supra-
ventricular premature beats « 1201h versus ;",120/h), systolic 
blood pressure (in rnrn Hg), left ventricular hypertrophy on ECG 
(no versus yes), diabetes (no versus yes), diuretic use (no versus 
yes), ,B-blocker use (no versus yes), other cardiac medication use 
(no versus yes), and cigarette smoking (no versus yes). These 
covariates were chosen by use of a stepwise procedure (selection 
criterion P<.20) from a list that also included the following vari-
ables that were not selected (P;",.20): coffee consumption, alco-
hol consumption, diastolic blood pressure, starting time of day of 
recording, and ventricular premature beats. Mean heart rate was 
considered separately both because it had an inverse association 
with heart rate variability measures> and because mean heart rate 
reflects autonomic balance. Additional multivariate analyses 
were performed with the use of total cholesterol and the ratio of 
total to HDL cholesterol levels. 

Separate analyses were performed for each measure of heart 
rate variability to assess its relations to the incidence of cardiac 
events. Events rates, expressed per 1000 person-years of 1'0110\\-
up, were computed for sex-specific tertiles of each heart rate vari-
ability measure. In addition. because the risk was assumed to be 
smooth and monotonic, risk was assessed as a function or con-
tinuous values for each heart rate variabil ity measure. Hazard 
ratios and 95% Cis were computed for each heart rate variability 
measure, and the statistical significance level was P=.05 (two-
sided) for each significance rest. As expressed. the hazards ratios 
represent the proportional increase in risk that is associated with 
having measured heart rate variability lower. by I SO, relative 
to an individual of the same sex with otherwise identical risk 
factors. 

Results 
There were 5698 subjects who attended the index ex-

amination A total of 2278 subjects did not have ambula-
tory ECG data (did not have an examination in the Fra-
mingham Heart Study clinic, ambulatory recording not 
obtained, poor quality recording. no available data, or 
missing tape). Among 342() tapes analyzed. a total or <) 19 
subjects were excluded for reasons listed in Table I: ar-
rhythmia or excessi vc ani fact were the major reasons 
(n=666) for exclusion. Compared with ineligible subjects. 
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TABLE 1. Evaluable Cases 

Subjects with ambulatory ECG data 3420 
Rhythm or artifact exclusions (666) 

Rhythm other than sinus rhythm 
Atrial fibrillation 33 
Pacemaker 6 
Wandering atrial pacemaker 7 
AV dissociation 6 
Ectopic sinus rhythm 3 

Frequent VPBs 28 
Frequent SVPBs 48 
Excessive artifact 500 
Combined reasons" 35 

Antiarrhythmic medication use (32) 
History of coronary heart disease or congestive 
heart failure (218) 
Lost to follow-up after index examination (3) 

Evaluable cases 2501 

Frequent VPBs or SVPBs indicates ventricular or supraventricular pre-
mature beats> 10% of total beats. 

"Excluded because of a combination of VPBs, SVPBs, and artifact. 

the eligible subjects were younger, had lower blood pres-
sure, and had more favorable clinical risk factors. The el-
igible sample of 2501 subjects comprised 1101 men and 
1400 women. Their clinical characteristics are shown in 
Table 2. The mean age was 52 years for men and 54 years 
for women. Women had higher HDL cholesterol levels, a 
lower ratio of total to HDL cholesterol, lower diastolic 
blood pressure, and higher mean heart rate than men. 

Heart Rate Variability and Cardiac Events 
Table 3 shows mean values (±:SD) for eight heart rate 

variability measures separately for men and women. The 
mean duration of processed time for analyses was 94 
minutes (range, 33 to 120 minutes), corresponding to 56 
100-s blocks. 

During a mean follow-up of 3.5 years (range, 4 days to 
6.4 years), there were 58 new cardiac events. The initial 
event was angina pectoris in 22 subjects, coronary insuf-
ficiency in I, recognized myocardial infarction in 20, un-
recognized myocardial infarction in 2, death of coronary 
heart disease in 5, and congestive heart failure in 8. 

Rates for cardiac events according to tertiles of each 
heart rate variability measure are presented in Table 4. 
Two-hour SDNN, very-law-frequency power, low-fre-
quency power, and total power demonstrated strikingly 
higher event rates among subjects in the 10IVest tertile. 
Approximately two thirds of cardiac events occurred in 
subjects in the bottom terti Ie, whereas only > 10% of the 
outcomes occurred in subjects in the top tertile. 

Table 5 lists hazard ratios for subsequent cardiac events 
per I-SD decrement of all eight heart rate variability mea-
sures analyzed separately. In age- and sex-adjusted anal-
yses, 2-hour SDNN, very-law-frequency power, low-
frequency power, and total power were significantly 
associated with increased risk for cardiac events; each had 
a hazard ratio of "'" 1.4. 

In the stepwise analyses to determine relevant clinical 
risk factors, frequent supraventricular premature beats 
(2: 120/h), smoking, diabetes, systolic blood pressure, left 
ventricular hypertrophy on ECG, diuretic use. ,B-blocker 
usc, other cardiac medication use, and mean heart rate 
were each associated with subsequent cardiac events. 
Therefore, they were included in multi variate proportional 
hazards models. All heart rate variability measures except 

the ratio of low-frequency to high-frequency power re-
vealed significant associations with subsequent cardiac 
events after adjustment for the clinical risk factors. The 
highest hazard ratio was 1.47 for 2-hour SDNN. 

Additional multivariate analyses were performed in-
corporating total cholesterol and the ratio of total to 
HDL cholesterol; these analyses were based on 560 
original subjects and 1828 Offspring Study participants. 
Hazard ratios for cardiac events per I-SD increment of 
each heart rate variability measure are shown in the bot-
tom third of Table 4. 

Mean heart rate was significantly associated with risk 
for cardiac events after adjustment for age, sex, and clin-
ical risk factors (P=.04). Because it was correlated with 
heart rate variability measures-? and is a simple measure 
of autonomic balance, mean heart rate subsequently was 
added to the multivariate models along with sex, age, and 
clinical risk factors. After we adjusted for mean heart rate 
and clinical variables, 2-hour SDNN was the only heart 
rate variability measure significantly related to risk for car-
diac events; a l-SD decrement in 2-hour SDNN was as-
sociated with a hazard ratio of 1.41 (95% CI of 1.05 to 
1.89; P=.0216). 

Because there was less objective evidence to substan-
tiate diagnoses of angina and unrecognized myocardial in-
farction, we performed secondary analyses of "hard" end 
points (coronary insufficiency, recognized myocardial in-
farction, deaths from coronary heart disease, and conges-
tive heart failure [n=40]). These analyses revealed that the 
hazard ratios of all eight heart rate variability measures. 
adjusted for age and sex, were higher than their corre-
sponding associations in the primary analyses. The highest 
hazard ratio was 1.65 for 2-hour SDNN with a 95% CI of 
1.28 to 2.12 (P=.OOOI). 

Discussion 
In this study of 2501 men and women who were free of 

clinically apparent heart disease, reduced heart rate vari-
ability predicted increased risk for subsequent cardiac 

TABLE 2. Clinical Characteristics of Eligible Subjects 

Men Women 
Variables (n=1101) (0=1400) 

Age, y 52:':13 54:<:14 
Systoiic blood pressure, mm Hg 129:,:17 127=20 
Diastolic biood pressure, mm Hg 81:':9 76:':9 
Mean heart rate: bpm 72:':10 75::10 
Left ventricular hypertrophy on ECG, % 1 1 
Diabetes mellitus, % 4 3 
Medication use 

3-Blockers, % 8 8 
Diuretics, % 13 17 
Other cardiac medications, % 6 8 

Total cholesterol.] mg/dL 213:,:39 217:':44 
HDL cholesterol, t mg/dL 45,'-12 57+15 
Total cholesterol/HDL cholesterol'[ 5.04:'1.66 4.07:': ��� 

Current cigarelle smoker, % 24 26 
",30 VPBs per hour, % 5 5 
����� SVPBs per hour, % 4 4 

VPBs indicates ventricular premature beats: SVPBs, supraventricular 
premature beats. 

Values are mean:': 1 SO or percentages unless stated otherwise. 
'Obtained from all RR intervals used for heart rate variability measures 

from a 2-hour ambulatory ECG recording. 
tFor total cholesterol, HOL cholesterol. and ratio of total to HDL cho-

lesterol, n= 1076 to 1082 men and n -"1312 to 1325 women. 
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TABLE 3. Heart Rate Variability Measures 

Men Women 

Variables 
Original 

Units 
Logarithmic 

Units 
Original 

Units 
Logarithmic 

Units 
2-hour SDNN, ms 91±29 4.46±0.33 86±29 4.40±0.34 
pNN50, % 93±98 3.90±1.28 87±95 3.80±1.34 
r-MSSD, ms 33±17 3.40±0.46 32±17 3.36±0.46 
VLF-1 DO, ms2 2272±1458 7.52±0.68 1925±1301 7.33±0.74 
LF, rns" 1037±767 6.65±0.84 823±682 6.38±0.88 
HF, ms" 329±390 5,37±0.91 323±387 5.35±0.93 
TP-100, ms" 3637±2395 7.98±0.70 3070±2196 7.78±0.76 
LF/HF 4.05±1.91 1.28±0.52 3.13±1.45 1.04±0.46 

SDNN indicates SD oftotal normal RR intervals; pNN50, percentage ofdifferences between 
adjacent normal RR intervals >50 ms; r-MSSD, square root ofthe mean ofsquared differ-
ences between adjacent normal RR intervals; VLF, very-low-frequency power; LF, low-fre-
quency power; HF, high-frequency power; TP, total power; and LF/HF, the ratio of low-fre-
quency to high-frequency power. All variables were obtained from 2-hour recordings. SDNN 
increases as a function oftherecording duration. The term "2-hour SDNN" isused toindicate 
the recording duration. All frequency -aornaln variables were calculated from a 100-sblock 
sampling method. Theterms "TP-100" and "VLF-1 00' areused toindicate this methodology, 
which yields a minimum frequency of0.01 Hz. 

events. These findings may provide insight into the prog- study in several key aspects. Our earlier report'? was based 
nostic implications of altered heart rate variability. on 736 subjects (mean age, 72 years) from the original 

We previously demonstrated that reduced heart rate Framingham Heart Study cohort, whereas the current re-
variability predicted increased risk for all-cause mortal- port is based on 2501 subjects (mean age, 53 years) from 
ity.22 The present investigation differs from our earlier the original Framingham Heart Study cohort and from the 

Framingham Offspring Study. Fewer than 30% of subjects 
in the current report were included in the earlier investi-TABLE 4. Cardiac Event Rates as a Function of 
gation. The end points were different in the two reports;Sex-Specific Tertiles of Each Heart Rate 
the prior study only examined all-cause mortality (only 18 Variability Measure 
of 74 deaths were due to coronary heart disease). In the 

No. of No. of Person- Event present investigation, the end point was coronary diseaseSubjects Events Years Rate' 
or congestive heart failure (n==58); there were only 5 fatal 2-hour SDNN end points. In addition, subjects in the CUITent investigation1st tertile 833 37 2983 12.40 were excluded if they had evidence of prior coronary dis-2ndtertile 834 15 2915 5.15 ease or congesti ve heart failure. 3rdtertile 834 6 2907 2.06 

The biological mechanism explaining our present re-pNN50 
sults remains unknown. Heart rate variability is a marker1st tertile 833 27 2964 9.11 
of sympathetic and parasympathetic influences on the2nd tertile 834 19 2931 6.48 

3rd tertile 834 12 2910 4.12 modulations of heart rate . .12 In patients with heart disease, 
r-MSSD increased sympathetic tone and/or decreased parasympa-

1st tertile 833 28 2949 9.50 thetic tone, which predispose to ventricular fibrillation, 
2ndtertile 834 16 2950 5.42 have been proposed as mechanisms explaining the asso-
3rd tertile 834 14 2906 4.82 ciations of reduced heart rate variability with increased 

VLF-100 mortality. 10.16 However. our subjects were free of clinically 
1st tertile 833 41 2975 13.78 apparent cardiac disease at baseline, and the vast majority 
2ndtertile 834 11 2946 3.73 of our outcomes were not arrhythmic (eg, sudden death); 
3rd tertile 834 6 2884 2,08 hence, it is difficult to attribute our results to autonomic 

LF imbalance precipitating fatal arrhythmic events. Rather, 
1st tertile 833 41 2995 13.69 other factors such as cardiac chronotropic responsiveness 
2ndtertile 834 13 2922 4.45 may play an important role. In this sense, reduced heart 
3rd tertile 834 4 2888 1.38 rate variability may reflect subclinical cardiac disease. Al-

HF ternatively, autonomic imbalance or other factors related 1st tertile 833 35 2957 11.84 to heart rate variability. such as the renin-angiotensin sys-2ndtertile 834 17 2939 5.78 tem, u' may contribute to the pathogenesis of coronary3rd tertile 834 6 2909 2.06 heart disease.>' but this hypothesis requires additionalTP-100 
support.1st terti Ie 833 40 2987 13.39 

Mean heart rate reflects autonom ic balance and corre-2nd terti Ie 834 12 2939 4.08 
lates inversely with all eight heart rate variability mea-3rdterti Ie 834 6 2878 208 

LF/HF sures. ': Although adjustment for mean heart rate may re-
1st tertile 833 30 2960 10.14 duce the inherent predictive value or heart rate variability 
2nd tertile 834 17 2934 5.79 as an indicator of autonomic tone, 2-hour SDNN remained 
3rd tertile 834 11 2911 3.78 predictive of prognosis even after adjustment for mean 

heart rate. Two reasons for this can be considered. First, Abbreviations are as in Table 3,  
"Event rateper 1000 person-years offollow up. heart rate variability is a more sensitive tool for detecting  
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TABLE 5. Proportional Hazards Regression Analysis of 
the Impact of Heart Rate Variability Measures on 
Incidence of Cardiac Events 

Hazard 
Ratio· 95% CI p 

Age- and sex-adjusted association 
with outcome 

In 2-hour SDNN 1.44 (1.14, 1.82) .0023 
In pNN50 1.14 (0.89, 1.46) .2914 
In r-MSSD 1.18 (0.91, 1.53) .2098 
In VLF-1 00 1.41 (1.11,1.81) .0053 
In LF 1.38 (1.05, 1.82) .0207 
In HF 1.25 (0.95, 1.64) .1109 
In TP-100 1.39 (1.08, 1.79) .0117 
In LF/HF 1.07 (0.85, 1.35) .57 

Age-, sex-, and clinical risk factor-
adjusted association with 
out comet 

In 2-hour SDNN 1.47 (1,16, 1.86) .0016 
In pNN50 1.28 (1.00, 1.65) .0496 
In r-MSSD 1.38 (1.05, 1.81) .0209 
In VLF-1 00 1.40 (1.09, 1.79) .009 
In LF 1.39 (1.04, 1.87) .0259 
In HF 1.41 (1.07,1.87) .015 
In TP-100 1.41 (1.09, 1.83) .0099 
In LF/HF 0.88 (0.68, 1.15) .3584 

Age-, sex-, clinical risk tactor-, 
total cholesterol-, and total 
cholesterol/HDL cholesterol-
adjusted association with 
outcomet 

In 2-hour SONN 1.45 (1.13,1.85) .003 
In pNN50 1.24 (0.96, 1.60) .0946 
In r-MSSD 1.33 (1.01, 1.75) .0454 
In VLF-100 1.38 (1.07,1.78) .0139 
In LF 1.38 (1.02, 1.85) .0341 
In HF 1.38 (1.03, 1.84) .0284 
In TP-100 1.39 (1.06, 1.82) .0163 
In LF/HF 0.91 (0.70,1.19) .5083 

In indicates natural log transformed; other abbreviations are as in 
Table 3. 

Based on 58 cardiac events among 2501 subjects. 
Mean values and SOs for each heart rate variability measure are as in 

Table 3. 
"Hazard ratio comparing subjects who differ by a 1-S0 decrement for 

the variable in question. 
tClinical risk factors included frequent supraventricular premature beats 

(",120/h), cigarette smoking, diabetes, systolic blood pressure, left ven-
tricular hypertrophy on ECG, diuretic use, iJ-biocker use, and other cardiac 
medication use. 

autonomic balance than mean heart rate. Second, heart rate 
variability reflects additional information beyond auto-
nomic imbalance. 

This report is based on use of daytime 2-hour ambu-
latory ECG recordings for heart rate variability. Record-
ings were obtained during an active clinic visit; the re-
sults of basal, resting recordings likely would be 
different. Although the short-term nature of the record-
ings may have influenced heart rate variability measures, 
Bigger and coworkers)' reported that frequency-domain 
analyses computed from 2- to IS-minute segments were 
not meaningfully different from those calculated for 24 
hours, and they remained predictive of mortality regard-
less of the time of day. On the other hand, the SO of 
normal RR intervals increases as a function of the re-
cording duration.> The SD of normal RR intervals from 
24-hour recordings is predictive of mortality I) and 
strongly correlates with low-frequency power, very-Iow-
frequency power, and ultralow-frequency power. ".37 

which are predictors of mortality in frequency-domain 
analyses. 16,17,19 The SD of normal RR intervals is a simple 
measure of heart rate variability. On the basis of the pres-
ent study, it would appear that the SD of normal RR in-
tervals calculated from 2 hours of ambulatory recording 
may suffice to assess risk for clinical outcomes, and it 
was the superior predictor of outcome among the eight 
heart rate variability measures studied. 

A few limitations of the present study should be ad-
dressed. First, the number of outcomes was too small to 
assess the relations of heart rate variability measures to 
individual cardiac end points. Nevertheless, secondary 
analyses of hard cardiac outcomes demonstrated higher 
hazard ratios for all eight heart rate variability measures 
than in primary analyses, thereby suggesting a stronger 
association of heart rate variability with risk for more rig-
orously defined and objective end points. Second, this 
investigation was based on a relatively healthy sample be-
cause of the exclusion of subjects with frequent arrhyth-
mias, a history of coronary heart disease or congestive 
heart failure, and those who did not attend the index ex-
amination. Third, because of the 100-s block method we 
used, the lower limit of the frequency-domain variables 
was 0.01 Hz. Additionally, the time-domain analyses were 
based on 2 hours of data; the values obtained from short-
term recordings wit! differ from those based on longer pe-
riods of observation. Last, the ability to predict future car-
diac events by use of only heart rate variability measures 
is limited; a l-SD decrement in 2-hour SDNN reflects an 
""50% increase in risk of cardiac events over the next 3.5 
years. In the present study, this equates to the same risk 
increase estimated for an 8-year age increment, or approx-
imately one half the increase associated with diabetes or 
smoking. 

This is the first prospective study to identify an associ-
ation between heart rate variability and heart disease risk 
in a community-based population. The estimation of heart 
rate variability by ambulatory ECG monitoring offers 
prognostic information beyond that provided by the eval-
uation of traditional cardiovascular risk factors. 
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