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Determinants of Heart Rate Variability
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Objectives. This study sought to examine clinical determinants
of heart rate variability and to report normative reference values
for eight heart rate variability measures.

Background. Although the clinical implications of heart rate
variability bave been described, clinical determinants and norma-
tive values of heart rate variability measures have not been
studied systematically in a large community-based population.

Methods. The first 2 h of ambulatory electrocardiographic
recordings obtained in Framingham Heart Study subjects attend-
ing a routine examination were reprocessed for heart rate vari-
ability. Recordings with transient or persistent nonsinus rhythm,
premature beats >10% of total beats, <1-h recording {ime or
processed time <50% of recorded time were excluded; subjects
receiving antiarrhythmic medications also were excluded. Among
five frequency domain and three time domain measures that were
obtained. low frequency power (0.04 to 0.15 Hz), high frequency
power (0.15 to 0.40 Hz) and the standard deviation of total normal
RR intervals based on 2-h recordings w:re selected for the
principal analyses. Variables with potentia’ physiologic effects or
possible technical influences on heart rate variability measures
were chosen for multiple lincar regression analysis. Normative

values, derived from a subset of healthy subjects, were adjusted
for age and heart rate.

Results. There were 2,722 eligible subjects with a mean age
(xSD) of 55 + 14 years. Three separate multiple linear regression
analyses revealed that higher heart rate, older age, beta-
adrenergic blocking agent use, history of myocardial infarction or
congestive heart failure, diuretic use, diastolic blood pressure
>90 mm Hg, diabetes mellitus, consumption of three or more
cups of coffee per day and smoking were associated with lower
values of one or more heart rate variability measures, whereas
longer processed time, start time in the noming, frequent su-
praventricular and ventricular premature beats, female gender
and systolic blood pressure =160 mm Hg were associated with
higher values. Age and heart rate were the major determinants of
all three selected heart rate variability measures (partial R’
values 0.125 to 0.389). Normative ceference values for all eight
heart rate variability measures are presented.

Conclusions. Age and heart rate must be taken into account
when assessing heart rate variability.

(J Am Coll Cardiol 1996;28:1539-46)

Reduced beat to beat variability in RR intervals, commonly
referred to as heart rate variability, is observed in patients with
congestive heart failurc (1), coronary heart disease (2,3) and
diabetic neuropathy (4-6). Various physiologic factors also
affect heart rate variability, including aging (7), postural
changes (8) and time of day (9). Although prognostic (10-15)
and other clinical implications (16-21) of altered heart rate
variability have been described, the clinical determinants of
heart rate variability have not been studied systematically. Few
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previous studies have reported normative reference values for
heart rate vanability measures (22-24).

The objectives of the present study were to assess clinical
determinants cf heart rate variability and to provide normative
values for several heart rate variability measures as a function
of age and heart rate. This investigation was performed in a
large population-based sample in which referral bias was
inherently minimal.

Methods

Study sample. In 1948, 5,209 residents of Framingham,
Massachusetts, who were between the ages of 28 and 62 years,
were selectcd to undergo biennial examinations in a prospec-
tive epidemiologic study. In 1971, 5,124 additional subjects

(offspring of the original cohort and spouses of these offspring)
“entered a similar prospective study. Selection criteria and study

design have been previously reported (25.26). From 1983 1o

- 1987; ambulatory eleclrocardwgraphnc (ECG) recordings were
 obtained in surviving study subjects attending a routine. sched-

uled examination.
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~ Abbreviations and Acronyms
ECG = clectrocardiographic
LFHF = low frequency/hiigh frequency power ratio
) PNNs0 percentiage of-differences h;mun adjacent m)rm.nl
RR intervals >50 ms
-MSSD = squiare root of the mean of the squared differeaces
between adivent normal RR intervals
= standard deviation of normal RR intervals

S

{

SDNN

Processinig of ambulatory recordings. The first 2 h of
ambulatory recordings were processed for heart rate variability
using a Cardiodata/Mortara Mk5 Holter analysis system. The
tape speed was | mm/s, and one channel was used to record a
32-Hz crystal-controlled timing track. For heart rate variability
analysis, tapes werc played back at 120 times real time on a
Cardiodata/Mortara MkS Holter analysis system (Mortara
Instrument Co.) that sampled each ECG channel at 180
samples/s. The playback incorporated a phase-locked loop
using the recorded timing track to compensate for errors in
recorder speed control. Beat to beat RR interval data were
obtained from the “beat stream file.” A linearly interpolated
beat was substituted for intervals of ectopic beats or artifact
less than or equal to two RR intervals (27). The fast Fourier
transform was calculated on 100-s blocks of RR interval data.
A continuous curve was formed by linear interpolation be-
tween RR intervals; this was subjected to a Hamming window
and resampled at 1.28 times/s. If there was a run of arrhythmia
or artitact >1 beat long, the 100-s block was terminated, the
partial block was discarded, and a new block was started at the
end of the unusable period. Power density spectrum was
estimated by taking the sum of the squares of the magnitude of
the fast Fourier transform performed on all usable 100-s blocks
(2. The resulting 100-s power spectra were corrected for
attenuation resulting from sampling and the Hamming window
and were averaged. Although the resulting frequency range of
the power spectra was 0.01 to 0.64 Hz, we restricted our
analyses to frequencies <0.40 Hz to maintain comparability of
the high frequency component of our data with previous
reports (11,12). The 100-s method was intended to avoid any
assumptions about sinus node activity in consecutive arrhyth-
mias in which sinus node activity was unknown. When longer
time blocks are used, larger amounts of data are discarded
because of consecutive premature beats or artifact. In contrast,
when shorter time blocks are used, the minimal frequency for
which the power spectrum can be measured is >0.01 Hz. We

computed the 2-h power spectral density and calculated five:
frequency domain measures: 1) 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 (LF/HF). In addition, we computed three time domain -

measures: :1) standard deviation of normal RR intervals
(SDNN); 2) the percentage of differences between adjacent

‘normal RR intervals >50 ms (pNN50); and 3) the square root
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of the mean of the squared differences between adjacent
normal RR intervals (r-MSSD). Time domain variables were
calculated from the 100-s scgments used to calculatc - the
frequency domam variables. Because SDNN theoretically in-
creases as a function of recording time, the term 2-h SDNN is
used hereafter.

We selected high and low frequuncy POWCT as truquency
domain measures for further analyses because the physiologic
meaning of high frequency power has been delineated (28).
and low frequency power was predictive of prognosis in the
elderly population of the Framingham Heart Study (13). Also,
both measures are compatible with those of previous reports
and are not dependent on the 100-s block method (29). In
addition to these two measures, 2-h SDNN was selected
because it is conceptually a simpler measure of heart rate
variability.

Normal QRS complexes and arrhytl.mias were diagnosed
under constant visual monitoring. Supraventricular premature
beats were differentiated from sinus arrhythmia on the basis of
P wave configuration and cyclic changes in RR intervals. For a
tape to be eligible for this study, we required that it have
260 min of analyzable data (11,12), at least 50% time pro-
cessed and premature beats <.10% of total beats (30).

Clinical covariates. Risk factors possibly predisposing to
coronary heart disease were recorded at each examination
(25). Variables that might be associated with autonomic func-
tion were also considered, including coffee and al~ohol con-
sumption, current cigarette smoking and use of cardioactive
medications. Average reported alcohol consumption was con-
verted to ounces of alcohol/week assuming that a 12-oz bottle
or can of beer had 0.4 oz of alcohol, a glass of wine 0.40 oz
and a measure of spirits 0.57 oz (31).

Systolic and diastolic blood pressures were obtained twice
in the seated position by the examining. physician using a
mercury column sphygmomanometcr positioned near eye
level. The average of the two readings was used for each blood
pressure variable. Diabetes was defined on the basis of a
nonfasting blood glucose level =200 mg/dl (11.10 mmolfliter)
or the use of insulin or an oral hypoglycemic agent. Heart rate
was calculated as the mean value obtained on the same
ambulatory monitoring recording that was processed for heart
rate variability. The number of ventricular premature beats/
hour was analyzed as a continuous variable, but supraventric-
ular premature beats were recoded into three groups as
follows: <120/h, 120 to 240/h and >240/h.

The Framingham definitions of myocardial infarction and
congestive heart failure have been described elsewhere (32).
At each follow-up examination, intcrim cardiovascular events
were assessed with the help. of medical history, physical

.examination and the .12-lead ECG. In addition, medical
- records were obtained for participants 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 medi-
cal records, hospital records and pathology reports.
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Table 1. Pearson Correlations .Among Measures of Heart Rate Variabiliny*

In

In In In In LF HF In 2-h In In
VLFt LF HF TP Ratio SDNN PNNSY r-MSSh
Mean 737 6.4 33l 782 112 441 1.50 336
SD 0.74 0.90 083 0.7 0.5] 034 1.33 {146
In VLFt (.88 0.70 098 18 089 0,70 1168
in LF .84 0hys 1,24 8] 073 U
In HF {85 -0.32 0,78 QY] 392
In TP+ 14 LNy 0,77 075
In LF/HF ratio 007 -0.3s 141
In 2-h SDNN 0.50 069
In pNNSO 093

*Although all corvelations differ from zero with statistical significance at p <

0.0001. only those >80 are considered

high correlations in this context. tBased on a 100-sampling method. which yiclds a minimal frequency of 041 Hz, HF =
high frequency power; LF = low frequency power: pNNSO = percentage of differences hetween normal RR intenvals

>50 ms; r-MSSD = root-mean-square of suceessive differences: TP = total frequency power: VLF -

very low frequeney

power: 2:h SDNN = standard deviation of normal RR imtenvals based on 2-h recordings.

Statistical methods. Measures of heart rate variability
were natural log transformed because their distributions were
highly skewed. Associations among transformed variables were
assessed with Pearson’s correlstion coefficients. In preliminary
analyses, mean values of heart rate variability measures were
plotted against age (grouped in 10-year intervals) and heart
rate (grovped in 10-heat/min intervals) to verify that the
relations were linear with constant variance.

The principal analyses consisted of three forward stepwise
multiple linear regression procedures (33) to select variables
reiated to heart rate variability (i.c., In 2-h SDNN. In low
frequency power, In high frequency power) from among 16
candidate variables: age, gender, heart rate, starting time of
moritoring (AM or PM), total processed time (<90 vs.
>9%0 min), systolic (<160 vs. 2160 mm Hg) and diastolic (<90
vs. =90 mm Hg) blood pressure, number of ventricular pre-
mature beats/h, number of supraventricular premature beats/h
(<120 vs. 120 to 240 vs. >240), history of myocaydial infarction
or congestive heart failure (no vs. yes), presence of diabetes
mellitus (no vs. yes), use of beta-adrenergic blocking agents
(no vs. yes), use of diuretic drugs (no vs. yes), smoking (no vs.
yes), coffee consumption (0 vs. 1 to 2 vs. =3 cups/day) and
alcohol intake (0 vs. 1 to 2 vs. =3 oz/week). These variables
were chosen vecause of their potential physiologic cffects on
measures of heart ratc variability or because of a possible
technica: influence on the measurement. The Statistical Anal-
ysis System procedure REG (34) was used, and each categoric
variable was encoded by dummy indicators that were entered

diabetes mellitus and who were not receiving cardioactive
medications. We further restricted this reference sample to
subjects 20 to 79 years old with heart rates between 40 and
99 beats/min. Linear regression was used with the log-
transformed data to account for age and heart rate. Estimates
were made of the Sth, 25th and 50th percentile values by
applyving normal theory to the natural log-transformed data
before transforming back to the original units.

Results

Of the 10,333 original and offspring Framingham Heart
Study subjects, 5.698 attended the index examination. There
were 2,278 (40%) subjects in whom ambulatory recordings
were not obtaincd. Ambulatory ECGs were obtained from
June 1982 to September 1957. Subjects who attended corre-
sponding examinations, but who did not have ambulatory
ECGs, spanned a similar period (April 1983 to June 1987).

. Some basic statistics on subjects who had (vs. those who did

or removed as a group. Whereas it is common to: define .

statistical significance with a Type I error rate of alpha 0.05, we
. -had similar blood pressure (129/78 vs. 133/78 mm Hg) and
‘- mean heart rate (73 vs.. 74 beats/min). The mean age of the
S22 ehgxble subjects was 55 years (range 21 to 93), and 1.236
" (45%) were men. The mean heart ratc (= SD) was 73 * 1}

adopted a more stringent alpha 0.001 for testing multiple

variables across three outcomes; furthermore, we defined an
“important” vanable as one that conmbuted a pamal R*
statistic =0.005. :
. Normative values of heart rate vanablhty were generated
from a subset of subjects who were free of coronary heart

disease, cerebrovascular discase, congestive heart failure and '

not have) ambulatory ECG recordings are as follows: 526% (vs.
55%) women, mean age 56 (vs. 58) years, age range 21 to 93
{vs. 18 to 94) vears, mean systolic/diastolic blood pressure
129/78 (vs. 130/78) mm Hg. Thus. the two groups were
comparable; there was no evidence of selection bias. Among
3.420 subiects with tapes analyzed, 698 were excluded from
analysis, mostly due to excessive artifact (n = 500). Compared
with excluded subjects (n = 698), those who were analyzed
were younger (age 55 vs. 62 years, analvzed vs. excluded) but
had the same gender distribution (55% vs. 53% female) and

beats/min. A history of myocardial infarction was present in
107 subjects (4%) and congestive heart failure in 17 (1%):
diabetes was present in 127 subjects (5%).
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Tabk 2. Clinical Variables and Mean Values for Hean Rate

Variability Measures
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Table 2 (continued).

“ No.of Pts In2h SDNN*  InLF* In HE* No.of Pts  In 2-h SDNN* In LF* In HF*

Age (v7) ‘ VPBs'h _
<4l 442 612020 7162056 605 =081 < 257 1422034 6462089 533+092
40-49 660 453028 689+063 562079 =30 151 428 2 0.39 606 101 508 =098
50-39 504 44 =033 63*078 521081  SVPBsh
65069 561 4312037 662074 4912078 <120 2606 4422034 6452090 5312093
=70 465 4142033 554083 4772090 120-240 Y2 4282037 $632091 536084

Gender >240 2 4462029 6432075 571=074

- - < + 9
Male l‘i36 :;; . 8;: bi: N 8;’] 5;9 N gz; *Values were natural log transformed and are expressed as mean valuc =
Female . 1486 392035 63420 ST SD. CHF = congestive hcart failure; DBP = diastolic blood pressure: HR =

HR (beats/min) . n , - —_— heart rate; Mi = myocardial infarction; SBP = systolic blood pressure; SVBPs =
<60 229 466=032 6. '_7 * 087 388 + 086 supraventricular prematurc beats: VPBs = ventricular premature beats: other
ol-69 791 453+031 655086 556090 ahbreviations as in Table 1.

70-19 97 442+028 6351078 532082
80-89 512 4251031 6u2= 08T 497208
=% 93 d0Zxdin 555 r 107 4522092

History of MI or CKF ' . i -
Yes 13 L172 038 S:3+ 104 469 = U0 Corre_lntlons between measures of heart rate vnnfnbl!l.ty.
No 2600 4425034 647=088 53a=09  Correlations between measures of h_eart rate vanabnh{y

SBP (mm Hg) {natural-log transformed) are presented in Tal_)le 1. These split
=100 194 421=027 572089 491+0%  into two major groups: ihe first group comprised natural log-
<16l 258 4432034 6492088 5342091 transformed (In) total power. In very low frequency power, In

‘DBP (mm Hg) low frequency power and In 2-h SDNN; the second comprised
=9) 32 4332033 625+083 506080 :

4 In high frequency power, in pNN50 and In r-MSSD. Average
<9 2379 4422034 6462091 535+094 or s )

Diabetes mellitus _ within-group correlations were 0.90 for the first group and 0.92
Yes lzi 41S+03%  550+097 471 =091  forthe second, and the average betwee.n-group correlation was
No 2,595 442034 648+088 534+092  0.74. Whereas many pairwise correlations exceeded 0.80, and

Medications all correlations not involving In LF/HF exceeded 0.67, the
Beta-blockers variable In LF/HF correlated poorly with other variables.

z"“ . izz :iz * 3;: 2-2; : 8-;7) ;;; : 332 Determinants of heart rate variability. Mean values for
C:;ic?um atagonists Ae=t RO =R low frequency power, high frequency power and 2-h SDNN
Yes 3 427+036 599095 503+0s  according to categories of predictor variables are sl_mwn in
No 2,601 4414034 644+090 S32+093 Table 2 .Tal.(en md.mdually, age, _gender, hea.rt rate, history of
Digitalis myocardial infarction or congestive heart failure, blood pres-
Yes 8 4192030 558106 492+091  sures, diabetes, medication use (beta-blocker, digoxin, diuretic
No 2691 441203  645:090 5322093 drugs), coffee and alcohol intake, morning recording time and
D';‘{'“"‘ drugs 6l 423.03 S50 ss0+qy  umber of ventricular premature beatshour were associated
e 23 0.3 J6£095 4900 : s ,
No 2201 4454093 656084 539090 with sxgmﬁcan.t (;? < 0.001) differences in vaiues of two or more

Smoking heart rate variability measures.

Yes 680 439+033 642+ 086 529+092 Stepwise regr.essxzon analysis iQentiﬁe(.i several clinical .valri‘
No 2,040 442+035 644092 532+095  ables that were significantly associated with heart rate variabil-

Cifice (cups/day) ity in the presence of other clinical variables (Table 3). Age

None 739 439x036 637:092 533094  and heart rate were the two most important determinants for
5 o .

1)'3 1'23-: Z'ﬁ N ggg 2'2Z N g':? :gﬁ * g-zi all three heart rate variability measures (partial R* values 0.125

N , : ke SEo TR e to 0.389), and beta-blocker medication also affected all three

Alcohol (0z/wk) v h (abili ial 2 I
None %00 4342036 624+095 514 =003 cart rate variability measures (partial R values 0.005 to
122 722 4454033 652+089 543095 0.920). Eacl_x of the heart Tate variability measures decreased
23 _ . 1,090 434+033 654086 537+089. - with advancing age, increasing heart rate and beta-blocker use.

Start time Accounting for heart rate and age actually increased the

A 2094 4492031 668077 548+088 . strength of the association of beta-blocker use with heart rate

M 628  416+033 563=083 4762086 - yariability hecause beta-blocker users were older but had a

Processed time (min) - - o v lower tieart rate than nonusers,
<60 W00 4332040 643 LOL 542 :1.09 Pr :
60-90 85 4382035 643+094 5375095 edicted values of 2-h SDNN and low and hlgh frequency
90 1,665 444+033 644+087 527+089 . power for the entire sample are plotted as a functinn of heart

_ ‘ : rate and age in Figures 1 to 3. Basically, heait rate variability

(continued)

" declined with advancing age and with increasing heart rate; the
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Table 3. Regression Coefficients and Partial R Values of Clinica! Variables Related to Heart Rate
Variability Measures*+ ,

In 2-h SDNN In LF In HF
Variable Coeff Parual R~ Cocff Partial R’ Cocft Partial R°

Age (1 yr) -1 n2s ~10.36 0.389 -0.33 0222
HR (10 beatsimin) 017 0.226 11,33 {1128 ~{.38 0,182
Beta-blocker use -7 0.019 ~0.35 (020 ~-0.234 0,008
Processed time 90 riin (008 0013 NS NS - i
Diuretic use - § -0.26 0.000 - i
History of Ml or CHF - § -0.41 0.008 ~ §
Smoking - § 0.18 0.007 - §
SVPBs 120-240h + + 0.67

SVPBs >240'h + §l + § 087 0022
Female gender + t - b4 020 (L1181
Listed model (nv. of terms. RY) 4 0478 b 0.558 H 0413
Final model (no. of terms, R7) 4 0.501 13 0572 16 04

*Only those clinical variables contributing partial R >0.005 t0 une or more heart rate variability measures are included
here: whenever the partial K exceeded 0.005, the corresponding p value was <0.0001. tOther clinical variables associated with
heant rate variability measures to a lesser extent were as follows (a minus sign indicates inverse association, whereas direct
association is the default): for In 2-h SDNN, there were VPBsh (p < 0.001). morning start time (p ~ 0.001) and ~diastolic
blood prsssure =90 mm Hg (p < 0.05); for In LF power. there were VPBsh (p < 0.001). ~diabetes (p < 0.01), --diastolic
blood pressure 290 mm Hg (p < 0.05) and morning start time (p << 0.05); and for In HF power. there were VPBsh (p < 0.001).
~diastolic blood pressure 290 mm Hg (p < 0.001), systolic blood pressure =160 mm Hg (p < 0.05) and -coffee crmsumption
(p < 0.05). Only aloohol consumption was not assaciated. al p < (.08, with any of the threc heart rate variability measures.
$Variable was marginally significant with 0.001 = p < 0.05, but partiat R* was <0.005. §Variable was significant with p < 0.001,
but partial R? was <0.005. [Partial R for SVPBs demonstrated contributions from all three categories: -<120%h, 120 to 240,
>240/h. NS = variable was not significant (p = 0.05) in the stepwise model. — or + = sign of regression coefficicnt (coefl) in
the final model: other abbreviations as in Tables | and 2.

effect of a 10-year age difference equaled the effect of a 7- to
11-beat/min heart rate difference.

Normative values of heart rate variability measures, A
subset of 1,918 subjects (mean [+ SD) age 50 * 13 years, range
20 to 79 years; 865 [45%] men; heart rate 40 to 99 beats/min)
were studied to assess heart rate variability in a healthy
reference sample. These subjects were without clinically ap-
parent heart disease and were not receiving cardioactive

Figure 1. Fitted regression lines of 2-h SDNN as a function of age and
heart rate for entire study sample. Data are shown for five specific ages
(35, 45, 55, 65 and 75 years) at mean heart rates between 50 and 100
beats/min.

| 2-Hour SDNN (ms)

Heart Rate (beata/min)

LF Power (ms sq.)

medications. Percentile values for all heail rate vanability
mcasures were ¢stimated by combining regression techniques
and normal statistics theory: these are shown in Table 4 for
three age groups and three heart rate categories. Note that as
age or heart rate increases, heart rate variability decreases—
the bottom 5th percentile limit is smaller at age 70 than at age
30. Agreement between these estimated percentiles and em-
piric data was excellent.

Figure 2. Fitted regression lines of low frequency (LF) power as a
function of age and heart rate for entire study sample. Data are shown
for five specific ages (35, 45, 35, 65 and 75 years) at mean heart rates
between 50 and 100 beats/min.

. Hoart Rate (beats/min)
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D:scussnon

To our knowledge, this is the first report to quanitate the
contributions of several detcrminants of heart rate variability
i a large, commumly -hased sample. Mean’ ‘heart ratc and age
were the major dclermmants together accounting for 37% 'to
51¢% of the variance of 2-h SDNN and low and high frequency
power. These results confirm and supplement previous reports
(7.22,35,36) that associated age and heart rate with heart rate
variability.

Major determinants of heart rate variability. Heart rate
was inversely associated with all eight measures of heart rate
variability; this was true for all age strata and in both men and
women. Heart rate accounted for 12.5% to 22.6% of the
variance in 2-h SONN and low and high frequency power. The
role of heart rate should be considered when assessing inter-
ventions that affect heart rate. such as beta-blocker use (37) or
exercise (38).

Consistent with previous reports {7,22.39), age was another
major determinant of heart rate variability. accounting for
21.8% to 38.9% of the variance in 2-h SDNN and low and high
frequency power. The impact of a 10-year increment in age was
roughly that of a 10-beat/min increment in heart rate.

Other determinants of heart rate variability. After adjust-
ment for heart rate and other covariates, beta-blocker use was
significantly associated with reduced heart rate variability: it
accounted for 1% to 2% of the observed variance. The impact
of beta-blocker use was similar to that observed for a 10-beat/
min increase in heart rate, Our data suggest, however, that if
beta-blockers reduce heart rate by >10 beats/min, their use
will result in a net increase in heart rate variability.

The effect of duration of recording on frequency domain
measures has been reported by Bigger et al. (40). In their
results, the heart rate variability values of 8-h daytime record-
ing, computed from various short segments, were not mean-
ingfully different from mean values obtained from a full 24-h
period. In our 2-h analyses, duration of recording time had an
association with high frequency power, but its contribution was
very small, and no association wa< found with low frequency
power. These data suggest that duration of recording contrib-
utes minimally to fiequency domain measures of heart rate
variability. In contrast, our data document that SDNN is
affected by processed time: the longer the recording, the
greater the fluctuations in heart rate and the larger the valuc of
SDNN. The duration of available data should be considered in
the interpretation of SDNN.

Diuretic use and smoking were associated with lower heart

rate variability. Cigarette smoking has been reported (41) to,
reouce high frequency power. These associations might be due

to biologic effects of diuretic drugs and cigarette smoking, It is

als» possible that left ventricular hypertrophy (42) or subclm-v

ical coronary artery disease confound these associations,
The presence of supraventricular and ventricular premature
beats affected heart rate variability measures. To minimize the
effect of premature complexes, we excluded subjects with
premature beats >10% of total beats (30). Nevertheless,

: JACC Vol. 28 No. 6
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HF Power (ms 3q)

50 60 70 8 80 100
Heart Rate (beats/mir.;
Figure 3. Fitted regression lines of high frequency (HF) power as a
function of age and heart rate for entire study sar:ple. Data are shown

for five specific ages (35, 45, 55, 65 and 79 years) at mean heart rates
between 50 and 100 beats/min.

irequent supraventricular premature bezt: substantially af-
fected heart rate variability mcasures. T % impact of single
supraventricular premature beats was mir:imized by use of an
interpolated correction methnd. Consecviive premature beats
did not affect heart rate variability; wkzn such arrhythmias
occurred, the corresponding 100-s blocks were terminated and
discarded. It is possible that the nonuniiormity of compensa-
tory pauses after ventricular premature beats resulted in
imprecise intcrpolation of sinus node activity.

Heart raie variability has been reportea ¢5) to be reduced in
patients with diabetic neuropathy, but not in the presence of
uncomplicated diabetes. In our study, diabetes was associated
with reduced low frequency power, but not with high frequency
power or SDNN The lack of association of diabetes with high
frequency power or SDNN may have been due to the small
number of subjects with diabetes (n = 127), few of whom had
diabetic neuropathy.

Minor differences in one or more heart rate variability
measures were observed for gender, time of day of recording
and presence of frequent ventricular prematuse beas.

Comparison with previous studies. A recent study by Big-
ger et al. (23) reported reference values for a variety of heart
rate variability measures in 202 men and 72 women (40 to 69
years old, mean age 57; mean heart rate 73 beats/min). Mean
values in that report were similar to those observed in our
sample with a mean age of 55 years and a mean heart rate of

73 beats/min, except for total power and SDNN. The discrep-
ancy in total power is explained by a different sampling

method, whereas differences in SDNN are explained by the
shorter duration of recordings in our.sample. Smaller differ-

- ences observed in high frequency power, LF/HF ratio and .

PpNNS0 may be due to differences in sample size and age range.
Limitations of the study. This study was based on
intermediate-duration recordings, which yield different values

for SDNN than shorter or longer recordings. The recordings



JACC Vol. 28, No. 6

TSUN ET AL

November 15, 1996:1539- 46 DETERMISANTS OF HEART RATE VARIABILITY 15,45
Table 4. Percentile Values of Heart Rate Variability Measures Predicted for Specified Ages and Heart Rates in “Healthy™ Subjects*
) ' Percentife
HR Age 30yr Age SQyr Age 7041
HRV Measure {beats min) Sih 25th SOtk Sth 2Sth Soth Sth 25th Steh
VLFt S0 448 6.268 8210 MUTH 3561 §.060 1.614 23X ine
70 1,848 YA s 1139 1,680 am 0 1138 1387
) U] L 186 15584 490 731 EAL s »e - 590
LF S0 148 2480 3537 N 1.19% 1708 Ue S76 82
0 794 133 1887 3 638 910 ias R 439
o0 24 706 1007 M 0 LN 9% 16 4
HF b} n 2 1143 14 156 563 91 178 8
70 181 351 556 89 73 pyE) H NS 135
90 &R m 270 43 bt} (KK} N 4 - 6h
TPt 50 6.601 9,932 13.169 RW/iX] S.hi T3 I kW74 4282
70 304 4,611 o114 1,747 2620 3414 w3 LAX9 1974
Ry 1427 114 28 hib} 1.217 Lo1d 6] oyt 9n7
LFHF 50 142 228 R} 1.3 L KX K] 1.36 215 29
0 1.56 247 140 1.53 242 i 1.50 22 328
% 1.71 2 mn 1.68 263 Jos 1.64 259 357
2-h SDNN 50 13 140 164 91 14 133 M 93 108
70 80 99 116 68 81 94 S3 hh 77
90 56 70 82 4 7 n? 27 16 4
pNN50 50 13 2 6l 5 14 2 2 b 3
70 3 8 16 1 4 7 1 2 3
Gl 1 2 4 <l 1 2 <} <1 1
r-MSSD S0 40 56 0 31 43 54 A 3 2
70 L u 43 i9 2o 3 " 20 25
90 is 2 26 11 16 20 v 12 16

*Values were generated from a subset of subjects who were free of clinicatly apparent coronary heart discasc, cerchrovascular discase, congestive heart faiture and
diabetes, and who were not receiving cardioactive medications Linear regression, adjusting for age and heart rate, was used with natural log-transformed data for heart
rate variability (HRV) measures. Estimates of 5th, 25th and 5th percentile values were made by applying normal theory to the residuals of the natural log-transformed
data before transforming back to the original units. tBased on a 100-s sampling method. Other abbreviations as :a Table 1.

were obtained while subjects underwent an extensive clinic
evaluation and are not representative of basal rest conditions.
Frequency domain measures were obtained using a 100-s
sampling method, which results in a lowest frequency response
of 0.01 Hz. Last, the formulas for predicting normative refer-
ence values were ohtained in subjects 20 to 79 vears old with a
heart rate of 40 to 99 beats/min and should not be extrapolated
to values of age or heart rate outside these ranges.

Conclusions. There are many clinical variables associated
with reduced or increased heart rate variability. The impact of
age and heart rate must be taken into account when evaluating
heart rate variability.

References

spectral analysis. Am J Cardiol 1988;61:1292-9.
2 Airaksinen KE, Ikaheimo MJ, Linnaluoto MK, Niemela M. Takkunen JT

“Impaired vagal heart rate oomml in coronary artery discasc. Br Heart I

1987.58:592-7.

3. Hayano J, Sakakibara Y, Yamada M, et ll Decreased magmtudc of hc:m-'
rate spectral components in coronary artery discase: its relation to ang;o- .

graphic severity. Circulation 1990;81:1217-24.
4. Ewing DJ, Borsey DQ, Bellavere F, Clarke BF. Cardiac aulonpmnc neurop-

. Saul JP, Arai Y, Berger RD, Lilly LS, Colucci WS, Cohen RJ, Assessmentof
autoriomic regulation in chronic congestive ‘heart_ failure by hcan rate

14

athy in diabetes: comparison of measures of R-R interval variation. Diabe-
tologia 1981;21:18-24.

. Bemandi L, Ricordi L, Lazzari P, ¢t al. Impaired circadian modulation of
sympathovagal activity in diabetes: a possible explanation for altered tem-
poral onset of cardiovascular discase. Circulation 1992,86:1443-52.

. Weise F, Heydenreich. A non-invasive approach to cardiac autonomic

neuropathy in patients with diabetes mellitus. Clin Physiol 1990;10:137-45.

. Shannon DC, Carley DW, Benson H. Aging of moduldtion of heart rate.

Am J Physiol 1987;253(Heart Circ Physiol 22):HR74-7

. Pomcranz B, Macaulay RJB. Caudill MA. et al. Assessment of aitonomic
function in humans by heart rate speciral analysis. Am J Physiol 1985:
248(Heart Circ Physiol 17):H151-3.

. Malpas SC, Purdic GL. Circadian variation of heart rate variability. Cardio-

vasc Res 1990;24:210-3.

. Kleiger KE, Miiler JP, Bigger JT Jr, Moss: Al, for the Multicenter Post-
In{ucction Research Group. Decreased heart rate variability and its associ-
ation with increased mortality after acute myocardial infarction. Am [
CarZiol 1987,59:256-62.

. Bigger JT Ir, Reiss JL, Steinman RC, Rolnitzky LM. Kleiger RE, Rottman

JN. Frequency domain measures of hear. period variability and mortality
after myocardial infarction. Circulation 1992,85:164-71.

. Bigger JT Jr, Fleiss JL, Rolnitzky LM, Steinman RC. Frequency domain:

‘measures of heart period variability to assess risk late after myocardial
infarction. J An: Coll Cardiol 1993.71:729-36.

. Tsuji H, Venditti F] Jr, Manders ES, et al. Reduced heart rate variahility and

mortality risk in an ¢!derly cohort: the Framingham Heart Study. Circulation
1994;90:878 - R3. .

Hrushesky WIM, Fader DJ, Berestka JS, Sommer M. Hayes J. Cope FO.
Diminishment of respiratory sinus arrhythmia foreshadows doxorubicin-
induced cardiomyopathy. Circulation 1991;84:697-707.



1546

TS\'JI FT AL.
DPTERMINA\TS OF HE‘APT RATE VARlABlLlTY
15, (‘numhm Pi. Fei L. Bd\hlr Y. Farrel TG Haw.md GA Mckenna Wi

Asséssment of heart rate v.amhlhl) i hypertrophic cardiomyopathy: aso-

" ciation with clinical nnd PrOgNostic features. Circulation 1993; 88(?! 13:1682-90.
14 Ajiki K. Murakima Y, Yanagisaw- Miwa A, ¢l dl Autonomic Rervius
“astem activity - in idiopathic dilated Lardmmvupalh\ and ln h\p;rlmphu

Iy trdmmmp.llh Am J Cardiot 1993:71:1316-20,

. Pédretii REE, Colombo E, Braga 8S, Caru B. Efiect of thrombolysis on heart

rate vanigbility and life-threatening ventricular arrhythmias in survivors of
acute myocardial infarction. J Am Coll Cardiol 1964,23:19-26.

Fei 1 Keeiing P, Gill JS. ¢t al. Heant rate variability and its refution to
ventricular arrhythmias in congestive heart failure. Br Heart 7199471
22N

. Shakhespeare CYL Ratritsis D, Crowther A, Ceoper 1C, Coltart 1D, Webh-

Peploc MM. Inflerences in autonomic nerve function in patients with silent
and symptomatic myvocardial ischaemis. Br Heart J 1994;71:22-9.

. Yoshio H, Shimizu M, Sugihara N, ¢t al. Assessment of autoromic nervous

activity by heart rate spectral analysis in patients with variant angina. Am
Heart J 1993:125:324 -9,

. Estafanous FG. Brum JM. Ribeiro MP, Estafunous M, Starr N. Ferrario C.

Analysis of heart rate variahility to assess hemodynamic alterations following
induction of anesthesia. J Cardiothorae Vase Ancsth 19920065127,

. Bruggemann T, Andresen D, Voller H. Schroder R. Heart rate variability

from Holter monitoring i 2 normal population. Comput Cardiol 1991:17:
A7-a0.

Bigger IT Jr. Flews J1., Steinman RC. Rolnitzky LM, Schncider W, Stein
PK. RR vartahility in heaithy, middic-aged persons compared with patients
with chronic coronary heart discase or recent acute myocardial infarction
Circulation 1995.91:1936- .43,

. Liao D, Barnes RW, Chamoless LE, ¢t al. Age, race, and sex differences in

autonomic cardiac function measured by spectral analysis of heart rate
variahility—the ARIC Study. Am J Cardiol 1995.76:906-12.

3. Dawber TR, Meadors GF, Moore FE. Epidemiologic approaches to heart

discase: the Framingham Study. Am I Public Health 1951:41:279 -86.

. Kannel WB. Feinieib M, McNamara PM, Garrison RJ, Castellt WP. An

insestigation of coronary heari discase in families: the Framingham Of-
spring Study. Am J Epidemiol 1979:110:281-90.

. Feldman CL., Hubelbank M, Shaok TL, ¢t al. Circadian variations in heart

tale spectrum. Comput Cardiol 1991;17:253-1.

- Akseirad S, Godon D, Ubel FA, Shannon DC, Barger AC, Cohen R

Power spectrum anaiysis of heart rate fluctuation: @ quantitative: probe of
beat-to-beat cardiovascular control. Science 1981;213:220-2,

’é.

.

1

EX}

M

RhE

3.

3.

=

H.

1.

JACC Vol. 28, Na. 6
November 1§, I%:ISJO‘—M

. Rottman JN. Sterman RC, Albrecht P. Bigger JT Ir. Rolnitzky LM, Fleiss JL.
Efticicnt esiimation of the heart period power spectrum suitable for phvsl :
ologic or phamacvlogic studies. Am J Cardiol 199%0:66:1522-4, :
Vybiral T. Brvy RJ. Maddens MA. Impact of arthythauas on heant rate.
\ambllu\~\uaugnu 0 dul with lmpu'fgc( chinical data. Comput Cardiol’
1990 16.251-4.

. Hivrtland MC, Femleih M, Epidemiologic relationships of alcokol intake

and coronary heart disease: results from NHLBI programs. In: Avogare P,
Strtori CR. Tremoli E. editors. Metabolic Effects. of Alcohol. ElsevierNorth-
Hulland Biomedical Press. 1979:393-403.

. Shurtleff D. Some charactenistics related 1o the iucidence of cardiovascular

discase and death: Framingham Heart Study [8-year follow-up. In: Kannel
WB. Gordon T. editons. The Framingham Slud\ Scction 6. Washingion.
D.C.: U.S. Government Printing Office: 1974:17-25. DHEW publication No.
[NTH]74-599.

Klcinhaum DG, Kupper LL. Muller KE. Applicd Regression Analysis and
Other Multivariable Mcthods. Boston: PWS-Kent. 1988,

SASSTAT User's Guide. Version b, 4th ed. Vol. 2. Carv. NC: SAS Institute
Inc., 19R9:1351- 456,

Kupari M, Virolainen J. Koskinen P, Tikkanen MJ. Short-term heant rate
variahility and factors modifying the sk of coronary arten diseass in a
population sample. Am J Cardiol 1993:72:897-903.

. Van Hoogenhuyze D, Weinstein N, Martin GJ. et al. Reproducibility and

relation to mean heart rate of heart rate varability in normal subjects and in
paticnts with congestive heart heart failure secondary to coronary artery
discase. Am J Cardiol 1991;68: 1668-76.

. Cook JR, Bigger JT Jr, Kleiger RE. Fleiss Ji., Steinman RC, Rolnitzky LM.

Effect of atenolol and diltiazem on heart period variability in normal
persons, J Am Coll Cardiol 1991:17:480-5

Arai Y, Saul JP. Albrecht P, ¢t al. Modulation of cardiac autonomic activity
during and immediatciy afier excrcise. Am ¥ Phiwsiol 1989;256{Heant Circ
Physiol 25):H132-41.

Schwartz JB. Gibb WI, Tran T. Aging cffects on heart rate variation.
J Gerontol 1991:46:MY9-M106.

Bigger JT Jr. Fleiss JL. Rotnitzky LM, Steinman RC. The ability of several
short-term measures of RR variability to predict mortality after myocardial
infarction, Circulation 1993:58:927-34,

Hayano J. Yamada M, Sakakibara Y, ¢t al. Short- and long-term effects of
cigarette smoking on heart rate variability. Am J Cardiol 199(165:84-8.

. Mandawat MK. Wallbridge DR, Pringle SD, et al. Heart rate variabity in

left ventricular hyperiiopiv. Br Heart 3 1995,73:139-44.





