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Aims (i) To report associations between cardiovascular risk factors and heart rate variability (HRV) in a
general population and (ii) to provide normal values for various HRV measurements in a healthy
European general population sample aged �50.
Methods and results Twenty-four-hour electrocardiograms were recorded in 1742 randomly selected
SAPALDIA (Swiss cohort study on Air Pollution and Lung Diseases in Adults) participants aged �50. In
multivariate regression analyses, women (n ¼ 895) had a 6.1% lower standard deviation of all normal
RR (NN) intervals (SDNN), a 11.4% lower total power (TP), and a 27.2% lower low-frequency (LF)
power than men (n ¼ 847). Per unit increase in BMI, SDNN decreased by 0.7% and TP decreased by
1.2%. Persons with high blood pressure had a 9.2% lower LF than normotensive persons and current
smokers a 15.5% lower LF than never smokers. Each hour of heavy physical exercise was associated
with a 2.0% increase in SDNN, a 3.6% increase in the high frequency (HF) range power and a 4.2% increase
in LF power. Higher levels of uric acid, high-sensitive C-reactive protein and non-HDL-cholesterol were
associated with lower TP, HF and LF. Percentiles of TP and LF/HF as a function of age were calculated
for an asymptomatic subsample of participants (n ¼ 499) free of cardioactive medications.
Conclusion Heart rate variability in a general population sample shows expected associations with all
known cardiovascular risk factors, although not identically for all HRV domains. Together with our percen-
tile estimates for HRV as a function of age, these findings could assist scientists in interpreting 24 h HRV
values and factors influencing them in an ageing population.
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Introduction

Heart rate variability (HRV), a measure of cardiac autonomic
control (see Table 1 for physiological correlations of diffe-
rent HRV components), has been established as a strong pre-
dictor of death and non-fatal cardiovascular events both in
survivors of a myocardial infarction1–3 and in an asympto-
matic population. The Framingham Study has found that

reduced HRV in short-term recordings (2 h) predicted new
cardiac events, hypertension and hyperglycaemia, in a
middle-aged general population,4–6 and the Whitehall
Study showed associations between social position, beha-
vioural factors, components of the metabolic syndrome,
and HRV.7 However, little is known about 24 h HRV in a
normal population.8 The Task Force of the European
Society of Cardiology and the North American Society for
Pacing and Electrophysiology have identified the need for
large prospective population studies to establish normal
HRV standards for various age and sex categories.9
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The SAPALDIA (Swiss Cohort Study on Air Pollution and
Lung Diseases in Adults) cohort was designed to measure
the health effects from long-term exposure to air pollutants
in the Swiss adult population.10,11 In 1991, a random sample
of the Swiss population was recruited from eight areas fea-
turing distinct geographical and environmental conditions.
In a follow-up examination in 2002, 24 h measurements of
HRV were included in those aged �50.
In this paper we (i) report the cross-sectional associations

of cardiovascular risk factors and cardiovascular disease
with HRV in the full sample and (ii) provide normative
values for total power and the low to high frequency ratio
in a healthy subsample of a large European population
aged �50. Normal curves for other HRV parameters are
available from the authors on request.

Methods

Participants

The design and objectives of the SAPALDIA cohort study have been
reported in detail elsewhere.12 In brief, 9651 participants received
intensive health examinations and a detailed health interview in
1991 and have been followed since then. In 2002, we were able to
re-examine 8047 of the original participants. A random selection
of the 4417 participants aged �50 were invited to participate in
the HRV assessment and a total of 1846 subjects (955 women, 891
men) participated.
Exclusion criteria were general or spinal anaesthesia in 8 days

prior to the ambulatory ECG recording (n ¼ 5), having had a myocar-
dial infarction in 3 months prior to the exam (n ¼ 2), and taking digi-
talis (n ¼ 6); nobody had an artificial pacemaker. After exclusion of
recordings showing atrial fibrillation (n ¼ 12), recordings of ,18 h
(recommendations of the Task Force of the European Society of
Cardiology and the North American Society of Pacing and
Electrophysiology9) (n ¼ 73), and 6 recordings of insufficient
quality, 1742 subjects were included in this analysis assessing the
cross-sectional associations of cardiovascular risk factors or cardio-
vascular diseases with different parameters of HRV.

HRV measurements and analyses

For the Holter recording, digital devices (Aria, Del Mar Medical
Systems, Irvine, CA, USA) with a frequency response of 0.05–40 Hz
and a resolution of 128 samples/s were used. Three leads (V1,
altered V3 with the electrode on the left midclavicular line on the
lowest rib, and altered V5 with the electrode on the left anterior
axillary line on the lowest rib) were recorded over 24 h. The mean
duration of the Holter recordings was 22.3 (SD 2.1) h.

All recordings were scanned through a StrataScan 563 (Del Mar)
and interpreted using the interactive method, with a final visual
check on the full disclosure. The length of each RR interval was
manually validated during this step. Resampling was made at
4 Hz. Spectral analysis was performed by the fast Fourier transform
method using sliding 256 polynomial time approximation scheme
(PTAs) windows for day and night periods. For 24 h periods, calcu-
lations of RR intervals were made without a sliding window, to
allow measurement of ultra-low frequency (ULF) and very low fre-
quency (VLF). Only normal-to-normal intervals were used, with
intervals excluded due to ectopy or artefacts being replaced by
holding the previous coupling interval level throughout the time
interval to the next valid coupling interval. The standard deviation
of all normal RR (NN) intervals (SDNN) and the following frequency
domain variables have been calculated: Total power (TP) (�0.40 Hz),
ULF power (�0.0033 Hz), VLF power (0.0033–0.04 Hz), LF power
(0.04–0.15 Hz), high frequency (HF) power (0.15–0.40 Hz), and the
ratio between LF and HF (LF/HF).

In order to avoid a biased result due to methacholine challenge,
which was part of the SAPALDIA lung function testing and which,
for practical reasons, was performed before the Holter recording,
we excluded the first 2 h of all recordings.

The Holter recordings were made between August 2001 and March
2003. The recorders were placed on participants after a detailed
health interview to those giving consent. Participants were asked
to follow their regular daily routine and to complete a time-activity
diary during the recording period.

Interview

During the interview, information about smoking habits (Questions:
‘Have you ever smoked for as long as a year?’ ‘Do you now smoke, as
of 1 month ago?’ ‘Have you stopped or cut down smoking?’), recent
myocardial infarction (‘Did you have a myocardial infarction in the
past 3 months?’), comorbidities (‘Do you have any of the following
conditions: . . ., hypertension,. . ., diabetes,. . . ?’), drinking habits
(‘How often do you normally drink alcoholic beverages like beer,
wine, liqueurs, aperitifs, and strong drinks?’ ‘How often do you nor-
mally drink a glass of red wine?’), and amount of physical exercise
(‘We are talking about physical exercise where you get out of
breath at least a little bit, like fast walking, hiking, dancing,
gardening, or a variety of sports. On how many days of the week
do you do such exercises? On average, how many minutes per day
do you do such exercises?’ ‘How many hours a week do you
usually exercise such that you get out of breath or sweat?’) had
been obtained. Participants were asked to bring all their drugs to
the study centre in order to complete a medication list.

Other measurements

Serum creatinine, uric acid, total cholesterol, high density lipo-
protein (HDL) cholesterol, triglycerides, and high sensitivity (hs)

Table 1 HRV components and their physiological correlations

HRV
component

Spectrum Physiological correlation

SDNN — Circadian rhythms
TP �0.40 Hz —
HF 0.15–0.40 Hz Vagal activity
LF 0.04–0.15 Hz Sympathetic and vagal activity, baroreflex sensitivity
LF/HF ratio — Proposed as balance between sympathetic and parasympathetic activities
VLF 0.0033–0.04 Hz Sympathetic activityþ parasympathetic activityþ thermoregulationþ

renin–angiotensin system
ULF ,0.0033 Hz Circadian and neuroendocrine rhythms

From the Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology9 and
Sztajzel.49
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C-reactive protein (CRP) were measured in the blood as known
cardiovascular risk factors. High density lipoprotein values could
only be obtained if the participants had a triglyceride level of
�9.4 mmol/L. Normal values for uric acid were 210–420 mmol/L for
men and 150–350 mmol/L for women, for hs-CRP protein RP (should
say: hs-CRP) ,5.0 mg/L, for total cholesterol ,5.0 mmol/L, and for
HDL.1.0 mmol/L in both men and women8. Low density lipoprotein
levels were calculated using the formula of Friedewald for subjects
who had fasted for at least 6 h and had triglyceride levels of
�4.7 mmol/L. As a further atherogenic marker, the difference
between total cholesterol and HDL (non-HDL-cholesterol) was calcu-
lated, as well as the quotient between total cholesterol and HDL.

Blood pressure was measured twice with participants at rest and
sitting by an automatic device (705CP, OMRON, Tokyo, Japan) posi-
tioned on the left upper arm according to WHO recommendations.13

Blood pressure values used in the regression models were the arith-
metic mean of the two measurements.

High blood pressure was defined as either having a systolic blood
pressure �140 mmHg and/or a diastolic blood pressure �90 mmHg

and/or having answered yes to the question ‘Do you have
hypertension?’
Body height and weight were measured with the participant not

wearing any shoes or coat. End-expiratory carbon monoxide (CO) was
measured using an EC50 Micro-Smokerlyzer (BEDFONT, Rochester, UK).
This protocol was approved by the Ethics Committee of the Swiss

Academy of Medical Sciences and the responsible Cantonal Ethics
Committees.

Statistical analysis

Statistical analysis was performed using the software packages
STATA 8.0 (Stata corporation, College Station, TX, USA) and SAS
Vers. 8.2 (The SAS System, Cary, NC, USA).
To assess sex differences, in Tables 2–4, x2 tests (for proportions)

and t-tests (for means) were used. For comparison of the mean
values across different age groups, one-way ANOVA was performed.
Because the distribution of the HRV values was skewed, values

were log-transformed before analysis.

Table 2 Baseline characteristics of the total study population

Men Women All

Sex 847 (48.6%) 895 (52.4%) 1742
Age (years) 60.3 (SD 6.1) 60.4 (SD 6.4) 60.4 (SD 6.3)
Lifestyle factors
Never smokers 277��� (32.7%) 522 (58.5%) 799 (45.9%)
Former smokers 376��� (44.4%) 227 (25.4%) 603 (34.7%)
Current smokers 193�� (22.8%) 144 (16.1%) 337 (19.4%)
CO (ppm) 5.6�� (SD 9.6) 4.3 (SD 7.6) 4.9 (SD 8.7)
Alcohola,b

,1 glass/day 499��� (59.3%) 728 (81.7%) 1227 (70.8%)
�1 glass/day 343��� (40.7%) 163 (18.3%) 506 (29.2%)

Red winea

,1 glass/week 318��� (37.8%) 589 (66.1%) 907 (52.3%)
�1 glass/week 524��� (62.2%) 302 (33.9%) 826 (47.7%)

Light physical activitya

�22 days/week 443 (52.7%) 438 (49.2%) 881 (50.9%)
.2 days/week 397 (47.3%) 452 (50.8%) 849 (49.1%)

Heavy physical acitivitya

�1 h/week 575��� (68.8%) 713 (80.5%) 1288 (74.8%)
.1 h/week 261��� (31.2%) 173 (19.5%) 434 (25.2%)

Cardiovascular health
SBP (mmHg) 137.2��� (SD 19.1) 127.2 (SD 18.6) 132.1 (SD 19.5)
DBP (mmHg) 84.3��� (SD 10.5) 79.0 (SD 10.2) 81.6 (SD 10.7)
Self-reported diabetes 44 (5.2%) 30 (3.4%) 74 (4.3%)
BMIc (kg/m2) 27.1��� (SD 3.5) 26.3 (SD 4.9) 26.7 (SD 4.3)

Medication
ACE-inhibitor 53 (6.3%) 57 (6.4%) 110 (6.3%)
Antiarrhythmic drugs class I and III 5 (0.6%) 2 (0.2%) 7 (0.4%)
Beta-blockers 99 (11.7%) 93 (10.4%) 192 (11.0%)
Calcium channel blockers 43 (5.1%) 38 (4.2%) 81 4.6%
Diuretics 20�� (2.4%) 42 (4.7%) 62 3.6%
Sympathomimetics 31 (3.7%) 26 (2.9%) 57 3.3%

Laboratory parameters
Uric acid (mmol/L) 367.5��� (SD 78.8) 284.6 (SD 70.1) 325.1 (SD 85.2)
hs-C-reactive protein (mg/L) 2.6 (SD 6.3) 2.5 (SD 3.7) 2.6 (SD 5.2)
Non-HDL-cholesterold (mmol/L) 4.8� (SD 1.1) 4.7 (SD 1.1) 4.8 (SD 1.1)

SBP, systolic blood pressure; DBP, diastolic blood pressure.
aMore categories have been used in the regression analysis.
bAlcoholic beverages including red wine.
cBMI ¼ body weight/body height2.
dTotal cholesterol2 HDL-cholesterol.
�P , 0.05 (differences between sexes).
��P , 0.01 (differences between sexes).
���P, 0.001 (differences between sexes).
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To assess associations of different risk factors with HRV
measurements, a structured multivariable linear regression was per-
formed. Because of the known association of HRV with age and sex,
these variables were a priori included in the model.14 Variables
were then examined by categories (cardiovascular health, alcohol
intake, smoking, medication, exercise, laboratory results). Within
each category, multiple variables were considered simultaneously,
and backwards elimination was used to choose the best predictors
of HRV from candidate variables. After the most important
representatives of each category of covariates were combined in a
full model, backward selection was used in order to identify covari-
ates that might have lost their importance in the multivariable
setting. In the final model, all baseline characteristics reported in
Table 2, as well as dummy variables for the study areas, were
included.

Calculation of percentiles

For calculating percentiles of HRV, a ‘healthy’ subsample of the
sample described so far was defined by requiring the absence of
each of the following conditions: high blood pressure (systolic
blood pressure �140 mmHg or diastolic blood pressure
�90 mmHg), current smoking, alcohol consumption of more than
one glass per day, self-reported diabetes, intake of ACE-inhibitors,
antiarrhythmic drugs classes I and III, calcium channel blockers,

diuretics, or sympathomimetics in the preceding 30 days. Three
hundred and twenty-nine women and 170 men fulfilled these cri-
teria and could be included in the definition of ‘healthy individuals’.

Percentiles of power as a function of age in a healthy population
have been estimated in the following way: for each of the probabil-
ities P ¼ 0.05, 0.25, 0.5, 0.75, 0.95, the p-quantile of ln(TP) for a
given age x was assumed to be of the form yp(x) ¼ b0þ b1zpþ b2x þ
b3zpxþ b4x

2
þ b5zpx

2, where zp denotes the p-quantile of the
standard normal distribution.

This implies that, for each age x, the distribution of ln(TP) is
normal with mean b0þ b2xþ b4x

2 and standard deviation
b1þ b3xþ b5x

2. Exploration of the residuals of ln(TP) after
regression against age and square of the age indicated that this
assumption was tenable. The six parameters of this equation were
estimated using weighted L1-regression. Details of this method
are given in Braendli et al.15 and Koenker and Basset.16

Results

Table 2 gives an overview of the study population’s baseline
characteristics. Although there were slightly more women
than men, their mean age was identical. Men more
frequently had an unhealthy lifestyle (smoking, alcohol
drinking), more often were overweight and had on average

Table 3 Unadjusted meana HRV values for men and women of different age groups of the total study population

Age (years)

Sex 50–54
(nm ¼ 181; nf ¼ 219)

55–59
(nm ¼ 238; nf ¼ 217)

60–64
(nm ¼ 186; nf ¼ 189)

65–73
(nm ¼ 242; nf ¼ 270)

SDNN (ms) Men 138.2 129.2 130.8 131.9�

(95% CI) (132.5–144.1) (124.8–133.8) (126.0–135.7) (127.0–137.1)
Women 135.8 134.7 130.6 123.6
(95% CI) (131.0–140.7) (130.4–139.2) (126.2–135.3) (119.5–127.9)

TP (ms2) Men 3925.2 3616.1 3597.3 3585.8�

(95% CI) (3568.6–4317.4) (3340.5–3914.5) (3295.8–3926.5) (3288.4–3910.1)
Women 4134.0 3876.5 3514.6 3200.5
(95% CI) (3818.3–4475.8) (3600.2–4174.1) (3223.4–3832.1) (2973.4–3445.0)

HF (ms2) Men 63.6��� 59.7��� 61.0 68.0
(95% CI) (55.4–72.9) (53.0–67.2) (53.4–69.7) (59.4–77.8)
Women 87.8 81.0 66.1 65.3
(95% CI) (79.1–97.4) (72.6–90.4) (57.6–75.7) (58.6–72.8)

LF (ms2) Men 318.1�� 260.7 228.4�� 196.0���

(95% CI) (284.4–355.8) (237.9–285.7) (205.9–253.4) (175.7–218.5)
Women 258.2 234.9 179.0 147.7
(95% CI) (238.0–280.0) (214.5–257.3) (161.0–199.0) (135.1–161.4)

LF/HF Men 5.0��� 4.4��� 3.7��� 2.9���

(95% CI) (4.6–5.4) (4.1–4.7) (3.4–4.1) (2.6–3.2)
Women 2.9 2.9 2.7 2.3
(95% CI) (2.7–3.2) (2.7–3.1) (2.5–3.0) (2.1–2.4)

VLF (ms2) Men 719.1 641.7 637.9��� 563.0���

(95% CI) (650.3–795.3) (589.6–698.3) (581.0–700.5) (511.2–620.1)
Women 668.5 623.7 504.3 450.0
(95% CI) (621.6–719.0) (575.6–675.8) (461.9–550.6) (418.7–483.6)

ULF (ms2) Men 2653.7 2479.2� 2463.4 2515.2
(95% CI) (2390.7–2945.5) (2273.1–2704.0) (2232.5–2718.1) (2293.2–2758.7)
Women 2928.7 2790.5 2605.8 2384.8
(95% CI) (2674.4–3207.1) (2578.7–3019.8) (2375.1–2858.8) (2200.5–2584.6)

nm, number of male participants; nf, number of female participants.
aGeometric means are shown because values were skewed.
�P, 0.05 (differences between sexes).
��P, 0.01 (differences between sexes).
���P , 0.001 (differences between sexes).
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a higher blood pressure, but more frequently reported heavy
physical exercise. Medication intake was similar for both
sexes, except for diuretics which were taken twice as
often by women. A surprisingly high proportion (11%) of par-
ticipants were taking beta-blockers; 18.6% of the subjects
were on at least one and 5.0% on more than one of the
drugs listed in Table 2.
Table 3 shows the unadjusted geometric means of HRV

values for the 1742 men and women in different age
groups. Men of all combined age groups had significantly
lower HF than women, but higher LF, LF/HF, and VLF.
Looking at each age group separately, women of the oldest
age group (65–73 years) had significantly lower SDNN, TP,
LF, LF/HF, and VLF than men of the same age group.
Across all age groups, women had significantly lower
average LF/HF ratios than men, but women between 50
and 59 years had higher HF than men of their age.
Table 4 shows covariate-adjusted estimates of the per

cent changes of frequency domain variables of HRV associ-
ated with different lifestyle or risk factors.
Even after adjustment for all other factors, women had

significantly lower values for all HRV parameters, except
for HF and ULF. TP, for example, was 11.4% lower in
women than in men. All HRV parameters except ULF
decreased with age in both sexes. HF decreased 1.4% per
year and LF 3.2% (Table 4, first two rows).

Lifestyle factors

Although former smoking showed no influence, we found
current smoking to be the strongest predictor for HRV with
a decrease mainly in sympathetic activity (SDNN 24.5%,
TP 215.0%, LF 215.5%, VLF 216.6%, and ULF 214.9%).
Independent of being a current smoker, CO in exhaled air,
as a measure of recent tobacco smoke exposure, showed a
significant association with decreased SDNN (20.3%), LF
(20.6%), LF/HF (20.6%), and VLF (20.6%). The consump-
tion of one glass of alcoholic beverage per day showed a
significant association with decreased TP (215.7%), LF
(219.0%), and VLF (217.7%). Heavy physical exercise was
generally associated with higher HRV: SDNN, TP, HF, LF,
VLF, and ULF increased significantly by �2.0% per weekly
hour of heavy exercise.

Cardiovascular health

Having high blood pressure as defined above primarily
affected sympathetic tone, with decreases in TP, LF, VLF,
and ULF, whereas a higher body mass index (BMI) was associ-
ated with a decrease in all HRV parameters except HF. On
average, TP decreased by 1.2% for each additional kg/m2 of
BMI. Self-reported diabetes decreased ULF significantly by
16.5%.

Table 4 Adjusted estimatesa of mean per cent changes of HRV associated with different risk factorsb

SDNN (%) TP (%) HF (%) LF (%) LF/HF (%) VLF (%) ULF (%)

Female sex 26.1��� 211.4��� 6.0 227.2��� 231.3 ��� 223.1��� 26.3
Age (year) 20.3� 20.9��� 21.4��� 23.2��� 21.9��� 21.9��� 20.5
Lifestyle factors

Former vs. never smoking 21.8 21.7 6.6 4.7 21.8 20.1 23.3
Current vs. never smoking 24.5� 215.0�� 210.5 215.5�� 25.6 216.6��� 214.9��

CO (ppm) 20.3�� 20.3 0.0 20.6� 20.6�� 20.6� 20.3
,1 glass alcohol/day vs. 0 21.0 26.0 25.7 28.8 23.3 28.1 25.8
1 glass alcohol/day vs. 0 23.0 215.7� 219.2 219.0� 0.3 217.7� 213.7
.1 glass alcohol/day vs. 0 22.0 213.5 211.0 214.6 24.0 211.6 214.6
Exercise heavy vs. never 2.0��� 3.4�� 3.6��� 4.2�� 0.6 4.1��� 3.2��

Cardiovascular health
High BPc 21.3 27.1� 25.4 29.2� 24.0 26.9� 27.5�

Self-reported diabetes 26.7 214.2 25.4 216.1 211.3 214.8 216.5�

BMI (kg/m2)d 20.7��� 21.2�� 0.5 21.0� 21.5��� 21.2�� 21.1��

Medications
ACE-inhibitors 4.1 17.3� 19.1 13.7 24.5 14.0� 16.5�

Antiarrhythmics 13.2 20.3 206.7�� 13.4 263.0��� 27.6 2.5
Beta-blockers 26.9��� 12.3� 21.5�� 7.1 211.9� 24.2��� 10.5
Ca blockers 20.6 21.6 20.7 22.2 219.0�� 24.0 21.8
Diuretics 23.3 219.9� 216.0 225.2�� 211.0 227.1��� 221.4�

Sympathomimetics 21.6 211.9 212.6 212.7 20.1 210.0 210.8
Laboratory parameters

Uric acid (mmol/L) 0.0�� 20.1�� 20.1� 20.1�� 0.0 20.1�� 20.1�

hs-C-reactive protein (mg/L) 20.4�� 21.0��� 21.1�� 21.7��� 20.6� 21.5��� 20.8��

Non-HDL-cholesterol (mmol/L)e 20.2 22.8� 27.5��� 23.7� 4.0�� 23.1� 22.2

aDerived from regression model including all factors in Table 2 and study site.
bEffect estimates for quantitative covariates refer to one unit increments in these variables. The respective units are given in parentheses.
cHigh blood pressure ¼ systolic blood pressure �140 mmHg or diastolic blood pressure .90 mmHg or self-reported high blood pressure.
dBMI ¼ body weight/body height2.
eTotal cholesterol2 HDL-cholesterol.
�P , 0.05.
��P , 0.01.
���P, 0.001.
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Medications

Among the drugs examined, antiarrhythmics, as expected,
showed the strongest association with HRV, followed by
diuretics and beta-blockers. Persons taking diuretics
showed significantly diminished TP, LF, VLF, and ULF.
Subjects on beta-blockers had an increased vagal tone,
with increases in TP of 13%, HF of 22%, and VLF of 25%,
but with a 12% decrease in LF/HF. Subjects on ACE-inhibitors
had a 18% increase in TP.

Laboratory parameters

All laboratory parameters of the regression model (uric acid,
hs-CRP, and non-HDL-cholesterol) consistently showed nega-
tive associations with most HRV parameters. The exceptions
were the LF/HF ratio for uric acid and SDNN as well as ULF
for non-HDL-cholesterol. Both HF and LF decreased by
0.1%/mmol/L increase in uric acid. Per unit increase in
hs-CRP, HF decreased by 1.1% and LF by 1.7%. Non-HDL-
cholesterol showed a highly significant association with
decreased vagal and sympathetic tone (with decreases in
HF and LF by 7.5 and 3.7%, respectively).

Normal values

It is often useful to compare subjects or patients’ HRV with
that found in age- and sex-matched healthy populations. To
construct such normal ageing curves for men and women
between 50 and 70 years of age, we chose all non-smoking
individuals without history of cardiovascular disease, high
blood pressure or diabetes, and free of medications, as
described in Methods. We then calculated normal ageing
curves, which are shown in Figures 1 and 2.
In men, LF/HF values clearly decrease between 50 and 70

years of age. In women, such a decrease is only observed
after age 60.

Discussion

In this study, we have analysed different factors influencing
HRV in a population-based sample aged 50–72. We are not
aware of many studies about the respective importance of
different predictors of HRV, although HRV is known to be

influenced by a great variety of factors.8 Because of our
relatively large sample size, we were also able to
estimate age-dependent percentile curves for normotensive
non-smoking subjects aged �50 without cardioactive drug
intake or moderate to high alcohol consumption. As a
result, we are able to show different ageing patterns for
HRV in men and women. We found TP to decline clearly
with age in men, whereas HF showed this pattern in
women. This results in an earlier and more marked
age-related decline of LF/HF ratio in men than in women,
consistent with the higher life expectancy and the lower
risk for cardiovascular diseases of women. This difference
might explain why not all previous studies found an
age-related decrease in HRV. Age has been described to be
negatively associated with frequency domain measures,17–21

which represent both vagal and sympathetic activity. Some
authors19 found this association only in men. Other authors
found a negative association with frequency domain vari-
ables in the female sex,17,18,22 whereas Stein et al.19

describe this association only in subgroups. As stated by
Parati and Di Rienzo,14 age and gender should always be
taken into account when quantifying HRV.

Inconsistent findings concerning the effect of smoking on
HRV have been reported in the literature.23,24 In our study,
we found both a strong effect of smoking and an indepen-
dent association with end expiratory CO levels. Although
nicotine is a stimulant of the sympathetic nervous system,
we found a significant reduction of LF in current smokers.
This suggests that either the toxic effect of other com-
ponents of tobacco smoke is stronger than the increase in
the sympathetic tone expected from nicotine alone,
leading to an accelerated ageing of the heart, or the con-
tinuous stimulation of the sympathetic nervous system even-
tually leads to the weakening of the response. In the context
of all the risk factors considered, we also found an indepen-
dent negative effect of alcohol consumption on HRV, which
has been shown in other studies.25,26 In contrast, regular
exercise has a positive effect on HRV. This has been
described by others for both sympathetic and vagal nerve
activity.27–30

The influence of BMI on HRV is also controversially dis-
cussed in the literature.20,22 We found a small effect of
BMI on SDNN, TP, LF, LF/HF ratio, VLF, and ULF. Self-reported

Figure 1 Percentiles of TP for healthy men and women.
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diabetes and high blood pressure show weak associations in
our study (high blood pressure with TP, LF, VLF, and ULF, dia-
betes with ULF). Both of these cardiovascular risk factors
have also been described as being associated with impaired
autonomic function in the literature.23,31

We found that persons taking ACE-inhibitors had a higher
TP and those taking antiarrhythmics a higher HF, whereas
LF/HF was significantly decreased in the latter group.
Diuretics had a statistically significant negative effect on
TP, LF, VLF, and ULF. Obviously, there is a risk of the con-
founding factors of between medication commonly taken
by the elderly, specifically ACE-inhibitors, antiarrhythmics,
and beta-blockers, and the underlying condition requiring
these chronic medications influencing the results. In these
cases, it can be difficult to separate the effect of a
disease from the effect of the drug used to treat it.
However, in our study, we could show that the effect of
drug intake was opposite to the one of the underlying
disease, suggesting that we looked at the true effect and
not at an effect confounded by diagnosis. Yet, in our
results, the time domain measure SDNN is decreased by
beta-blockers. It is possible that this result captures the
effect of beta-blockers on sympathetic drive, whereas
frequency domain variables, such as TP, may be more sensi-
tive to subtle and fast changes such as enhancement of para-
sympathetic activity by beta-blockers. Effects from
ACE-inhibitors have been demonstrated in smaller clinical
studies: increases in HF32 and LF32,33 and decreases in LF/
HF34,35 have been described. It is interesting to note that
these effects were confirmed in our relatively healthy
cohort. Adrenergic beta-antagonists36–38 and sympathomi-
metics39,40 have been widely studied, whereas little has
been published about the effects of classes I and III anti-
arrhythmic agents,41 calcium channel blockers,42 or diure-
tics on frequency domain HRV.39 We can confirm most of
these effects in our population-based sample, even after
taking all other cardiovascular risk factors into account.
In our study, the laboratory parameters, uric acid and

hs-CRP, were consistently and negatively associated with
all HRV parameters but not the LF/HF ratio. In the litera-
ture, similar effects of hs-CRP have been described in
elderly subjects with no apparent heart disease.43

However, the causal pathway of this association is not

clear. Inflammation may influence autonomic balance or
autonomic imbalance may activate inflammation. No infor-
mation exists in the literature about the association
between uric acid and HRV, but it is known that chronic
renal failure is associated with impaired autonomic function
and reduced HRV.44,45 Of all the laboratory parameters
studied, we found non-HDL cholesterol to have the strongest
effect on both HF and LF. We found no evidence for such an
association in the literature, whereas studies examining the
relation between hypercholesterolaemia and HRV in men
without ischaemic heart disease showed non-uniform
results.46,47

Thus, our findings confirm many of the results of individual
smaller studies on the single or combined effects of drugs,
lifestyle, or risk factors of cardiovascular disease on HRV.
From a clinical point of view, a shortcoming of this study is

the fact that we examined a random sample of the general
population not comparable with cardiac patients. Thus, the
meaning of our results in clinical settings still needs to be
explored.
In this cross-sectional study, we exclusively looked at

people aged �50. In the future, additional age groups
need to be examined and longitudinal assessments need to
be performed, as stated in the report of the Task Force.9

We chose to report SDNN and frequency domain variables.
Although the physiological basis for ULF and VLF power are
far less clear than that for HF and LF power, they have
been shown to be more powerful risk predictors in cardio-
vascular disease.48

To the best of our knowledge, this is the first study simul-
taneously able to assess the contribution of a wide range of
risk factors on HRV and to provide percentile curves for 24 h
HRV for an elderly population. We hope that these data will
help the interpretation of HRV data in the general popu-
lation and the clarification of the role of various factors
influencing HRV.
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