
Host and environmental determinants of heart rate and heart
rate variability in four European populations
Katarzyna Stolarza,b, Jan A. Staessena, Tatiana Kuznetsovaa,c,
Valérie Tikhonoffa,d, Doina Statee, Speranta Babeanue, Edoardo Casigliad,
Robert H. Fagarda, Kalina Kawecka-Jaszczb and Yuri Nikitinc, on behalf of the
European Project on Genes in Hypertension (EPOGH) Investigators

Objective In a population-based sample of nuclear

families recruited in the framework of the European

Project on Genes in Hypertension (EPOGH), we

investigated the association between heart rate (HR) and

its variability (HRV), and gender, age, posture, breathing

frequency, body mass index, systolic blood pressure,

family history of hypertension and various lifestyle factors,

such as smoking, alcohol and coffee consumption and

physical activity.

Methods RR interval and respiration were registered in the

supine and standing positions (15 min each) in 1208

subjects in Bucharest (Romania, n 267), Cracow (Poland,

n 323), Mirano (Italy, n 323) and Novosibirsk (Russian

Federation, n 295). After exclusion of 199 participants on

antihypertensive treatment and/or patients with diabetes

mellitus (n 40) or myocardial infarction (n 4), 993

subjects were eligible for analysis. We evaluated 858

participants with high-quality recordings. Using fast

Fourier transform, we decomposed HRV into low-

frequency (LF: 0.04–0.15 Hz) and high-frequency (HF:

0.15–0.40 Hz) components, which were expressed in

normalized units.

Results Mean values were 35.3 years for age, 24.3 kg/m2

for body mass index (BMI) and 121.0/77.2 mmHg for blood

pressure. The group included 462 (53.8%) women. Across

four centres, HR and HRV were similarly and independently

associated with gender, age and postural position

(P < 0.001). In the supine position, HR was higher in

women than men (67.2 versus 63.7 bpm). Men had higher

normalized LF power than women (48.8 versus 41.5), but

lower HF power (40.6 versus 47.4). The normalized HF

power decreased with age (r –0.43), whereas LF power

increased (r 0.32). On standing, HR increased (83.3

versus 65.6 bpm), normalized HF power declined (19.2

versus 44.3) and LF power increased (67.4 versus 44.9).

The independent effects of respiration frequency, systolic

blood pressure, family history of hypertension, body mass

index and lifestyle factors on HRV differed between

populations, and explained no more than 8% of the total

variance.

Conclusions Across four European populations, gender,

age and posture were consistent and independent

correlates of HR and HRV. Lifestyle seems to have small

but varying influences on HR and/or HRV, probably

depending on the environmental and cultural background

of the population under study. J Hypertens 21:525–535
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Introduction
Measurement of heart rate variability (HRV) in the

frequency domain can provide non-invasive information

on the role of the autonomic nervous system in the

control of the cardiovascular system [1–3]. The high-

frequency component of HRV depends on vagal activ-
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ity, while low-frequency power has been suggested to

represent predominantly sympathetic modulation [1,4–

6]. Several investigators assessed various determinants

of heart rate variability in the frequency domain,

usually in smaller groups of selected healthy volunteers

[2,4,5,7–13]. The number of published studies on the

frequency components of HRV in the population at

large is much smaller [14–21]. Most epidemiological

research on heart rate variability focused on the influ-

ences of gender and age [16,18,20,21] and did not

include an evaluation of posture [14,16–18,21]. Few

studies investigated the combined influences of host

and lifestyle factors on HRV [14,15,17,19]. Moreover, to

the best of our knowledge, no investigator used the

same standardized protocol to evaluate the determi-

nants of heart rate variability across different popula-

tions. In the framework of the European Project On

Genes in Hypertension (EPOGH), we therefore inves-

tigated the association between heart rate (HR) and its

variability (HRV), and gender, age, posture, body mass

index, and various lifestyle factors, including smoking

habits and consumption of alcohol and caffeine-contain-

ing beverages.

Methods
Epidemiological methods

The European Project on Genes in Hypertension

(EPOGH) involved eight centres in seven European

countries. Its main objective was to identify genetic

polymorphisms that are significantly associated with

blood pressure as a continuous or dichotomous trait

[22]. In addition to blood pressure, several other inter-

mediate or associated phenotypes, such as heart rate

and heart rate variability, were measured. The epi-

demiological methods used in EPOGH have been

previously validated [22,23]. The project was conducted

according to the principles outlined in the Helsinki

declaration for investigation of human subjects [24].

The study was approved by the ethics committees of

each centre. Subjects gave informed consent.

For the present study, nuclear families were randomly

recruited in Bucharest (Romania), Cracow (Poland),

Mirano (Italy) and Novosibirsk (Russian Federation).

Nuclear families had to include at least one parent and

two siblings or two parents and one sibling. The

response rates were: 72.0% in Bucharest, 54.5% in

Cracow, 62.8 % in Mirano and 67.8% in Novosibirsk

(weighted mean: 64.7%).

Trained observers measured blood pressure five times

consecutively during each of two home visits after the

subjects had rested for 5 min in the sitting position.

Each subject’s conventional blood pressure was the

mean of five consecutive readings obtained at the

second contact with the subject. Hypertension was

diagnosed if the average of the five readings was at

least 140 mmHg systolic or 90 mmHg diastolic, or when

the subjects were on antihypertensive treatment.

We used a standardized and validated questionnaire to

enquire into each participant’s medical history, smoking

habits, consumption of alcohol and caffeine-containing

beverages, intake of medications, and occupational and

leisure time activities. The questionnaire provided

detailed information on the total number of hours spent

in sports and occupational activities, including attend-

ing school for younger people. With the use of pub-

lished tables, we estimated the energy spent in

physical activity from body weight, time devoted to

work and sports, and types of physical activity [25].

Measurement and assessment of heart rate variability

To ensure steady-state heart rate was recorded under

standardized laboratory conditions in a quiet examina-

tion room, after subjects had rested for 20 min in the

supine position [15]. Subjects refrained from smoking,

heavy exercise, and drinking alcohol or caffeine-con-

taining beverages for at least 2 h prior to the recording.

After measurement of body height and weight, subjects

assumed the supine position, and a standard 12-lead

electrocardiogram was obtained. The electrocardio-

graphic signal was recorded for 15 min in the supine

position and 15 min in the free-standing position,

together with the signal from a nasal thermistor to

assess respiratory frequency. The signals were sampled

at 300 Hz. For the study of heart rate variability, we

selected the lead with the highest R- to T-wave voltage

ratio, usually lead II.

The RR interval and respiratory activity were derived

from the recorded signals. The resulting tachogram and

respirogram of each recording in each position were

displayed on a computer screen. By visual inspection of

the tachogram, we chose a stationary section, free of

ectopic beats and artefacts, and as close as possible

to the end of the 15-min recording. Analyses were

performed on segments of 512 consecutive beats,

unless only shorter periods appeared suitable for analy-

sis (i.e. 256 or 128 beats). An adequate respiratory

signal was always required.

The mean RR interval (ms) and its total variance or

power (ms2) were calculated. Power spectral analysis

(PSA) was then performed, to estimate the powers

in the low-frequency (LF) and high-frequency (HF)

ranges. Spectral components were expressed in equiva-

lent Hertz (henceforth called Hertz), defined as cycles

per beat divided by the mean length of the RR interval

[26]. The band determination was as follows: the LF

component included the power from 0.04 to 0.15 Hz,

and the HF component the power from 0.15 to 0.40 Hz

[1]. The LF and HF powers were expressed in normal-

ized units (%) [2]. Normalized or relative LF or HF

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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power is the absolute power divided by the partial

power, defined as the power between 0.03 and 0.40 Hz

[4]. In addition, the low- to high-frequency (LF : HF)

power content ratio was calculated [4].

Statistical analysis

Database management and statistical analyses were

performed with SAS software version 8.1 (SAS Institute

Inc., Cary, North Carolina, USA). Values are reported

as means and standard deviations. If Shapiro–Wilk’s

test statistic showed a significant departure from nor-

mality, we logarithmically transformed the distribution

of variables. Population means and proportions were

compared by the Tukey’s test for multiple comparisons

and the �2 statistic, respectively. Multivariate statistical

analyses were performed by use of repeated measures

analysis of variance and single and stepwise multiple

regression analysis. Age was used as a continuous

variable. The covariables considered for entry into the

models were gender, age, the gender-by-age interaction

term, body mass index, breathing frequency, systolic

blood pressure, family history of hypertension (coded 1

in presence of at least one hypertensive first-degree

relative and 0 otherwise), smoking (coded 1 for current

smokers and 0 for non-smokers), alcohol consumption

(coded 1 for drinkers and 0 for teetotallers), consump-

tion of caffeine-containing beverages (coded 1 for

caffeine users and 0 for non-caffeine users) and physical

activity during leisure time (sports and walking) and at

work, expressed in energy expenditure (Cal). We

analysed orthostatic changes using standing HR and

HRV values, adjusted for baseline in the supine

position. Because family members are more likely to

share genetic and environmental influences than unre-

lated subjects, and to allow for possible non-indepen-

dence of heart rate variability indexes within families,

we repeated our analysis using generalized estimating

equations as implemented in the PROC GENMOD

procedure [27] of the SAS package. In these analyses,

we treated families as clusters and we applied a user-

defined working correlation matrix, based on the intra-

familial intraclass correlation coefficients observed in

our study subjects.

Results
Characteristics of study population

Of 1208 subjects, we excluded 215 subjects because of

previous myocardial infarction (n ¼ 4) or diabetes (n ¼
40) and/or because they were on antihypertensive drug

treatment (n ¼ 199). Of the remaining 993 subjects, we

excluded 89 and 84 from analysis in the supine and

standing position, respectively, because of insufficient

technical quality of the recordings, 77 and 71 subjects

because of (tachy-)arrhythmia or frequent extrasystoles.

Thus, the number of recordings available for analysis

was 827 and 838 for the supine and standing position,

respectively, and 805 for the evaluation of orthostatic

changes.

The demographic, clinical and lifestyle characteristics

of the 858 subjects with an analysable recording in at

least one position are given in Table 1. The proportion

of females, offspring and untreated hypertensive pa-

tients was similar across the four centres and amounted

to 54.4, 62.5 and 16.1%, respectively. Average age (SD)

of parent and offspring generations was 51.8 � 5.2 and

25.5 � 4.8 years, respectively.

Influence of gender, age and posture

Table 2 provides statistics of heart rate and heart rate

variability by body position.

Heart rate and heart rate variability in the supine position

In the supine position, with adjustment for centre

applied, women compared to men (P , 0.001) had

shorter RR interval (908.7 � 122.5 versus 959.7 �
131.1 ms; Fig. 1). Women also had lower relative power

in the LF range (41.5 � 16.4 versus 48.8 � 15.6) and

lower mean LF : HF ratio (�0.06 � 0.38 versus 0.11 �
0.37, log LF : HF), but higher relative power in the HF

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Table 1 Characteristics of the study population

Bucharest (n ¼ 169) Cracow (n ¼ 240) Mirano (n ¼ 210) Novosibirsk (n ¼ 239) All (n ¼ 858)

Clinical characteristics
Age (years) 35.8 � 14.3 32.2 � 12.8B 37.8 � 13.8C 35.9 � 13.4C 35.3 � 13.7
BMI (kg/m2) 23.6 � 4.6 24.5 � 4.3 24.4 � 4.1 24.4 � 4.4 24.3 � 4.3
Systolic pressure (mmHg) 117.4 � 15.0 123.0 � 15.4B 121.4 � 15.1 121.2 � 16.5 121.0 � 15.7
Diastolic pressure (mmHg) 76.0 � 10.9 76.5 � 10.9 77.7 � 9.2 78.2 � 10.8 77.2 � 10.5
Family history of hypertension (n) 116 (68.6%) 160 (66.7%) 116 (55.2%)B,C 172 (72.0%)M 564 (65.7%)

Lifestyle factors
Smokers (n) 44 (26.0%) 68 (28.3%) 51 (24.3%) 76 (31.8%) 239 (27.9%)
Cigarettes/day 10 (6–17) 15 (10–20) 7 (3–15) 15 (7–20) 12 (6–20)
Regular alcohol intake (n) 36 (21.3%) 53 (22.1%) 82 (39.1%)B,C 120 (50.2%)B,C,M 291 (33.9%)
Grams of alcohol/day 11 (8–20) 10 (8–16) 15 (8–24) 13 (8–20) 12 (8–20)
Regular coffee drinking (n) 95 (56.2%) 151 (62.9%) 181 (86.2%)B,C 105 (43.9%)B,C,M 532 (62.0%)
Cups of coffee/day 2 (1–2.5) 2 (2–2.5) 3 (2–4) 1.5 (1–3) 2 (1–3)
Total calories expenditure/day (log kcal) 3.14 � 0.20 3.16 � 0.23 3.20 � 0.20B 3.18 � 0.19 3.17 � 0.21

Values are arithmetic means � SD, medians (interquartile range) or number of subjects (%). P values for between-centres differences were adjusted for multiple
comparisons: BP < 0.05 versus Bucharest, CP < 0.05 versus Cracow, MP < 0.05 versus Mirano.

Heart rate variability in four European populations Stolarz et al. 527



range (47.4 � 18.3 versus 40.6 � 17.7) (Figs 2 and 3).

Furthermore, in the supine position, with adjustment

for centre applied, offspring compared to parents had

(P , 0.001) less variability in the LF range (41.5 � 16.1

versus 50.7 � 15.4), higher variability in the HF range

(49.6 � 17.5 versus 35.3 � 16.0) and therefore lower

LF : HF ratio (�0.083 � 0.36 versus 0.19 � 0.36, log

LF : HF) (Figs 2 and 3). In contrast, there was no

difference in the supine RR interval between offspring

and parent generations (932.7 � 129.7 versus 931.5 �
128.0 ms, P > 0.99; Fig. 1). For measurements in the

supine position, gender, age and the gender-by-age

interaction explained 4.1% of the variability of the RR

interval, 15.6% of the relative LF power, 22.1% of the

relative HF power, and 19.6% of the LF : HF ratio.

Orthostatic change

For RR interval, LF and HF relative power and the

LF : HF ratio, a consistent pattern emerged across the

four centres, in that the main determinant of heart rate

and heart rate variability was posture (Figs 1, 2 and 3).

Changing to the upright position led (P , 0.001) to

decreases in RR interval (735.2 � 107.5 versus 932.2 �
129.0) and HF relative power (19.2 � 12.7 versus 44.3 �
18.3) and to increases in LF power (67.4 � 14.8 versus

44.9 � 16.4) and the LF : HF ratio (0.63 � 0.39 versus

0.01 � 0.39, log LF : HF) (Figs 1, 2 and 3).

With the exception of RR interval (P ¼ 0.26), ortho-

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Table 2 Heart rate and heart rate variability across four populations

Bucharest Cracow Mirano Novosibirsk All

Supine
Number of subjects 161 239 193 234 827
Breathing frequency (breaths/min) 16.8 � 3.2 15.1 � 3.5B 15.4 � 3.4B 15.3 � 3.1B 15.6 � 3.4
RR interval (ms) 866.6 � 99.2 935.8 � 128.0B 938.0 � 121.7B 969.0 � 137.5B,C 932.2 � 129.0
Heart rate (bpm) 70.1 � 7.8 65.3 � 8.6B 65.0 � 8.3B 63.2 � 8.9B,C 65.6 � 8.8
Total power, log ms2 3.25 � 0.42 3.41 � 0.43B 3.37 � 0.44B 3.40 � 0.40B 3.37 � 0.43
(geometric mean) (1778) (2570) (2344) (2512) (2344)
Low-frequency component relative
power (%)

47.0 � 16.7 40.9 � 15.2B 50.3 � 17.2C 43.1 � 15.5M 44.9 � 16.4

High-frequency component relative
power (%)

41.7 � 16.4 49.0 � 18.0B 38.9 � 19.1C 45.5 � 18.0M 44.3 � 18.3

Low- to high-frequency ratio, log 0.059 � 0.363 �0.076 � 0.355B 0.143 � 0.419C �0.018 � 0.372M 0.018 � 0.386
(geometric mean) (1.15) (0.84) (1.39) (0.96) (1.04)

Standing
Number of subjects 164 238 201 233 838
Breathing frequency (breaths/min) 17.0 � 3.9 15.1 � 3.8B 15.5 � 3.4B 15.4 � 3.3B 15.7 � 3.6
RR interval (ms) 704.1 � 109.4 734.9 � 105.5B 736.9 � 104.9B 756.0 � 105.8B 735.2 � 107.5
Heart rate (bpm) 87.2 � 13.0 83.3 � 11.8B 83.1 � 11.8B 80.9 � 11.4B 83.3 � 12.1
Total power, log ms2 3.06 � 0.38 3.18 � 0.37B 3.27 � 0.37B 3.27 � 0.35B,C 3.20 � 0.37

(geometric mean) (1148) (1514) (1862) (1862) (1585)
Low-frequency component relative
power (%)

67.8 � 15.1 64.8 � 14.4 70.9 � 13.6C 66.8 � 15.5M 67.4 � 14.8

High-frequency component relative
power (%)

19.9 � 12.5 22.8 � 13.7 14.7 � 9.9B,C 18.7 � 12.6C,M 19.2 � 12.7

Low- to high-frequency ratio, log 0.601 � 0.366 0.524 � 0.375 0.769 � 0.370B,C 0.639 � 0.404C,M 0.630 � 0.390
(geometric mean) (3.99) (3.34) (5.87) (4.36) (4.27)

Values are means � SD. P values for between-centres differences were adjusted for multiple comparisons: BP < 0.05 versus Bucharest, CP < 0.05 versus Cracow, MP
< 0.05 versus Mirano.
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Fig. 1

Influence of sex, generation and posture on RR interval (Psex, Pgn, Ppos,
respectively) and two-way interaction terms.
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static changes were more pronounced in women than

men (P < 0.01). Finally, assuming the upright position

was associated with more pronounced shortening of the

RR interval in offspring than in parents (P ¼ 0.003),

but otherwise the effects of generation on the ortho-

static changes were not statistically significant.

Adjustment for intrafamilial correlation

Additional allowance for possible non-independence of

the heart rate variability indexes within families did not

alter our results.

Influence of blood pressure and lifestyle factors

Because of considerable heterogeneity across the cen-

tres, the associations between various indexes of heart

rate variability and systolic blood pressure, body mass

index and lifestyle were assessed first within each

centre separately. For the analysis, we used stepwise

regression with forced inclusion of gender and age.

Heart rate and heart rate variability in the supine position

Shorter RR interval was significantly and independently

associated with higher body mass index in Novosibirsk

(Table 3). We observed a similar trend in Bucharest. A

higher breathing frequency was weakly and inversely

associated with RR interval in Cracow and Mirano.

Higher energy expenditure in physical activity tended

to be correlated with longer RR interval in Cracow and

Novosibirsk. In Mirano, smoking was associated with

longer RR interval. However, the opposite trend was

observed in Bucharest and Novosibirsk, and for both

centres combined (partial regression coefficient (RC)

� SE: �31.0 � 13.8, P ¼ 0.02). In Cracow, systolic

blood pressure tended to be correlated with lower RR

interval. In Novosibirsk, a positive family history of

hypertension was inversely associated with shorter RR

interval.

The LF : HF ratio significantly and independently in-

creased with higher body mass index in Novosibirsk

and with coffee drinking in Cracow. This was due

to significant negative associations between HF rela-

tive power and body mass index (Novosibirsk, RC:

�0.78 � 0.31, P ¼ 0.01) or coffee drinking (Cracow,

RC: �6.95 � 2.10, P ¼ 0.003) as well as to correspond-

ing positive associations with LF power (Novosibirsk,

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Influence of sex, generation and posture on low-frequency and high-frequency relative power (Psex, Pgn, Ppos, respectively) and two-way interaction
terms.
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RC: 0.53 � 0.27, P ¼ 0.05; Cracow, RC: 6.03 � 1.90,

P ¼ 0.003). There was a positive relationship between

breathing frequency and the LF : HF ratio in Cracow

and Novosibirsk. This was due to a negative relation-

ship between HF relative power and breathing fre-

quency in Cracow (RC: �1.13 � 0.28, P ¼ 0.0002) and

Novosibirsk (RC: �0.95 � 0.35, P ¼ 0.003), as well as

to the positive relationship between LF relative power

and breathing frequency in Cracow (RC: 0.55 � 0.25,

P ¼ 0.04).

Orthostatic changes

RR interval in the standing position, adjusted for the

baseline value in the supine position was positively

correlated with body mass index in Cracow, Mirano and

Novosibirsk and in the three centres combined (RC:

4.74 � 0.77, P , 0.001). Smoking tended to be posi-

tively correlated with RR interval in Mirano. There was

a negative correlation between RR interval and physical

activity, as reflected by total calories expenditure, in

Mirano.

The standing LF : HF ratio was positively correlated

with breathing frequency in Bucharest, Cracow and

Novosibirsk (Table 4). This was due to a negative

association between standing HF relative power and

breathing frequency in Bucharest (RC: �0.64 � 0.24,

P ¼ 0.005), Cracow (RC: �0.89 � 0.22, P ¼ 0.0002)

and Novosibirsk (RC: �0.76 � 0.24, P ¼ 0.002), as

well as to a positive association between standing

LF relative power and breathing frequency in Buch-

arest (RC: 0.55 � 0.28, P ¼ 0.05) and Novosibirsk

(RC: 0.72 � 0.30, P ¼ 0.01). Furthermore, the standing

LF : HF ratio, adjusted for baseline, was inversely

associated with systolic pressure. This relationship was

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Influence of sex, generation and posture on the low- to high-frequency
ratio (Psex, Pgn, Ppos, respectively) and two-way interaction terms.

Table 3 Systolic pressure and lifestyle as independent correlates of the supine heart rate and heart rate variability

Bucharest (n ¼ 161) Cracow (n ¼ 239) Mirano (n ¼ 192) Novosibirsk (n ¼ 232)

P� P� P� P�

RR interval
Partial r2 for lifestyle factors 0.037 0.048 0.047 0.103

Breathing frequency
(breaths/min)

– – �6.09 � 2.39 0.01 �4.17 � 2.46 0.09 – –

Systolic blood pressure
(mmHg)

– – �0.99 � 0.60 0.10 – – – –

Body mass index (kg/m2) �3.62 � 2.18 0.10 – – – – �9.41 � 2.53 0.0001
Smoking (0, 1) �30.47 � 17.70 0.07 – – 56.93 � 19.69 0.007 �40.74 � 20.10 0.05
Physical activity (log
kcal/day)

– – 71.40 � 36.10 0.07 – – 74.54 � 46.46 0.10

Family history of
hypertension (0, 1)

– – – – – – �42.38 � 19.31 0.03

Low- to high-frequency ratio (LF:HF)

Partial r2 for lifestyle
factors

– 0.066 – 0.043

Gender-by-age
interaction

– – – – 0.011 � 0.004 0.003 – –

Breathing frequency
(breaths/min)

– – 0.017 � 0.006 0.005 – – 0.015 � 0.007 0.05

Body mass index (kg/m2) – – – – – – 0.017 � 0.006 0.004
Regular coffee drinking
(0, 1)

– – 0.14 � 0.04 0.003 – – – –

Values are regression coeficients � SE adjusted for each other. Gender and age were forced into all models. Other explanatory variables considered for entry were: the
gender-by-age interaction term, breathing frequency, systolic blood pressure, body mass index, family history of hypertension, smoking, alcohol and coffee consumption
and energy expenditure in physical activity. �P values for variables to enter and stay in the model were set at < 0.10.
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significant in Novosibirsk and for all centres combined

(RC: �0.37 � 0.09 per mmHg 3 102, P , 0.001; Fig.

4). This was due to significant and independent posi-

tive associations between standing HF relative power

and systolic pressure in Cracow (RC: 0.13 � 0.06, P ¼
0.02) and Novosibirsk (RC: 0.13 � 0.06, P ¼ 0.03), and

similar trends in Bucharest (RC: 0.12 � 0.07, P ¼ 0.12)

and Mirano (RC: 0.08 � 0.06, P ¼ 0.15). Moreover, we

observed an inverse relationship between standing LF

relative power and systolic pressure in Cracow (RC:

�0.15 � 0.07, P ¼ 0.03) and a similar trend in Novo-

sibirsk (RC: �0.13 � 0.07, P ¼ 0.07), but not in Buch-

arest (RC: �0.10 � 0.09, P ¼ 0.25) or Mirano (RC:

�0.07 � 0.08, P ¼ 0.41). Family history of hypertension

was inversely associated with the standing LF : HF in

Mirano. This was due to a significant positive associa-

tion of the standing HF relative power with a family

history of hypertension (RC: 3.07 � 1.37, P ¼ 0.03).

Adjustment for intrafamilial correlation

After additional allowance for the non-independence of

the heart rate and heart rate variability phenotype

within families, the results of stepwise multiple regres-

sion only changed for Cracow. The inverse correlation

between supine RR interval and systolic blood pressure

weakened to a non-significant level (parameter estimate

� SE: �0.69 � 0.57, P ¼ 0.23).

We repeated our analyses after the exclusion of 18

(2.17%) recordings in the supine position and 20

(2.39%) recordings in the standing position, because

the breathing frequency was less than 9 per min

(, 0.15 Hz). However, after these exclusions the results

of the stepwise multiple regression remained unaltered.

Discussion
The autonomic nervous system plays a central role in

the regulation of cardiovascular homeostasis. As a result

of the interaction between sympathetic and parasympa-

thetic activity, beat-to-beat heart rate shows periodici-

ties over time, which can be identified through spectral

analysis. The efferent vagal activity is a major contribu-

tor to the HF component [1,4,6]. Some investigators

[4,5] consider the LF component as a marker of sympa-

thetic modulation (especially when expressed in nor-

malized units) whereas other experts [6] regard it as a

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Table 4 Systolic pressure and lifestyle as independent correlates of the orthostatic changes of heart rate and heart rate variability

Bucharest (n ¼ 155) Cracow (n ¼ 237) Mirano (n ¼ 183) Novosibirsk (n ¼ 226)

P� P� P� P�

RR interval standing†
Partial r2 for lifestyle factors – 0.026 0.050 0.015

Body mass index (kg/m2) – – 3.97 � 1.24 0.001 5.54 � 1.31 0.0001 3.87 � 1.52 0.01
Smoking (0, 1) – – – – 19.49 � 11.6 0.09 – –
Total calories

expenditure/day (log kcal)
– – – – �50.40 � 26.46 0.03 – –

Low- to high-frequency ratio
(LF:HF) standing †

Partial r2

for life style factors
0.056 0.075 0.040 0.066

Breathing frequency
(breaths/min)

0.019 � 0.007 0.003 0.022 � 0.006 0.001 – – 0.026 � 0.008 0.0007

Systolic blood pressure
(mmHg 3 102)

�0.34 � 0.21 0.10 �0.30 � 0.17 0.08 �0.33 � 0.22 0.10 �0.47 � 0.19 0.02

Family history of
hypertension

– – – – �0.12 � 0.05 0.01 – –

For explanation, see Table 3. �P values for variables to enter and stay in the model were set at < 0.10. † Adjusted for baseline values in the supine position.
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Fig. 4

Relationship between the orthostatic change in the low- to high-
frequency ratio and systolic blood pressure. The regression line and
95% confidence limit are given.
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measurement that includes both sympathetic and vagal

influences. Nevertheless, the interpretation of the

LF : HF ratio as a marker of sympathovagal balance

should be made with caution [1,2].

In the present study, we assessed the determinants of

heart rate and its short-term variability in untreated

subjects, drawn from a random population sample in

four European countries, with particular attention to

age, gender, posture and their interactions, and to

systolic blood pressure, body mass index and various

lifestyle factors.

Influence of gender, age and posture

In the four populations, we found that, in the supine

position, heart rate and heart rate variability were

consistently and independently influenced by gender

and age, as observed in many other epidemiological

studies [15–21]. Heart rate was higher in women than

in men. In addition, men had higher normalized LF

power and lower HF power, resulting in a higher

LF : HF ratio. On balance, our findings and previous

reports [9,10,15,20,21,28,29] suggest that women have

higher parasympathetic and lower sympathetic drive of

heart rate than men, and a higher set point for heart

rate around which the autonomically modulated fre-

quency oscillates.

In the present study, higher age was associated with

decreased normalized HF power and increased LF

relative power. These observations are partly at vari-

ance with our previous findings in a Flemish population

sample (aged 25–89 years) [15]. In the latter study,

higher age was associated with a decreased normalized

LF component in men and with lower HF power in

men as well as in women. In the present study, we

used the same software and standardized methods as in

the Flemish survey. Thus, differences in the age

distributions, exclusion of all hypertensive subjects in

the Flemish study, random variability, or other unmea-

sured influences must explain why the relationship

between supine LF relative power and age was positive

in the present study and negative in the Flemish

survey.

Our present observations are in line with other studies

on the age-dependent changes of sympathetic nervous

function. The plasma concentration of noradrenaline, as

well as efferent sympathetic nerve traffic to skeletal

muscle measured by microneurography, increases with

higher age [30,31]. In humans, the plasma concentra-

tion of the noradrenaline in baseline conditions and the

urinary excretion of adrenaline and noradrenaline are

generally not different between men and women [32].

However, at rest men have higher sympathetic nerve

traffic to muscles, as determined by microneurography

[32]. The gender difference in the function of the

autonomic nervous system may be due to the prevailing

levels of sex hormones. For instance, animal studies

showed that the central administration of oestrogen

enhances parasympathetic activity [33], whereas testos-

terone stimulates peripheral noradrenaline synthesis

[34].

Orthostatic stress increased heart rate as expected

[7,8,12,15]. On standing relative LF power and the

LF : HF ratio increased, whereas relative HF power

decreased [2,12,15]. These findings are consistent with

the concept that standing is associated with decreased

parasympathetic modulation as well as sympathetic

stimulation. With standing, translocation of blood oc-

curs from the intrathoracic area to the distensible veins

of the legs and abdomen. As a consequence, reflex

sympathetic nervous activation and vagal withdrawal

occur, which in turn lead to increases in total peripheral

vascular resistance and venous tone and contribute to

the orthostatic increase in heart rate [35].

The response of heart rate to standing was not affected

by gender, but the orthostatic changes of the spectral

components were more prominent in women. The

orthostatic decrease of RR interval was blunted in the

parent generation. These observations are in agreement

with previous smaller studies in normal volunteers

[2,7,8] and with the population-based study in Belgium

[15].

Respiration and blood pressure

In our analyses of the association between heart rate

variability and respiration we accounted for respiratory

frequency but our software did not enable us to allow

for the amplitude of breathing. In spite of this limita-

tion, we observed in supine Polish and Italian subjects

an inverse relationship between RR interval and

breathing frequency. In all but one centre, the standing

LF : HF ratio was positively correlated with respiratory

frequency. Consistent with these findings, other re-

searchers reported an inverse association between HF

power of heart rate variability and respiratory frequency

[15,36–39].

In keeping with other population studies, in which

blood pressure was measured as a continuous [40] or a

qualitative trait [41], in Cracow, RR interval slightly

decreased with higher systolic pressure, which is in line

with observations of Fagard et al. [42], who observed a

significant positive relationship between heart rate and

conventional systolic blood pressure. Moreover, upon

standing, the LF : HF ratio consistently diminished

with higher systolic pressure across the four centres.

The latter observation confirms the blunted orthostatic

responses of LF and HF power in hypertensive pa-

tients, compared to normotensive subjects [12,43]. Also

in the population-based study of Fagard et al. [42], the
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increase of the LF : HF ratio upon standing was sig-

nificantly blunted at higher blood pressure.

In a case–control study, Pitzalis et al. [44] noticed a

shorter resting RR interval and a blunted autonomic

modulation of heart rate among offspring of hyper-

tensive parents. In line with this case–control study, we

found among subjects with a positive family history of

hypertension a shorter RR interval in Novosibirsk, and

a diminished LF : HF ratio upon standing in Mirano.

Lifestyle factors

Lifestyle factors showed only weak effects on heart rate

and its variability, and these influences differed be-

tween centres.

In resting subjects recruited in Novosibirsk, higher

body mass index was associated with faster heart rate,

higher LF power, less HF power, and therefore a

higher LF : HF ratio. These findings are not unex-

pected, because obesity and high calorie intake, in

general, are associated with higher sympathetic tone

[45–47], and because obese people usually lead seden-

tary lives without the effects of regular exercise on the

autonomic nervous balance. Furthermore, we noticed

that, upon standing, heart rate in three centres in-

creased less with higher body mass index. The size of

the effect was approximately 25 ms less shortening of

RR interval (1.5 bpm increase in heart rate) per stan-

dard deviation of body mass index (5 kg/m2). This must

be viewed against the mean orthostatic shortening of

RR interval, averaging approximately 200 ms (12 bpm).

Compared to lean people, obese individuals have larger

end-diastolic ventricular diameter [48]. We speculate,

therefore, that in obese people the haemodynamic

response to orthostatic stress is less dependent on heart

rate, because stroke volume may be larger. Because our

analyses were adjusted for baseline measurements in

the supine position, an alternative explanation might be

that in obese people sympathetic activation upon stand-

ing may represent a smaller fraction of the more

elevated tone in baseline condition.

As could be expected on the basis of intervention

studies [49] testing the effect of endurance training on

the cardiovascular and autonomic nervous systems, a

higher index of physical activity was associated with a

longer heart interval and less orthostatic shortening of

the heart period in Mirano.

Smoking acutely raises heart rate and blood pressure

through sympathetic stimulation [50]. In contrast, in

epidemiological studies in which heart rate and casual

blood pressure were measured after a sufficiently long

tobacco-free interval, smokers showed slightly lower

mean values than did non-smokers [51,52]. This may

be due to the reduction in sympathetic activity in the

intervals between smoking [53] or the development of

tolerance [54].

Caffeine acutely blocks the central anti-adrenergic

adenosine receptors, and increases systemic vascular

resistance, leading to a short-lived rise in blood pres-

sure, which is compensated for by a reflex decline in

heart rate [55,56]. In a randomized controlled study,

Bak et al. [57] reported a 6 mmHg fall in the systolic

blood pressure of young normotensive subjects refrain-

ing from coffee for 9 weeks. Conversely, a meta-analy-

sis of controlled clinical trials suggested that coffee

drinking is associated with higher systolic (+2.4 mmHg)

and diastolic (+1.2 mmHg) blood pressure [58]. In

agreement with these previous reports [50–58] we

noticed, after at least 2 h of abstinence, a longer supine

heart period in smokers in Mirano and a higher LF : HF

ratio in coffee drinkers in Cracow.

The present study has to be interpreted within the

context of its limitations. The measurement of lifestyle

factors such as smoking, consumption of alcohol and

caffeine-containing beverages largely depends on the

information that study participants are willing to pro-

vide. Acute effects of smoking, coffee drinking and

alcohol consumption must be differentiated from long-

term influences. For each of these habits signs of

abstinence may occur after a different lag period. More-

over, smoking and alcohol consumption often coexist in

the same subjects, so that their effects may be mutually

confounded. Finally, a comprehensive analysis, such as

the one we attempted to undertake, cannot adjust for

lifestyle habits that were not measured, such as, for

instance, psycho-emotional stress, material deprivation,

social divide or passive smoking. Nevertheless, by and

large, our present findings on lifestyle are in agreement

with expectations based on pharmacological observa-

tions and intervention studies.

In conclusion, across four European populations, gen-

der, age and body position were consistent and in-

dependent correlates of heart rate and heart rate

variability. Considering heart rate variability in both the

supine and standing positions, associations with respira-

tory frequency were found in all four centres. Lifestyle

seems to have varying influences on HR and/or HRV,

probably depending on the environmental and cultural

background of the population under study.
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