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Abstract
Background: Reduced heart rate variability (HRV), a non-invasive marker of autonomic dysfunction, and an
unhealthy lifestyle are associated with an increased morbidity and mortality of cardiovascular diseases (CVD). The
autonomic dysfunction is a potential mediator of the association of behavioural risk factors with adverse health
outcomes. We studied the association of HRV with behavioural risk factors in an elderly population.
Methods: This analysis was based on the cross-sectional data of 1671 participants (age range, 45-83 years) of the
prospective, population-based Cardiovascular Disease, Living and Ageing in Halle (CARLA) Study. Physical activity,
smoking habits, alcohol consumption and dietary patterns were assessed in standardized interviews. Time and
frequency domain measures of HRV were computed from 5-min segments of highly standardized 20-min
electrocardiograms. Their association with behavioural risk factors was determined by linear and non-parametric
regression modelling.
Results: There were only weak and inconsistent associations of higher physical activity, moderate consumption of
alcohol, and non-smoking with higher time and frequency domain HRV in both sexes, and no association with
dietary pattern. Results changed only marginally by excluding subjects with CVD, diabetes mellitus and use of
cardioactive medication.
Conclusion: We hypothesized that HRV is associated with behavioural factors and therefore might be a mediator
of the effect of behavioural risk factors on CVD, but this hypothesis was not confirmed by our results. These
findings support the interpretation that there may be no true causal association of behavioural factors with HRV.

Background
Epidemiological studies provide evidence that a healthy
lifestyle (e.g., physical activity, not smoking, healthy diet,
and moderate consumption of alcohol) reduces morbidity and mortality due to cardiovascular causes [1]. In
addition, reduced heart rate variability (HRV), a marker
of autonomic dysfunction, has been shown to be associated with an increased risk of incident myocardial
infarction, cardiovascular mortality, and death from
other causes in general populations [2-4], and to be
associated with a poor prognosis of cardiovascular diseases (CVD) [5,6]. Reduced HRV has been shown to be
related to risk factors for cardiovascular disease [7-13],
so autonomic dysfunction could be a mediator of the
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association of cardiovascular risk factors with CVD.
There is some evidence that reduced HRV is amenable
to intervention that may improve future health outcomes [14,15].
Several studies investigated the association of physical
activity and HRV, but results are inconsistent and difficult to compare due to differences in study populations,
differences in the assessment of physical activity or in
training regimes, differences in recording conditions of
the electrocardiograms (ECG) and due to methodological problems inherent in the analysis of HRV
[9,11,15-21]. Furthermore, only few studies have analyzed the association of HRV with other behavioural risk
factors such as smoking [10,11,22-24], alcohol consumption [10,11,23,25,26], and diet [10,25,27].
The Cardiovascular Disease, Living and Ageing in
Halle (CARLA) study is a large population-based study
with a comprehensive and highly standardized HRV
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measurement protocol. The aim of the present analyses
was to assess the association of behavioural risk factors
with HRV as the first step of the potential pathway to
CVD. We hypothesized that physical activity and a
favourable dietary pattern are directly associated with
HRV, smoking is associated with reduced HRV, and
alcohol consumption shows a nonlinear J-shaped association with HRV.

Methods
The present analyses are based on data from the baseline examination of the prospective, population-based
CARLA study. Details of the study have been described
elsewhere [28,29]. In brief, the CARLA study is a prospective cohort study of a representative sample of the
inhabitants of the city of Halle (Eastern Germany) comprising 1779 (812 females, 967 males) participants aged
45-83 years at baseline. The baseline examination took
place between December 2002 and January 2006.
The study protocol was approved by the Ethics Committee of the Martin Luther University Halle-Wittenberg
(Halle, Germany) and conforms to the tenets of the
Declaration of Helsinki. All participants were informed
about the study and written consent was obtained from
them.
The medical examination involved recording of: blood
pressure taken while seated; heart rate (HR) while seated
and lying down; circumference of the waist and hip;
weight and height; a 20-min 12-lead resting ECG (CardioControl Working Station, Welch Allyn, Delft, the
Netherlands); and an echocardiogram. A venous blood
sample was also taken.
A standardized, computer-assisted interview was
undertaken to collect information on: socio-demographic and socio-economic variables; behavioural, biomedical and psychosocial factors; medical history; and
use of medication within the preceding 7 days.
Physical activity was recorded using the Baecke questionnaire, describing the typically physical activity during
the previous 12 months [30]. Being physically active at
sport was defined as giving an affirmative answer to the
question “Do you play sports?”. A sport index was calculated based on the intensity, frequency and duration of
sports activity [30]. Furthermore, physical activity during
leisure time (excluding sport) was summarized in the
leisure-time index. The total physical activity index was
calculated as the sum of the sports and leisure-time
index. Moreover, for the subset of participants who
were characterized as being physically active in sports,
we calculated the energy expenditure during sports
activities in metabolic equivalents (MET) [31]. Time
spent per week on each sporting activity was multiplied
by the MET value of the activity to give MET-hours per
week.
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Information on smoking habits involved questions on:
past and current smoking status; duration of smoking;
and on the quantity of tobacco products smoked per
day. We used two continuous measures of smoking for
the present analyses, involving the number of: (i) currently smoked tobacco products per day; (ii) packyears
of tobacco products ever smoked.
Self-reported usual consumption of alcohol in g/day
was calculated from the answer to the questions “How
much beer (in units of 0.5 l)...”, “How much wine or
champagne (in units of 0.2 l)...”, and “How many glasses
of spirits (2 cl/glass)... do you usually drink during one
week?” The underlying concentration of alcohol was 4.8
volume-% for beer, 11.0 volume-% for wine or champagne, and 33.0 volume-% for spirits [32].
The mean dietary pattern during the previous 12
months was recorded by a validated food frequency
questionnaire [33]. The use of selected food groups was
classified according to the recommendations of the German Society of Nutrition as used in the KORA-MONICA Studies [33]. The classifications per food category
were coded in an overall summary score per subject,
which ranged from 0 (worst dietary pattern) to 30 (best
dietary pattern). A favourable dietary pattern is characterized by a diet rich in carbohydrates (potatoes, pasta,
rice and whole-grain bread), vegetables and fruits.
The 20-min ECG was recorded after a resting period
(in the supine position) of ≥20 min. Throughout the
ECG, subjects were asked to breathe at 15 breaths/min
(0.25 Hz) - guided by a visual metronome - to standardize the influence of the respiratory rate on spectral
HRV parameters.
All electrocardiograms were processed by the Modular
ECG Analysis System (MEANS) [34] to obtain the location and type of the QRS complexes of the 20-min
ECG. This information was used to compute standard
time and frequency domain parameters of HRV for 5min segments of the ECG according to the current
guidelines for the analysis of HRV [35]. Artefacts and
ectopic beats were replaced by interpolated normal
sinus beats. We used the standard deviation of normal
intervals (SDNN) - a time domain parameter - and the
frequency domain parameters low frequency power (LF)
(0.04 to <0.15 Hz), high-frequency (HF) power (0.15-0.4
Hz), and the ratio of LF to HF (LF/HF). To calculate
frequency domain parameters, tachograms of RR intervals were adjusted for linear trends, tapered and zeropadded, and a Fast Fourier transformation was
employed. For further analyses, HRV derived from the
first 5-min segment of the 20-min ECG which fulfilled
the following quality criteria was used: <10% of abnormal beats; stationarity of the tachogram; absence of
atrial fibrillation, atrial flutter, artificially paced beats
and other arrhythmias.
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The 5-min HRV for 1671 subjects (94% of 1777 participants with a 20-min ECG) could be used for further
analyses after 106 electrocardiograms had been excluded
due to atrial fibrillation or flutter (n = 45), artificial
pacemaker (n = 18), >10% non-sinus beats (n = 27),
other abnormal rhythms (n = 4), or technical problems
during processing and analysis of electrocardiograms (n
= 12). For HR analyses, we used the mean value of the
second and third measurement.
All HRV variables were log-transformed before analyses because of their skewed distribution. Potential confounders were selected for adjustment based on directed
acyclic graphs (DAG) taking into account prior knowledge regarding their associations with health behaviours
and HRV [36]. According to the resulting DAG, only
age had to be adjusted for in analyses of the association
of health behaviour with HRV (Figure 1). However,
especially in cross-sectional studies as our study a clear
temporal differentiation of cause and effect is impossible. We cannot separate the effect of health behaviour
on biomedical risk factors or diseases from the effect of
disease on behavioural and biomedical risk factors. For
example, we cannot distinguish whether physical inactivity has caused diabetes or vice versa. We therefore performed several sensitivity analyses. For example, we
additionally calculated models with adjustment for
further potential confounders such as CVD, diabetes
mellitus, heart rate, hypertension, body mass index, education, health behaviour, beta blockers, ACE inhibitors,
diuretic, calcium channel blockers and antiarrhythmic
agents.
Since categorization of originally continuous variables
does not use within-category information efficiently

Figure 1 Directed acyclic graph (DAG) as the general basis of
the confounder selection for the statistical analysis. This DAG
resulted in simple age-adjusted models in the analysis of the
association of healthbehaviour with HRV. BP = Blood Pressure; BMI
= Body Mass Index; CVD = Cardiovascular Diseases; HR = Heart Rate;
*unmeasured; solid lines: potential confounder according to DAG;
dotted lines: there is no confounding according to DAG.

Page 3 of 11

[37], and non-linearities in the association of HRV and
health behaviours were anticipated, we fitted ageadjusted generalized additive models (GAMs) [38].
GAMs can be used to check the assumption of the linearity of the relationship between HRV and health behaviours. For each smoothing effect in a model, a c2-test
comparing the deviance between the full model (including age and the smoothed exposure variable) and the
model without the exposure variable was performed.
We calculated age-adjusted geometric means (± 95%
confidence interval (CI)) of HRV parameters by categories of health-behaviour variables using linear regression models. We calculated quartiles for physical-activity
indices and the dietary pattern index. For the consumption of tobacco products and alcohol, zero consumption
was defined as the lowest category, and the remaining
subjects were categorized in tertiles. The F-test was
used to test the difference in adjusted means of HRV
between categories of health-behaviour variables.
To assess the influence of prevalent disease status, we
carried out sensitivity analyses of the association of
HRV with health behaviour in the whole population
(893 males and 778 females), as well as in a “healthy”
subgroup without prevalent CVD (defined as myocardial
infarction (MI), self-reported coronary artery bypass
graft, self-reported percutaneous transluminal coronary
angioplasty, self-reported physician-diagnosed stroke, or
carotid surgery), without diabetes mellitus (defined as
self-reported physician-diagnosed diabetes and/or use of
anti-diabetic medication) and without HRV-relevant
medication (beta-blockers, angiotensin-converting
enzyme (ACE) inhibitors, anti-arrhythmic drugs) (411
males and 363 females). The association of HRV with
MET-hours per week was analyzed in the subgroup of
participants who played sports.
Hypothesis tests were conducted at the significance
level of a = 0.01 to account for the problem of multiple
testing because each independent variable was tested for
its association with four HRV indices and heart rate. All
analyses were undertaken using SAS 9.1 (SAS Institute,
Cary, NC, USA).

Results
The baseline characteristics of the study population are
shown in Table 1. Overall, the study population showed
a high burden of cardiovascular risk factors and diseases.
Table 2 and Table 3 show the age-adjusted means of
HRV and HR by categories of health behaviour in the
total population. There was no consistent or statistically
significant association of dietary pattern, alcohol consumption and physical activity with HRV in either sex.
However, males and females with a high sport index
and total activity index (fourth quartile) showed a significantly lower HR compared with other quartiles. Males
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Table 1 Baseline characteristics of the CARLA study population (2002-2006)
Women (n = 812)
N

Mean (Standard deviation) or
Proportion

Men (n = 967)
N

Mean (Standard deviation) or
Proportion

Age (yrs)
Heart rate

812 63.7
812 71.5

(9.9)
(10.6)

967 64.9
966 71.34

(10.2)
(12.4)

LDL/HDL-Quotient

807 2.4

(0.9)

960 2.8

(1.0)

Body mass index (kg/m2)

812 28.5

(5.4)

967 28.5

(4.1)

Waist-to-hip ratio (WHR)

812 0.9

(0.1)

967 1.0

(0.1)

Smoking:
Current

119 17.1%

225 27.6%

Past

140 18.1%

496 46.9%

Never
Packyears of tobacco products

553 64.8%
812 4.3

(9.0)

245 25.5%
964 15.6

(16.6)

Currently smoked no. of tobacco products/day

812 1.9

(5.4)

966 3.8

(8.8)

(7.1)

964 17.5

Alcohol consumption % >20 (female)/30 (male) g/day
Alcohol g/day
Sports: % active (any sports)

32 4.5%
812 4.1

197 22.5%

347 42.3%

(18.67)

296 31.3%

Sport-index

808 2.4

(0.7)

962 2.4

(0.7)

Leisure-time-index

810 3.1

(0.6)

966 3.1

(0.6)

MET-hours per week1
Dietary pattern index

347 9.6
812 16.4

(7.6)
(3.2)

296 13.1
965 14.5

(10.4)
(3.2)

Education (years of training):
<= 10 years

122 13.6%

36 4.2%

11-13 years

387 47.0%

391 42.0%

14-17 years

231 29.1%

335 32.7%

>= 18 years

72 10.2%

205 21.1%

279 33.2%
254 28.5%

307 27.6%
340 30.2%

Myocardial infarction (MI)2

17 1.9%

88 7.6%

Stroke

27 2.8%

42 3.5%

Cardiovascular Disease (CVD)3

48 5.2%

153 12.7%

Hypertension4

608 71.2%

789 78.7%

Diabetes mellitus5

120 13.1%

154 15.9%

Drug use:
Betablockers
ACE-Inhibitors
Disease prevalence:

1

MET: metabolic equivalent
2
MI: defined as self-reported physician-diagnosed myocardial infarction and/or definite MI by physician-validated Minnesota Code of the 10-second ECG
3
CVD: including prevalent myocardial infarction, coronary artery bypass graft, percutaneous transluminal coronary angioplasty, stroke, carotid surgery
4
Hypertension defined as SBP >= 140 and/or DBP >= 90 mmHg, and/or use of antihypertensive medication by ATC code
5
Diabetes defined as self-reported physician-diagnosed diabetes mellitus and/or use of anti-diabetic medication by ATC code

who never smoked (zero packyears) had a significantly
lower HR, and higher SDNN, LF and LF/HF compared
with smokers with any accumulated packyears. However,
there was no dose-response relationship across tertiles
of packyears. No statistically significant association was
found with the number of currently smoked tobacco
products except for HR and LF/HF in males.
GAM analyses confirmed the association of SDNN
with packyears of smoking in both sexes (Figure 2) and
the association of HR with currently smoked tobacco
products and packyears in males. Furthermore, there
was a weak (but statistically significant) positive

association of sport index with HR, SDNN and with LF
power in males. No further statistically significant associations between health behaviour indices and HRV
parameters were observed.
Analyses of the association of HRV with MET-hours
per week in participants performing sport showed no
significant association of SDNN, HF, and LF/HF with
MET-hours per week. However, a weak (but statistically
significant) association of MET-hours per week with LF
was observed in females (Figure 3).
To exclude the influence of prevalent diseases and
potential confounders on the association of behavioural
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Table 2 Age-adjusted mean heart rate variability and heart rate by categories of health behavior in the female CARLA
study population
Risk factor
Sports-index

Leisure time-index

Total activity-index

No. of currently smoked
tobacco products/day

Packyears of smoking

Alcohol (g/d)

Dietary pattern index

N

Heart rate

SDNN

LF/HF

HF

LF

Mean (95%CI)

Mean (95%CI)

Mean (95%CI)

Mean (95%CI)

Mean (95%CI)

Q1

226 71.4

(70.1-72.7)† 27.6

(26.0-29.3) 1.0

(0.9-1.1) 162.7

(139.7-189.6) 166.3

(144.5-191.4)

Q2
Q3

193 73.3
143 71.1

(71.9-74.8) 28.1
(69.5-72.8) 28.1

(26.3-30.0) 1.1
(26.1-30.3) 1.0

(1.0-1.3) 154.3
(0.8-1.1) 175.1

(130.7-182.1) 174.9
(144.5-212.3) 172.0

(150.2-203.6)
(144.1-205.2)

Q4

212 70.2

(68.8-71.6) 28.4

(26.7-30.3) 1.0

(0.9-1.1) 179.3

(153.1-210.0) 178.8

(154.6-206.7)

Q1

232 72.2

(70.9-73.5) 28.5

(26.8-30.2) 1.0

(0.9-1.2) 170.2

(146.2-198.1) 183.3

(159.5-210.7)

Q2

124 71.4

(69.6-73.2) 26.1

(24.0-28.3) 1.0

(0.9-1.2) 142.1

(115.4-174.9) 142.1

(117.5-172.0)

Q3

253 71.6

(70.3-72.9) 28.8

(27.2-30.5) 1.0

(0.9-1.1) 173.7

(150.2-200.9) 176.5

(154.5-201.7)

Q4

167 70.5

(68.9-72.1) 28.2

(26.2-30.2) 1.0

(0.9-1.2) 179.5

(149.9-214.8) 182.4

(154.6-215.1)

Q1
Q2

215 71.8
140 74.0

(70.4-73.1)† 28.0
(72.3-75.7) 27.5

(26.3-29.8) 1.0
(25.5-29.7) 1.1

(0.9-1.2) 163.1
(1.0-1.3) 148.7

(139.4-190.7) 169.3
(122.4-180.5) 171.2

(146.6-195.5)
(143.2-204.7)

Q3

194 70.7

(69.2-72.1) 27.3

(25.6-29.1) 1.0

(0.9-1.1) 162.5

(137.8-191.6) 165.8

(142.5-193.0)

Q4

224 70.4

(69.1-71.8) 29.1

(27.4-30.9) 1.0

(0.9-1.1) 189.4

(162.5-220.9) 183.9

(159.7-211.9)

none 661 71.5

(70.7-72.3) 28.3

(27.3-29.3) 1.0

(0.9-1.1) 168.8

(154.2-184.8) 175.8

(161.8-191.0)

T1

37 70.9

(67.6-74.3) 27.5

(23.7-32.0) 1.3

(1.0-1.7) 153.8

(105.0-225.4) 196.6

(138.5-279.2)

T2

46 71.3

(68.3-74.4) 27.5

(24.0-31.5) 0.8

(0.6-1.1) 185.2

(131.2-261.4) 153.5

(111.9-210.7)

T3

34 74.3

(70.7-77.8) 26.8

(22.8-31.4) 0.9

(0.7-1.2) 154.8

(103.6-231.4) 144.9

(100.2-209.5)

none 482 72.1

(71.2-73.1) 28.3

(27.1-29.5) 1.1

(1.0-1.2) 164.4

(147.8-182.8) 176.9

(160.5-195.1)

T1
T2

98 70.1
100 70.7

(68.1-72.2) 28.3
(68.7-72.8) 28.0

(25.8-31.0) 1.0
(25.5-30.7) 1.0

(0.9-1.2) 182.8
(0.8-1.1) 173.2

(144.7-230.9) 188.5
(137.1-218.9) 168.5

(152.2-233.6)
(135.9-208.8)

T3

98 71.5

(69.5-73.6) 27.3

(24.9-30.0) 0.9

(0.8-1.1) 169.4

(133.8-214.5) 151.9

(122.4-188.7)

none 428 71.4

(70.4-72.4) 28.0

(26.8-29.3) 1.0

(0.9-1.1) 168.3

(150.4-188.4) 172.8

(155.9-191.6)

T1

91 73.9

(71.7-76.0) 27.6

(25.1-30.4) 1.0

(0.8-1.2) 168.0

(131.8-214.2) 169.0

(135.3-211.2)

T2

145 70.7

(69.0-72.4) 28.0

(25.9-30.2) 1.0

(0.9-1.2) 166.8

(137.5-202.3) 173.0

(144.9-206.5)

T3

114 71.9

(70.0-73.8) 29.1

(26.7-31.7) 1.1

(0.9-1.2) 170.7

(137.4-212.2) 183.1

(149.9-223.5)

Q1
Q2

215 71.4
191 72.1

(70.0-72.8) 30.0
(70.6-73.6) 26.9

(28.2-32.0) 1.1
(25.1-28.7) 1.1

(1.0-1.3) 188.2
(0.9-1.2) 144.8

(160.7-220.4) 210.9
(122.5-171.1) 155.2

(182.5-243.7)
(133.2-180.8)

Q3

176 71.1

(69.6-72.7) 27.6

(25.7-29.5) 1.0

(0.8-1.1) 165.8

(139.4-197.3) 159.0

(135.6-186.4)

Q4

196 71.8

(70.4-73.3) 27.8

(26.0-29.7) 1.0

(0.9-1.1) 174.9

(148.3-206.3) 170.3

(146.4-198.1)

Q1 = lowest quartile of health behavior, Q4 = highest quartile of health behavior; T1 = lowest tertile of health behavior (excluding non-consumer), T3 = highest
tertile of health behavior (excluding non-consumer); † p < 0.01, ‡ p < 0.001 (F-test for difference between respective categories of health behavior)

variables and HRV, we calculated age-adjusted models
in healthy subjects, and we calculated multivariate
adjusted models in the whole group (adjustment for age
and additionally for CVD, diabetes mellitus, HR, education, hypertension, body mass index, beta blockers, ACE
inhibitors, diuretics, calcium-channel blockers and antiarrhythmic agents). However, there was no relevant
change in the association of behavioural variables with
HRV (data not shown).

Discussion
We aimed to provide population-based data on the
association of HRV with behavioural risk factors in an
elderly general population. We found only weak and
inconsistent associations of HRV with physical activity,
smoking, alcohol consumption and dietary pattern. To
our knowledge, the CARLA study is the largest

population-based study with such a comprehensive protocol to increase reliability and standardization of HRV
measurements. Our results thus add to the literature by
providing more reliable estimates of true HRV values.
This enables study of the associations between behavioural factors and HRV with less bias due to measurement error and variability in examination conditions.
A limitation of our analyses was its cross-sectional
nature, which hampers evaluation of causal inferences.
HRV was assessed simultaneously with prevalent disease
and health behaviour, so we cannot exclude the possibility that prevalent disease may have affected the levels of
health behaviour and HRV. We addressed this limitation
by conducting subgroup analyses in healthy subjects and
additionally by calculating multivariate adjusted models
in the whole group. However, we did not find relevant
changes in the lack of associations.
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Table 3 Age-adjusted mean heart rate variability and heart rate by categories of health behavior in the male CARLA
study population
Risk factor

N

Heart rate

SDNN

LF/HF

HF

LF

Mean (95%CI)

Mean (95%CI)

Mean (95%CI)

Mean (95%CI)

Mean (95%CI)

Q1

243 72.6

(71.1-74.1) † 25.8

(24.2-27.6)

1.6

(1.4-1.8)

102.8

(87.1-121.2) 162.8

(140.7-188.3)

Q2
Q3

255 72.0
177 71.9

(70.5-73.5)
(70.1-73.7)

24.5
27.6

(23.0-26.1)
(25.6-29.8)

1.6
1.6

(1.4-1.8)
(1.4-1.8)

100.2
119.5

(85.3-117.8) 158.5
(98.4-145.1) 193.1

(137.5-182.8)
(162.7-229.1)

Q4

215 69.3

(67.7-70.9)

27.2

(25.4-29.2)

1.6

(1.4-1.8)

121.3

(101.7-144.6) 198.0

(169.5-231.2)

Q1

181 71.5

(69.8-73.3)

25.6

(23.8-27.7)

1.5

(1.3-1.7)

113.6

(93.7-137.6) 166.1

(140.2-196.7)

Q2

234 73.1

(71.6-74.7)

26.0

(24.3-27.8)

1.7

(1.5-1.9)

104.2

(88.0-123.4) 173.1

(149.1-200.9)

Q3

269 70.1

(68.6-71.5)

26.1

(24.5-27.8)

1.5

(1.4-1.7)

111.6

(95.4-130.6) 172.8

(150.4-198.6)

Q4

208 71.3

(69.7-72.9)

26.6

(24.8-28.6)

1.7

(1.5-1.9)

108.8

(91.0-130.2) 188.1

(160.6-220.4)

Total activity- Q1
index

182 73.6

(71.8-75.3) † 24.9

(23.1-26.8)

1.5

(1.3-1.7)

102.4

(84.6-124.0) 155.2

(131.1-183.6)

Q2

236 71.9

(70.4-73.5)

25.1

(23.5-26.8)

1.6

(1.5-1.8)

98.7

(83.5-116.8) 160.6

(138.5-186.3)

Q3

274 71.0

(69.5-72.4)

27.3

(25.7-29.0)

1.6

(1.4-1.7)

120.5

(103.2-140.9) 188.5

(164.4-216.3)

Q4

198 69.7

(68.0-71.3)

27.0

(25.1-29.0)

1.7

(1.5-1.9)

115.0

(95.8-138.2) 196.3

(167.0-230.8)

none 677 70.5

(69.6-71.4) ‡ 26.3

(25.3-27.3)

1.6

(1.5-1.8) † 108.8

(98.4-120.3) 178.7

(163.6-195.3)

T1

77 73.3

(70.6-76.0)

25.9

(23.1-29.1)

1.8

(1.5-2.1)

100.0

(74.5-134.2) 177.0

(136.5-229.5)

T2

89 73.9

(71.3-76.4)

24.9

(22.3-27.8)

1.5

(1.2-1.8)

106.7

(80.6-141.2) 161.2

(125.8-206.4)

T3

49 77.8

(74.3-81.2)

26.5

(22.8-30.8)

1.0

(0.8-1.3)

140.9

(96.6-205.5) 148.0

(106.1-206.6)

(111.5-161.7) 232.6

Sports-index

Leisure timeindex

No. of
currently
smoked
tobacco
products/day

Packyears of
smoking

Alcohol (g/d)

none 191 70.0

(68.3-71.7) † 29.2

(27.1-31.4) † 1.7

(1.5-2.0) † 134.3

(197.6-274.0) ‡

T1

237 70.9

(69.3-72.4)

26.0

(24.3-27.8)

1.7

(1.5-1.9)

104.5

(88.4-123.5) 176.2

(152.1-204.1)

T2

229 70.8

(69.3-72.4)

24.7

(23.1-26.4)

1.7

(1.5-1.9)

91.5

(77.2-108.5) 158.5

(136.5-184.0)

T3

233 73.8

(72.3-75.3)

25.3

(23.7-27.0)

1.3

(1.2-1.5)

115.9

(97.9-137.2) 152.7

(131.7-177.1)

none 190 71.4

(69.7-73.1)

25.7

(23.9-27.6)

1.4

(1.3-1.6)

109.9

(91.2-132.5) 159.1

(135.0-187.6)

T1

237 71.5

(70.0-73.1)

25.6

(23.9-27.3)

1.7

(1.5-1.9)

101.0

(85.4-119.5)

170.6

(147.2-197.9

T2

226 69.9

(68.3-71.5)

27.7

(25.9-29.6)

1.6

(1.4-1.8)

129.6

(109.2-153.8) 204.7

(176.0-238.0)

T3

237 72.7

(71.2-74.3)

25.6

(24.0-27.4)

1.7

(1.5-1.9)

101.0

(85.3-119.5) 168.6

(145.3-195.7)

Dietary
Q1
pattern index

252 72.2

(70.7-73.8)

25.1

(23.5-26.8)

1.5

(1.4-1.7)

105.6

(89.4-124.7) 164.0

(141.6-189.9)

Q2
Q3

215 71.6
194 72.1

(69.9-73.2)
(70.4-73.8)

27.6
25.6

(25.8-29.6)
(23.8-27.5)

1.7
1.7

(1.6-2.0)
(1.5-1.9)

116.4
100.1

(97.6-138.8) 204.2
(83.1-120.5) 169.9

(174.8-238.4)
(144.2-200.1)

Q4

230 70.0

(68.4-71.5)

26.3

(24.6-28.2)

1.4

(1.3-1.6)

115.1

(96.9-136.8) 166.5

(143.0-193.9)

Q1 = lowest quartile of health behavior, Q4 = highest quartile of health behavior; T1 = lowest tertile of health behavior (excluding non-consumer), T3 = highest
tertile of health behavior (excluding non-consumer); † p < 0.01, ‡ p < 0.001 (F-test for difference between respective categories of health behavior)

Measurement of behavioural factors by questionnaire is susceptible to misclassification [39,40]. It cannot be ruled out that the lack of association of
behavioural risk factors with HRV in the present
study occurred due to measurement error in selfreported behaviours (particularly with respect to physical activity and dietary pattern). However, the used
questionnaires have been validated [30,33,41] and are
frequently used.
In general, comparison of the present HRV results
with the literature must be done cautiously because of
methodological differences. In particular, the wide range

of recording conditions of applied ECG as well as the
lengths and pre-processing steps used before spectral
analyses may result in considerable differences in the
HRV parameters themselves between studies. Furthermore, a limitation generally true for studies of HRV is
that spectral parameters are sensitive to several physiological and environmental influences as well as to the
pre-processing protocol [42]. Moreover, within- and
between-subject reliability of HRV measurements can be
poor [43]. However, in the present study, environmental
conditions during ECG recording were controlled and
standardized to improve reliability.
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Figure 2 SDNN (log transformed) in the total population by sex and health behaviour: a) by sport activity index, b) by alcohol
consumption, c) by currently smoked tobacco products, d) by ever smoked tobacco packyears, e) by dietary pattern index. Bars
represent age-adjusted SDNN means (± 95% CI) by categories of health behaviour variables, lines represent loess curves (± pointwise 95% CI), pvalues were calculated by c2-test comparing the deviance between the age-adjusted exposure model and the model without the exposure
variable.
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Figure 3 LF (log transformed) by sex and health behaviour in participants who play sports (275 males and 332 females). Bars represent
age-adjusted LF means (± 95% CI) by categories of MET-hours per week, lines represent loess curves (± pointwise 95% CI), p-values were
calculated by c2-test comparing the deviance between the age-adjusted model and the model without the MET-hours per week variable.

The literature is inconsistent with respect to the effect
of physical activity on HRV. Physical activity causes a
resting bradycardia that is thought to be partly due to
the higher vagal tone of HR, thus increasing in particular HF and total HRV power. Some studies showed a
positive association of physical activity with some or all
HRV measures examined [7,9,15,16,19,21,44], but others
did not [17,18]. A possible explanation for these conflicting results may be that, in studies showing no association of physical activity with HRV, the frequency,
duration and intensity of physical activity or physical
training may have been insufficient to increase vagal
regulation of HR. This interpretation is supported by
studies which showed that a short period of intense
aerobic training as well as long-term (but low-intensity)
endurance training did not cause any change in resting
HRV [18,45]. In contrast, a 6-month randomized trial of
moderate-intensity training (8 kcal/kg per week)
revealed increased HRV in post-menopausal sedentary
women [44]. A further explanation for conflicting results
might be that the effect of physical activity on HRV is
modified by age. Older subjects showed smaller effects
than younger ones, which might be due to a reduced
“trainability” of the heart [19]. However, our results
showed no modification of effects by age (data not
shown).
A methodological explanation for discrepant results
regarding physical activity and HRV might be that positive associations tended to be derived primarily from
long-term ECG recordings. This could be due to the
variability of current physical activity during long-term
ECG recording, which influences HRV measurements
particularly low-frequency HRV [46].

Numerous studies with different recording lengths of
ECG and different populations showed a negative association of smoking with various measures of HRV
[3,10-12,22-24], although significant effects were not
always observed for all HRV measures determined
[8,11,12,24] or for both sexes [20], or were not confirmed in multivariable analyses [8]. Stolarz et al. found
conflicting results for different populations [9], and no
association was observed in the Rotterdam Study [4]. In
the present study, we also did not find a clear pattern of
a smoking effect on HRV, and the observed effects of
smoking were mostly small. We assumed that current
HRV is mostly affected by current smoking, but we did
not find an association with the currently smoked number of tobacco products. In contrast, we found significantly higher HRV in males who never smoked
compared with smokers with any accumulated packyears. This argues for a long-term effect of smoking on
autonomic function.
Findings regarding alcohol consumption and HRV are
inconsistent. Some authors reported a positive association in women [22,26], but others found a negative association [10,11] or no association [4,23,25]. Our results
are in accordance with the latter findings. One problem
impeding real comparability of the studies is that alcohol consumption was defined differently across studies
with varying cutoff points for exposure classification.
Perhaps measures of patterns of alcohol consumption
(e.g., binge drinking) would be more relevant for the
association of HRV and CVD risk.
Only one study found an association of reduced HRV
with an “unhealthy eating pattern” - defined as frequent
consumption of white bread and full-fat milk (instead of
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low-fat milk) and little consumption of fruits - in men
[10]. Several authors evaluated the effect of unsaturated
fatty acids on HRV [25,27,47]. Christensen et al. found a
positive association of SDNN with increased consumption of fish [25]. However, a randomized trial of the
effect of the consumption of industrially produced
trans-fatty acids and n-3-unsaturated fatty acids on
HRV did not replicate this association [27]. In the
CARLA study, we did not find an association of HRV
with dietary pattern and with fish consumption.
A possible explanation of our overall results could be
that HRV is primarily determined by genetic factors
[48-50]. A recent study found that genetic factors
accounted for a major portion of the inter-individual
differences in HRV, and no single behavioural determinant appeared to have a major influence on HRV [50].
Another possibility is that HRV is not a mediator of
the effect of behavioural risk factors on CVD, but
becomes effective after the stage of biomedical risk factors. Thus, it could just be a marker of ill health and
for prospective adverse health outcomes. HRV may
therefore have been found to be more strongly related
to those biomedical risk factors which have a high predictive power for future CVD events (e.g., diabetes and
obesity) [10,20].

Conclusion
We hypothesized that HRV is associated with behavioural factors and therefore might be a mediator of
the effect of behavioural CVD risk factors on CVD
events, but this hypothesis was not confirmed by our
results. These findings support the interpretation that
there may be no true causal association of behavioural
factors with HRV, which is also compatible with the
inconsistent literature. However, a final conclusion as
to whether HRV is an intermediate on the causal path
or a marker of subclinical or impending disease cannot
be drawn on the basis of cross-sectional analyses. Fortunately, the ongoing follow-up investigation of the
study subjects will give us the opportunity to examine
the prospective associations of behavioural risk factors
with HRV and incident events, and to assess correct
temporal relations.
Abbreviations
BP: Blood Pressure; CARLA: Cardiovascular Disease, Living and Ageing in
Halle; CVD: Cardiovascular Disease; DAG: Directed Acyclic Graph; ECG:
Electrocardiogram; GAM: Generalized Additive Model; HF: High Frequency
Power; HR: Heart Rate; HRV: Heart Rate Variability; LF: Low Frequency Power;
LF/HF: Ratio of Low Frequency Power to High Frequency Power; MET:
Metabolic Equivalent; MI: Myocardial Infarction; SDNN: Standard Deviation of
Normal Intervals; 95% CI: 95% Confidence Interval.
Acknowledgements
This study was funded by a grant from the Deutsche
Forschungsgemeinschaft (DFG, German Research Foundation) as part of the

Page 9 of 11

Collaborative Research Center 598 “Heart failure in the elderly - cellular
mechanisms and therapy” at the Medical Faculty of the Martin-LutherUniversity Halle-Wittenberg and an individual research grant by the DFG (HA
2419); by a grant of the Wilhelm-Roux Program of the Martin-LutherUniversity Halle-Wittenberg; by a grant from the Ministry of Education
Saxony-Anhalt, and by the Federal Employment Office.
Author details
1
Institute of Medical Epidemiology, Biostatistics and Informatics, MartinLuther-University Halle-Wittenberg, Halle (Saale), Germany. 2Department of
Public Health and Clinical Medicine, Centre for Global Health Research,
Umeå University, Umeå, Sweden. 3Department of Cardiology, Leiden
University Medical Center, Leiden, The Netherlands. 4Department of Medical
Informatics, Erasmus Medical Center Rotterdam, Rotterdam, The Netherlands.
5
Department of Cardiology, Hospital Magdeburg, Germany. 6Department of
Medicine III, Martin-Luther-University Halle-Wittenberg, Halle (Saale),
Germany. 7Division of Cancer Epidemiology, German Cancer Research
Centre, Heidelberg, Germany.
Authors’ contributions
AK: conducted the statistical analyses and drafted the manuscript. BS: helped
designing major parts of the study and helped drafting the manuscript. CAS:
helped designing the protocol, specifically the 20 minute HRV measurement
protocol with metronome guided respiration; performed the HRV analyses
and helped drafting the manuscript. JAK: performed the pre-processing of
ECGs for HRV analysis and the Minnesota Coding and helped drafting the
manuscript. OK: participated in the statistical analyses and helped drafting
the manuscript. HS: validated ECG-based diagnoses and critically reviewed
the manuscript. KW: helped designing the study, and drafting the
manuscript. JH: helped designing the study, selecting the statistical
procedures and drafting the manuscript. KHG: conceived of the study,
designed major parts of the study and helped drafting the manuscript. All
authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 24 August 2010 Accepted: 25 November 2010
Published: 25 November 2010
References
1. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, McQueen M,
Budaj A, Pais P, Varigos J, et al: Effect of potentially modifiable risk factors
associated with myocardial infarction in 52 countries (the INTERHEART
study): case-control study. Lancet 2004, 364:937-952.
2. Tsuji H, Venditti FJ Jr, Manders ES, Evans JC, Larson MG, Feldman CL,
Levy D: Reduced heart rate variability and mortality risk in an elderly
cohort. The Framingham Heart Study. Circulation 1994, 90:878-883.
3. Dekker JM, Schouten EG, Klootwijk P, Pool J, Swenne CA, Kromhout D:
Heart rate variability from short electrocardiographic recordings predicts
mortality from all causes in middle-aged and elderly men. The Zutphen
Study. Am J Epidemiol 1997, 145:899-908.
4. de Bruyne MC, Kors JA, Hoes AW, Klootwijk P, Dekker JM, Hofman A, van
Bemmel JH, Grobbee DE: Both decreased and increased heart rate
variability on the standard 10-second electrocardiogram predict cardiac
mortality in the elderly: the Rotterdam Study. Am J Epidemiol 1999,
150:1282-1288.
5. Nolan J, Batin PD, Andrews R, Lindsay SJ, Brooksby P, Mullen M, Baig W,
Flapan AD, Cowley A, Prescott RJ, et al: Prospective study of heart rate
variability and mortality in chronic heart failure: results of the United
Kingdom heart failure evaluation and assessment of risk trial (UK-heart).
Circulation 1998, 98:1510-1516.
6. Stein PK, Domitrovich PP, Huikuri HV, Kleiger RE: Traditional and nonlinear
heart rate variability are each independently associated with mortality
after myocardial infarction. J Cardiovasc Electrophysiol 2005, 16:13-20.
7. Fagard RH, Pardaens K, Staessen JA: Influence of demographic,
anthropometric and lifestyle characteristics on heart rate and its
variability in the population. J Hypertens 1999, 17:1589-1599.
8. Kuch B, Hense HW, Sinnreich R, Kark JD, von Eckardstein A, Sapoznikov D,
Bolte HD: Determinants of short-period heart rate variability in the
general population. Cardiology 2001, 95:131-138.

Kluttig et al. BMC Cardiovascular Disorders 2010, 10:58
http://www.biomedcentral.com/1471-2261/10/58

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Stolarz K, Staessen JA, Kuznetsova T, Tikhonoff V, State D, Babeanu S,
Casiglia E, Fagard RH, Kawecka-Jaszcz K, Nikitin Y: Host and environmental
determinants of heart rate and heart rate variability in four European
populations. J Hypertens 2003, 21:525-535.
Hemingway H, Shipley M, Brunner E, Britton A, Malik M, Marmot M: Does
autonomic function link social position to coronary risk? The Whitehall II
study. Circulation 2005, 111:3071-3077.
Felber Dietrich D, Schindler C, Schwartz J, Barthelemy JC, Tschopp JM,
Roche F, von Eckardstein A, Brandli O, Leuenberger P, Gold DR, et al: Heart
rate variability in an ageing population and its association with lifestyle
and cardiovascular risk factors: results of the SAPALDIA study. Europace
2006, 8:521-529.
Felber Dietrich D, Schwartz J, Schindler C, Gaspoz JM, Barthelemy JC,
Tschopp JM, Roche F, von Eckardstein A, Brandli O, Leuenberger P, et al:
Effects of passive smoking on heart rate variability, heart rate and blood
pressure: an observational study. Int J Epidemiol 2007, 36:834-840.
Stein PK, Barzilay JI, Domitrovich PP, Chaves PM, Gottdiener JS, Heckbert SR,
Kronmal RA: The relationship of heart rate and heart rate variability to
non-diabetic fasting glucose levels and the metabolic syndrome: the
Cardiovascular Health Study. Diabet Med 2007, 24:855-863.
Stein PK, Ehsani AA, Domitrovich PP, Kleiger RE, Rottman JN: Effect of
exercise training on heart rate variability in healthy older adults. Am
Heart J 1999, 138:567-576.
Rennie KL, Hemingway H, Kumari M, Brunner E, Malik M, Marmot M: Effects
of moderate and vigorous physical activity on heart rate variability in a
British study of civil servants. Am J Epidemiol 2003, 158:135-143.
Schuit AJ, van Amelsvoort LG, Verheij TC, Rijneke RD, Maan AC, Swenne CA,
Schouten EG: Exercise training and heart rate variability in older people.
Med Sci Sports Exerc 1999, 31:816-821.
Loimaala A, Huikuri H, Oja P, Pasanen M, Vuori I: Controlled 5-mo aerobic
training improves heart rate but not heart rate variability or baroreflex
sensitivity. J Appl Physiol 2000, 89:1825-1829.
Uusitalo AL, Laitinen T, Vaisanen SB, Lansimies E, Rauramaa R: Physical
training and heart rate and blood pressure variability: a 5-yr randomized
trial. Am J Physiol Heart Circ Physiol 2004, 286:H1821-H1826.
Sandercock GR, Bromley PD, Brodie DA: Effects of exercise on heart rate
variability: inferences from meta-analysis. Med Sci Sports Exerc 2005,
37:433-439.
Ziegler D, Zentai C, Perz S, Rathmann W, Haastert B, Meisinger C, Lowel H:
Selective contribution of diabetes and other cardiovascular risk factors
to cardiac autonomic dysfunction in the general population. Exp Clin
Endocrinol Diabetes 2006, 114:153-159.
Felber Dietrich D, Ackermann-Liebrich U, Schindler C, Barthelemy JC,
Brandli O, Gold DR, Knopfli B, Probst-Hensch NM, Roche F, Tschopp JM,
et al: Effect of physical activity on heart rate variability in normal weight,
overweight and obese subjects: results from the SAPALDIA study. Eur J
Appl Physiol 2008, 104:557-565.
Kupari M, Virolainen J, Koskinen P, Tikkanen MJ: Short-term heart rate
variability and factors modifying the risk of coronary artery disease in a
population sample. Am J Cardiol 1993, 72:897-903.
Tsuji H, Venditti FJ Jr, Manders ES, Evans JC, Larson MG, Feldman CL,
Levy D: Determinants of heart rate variability. J Am Coll Cardiol 1996,
28:1539-1546.
Liao D, Cai J, Rosamond WD, Barnes RW, Hutchinson RG, Whitsel EA,
Rautaharju P, Heiss G: Cardiac autonomic function and incident coronary
heart disease: a population-based case-cohort study. The ARIC Study.
Atherosclerosis Risk in Communities Study. Am J Epidemiol 1997,
145:696-706.
Christensen JH, Skou HA, Fog L, Hansen V, Vesterlund T, Dyerberg J, Toft E,
Schmidt EB: Marine n-3 fatty acids, wine intake, and heart rate variability
in patients referred for coronary angiography. Circulation 2001,
103:651-657.
Janszky I, Ericson M, Blom M, Georgiades A, Magnusson JO, Alinagizadeh H,
Ahnve S: Wine drinking is associated with increased heart rate variability
in women with coronary heart disease. Heart 2005, 91:314-318.
Dyerberg J, Eskesen DC, Andersen PW, Astrup A, Buemann B,
Christensen JH, Clausen P, Rasmussen BF, Schmidt EB, Tholstrup T, et al:

Page 10 of 11

28.

29.

30.

31.

32.

33.

34.
35.

36.
37.

38.
39.
40.
41.

42.

43.
44.

45.

46.

47.

48.

Effects of trans- and n-3 unsaturated fatty acids on cardiovascular risk
markers in healthy males. An 8 weeks dietary intervention study. Eur J
Clin Nutr 2004, 58:1062-1070.
Greiser KH, Kluttig A, Schumann B, Kors JA, Swenne CA, Kuss O, Werdan K,
Haerting J: Cardiovascular disease, risk factors and heart rate variability
in the elderly general population: design and objectives of the
CARdiovascular disease, Living and Ageing in Halle (CARLA) Study. BMC
Cardiovasc Disord 2005, 5:33.
Greiser KH, Kluttig A, Schumann B, Swenne CA, Kors JA, Kuss O, Haerting J,
Schmidt H, Thiery J, Werdan K: Cardiovascular diseases, risk factors and
short-term heart rate variability in an elderly general population: the
CARLA study 2002-2006. Eur J Epidemiol 2009, 24:123-142.
Baecke JA, Burema J, Frijters JE: A short questionnaire for the
measurement of habitual physical activity in epidemiological studies.
Am J Clin Nutr 1982, 36:936-942.
Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ,
O’Brien WL, Bassett DR Jr, Schmitz KH, Emplaincourt PO, et al:
Compendium of physical activities: an update of activity codes and MET
intensities. Med Sci Sports Exerc 2000, 32:S498-S504.
Bühringer G, Augustin R, Bergmann E, Bloomfield K, Funk W, Junge B,
Kraus L, Merfert-Diete C, Rumpf HJ, Simon R, et al: Alkoholkonsum und
alkoholbezogene Störungen in Deutschland Berlin: Das Bundesministerium für
Gesundheit; 2000.
Winkler G, Doring A: Validation of a short qualitative food frequency list
used in several German large scale surveys. Z Ernahrungswiss 1998,
37:234-241.
van Bemmel JH, Kors JA, van Herpen G: Methodology of the modular ECG
analysis system MEANS. Methods Inf Med 1990, 29:346-353.
ESC/NASPE Task Force: Heart rate variability: standards of measurement,
physiological interpretation and clinical use. Task Force of the European
Society of Cardiology and the North American Society of Pacing and
Electrophysiology. Circulation 1996, 93:1043-1065.
Greenland S, Pearl J, Robins JM: Causal diagrams for epidemiologic
research. Epidemiology 1999, 10:37-48.
Greenland S: Avoiding power loss associated with categorization and
ordinal scores in dose-response and trend analysis. Epidemiology 1995,
6:450-454.
Hastie TJ, Tibshirani RJ: Generalized Additive Models London: Chapman &
Hall; 1990.
Shephard RJ: Limits to the measurement of habitual physical activity by
questionnaires. Br J Sports Med 2003, 37:197-206.
Ferrari P, Friedenreich C, Matthews CE: The role of measurement error in
estimating levels of physical activity. Am J Epidemiol 2007, 166:832-840.
Pols MA, Peeters PH, Kemper HC, Collette HJ: Repeatability and relative
validity of two physical activity questionnaires in elderly women. Med Sci
Sports Exerc 1996, 28:1020-1025.
Kuss O, Schumann B, Kluttig A, Greiser KH, Haerting J: Time domain
parameters can be estimated with less statistical error than frequency
domain parameters in the analysis of heart rate variability. J Electrocardiol
2008, 41:287-291.
Sandercock GR, Bromley PD, Brodie DA: The reliability of short-term
measurements of heart rate variability. Int J Cardiol 2005, 103:238-247.
Earnest CP, Lavie CJ, Blair SN, Church TS: Heart rate variability
characteristics in sedentary postmenopausal women following six
months of exercise training: the DREW study. PLoS ONE 2008, 3:e2288.
Perini R, Fisher N, Veicsteinas A, Pendergast DR: Aerobic training and
cardiovascular responses at rest and during exercise in older men and
women. Med Sci Sports Exerc 2002, 34:700-708.
Roach D, Wilson W, Ritchie D, Sheldon R: Dissection of long-range heart
rate variability: controlled induction of prognostic measures by activity
in the laboratory. J Am Coll Cardiol 2004, 43:2271-2277.
Christensen JH, Christensen MS, Dyerberg J, Schmidt EB: Heart rate
variability and fatty acid content of blood cell membranes: a doseresponse study with n-3 fatty acids. Am J Clin Nutr 1999, 70:331-337.
Kupper NH, Willemsen G, van den BM, de Boer D, Posthuma D,
Boomsma DI, de Geus EJ: Heritability of ambulatory heart rate variability.
Circulation 2004, 110:2792-2796.

Kluttig et al. BMC Cardiovascular Disorders 2010, 10:58
http://www.biomedcentral.com/1471-2261/10/58

Page 11 of 11

49. Singh JP, Larson MG, O’Donnell CJ, Tsuji H, Evans JC, Levy D: Heritability of
heart rate variability: the Framingham Heart Study. Circulation 1999,
99:2251-2254.
50. Uusitalo AL, Vanninen E, Levalahti E, Battie MC, Videman T, Kaprio J: Role of
genetic and environmental influences on heart rate variability in
middle-aged men. Am J Physiol Heart Circ Physiol 2007, 293:H1013-H1022.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2261/10/58/prepub
doi:10.1186/1471-2261-10-58
Cite this article as: Kluttig et al.: Association of health behaviour with
heart rate variability: a population-based study. BMC Cardiovascular
Disorders 2010 10:58.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

