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Heart rate variability and blood pressure among
Japanese men and women: a community-based
cross-sectional study

Hiromi Mori1, Isao Saito2, Eri Eguchi1, Koutatsu Maruyama3, Tadahiro Kato4 and Takeshi Tanigawa1

Heart rate variability (HRV) is associated with blood pressure levels; however, very few studies have correlated HRV to lifestyle

in the general population. We investigated 1418 men and 2040 women aged 40–74 years and measured the HRV indices in

the time and frequency domains using a 5-min R-R interval recording. Multiple linear regression analyses were used to estimate

the association between HRV and blood pressure levels after adjustment for major confounders. HRV indices were not

associated with systolic blood pressure levels in men, whereas in women, one-s.d. (1-s.d.) increment of s.d. of normal R-R

intervals (SDNN) was associated with a 1.21-mm Hg decrease in systolic blood pressure after adjusting for several confounders

(Po0.05). In addition, a 1-s.d. increment of SDNN corresponded with 1.00 and 1.10 mm Hg reductions in diastolic blood

pressure in men and women, respectively (Po0.05). When stratified by the use or nonuse of antihypertensive medication, these

inverse associations were more evident in the nonuser group. Furthermore, among men not using antihypertensive medication,

reduced HRV was associated with increased systolic blood pressure levels in nondrinkers. The data suggest that HRV reflects

diastolic blood pressure better than systolic blood pressure levels for both sexes and that alcohol intake strongly affects systolic

blood pressure levels in men, which may have weakened the association with HRV.
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INTRODUCTION

Hypertension is well established as one of the major risk factors for
cardiovascular disease in Japan.1 Despite several population-based
studies reporting that both stroke incidence and mortality decline
following greatly reductions in blood pressure,1–3 hypertension
remains responsible for 43.0% of the population-attributable risk of
stroke and 17.9% of acute myocardial infarction,4 as suggested by a
Japanese cohort study.5

Autonomic nervous function has a significant role in the circula-
tory system and in blood pressure regulation. Spectral analysis of
heart rate variability (HRV) is a noninvasive tool that is widely used
to assess autonomic nervous function.6 Impaired autonomic nervous
function has been implicated in the development of coronary heart
disease,7,8 all-cause mortality9–11 and hypertension.12–14 The
Atherosclerosis Risk in Communities study has reported that HRV
is significantly lower in hypertensive participants, with participants in
the lowest HRV quartile having a 2.44 times greater risk of
hypertension than those in the highest quartile during the 3-year
follow-up period.12 Furthermore, a recent report from the
Atherosclerosis Risk in Communities study found that the hazard

ratio for hypertension development during the 9-year follow-up
period was 1.36 times higher for participants in the lowest HRV
quartile of square root of the mean-squared differences (rMSSD)
compared with those in the highest quartile.13 In a 4-year
Framingham Heart cohort study,14 low-frequency (LF) power
was found to be associated with hypertension incidence during
the 4-years follow-up period, with an odds ratio of 1.38 per 1-s.d.
of LF decrement. Therefore, impaired autonomic nervous
function and decreased HRV may be underlying causes of
hypertension, and estimation of HRV may improve hypertension
risk prediction.

In addition, lifestyle is associated with HRV and blood pressure.15

The Whitehall II study showed that adverse health-related lifestyle,
including smoking, little or no vigorous exercise, poor diet, high
alcohol consumption and lack of physical activity, was associated with
adverse HRV.16 Alcohol consumption and obesity are key factors
associated with elevated blood pressure levels and are linked with
increased cardiovascular disease risk. However, there are very few
studies on HRV condition related to such lifestyles in the Japanese
population. Therefore, our aim was to examine the association of
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HRV with blood pressure levels by measuring the 5-min R-R intervals
in a population-based sample of Japanese.

METHODS

Study population
We recruited the subjects from participants in an annual health checkup from

2009 to 2011 at Ozu City, Ehime Prefecture, Japan. A total of 3600 participants

(1485 men and 2115 women) aged between 40 and 74 years were recruited. We

excluded participants with premature beat (39 men and 38 women), atrial

fibrillation (12 men and 8 women) and with missing HRV data (16 men and

29 women). Therefore, a total of 3458 (1418 men and 2040 women)

participants were included in the analyses. No substantial differences were

found in the characteristics between included and excluded participants. The

ethics committee of the Ehime University School of Medicine approved the

study. The participants received instructions about the study procedure, and all

the participants provided written informed consent.

Measurements
Blood pressure was measured after a 5-mi rest in a seated position. An

automatic sphygmomanometer (BP-103i II, Omron Colin, Kyoto, Japan) was

used to measure blood pressure on the right arm twice, and the mean values of

the two measurements were used for the analyses. Hypertension was defined as

a systolic blood pressure of X140 mm Hg and/or diastolic blood pressure of

X90 mm Hg and/or current use of antihypertensive medication.17

Body mass index (BMI) was calculated as the participant’s weight (kg)

divided by the square of standing height (m2). We defined diabetes by

hemoglobin A1c (Japan Diabetes Society (JDS)) level of X6.1% or pharma-

cological treatment for diabetes.18 Dyslipidemia was classified by a high-density

lipoprotein cholesterol level of p1.03 mmol l�1 (40 mg dl�1), a low-density

lipoprotein cholesterol level of X3.62 mmol l�1 (140 mg dl�1), a triglyceride

level of X1.69 mmol l�1 (150 mg dl�1) or pharmacological treatment for

dyslipidemia.19 Trained interviewers administered the questionnaires and

assessed smoking status, alcohol consumption status and physical activity.

Smoking status categorized subjects as current smokers or nonsmokers.

Alcohol consumption status categorized subjects as current drinkers or

nondrinkers; drinkers were also asked about the frequency and daily volume

of alcohol intake to calculate their alcohol consumption. We used a validated

questionnaire on 24-h physical activity to assess total daily physical activity

(metabolic equivalents(MET)-hours).20

HRV was measured with a Pulse Analyzer Plus TAS9 device (YKC, Tokyo,

Japan). This device is designed to evaluate autonomic nervous function using

acceleration pulse waves from the fingertip. HRV was measured once in a

5-min period in a seated position following a 5-min rest, from June to

November from 2009 to 2011, between 0900 and 1200 hours. The participants

did not smoke or perform vigorous activity during the 2-to 3-h health-check

examination. We used two time domain variables and three frequency domain

variables as measurements of HRV.6 Time domain variables included the SD of

normal R-R intervals (SDNN, MS) and the square root of the mean squared

differences of successive R-R intervals (rMSSD, MS). SDNN reflects overall

HRV, and rMSSD reflects the activity of the parasympathetic nervous system.6

Frequency domain variables included high frequency (HF: 0.15–0.40 Hz), low

frequency (LF: 0.04–0.15 Hz) and the ratio of LF to HF (LF/HF). The HF is an

index because variation in parasympathetic nervous system activity reflects the

variation, the LF reflects both sympathetic and parasympathetic nervous

system activity and LF/HF is an index of sympathetic nervous activity.6 We

compared HRV between a fasting group (more than 8 h after a meal) and a

nonfasting group (less than 8 h after a meal); however, no statistically

significant differences were found between the fasting group and the

nonfasting group.

Statistical analysis
HRV indices were transformed to natural logarithms because their distribu-

tions were skewed. Sex-specific and age-adjusted mean values with respect to

SDNN quartiles were calculated by using analysis of covariance. Presence of a

linear trend was tested by using the median values of SDNN quartiles.

Linear regression analysis was used to calculate the effects of 1-s.d.

increments of HRV indices on blood pressure after adjusting for age, BMI,

smoking status, alcohol consumption, total daily physical activity, the use of

antihypertensive medication and diabetes. This analysis was also performed

after stratification based on the use of antihypertensive mediation.

We further examined the association between HRV and blood pressure levels

in men who did not use antihypertensive medication according to alcohol-

drinking status because these statuses might have been an effect modifier for

the association between HRV and blood pressure levels and also because the

proportions of current alcohol drinker were also higher in men. Participants

were divided into three categories based on their alcohol consumption as

follows: nondrinker (0 g of alcohol per day), light drinker (1–22 g per day) and

heavy drinker (X23 g per day). Age- and multivariable-adjusted mean values

for blood pressure with respect to alcohol-drinking status were calculated using

analysis of covariance, with linear regression testing for trends. For all analyses,

two-sided probability values of less than 0.05 were considered to be statistically

significant. All analyses used the SAS statistical package version 9.1 software

(SAS Institute, Cary, NC, USA).

RESULTS

Table 1 shows sex-specific population characteristics of the subjects.
The mean (s.d.) age of participants was 63.1 (8.6) for men and 64.0
(8.0) for women, and 29.4% of men and 27.5% of women used

Table 1 Characteristics of study subjects

Men Women

n¼1418 n¼2040

Variables Mean (s.d.) Mean (s.d.)

Age, years 63.1 (8.6) 64.0 (8.0)

Body mass index, kgm�2 23.5 (3.1) 22.7 (3.4)

Waist circumstances, cm 84.1 (8.4) 81.3 (9.6)

Systolic blood pressure, mm Hg 132.8 (18.3) 130.0 (19.4)

Diastolic blood pressure, mmHg 80.0 (10.7) 75.1 (10.8)

Heart rate, b.p.m. 67.2 (10.2) 70.0 (10.1)

LDL cholesterol, mmol l�1 3.17 (0.77) 3.40 (0.78)

HDL cholesterol, mmol l�1 1.46 (0.38) 1.68 (0.40)

Triglyceride, mmol l�1 a 1.25 (0.91–1.75) 1.08 (0.78–1.49)

HbA1c (JDS), % 5.41 (0.65) 5.39 (0.61)

Current smoker, % 25.0 2.6

Regular alcohol drinker, %b 76.3 25.5

Alcohol consumption, g per day 28.2 (30.7) 4.4 (12.0)

Daily total physical activity, MET-hourc 37.7 (9.9) 36.6 (9.3)

Hypertension, %d 51.5 45.1

Dyslipidemia, %e 53.8 60.0

Diabetes, %f 11.0 6.9

Use of antihypertensive medication, % 29.4 27.5

Heart rate variability

SDNN, msa 37.9 (28.0–53.2) 34.9 (25.8–47.4)

rMSSD, msa 29.0 (20.0–45.0) 26.0 (19.0–40.0)

ln LF, ms2 5.23 (1.25) 4.93 (1.24)

ln HF, ms2 4.65 (1.31) 4.53 (1.25)

ln LF/HF 1.15 (0.23) 1.12 (0.24)

Abbreviations: HbA1c, hemoglobin A1c; HDL, high-density lipoprotein; HF, high-frequency
power; LDL, low-density lipoprotein; ln, natural log; LF, low-frequency power; LF/HF, ratio LF
of HF; rMSSD, root mean square of successive differences in R-R intervals; SDNN, s.d. of R-R
intervals.
aMedian, (interquartile range 25–75%).
bDrinking frequency as over one time per week.
cMetabolic equivalents(MET)-hour.
dSystolic blood pressure X140 mmHg and/or diastolic blood pressure X90mmHg or use
of antihypertensive medication.
eHDL cholesterol p1.03 mmol l�1 or LDL cholesterol X3.62mmol l�1 or triglyceride
X1.69mmol l�1 or pharmacological treatment for dyslipidemia.
fHbA1c (Japan Diabetes Society (JDS)) X6.1% or pharmacological treatment for diabetes.
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antihypertensive medication. Table 2 shows sex-specific and age-
adjusted mean values and proportions according to SDNN
quartiles. The lowest quartile of SDNN had the highest age-adjusted
mean values for heart rate, BMI, alcohol consumption, and
higher prevalence of hypertension and diabetes in men. For
women, among all quartiles, the lowest quartile of SDNN had a
higher age-adjusted mean value for heart rate, high prevalence of
hypertension, diabetes, nondrinkers and lower physical activity. In
women, systolic and diastolic blood pressure levels showed graded
inverse associations across SDNN quartiles. However, in men,
statistically significant trends were only found for diastolic blood
pressure levels.

Table 3 shows the correlations between HRV and blood pressure
levels after adjusting for age, BMI, smoking status, alcohol consump-
tion, physical activity, use of antihypertensive medication and history
of diabetes. For both sexes, SDNN, rMSSD, LF and HF inversely
associated with diastolic blood pressure levels, and LF/HF associated
positively with diastolic blood pressure levels in the age- and
multivariable-adjusted models. A 1-s.d. increment in SDNN was
associated with a �1.00 mm Hg decrease in diastolic blood pressure

levels for men and a �1.21 mm Hg decrease in diastolic blood
pressure levels for women after adjustment for age and other
confounders. For women SDNN, rMSSD and HF were inversely
associated with systolic blood pressure levels after adjusting for age
and the other confounders. However, no statistically significant
associations were found between the HRV indices and systolic blood
pressure levels in men.

Furthermore, after stratification based on the use of antihyperten-
sive medication, the association between HRV and blood pressure
levels was analyzed (Table 4). Inverse associations were slightly evident
among individuals not using antihypertensive medication, whereas no
significant associations were observed in subjects who used anti-
hypertensive medication.

Figure 1 shows multivariable-adjusted mean levels of systolic blood
pressure in men who did not use antihypertensive medication
according to alcohol-drinking status. Systolic blood pressure levels
showed graded inverse associations across SDNN quartiles in non-
drinking men, whereas statistically significant associations between
SDNN quartiles and systolic blood pressure levels were not observed
among alcohol drinkers.

Table 2 Sex-specific and age-adjusted characteristics according to quartiles of SDNN

SDNN

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P for trend

Men

n 354 358 351 355

SDNN range, ms 8.3–27.9 28.0–37.8 37.9–53.1 53.2–373.1

Age, year 64.8 63.0 62.9 61.6 o0.001

Heart rate, b.p.m. 72.3 67.6 64.8 64.3 o0.001

Body mass index, kgm�2 23.8 23.7 23.3 23.2 0.016

Systolic blood pressure, mm Hg 134.6 132.1 133.2 131.4 0.109

Diastolic blood pressure, mmHg 80.8 80.8 79.8 78.6 0.014

Under antihypertensive medication, % 39.3 25.3 30.2 22.8 o0.001

Hypertension, %a 61.3 47.2 49.2 47.3 o0.001

Diabetes, %b 11.2 8.8 5.9 5.1 0.010

Current alcohol drinking, % 74.5 76.7 77.1 76.9 0.838

Alcohol consumption, g per day 28.1 28.1 29.7 26.8 0.011

Current smoker, % 23.5 22.7 25.4 28.2 0.034

Daily total physical activity, MET-hourc 37.3 38.1 37.4 38.1 0.580

Women

n 507 513 510 510

SDNN range, ms 6.2–25.7 25.8–34.8 34.9–47.3 47.4–269.2

Age, year 66.6 64.1 62.5 63.0 o0.001

Heart rate, b.p.m. 76.4 70.1 67.7 66.0 o0.001

Body mass index, kgm�2 22.9 22.6 22.7 22.7 0.656

Systolic blood pressure, mm Hg 131.8 130.4 129.9 128.1 0.018

Diastolic blood pressure, mmHg 76.7 75.4 75.0 73.3 o0.001

Under antihypertensive medication, % 33.9 26.9 25.8 23.5 0.002

Hypertension, %a 56.4 44.9 43.4 38.8 o0.001

Diabetes, %b 7.9 5.1 3.9 4.7 0.036

Current alcohol drinking, % 17.2 25.3 29.9 29.6 o0.001

Alcohol consumption, g per day 2.8 4.5 5.4 5.0 0.583

Current smoker, % 1.6 2.1 3.3 3.3 0.184

Daily total physical activity, MET-hour 35.0 37.0 37.5 36.9 o0.001

Abbreviation: SDNN, s.d. of R-R intervals.
aSystolic blood pressure X140 mmHg and/or diastolic blood pressure X90mmHg, use of antihypertensive medication.
bHbA1c (JDS) X6.1% or pharmacological treatment for diabetes.
cMetabolic equivalents(MET)-hour.
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DISCUSSION

We found significant associations between decreased HRV levels and
increased blood pressure independent of several confounders by using
the 5-min R-R interval measurement method.6 We found a significant
inverse association of HRV with diastolic blood pressure, although
there was no significant association of HRV with systolic blood
pressure. These results are consistent with previous findings for
Caucasian populations and confirmed the inverse association
between HRV and blood pressure in the Asian population, in which
individuals have much lower mean BMIs than those in the United
States and Europe.12–14

Autonomic imbalance involving hypoactive sympathetic function
partially explains the development of hypertension. The autonomic
nervous system regulates the maintenance of blood pressure by three
mechanisms: direct action on the heart to increase stroke volume,
output and heart rate; direct action on peripheral arterial resistance;
and by increasing renin level and activity.21 Many organs in the
human body are dually innervated because they possess both
sympathetic and parasympathetic functions.11 Sympathetic nerve
endings release noradrenalin, which increases cardiac output by
increasing heart rate and cardiac muscle automaticity, while
increasing vascular resistance in peripheral blood vessels. Therefore,
the activation of sympathetic function and subsequent inactivation of
parasympathetic function partially contribute to blood pressure
elevation.

The inverse association between HRV and blood pressure was not
statistically significant in individuals using antihypertensive medica-
tion. A previous study showed that antihypertensive medication
altered HRV and that the use of b-blockers was significantly associated
with decreased HRV.22 Sympathetic hyperactivity was found to be

common among younger hypertensive individuals, suggesting that
impaired autonomic function might precede the development of
hypertension.23

This study observed inverse associations between HRV and
both systolic and diastolic blood pressures in women. However,
systolic blood pressure was not associated with HRV in men.
Stratified analysis based on alcohol consumption showed that
an inverse association between HRV and systolic blood pressure
was present only in male nondrinkers. The Whitehall II study
showed that after age adjustment, high alcohol consumption that
increases the risk of hypertension24,25 was also associated with
lower SDNN, LF and HF.16 Ohira et al.26 found that in 539
Japanese men aged between 35 and 65 years, habitual alcohol
intake was associated with increased blood pressure in the morning
and heightened sympathetic activity while asleep. In the present
study, the proportion of alcohol drinkers was much higher in men
than in women. Therefore, the influence of alcohol intake on
HRV and blood pressure might have been greater in men, which
might have attenuated the association between HRV and systolic
blood pressure.

One of the strengths of the present study is the large population
size analyzed. In addition, the participants of this study comprise
Japanese, who have a lower mean BMI than that of Western
populations. We conducted the 5-min R-R interval measurements
and investigated the relationship between HRV and blood pressure in
accordance with an international standard protocol.6 Despite these
strengths, this study had several limitations. First, this study was
cross-sectional and observational; therefore, it is difficult to discern
the causal relationship between HRV and blood pressure level.
However, previous studies have shown that decreased HRV is a

Table 3 Predicted differences (s.e.m.) in blood pressure level associated with 1-s.d. increment of HRV indices

Men Women

n¼1418 n¼2040

Systolic blood pressure

b (s.e.m.)

Diastolic blood pressure

b (s.e.m.)

Systolic blood pressure

b (s.e.m.)

Diastolic blood pressure

b (s.e.m.)

ln SDNN

Age-adjusted �1.24 (0.48)* �1.28 (0.28)* �1.38 (0.42)* �1.29 (0.24)*

Multivariable adjusteda �0.66 (0.46) �1.00 (0.27)* �1.11 (0.40)* �1.21 (0.23)*

ln rMSSD

Age-adjusted �0.99 (0.48) �1.16 (0.28)* �1.48 (0.41)* �1.28 (0.24)*

Multivariable adjusteda �0.49 (0.46) �0.90 (0.27)* �1.34 (0.40)* �1.23 (0.23)*

ln LF

Age-adjusted �0.66 (0.48) �0.98 (0.29)* �0.72 (0.42) �0.72 (0.24)*

Multivariable adjusteda 0.09 (0.46) �0.62 (0.27)* �0.41 (0.40) �0.60 (0.23)*

ln HF

Age-adjusted �0.74 (0.48) �1.12 (0.28)* �1.40 (0.42)* �1.08 (0.24)*

Multivariable adjusteda �0.06 (0.46) �0.77 (0.27)* �1.16 (0.40)* �0.99 (0.23)*

ln LF/HF

Age-adjusted 0.68 (0.48) 0.60 (0.28)* 1.33 (0.42)* 0.73 (0.24)*

Multivariable adjusteda 0.63 (0.46) 0.55 (0.27)* 1.52 (0.40)* 0.82 (0.23)*

Abbreviations: HF, high-frequency power; HRV, heart rate variability; LF, low-frequency power; ln, natural log; LF/HF, ratio LF/HF; rMSSD, root mean square of successive differences in R-R
intervals; SDNN, s.d. of R-R intervals.
*Po0.05.
aAdjusted for age, BMI, smoking, alcohol consumption, daily total physical activity, use of antihypertensive medication and diabetes.
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predictor of hypertension independent of other risk factors.12–14

Therefore, we presume that our findings may support a causal
relationship of HRV with blood pressure.

Second, although this study was community based, it was not
nationally representative: the participants were from a rural area of
Japan, although the blood pressure levels and the use of antihyper-
tensive medication were not greatly different from those in a national
survey.27 Third, salt sensitivity and increased insulin concentrations
were not evaluated as confounding factors, although both factors have
previously been considered to be associated with sympathetic
hyperactivity.28 Fourth, because we only used a single HRV and
blood pressure measurement for the analyses, we cannot deny the
possibility that the circadian variations may have had an effect on the
observed associations. Tochikubo et al.29 have reported that
the maximum value for LF/HF and the minimum value for

baroreflex sensitivity index can be recorded in the morning.
This finding suggests that autonomic nervous function activity has
circadian variations, and the effect of circadian variation on HRV may
be more evident in the morning. However, in the present study,
all HRV measurements were conducted in the morning. Stergiou
et al.30 have reported that blood pressure levels measured at home
had superior reproducibility compared with measurements in
clinical settings. Therefore, further studies, including the effect of
circadian variation on HRV and individual patient’s environment, are
needed.

In conclusion, this study suggests that following adjustments
for confounders, decreased cardiac autonomic function is asso-
ciated with increased blood pressure and that the HRV condition
strongly reflects diastolic blood pressure levels for both sexes. In
men, alcohol intake affects systolic blood pressure levels, which

Table 4 Predicted differences (s.e.m.) in blood pressure level associated with 1-s.d. increment of HRV indices by antihypertensive medication

use

Men Women

Antihypertensive medication use Antihypertensive medication use

No (n¼1003) Yes (n¼412) No (n¼1485) Yes (n¼555)

b (s.e.m.) b (s.e.m.) b (s.e.m.) b (s.e.m.)

Systolic blood pressure

ln SDNN

Age-adjusted �0.96 (0.57) �1.10 (0.80) �1.30 (0.44)* �0.62 (0.71)

Multivariable adjusteda �0.63 (0.55) �1.05 (0.81) �1.21 (0.43)* �0.52 (0.71)

ln rMSSD

Age-adjusted �0.86 (0.57) �0.40 (0.81) �1.52 (0.49)* �1.10 (0.71)

Multivariable adjusteda �0.57 (0.55) �0.35 (0.81) �1.39 (0.47)* �1.05 (0.71)

ln LF

Age-adjusted �0.62 (0.58) 0.24 (0.81) �0.90 (0.50) 0.35 (0.71)

Multivariable adjusteda �0.15 (0.55) 0.28 (0.81) �0.79 (0.48) 0.47 (0.71)

ln HF

Age-adjusted �0.78 (0.58) 0.01 (0.81) �1.52 (0.49)* �0.75 (0.71)

Multivariable adjusteda �0.30 (0.55) 0.19 (0.81) �1.40 (0.47)* �0.60 (0.71)

ln LF/HF

Age-adjusted 0.83 (0.58) 0.63 (0.81) 1.23 (0.49)* 2.12 (0.72)*

Multivariable adjusteda 0.72 (0.55) 0.36 (0.80) 1.31 (0.47)* 2.11 (0.70)*

Diastolic blood pressure

ln SDNN

Age-adjusted �1.15 (0.35)* �1.20 (0.46)* �1.23 (0.25)* �0.72 (0.70)

Multivariable adjusteda �0.97 (0.33)* �1.21 (0.46)* �1.27 (0.25)* �0.72 (0.40)

ln rMSSD

Age-adjusted �1.10 (0.35)* �0.87 (0.46) �1.35 (0.28)* �0.92 (0.40)*

Multivariable adjusteda �0.92 (0.33)* �0.84 (0.46) �1.33 (0.27)* �0.93 (0.39)*

ln LF

Age-adjusted �1.00 (0.35)* �0.45 (0.46) �0.80 (0.29)* �0.15 (0.40)

Multivariable adjusteda �0.77 (0.33)* �0.42 (0.46) �0.82 (0.28)* �0.11 (0.40)

ln HF

Age-adjusted �1.16 (0.35)* �0.71 (0.46) �1.20 (0.28)* �0.58 (0.40)

Multivariable adjusteda �0.90 (0.33)* �0.62 (0.46) �1.18 (0.27)* �0.58 (0.40)

ln LF/HF

Age-adjusted 0.66 (0.35) 0.62 (0.46) 0.76 (0.28)* 0.96 (0.39)*

Multivariable adjusteda 0.57 (0.33) 0.52 (0.46) 0.77 (0.27)* 0.98 (0.40)*

Abbreviations: HF, high-frequency power; HRV, heart rate variability; LF, low-frequency power; LF/HF, ratio LF/HF; ln, natural log; rMSSD, root mean square of successive differences in R-R
intervals; SDNN, s.d. of R-R intervals.
*Po0.05.
aAdjusted for age, BMI, smoking, alcohol consumption, daily total physical activity and diabetes.
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may have weakened the association with HRV. Furthermore,
this study indicates that a prospective study is needed to better
clarify the association of decreased autonomic nervous function
with new-onset hypertension and cardiovascular disease in the
Japanese population.
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Figure 1 Multivariable-adjusted mean levels of systolic blood pressure
according to quartiles of SDNN (s.d. of R-R intervals) with stratification by

alcohol-drinking status in men not using antihypertensive medication. Data

were adjusted for age, BMI, smoking status, total daily physical activity and

presence of diabetes.
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