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Effect of heart rate on the risk of developing metabolic

syndrome

Taku Inoue!, Kunitoshi Iseki?, Chiho IsekiZ, Yusuke Ohyas, Kozen Kinjo4 and Shuichi Takishita?

High heart rate and metabolic syndrome are risk factors for cardiovascular morbidity and mortality. The relationship between
heart rate and risk of developing metabolic syndrome has not been studied in a large cohort. We examined the relationship
between heart rate and the risk of developing metabolic syndrome in individuals who participated in a health evaluation program
from 1997 to 2002. Among the 7958 individuals who participated in the program, 1677 were excluded from our study because
they were being treated for heart disease or had been diagnosed with metabolic syndrome at baseline examination. A total of
6281 individuals (3789 men and 2492 women, 20-89 years of age) were evaluated. They were categorized according to their
baseline heart rate and were followed up for a mean of 47 + 16 months (range: 7-71 months). Over the 5-year period, 619
individuals (9.9%) developed metabolic syndrome. Men with elevated baseline heart rates were more likely to experience
metabolic syndrome than were those with normal heart rates. This was not true for female patients. The odds ratio (95%
confidence interval) of developing metabolic syndrome among men in the highest quartile for heart rate was 1.725
(1.282-2.320) compared with those in the lowest quartile. Each increase in the heart rate category led to an approximately
1.2-fold increase in the risk of developing metabolic syndrome for men only, even after adjusting for age and lifestyle. Elevated
heart rate is a risk factor for developing metabolic syndrome in men.
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INTRODUCTION

Heart rate is easily obtained clinical information, requiring no special
instruments or advanced techniques. However, heart rate fluctuates in
response to different conditions; hence, it is usually considered to be
an unreliable biometric marker for use in epidemiological research.
The significance of an increase in heart rate is often underestimated in
the clinical setting. Despite these limitations, several studies have
reported an association between heart rate and cardiovascular mor-
bidity or mortality!™ and all causes of mortality.}»>*

Individuals with tachycardia often have characteristic features of
insulin resistance syndrome, including high blood pressure, obesity,
increased blood glucose and insulin levels and an abnormal lipid
profile.>® These features are also the central pathophysiological
markers of metabolic syndrome.” The risk factors for metabolic
syndrome are highly concordant and the combination of these factors
increases the risk of cardiovascular disease. Epidemiological studies
indicate that metabolic syndrome affects ~25% of the popula-
tion.!%!! Metabolic syndrome is also a significant cause of chronic
kidney disease!> and thus end-stage renal disease, cardiovascular
disease and premature death.!*> Metabolic syndrome increases the
risk of cardiovascular disease by approximately twofold.!* Thus,

identifying individuals with metabolic syndrome might allow for early
intervention to prevent or mitigate future cardiovascular disease.

The aim of this study was to evaluate whether elevated resting heart
rate is predictive of developing metabolic syndrome.

METHODS

The subjects were participants of a 1-day health evaluation program held by the
Okinawa General Health Maintenance Association, which is one of the largest
screening centers in Okinawa, Japan. This program provides thorough anthro-
pometric measurements, physical examinations, laboratory tests and electro-
cardiograms (ECGs) for both individuals and for the health maintenance
programs of companies and public organizations.®!>

Of the 9914 individuals who participated in the health evaluation program
in 1997, 7958 participated in the program at least two more times through
2003. Among these participants, 1677 patients (1315 men and 362 women)
treated for heart disease or diagnosed with metabolic syndrome in 1997 were
excluded from our study. A total of 6281 participants (3789 men and 2492
women, 20-89 years of age) were included in the present analysis.

The participants were categorized according to heart rate for statistical
analysis: Quartile 1 (beats per minute (b.p.m.) <57: men, n=3863; b.p.m. <60:
women, n=641), Quartile 2 (58 <b.p.m.<63: men, n=995; 61 <b.p.m.<65:
women, n=574), Quartile 3 (64 <b.p.m.<69: men, n=1013; 66 <b.p.m.<72:

IDepartment of Clinical Pharmacology and Therapeutics, Graduate School of Medicine, University of the Ryukyus, Okinawa, Japan; 2Dialysis Unit, University Hospital of The
Ryukyus, Okinawa, Japan; 3Department of Cardiovascular Medicine, Nephrology and Neurology, Faculty of Medicine, University of the Ryukyus, Okinawa, Japan and #Okinawa
General Health Maintenance Association, Okinawa, Japan

Correspondence: Dr T Inoue, Department of Clinical Pharmacology and Therapeutics, Graduate School of Medicine, University of the Ryukyus, 207 Uehara Nishihara, Okinawa
903-0125, Japan.

E-mail: imtak-ryk@umin.ac.jp

Received 22 September 2008; revised 4 June 2009; accepted 5 June 2009; published online 31 July 2009


http://dx.doi.org/10.1038/hr.2009.109
mailto:imtak-ryk@umin.ac.jp
http://www.nature.com/hr

e

Heart rate and developing metabolic syndrome
T Inoue et al

802

women, n=668) and Quartile 4 (70 <b.p.m.: men, n=918; 73 <b.p.m.: women,
n=609). The prevalence of and risk factors for metabolic syndrome were
examined across the four heart rate categories. The participants were followed
up for a mean of 47 + 16 months (range: 7-71 months).

This study was conducted in accordance with the principles defined by the
Declaration of Helsinki in 1975 and revised in 1993. Data for this study were
obtained from the Okinawa General Health Maintenance Association on
approval by their ethics committee. The participants’ private information
was excluded from the original registry database.

Data collection

Each patient’s history of hypertension, diabetes mellitus, hyperlipidemia,
current smoking and current alcohol consumption, as well as their physical
exercise habits, was determined by self-administered questionnaires and
confirmed by a physician’s interview. Blood samples were collected after
overnight fasting. Trained nurses measured systolic and diastolic blood pressure
levels twice using a standard sphygmomanometer after the patient sat quietly
for 15 min. The lower of the two blood pressure values was used in the analysis.
Body mass index was calculated as body weight (kg) divided by the square
of height (m?).

Diagnosis of metabolic syndrome

As waist circumference measurements were not available in this study, we
adopted modified versions of the criteria of the National Cholesterol Education
Program Adult Treatment Panel III criteria!* for the clinical recognition of
metabolic syndrome. Participants were diagnosed with metabolic syndrome if
they had at least three of the following components: body mass index
>25kgm™2 (based on the WHO (World Health Organization) Expert Con-
sultation Committee),'®!” elevated triglycerides (TGs >150mg per 100 ml),
low high-density lipoprotein cholesterol (<40mg per 100ml in men and
50mg per 100ml in women), high blood pressure (systolic blood pressure
>130 mm Hg and/or diastolic blood pressure >85 mm Hg or antihypertensive
drug use) and increased plasma glucose (fasting plasma glucose >110mg per
100ml or antidiabetic drug use). In addition to the National Cholesterol
Education Program Adult Treatment Panel III criterion, we also assessed the
effect of heart rate on the risk of developing metabolic syndrome using the
International Diabetes Federation definition!® and the Definition of the
Diagnosis of Metabolic Syndrome in Japan.'?

Heart rate measurement

Electrocardiograms were recorded after the participants were in the supine
position for 2 min. Heart rate was calculated as the mean RR interval of 5s of
the ECG recording.

Statistical methods

We used a one-factor analysis of variance (ANOVA) or a % test to analyze the
association of heart rate category with the other values. Two-sided probability
values of <0.05 were considered to be statistically significant. Multivariate Cox
regression analysis was used to evaluate the association of heart rate with
developing metabolic syndrome. Hazard ratios and 95% confidence intervals
were computed for incremental changes in categorical variables. We used three
models to assess hazard ratios and 95% confidence intervals for the association
between heart rate and developing metabolic syndrome. The first model was a
univariate model, whereas model 2 was a multivariate model that calculated the
hazard ratio after adjusting for age, smoking, drinking and exercise habits. The
third model was a multivariate model that calculated the hazard ratio after
adjusting for age, smoking, drinking, exercise habits and the number of
elements of metabolic syndrome. All analyses were carried out using the JMP
5.0 software (SAS Institute, Cary, NC, USA). The authors had full access to data
and take responsibility for its integrity. All authors have read and agreed to the
manuscript as written.

RESULTS
The heart rate and age distribution of all participants are shown in
Figures 1 and 2. The average (s.d.) heart rate and age were 65
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Figure 2 Age distribution of men and women.

(10) b.p.m. and 48.1 (9.9) years, respectively. Baseline characteristics of
the participants were categorized across heart rate groups (Table 1).
Participants with higher heart rates had significantly higher systolic
and diastolic blood pressure and fasting plasma glucose levels than did
those with lower heart rates. Male patients with tachycardia were
significantly older and had a higher body mass index, serum total
cholesterol, TGs and hematocrit and lower high-density lipoprotein
cholesterol levels than did those with lower heart rates. This was not
true of tachycardic female patients.

Figure 3 shows the association between heart rate and the number
of components of metabolic syndrome that was expressed by a
particular patient. Participants with more elements of metabolic
syndrome had significantly higher heart rates than did those with
fewer components of the disease (men, P<0.001; women, P<0.001;
Figure 3).

Of the 6281 enrolled participants, 619 (440 men and 179 women)
developed metabolic syndrome over the 5-year follow-up period. Men
but not women with higher heart rates developed metabolic syndrome
significantly more often than did men in the lower heart rate
categories (Figure 4). The odds ratios (95% confidence interval) for
developing metabolic syndrome in men with heart rates in the third
and fourth quartiles were 1.41 (1.05, 1.89) and 1.73 (1.28, 2.32),
respectively. The cumulative incidence of metabolic syndrome over the
5-year follow-up period is shown in Figure 5. Kaplan—-Meier analysis
indicates that the incidence of metabolic syndrome was significantly



Table 1 Baseline characteristics of the subjects who participated in the 1-day health evaluation program held by the Okinawa General Health Maintenance Association categorized by

heart rate?

Women

Men

Quartile 2 Quartile 3 Quartile 4

Quartile 1

Quartile 2 Quartile 3 Quartile 4

Quartile 1

P-value

=609

n

=668

n

=574

n

=641

n

P-value

=918

n

=1013

n

=995

n

=863

n

Variables

NS
<0.0001
<0.0001

NS

NS

NS

NS

NS
<0.0001
<0.0001

10)
18)
10)
2.7)
3.0)
35)
14)
47)
11)
0.8

117
71
22.9
38.5
208

3.1)
2.9)
39)
14)
43)
14)
0.8

23.2
38.3
209

10)
16)
10)
2.7)
2.9)
)

114
69
22.7
38.3
208
65
91
95
0.6

0.0023
<0.0001
<0.0001

0.0064
<0.0001
<0.0001

0.0263
<0.001
<0.0001
<0.0001

10)
16)
10)
2.8)
2.9)
)
13)
103)
20)
0.8

149
103

2.5)

239
44.2
205

10)
14)
10)
2.5)

23.9
44.2

46 (10)
117 (14)
73 (10)

Diastolic blood pressure (mm Hg)

Fasting plasma glucose (mg per 100 ml)
Number of metabolic syndrome components
Obesity (%)

Body mass index (kg m—2)

Hematocrit (%)
HDL cholesterol (mg per 100 ml)

Systolic blood pressure (mm Hg)
Total cholesterol (mg per 100 ml)
Triglycerides (mg per 100 ml)

Age (years)

0.0371
<0.0001

NS
<0.0001
<0.0001
<0.0001

20 26 36

20

28 31 35

23

Raised blood pressure (%)
Raised plasma glucose (%)

Raised triglycerides (%)

0.0003

14
32

10
34

NS

12
14

26

23

NS

14

NS

Low HDL cholesterol (%)

Abbreviations: b.p.m., beats per minute; HDL, high-density lipoprotein; NS, non-significant.

2Values are expressed as percentages, means (s.d.); Quartile 1 (b.p.m.<57: men, n

66 <b.p.m.<72: women, n:

1013;

systolic blood pressure =130 mm Hg and/or diastolic blood pressure >85mm Hg or

574), Quartile 3 (64<b.p.m.<69: men, n

863; b.p.m.<60: women, n=641), Quartile 2 (58<b.p.m.<63: men, n=995; 61 <b.p.m.<65: women, n:

body mass index >25kgm~2; raised blood pressure:

fasting plasma glucose >110mg per 100 ml or antidiabetic drug use; raised triglycerides:

609); Obesity=

918; 73<b.p.m.: women, r:

668) and Quartile 4 (70<b.p.m.: men, n:

triglycerides >150mg per 100 ml; low HDL cholesterol.

antihypertensive drug use; raised plasma glucose:
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Figure 3 The association between baseline heart rate and the number
of components of metabolic syndrome in men and women.

higher in patients with a higher heart rate than in those with a lower
heart rate (P<0.0001) for men but not for women.

Results of a Cox regression analysis are shown in Table 2. In men,
each categorical increase in heart rate was associated with an approxi-
mately 1.2-fold increase in the risk of developing metabolic syndrome
in models 1 and 2. However, after we adjusted for age, current
smoking, current drinking, exercise habits and the number of
elements of metabolic syndrome a patient had (model 3), the risk
of developing metabolic syndrome as predicted by tachycardia was
blunted.

Meanwhile, heart rate did not predict the development of metabolic
syndrome in women. The hazard ratio for developing metabolic
syndrome using the International Diabetes Federation definition
and Definition of the Diagnosis of Metabolic Syndrome in Japan
was also evaluated (Table 2), and no difference was found among the
diagnostic criteria. As the ages of our cohort varied widely, we also
evaluated the hazard ratio for the development of metabolic syndrome
in middle-aged individuals (40—64 years old). The risk of developing
metabolic syndrome in middle-aged individuals was nearly identical
to that of all individuals considered together.

DISCUSSION
Numerous studies report that an elevated heart rate correlates with
increased blood pressure?®?! and is predictive of the development of
hypertension.?>-?2 Many patients with tachycardia have the character-
istic features of insulin resistance syndrome, namely high blood
pressure, obesity, increased blood glucose and insulin and an abnor-
mal lipid profile.” Accordingly, it is likely that tachycardic patients are
at a high risk for cardiovascular events®?} and metabolic syndrome.
To date, only one study has indicated that tachycardia predicts the
development of metabolic syndrome.?* This study followed up mid-
dle-aged Japanese men who worked for a single company for 3 years.
Subsequent analysis showed that tachycardia was a significant pre-
dictor of the development of metabolic syndrome in men with
premetabolic syndrome. Our study confirms this result by indicating
that tachycardia predicts the onset of metabolic syndrome in men.
However, the correlation between tachycardia and metabolic syn-
drome is blunted if we adjust for the number of components of
metabolic syndrome that a particular patient has at baseline (Table 2).
This result suggests that heart rate elevation predicts the development
of metabolic syndrome only in individuals with premetabolic
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syndrome. This may be explained by the relatively limited period of
follow-up in our study. Four years may not be sufficient time for the
low-risk individuals in our present cohort to develop metabolic
syndrome. Moreover, the components of metabolic syndrome are
closely associated with heart rate, which may explain the loss of
significance in the Cox regression analysis when we adjust for these
factors (Table 1 and Figure 3).

Mechanisms

Tachycardia represents an imbalance in central nervous system activ-
ity, leading to an increased sympathetic and a decreased parasympa-
thetic tone.® This autonomic dysregulation might explain the
connection between heart rate and metabolic syndrome and cardio-
vascular events through several pathways.

Sympathetic hyperactivity is closely associated with insulin
resistance,”?> which has a pivotal role in the pathogenesis of metabolic
syndrome. Insulin resistance activates the sympathetic system,
increases tubular sodium reabsorption in the kidneys and modulates
glucose and lipid metabolism, leading to hypertension, diabetes
mellitus and dyslipidemia.’® Moreover, insulin resistance results in
the activation of proinflammatory factors such as reactive oxygen
species, nuclear factor kB and tumor necrosis factor-o C-reactive
protein (CRP), and it causes a suppression of nitric oxide bioavail-
ability.” Tachycardia or autonomic imbalance is also associated
with subclinical inflammation represented by an elevated CRP
and leukocyte count.”$?? Inflammation is believed to have a central
role in the pathogenesis and progression of atherosclerosis and is
an important risk factor for future cardiovascular events.’’ In
the experimental setting, inflammatory reaction was reduced by
sympathectomy.>>3? These findings also support the fact that an
autonomic imbalance (increased sympathetic activity or reduced
parasympathetic activity) could theoretically influence and modulate
cardiovascular risk.

Meanwhile, sympathetic hyperactivation is closely associated with
abdominal visceral fat independent of total fat mass.*»* Accordingly,
metabolic syndrome is considered to be a comprehensive perspective
based on interactions between cardiovascular risk factors such as
obesity, diabetes, dyslipidemia and chronic inflammation,?’ and
related with sympathetic hyperactivity or tachycardia.

Another possible link between heart rate and metabolic syndrome is
leptin, which is an adipocytokine produced by adipose tissue that
directly increases sympathetic outflow,?® leading to increases in blood
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Figure 5 Kaplan—-Meier curves showing the incidence of metabolic syndrome
according to the baseline heart rate. NS, non-significant. A full color version
of this figure is available at the Hypertension Research journal online.

S
= M Women
o 20- en
§ p = 0.0003 p=NS
k]
c
& 167
Q
©
s
o 124
£
D
£
S 8
(]
>
(0]
©
S 4+
>
o
c
3
o
g 0
=
'
Heart rate category Quartile 1 Quartile 2 Quartile 3 Quartile 4 Quartile 1 Quartile 2 Quartile 3 Quartile 4
Odds ratio 1.00 1177 1.410 1.725 1.00 1.083 0.835 1.271

(95% confidence interval)

(0.871-1.590) (1.050-1.893) (1.282-2.320)

(0.665-1.763) (0.508-1.373) (0.796-2.030)

Figure 4 Frequencies and odds ratios for developing metabolic syndrome in each heart rate category over the 5-year follow-up period. NS, non-significant.

Hypertension Research



Heart rate and developing metabolic syndrome
T Inoue et al

e

Table 2 Hazard ratio and 95% confidence interval for developing metabolic syndrome of the subjects who participated in the 1-day health
evaluation program held by the Okinawa General Health Maintenance Association

Men Women
All subjects Middle-aged subjects All subjects Middle aged subjects
Hazard ratio 95% CI Hazard ratio 95% CI Hazard ratio 95% CI Hazard ratio 95% Cl

National Cholesterol Education Program Adult Treatment Panel 1] Criteria

Model 12 1.225 1.125-1.333 1.244 1.129-1.372 1.064 0.927-1.221 1.001 0.861-1.164

Model 2° 1.214 1.112-1.325 1.226 1.109-1.355 1.046 0.909-1.204 1.023 0.876-1.195

Model 3¢ 1.107 1.013-1.210 1.103 0.995-1.222 0.978 0.852-1.123 0.944 0.808-1.101
International Diabetes Federation Definition

Model 12 1.212 1.084-1.356 1.223 1.085-1.378 1.017 0.856-1.209 0.951 0.783-1.154

Model 2° 1.209 1.077-1.356 1.218 1.077-1.377 1.019 0.854-1.215 0.987 0.808-1.204

Model 3¢ 1.095 0.973-1.232 1.075 0.948-1.219 0.974 0.819-1.157 0.921 0.755-1.124
Definition in Japan

Model 12 1.248 1.125-1.385 1.192 1.028-1.381 1.158 0.958-1.401 1.094 0.885-1.352

Model 2° 1.243 1.116-1.384 1.200 1.032-1.394 1.148 0.943-1.397 1.160 0.929-1.447

Model 3¢ 1.115 1.000-1.244 1.073 0.920-1.253 1.063 0.880-1.284 1.061 0.854-1.318

Abbreviation: 95% Cl, 95% confidence interval.
Hazard ratios and 95% Cls were calculated using Cox regression analysis.
2Univariate model.

bMultivariable Cox regression analysis adjusted for age, current smoking, current drinking and habitual exercise.
“Multivariable Cox regression analysis adjusted for age, current smoking, current drinking and habitual exercise and number of component of metabolic syndrome.

pressure and heart rate.3®37 Our study confirms previous reports’®
that sympathetic neural activation and tachycardia are important
features of metabolic syndrome. These factors are clearly important
in the pathogenesis of cardiovascular disease.

Interestingly, Parkinson’s disease may help to explain the link
between sympathetic hyperactivity and metabolic syndrome. Parkin-
son’s disease, a natural model of generalized sympathetic denervation,
is associated with reduced vascular disease risk factors, such
as diabetes, hypertension, hyperglycemia, hypercholesterolemia and
elevated TG levels. The reduction in these risk factors is attributed to
reduced autonomic activity, suggesting that autonomic hyperactivity
may be involved in the pathogenesis of vascular disorders.>®

A previous study by our group suggested that women have higher
heart rates than men in all age groups.® Accordingly, the threshold for
tachycardia in women is higher than that for men.” Moreover, the
association between heart rate and cardiovascular and/or all causes of
mortality is evident in men but not in women.> Gender differences are
observed among heart rate, cardiovascular risk factors and mortality,
but the reasons for these differences are uncertain.

Clinical implications

Recently developed biometric tests that measure CRP and urine
albumin—creatinine ratio levels***° can predict cardiovascular disease.
In the primary prevention of cardiovascular disease, however, simple
and cost-effective risk stratification systems with high sensitivities are
highly desirable. There have been many attempts to integrate clinical
variables into a model for identifying individuals at moderate-to-high
cardiovascular risk.!#*1-43 However, these risk stratification schemes
require blood samples and are too complicated for routine clinical use.
Measuring heart rate is a routine process that does not require special
instruments or advanced techniques, and it would therefore be a
simple method to screen for cardiovascular risk and identify patients
who may benefit from preventive treatments. By identifying people at
risk for developing metabolic syndrome, targeted and cost-effective
cardiovascular disease prevention programs can be implemented. Our

study suggests that heart rate might be a useful biomarker for patients
at risk for developing metabolic syndrome. Tachycardia should be
considered a potential predictor of metabolic syndrome, as should
cardiovascular events and death.

Limitations
Several factors limit the scope of our findings. First, the majority of
our participants were healthy volunteers who were concerned about
their health and thus might not be representative of the general
population. Second, the point at which an elevated heart rate becomes
hazardous is unclear. Palatini’** has suggested that 80-85b.p.m. is
dangerous, whereas other data from Japan indicate that a level higher
than 90 b.p.m. is unhealthy.* The recently published Beautiful study,
the first prospective randomized controlled trial to address this issue,
suggests that 70 b.p.m. is the threshold above which patients are at risk
of future cardiovascular events.*> However, the patients enrolled in
that trial were quite different from our patients. A prospective study is
needed to establish the maximum heart rate for primary prevention of
cardiovascular events.

In this study, heart rate was calculated from a single ECG recording.
As heart rate fluctuates, the average of several ECGs might be a more
appropriate measure of heart rate.
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