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Abstract

Objectives We tested that slow heart rate recovery (HRR)

after exercise testing, indicative of decreased parasympa-

thetic nervous system activity, is associated with the

development of type 2 diabetes in 1,813 healthy men.

Methods Heart rate recovery was calculated as the dif-

ference between maximum heart rate during the exercise

test and heart rate 1 min after cessation of the exercise test.

Results During an average of 6.4 years of follow-up, 64

(3.5%) subjects developed type 2 diabetes. The unadjusted

relative risk (RR) of developing incident diabetes in the

slowest versus the fastest HRR quartile was 3.13 (95% CI,

1.28–7.65). However, the association was no longer sig-

nificant after adjustment for diabetes risk factors and

baseline glucose (RR = 2.28, 95% CI, 0.87–5.95).

Conclusion Slow HRR is associated with the development

of type 2 diabetes, but these relationships were largely

explained by baseline fasting glucose in healthy men.

Keywords Heart rate recovery � Type 2 diabetes �
Autonomic function � Exercise testing �
Parasympathetic nervous system

Introduction

Impaired autonomic nervous system function may be an

underlying factor in the development of type 2 diabetes

[1–3]. This temporal association is plausible since the

pancreas is heavily innervated by parasympathetic fibers,

which stimulate the b-cells to release insulin in response to

circulating glucose levels [7]. In the presence of auto-

nomic impairment, glucose levels may continue to rise

unchecked, contributing to the development of type 2 dia-

betes. Whether autonomic impairment contributes to the

development of diabetes across ethnic groups is unknown.

Insulin secretion capacity is genetically lower in Korean

and Japanese individuals than in Caucasians [10]. Slow

heart rate recovery (HRR) after exercise testing is an esti-

mate of parasympathetic nervous system dysfunction [5]

that has previously been shown to worsen with increasing

fasting glucose, insulin levels, fitness and inflammatory

markers in healthy populations [6, 8, 9]. Therefore, we

tested the hypothesis that slow HRR after exercise testing is

associated with development of type 2 diabetes in Korean

adults.
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Methods

Subjects

Subjects were recruited from a patient population seen at

the Samsung Medical Center in Seoul, Korea for routine

health examinations and screening in 1996. We identified

1,813 healthy non-smoking men (aged 46.7 ± 6.9) without

previous diagnosis of diabetes, or measured fasting glucose

C126 mg/dl. Incident diabetes was identified at any fol-

low-up health examination as fasting glucose C126 mg/dl

or the use of diabetes medication. Participants were fol-

lowed for a maximum of 9 years. Written informed consent

was obtained from all subjects before health screening, and

the study was approved by the medical center institutional

review board.

Exercise testing and heart rate recovery

Blood pressure was measured during seated rest using an

automated blood pressure monitor (Dinamap PRO 100,

Milwaukee, WI, USA). Blood samples were collected in

the morning following a 12-h overnight fast and analyzed

in the hospital clinical laboratory. Total cholesterol (TC),

triglycerides (TG) and high density lipoprotein cholesterol

(HDL-C) were analyzed enzymatically using a Hitachi 747

(Tokyo, Japan) analyzer. Low-density lipoprotein choles-

terol (LDL-C) was calculated using the Friedewald

formula. Fasting glucose levels were determined using the

glucose oxidase method (Hitachi-747, Tokyo, Japan). The

white blood cell count was determined using a quantitative

automated hematology analyzer (Sysmex, Japan). Resting

heart rate was measured in the supine position using an

electrocardiogram (Hewlett-Packard ECG M 1700A, WI,

USA) following at least 5 min of quiet rest. Subjects per-

formed maximal treadmill exercise testing using the Bruce

protocol. VO2peak (ml/kg/min) was defined as the highest

value recorded during the test. The maximal heart rate

using 12-lead ECGs (Quinton Q-4500, Bothell, WA, USA)

was defined as the highest value achieved during the test.

HRR was calculated as the difference between maximum

HR during the test and HR 1 min after cessation of exer-

cise. The recovery protocol consisted of 1 min of light

walking (1.2 mph of speed and 0% of grade) immediately

after peak exercise testing.

Statistical analysis

Data are expressed as mean ± SD. To test for associations

between HRR after exercise and incidence of type 2 dia-

betes, subjects were divided into quartiles according to

HRR based on the data. Comparisons were performed

using analysis of variance to determine relationship

between HRR quartiles and risk factors. Cox proportional

hazards’ regression with adjustment for confounding fac-

tors was used to determine the effect of baseline HRR

quartiles on the incidence of diabetes. After conducting

unadjusted regression, our multivariable modeling strategy

was to adjust for age (model 1) and additional potential-

confounding factors (BMI, SBP, TC/HDL-C ratio, WBC

and VO2peak, model 2). Because we expected a strong

association between baseline fasting glucose and the risk of

developing diabetes, we additionally adjusted for models 1,

2 plus baseline glucose in model 3. Statistical significance

was set at P \ 0.05. All tests for statistical significance

were two sided. Analyses were conducted using the SPSS

12.0 (SPSS, Chicago, IL, USA).

Results

During an average of 6.4 years of follow-up (range 2–

9 years), 64 (3.5%) subjects developed type 2 diabetes.

Participants with the fastest baseline HRR (quartile 4) were

on average younger, and had lower DBP, TC, TG, TC/

HDL-C ratio, glucose, WBC and higher HDL levels than

participants in the slowest quartile of HRR (P \ 0.05, all

of them) (Table 1).

Table 2 demonstrates that the relative risks (RRs) of

developing type 2 diabetes were inversely associated with

quartile of HRR. The unadjusted and adjusted (model 2)

RR of developing incident diabetes in the slowest as

compared with the fastest HRR quartile were 3.13 (95%

CI, 1.28–7.65) and 2.56 (95% CI, 1.04–6.30), respectively

(Table 2).

While a trend toward elevated risk was present in the

final model, the association attenuated to non-significance

after complete adjustment for baseline glucose levels

[RR = 2.28 (95% CI, 0.87–5.95)].

Discussion

We observed that slow HRR is associated with the devel-

opment of type 2 diabetes in healthy Korean men.

However, the association was explained by known risk

factors for type 2 diabetes, and in particular, by fasting

glucose levels measured concurrently with HRR.

Generally, insulin deficiency rather than insulin resis-

tance has been suggested as the major pathogenic

mechanism for the development of type 2 diabetes in most

Koreans [10]. Previous research suggests that autonomic

dysfunction is more strongly associated with plasma insulin

levels than with fasting glucose levels [8]. Parasympathetic

fibers stimulate the b-cells to release insulin in response to

circulating glucose levels, whereas sympathetic activation

190 Clin Auton Res (2009) 19:189–192

123



inhibits insulin secretion from the b-cells, resulting in

impaired transport of blood glucose to the muscle cells. In

response to declining insulin secretion and decreased liver

and muscle metabolism, blood glucose may gradually

increase to result in the development of frank diabetes.

Therefore, we hypothesized that autonomic impairment

would be an underlying causal factor in the development of

type 2 diabetes in Korean adults without diabetes. To our

knowledge, only a few prospective studies have been con-

ducted on the relationship between autonomic nervous

system dysfunction and the incidence of type 2 diabetes [1–

3]. Carnethon et al. [1] reported that among participants

with poor fitness, the risk of developing diabetes was 3.4-

fold greater when 2 min HRR was\42 versus[42 bpm. In

both the Atherosclerosis Risk in Communities cohort [2]

and the Diabetes Prevention Program trial [3], autonomic

nervous system dysfunction, estimated by high resting heart

rate and low heart rate variability, was modestly associated

with the development of diabetes in healthy adults.

Although slow HRR has previously been shown to

worsen with increasing fasting glucose and insulin levels,

in the present study slow HRR was not an independent

predictor of incidence of type 2 diabetes in healthy Korean

men once concurrently measured glucose was taken into

account. Prior prospective studies did not take baseline

fasting glucose into account. Additional differences

between our study and prior research include different

methods of estimating autonomic nervous system function,

our sample of Korean men, and the small number of

incident cases of type 2 diabetes. While previous studies

have defined autonomic dysfunction using slow HRR at

2 min post recovery combined with poor fitness and higher

resting heart rate, we defined autonomic dysfunction as

slow HRR at 1 min post exercise. It has been suggested

Table 1 Baseline characteristics according to quartiles of 1 min heart rate recovery (n = 1813)

Variables Quartile 1 (\20)

(n = 492)

Quartile 2 (20.1–25.0)

(n = 456)

Quartile 3 (25.1–31.0)

(n = 463)

Quartile 4 ([31)

(n = 402)

P value

Age (years) 47.8 ± 7 46.5 ± 7 46.1 ± 7 46.1 ± 7 \0.001

Follow-up (years) 6.4 ± 1.6 6.5 ± 1.5 6.4 ± 1.5 6.4 ± 1.6 0.437

Body mass index (kg/m2) 23.7 ± 3 23.3 ± 2 23.4 ± 3 23.3 ± 3 0.102

Systolic blood pressure (mmHg) 118.2 ± 11 118.0 ± 11 117.2 ± 11 116.5 ± 11 0.085

Diastolic blood pressure (mmHg) 79.5 ± 9 79.0 ± 9 78.4 ± 9 77.6 ± 9 0.022

Total cholesterol (mg/dl) 199.9 ± 35 196.5 ± 34 194.0 ± 32 195.5 ± 33 0.047

High density lipoprotein cholesterol (mg/dl) 46.2 ± 11 46.0 ± 10 47.4 ± 11 48.9 ± 11 \0.001

Low density lipoprotein cholesterol (mg/dl) 122.8 ± 31 120.9 ± 31 118.5 ± 29 119.5 ± 29 0.150

Triglycerides (mg/dl) 155.0 ± 83 149.7 ± 82 140.8 ± 82 134.9 ± 78 0.001

TC/HDL-C ratio 4.5 ± 1.1 4.4 ± 1.0 4.3 ± 1.2 4.2 ± 1.1 \0.001

Glucose (mg/dl) 87.9 ± 11 87.2 ± 11 87.2 ± 10 85.7 ± 10 0.014

White blood cell (9109 cells/l) 6.4 ± 1.8 6.2 ± 1.7 6.1 ± 1.7 5.8 ± 1.6 \0.001

Peak oxygen uptake (ml/kg/min) 35.6 ± 6.3 36.7 ± 6.3 36.3 ± 6.2 35.6 ± 6.4 0.012

Values are expressed as mean and standard deviation

Table 2 Relative risks and 95% CI of incidence of type 2 diabetes according to heart rate recovery quartiles

HRR Quartile 1 RR

(95% CI)

Quartile 2 RR

(95% CI)

Quartile 3 RR

(95% CI)

Quartile 4 RR

(95% CI)

No. of cases (%) 24 (4.9%) 17 (3.7%) 17 (3.7%) 6 (1.5%)

Models 3.13 2.27 2.48 1.00

Unadjusted (1.28–7.65) (0.89–5.76) (0.98–6.29)

Model 1 2.89 2.25 2.42 1.00

(1.18–7.07) (0.89–5.71) (0.95–6.14)

Model 2 2.56 2.04 2.28 1.00

(1.04–6.30) (0.80–5.20) (0.90–5.81)

Model 3 2.28 1.35 1.62 1.00

(0.87–5.95) (0.51–3.56) (0.65–4.03)

Model 1, adjusted for age, model 2, adjusted for age, BMI, SBP, TC/HDL-C ratio, WBC and VO2peak, model 3 adjusted for model 2 plus

baseline fasting glucose
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that HRR at 1 min post exercise is more reflective of

parasympathetic autonomic nervous system function, while

HRR at 2 min reflects activity of both branches of the

autonomic nervous system [4].

Previous studies have observed this association between

autonomic impairment and incident diabetes in western

populations. Therefore, whether autonomic impairment

contributes to the development of diabetes in different

ethnic groups is still unknown. In our sample of healthy

Korean men, a trend remained for an inverse association

between HRR and incidence of type 2 diabetes. Thus, our

data do not completely rule out the possibility of an asso-

ciation between HRR and incidence of type 2 diabetes. The

lack of statistical power in our data is attributed to a rela-

tively small number of men who developed diabetes

(n = 64). Longer follow-up with greater accrual of events

may have yielded a significant finding. Further studies

are needed to clarify the association between these

relationships.

This study has several limitations. We did not control

for diet status, which may potentially confound the rela-

tionship between HRR and incidence of type 2 diabetes.

We defined incidence of type 2 diabetes as fasting glucose

C126 mg/dl or the use of diabetes medication. We did not

administer an oral glucose tolerance test and so may not

have captured all cases of incident diabetes. Finally, we did

not assess reproducibility of HRR in this population.

In summary, these results suggest that slow HRR, an

estimate of autonomic nervous system dysfunction, is

associated with development of type 2 diabetes, but these

relationships were attributable to confounding factors.

Although a relationship between autonomic function and

development of type 2 diabetes may exist in non-Asian

populations, further studies are needed to clarify this

association in racially diverse populations.

Conflict of interest statement None of the authors had any con-
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