J DI Journal of Diabetes Investigation Open access

Official Journal of the Asian Association for the Study of Diabetes

ORIGINAL ARTICLE

Independent and interactive associations of
heart rate and body mass index or blood
pressure with type 2 diabetes mellitus
incidence: A prospective cohort study

Chunxiao Xu'(®), Jieming Zhong', Honghong Zhu?, Ruying Hu', Le Fang', Meng Wang', Jie Zhang', Yu Guo?,
Zheng Bian®, Zhengming Chen®, Liming Li**, Min Yu'*

1Departmem of Chronic Non-Communicable Diseases Control and Prevention, Zhejiang Provincial Center for Disease Control and Prevention, Hangzhou, China, Preventive
Medicine Institute, Louisiana, Missouri, USA, *Chinese Academy of Medical Sciences, Beijing, China, “Clinical Trial Service Unit and Epidemiological Studies Unit (CTSU), Nuffield
Department of Population Health, University of Oxford, Oxford, UK, and School of Public Health, Peking University Health Sciences Center, Beijing, China

Keywords
Heart rate, Interaction, Type 2
diabetes mellitus

*Correspondence

Min Yu

Tel: +86-571-8711-5005
Fax: +86-571-8711-5161
E-mail address:
myu@cdczj.cn

J Diabetes Investig 2019; 10: 1068—
1074

doi: 10.1111/jdi.12999

INTRODUCTION

ABSTRACT

Aims/Introduction: An elevated heart rate has been reported to be associated with
an increased incidence of type 2 diabetes mellitus. We investigated whether heart

rate independently and interactively with body mass index or blood pressure was
associated with the incidence of type 2 diabetes mellitus in a rural Chinese
population.

Materials and Methods: We measured the association between heart rate and type 2
diabetes mellitus in the Tongxiang China Kadoorie Biobank prospective cohort study using
Cox proportional hazard models. Analyses included 53,817 participants without any history
of diabetes, cancer, cardiovascular or rheumatic heart disease at baseline. Incident type 2
diabetes mellitus cases were identified through linkage with established Disease Registries
and the China National Health Insurance System.

Results: After a mean follow-up period of 69 years, 1,766 people had developed type 2
diabetes mellitus with an incidence of 4.75 per 1,000 person-years. Multivariable-adjusted
hazard ratios and for type 2 diabetes mellitus across increasing quintiles of heart rate were
1.00 (reference), 1.24 (95% confidence interval [Cl] 1.05-145), 1.21 (95% CI 1.03-141), 1.24
(95% Cl 1.05-147) and 149 (95% ClI 1.28-1.74), respectively, with a Pyeng <0.001. This rela-
tionship was particularly evident among non-overweight/obese participants. A significant
interaction between heart rate and body mass index on incident type 2 diabetes mellitus
was observed with a P for interaction = 0.005.

Conclusions: Elevated heart rate is independently, in interaction with a higher body
mass index, associated with a higher incidence of type 2 diabetes mellitus.

Recent epidemiological studies showed that the association

Resting heart rate has been used as a routine clinical measure-
ment and potential prognostic marker, because it is associated
with the development of myriad chronic diseases?, especially
incident cardiovascular disease (CVD)>*, and all-cause mortal-
ity’. Heart rate is regulated by the autonomic nervous system,
and disturbances of this system balance are considered an
element in CVD pathogenesis.

Received 20 August 2018; revised 10 December 2018; accepted 26 December 2018

1068 J Diabetes Investig Vol. 10 No. 4 July 2019

between increased heart rate and the occurrence of cardiovascu-
lar events among adults was independent of high systolic blood
pressure, physical activity level and increased waist circumfer-
ence, suggesting that heart rate can be recognized as an inde-
pendent risk factor of CVD®. Diabetes per se is considered a
major risk factor of CVD; it is highly prevalent, affecting 10.9%
Chinese adults in 2013; and this prevalence has been increasing
rapidly in China over the years. China bears a high diabetes-
related burden’.
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Resting heart rate might be directly associated with the devel-
opment of diabetes. A small number of prospective cohort
studies have found a rapid heart rate might be predictive of
diabetes development in different populations. Most studies
were carried out in the USA®’, Australia'®, Japan'"'? and the
Netherlands', all of which are developed nations. Alternatively,
the presence of central obesity and insulin resistance per se
might cause an increase in heart rate through sympathetic ner-
vous activation, rather than the heart rate driving metabolic
changes.

In this context, we investigated whether resting heart rate
was associated with incident type 2 diabetes mellitus in a
prospective cohort. Currently, obesity is the strongest and most
extensively studied risk factor of type 2 diabetes mellitus'*".
Blood pressure (BP) has also been found to be independently
associated with type 2 diabetes mellitus development'®", The
present study explored how resting heart rate independently
and interactively with either body mass index (BMI) or BP
affected incident type 2 diabetes mellitus.

METHODS

Study design and population

We designed a prospective cohort study with individuals
recruited from a rural region of the Zhejiang province, nested
in the China Kadoorie Biobank study. Detailed methods,
recruitment criteria and others in the China Kadoorie Biobank
study have been published®® >, All participants in the present
study lived in the rural Tongxiang county of Zhejiang province,
China, and were enrolled in the China Kadoorie Biobank study
between 2004 and 2008.

In this study, the enrolled participants were followed up until
1 January 2014. Participants were further excluded if presenting
with physician-diagnosed diabetes at baseline (n = 2,914), with
rheumatic heart disease, cardiovascular diseases or cancer at
baseline (n = 1,051), or if they were lost to follow up (n = 60).
After these exclusions, 53,817 participants (22,536 men and
31,281 women) were included in our final analyses.

The ethics board of the University of Oxford, and the
National and Zhejiang Provincial and the Tongxiang Centers
for Disease Control and Prevention in China all approved this
study. All study participants were given a written informed
consent form, and a signed consent form was obtained after
they willingly participated in the study.

Measurement
Interviewer-administered electronic questionnaires of demo-
graphic data (age, sex, education and annual household
income), smoking and drinking status, level of physical activity,
menopausal status in women, and family history of diabetes
and CVD were collected at baseline. Total physical activities
were converted to metabolic equivalent task hours (MET-h/
day).

Anthropometric parameters, heart rate and BP were collected
while interviewing participants. Height, weight and waist
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circumference were measured, and BMI was calculated as
weight in kilograms divided by height in meters squared (kg/
m?®). Heart rate was determined by pulse palpation for 30 s
after a 10-min rest. BP was measured after at least 5 min of
seated rest by a UA-779 digital monitor. Both BP and heart
rate were measured twice, with the mean values being utilized
in downstream analyses. Hypertension was identified on the
basis of systolic BP >140 mmHg, diastolic BP >90 mmHg or
the prescription of antihypertensive drugs to a patient.

Follow up and outcome assessment

The vital status of all participants in the present study was peri-
odically determined through the China CDC’s Disease Surveil-
lance Points System and the China National Health Insurance
System, by regular checks by laws against local residential and
administrative records, and by annual active confirmation
through street committees or village administrators>". Informa-
tion on disease diagnoses including incident diabetes for partici-
pants was collected through the linkage with an established
Disease Registries and the China National Health Insurance
System, and matched by a unique national identification num-
ber. The quality and completeness of morbidity and other fol-
low-up data were regularly checked during the study time
period by the coordinating study center. This was involved in
monitoring the number of people who were lost to follow up
each year™.

By 1 January 2014, a total of 60 (0.1%) participants were lost
to follow up. For this study, the primary outcome was type 2
diabetes mellitus (International Statistical Classification of Dis-
eases and Related Health Problems 10th revision, coding E11).
In line with the American Diabetes Association guidelines, inci-
dent type 2 diabetes mellitus during follow up was defined as
“fasting blood glucose >7.00 mmol/L and/or reports of under-
going type 2 diabetes mellitus treatment”.

Statistical analysis

Type 2 diabetes mellitus incidence and follow-up durations
were calculated for men and women, respectively, and the base-
line parameters in each participant were assessed. A partici-
pant’s entry time in the study was the age at which their heart
rate was initially measured at baseline, whereas their exit time
was the age at which they were diagnosed with type 2 diabetes
mellitus, died or withdrew from the study.

Descriptive statistics and mean + standard deviation were
used to describe continuous variables or percentages for cate-
gorical variables. Incidence rates per 1,000 person-years were
calculated based on the number of newly diagnosed type 2 dia-
betes mellitus cases divided by the total contributed person-
years by all participants.

Cox proportional hazard regressions were carried out to esti-
mate type 2 diabetes mellitus incidence by hazard ratio (HR)
and 95% confidence interval (CI). The crude and multivariable-
adjusted HRs and 95% ClIs for incident type 2 diabetes mellitus
across increasing quintiles (Q1l = reference) of heart rate were
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estimated by Cox proportional hazard models, and linear trends
in the HR for heart rate were tested by calculating the index of
heart rate as a continuous variable. Covariates included age
(continuous), education (category), annual household income
(category), cigarettes smoking (yes/no), alcohol drinking (yes/
no), physical activity (continuous), systolic BP (continuous),
diabetes or CVD family history (yes/no), and menopausal sta-
tus (yes/no; only women). A sensitivity analysis was carried out
to test how robust these results were. The participants who
reported taking antihypertensive medications were excluded in
the sensitivity analysis, as these drugs could influence heart rate
and future diabetes risk. In joint analyses, resting heart rate was
regrouped into “<80 b.p.m.” and “>80 b.p.m.”, as 80 b.p.m. has
been suggested to be an optimal cut-off point****, BMI was
grouped according to overweight/obese status (BMI >24 kg/m?®)
according to the Working Group on Obesity in China®, and
blood pressure was grouped according to hypertension status.
The multiplicative interaction term of heart rate with either
BMI or hypertension was included in the Cox proportional
hazards model to estimate type 2 diabetes mellitus risk inde-
pendent of heart rate and BMI or hypertension adjusting for
other confounding factors.

The SAS software, version 9.2 (SAS institute, Cary, NC,
USA) was used for data analyses. Each test was two-sided, with
a P-value <0.05 as a threshold for significance.

http://wileyonlinelibrary.com/journal/jdi

RESULTS

A total of 53,817 participants (22,536 men and 31,281 women)
at baseline were included in the analyses. Over an average of
6.9 years’ follow-up period, 1,766 people (688 men and 1,078
women) developed type 2 diabetes mellitus, with an incidence
of 4.75 (4.52 for men and 4.90 for women) per 1,000 person-
years.

The mean age in years was 52.8 = 10.1 among men and
514 + 9.6 among women at baseline. The mean BMI, systolic
BP and heart rate were 22.7 * 3.0 kg/m? 1365 + 20.5 mmHg
and 749+ 115bpm. in men, and 23.0+ 3.2 kg/m’,
1344 £ 21.7 mmHg and 79.7 + 11.7 b.p.m. in women, respec-
tively. Table 1 shows that participants with a higher heart rate
were more likely to have a higher BMI and BP, and have a
lower level of physical activity compared with those with a
lower heart rate. Meanwhile, participants with a lower heart
rate appeared to be current smokers compared with those with
a higher heart rate. Baseline characteristics of men and women
with/without incident type 2 diabetes mellitus are also shown
in Tables S1 and S2.

Table 2 provides HRs and for type 2 diabetes mellitus inci-
dence based on increasing quintiles of heart rate. On adjusting
for age and sex only or for all potential confounders, heart rate
was positively correlated with type 2 diabetes mellitus inci-
dence. As compared with participants with a heart rate

Table 1 | Baseline characteristics of participants according to quintiles of heart rate in a prospective cohort of a rural coastal population in Zhejiang

province nested in the China Kadoorie Biobank study, 2004-2013

Variables Quintiles of heart rate (bjp.m.) P for trend
Q1 <67 Q2 67-73 Q3 73-80 Q4 80-86 Q5 >86
n 10,045 10,734 12,935 8715 11,388
Age (years) 534+ 97 524+ 98 516+ 97 514+ 99 51.1 £ 101 <0.001
BMI (kg/m ) 228 + 29 229 + 31 229 + 31 229+ 32 229+ 33 0022
C (cm) 765 + 87 767 £ 89 76.7 £ 90 765+ 92 763 £ 95 0032
SBP (mmHg) 1344+ 213 1338 + 209 134.1 £ 209 1349 + 207 1390 £ 216 <0.001
DBP (mmHg) 781 £ 102 790 £ 103 800 + 104 809 £+ 105 83.7 £ 111 <0.001
Current smokers, n (%) 4,095 (40.8) 3,295 (30.7) 3,361 (26.0) 2,037 (234) 2,304 (20.2) <0001
Current drinkers, n (%) 2456 (244) 2,069 (19.3) 1,973 (15.3) 1,210 (139) 1,508 (13.2) <0.001
Total physical activity, MET-h/day 312+ 152 31.1 £ 152 308 £ 151 305+ 153 296 £ 153 <0.001
Education
llliteracy/primary 8,105 (80.7) 8575 (799 10,309 (79.7) 6,907 (79.3) 9,098 (79.9) 0014
Middle school 1,609 (16.0) 1,759 (164) 2092 (16.2) 1474 (169) 1,818 (16.0)
High school or above 331 (33) 400 (3.7) 534 (4.1) 334 (3.8) 472 (4.1)
Annual household income, yuan @)
<10,000 691 (6.9) 700 (6.5) 804 (6.2) 589 (6.9) 750 (6.6) 0.001
10,000-20,000 1,361 (13.5) 1482 (13.8) 1,801 (13.9) 1,237 (14.2) 1,710 (15.0)
20,000-35,000 4,152 (413) 4,389 (409) 5385 (41.6) 3615 (41.5) 4,830 (424)
>35,000 3841 (382) 4,163 (388) 4,945 (382) 3,274 (37.6) 4,098 (36.0)
Antihypertensive medication, n (%) 150 (1.5) 160 (1.5) 225 (1.7) 140 (16) 243 (2.1) <0.001
Family history of diabetes, n (%) 212 (2.1) 267 (25) 339 (26) 241 (28) 283 (2.5) 0.050
Family history of CVD, n (%) 1,094 (109 1,161 (108) 1,407 (109) 887 (10.2) 1,190 (104) 0.126

BMI, body mass index; CVD, cardiovascular disease; DBP, diastolic blood pressure; MET-h, metabolic equivalent task hours; Q, quintile; SBP, systolic

blood pressure; T2DM, type 2 diabetes mellitus; WC, waist circumference.
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Table 2 | Hazard ratios and 95% confidence intervals for incident type 2 diabetes mellitus according to quintiles of heart rate in a prospective
cohort of a rural coastal population in Zhejiang province nested in the China Kadoorie Biobank study, 2004-2013

Variables Quintiles of heart rate (b.p.m) P for trend
Q1 <67 Q2 67-73 Q3 73-80 Q4 80-86 Q5 >86

No. participants 10,045 (18.7) 10,734 (19.9) 12,935 (24.0) 8715 (16.2) 11,388 (21.2)

No. cases 259 (26) 349 (33) 415 (3.2) 286 (33) 457 (4.0)

Model 1 1.00 1.26 (1.07-1.48) 1.26 (1.07-1.47) 1.29 (1.09-1.53) 1.59 (1.36-1.86) <0.0001

Model 2 1.00 1.24 (1.06-1.46) 1.21 (1.04-1.42) 1.27 (1.07-1.50) 1.57 (1.34-1.83) <0.0001

Model 3 (overall) 1.00 1.24 (1.05-1.45) 1.21 (1.03-1.41) 1.24 (1.05-1.47) 1.49 (1.28-1.74) <0.0001
Men 1.00 1.25 (099- 157) 1.24 (098-1.56) 1.38 (1.07-1.78) 1.48 (1.17-1.88) <0.0001
Women 1.00 1.20 (096-151) 1.18 (0.95-147) 1.15 (091-146) 1.45 (1.17-1.80) <0.0001

Sensitivity analysis* 1.00 1.23 (1.04-1.45) 1.21 (1.03-1.42) 1.26 (1.06-1.49) 1.53 (1.31-1.80) <0.0001

Bold value indicates P < 0.05.
Model 1: adjusted for age (years) and sex. Model 2: adjusted for age (years), sex and body mass index (kg/m?). Model 3: adjusted for age (years),
sex, body mass index (kg/m?), cigarette smoking status (yes/no), alcohol drinking status (yes/no), education (illiteracy/primary, middle school, high

school or above), annual household income (<10,000, 10,000—<20,000, 20,000—<35,000, >35,000), physical activity, systolic blood pressure, family
history of diabetes and cardiovascular disease, and menopause status (yes/no, for women only). Variable sex is excluded from the model for stratify-
ing by sex. TAdjusted for confounders in model 3 and further excluded individuals who were taking antihypertensives (n = 918).

<67 b.p.m., multivariable-adjusted HRs for type 2 diabetes mel-
litus were 1.24 (95% CI 1.05-1.45) for participants who had a
heart rate of 67-73 b.p.m., 1.21 (95% CI 1.03-1.41) for partici-
pants who had a heart rate of 73-80 b.p.m., 1.24 (95% CI
1.05-147) for participants who had a heart rate of 80—
86 b.p.m. and 149 (95% CI 1.28-1.74) for participants who
had a heart rate >86 b.p.m. When using as a continuous vari-
able in the Cox model, every 12-b.p.m. rise in heart rate was
significantly correlated with a 13% increase in type 2 diabetes
mellitus incidence (HR 1.13, 95% CI 1.08-1.18). There was a

positive dose-response relationship between heart rate and
type 2 diabetes mellitus incidence (P for trend <0.001). Heart
rate >80 b.p.m. in men was linked with a higher type 2 dia-
betes mellitus incidence compared with men with a heart rate
<67 b.p.m. (80-86 b.p.m. HR 1.38, 95% CI 1.07-1.78; and >86
beats/min HR 1.48, 95% CI 1.17-1.88). Heart rate >86 b.p.m.
in women was associated with a significantly higher type 2 dia-
betes mellitus incidence compared with a heart rate <67 b.p.m.
(HR 1.45, 95% CI 1.17-1.80). A sensitivity analysis was carried
out, excluding patients taking antihypertensive medications, and

Table 3 | Hazard ratios and 95% confidence intervals for incident type 2 diabetes mellitus according to quintiles of heart rate stratified by body
mass index in a prospective cohort of a rural coastal population in Zhejiang province nested in the China Kadoorie Biobank study, 2004-2013

Variables Quintiles of heart rate (bjp.m)
Q1 <67 Q2 67-73 Q3 73-80 Q4 80-86 Q5 >86
BMI <24 kg/m?
No. participants 6,775 (174) 7,025 (20.0) 8,370 (23.9) 5603 (16.0) 7,290 (20.8)
No. cases 79 (1.2) 123 (1.8) 141 (1.7) 01 (1.8) 178 (24)
Multivariable HR (95% CI)T 1.00 1.51 (1.14-2.01) 1.48 (1.12-1.95) 1.61 (1.19-2.17) 2.22 (1.69-2.92)
Men 1.00 1.29 (0.88-1.89) 133 (0.90-194) 1.72 (1.14-2.60) 1.96 (1.32-2.91)
Women 1.00 1.85 (1.18-2.91) 1.73 (1.11-2.67) 1.69 (1.07-2.68) 2.56 (1.68-3.92)
BMI >24 kg/m?
No. participants 3,270 (174) 3,709 (19.8) 4565 (24.3) 2 (166) 4098 (219)
No. cases 180 (5.5) 226 ©.1 274 (6.0) 185 (5.9 279 (6.8)
Multivariable HR (95% CI)J‘ 1.00 11 (092-1.36) 1.11 (092-134) 1.09 (0.89-1 34) 1.22 (1.01-1 .47)§
Men 1.00 23 (092-163) 1.18 (0.89-157) 1.22 (0.88-168) 1.28 (096-1.73)
Women 1.00 02 (0.78-1.34) 1.05 (0.81-135) 1.00 (0.76-1.32) 1.15 (0.89-148)

Bold value indicates P < 0.05.

TAdjusted for age (years), sex, cigarette smoking status (yes/no), alcohol drinking status (yes/no), education (illiteracy/primary, middle school, high
school or above), annual household income (<10,000, 10,000-<20,000, 20,000-<35,000, >35,000), physical activity, systolic blood pressure, family his-
tory of diabetes and cardiovascular disease, and menopause status (yes/no, for women only). Variable sex is excluded from the model for stratifying
by sex. ¥interaction = 152 (1.06-2.18), reference was heart rate <67 bp.m. and body mass index BMI) <24 kg/m? SInteraction = 1.86 (1.35-2.58),
reference was heart rate <67 bp.m. and BMI <24 kg/mz. (l, confidence interval; HR, hazard ratio; Q, quintile.
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Table 4 | Hazard ratios and 95% confidence intervals for incident type 2 diabetes mellitus according to quintiles of heart rate stratified by blood
pressure status in a prospective cohort of a rural coastal population in Zhejiang province nested in the China Kadoorie Biobank study, 2004-2013

Variables Quintiles of heart rate (beats/min)
Q1 <67 Q2 67-73 Q3 73-80 Q4 80-86 Q5 >86
SBP <140 and DBP <90 mmHg
No. participants 5921 (193) 6458 (1.1 7715 (25.1) 5026 (164) 5592 (182)
No. cases 98 (1.7) 8 (2.1) 9 (2.1) 12 (22 147 (26)
Multivariable HR (95% CI)T 1.00 1 29 (099-167) 1 24 (096-161) 1.38 (1.05-1.81) 1.69 (1.30-2.20)
Men 1.00 109 (0.76-1.56) 1.18 (0. 83 168) 1.32 (0.89-196) 1.74 (1.19-2.53)
Women 1.00 1.53 (1.03-2.27) 134 (091-198) 148 (099-2.22) 1.76 (1.19-2.59)
SBP >140 or DBP >90 mmHg
No. participants 4,124 (17.8) 4,276 (185) 5220 (22.6) 3,689 (16.0) 5,796 (25.1)
No. cases 161 (39 211 (49) 256 (4.9) 174 (4.7) 310 (5.3)
Multivariable HR (95% CI)T 1.00 1.22 (0.99-1.50) 1.20 (099-147) 1.16 (0.94-144) 1.38 (1.13-1.67)
Men 1.00 1.38 (1.03-1.86) 1.29 (096-1.75) 1.43 (1.03-1.99) 1.38 (1.01-1.86)
Women 1.00 1.05 (0.79-140) 2 (0.86-146) 099 (0.74-132) 1.28 (0.99-1.66)

Bold value indicates P < 0.05.

TAdjusted for age (years), sex, body mass index (kg/m?), cigarette smoking status (yes/no), alcohol drinking status (yes/no), education (illiteracy/pri-
mary, middle school, high school or above), annual household income (<10,000, 10,000-<20,000, 20,000—<35,000, >35,000), physical activity, family
history of diabetes and cardiovascular disease, and menopause status (yes/no, for women only). Variable sex is excluded from the model for stratify-
ing by sex. Cl, confidence interval; DBP, diastolic blood pressure; HR, hazard ratio; Q, quintile; SBP, systolic blood pressure.

a similar increased risk for type 2 diabetes mellitus was
observed for high compared with low heart rate.

Stratified analyses by BMI and BP status were carried out.
Table 3 shows that the relationship between heart rate and
incident type 2 diabetes mellitus was particularly evident among
non-overweight/obese participants. A multiplicative interaction
between heart rate and BMI was significantly observed with a
P for interaction = 0.005 (80 < heart rate < 86 b.p.m. and
BMI >24 kg/m* HR 152, 95% CI 1.06-2.18; heart rate
>86 b.p.m. and BMI >24 kg/m2: HR 1.86, 95% CI 1.35-2.58).
This association was slightly evident among non-hypertensive
participants, but no such interaction between heart rate and BP
was observed (Table 4). The joint associations of heart rate and
BMI or BP with type 2 diabetes mellitus risk are shown in
Table S3. The joint analyses results supported the findings from
the stratified analyses and interaction associations.

DISCUSSION
In the present prospective cohort study, fast heart rate was inde-
pendently correlated with a moderately increased risk of develop-
ing type 2 diabetes mellitus. A positive dose-response
relationship between heart rate and type 2 diabetes mellitus inci-
dence was detected either with or without adjustment for poten-
tial confounders. The independent association of heart rate with
incident type 2 diabetes mellitus was particularly evident among
non-overweight/obese participants. A significant interaction
between heart rate and BMI with incident type 2 diabetes melli-
tus was found in this large prospective cohort study.

A small number of prospective studies® >**** have exam-
ined how heart rate is associated with diabetes incidence. The
type 2 diabetes mellitus incidence estimated in the present

study is similar to that among previous studies, which ranged
from 1.19-° to 5.39-fold"" increased risk in the highest heart
rate category. Previously, there was some concern that the inde-
pendent association of heart rate with diabetes incidence might
be confounded by other possible confounders, such as BMI, BP
and physical activity”’. The present study confirmed that heart
rate was independently associated with type 2 diabetes mellitus
incidence after adjusted for the potential confounders including
BMI, BP and physical activity.

Heart rate has been considered as a marker of autonomic
nervous system function and cardiorespiratory fitness, which
both relate to incident diabetes®. Sympathetic activation pro-
motes insulin resistance through hemodynamic and cellular
mechanisms. Several mechanisms were proposed to elucidate
the association between heart rate and incident diabetes. One
of the most important causative explanations is that sympa-
thetic activation might cause vasoconstriction and decrease
skeletal muscle blood flow, leading to the impairment of glu-
cose uptake into the skeleton muscle.

BMI has repeatedly been reported to be a robust indepen-
dent predictor for the development of type 2 diabetes mellitus
with a dose-response relationship®®. A study among Cau-
casians has shown that those who are not physically fit or who
are obese have a higher rate of metabolic diseases, such as
type 2 diabetes mellitus®. A meta-analysis based on prospec-
tive cohort studies also found that adults with obesity had an
increased incidence of diabetes (relative risk 7.28, 95% CI
6.47-8.28) compared with the normal weight group'®. The pre-
sent study showed similar results of the joint association of
both heart rate and BMI with incident type 2 diabetes mellitus.
The association between heart rate and incident type 2 diabetes
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mellitus tends to be greater among non-overweight/obese than
that among overweight/obese participants in the present study.
Carnethon et al’ and Gratham et al'® also found a more
robust relationship between heart rate and diabetes risk in
non-obese individuals than that in obese individuals. A positive
multiplicative interaction between fast heart rate and high BMI
was observed in the present study.

BP has also been reported to be a robust independent predic-
tor for the development of type 2 diabetes mellitus. Elevated
type 2 diabetes mellitus risks among those who have a high BP
are evident in Japanese'> and other groups'. Nagaya et al.'?
examined the joint association of both heart rate and BP with
type 2 diabetes mellitus risk, and found that men and women
with a faster heart rate and higher BP had a 2.25- and 2.58-fold
higher risk, respectively, of type 2 diabetes mellitus incidence
compared with those with a slower heart rate and lower BP. The
observed joint association in the present study also suggests that
hypertension with a faster heart rate further increased the inci-
dence of type 2 diabetes mellitus. Similar to the results from
Nagaya et al.'?, no interaction between heart rate and BP on
incident type 2 diabetes mellitus was found in the present study.

Taken together, these results show that the incidence of
type 2 diabetes mellitus associated with increased heart rate is
not only statistically significant, but also clinically relevant, and
that participants with a higher BMI and higher resting heart
rate might require more regular glucose screening and aggres-
sive interventions.

Although these findings suggest sympathetic nerve activation
as a driver of type 2 diabetes mellitus development, we do not
recommend [(-blocker use in patients with hypertension,
because it might result in elevated rates of diabetes onset, espe-
cially with diuretics®®*".

The present study had some strengths. It was a prospective
cohort study for which the temporality between resting heart rate
and type 2 diabetes mellitus can be delineated. Most known
potential confounders, such as BMI, BP and physical activity,
have been adjusted in our analyses. Data collection and manage-
ment were under rigid quality control. In addition, previous
cohort studies did not clarify the type of diabetes the participants
had, whereas we restricted the present study to type 2 diabetes
patients. We believe this is the second largest cohort study on
how heart rate affects diabetes incidence in a general popula-
tion.The present study had certain limitations. A baseline oral
glucose tolerance test was not carried out, as it could not be done
conveniently in such a large cohort. We did not measure heart
rate, BMI or BP during follow up. Thus, we were unable to exam-
ine the intra-individual variation during follow up on diabetic
risk, which might offer more causal insights into the relationship
between these variables. The heart rate in the present study was
obtained at one time point (though two measurements), which
might not reflect a true resting heart rate, as 24-h ambulatory
heart rate monitoring might be more informative.

In conclusion, heart rate was independently associated with
the incidence of type 2 diabetes mellitus in this rural Chinese
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population in a prospective cohort study, and this relationship
was particularly evident among non-overweight/obese partici-
pants. There was a significant interaction between heart rate
and BMI on incident type 2 diabetes mellitus.
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