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Background: As a risk factor for diabetes, there are many evidences for physical characteristics and lifestyle
habits. There are studies showing that resting heart rate is also related, but evidence is still lacking. Therefore,
this study attempted to determine the effect of resting heart rate on diabetes.

Methods: The subject of this study was analyzed with 6,622 people who had fasting blood glucose test data out
of a total of 7,993 people who participated in the 7th National Health and Nutrition Survey. Fasting blood glu-
cose above 126 mg/dL was defined as a diabetic group and a multiple logistic regression analysis was used.
General characteristics, lifestyle and blood chemistry test results were adjusted to investigate the association
with diabetes according to the resting heart rate level in the subjects.

Resuilts: The risk of diabetes according to the resting heart rate level was 1.434 times in the 2nd quartile, 1.714
times in the 3rd and 1.785 times in the 4th, compared to the 1st quartile. In model 4, except for the 2nd, which
was not significant the analysis with all related variables adjusted for the risk rate in the 3rd and 4th order
showed that the risk rate increased to 2.364 times and 3.477 times, respectively as the resting heart rate
increased.

Conclusions: This study shows that high resting heart rate is associated with increased diabetes, and suggests
that high heart rate, along with other known risk factors, may be a useful tool in predicting diabetes risk.
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Table 1. General characteristics of study subjects according to resting heart rate
Variable Total (Sé;i)tpm) (68—§?ipm) (72—833ripm) (28:tglpm) F g
Sex
Male 2,806 (44.0) 898 (46.7) 539 (43.4) 747 (41.7) 622 (43.5) - 0.018°
Female 3,578 (56.0) 1,023 (53.3) 703 (56.6) 1,044 (58.3) 809 (56.5) -
Age,y
20-29 24.55+2.68 162 (8.9) 135 (11.6) 197 (12.2) 177 (16.1) 0.097 <0.001¢
30-39 35.08+2.73 223 (12.2) 179 (15.4) 250 (15.5) 223 (20.3) 0.088
40-49 44.50+2.87 325 (17.8) 218 (18.7) 331 (20.5) 204 (18.6) 2.860°
50-59 54.70+2.91 410 (22.5) 231 (19.8) 303 (18.8) 159 (14.5) 0.642
>60 69.92+6.63 705 (38.6) 403 (34.6) 531 (32.9) 336 (30.6) 3.286°
(1st<4th)
Marital status
No married 4,731 (74.1) 1,564 (81.4) 970(78.1) 1,331 (74.3) 866 (60.6) - <0.001¢
Married 1,653 (25.9) 357 (18.6) 272 (21.9) 460 (25.7) 564 (39.4) -
Educational attainment
<High school 4,055 (66.1) 1,225 (66.6) 767 (63.7) 1,111 (64.9) 952 (68.8) - 0.029°
>College 2,082 (33.9) 613 (33.4) 437 (36.3) 601 (35.1) 431 (31.2) -
Family income
<200 109.10+55.49 463 (24.2) 293 (23.7) 420 (23.5) 358 (25.1) 0.672 0.898
201-300 259.23+30.56 254 (13.2) 154 (12.4) 243 (13.6) 188 (13.2) 1.417
>301 634.42+£285.76 1,200 (62.6) 790 (63.9) 1,122 (62.9) 879 (61.7) 3.762°
(1st<3rd)

Values are presented as mean+standard deviation or number (%).
“F-test by analysis of variance.
b .
Calculated by chi-square test.
P<0.05.
4p<0.001.
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Table 2. Lifestyle of study subjects according to resting heart rate
Variable Total (5671 ]Sotpm) (68—§?ipm) (72—;;ipm) (28;1“:pm) F i
Alcohol drinking
Non-drinking 917 (14.4) 241 (12.6) 147 (11.8) 267 (14.9) 262 (18.3) . <0.001°
Drinking 5266 (82.5) 1,665 (86.7) 1,074 (86.5) 1,483 (82.8) 1,044 (73.0) -
Smoking status
Non-smoking 4,063 (64.1) 1,162 (60.9) 770 (62.7) 1,168 (65.5) 963 (67.8) - <0.001°
Past-smoking 1,208 (19.1)  420(22.0)  269(21.9)  311(17.5) 208 (14.6) -
Current-smoking 1,068 (16.8) 327 (17.1) 189 (15.4) 303 (17.0) 249 (17.5) -
Stress perception
Infrequently 4549 (73.6) 1,448 (76.0) 908 (744) 1,267 (72.4) 926 (70.9) - 0.007*
Frequently 1,634 (26.4)  458(24.0) 313 (25.6) 483 (27.6)  380(29.1) ;
Blood pressure
Normal
Sbp 107.69+8.35 1,046 (54.5) 689 (55.5) 1,049 (58.6) 871 (60.9) 3.759¢ 0.006"
(1st<4th)
Dbp 70.01+7.23 5.994¢
(1st, 2nd<4th)
Pre-hypertension
Sbp 128.98+5.58 563 (29.3) 356 (28.7)  482(26.9) 346 (24.2) 0.139
Dbp 84.31+2.66 0.600
Hypertension
Sbp 150.15£11.44  312(162)  197(159)  260(14.5) 213 (14.9) 0.483
Dbp 95.03+6.56 3.489°
Subjective health status
Good 1,992 (31.2)  611(31.8)  372(30.0)  528(29.5) 481 (33.6) - 0.037¢
Fair 3,061 (48.0) 914 (47.6) 633 (51.0)  865(48.3) 649 (45.4) -
Poor 1,329 (20.8)  395(20.6)  236(19.0)  398(22.2) 300 (21.0) -
Aerobic physical activity
No 3242(588) 1,013 (57.6)  649(57.1)  911(627) 669 (62.7) . 0.028°
Yes 2271 (41.2) 746 (424)  487(429)  640(413) 398 (37.3) -
Body mass index, kg/m’
Normal 19.74+2.53 817 (43.3) 534 (43.8) 824 (46.7) 760 (54.1) 39.686° <0.001°
(1st>2nd>3rd>4th)
Overweight or obesity 26.34+2.76 1,070 (56.7) 685 (56.2) 940 (53.3) 645 (45.9) 6.983¢

(1st, 2nd, 3rd<4th)

Values are presented as meanzstandard deviation or number (%).
Abbreviations: Sbp, systolic blood pressure; Dbp, diastolic blood pressure.

“F-test by analysis of variance.

"Calculated by chi-square test.

€P<0.001.
4p<0.01.
¢P<0.05.
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Table 3. Blood chemistry test of study subjects according to resting heart rate
c d
Variable Total (5671:pm) (68—§?ipm) (72—;;dbpm) (ESitl}jlpm) F ”
FBG, mg/dL
<126 95.46:9.89 95.38+9.65 95.60+9.87 95.13+9.76 95.58+10.40 5.863° 0.005
>126 158323702 158.2635.13  153.14£30.77  159.58+37.19  162.96x4247  (Ist<3rd, Ist<ath) 4 4500
TC, mg/dL
<240 181.44£30.12  182.91+30.15  182.54+30.27  181.41+30.18  178.85+29.82 5.959° -0.045°
>240 261.62£22.07  261.90£19.63  262.10:21.99  261.71:26.09  262.21x21.11 (Ist>4th,3rd>4th) 4 553
TG, mg/dL
<200 100.93+41.30  101.88+40.62  101.25:4029  100.70+42.25  100.11x42.62 3373 -0.020
>200 310.72+163.08 288.37+146.75 307.33x157.31 318.87+163.80 338.02+193.51 (st<dth) 0.117°
HDL, mg/dL
>40 54.29+10.82  54.31x11.06  54.73+10.81 54401079 53.78+10.51 2215 -0.026°
<40 34.81+3.74 34.85+3.63 35.09+3.47 34.79+3.98 34.63+3.79
LDL, mg/dL
<160 108.15+27.67  111.83326.79  106.81425.93  108.25+28.56  104.35+28.11 1.649 -0.106°
>160 178.53+18.10  180.60+17.02  181.55+16.12  173.24+1627  179.31x21.77 -0.004

Values are presented as means+standard deviation.
Abbreviations: FBG, fasting blood glucose; TC, total cholesterol; TG, triglyceride; HDL, high density lipoprotein; LDL, low density

lipoprotein.

F test by analysis of variance.
"Pearson correlation.
°P<0.001.
4P<0.05.
°P<0.01.
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Table 4. Multiple logistic regression for diabetes and resting heart rate

Rest heart rate

Model 1st quartile (<67 bpm)  2nd quartile (68-71 bpm) 3rd quartile (72-83 bpm) 4th quartile (>84 bpm)
Model 1 1.00 1.434 (1.075-1.913) 1.714 (1.327-2.215) 1.785 (1.365-2.334)
Model 2 1.00 1.608 (1.194-2.166) 2.073 (1.585-2.712) 2.863 (2.153-3.806)
Model 3 1.00 1,514 (1.116-2.054) 1.969 (1.499-2.588) 2.704 (2.022-3.616)
Model 4 1.00 1.202 (0.604-2.389) 2.364 (1.339-4.174) 3.477 (1.948-6.206)

Model 1: non adjusted, Model 2: adjusted for gender, age, married, education, Model 3: adjusted for sex, age, married, education, alcohol drink-
ing, smoking, stress perception, blood pressure, subjective health status, aerobic physical activity and BMI, Model 4: adjusted for gender, age,
married, education, alcohol drinking, smoking, stress perception, blood pressure, subjective health status, aerobic physical activity and BMI,
TC, TG, HDL, LDL.

Abbreviations: BMI, body mass index; TC, total cholesterol; TG, triglyceride; HDL, high density lipoprotein; LDL, low density lipoprotein.
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