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The Status of Diabetes Mellitus and Effects of Related Factors on Heart Rate Variability in a
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Abstract
Background: This study was performed to examine the status of diabetes mellitus (DM) in the community
and effects of related factors on heart rate variability (HRV).

Methods: The author conducted HRV testing, a questionnaire survey, and blood chemistry analysis for
fasting blood sugar (FBS) and HbAlc levels in 855 patients in a community over a period of 10 days, from
August 14 to 25, 2006. The subjects were divided into a DM group and normal group by our study criteria.
Results: The proportion of DM was 12.6% and increased with old age. The mean measures of HRV (SDNN,
Tp, VIf, Lf, Hf, Lf/Hf) in the DM group were 22.7 (1.6) msec, 364.9 (2.7) msec’, 174.1 (3.0) msec’, 88.1 (3.2)
msec’, 55.3 (3.2) msec’, and 1.6 (2.6), respectively, while those in the normal group were 32.2 (1.6) msec, 676.6
(2.8) msec’, 295.7 (3.1) msec’, 169.2 (3.4) msec’, 117.2 (3.2) msec’, and 1.4 (2.6), respectively. All parameters
except for Lf/Hf were significantly lower in the DM group than in the normal group (P < 0.01). The
Spearman’s correlation coefficients between HRV and FBS or HbAlc were SDNN -0.222/-0.244 (P < 0.01), Tp
-0.211/-0.212 (P < 0.01), VIf -0.149/-0.132 (P < 0.01), Lf -0.188/-0.235 (P < 0.01), Hf -0.207/-0.204 (P < 0.01),
and Lf/Hf (P > 0.05), respectively.

Conclusion: This study shows that the DM group had a reduced HRV and increased pulse rate in
comparison with the normal group. According to our results, the HRV test may be used accessorily for the
early detection of cardiovascular autonomic neuropathy (CAN) and its related factors, as well as to prevent
CAN. (Korean Diabetes J 33:537-546, 2009)

Key words: Diabetes mellitus, Diabetic neuropathies, Heart rate, Risk factors

N B Faggbe] ARl S7lell XA ekar waarel] Wksh

© 2% A T LAY ThE omd. 59

e Cgjuel AkgiololA of HEuAzl Axa B A8 B HERARe] T3 gz <4
3lol] olo] sHAE RAskar glomb, 304 o]AF Aolel|A] A o, A gigsiake] Aagl 94 AdAsie]
20014 8.6%, 20051 9.2%, 2007 9.5% 2 Z7}sl= ok U HEAgte] A BE-g AAeka ek, e 3
S Kol 9= Ao, ola]dt thirHo] 2/l tis S 7ol Adkste] 23t X g} et o] Folxirt

HXxk: 20099 78 16Y, SRt 2009 108 23
WAMNNXL: Asis, SACNSID Qs of|dte|stw Al E-mail: wisewine@dongguk.ac.kr

537



Korean Diabetes J 33:537~546, 2009

W A AR 4 ol Agor Hay

iy Bk Fige] P BaAl, AEES Y
6-8

AN G P,

ol ofgt i3 S sl AEAVE S
A, vla7)A|, AE3A] Tl ikt A7lellA whaygt
T o, 1 FHES Hauxjulc) o2k dubd oz A
A 22k 20~40%5 ARt el 2 S4] FEl
A gar Flcdo] of#iris o2 HE F5 vk] F39iA|
uEd T FollA] Ape] el Qe shiz ARl A9
A Adstoll o3t A4l QEY A HIl, A AT
4 52] AEA| AHg-A1739Z(cardiovascular autonomic
neuropathy, CAN)< the o] JiidA] A-a4dws
(diabetic autonomic neuropathy, DAN)I= 22| ks
Ho|(heart rate variability, HRV)E 43ko 2] 73t
T dom, AdIA| Agke] HAS £Y T AdE 8 =
T2 Agslr] 13t o] Zegslo] gl

Tl A= AHEAe] QTe 7HA 9] it Aol |
3H5 E3F DANS] HA™Y, 2427 ZEIS o83 Al
ke A 3k D] A9 A, vAE s
ko] ABAS dE AT So] FH Aot o]
e B CANS PEAdE Fotely] 98l A QA
RITFE thdes guw Adl
HRVO 0 e sletstad Aaelgiet

1. CHA

200641 8% 14905 250714 FUL ASTskar 10202
ARG F4RA) T Fulell ik A3l ApE o s 3
ofd Ao} Fu1 1,015% % uF 204 u]gke] ofslelst 4
S A9 855W-E AT SgiekFig. 1). A7
He BRUIATEY PIABAAIANZHE 52

(200641 7Y 26Y)S Higktow] RE thakRlolA] A Z2)
A W & AE FpElgl)
2. Hi

1) HRV 74
HRV AAE= SA-3000P° (Cardio-Peri; Medicore, Seoul,
Korea) 2 o|§31915, 2784 A4 a7l elxjol] o

¥ H 92 £%) A2 0B Bl A3 BHAA
QPg AelE BRI 5 57 Zgelsic) 24T A7
WSk F MR Uiyl Bl A7 WEE ol

538

235}o] standard deviation of normal to normal intervals,
in milliseconds (SDNN)$& AH=3}3it)

Tl oA e R o R dstat Akl disled
Al 7HA] F71 Aoz Aol Axl= 0.15 HzollA 0.4
HzAbolo] 35 53t f=lo] Sl Hf A, =4 k=4
HZAUST} #alo] = 0.1 Hz S FA0Z 3l Lf AR,
A2 Alez2A, Pake-s, kgt Al smizhusat f=le]
U= 0.04 Hz oJ3fe] VIf Aoz AowAut Fol i
o] Aelel] glo] thik Ko7} Y. e} B el
UHPH o 2= Task Force of the European Society of
Cardiology and the North American Society of Pacing and
Electrophysiology'VollA] Aelshs S FAlog A3t
vl Il HFoA= AA| 7= Tp (total power, 1.15 x
107-0.40 Hy), 323t 2 ¥azk A73AE tEshe 45
= o4 VIf (very low frequency power, 0.003~0.04 Hz),
327 ARAE sk 2S94 <4 Lf (low frequency
power, 0.04~0.15 Hz), 327+ A73AIE e 259
o4 Hf (high frequency power, 0.15~0.40 Hz), 2|3 3L
A A Aole] BE AED wedel 3%}
T Qoll ufdt Aula e BlLiHD) = AhEsld
o SDNNE 4152 Hol 28 ehlle AEL ol 7t

=
AEES

Pohang-si Nam-gu
1.015 cases

Excluded 160 cases

Y

Adults (= 20 years)

855 cases

Laboratory test
Blood glucose level (= 126 mg/dL)
r

(o)
HbAlc (= 7%)
or
Questionnaire survey
DM Hx(+)

108 747
subjects subjects
DM Normal
group group

Fig. 1. The flow chart of this study.
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Table 1. The comparisons of the factors related to diabetes mellitus between the DM group and normal group

Factors DM group (n = Normal group (n = 747)

Age (yr) 584 + 79 517 + 124

Total cholesterol (mg/dL) 1919 + 352 190.8 + 34.6

BMI (kg/m?) 246 + 2.9" 239 + 2.8

Systolic blood pressure (mm Hg) 1217 *+ 16.8" 117.0 =+ 16.2

Diastolic blood pressure (mm Hg) 72.7 £ 9.8 72.5 £ 10.6

Fasting blood glucose (mg/dL) 146.7 + 484 96.2 + 10.6

HbAlc (%) 6.6 + 1.3 53 + 04

All values are mean + standard deviation * P < 0.01 by Student’s t test T P < 0.05 by Student’s t test. DM, diabetes

mellitus.

Table 2. The comparisons of the variables related to heart rate variability between the DM group and normal group

Variables DM group Normal group
Pulse rate 71.8 (1.1)° 682 (1.2)
SDNN (msec) 227 (1.6) 322 (1.6)
Tp (msec’) 3649 (2.7) 676.6 (2.8)
VIf (msec’) 174.1 (3.0)° 295.7 (3.1)
Lf (msec’) 88.1 (3.2) 169.2 (3.4)
Hf (msec®) 553 (3.2) 1172 (3.2)
Lf/Hf (msec’) 1.6 (2.6) 1.4 (2.6)

All values are geometric mean (geometric standard deviation).

* P < 0.01 by Mann-Whitney U test. DM, diabetes

mellitus; Hf, high frequency power; Lf, low frequency power; SDNN, standard deviation of normal to normal intervals;

Tp, total power; VIf, very low frequency power.
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Table 3. The comparisons of the variables related to heart rate variability by gender

RIQiALS| FRI0IA St AE) U BER0I0] AUSS Holo| Olxls o

sk

Variables Pulse rate SDNN R 2 V1f2 L 2 H 2 Lf/Hg
(msec) (msec”) (msec”) (msec”) (msec) (msec)
Gender Male 685 (1.2) 325 (L7 7191 3.1) 3175 34)° 1982 (3.6) 1082 (3.4) 1.8 2.5)
(n = 305)
Female 687 (L1) 299 (1.6) 5794 2.7) 2561 (3.0) 1364 (3.3) 1057 (3.2) 1.3 (2.6)
(n = 550)
Smoking  Yes 69.7 (12) 299 (1.7) 6350 (3.0) 2895 34) 1698 (35 944 (3.2) 1.8 2.3)
( = 120)
No 685 (1.2) 310 (1.6) 6243 (2.8) 2745 (3.1) 153.6 3.5) 108.7 (3.3) 14 (2.6)
@ = 735)
Drinking  Yes 688 (1.1) 33.1 (1.6)° 7377 (2.8)° 3160 (3.1)° 2020 34) 1205 (32 17 25"
(n = 333)
No 685 (1.2) 295 (1.6) 563.5 (2.8) 2539 (3.1) 1320 34) 985 (3.3) 1.3 (2.6)
@ = 522
Regular Yes 672 (12)° 315 (1.6) 6435 (29) 2836 34) 1605 (35  110.1 (32) 15 (2.6)
exercise (n = 354)
No 69.7 (12) 305 (1.6) 6161 (2.8) 2728 3.0) 1531 34) 104.6 (34) L5 (2.6)
(n = 498)
Physical  Yes 674 (12) 329 (1.6 7176 2.6) 3161 29 1800 33)° 1182 3.1 1527
activities (n = 319)
No 694 (1.2) 296 (1.6) 5744 (29) 2541 (32) 1417 3.5) 100.1 (3.3) 14 2.5
( = 519)

All values are geometric mean (geometric standard deviation). * P < 0.01 by Mann-Whitney U test, ¥ P < 0.05 by Mann-Whitney
U test. Hf, high frequency power; Lf, low frequency power; SDNN, standard deviation of normal to normal intervals; Tp, total

power; VIf, very low frequency power.

Table 4. Correlations between contents related to heart rate variability and factors related to diabetes mellitus

SDNN Tp VIf Lf Hf L{/Hf
Pulse rate -0.335 -0.281" -0.232" -0.151" -0.356" 0.241
Age 0414 -0.393" -0.252" -0.459 -0.397" 0.113
Total cholesterol -0.044 -0.033 -0.028 -0.051 -0.029 -0.038
BMI -0.084" 0.071" -0.083" 0.071" -0.054 -0.007
Systolic BP -0.088" -0.050 -0.027 -0.059 -0.056 -0.008
Diastolic BP -0.075" -0.040 -0.030 -0.025 -0.063 0.039
FBS -0.222° 0211 -0.149° -0.188" -0.207° 0.000
HbAlc -0.244" 0212 -0.132" -0.235 -0.204" -0.064

* P < 0.01 by Spearman’s correlation test, ¥ P < 0.05 by Spearman’s correlation test. BMI,

normal to normal intervals; Tp, total power; VIf, very low frequency power.
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Table 5. The results of multiple regression using the contents related to heart rate variability and its related factors

95% CI for S

. . 2
Models Variables Adjusted R yij Lower limit _ Upper limit P-value
In (SDNN) Constant 0.335 9.793 8.988 10.597 0.000
Age -0.016 -0.018 -0.014 0.000
Ln (PR) -1.309 -1.494 -1.124 0.000
DM (yes) -0.175 -0.258 -0.092 0.000
Gender (male) 0.062 0.007 0.118 0.028
In (Tp) Constant 0.280 18.364 16.557 20.170 0.000
Age -0.034 -0.039 -0.029 0.000
In (PR) -2.407 -2.823 -1.992 0.000
DM (yes) -0.265 -0.450 -0.079 0.005
Gender (male) 0.177 0.052 0.302 0.005
In (VIf) Constant 0.154 16.128 13.981 18.276 0.000
In (PR) -2.193 -2.687 -1.700 0.000
Age -0.024 -0.030 -0.018 0.000
Gender (male) 0.185 0.037 0.333 0.014
DM (yes) -0.258 -0.478 -0.037 0.022
In (Lf) Constant 0.282 15.344 13.192 17.496 0.000
Age -0.047 -0.053 -0.041 0.000
In (PR) -1.872 -2.367 -1.378 0.000
Gender (male) 0.334 0.185 0.482 0.000
DM (yes) -0.239 -0.460 -0.017 0.034
In (Hf) Constant 0.333 21.026 19.041 23.012 0.000
Age -0.040 -0.046 -0.035 0.000
In (PR) -3.362 -3.819 -2.905 0.000
DM (yes) -0.302 -0.506 -0.097 0.004
In (Lf/Hf) Constant 0.069 -5.657 -7.501 -3.813 0.000
In (PR) 1.479 1.054 1.903 0.000
Drinking (yes) 0.185 0.055 0.314 0.005
Age -0.005 -0.011 0.000 0.040

CI, confidence interval; Hf, high frequency power; Lf, low frequency power; SDNN, standard deviation of normal to

normal intervals; Tp, total power; VIf, very low frequency power.
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