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[HE] BB - R 2 BB S LR S (heart rate variability, HRV) BEARIIHIDGEREIR, ik - I E#sCE RS S — AR

B 2013 4 1 H—2014 4F 12 AR 210 451 2 BUREPR B, 4> BIRIEPR 19 2 (1 ULEFEE  (urinary albumin creatinine ratio, UACR) ., Ifili =

Bt (wiacylglycerol, TAG) JK-FUR A MTEREAT5M4H o 3 3k FLAERER R I AR Fn HRY SR 2E 5, T HRV 48R K& H

ﬂﬁlﬂ?lﬂﬁ%ﬁ%%%o 2R - UACR FHm4i4% UACR IE540 24 hF#0#% I, SDNN [IE SO RR [0 (NN M) Frfi2E] B

Ik (¥ P<0.05); TAG THi4le TAG IE# 41 24 h F-Hp03T1E, SDNN A pNNSO - (FH45 NN (R ZE B I 50 ms A4S SO R B

l:l:) PR (3% P<0.05) 5 A w85 R4 5% B EH I/ VU D 35 /M R AIE (P<0.05), 1IR3 HT i 75, TAG Fin SDNN g f% (P<0.05),

FPOKHERN 24 hoFHg.0% . SDNN, Szl 24 h, e/ MiUssh /M PERISE (35 P<0.05), 4RU%F1 24 h 03, SDNN, SDANN (4

5 min NN [PFBE A ARAEDE) . BBl 24 h, S/ MRSl M S KIS N2 PERESE (35 P<0.05), 4Eif - 4%, I TAG 7k

SERUR T AT 2 BUREAR S (B HRV BERRAERE IZR, R0 HRV ARG FT A6 DA BT P B R s Co i 35 2R R A
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Analysis of risk factors of decreased heart rate variability in patients with type 2 diabetes mellitus
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[Abstract] Objective - To analyze the related risk factors of decreased heart rate variability (HRV) in type 2 diabetes mellitus (T2DM) patients.
Methods - A total of 210 cases with T2DM in Shanghai General Hospital, Shanghai Jiao Tong University School of Medicine from Jan. 2013 to Dec. 2014
were divided into two groups by the levels of urinary albumin creatinine ratio (UACR) and serum triacylglycerol (TAG), and with/without hypertension,
respectively. By comparing the differences of clinical characteristics, HRV parameters and other general clinical data between the two groups, the
correlations between HRV indexes and their risk factors were explored. Results *+ The average heart rate of the whole day was higher, and SDNN [normal
RR intervals of sinus beats (NN intervals) standard deviation] was lower in the high UACR group than those in the normal UACR group (both P<0.05).
The average heart rate of the whole day was higher, while SDNN and pNNS50 (percentage of total heart beats with adjacent NN intervals greater than 50
ms) were lower in the hypertriglyceridemia group than those in the normal TAG group (all £<0.05). Minimum frequency domain power hour was lower in
the hypertension group than that in the normotension group (P<0.05). Regression analysis showed that the linear correlativity between TAG and SDNN was
very prominent (P<0.05), as well as between the diastolic blood pressure (DBP) and the average heart rate of the whole day, SDNN, frequency domain power
24 hours and minimum frequency domain power hour (all P<0.05). Similarly, the age was linearly correlated significantly with the average heart rate of the
whole day, SDNN, SDANN (the standard deviation of the mean NN intervals every 5 min), frequency domain power 24 hours, minimum frequency domain
power hour and maximum frequency domain power hour (all P<0.05). Conclusion - Age, TAG level and hypertension are the risk factors of decreased
HRV in T2DM patients. Thus, early detection of the decrease of HRV in these patients can prevent the cardiovascular events of T2DM.

[Key words] type 2 diabetes mellitus (T2DM); heart rate variability (HRV); urinary albumin excretion; triacylglycerol (TAG); hypertension
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PR _F T CADN [ fe il S5 ) JC G O B AS I 5 i 2 — 7
HRV O E A T2 R G HRE, JEREAR & S IFA.O
W22 3% 5 Rl 28 I A 2R A5 ) B FoP-i, mTLAR B WOt
BRI R TR, WA L O IR A SR O A
FER A ERER, [EARRENL. ORAER
Do T 28 AR RN Rl 2 AR 22 2 TR P, HRV 34 1E A
PRAG 28 BRI K ZE wh 2206000 ML SE MR A TC B PR A, eI
S, SISRAR T DA R A RN RN 28 A 22 R 5t ) R H P
Ko HRV PR @il i 2 Hrig o NN IR hE S, 47
Hr A TRIR ) SR & O3 IR AR L UL, ES2 Bk
Sl gt O, BEAERF A 25 B4R OR HRV
BARK T VA 2 TR PR A0 385 O A R AR Y T SN )
+, (B ERIERE IR ISR HO HOGEA S . ARFIELL
fEBE 2 2008 O B E AR R, R HRV BRI A AH
KRR, DA pE ik 7% CADN Ry RUZR .

1 HES5HE

L1 WF5ER %

e H b il 38l K F R S — AN R BR B 2013 4R
1 H—2014 4£ 12 HYiA R 210 i 2 B8 R 95 B4 h 5
g, o Bk 135 5, Zobk 75 6, ik 27 ~ 85 %, oF
WAEws (55.18+12.47) %, BEIRpaite 2 B ~ 35 4%, K
WP (6.88+6.30) 4F., 2 AUHE IRIFIZWTIT A 1999 45
WHO 2Hibrife, HEBR 1 BUBE IR s HEBRIRSELR B TE. U5
Wi, TEZEETE. o b = BP0 R, HEBR
FEE LRI ZREL. RARBRIhRETCHE SN B AP ThRERY
g, HEBRONUEZE, (OB, OILE. KR MO IE
g, I UM B 25 st EAL 5 i 7™ BT B SR AN 2 5

1.2 Jjik

121 —fBBoRE 2 BB EE ARG, RN AR
fiE (AE%. PR, BEARSE DR BEIE. ek akrEmE
LR ONER (RIFRE.0H) 51, MESs, R, Wk
(systolic blood pressure, SBP). #F5k H (diastolic blood pressure,
DBP), JitHAFE R4 (body massindex, BMI) %,

1.2.2 SLEERA WREEEKD, M2 AL
S (SEE N TES AUS800 A=t/ #r{L ) MlE 22 15 1 bk
(fasting blood glucose, FPG). Hi{LIMIE T (glycosylated
hemoglobin, HbAlc), =Rt Hih (triacylglycerol, TAG),
S E EE (total cholesterol, TC). &% F Jig 2 1 I [ i
(high density lipoprotein-cholesterol, HDL-Ch) . %% & ig
E A BEEE (low density lipoprotein-cholesterol, LDL-Ch),
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BIBURIRAT IR AR A . LB, R AEAL
EFEL  (urinary albumin creatinine ratio, UACR),

1.2.3 24h A0 ERAFIHRY 587 (i =@ 24 h
OIS (SEE BMS AF]) idsk 24h ghAomEl, 5k
HCI AR S HiE AR, & AZEAT HRV S Hrfnilid, MHds
br: 24 h PR 24 h IR SO RR (A4 (TR7FR NN [F]
W) AYkRAEZ [standard deviation of all normal RR intervals (NN
intervals), SDNNJ, J s BN R 2 Beph 22 615K 5 24 h
Fri4g S min 1FE % RR (A {E A ARAEZE (standard deviation of
the average normal RR intervals for 5-minute segments, SDANN)
24h W45 5 min 1F 5 RR (A bR 4 252 0¥ (E (mean of the
standard deviation of all normal RR intervals for 5-minute segments,
SDNN index) ; 24 h HiAH4BIE % RR (A ZEERYE) 54 (root
mean square successive difference, rMSSD); 24 /N b FH AR IE
H RR AHYIARZEEEIE S0 ms A9.0 8 S S2 P ORI A 4
Lk (percent of differences between adjacent normal RR intervals
>50ms, pNNS0), [ ie.Coal RIS A8 e, 52 8l 5 epl
2k DR . BT T R R g AR DR AR (LRI
UL, PRI IR 24 h o3 e, SiUschRds: A zh = 24 h,
e/ IS/ N, B RTINS 2 IR
B E AT, 5ONE A FHHE I RERATARATARC, |
THUFZRFRM, KR (24h) RS HrEs R R GER
W AZEAEIL, ifi S min FEEHT AT LA AT S HRV
KA, BRTLAGY Bl BT 28 A S ik B A2 2 T 8l
A BEI S min R 575

1.3 Giil itk

J3H SPSS 19.0 GEit 4k b 17 0 Hric B, A28 iy
REATIE RS oy AR 2257 e S, 7 OB A s oy Aii LA
MOy, Q) Fow, A28 R4 Gl (DL AE 2555 A R
AR Z B 0 50 BT 9 (A W R 7R HRY S48 b 4 Tl 22
5o oy B UACR{H, i TAG 7k PR 4 JF & i
Rt Aoy, AR S BT BLA R SR A B 5 2255 BB IR TR 2
RIS, R 1T HRV $8bR/E A [R] A0 K AL il Y 22 5,
Fritt—2 R M 2 S8t Il A 53 B HRV %250 5 Hg i
FHIRFR. P<0.05 FoRERAAGUFE L,

2 BER

2.1 Al UACR KEBERH AT HRV S5 L4k

UACR >30mg/g % UACR F} & 41, UACR<30mg/g
UACR IE % 41, UACR Jti4l [87.60 (41.50, 257.75) mg/g]
HIEH4 [8.90 (5.00, 13.28) mg/g] L, 47k 7250 #r
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BOEALAAFERIIR 24 K3, 41 24 h P24 SDNN fif

brzE R H A G E L

# 1 UACR FHiE4lfn UACR IE

(3 P<0.05), UACR F54H 24 h

HRH IR FHEF HRV $5F5LL4R

Tab 1 Comparison of clinical and HRV indexes between the two groups

i hr
1% /n
PR (5 / 22) In
ik
HbAlc/%

24 h FHLLE /(P /min)

SDNN/ms

SDANN/ms

SDNN index/ms
rMSSD/ms

PNNS50/%

B EE 24 h/ms”

B/ NS 32 /6 /ms®
BB Z NI /ms?

UACR T4l
52
29/23
54.63+13.81
9.12+1.98
76.50 (68.00, 84.75)
101.50 (73.50, 116.75)
83.00 (68.00, 107.00)
39.00 (30.00, 50.75)
21.00 (16.00, 28.50)
3.00 (0, 6.75)
1479.45 (800.85, 2 399.63)
569.40 (203.78, 882.75)

3376.70 (1 781.33, 4 859.18)

2.2 AF TAG JK-FREVRY 841 HRV S5 HREe
TAG >1.7mmol/L % TAG J} & 41, TAG<1.7 mmol/L
2 TAG IE % #41. TAG Jf & 41 [2.48 (2.01, 3.56) mmol/L]

5 TAG [E# 4L [1.13 (0.89, 1.38)mmol/L] EL#%

. Tt s

#2 TAG FHE AR TAG 1E 418 & I R RFHAEFn HRV Fe kR Eb iR

Tab 2 Comparison of clinical and HRV indexes between the two groups

Hihi
{513 /n

PERI (/4 In
G %
HbAlc/%

24 h SEH)0E / (U /min)

SDNN/ms

SDANN/ms

SDNN index/ms
rMSSD/ms

PNNS50/%

i 24 W/ms®
Be/NUREH /N /ms?
B RSB 2N /ms?

TAG Tt 4l
99
57/42
513241244
8.88+2.14
76.00 (68.00, 83.00)
100.00 (82.00, 120.00)
87.00 (69.50, 111.00)
40.00 (34.00, 51.00)
21.00 (16.00, 27.00)
2.00 (0, 5.00)
1499.40 (1 106.10, 2 442.50)
646.20 (310.90, 1 050.80)
3360.40 (2 348.30, 4 893.60)

2.3 UMk s 4l 2 4180w 4 HRV S5

(]2 427

SBP > 140 mmHg (1 mmHg=0.133 kPa)

# DBP >

90 mmHg s A5 /il 555 S Ay M 2, Hoaohx e, bl
JR 9% 4 3 75 101 B 41 [SBP 2% 140.00 (130.00, 150.00) mmHg,
DBP % 82.50 (80.00, 90.00) mmHg] 5%} H&2H [SBP % 120.00

TR OAER, SDNN K (£ 1),
I EHE HRV FER.

UACR TE#41
158
106/52
55.36+12.04
9.05+2.41
73.00 (68.00, 79.00)
106.00 (87.75, 131.25)
96.00 (78.00, 121.00)
43.00 (35.00, 51.00)
21.00 (16.00, 29.00)
3.00 (0, 8.00)
1789.00 (118775, 2 525.10)
646.20 (44320, 1033.20)

3 642.60 (2 416.65, 5381.70)
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&7~ UACR TJhi bk

P

0.141
0.717
0.848
0.024
0.020
0.301
0.128
0.424
0.858
0.075
0.457

0.250

ZEr BTBIELH A AE 22 TR A R 35, éﬂlEﬂ 24 h LR

SDNN, pNNS50 “fihnZz A St i

X (¥ P<0.05) ,

TAG Jt & 21 24 h ~F 3.0 A ik, SDNN‘ PNN50 ¥ 55 I%
(%2), #&r TAG THmg bR B HRV B,

TAG E# 4
111
78/33

58.62+11.50

9.23+2.44
72.00 (68.00, 79.00)
108.00 (89.00, 132.00)
97.00 (79.50, 123.00)
43.00 (34.00, 51.00)
22.00 (17.00, 31.00)

3.00 (1.00, 10.00)
1868.00 (1187.43, 2 595.20)
642.65 (418.18, 1 001.60)
3.884.50 (2238.03, 5 558.85)

P1H

0.056
0.000
0.277
0.002
0.023
0.177
0.658
0.099
0.006
0.097
0.685
0.831

(110.00, 125.25) mmHg, DBP % 78.00 (70.00, 80.00) mmHg]
bLAz, ﬁfﬁo‘i%ﬁ*ﬁifbéﬂrﬂﬁﬁiﬁﬂ’aiﬁ,’“%, 2L 1]

e/ VR 3 b 25

EhnZem RA G

X (P<0.05),

A I A2 e/ MU ) N AR (3 3), AN

A FFEILRALEE HRV BIE,

'r.#LJ" JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

Vol.39 No.6 Jun. 2019



*, F

X

A& 3 MEPR £ I 5 ML ZE Foed B B IR PR FAE A HRV Hig bR EL 4%

Tab 3 Comparison of clinical and HRV indexes between the two groups

2 T PR BB oL A S P A G A 0 R 36 20 | 633

Eit7n
% /n
M (5 /%) /n
AR/ %
BMI/ (kg/m’)
HbAlc/%
TC/ (mmol/L)
TAG/ (mmol/L)
UACR/ (mg/g)
24 h P03 / (IR /min)
SDNN/ms
SDANN/ms
SDNN index/ms
rMSSD/ms
PNNS50/%
FisgIh =% 24 h/ms’
/NI /I /ms’
BRI # /M /ms®

Fegi R NARE
132
77/55
58.02+12.00
25.27+3.44
8.98+2.14
446 (3.59, 5.24)
1.67 (1.11, 2.46)
13.85 (7.13, 40.10)
73.00 (68.00, 79.00)
103.00 (86.00, 121.75)
92.00 (75.00, 112.00)
40.00 (34.00, 50.00)
21.00 (16.00, 29.75)
2.50 (0, 8.00)
1587.30 (1106.10, 2 233.90)
613.20 (398.10, 890.90)

3372.40 (2 192.70, 4 893.60)

XfHEZH PiH

78 -
59/19 0.008
50.37+£11.82 0.000
25.05+3.20 0.648
9.23+2.59 0.465
4.59 (3.94, 5.28) 0.352
1.63 (1.03, 2.43) 0.871
9.00 (5.70, 16.16) 0.085
74.00 (69.75, 82.00) 0.170
106.50 (84.00, 133.25) 0.216
96.00 (77.00, 123.00) 0.137
44.00 (34.00, 52.00) 0.381
22.00 (17.00, 28.00) 0.187
3.00 (0.75, 7.25) 0.309
2011.30 (1 189.13, 2 750.28) 0.405
769.35 (321.68, 1145.55) 0.046
4050.55 (2710.48, 5541.88) 0.082

2.4 HRV $REAHIEAERS #1202t - 5 b
LLAEWY. % FE. SBP, DBP, BMI, UACR, TAG, TC
AR R, 4r3ILL 24 h .08 SDNN, SDANN, SDNN
index, SIIhH 24 h, fe/MIISIhER /N B R AR 3R
AN A AR e, PEATER D £ r M B A M, ik HRV
Bbr 54, DBP, TAG %2 2:MAHK (£ 4),

#é 4 HRV F8FRAHSCAE R R 3 [l U 5347
Tab 4 Linear regression analysis of risk factors of HRV indexes

HRV #5475 VoSS ES pE Pl

24 h FH LR Rl —0.153 0015
DBP 0.183 0.025

SDNN AR —0.739 0.000
DBP —0.884 0.000

TAG —2.811 0.004

SDANN AR —2.476 0.005
W)= 24 h ARk —33.668 0.002
DBP —32.481 0.018

%t NS L ~19.203 0.000
DBP —9.907 0.030

Nt 2 EIN TS ARy ~100.811 0.003

http://xuebao.shsmu.edu.cn
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CADN fE24 2 B i o f — it T HL B B 1 5 L
KA ", 50 L TR LA R £ Bl ifi 4 0 S A A
%, {H CADN fiyfa Mt isin m R 2 55 EAL ™,
HRV & FLHPRIWE IR 5 A B B RGEE
M e, B REEAIR R Z—, WA 1T, HRV 55 i
TN — BN ) ALO AP I 1L T i s R B RSN
I E RR (AR S Re e, o s jg — Rl s i ek
T3P FeP- W AR b, B S L2 R SRR 1
BTt R A . B2 AN 2 52 4 s S 22 ey M HE
Ibf, HRV BEAR, RZWIThE. 2 TR 3 HRV AL,
FEomOME B LA B P h IR S RER 40

ONEE S RS ERPFIEF IR E M, TR 28 &
HEFIRIZE AN 22 5 N IR 2 A R+ RLAT AP — B
fERIRIR, MaHILOARE, ERESSEIRENE A,
HRV At O i 87 = fE B e T JG A S S PR (B, OE
FEER AT ME RGN AL, HRV BRI kA
ZAEVEREAR, ARG DA B OME ORS8O 08 55, LA
B2 AR AT PO T ol 2 R (A LA R il
Wz, DENBRENRES) KESBONERAHL,
FHEINR EEhMBCE M OHR T DIRTERSESE . HE R
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R AL UG IR Al R N, Bh AN, S8
TCREEEOIURESE ., OHEER E™ FO M

AT HT T 2 BUBE R % UACR, TAG, Ik 7k
V-5 HRV BRARAIARSEME, £ 0 4ok 18 U9 45 b BoR 4R 1.
TAG, DBP 5 SDNN. /Ml syt fe KAk ) %
N EZR PR, $8K UACR, TAG, Ifi kP S
FONE A EEHREN R AR BAEEYIR R, [HUACR S
SDNN Z&4krof R PR 5 2, X AT RE 5 AHFIER
BlgcE/>, IRRRER LA, BEDE ™ %3, HRV 5
SERAEKII I FR, BlEE F-IR A H A ph 2 R T Bh e
PE(%, HRV 25BE(C X mhiom 295 o hnos 40 ik 2 7
W SR AR 9 HRV VAl R T, LB 4R 8 B s
B M L 5 S P e A RS G . ISP e Y
B, TAG, IJE%4 HRV FEARAYRNAR 25, Callaghan %
&I, TAG, LDL-Ch 5§k g5 EE UIEH F 2502840
%K. AWFEE R UACR, TAG Fi, B3 24 hpH0aR
B, FORPIE ATRE SR IR R O A 5

RO AR B B RLO IS RS T,
B AR SRR 00T 5 U R 2 ) R R b, TR TR
U DR 9 0 ITL 5 S5 995 22 190 T 238 8 2 F) — A e o fes o PR
F, 1 BE bR AR M S 515 A& CADN F1Ef i A% [ 3
W& AR 2. UACR BT & rlRE S 22 ik, Rl s B 4252
A6, RIBMEZ I FECE PERUNE RS, &5 B
LSRR, AIREMAE AR, shiEi KT
L, RN RS D, IR SR ER & AR, H
% T UACR 1 HRV #5365 ZRURE I A 2 7, A%
Xf UACR, HRV & A5brIVAH R PEIE AT ER, &5 RAEn bl
PRI BB BRI OE R, BIRE S A RE A ER A N
FeE, UACR Fh &4 302 8Pk, SDNN 61K, /R
UACR 5 B 2 mAs gt e —3, BRIz Bz
BRI, TR 1 R A A0 i ks A B PR3
AR /BRGNS PN K ThRESZ 4, o P e B 1 47
T R 2 I S RE R RS A T SR, HRV S 78 B I & 7E
%I AT ARSI E MR AT, HRV FEAR15 5 R 5 5 5 2 1)
FHIG, AFr RIS 2 B A 22 B RE 52 0 T RE 500 JR 9 100 5 61
A, e R A R R R S e AT
HRV 43 b7, TLLR R BLANTARG B P&, ks
BRI, (A, I B SR B A AT T LM
IR HR,

N PRI S TEL PT S0 S 5.5 I 4% TN B TR i, 4%
fes s G B L R R R . IR,
T8 AN 22 A e ifn ek R, HREEL.ONE B 4, HRV BE
6, O AT B D S R A RBE 2 Hm b

o
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PR B MG S 50 M F R AR R EY Y, E
MU, e LA T 5 D2 Hs o 52 & i A PR el v 2 T2 P 4
o A ER A ROS P TRERLOIESCE R, S8 T OE
A BN E . AHERRRA R AN, ARBFIAT T 2
TR R A AR R LG . TAG T 4 s ik &
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