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[ Abstract ] Objective To investigate the value of cardiovascular autonomic reflex test (CART) and heart rate
variability (HRV) for the diagnosis of diabetic cardiac autonomic neuropathy (DCAN). Methods A total of 154 hospitalized
patients with type 2 diabetes mellitus (T2DM) in Shanghai Traditional Chinese Medicine-Integrated Hospital, Shanghai
University of Traditional Chinese Medicine from Feb. to Dec. 2020 were enrolled. All patients underwent CART and 24-h
Holter monitoring, and HRV indexes were analyzed. The differences in diagnostic value of DCAN between CART and HRV
were analyzed. Results Among the 154 T2DM patients, 101 in the DCAN group and 53 in the non-DCAN group were
diagnosed using CART. The incidence of DCAN was 65.58% (101/154). The differences in age, diabetes mellitus duration
and incidence of diabetic peripheral neuropathy were statistically significant between DCAN and non-DCAN groups (all
P<<0.05), while the differences in gender, hypertension, smoking or drinking habits, body mass index, waist-to-hip ratio,
glycated albumin or brain natriuretic peptide were not statistically significant (all 7>0.05). There were significant differences
in expiration/inspiration difference, 30/15 ratio, Valsalva test and blood pressure differences after postural change between
the 2 groups (all P<<0.05). There were significant differences in HRV indexes (standard deviation of all normal N-N interval
[SDNN ], mean standard deviation of the normal N-N interval every 5 min [SDANN], root mean square of successive
differences between adjacent N-N intervals [RMSSD], percentage of the number of pairs of adjacent N-N intervals differing
by more than 50 ms [pNN50 |, total power [TP], very low frequency [VLF], low frequency [LF], and high frequency
[HF]) (all P<<0.05). The incidence of DCAN was 59.74% (92/154) according to the HRV indexes of 24-h Holter. The total
coincidence rate was 61.68% between HRV and CART, and Kappa value was 0.184. The sensitivity and specificity of HRV
in diagnosing DCAN were 66.34% and 52.83%, respectively. According to the CART score, T2DM patients were divided
into 4 grades: non-, sub-clinical, confirmed and severe DCAN. The degree of DCAN was negatively correlated with SDNN,
SDANN, RMSSD, pNN50, TP, VLF, LF, and HF (r=—0.252, —0.234, —0.260, —0.219, —0.315, —0.280, —0.316 and
—0.311, all P<<0.01). The correlation analysis of HRV indexes in the DCAN patients diagnosed by CART found that
SDNN and SDANN had the strongest correlation (#=0.977, P<<0.001), suggesting that sympathetic nerve damage was
obvious; correlations between LF and VLF (»=0.761, P<<0.001) and HF (r=0.829, P<<0.001) were strong, suggesting that
sympathetic and parasympathetic nerves were involved in cardiac autonomic damage. CART combined with HRV diagnosed
134 cases in the DCAN group and 20 cases in the non-DCAN group, and the incidence of DCAN was 87.01% (134/154).
The sensitivity and specificity of CART combined with HRV in diagnosing DCAN were 100.00% and 37.74%, respectively.
Conclusion CART combined with HRV has a higher detection rate in the diagnosis of DCAN. HRV analysis can be
further performed on T2DM patients with low CART score at the early stage of DCAN to reduce the incidence of missed
diagnosis.

[ Key words ] diabetic cardiac autonomic neuropathy; cardiovascular autonomic reflex test; heart rate variability;
diagnosis
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2.1 —fArbrd 154 () T2DM B E L, R
CART £ Wr ) DCAN 41 £ 101 5], 3 DCAN 4]
A 53 1], DCAN % %k %8 2l 65.58% (101/154) .
DCAN 41 5:FE DCAN 4 4 i 4E#% . T2DM i fe |
DPN [} k%25 8 A Geit2#m L (P#4<0.05) ,
imiPE B, I . JRE B 4 BMI, L.
GA. BNP £ 5 ¥ g1t %2 L (P¥#>0.05) .
W1,

&1 XM CART iZH#fif DCAN A 53F DCAN 4 T2DM EBE—MERHLE
Tab 1 Comparison of general data of T2DM patients in DCAN and non-DCAN groups diagnosed by CART

Characteristic Non-DCAN group N=53 DCAN group N=101 Statistic P value
Gender, 1 (%) 7 =0.154 0.695
Male 25 (47.17) 51 (50.50)
Female 28 (52.83) 50 (49.50)
Age, 1 (%) L =11.549 0.009
<50 years 13 (24 .53) 10 (9.90)
50-59 years 13 (24.53) 15 (14.85)
60-69 years 22 (41.51) 51 (50.50)
=70 years 5(9.43) 25 (24.75)
T2DM duration, 7 (%) 2 =20.659 <0.001
<5 years 31 (58.49) 25 (24.75)
5-10 years 7 (13.21) 18 (17.82)
11-14 years 9 (16.98) 18 (17.82)
=15 years 6(11.32) 40 (39.60)
Hypertension, 7 (%) £ =3.836 0.050
No 36 (67.92) 52 (51.49)
Yes 17 (32.08) 49 (48.51)
Diabetic peripheral neuropathy, 7 (%) 21 =5.632 0.018
No 23 (43.40) 25 (24.75)
Yes 30 (56.60) 76 (75.25)
Smoking and drinking habits, 7 (%) 7 =0.849 0.357
No 35 (66.04) 59 (58.42)
Yes 18 (33.96) 42 (41.58)
Body mass index, 7 (%) 21 =0.565 0.927
<18.5kgem * 2 (3.77) 4 (3.96)
18.5-23.9 kgem * 21(39.62) 38 (37.62)
24-27.9 kgem ° 20 (37.74) 43 (42.57)
>28.0kgem ° 10 (18.87) 16 (15.84)
Waist-to-hip ratio, M (O,, Oy) 0.95 (0.91, 1.00) 0.94 (0.91, 1.00) Z=—0.179 0.858
Glycated albumin/%, x s 24.30+7.15 23.62+7.62 t=0.533 0.595
Brain natriuretic peptide/(ng=L "), M (Q,, O,) 19 (14, 38) 26 (16, 47) Z=—1.908 0.056

CART: Cardiovascular autonomic reflex test; T2DM: Type 2 diabetes mellitus; DCAN: Diabetic cardiac autonomic neuropathy;

M (Q,, Op): Median (lower quartile, upper quartile).

2.2 DCAN 415 3E DCAN 28 CART /#4363 CART
2 DCAN 25 4E DCAN 4 T2DM £ 3% 14 R NE
W2 BT ALO Rk Valsalva shEFE S,

FhS7 AV I 22 8] 25 A it X (P 1)<0.05,
#*2) .
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Tab 2 DCAN results evaluated by each CART index score
n
Grou E/I difference 30/15 ratio Valsalva test BP differences after postural change
P 0 1 2 0 1 2 0 1 2 0 1 2
DCAN N=101 0 9 92 10 12 79 15 30 56 85 10 6
Non-DCAN N=53 11 20 22 19 18 16 41 11 1 51 2 0
Z value —6.831 —5.746 —7.959 —2.245
P value <0.001 <0.001 <0.001 0.025

CART: Cardiovascular autonomic reflex test; DCAN: Diabetic cardiac autonomic neuropathy; E/I difference: Difference in heart
rate during deep expiration and deep inspiration; 30/15 ratio: The subjects stood up quickly from the quiet flat position within 5 s,
and at the same time recorded 30 beats on the lead II electrocardiogram after standing up, and calculated the ratio of the longest N-N

interval near the 30" heart beat and the shortest N-N interval near the 15" heart beat after standing up; BP: Blood pressure.

2.3 DCAN 425 4F DCAN 41 HRV #$471b%  CART
21 DCAN 2H 5 DCAN 41 T2DM 314 HRV 35

F5 SDNN. SDANN, RMSSD. pNN50. TP, VLF,
LF. HF Z5 ¥ A 5275 L (P#<0.01, £3) .

&3 R CART iZ#i#) DCAN A 53E DCAN 4 T2DM E#E HRV $5RELEL
Tab 3 Comparison of HRV indexes of T2DM patients in DCAN and non-DCAN groups diagnosed by CART

Index Non-DCAN group n=53 DCAN group n=101 Statistic P value
SDNN/ms, M (O,, Ov) 105 (89, 131) 93 (75, 112) Z=—3.098 0.002
SDANN/ms, x s 83.94+28.16 97.98+30.39 t=—2.86 0.005
RMSSD/ms, M (O;, Ov) 22 (19,27) 19 (14, 24) Z=—2.979 0.003
pNN50/%, M (Q,, Ov) 3(1,6) 1(0,4) Z=—2.613 0.009
TP/ms’, M (Q;, Ov) 1723.0(1202.7,2 311.1) 1223.4(756.1,1610.2) Z=—3.805 <0.001
VLE/ms’, M (Q,, Q) 1235.9(925.2,1 622.8) 877.7 (567.5, 1 278.0) Z=—3.409 0.001
LF/ms’, M (Q,, Q) 304.3 (163.7,397.3) 165.7 (98.6, 241.5) Z=—4.046 <0.001
HF/ms’, M (Q,, O) 128.5 (75.0, 191.9) 62.3 (38.7, 135.8) Z=—3.64 <<0.001

CART: Cardiovascular autonomic reflex test; DCAN: Diabetic cardiac autonomic neuropathy; T2DM: Type 2 diabetes mellitus;
HRYV: Heart rate variability; SDNN: Standard deviation of all normal N-N interval; SDANN: Mean standard deviation of the normal
N-N interval every 5 min; RMSSD: Root mean square of successive differences between adjacent N-N intervals; pNNS50: Percentage
of the number of pairs of adjacent N-N intervals differing by more than 50 ms; TP: Total power; VLF: Very low frequency; LF: Low
frequency; HF: High frequency; M (Q,, O,): Median (lower quartile, upper quartile).

24 DCANJREA2E 5 HRV #5Ar00 48502 218
CART 1343 %} 154 1] T2DM F & BT84, 0~1 %
4 J&GDCAN, 2~3 43 A W IIfi IR DCAN, 4~6 43
12 DCAN, 7~8 43} 5 DCAN, H:H1Jt DCAN 4
21 45 (13.64% ) , IR DCAN 24 32 4] (20.78% ) ,
T2 DCAN £ 85 {4 ( 55.19% ) , /™ DCAN 41 16 i
(10.39% ) - 43 #f DCAN A [A] 9% 25 2 & 5 HRV
K A8 AR AH M, 458 R DCAN i B F2 i 5
SDNN., SDANN, RMSSD. pNN50, TP, VLF,
LF ., HF B A6 (r=—0.252, —0.234, —0.260
—0.219, —0.315, —0.280, —0.316, —0.311,
P1J<0.01) .
2.5 DCAN #L HRV J5 4748 & 547 MISEME 0T
45 WK, 7E % ] CART 2 Wi i DCAN H %% 1,
SDNN 5 SDANN #HIcH % (r=0.977, P<<0.001) ,
$Z 75 DCAN i & 28 Bt 42 2 W ;. LF 5 VLF

(r=0.761, P<<0.001) ., HF (r=0.829, P<<0.001)
AHOCHE A8, B e A 320 24015 R B sl
RIS IR 25

2.6 HRVZCARTHAHRVH DCANZ R LICART
ZWiZE R ( DCAN 414 101 ). 4 DCAN 444 53 5] )
At e, AR 24 h3h A0 HL LAY HRV 48 FR 12
Wr DCAN 41/ 92 7], 9E DCAN 41 A 62 fil, HRV
5 CART W2 Wi B & % 61.68% (95/154)
{3 A0 2K FF A ok, Kappa {64 0.184, HRV 2 W
DCAN 19 R B R R B 53501 66.34% . 52.83%
W3R 4.

CART Bt 4 HRV £ Wi DCAN 41 /5 134 #, 3k
DCAN 414 20 i, B4 iX5 5 CART Y2 Wi B AT
& % N 18.57% (121/154) , Kappa (i J9 0.443,
CART B4 HRV 2 DCAN A4 2 8% 7 100.00%,
PRSI 37.74%, W3 5,
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Tab 4 DCAN results diagnosed by HRV
CART n L o
HRV — - Total n Kappa P value Sensitivity"/%  Specificity”/%
Positive Negative
Positive 67 25 92 0.184 0.021 66.34 52.83
Negative 34 28 62
Total 101 53 154

*: The CART diagnosing results as gold standard. HRV: Heart rate variability; DCAN: Diabetic cardiac autonomic neuropathy;

CART: Cardiovascular autonomic reflex test.

%5 CART EX& HRV il DCAN &R
Tab 5 DCAN results diagnosed by CART combined with HRV

Combined — CART n - Total n Kappa P value Sensitivity"/%  Specificity’/%
Positive Negative

Positive 101 33 134 0.443 <0.01 100.00 37.74

Negative 0 20 20

Total 101 53 154

. The CART diagnosing results as gold standard. CART: Cardiovascular autonomic reflex test; HRV: Heart rate variability;

DCAN: Diabetic cardiac autonomic neuropathy.

3 3t 8
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gy MO IFSE SR CART £ 12 i DCAN (1
SR

HTif, CART 1 HRV B RFEr LA 7k, H
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(T AR, A2 4R R R 3R 2 R
R F 5T 3 MR 150 10 4 5 B RN R U
i, JFH5HAL CART M5 EA CBE, Iz IR
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IR, 48 TR0 A N B I AS S8 b 22 T g e
BT AR R O UG . A, CART

FERRVEIT R A 18 22 SR B, ™ FE R AR PR P
JH7Z ( diabetic retinopathy, DR ) i #17 Valsalva
SNVERT T e S I G 1 LR B A5 L AR, A
RHHEEAUR AL 15 s TANRETE BURAE, RO A
FE R UEA T RS A ot 6 ] B 2 B — i M
B, DI SEATE . [R] CART 1852 Z2 i K
255, AT RS iR 2GR g A5 R . k]
24 h Zh 750 HL ) HRV Rl A fiz e A2 Jfopf 28 15 2k
EMERPEERRAS, =T H FE L TIRE S
HRV B 5, BABRAERIAE . FEhn 2 Wi HE R,
(HRIHZ AR . PRSI DR EERE . B8,
2y A, Ny PRV SO Bt A S A
&, i PRI 32 31— i BR il . CART HiR Iz
R BMIALORARE | Valsalva SIPEFE R 2R
O I R A B 2 Ty B, T R ST AV LR 25 4 s e
LA Z )R, HRV B8 48 4R SDNN, SDANN
B A SRR 1) 52 B 22 8 15 T g, pNN5S0. RMSSD
JE R A 22 1R T HE bR RS bR LE/HF 1T
Al A B RGO R, 230 RIS 24
RGN YT, HF RBLRIsCEM 25K 1, LF R
SR TZT SN

A 5T & B, CART 2 Wi i DCAN 41 5 4k
DCAN # CART HI HRV #5145 5 1) 22 2 359 Ge it
228 L (P<0.05), DCAN 4] 54 DCAN ZH7E4E#S
PE5I . DPN J7 i #7752 5, DCAN 4143 DCAN
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MR R 2023 4R 4 H, 44 3%

HAERS R, SRR K . DPN B RH ., G20
55 FEWAEIL S 2 DCAN il fa £,
Bt BB ARSI L RN, KA s R
IRBE ALK A& A 22 o B AR 0T B G . Ak
LRI Z . SRR G . B R IR AR
AL, MBI [ ER 2 onii vk M
WS AN N B T BE S 2 A s, B A
ST EMBET: L MU A (diabetic
microangiopathy, DMAP ) fJ#5 DPN, DR, BHIRHG
9% ( diabetic nephropathy, DN ) FIH# R H 3=
22 9% 7% ( diabetic autonomic neuropathy, DAN) .
LG5 # W], DCAN 5 DPN, DR, DN A i &
A5 ¥E, DPN, DN, DR A]ff iy DCAN {4 i il [A]
2, EEiRAm LS AL, DPN BEH A A
FEphzpAs Y ARBETEHE CART W53 154 4]
T2DM B # FTG. WIRIK. 12, ™ H DCAN 4
NEY, R PERH AL 5 SDNN. SDANN,
RMSSD. pNN50. TP, VLF., LF, HF ¥J& /X%
(P#5<<0.01) , UtHKE CART P43, DCAN
Wl it —2 &, HRV K FREE ., Bbsbh, it
5% % ¥ SDNN 5 SDANN #c Mtk (#=0.977,
P<0.001 ), $£/5 DCAN & A2 B 4 Z i 2,
LF 5 VLF., HF tHCHE#ESR (r=0.761, 0.829,
PIJ<<0.001) , VA% 4 DCAN B 38 &% i 22 5 @l
ST YA X — 45 B 5 BRI 5T 4 R
—3.

AHFELL CART 2 Wi 25 58 4pnif, {1 HRV
Wi DCAN B & I R A 59.74% (92/154) , HRV
5 CART ZWi i) 8455 A5 [61.78% (95/154 ) |,
HRV 12 B DCAN 1Y R 8 B (66.34% ) M ¢ 55 FF

(52.85% ) ¥EAK, VLB HRV 78I BRIV H I AS g
% CART., CART X4 HRV 7£ 2 Wi DCAN i} 1)
K Rk 87.01% (134/154) , $8  7 BH 46
, PR AT X CART P43 ik 40 T DCAN R 1
B T2DM & 3 — 447 HRV 408 LU w2 . it
Ak, A HF 5T F SDNN 5 SDANN A 56 14 % 3, LF
5 VLF., HF PRt iam . Putk, 765 Wt
A[#Z K SDNN, SDANN, LF. VLF, HF f§45 5
CART Bt f, ARG AT R Z I DCAN,

[Z % k]
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