v T R 25 PR gk R

Al L HETH 2025 424 (R 429 1)

2RIMERKEERBEBIRELLES
DR RMERHERERR

R =2

A=A 23

Clinical and Basic
Bridging Research

Relationship between urinary albumin creatinine ratio and heart rate variability in

patients with type 2 diabetes mellitus

B, TwE, XRE',

Lk, 2%

(L HA PR RE B — IR 2B, H W
22 7300005 2. HAAH A REBE N E
Hfr 2240 730000)

LIU Sheng — nan' ,WANG Li — juan',
WU Zhen —ya' ,MA Hong — mei',
WANG Jin - yang'”

(L First School of Clinical Medicine,
Gansu University of Traditional Chinese
Medicine, Lanzhou 730000, Gansu
Province, China; 2.  Depariment of
Endocrinology , Gansu Provincial
Lanzhou 730000, Gansu

Province ,China)

Hospital ,

E&TE: HEXAAR RS R IH
(82360163 ) ; Hili 4 A AR E 54
BB H (24JRRA589)
EE R XSS (1990 - ) o, Wil L ff7e A, 3=
BENTERE B O T AR
BEEER: £, B, WL AT
Tel: (0931)8281148
E — mail ; W]Y2752@ 163. com

FEEHE b 2 AU (T2DM) B35 )R 2 LB EF L (UACR) 5.0 %
ASME(HRV) (A CE, A5k % T2DM 8 #e BA S vk 43 % IR 4 (Al
T2DM 8 2) Ff g4l (T2DM &3 HIREE) I m A g — 254 s &
FIJR W41 (UACR 30 ~300 mg + g~ ") FIK B (IR 41 (UACR=300 mg - ¢ 7') .
WA BB T — R R R R AR AR AR & 24 h B ER A iIe SRS A B H
HRV A8 HR[ AHAB RR [ HA34{E > 50 ms 008 5 43 L (PNN50) (RR [H] ] 844
FrifE2E (SDNN) 48 ], 304 BT & 45 £ ( BMI) FE 55 /N BRI 1 % (eGFR) o [
WAL R GERRI HRV 25022 5, 4041 UACR XF HRV B2 XA <5,
ZAAH TARFHE(ROC) M £ Wl T2DM fB & s BUER (IR I de (B V) . SR
1B 2 AZH 190 451, % FRAEAZH 184 ] ; i 2 R WA A4 120 ), KR A
PRWZH A AH 70 51, 12 56 25 F0 % BRZH 1) UACR 7K F 43 51 &y 113.99 i1 12.76
mg * mmol ' Cr, fR 975 ETHEIZE (UAER) 7K SE43-31) 2 74. 81 F1 10. 92 pe - min~", fR
1% (UA) K43 511k (353. 83 £96. 41) F1(326. 17 +81. 64) wmol + L™', PNN50 43
Sk 2. 25 F13.95,SDNN 43413 102. 83 +£38. 10 1 114. 14 £31. 23 HRV =£{j$%
a5 20. 80 FI 25. 55, G2 L RIA Gl B L () P<0.05) , KB
FIPR M4 RV 26 PRI 2EL Y UACR 7KSP-53 51 1 088, 17 F164. 64 mg + mmol ' Cr,
UAER 7K F 4> %] & 878.65 Fl 44.26 pg - min~', UA 7k F 4 %1 K
(375.88 +97. 58) F1(340. 97 £93.74) pwmol - L=", PNN50 435 1. 50 F12.70,
SDNN 43 51 3 88.00 F1 108.00, HRV = ff & 504> 5 Jy 19.49 = 7.77 HI
24.48 £8. 84 G L ERBIA G I2EE L (FH P <0.05) , Logistic [7] 443
B di 7 Wl DR B L 25 JE 1B (FPG) R HRV =48 502 T2DM &4 &
HIRIF W FE . ROC iR HRV = 48400 ROC i & F il R K, R
o 66. 10% 45 5B 0 63.00% , 45 T2DM A UACR 5 DM Jx &
FPG HRV = MIHUH VI, W% T2DM 4% UACR FHi&, 0 1 [ 3 bl
SRR 2 BUMEARIA ; BB 1R 5 03R48 50k 5 IR 1 8 (I WURR T L

DOI; 10. 13699/j. enki. 1001 —6821. 2025. 07. 004

hE4E S RI7 SCRRFRAERD: A

SCEHS 1001 -6821(2025)07 —0916 - 06

Abstract; Objective
albumin creatinine ratio (UACR) and heart rate variability (HRV) in
patients with type 2 diabetes mellitus (T2DM). Methods Patients with

To analysis the relationship between urinary

T2DM were divided into control group ( patients with T2DM only) and
treatment group ( patients with T2DM and proteinuria) using the cohort
method. The treatment group was further divided into a microalbuminuria

subgroup ( UACR 30 - 300 mg -

_1 . .
g ) and a macroalbuminuria
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subgroup (UACR =300 mg - g~'). Collected general clinical data, biochemical indicators and 24 — hour holter
electrocardiogram reports from patients,recorded HRV — related indicators [ including pairs of normal N — N Intervals
differ by more than 50 ms ( PNN50) ,standard deviation of normal —to — normal R - R intervals (SDNN) ,etc ] of each
group of patients,and calculated body mass index ( BMI) and estimated glomerular filtration rate (eGFR). Compared
the differences in clinical data and HRV parameters among groups, analyzed the impact of UACR on HRV and their
interrelationships ,and used the receiver operating characteristic curve (ROC) to predict the optimal cutoff point for the
occurrence of proteinuria in T2DM patients. Results The treatment group enrolled 190 cases, and the control group
enrolled 184 cases; the microalbuminuria subgroup enrolled 120 cases,and the macroalbuminuria subgroup enrolled 70
cases. The levels of UACR in the treatment and control groups were 113. 99 and 12. 76 mg + mmol ~' Cr, the levels of
UAER were 74.81 and 10.92 pg - min~', the levels of UA were (353.83 +96.41) and (326.17 + 81.64)
“'_ the levels of PNN50 were 2. 25 and 3. 95, the levels of SDNN were 102. 83 +38. 10 and 114. 14 +31. 23,

the levels of HRV triangular index were 20.80 and 25.55, respectively; the differences of above results were

pmol - L

statistically significant between two groups (all P <0.05). In the macroalbuminuria and microalbuminuria subgroups,
the levels of UACR were 1 088.17 and 64.64 mg - mmol™' Cr, the levels of UAER were 878.65 and
44.26 pg + min "' the levels of UA were (375.88 £97.58) and (340.97 +93.74) pmol - L.™' the levels of PNN50
were 1.50 and 2.70, the levels of SDNN were 88.00 and 108.00, the levels of HRV triangular index were
19.49 +7.77 and 24. 48 +8. 84, respectively; the differences of above results were statistically significant between two
subgroups (all P <0.05). Logistic regression analysis showed that the duration of diabetes mellitus, fasting blood
glucose ( FPG) and HRV triangle index were the influencing factors for the occurrence of proteinuria in patients
with type 2 diabetes mellitus. ROC showed that HRV triangle index had the largest area under ROC curve, with
66. 10% sensitivity and 63.00% specificity. Conclusion UACR in T2DM patients is closely related to the
duration of DM, FPG and HRV triangle index, with the increase of UACR in T2DM patients, the risk of
cardiovascular autonomic neuropathy increases.

Key words:type 2 diabetes mellitus; proteinuria;heart rate variability; urinary albumin creatinine ratio
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Table 1 Comparison of general information in each group

Macroalbuminuria(n =70)

Item Control(n =184) Treatment(n =190) Microalbuminuria(n =120)

Sex (M/F) 127/57 120/70 73/47 47/23
Age (year,x +s) 59.15 £10.79 60.03 £11.59 60.63 = 11. 86 59.00 £11. 14
Height(cm,x +5) 167.34 +6.55 166. 51 +7.37 166. 04 +7. 40 167.31 +£7.31
Weight (kg,x +5) 70. 03 +10. 40 69.21 +11.39 69.08 =11.24 69.43 +11.72
BMI (kg + m™2,x +5) 25.02 +3.23 24.94 +3.23 25.08 +3.09 24.69 £3.45
WC(em,x +5) 91.71 £8.59 92.22 £9.48 95.80 £9.32 96.37 £8.25
Hipline(cm,x +5) 95.96 +7.46 96.01 +8.92 92.31 +10. 13 92.06 +8. 31
DBP(mmHg,x +5) 83.56 £10.43 84.26 +11. 86 83.62 +£12.49 86. 06 +10. 53

Fasting C - peptide(ng -
HbAlc(% )~
TC(mmol « L=') 2
TG(mmol - L™1) 4
HDL - C(mmol - L™} ,x +5
LDL - C(mmol + L™! % +5

mLfl)A

1.84(1.19,2.36)
8.35(7.00,10.60)
4.42(3.80,5.29)
1.63(1.19,2.48)
) 1.06 £0.43

) 2.72 +0.96

1.78(1.12,2.66)
9.00(7.40,10.53)
4.49(3.62,5.21)
1.69(1.16,2.91)
1.01 +£0.26
2.73 +0.89

1.94(1.18,2.70)
9.00(7.65,10.50)
4.38(3.61,5.12)
1.64(1.09,2.83)
1.01+0.29
2.68 £0. 81

1.63(1.07,2.56)
9.00(7.65,10.20)
4.83(3.61,5.44)
1.79(1.29,2.96)
1.01 £0. 22
2.80 +1.01

& . Median ( lower quartile, upper quartile) ; BMI: Body mass index; WC: Waist circumference ; DBP; Diastolic blood pressure; HbAlc: Hemoglobin Alc; TC

Total cholesterol ; TG ; Triglycerides; HDL — C; High — density lipoprotein cholesterol ; LDL — C; High — density lipoprotein cholesterol ; Control group: Urinary

albumin creatinine ratio (UACR) <30 mg + g

Macroalbuminuria subgroup: UACR =300 mg - g~ .

R2 FABERHABTOR AL

Table 2  Comparison of other

information in each group

-1

“1; Treatment group: UACR =30 mg - g~'; Microalbuminuria subgroup; UACR 30 - 300 mg - g™ ';

ltem

Control (n=184)

Treatment (n =190)

Microalbuminuria (n =120)

Macroalbuminuria (n =70)

FPG(mmol «+ L=") %
Flns(pU - mL=') 2

DM duration( year)
SBP(mmHg,x + s5)

SCr( pmol + L™1) 2

24 h UTP (g-24 h~')2
24 h UP(mg-24 h~1)%
UACR(mg + mmol =" Cr) &
UAER(pg - min~') %
UA(pmol + L™1 % +5)
eGFR(mL - min~") 2
PNN50%

SDNN

RMSSD4

SDANN(x +5)

SpsSp4

HRV triangular index

8.72(6.67,11.97)
7.50(5.00,12.25)
6.00(2.00,14.00)
133.18 +16. 86
67.35(60.05,77. 48)
0.12(0.07,0.18)
15.4(8.40,22.55)
12.76(7.77,19.25)
10.92(6.09,15. 98)
326.17 +81. 64
96. 69(87.67,105. 61)
3.95(1.40,8.73)
114.14 £31.23
26. 00(20. 25,30.00)
104. 02 +29. 89
18.00(15.00,25.00)
25.55(20.10,31.43)%

9.70(7.30,13.04) *
10.30(5.76,16.30) *
10. 00(5. 00,16.00) *
139.21 £20. 16 *
70. 85(60. 08 ,84. 43) *
0.31(0.18,0.94) *
99. 08 (47. 34 ,477.02) *
113.99(51. 89,588. 68) *
74.81(32. 87 ,425.61) *
353.83 +96. 41 *
92.58(70.05,101.43) *
2.25(0.70,6.83) *
102. 83 £38. 10 *
23.00(17.00,34.00) *
93.84 +34. 83 *
17.50(12.75,26.00)

20.80(16. 40,26.63) * 2

9.80(7.32,12.64)
10. 60(6.00,17. 80)
8.00(3.00,15.00)
136.47 £19. 55
67. 60(57.40,78.91)
0.20(0. 15,0.31)
64.41(38.21,110.99)
64. 64(38.87,101. 43)
44.26(25.31,77.16)
340.97 +93. 74
95.28(81.96,101. 54)
2.70(0.90,7.28)
108. 00(81.00,133.00) &
25.00(19.00,34.75)
101. 87 +34. 94
18.00(14.00,27.00)
24.48 +8. 84

9.83(7.25,13.83)
9.30(4.78,14.45)
13.00(7.75,18.50)*
144.99 +20. 21*
76.84(65.78,113.88)*
1.50(0.63,4.61)"

1 060. 92 (412. 80,3456. 43 ) *
1 088.17(497. 81,3 702.95)*

878.65(303. 66,2 632.97)*
375.88 £97. 58"
82.74(47.40,101.88)*
1.50(0.50,5.73)*
88.00(64.50,109. 00)*~
20.00(16.00,31.00)*
80. 07 =30. 22*
16.00(12.00,25.00)
19.49 +7.77*

& . Median( lower quartile,upper quartile) ; FPG ; Fasting plasma glucose ; Flns ; Fasting insulin; DM ; Diabetes mellitus ; SBP ; Systolic blood pressure ; SCr: Serum

creatinine ;24 h UTP:24 — hour urinary total protein;24 h UP:24 — hour urinary protein; UACR ; Urinary albumin to creatinine ratio; UAER ; Urinary albumin

excretion rate ; UA ; Uric acid ;eGFR ; Estimated glomerular filtration rate; PNN5O0 ; Pairs of normal N — N intervals differ by more than 50 milliseconds; SDNN ;

Standard deviation of normal — to — normal R — R intervals; RMSSD : Root mean square standard deviations of R — R intervals; SDANN ; Standard deviation of

average normal — to — normal R — R intervals ; SDSD ; Standard adjacent normal R — R interval of the difference between the standard deviation; HRV : Heart rate

variability ; Compared with control group, * P <0. 05 ; Compared with microalbuminuria subgroup,*P <0. 05.
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&3 Spearman MR HTRR B IR SCIER 5 034 R (HRV) IR SGHE ()

Table 3 Spearman correlation analysis of the correlation between renal function indicators and HRV (r)

[tem Parameter PNN50 SDNN RMSSD SDANN HRYV triangle index
24 h UTP r -0.195 -0.219 -0.139 -0.224 -0.239
P <0.001 <0.001 <0.01 <0.001 <0.001
UACR r -0.232 -0.312 -0.157 -0.311 -0.334
P <0.001 <0.001 <0.01 <0.001 <0.001
UAER r -0.259 -0.317 -0.208 -0.310 -0.348
P <0.001 <0.001 <0.001 <0.001 <0.001
F& 4 Logistic [B1J97347 2 BUREIRHE (T2DM) S84 B 1 PR A2 R
Table 4 Logistic regression analysis of influencing factors of type 2 diabetes mellitus (T2DM) patients with proteinuria
Variable B SE Wald x? OR(95% Cl) P
Constant 0.036 0.474 0. 006 1. 036 >0.05
DM duration 0.038 0.015 6. 641 1.038(1.009 - 1.069) <0.05
FPG 0. 067 0.026 6.935 1.070(1.017 - 1.125) <0.01
HRYV triangle index -0.043 0.013 10. 963 0.958(0.934 - 0.983) <0.01

SE : Standard error; OR ; Odds ratio; CI; Confidence interval.

5 HRV # 244 #% ( PNN50 . SDNN . RMSSD , SDANN |
HRV =M48%80 ¥ EMAHC () P <0.001) , 45580
%3,
4 Logistic [@34#7 T2DM £E HIMERLR
FSE

DL T2DM 35 B8 1 PR A IR AR i, DL DM g
& FPG F1 HRV =454 B &5t , #17 Logistic []
5387, 253 o , DM Jig e FPG Fl HRV = M5 50%
T2DM 8 B IR N 2R . 453 L3k 4,
5 DM §%#2.FPG #1 HRV = s #xt T2DM £ &
H I E B RTUMN E 5 7

DM Ji#E FPG Fil HRV =850 i £ F m A
W12k 0.598 0. 574 F10.661, DM 5F2 . FPG fil HRV
“AAFEE T T2DM B E AR PR 0 R T (E
6.50.7.07 F10.49, R 4y 5K 66.70% 79. 40%
1 66.10% , 5 5 B 43 5 K 51.10% . 34.80% Fil
63.00% .

7% i

it

56 L O MEDp 22 T2DM R L B I AE ] I A7 7E
FRAO - B - AR 28 5 1iE ( cardiovascular — kidney —
metabolic syndrome , CKM) R R R R AR
FRRIZET RN, X Al BE S T2DM % B o Al
O LA PRI 2Z B) 1 PN FE B Z A 6, PR 8 AR T, 2
HETERRIERET . A SR, O B LA A

W TAE 5 VR BB 1 - ¢ - Jun G03E K I 3
(apoptosis signal — regulating kinase 1 -
N —terminal kinase , ASK1 — JNK) /2224 R 754026 1 1%
fiff P38 ( p38 mitogen — activated protein kinases, p38) .
ULERIEFT & F 1 (silencing regulatory protein 1, Sirtl )/
#ZHF - kB (nuclear factor kB, NF - kB) 284 (55
KRR, 25 RAE R NS A A RN, AT
PEC B LR AR B8 AR BRUERES T, 41X T2DM fY
WFFE S, b0 BB & A I fa b R R A T 255 T 1
A DL 3 B AR LA 0 B Y R A I AE T
B0 DRI, X T2DM R SEAT AR IR A, PEA O
KUK, BB R 2 S A o

UACR F#iAfEh DN R0 A 441, FLE
B D RE R RS R . HRY B F—F
PO ME B 2RI RE T L 0 e AR Sl k=1
M AR As 0L AR BE T & B, T2DM B H 1
24 h UTP .UACR F1 UAER F, ZERBIR RN R )5,
5 PNN50 .SDNN . RMSSD . SDANN Fil HRV = £ #5 %%
TFREASC, $E7R T2DM 85 B I RE 2 5t 5 0 I B F 40
ZINRE T REAHDC, 72 T2DM B B Blrp 2 2
KL ME H EMERGERREIRE, LA B e
AR Z B AH AR ][RR, 78 T2DM 3% 8 UACR
5 HRV X 2 fIC RIS A 8 AR AR 45 5, 00 B I R IE
DU PPAL SR T AYLERE , J T2DM 335 I & 0E 1Y -
B A BER TR LR L AT BERY AR AR S,
AR i R T PR S AL 22 AR

¢ — Jun
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