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Abstract: Objective Diabetic kidney disease (DKD) is closely related to end-stage renal failure and
increased risk of cardiovascular disease in type 1 diabetes mellitus ( T1IDM). To investigate factors
associated with urinary albumin-to-creatinine ratio ( UACR) and establish the prediction model for
elevation of UACR among adults with TIDM. Methods Eligible adults with TIDM from Guangdong
Type 1 Diabetes Translational Study who were enrolled between January, 2016 and December, 2017. Basic
characteristics and clinical information were collected. All patients were divided into two groups: normal
UACR group (UACR <C 30 mg/g) and elevated UACR group (UACR = 30 mg/g) according to their
UACR level. To screen factors that were potentially associated with UACR, comparison of clinical
variables between the two groups were performed. Logistic regression analysis and Nomogram model were
used to explore major factors associated with UACR and to predict the probability of UACR elevation.
Results
duration of (7. 8346.22) years. Among them, 296 patients (59. 8% ) were women. 385 patients (77.8%)

were assigned to the normal UACR group and 110 patients (22. 2%) to the elevated UACR group.

A total of 495 patients were enrolled, with a mean age of (34. 444 11. 65) years and diabetes

Findings from the comparisons between the two groups demonstrated that diabetes duration, systolic
blood pressure (SBP), diastolic blood pressure (DBP), resting heart rate, glycosylated hemoglobin Alc
(HbAlc), estimated glucose disposal rate (IneGDR), hypertension were associated with UACR. The
results of logistic regression showed that IneGDR [OR=0. 33 (95%CI,0. 17~0. 60), P<(0. 05] was a
protective factor from UACR elevation, while resting heart rate [OR=1.03 (95% CI, 1.00~1.05), P<<
0. 05] and presence of hypertension [OR=2.17 (95% CI, 1.29~3.63), P<(0.05] were risk factors. The
Nomogram model suggested that a higher probability of UACR elevation was associated with lower
IneGDR (i. e., greater insulin resistance), higher resting heart rate, longer diabetes duration and the
presence of hypertension. Conclusion Many factors were associated with UACR among adult T1DM
patients in China. It is possible to reduce the incidence of UACR by improving insulin resistance,
controlling resting heart rate and blood pressure, so as to provide ideas for the prevention and control of
DKD among adults with type 1 diabetes mellitus.

Key words: type 1 diabetes mellitus; diabetic kidney disease; urinary albumin-to-creatinine ratio;

insulin resistance
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Tab.1 Basic characteristics and clinical indicators of T1DM grouped by UACR level
i H UACR E# 4 (n=385) UACR JFEi4l(n=110) ik (n=495) gt P 1y

P L& ) ] 233(60.52) 63(57.27) 296(59. 80) 0.375 0. 5402
R/ 2 34.16+11.18 35.39413.18 34, 44411, 65 0. 366 0.7145
S T/ 4F 7.5246.13 8.9146. 44 7.8346.22 2.321  0.0203""
BMI/ (kg/m?*) 20.79+2. 86 20.23+2.50 20.67+2.79 —1.487 0.1371
JEHl / cm 74.2247.78 74.6748.99 74.3248.06 0. 843 0.3991
WHR 0.8440.08 0.85+0.06 0.85%+0.08 0. 687 0.4920
SBP/mmHg 113.04413.72 120. 31419. 53 114. 65415, 48 3.828  0.0001""
DBP/mmHg 71.8449. 40 75.74411. 66 72.71410. 07 3.026  0.0025""
i B2/ (K /min) 80.08+10. 37 84.624+12.52 81.08+11.03 3.117  0.0018""
HbAlc/% 8.87+2.49 10.284+3.15 9.18+2.71 4.205  0.0000"
TC/(mmol/L) 4.87+3.23 5.1442.15 4.9343.00 0.735 0.4621
TG/ (mmol/L) 0.92(0.63,1.48) 1.21€0.72,1.57) 0.95(0.67,1.51)  2.371  0.0177""
HDL-C/(mmol/L) 1.5040. 87 1.5240. 54 1.5040. 80 0.461 0. 6445
LDL-C/(mmol/L) 2.73+1.01 2.994+2.61 2.8041.55 —0.663  0.5074
IneGDR/ (mg/ (kg * min)) 2.14740. 34 1.9240. 45 2.09740. 38 —4.677 0.0000" "
B TR R R AL 4/ (U/ kg) 0.694-0. 24 0.70%0. 26 0.694-0. 24 0.612 0. 5409
epC AR JRE LB 20D ] 59(15.32) 20(18.18) 79(15. 96) 0.521 0.4705
R/ A IR (Y0)] 69(17.92) 45(40.91) 114(23.03) 25.503  0.0001" "

(] ** :P<0.05 sUACR. R ¥4 8 1 HNLAF H{  BMT 596 5 WHR (BERS o SBP MO I < DBP BP9 JE < DAL, AL 1 £ 2 11, TC
BOBHIE B TG il =5 s IDL-C, 15 % 8 16 26 14 78 18 82 s LDL-C. % % 2 I 78 14 JEL I8 A 5 IneGDR A 8 A9 85 45 7 4b 8 3 %0 $0
£2 TERBRESESE Logistic @B 54

Tab.2 Analysis of multivariate Logistic regression model after variable transformation

Gy i H T ¥ 1% Wald X2 P {H OR (95% CD
IneGDR —1.122 0.318 12. 454 0. 0004 0.33(0.17,0. 60)
R R 0.025 0.010 5.932 0.0149 1.03(1.00,1.05)
g 0.022 0.019 1.413 0.2345 1.02€0.99.1.06)
S A IR LR 0.774 0.264 8.577 0.0034 2.17(1.29,3.63)

RANE 1 R,

2B F L, R B E IneGDR H A

2.3 Nomogram %2 i #) UACR F 5 XL [&

s £ N & Logistic [M1IH #7145 8. IneGDR.,
DR R E T IR 2 UACR Y 32 2 AH C A
RNk L Ul PR R A UACR MR, DL
KRB NBEIBOK 2% B IneGDR L
AR A I & ML A # Nomogram &, 4 9 2 1
AZIE P ER X UACR T AU ME =R k47 B 25

2.0040 43 BB R 81 K /min(23 40,k 7. 8
(6.2 ) AR IMLIE (27,5 43, BB N
96. 7 47 IL A UACR JHEHER 20 33 %6, i A 4
IR R IneGDR FEAL (IR H™ 5 | i B0 R 1
P RN L B R UACR JHm iR
N
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(P=0.00D) 8 XA HEH KM GFR [EH 4 (P =
0. 044 Mottl 2558 (R BIF 5%t % IRAE )L #0 JR R
H IR A IERE RIS H B TR B4 UACR 3 H Al
40 T R IR 76 JLE ARG UACR T
T EAE . fE R SRt R B T2DM L Y
B R U ME (1S) 5 UACR 2 it & (P <
0.001).fH7E T1IDM JLEH R LB (P =0.3)",
GEA AR SESE R $2o8 TIDM R EHL#E B
UACR A Z r] BEA A, 75 2k — 25 i 5%
UESE.

T 0T 1) N AR F 5 B s B 4 A 4 T L ot A
16 N AR bR 2 FR AR DM & 3% DKD FE 1 & JIE

i #| UACR # 5 #% % # Nomogram
Nomogram predicting the probability of UACR elevated

I R S I OGO aX 5 IR AT Y I g 4 R — B
AU 58 K PR A # B0 %, UACR FHm R T
B BEAE A9 © % 30K 100 /30 0 2% R v i B 119 3z Bl ]
Ree AL 0 IS0 38 [ 3 00 23 0 o 58 32 119 38 3 ] R IR
T1DM F 35 KAz U 55 S 00 AU 00 T o0 i 6 952
Jat J& TIDM [ & 2 JF R IE 2 —. X 4 7n KA
TIDM & UACR FHiE B IR B ) & 28 & e Fl
O I 5 5 99 s 0F & b T B A M3l s A 0L % ML
{E AR SR E AT Z B S R R

AHIESE B P FAAE T AR — AR 1 B
PRI BAF BEAT » ELI DR 58 A8 X 52 . A SCfifi ]
) Nomogram #5751 & 57 78 2 K 2 [0l 5 43 B i) JE
Bl b A 2 A i R4 A sl A2 W Ja M L SR 5 SR A
A BOR AR R B 55 F 2448 2 (9 (B R T —
(A PR &5 oy B 35 - 2 0 e A A 6. FEARBIF 9
Nomogram 5 B AL #1538 7] & BB & UACR Ft+
o R 56 TR 26 L B SRy B A S T AR 4% RO A I IR
Febr OB & ZHEPL . 8 B0 R R RS A & L)
AN UACR KA RHEAE 33 07 AR O A A o 24
TR S AR AT 5 A B B DT 5. JE I B 1 UACR
T HAH 6 P2 A AR 1 175 B0 PR I T I 0 o PR SR 6 &R
BT UACR F i 555 PR s B 90 & s R gk e i)
FER R, — 25 T R AT i B ) F 5T

gE L radk, & E A TIDM B3 UACR K F
524N FE A A0 AL 555 F2 . SBP.DBP ., ##
H0F HbAlc, IneGDR 2 75 A 3 /5 I . Horp



472

P EAFHARKFEFR

% 50 &

T OC PR 2 O I B R AR ORR B R L R0 R
A I I T AR AR 45 SR B % IneGDR P&
IR (IR ™ F) L 20 F8 38 P s B2 38 I vy 1l e
B, B H UACR T m MR 18 K. B 5% 25 3L R sl vl
3 A M R AT AR S0 R AR A I T AR
ik UACR Jid &AM, S N TIDM & & 1 B
F i DKD 42 4t Bk

1]

[4]

[5]

[6]

L7]

[9]

2 2 LK (References)

WADEN J, FORSBLOM C, Thorn L M, et al. Adult
stature and diabetes complications in patients with type
1 diabetes: The FinnDiane study and the diabetes
control and complications trial [J]. Diabetes, 2009, 58
(8): 1914-1920.

TONELLI M, MUNTNER P, LLOYD A, et al. Risk
of coronary events in people with chronic kidney disease
compared with those with diabetes: A population-level
cohort study[ JJ. Lancet, 2012, 380(9844) ; 807-814.
Diabetes Research  Group.
the Diabetes
Prevention Program[]]. Diabetes Care, 2009, 32(4):
720-725.

National Kidney Foundation. KDOQI clinical practice
guideline for diabetes and CKD: 2012 update [ ] ].
American Journal of Kidney Diseases, 2012, 60(5):
850-886.

THORN L M, FORSBLOM C, WADEN J, et al

Prevention Program

Changes in albumin excretion in

Metabolic syndrome as a risk factor for cardiovascular

disease, mortality, and progression of diabetic
nephropathy in type 1 diabetes [J]. Diabetes Care,
2009, 32(5): 950-952.

SZADKOWSKA A,PIETRZAK I, MIANOWSKA B,
et al. Insulin sensitivity in type 1 diabetic children and
adolescents[ J |. Diabetic Medicine, 2008, 25(3): 282-

288.

LOVSHIN J A, SKRTIC M, PETTER B, et al.

Hyperfiltration, urinary albumin excretion, and
ambulatory blood pressure in adolescents with type 1
diabetes mellitus[J]. American Journal of Physiology-
Renal Physiology, 2018, 314(4). F667-F674.
COSTACOU T, CRANDELL J, KAHKOSKA A R,
et al. Dietary patterns over time and microalbuminuria
in youth and young adults with type 1 diabetes: The
SEARCH Nutrition Ancillary Study [ ] J.
Care, 2018, 41(8): 1615-1622.

MARCOVECCHIO M L, WOODSIDE J, JONES T,

Diabetes

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

et al. Adolescent Type 1 Diabetes Cardio-Renal
Intervention Trial ( AdDIT): Urinary screening and
baseline biochemical and cardiovascular assessments
[J]. Diabetes Care, 2014, 37: 805-813.

DEMIREL F, TEPE D, KARA O, et al
Microvascular complications in adolescents with type 1
diabetes mellitus[J]. Journal of Clinical Research in
Pediatric Endocrinology, 2013, 5: 145-149.
DABELEA D, MAYER-DAVIS E J, SAYDAH S, et
al. Prevalence of type 1 and type 2 diabetes among
children and to 2009 [J1.
JAMA, 2014, 311(17). 1778-1786.

FUEAE, BN, BT BEL S, 1 RUBE RO R E L RIR
TR S MAFRE S MM CEL]] hREERE,
2017, 97(8): 587-591.

YAN Jinhua, ZHANG Yan. ZHENG Xueying. et al.

adolescents from 2001

Insulin regimes and impact on glycemic control in
patients with type 1 diabetes[J]. National Medical
Journal of China, 2017, 97(8): 587-591.

EPSTEIN E J, OSMAN J L, COHEN H W, et al.
Use of the estimated glucose disposal rate (eGDR) as a
measure of insulin resistance in an urban multiethnic
population with type 1 diabetes[J]. Diabetes Care,
2013, 36(8): 2280-2285.

ZHENG X . HUANG B , LUO S , et al. A new
model to estimate insulin resistance via clinical
parameters in adults with type 1 diabetes [ ] ].

Diabetes/Metabolism Research and Reviews, 2017, 33
(4) :e2880.

AR R A SR IR A 4 4x. T 2 OB RO B R 48 M
2OL7 AF RO LT 1. b IR 2% A, 2018, 10(1) « 4-67.
AR E 2 o NI AR A S IE S AL o [ IR B
Bith T R AL LT ] 4B oy 4 AR 2 =, 2011, 27
(9): 711-717.

SVENSSON M, YU Z W , ERIKSSON ] W . A small
reduction in glomerular filtration is accompanied by
insulin resistance in type 1 diabetes patients with
diabetic nephropathy[J]. European Journal of Clinical
Investigation, 2002, 32(2): 100-109.
MOTTL A K, LAUER A, DABELEA D, et al
Albuminuria according to status of autoimmunity and
insulin sensitivity among youth with type 1 and type 2
diabetes[ ] ]. Diabetes Care, 2013, 36 (11). 3633-
3638.

MOTTL A K, DIVERS J, DABELEA D, et al. The
insulin  sensitivity  on

dose-response  effect of

albuminuria in children according to diabetes type[]].



%4

A1 B R R B R G B G W ILET YA g 48 £ B & o A7

473

[20]

[21]

Pediatric Nephrology. 2016, 31(6): 933-940.

FE K, AR, WER 5 [ A S I R 8 AR K
P[] i E S ARG, 2017(3) £ 32-37.
TONG Guoyu, ZHU Dalong. Interpretation of clinical
practice guidelines and expert consensuses for the
evaluation and management of diabetic kidney disease
at home and abroad[J]. Chinese Journal of Practical
Internal Medicine, 2017(3) :32-37.

TUTTLE K R, BAKRIS G L, BILOUS R W, et al.
Diabetic kidney disease: A report from an ADA

Consensus Conference[ J]. American Journal of Kidney

[22]

[23]

Diseases, 2014, 64(4): 510-533.

WADEN ], FORSBLOM C, THORN L M, et al.
A1C variability predicts incident cardiovascular events,
microalbuminuria, and overt diabetic nephropathy in
patients with type 1 diabetes[J]. Diabetes, 2009, 58
(11): 2649-2655.

LITHOVIUS R. GORDIN D, FORSBLOM C, et al.
Ambulatory blood pressure and arterial stiffness in
individuals with type 1 diabetes [ J]. Diabetologia,
2018, 61(9): 1935-1945,



