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[ Abstract] Objective To screen the risk factors of cardiovascular complications of
diabetes mellitus, and build a predictive model to provide a basis for early prevention and slow
down the progression of the disease. Methods Based on the chronic disease cohort of the natural
population in the Beijing-Tianjin-Hebei community, the baseline diabetic patients from 2017 to
2019 were selected as the study objects, and the occurrence of cardiovascular complication was
determined as the outcome index based on the chronological order of the self-reported illness.
The model was randomly divided into a training set and a test set at 7 : 3 to build and verify the
model, respectively. Lasso-Logistic regression model was used to screen risk factors, which were
incorporated into the multi-factor Logistic regression model to build a prediction model for the
risk of cardiovascular complication of diabetes, and a nomogram was drawn for visualization. The
receiver operating characteristic curve (ROC) was drawn and the area under the curve (AUC) was
calculated. The Hosmer-Lemeshow tests and plotting calibration curve to assess the calibration
degree, and the prediction model was evaluated and verified. Results A total of 813 patients with
type 2 diabetes were included, with an average age of (62.6+10.4) years, including 569 patients in
the training set and 244 patients in the test set. There were differences in the level of hypersensitive
C-reactive protein between the two groups (P=0.028), and there were no statistically significant
differences in other basic characteristics. Multivariate Logistic regression analysis showed that the
risk factors for cardiovascular complications of diabetes mellitus included age [OR=1.040, 95%CI
(1.010, 1.073), P=0.010], hypertension [OR=2.211, 95%CI (1.263, 3.975), P=0.006], duration of
diabetes [OR=1.063, 95%CI (1.028, 1.099), P<0.001], level of fasting blood glucose [OR=1.186,
95%CI (1.075, 1.309), P=0.001], dyslipidemia [OR=2.051, 95%CI (1.167, 3.583), P=0.012],
family history of cardiovascular disease [OR=2.794, 95%CI (1.650, 4.774), P<0.001] and smoking
[OR=1.975, 95%CI (1.133, 3.462), P=0.017]; the protective factor was level of serum bilirubin
[OR=0.940, 95%CI (0.889, 0.991), P=0.027]. The nomogram shows that patients with type 2
diabetes can calculate the probability of developing cardiovascular complications of diabetes
based on the dynamic changes in the eight predictors in the model. The AUC of the training
set and the test set were 0.803 and 0.820, the P-values of the Hosmer-Lemeshow test were
0.776 and 0.554, respectively, and the average absolute error between the calibration curve and
the ideal curve was 0.013, which proved that the differentiation and calibration degree of the
prediction model were good. Conclusions In this study, the risk prediction model of diabetic
cardiovascular complication built on the basis of community natural population has good
effect, and provides a convenient and feasible tool for the early prediction and early warning of

cardiovascular complication in diabetic.

[Keywords ] Diabetes; Cardiovascular complication; Lasso regression; Predictive model

2 RUME DRI 2 H 2H 2 5 2R HRHT AR X R i)
RELZ SLRAE B Y. 2019 4E BRI PEAE I bR
HEAL IR N 6.0%, it 5.0%"7, 2021 4E4Ek
A4 537N B 2 BB IR, T3 2045 45
Bk F] 7.83 42 P IV HE EROME PR TT BB KA 2R
ARG RK I Z AT A AE, HA O A

yxxz.whuznhmedj.com

JERCH LB R M I KL 22—, BEIRIA R Kt
oML T A AE 9 XU AR P R 14 2~4 A,
WA AT (A P 24 =00 2 Z DAL LA I A
SR PG, A R T AR TR S PR
R AL I AR B FE B N 3R HAT B2 X
A I R A O DY S8 ML I A e



4 E=#FE 2024 4£ 1 A& 34 55 1 B3 New Medicine, Jan. 2024, Vol.34, No.1

SRS, AR S A A, X R R EUR £
XPPE )T T e, P S A WA R, RIS
HAFEETHA RO, e S, e
AT T

BE = K 2 il K 3K $ADVANCE",
ACCORD™ 1 VADT™ #5851 2 BUME JR i £ & 7E
S AL 1 BR R FEREIE TT S RO I A 0 &5 R 1Y) B
Wi, SRR AL A il WE I+ A BRI/ 2 AR s B
HOMAEBE I KA, S M KE I ErE—52
MO I A8 9 2 i R PR 2R . 0 T i B M PR F 5
(UKPDS ) "' R K H AR e 7 vt R 14 5
B =3 VIS o N & I N R ) I 1 3
AR O ML R . R 8 AL (body mass
index, BMI ) . W&l . Witk &r . JEmwE
I P LT T ) 2 5 L L S5 2 PR O
A LAEMfER R 2, Bar, E R XK
I3 0 M2 I R A AR AL (I o b, an ik
F L1 4 335 HE R FBE A TR R O R AR
HA g RUG TS 76 | % IRAE S | R PRI R . I
BMI., %% B g 85 11 0l st 5 2 & A A b i fE
R H e v ] 2 O R AR b A F RE
TR P I XSS, OO B Y R A 5 B0iE, R R3S [
AL (Framingham ) A5 F135 P4 2288 R BA 51
5% (diabetes cohort study, DCS) #RAIAGE T
T R 2 A R g AT O 1007 g IXURS: ) M TR
BF, 2 BB ORI IR EE , 0 . RS
RHCPURN L f 13 25 e D R i R ik, Bk PN 2 T
RERRAS | SUAb N ORI R S E SATL ) 52 Ml 1 A5
PEHEMATE K, BB BRI, MniHE
RO AP G A L R, AER SR O
ok RIS v G [R] 4E SRp W PR O LA I R A, S
T Ut X SR RS 10 BA A 5% 1) 1 A 2
i, I Lasso [ U 5 356 45 PR 9 o0 100 A5 9 & i 1)
TG R 28 A4 E TR AR | R Rk DO R R 3
U PR A S TR, I R T
e R AR 2R
1 #R5RE
1.1 HRITH

PEIOT AL X 2Rk B2 M0 BA 51 0T 5
( CHCN-BTH, M ChiCTR1900024725) &

28 (2017—2019 4F ) JE2 B 54748 87 i F 9%
ABRAE: AR 18 % L) | 2 BUME PRG35

()L L5595 95 1 12 B[] £ 2 BOWH PR 5 1 12 5[]
Zio HEBRBRUE: QO I S A i RS E 5
QAN R s R AE B, QM AT, Wi
BRVUI (Hm = Fe . IHERE, KSR R, )
R B RE ) R M a FFEUREL . CHCN-
BTH WY £ LR . REFIIL =411 18
%L1 3.7 T IX H AR AHE, 2017—2019 438 if
() R AT | A A A RN S 56 G A A I I
RIS P AH DG B BE R B, 4k X A AR AT
TR AR, B EN IR EAfERE R, A
ST AU TS A,k DX s 1 A oA
FiLR AT, CHCN-BTH BFSY 3R 15 1 #FEE R K
EACHRZ I WAL [ L5 2018SY81], fir
AR R TR RES.
1.2 HRE

PR A IR A ISR — RN F 2R (AR IS
PER SRR DL  ZE KT ) AR T R IR
I AKJ1578) . IREBRIGIR) | D AERRETE
o CRiE . MRS . HEPREER . O FRAEIR )
PRI (I . BRI . e O AR i 2
) o SRS AT AR A L . B PR S
WSCAEE ) IR AR A 38 A bt i = R B B (R DL e =
IR B A A3 A AUS800 HEFT 40— IR R 52 46 28
R, 2 B OB 2 . BRI 203
ol FH B -2 B i R ROMH €3 i . PRI FH DRIt LL
ok IREM KA Rk | W C N ik
P G028 Lk il v AR 3R fiff 1 J /U
HEFTAREI
1.3 $EIREX

— B N A REIE F SRR L A RS L A
B, BE AT NE R . #
R K DL b, RS 2 FRAE TEAE R M B R
T A B0 A AR B R PAE  . BMI AR
(keg) S58& (m) FHMHAE. s HRK
g HEM-907 HLFIfiLE 1) B AEFERF ST 0T 4
AR R RS T BRI i — R BCE YA, & il =2 Wi
M (R AR I A PR S RS 2019) , KRk
4= 140 mmHg ( 1 mmHg=0.133 kPa ) #il ( & )
#P5kH = 90 mmHg, =% [ A G IV T
B e B ff 12 W = I L2 32 8 PR 25 033 7 B F 5T
XS RE SO LT o LGS 2 A oE 0 4
H IR 7E S D E B2, SR
ChE MRS FRAE RS (2023 4F ) ) FPIE &I AN (55 )

yxxz.whuznhmedj.com



EZFA 2024 £ 1 A% 34 55 1 H] New Medicine, Jan. 2024, Vol. 34, No.1 5

M =R K P T s 2 iR 2 I K e
RT3 Lo O BEAEIR AR . ARIEFIE ) &
%% =21 ( Depression, Anxiety and Stress Scale-21,
DASS-21) #EATWCAE""", Zim R =it
x, BHTERAQET LN, MEE> 95
FIE NAAERIE IR, R R > 7 0 HE WA R
JEAEIR, R > 14 9 FE A R IR,
FEAEAT—IRZS I E A O BREAR

MG b 2 BUBE B B 6 5 (2020 4F
) ) M, 2 BUBRIR N R E SCA B 2L A
16 6.5% MV L, B0ABARE G E LU EEE
BeizWiid, sOETESAT AU RENIG YT . BRI
O LA I RRE T8 SCRWE PR S8 B TR 12 B IR
T2 K AR L, LA 2 I TR] L0 DR
A Z 5 o O LA 2 AT X RAE 2017—
2019 4E B HUE WA I A Fe 5 W 72 — R L
BEBE IS W, e B CE BR e 43 255 10
R ) (International Classification of Disease, 10th
Edition, 1CD-10) #rifE, ASBISE FEADIEILL

(121~125 ) AERIMPERAH (164) .

1.4 ST ES

FFEIES M ES SR X £ s 2w, W
Y] LE R T ¢ K5 AR RSO0 A B St
DAz % (M) RS EL (Pos, Prs) Ron, M
ZH 18] e R FH Mann—Whitney U £ 565 432848 7043
A IR (n) FIE 2RI (%) 3Ras, PIZHIA) LR
KA 2K, BTG4 7« 3 HBIRERL S Rl
SRAEFIREE, RIS IE, R
FH B/ NS XSHE USRI L £ 58753818 (least absolute
shrinkage and selection operator, Lasso ) [FIIH /77, R
BT A (B R 7 - A REABE AL [ A PR 3R

DA R A S PR & A AR PR A 2R, 0
eI ZREE Ry 30 A A 726, RT3 bk
BE SN, U AIR2ZEAE— I AREZE I Y &,

UG AR 0 2SS ATFLE Z R Logistic
MR, ARE 2 R Logistic MIHAYE5HE, HEHL
P < 0.05 F7AE B MR PR O 045 A ) TS
LB P IEA bl AT IS S A g as b
ESOINAINES A=A e I nE )i R A VS ES TR
(B, LB K RUNAZ I 220 45 ) s sk
Ko R TR 73 B T AR AE AN R E T
FITREREAAR 53, A A PR 2= ke, e
LIRS R A BIME o O 45 T A hE R A
AR TR, T I AR Xy ) OO AR A A
Bk, 223208 TAEFFERIZE (receiver operating
characteristic curve, ROC) B ML F i (area
under curve, AUC) YEN XA EETEMFE bR, FERE
i1 Hosmer—Lemeshow $ML-A {0 B R 30 FN2z il 1 1 h
LORVEAL, ISR BN EE Sy o FT A Seitohr
] R TR &4 4.2.0 AR SERL, R RYEAF6L 0
“glmnet”  “pROC”
XU, P < 005 N hZEFAAGIE L.

2 R

21 —RER

gy A 813 fi] 2 BUBH PR A, Pl gk
569 5l (62.6 + 10.3 % ) , MiKEE 244 51 ( 62.8 + 10.6
%), 4y 85 (14.9% ) fiIF1 27 (11.1% ) 1 2
RUME PR B R A O LA T R, PIZH 0] b A L
C W EHKFEEA 25 (P=0.028) 4b, HAipxdk
REHMEZEF G AL (K1)

“rms” “ResourceSelection” .

®1 BEELAB (n, %)

Table 1. Basic characteristics of patients (n, %)

i H LIS (n=813) YL (n=569) Wik (n=244) 4zl P
iy (%, XEs) 62.6+104 62.6+10.3 62.8+10.6 -0.208  0.835
PER 0.026  0.872
448 (55.1) 312 (54.8) 136 (55.7)
I 365 (44.9) 257 (45.2) 108 (44.3)
TSR 4170  0.244
KU 17 (2.1) 11 (1.9) 6 (2.5)
C 739 (90.9) 512 (90.0) 227 (93.0)
B 17 (2.1) 15 (2.6) 2(08)
HefH 40 (4.9) 31 (5.4) 9 (3.7)
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T H TS (n=813) %4 (n=569) MikEE (n=244)  dZI/fH PIH
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FH<3K 30 (3.7) 19 (3.3) 11 (45)
A 160 (19.7) 117 (20.6) 43 (17.6)
R I 0.191  0.662
w5 392 (48.2) 271 (47.6) 121 (49.6)
B 421 (51.8) 298 (52.4) 123 (50.4)
AR 0.073  0.787
7 613 (75.4) 427 (75.0) 186 (76.2)
= 200 (24.6) 142 (25.0) 58 (23.8)
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= 446 (54.9) 323 (56.8) 123 (50.4)
WEPRIF S L 0.021  0.885
i 415 (51.0) 289 (50.8) 126 (51.6)
2= 398 (49.0) 280 (49.2) 118 (48.4)
INIRERP 0.145 0704
1 547 (67.3) 380 (66.8) 167 (68.4)
= 266 (32.7) 189 (33.2) 77 (31.6)
BMI (kg+m™)" 262 (239, 28.4) 26.4 (239, 28.6) 259 (239, 28.1) -1.161  0.246
R Lt 0.9 (09, 1.0) 0.9 (0.9, 1.0) 0.9 (09, 1.0) -0.807  0.420
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Wi H LR (n=813)  UIZE (n=569) M (n=244)  uZiPfd  PlH
2SI (mmol - L) 7.6 (6.6, 9.1) 75 (6.5, 8.9) 7.8 (6.6, 9.5) -1.901  0.057
MALIMLT R (%) 6.7 (6.0, 7.5) 6.7 (6.0, 7.5) 6.7 (6.0, 7.5) -0.028 0978
BNF WG (mmol - L) 18.0 (14.0, 26.0) 18.0 (14.0, 26.1) 184 (139, 256) -0.834 0.404
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JRZ (mmol - L") ° 53 (4.3, 6.3) 52 (43, 63) 54 (45, 63) -0.544  0.587

PRI (pmol - L71)

MALEF (pmol = 171)
FRCN AR (mmol - L) 7
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MAEAALLZE (pmol - L7') 13.1 (103, 17.1)
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27.8 (255, 30.2) 279 (257, 30.0) -0.955  0.955
1.7 (15, 1.9) 1.7 (1.5, 1.9) -0.154 0878
13.0 (9.9, 17.1) 134 (106, 17.5) -1.225 0220
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Figure 1. Lasso regression feature variable selection based on ten—fold cross—validation
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Table 2. Predictors of cardiovascular complications in diabetes mellitus in Lasso—-Logistic

regression models

o Lasso[A[]5] Z K & Logistic[n] 4

i OR{H (95%CI) P
g (%) 0.007 1.040 (1.010, 1.073) 0.010
eI 0.345 2211 (1.263, 3.975) 0.006
MR L (4F) 0.039 1.063 (1.028, 1.099) <0.001
AR UMBE (mmol - 1) 0.046 1.186 ( 1.075, 1.309) 0.001
LA 0.239 2.051 (1.167, 3.583) 0.012
IN(IR=P P 0.440 2.794 (1.650, 4.774) <0.001
WS 0.111 1.975 (1.133, 3.462) 0.017
JRZ (mmol « L) 0.000 1.048 (0.914, 1.183) 0.473
WLEF (pmol - L") 0.002 1.005 (0.997, 1.016) 0.357
MIFARLIE (pmol - L) -0.010 0.940 (0.889, 0.991) 0.027
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