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Bayesian network — based analysis of factors influencing complex

multimorbidity and risk inference
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Abstract : Objective  To explore the correlation between complex multimorbidity and their influencing factors and to reveal the
interactions between diseases and factors using network inference methods to identify high — risk populations. Methods Based
on longitudinal data from 2016 to 2022 in the Urumqi public health surveillance database and electronic medical record
information database, this study collected information on the occurrence of complex multimorbidity and related variables. The
structure of the Bayesian network was learned using the maximum — minimum hill — climbing algorithm combined with prior
knowledge, and parameter learning was conducted using Bayesian estimation. Directed acyclic graphs were employed to identify
confounding factors and guide the construction of regression models. Results A total of 6 938 participants were included in the
study, of which 12.96% (899/ 6 938) developed complex multimorbidity over the seven — year period. After screening
influencing factors, six predictors were selected for model construction, resulting in a model with 7 nodes and 10 directed
edges. The results indicated that age, gender, source, and BMI weredirectly related to the occurrence of complex
multimorbidity, all serving as parent nodes in the model. The results of logistic regression based on DAG guidelines showed that
the risk of complex multimorbidity would increase by 8.70% [ OR =1.087 (95% CI:1.077 —1.098) ] for each year of age
increase in patients with chronic diseases; the OR of complex multimorbidity for rural residents compared to urban residents =
0.274 (95% CI. 0.237 —0.317) ; the OR of complex multimorbidity for obese people compared with thenormal weight people
=1.019 (95% CI. 1.008 — 1.504). Conclusion Bayesian networks effectively identify the relationships between complex
multimorbidity and influencing factors, as well as the interactions among these factors, thus enabling inference about the risk of

complex multimorbidity occurrence. Prevention and control of complex multimorbidity requires attention to aging, urban
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environments, and obesity management.

Keywords : Complex multimorbidity; Bayesian network; Risk inference
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Table 1 Comparison of baseline status of patients with and without complexmultimorbidity

F(n=6039)

J(n=899) Ei p

61.00(52.00,70.00)  59.000(51.000,69.000)  70.000(63.000,75.000) Z = -20.945 <0.001

X’ =367.721 <0.001

Ap i it (n=6938)
AR () [M(Pys , Prs) ]
R () [n(%) ]
15~ <25 27(0.389)
25 ~ <35 199(2.868)
35 ~ <45 481(6.933)
45 ~ <55 1525(21.980)
55 ~ <65 1795(25.872)
=65 2911(41.957)
I n( %)
L1 2973(42.851)
s 3965(57.149)
K n(% )
Wi 1 553(22.384)
LT 5385(77.616)
ZHHE K n(%)
TH 594(8.562)
/N2 3 000(43.240)
rhig 2 868(41.338)
BEHE 476(6.861)
TSIAARDE n( % )
P 138(1.989)
EIE 6 183(89.118)

27(0.447) 0(0.00)
198(3.279) 10.111)
472(7.816) 9(1.001)
1 438(23.812) 87(9.677)

1 623(26.875)
2281(37.771)

172(19.132)
630(70.078)

X° =4.625 0.032
2 558(42.358) 415(46.162)
3481(57.642) 484(53.838)
x° =329.869 <0.001
1 140(18.877) 413(45.940)
4899(81.123) 486(54.060)
X' =52.344  <0.001
479(7.932) 115(12.792)
2 583(42.772) 417(46.385)
2 581(42.739) 287(31.924)
396(6.557) 80(8.899)
X =36.531 <0.001
128(2.120) 10(1.112)

5410(89.584)

773(85.984)
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i At (n=6938) 7 (n=6039) JE(n=899) Giitit P
B 87(1.254) 81(1.341) 6(0.667)
e 530(7.639) 420(6.955) 110(12.236)

H W 732 (32) [n( %) ] - 0. 147°
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15 ~ <20 36(0.519) 34(0.563) 2(0.222)
20 ~ <25 197(2.839) 181(2.997) 16(1.780)
25 ~ <30 6(0.086) 6(0.099) 0(0.00)
=30 28(0.404) 25(0.414) 3(0.334)

BMI 434 n(% ) X =2.121 0.346
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I 2902(41.828) 2510(41.563) 392(43.604)
JIE e 1622(23.378) 1 409(23.332) 213(23.693)

R (%) X’ =58.656  <0.001
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i 337(4.857) 280(4.637) 57(6.340)
& 6 601(95.143) 5759(95.363) 842(93.660)

LR ZERR L n( % ) X =1.158 0.282
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Table 2 Resulis of single and multifactorial logistic regression analysis of influential factors associated with complex multimorbidity

. W E
i B SE 7 P OR(95% CI)
AEHY (%) 0.084 0.005 16.976 <0.001 1.087(1.077 ~1.098)
PEBI
B 1.000
% -0.154 0.072 -2.149 0.032 0.857(0.745 ~0.987)
Wi (2 H8) 1.000
ekt -1.295 0.075 -17.370 <0.001 0.274(0.237 ~0.317)
ZHEKF
XH(SH) 1.000
I -0.397 0.116 —3.407 <0.001 0.672(0.535 ~0.845)
rhi2g -0.770 0.121 -6.358 <0.001 0.463(0.365 ~0.587)
By -0.173 0.161 -1.075 0.283 0.841(0.614 ~1.153)
i RVRUA
KUF (1) 1.000
B 0.604 0.331 1.826 0.068 1.829(0.957 ~3.496)
B -0.053 0.536 -0.099 0.921 0.948(0.332 ~2.709)
e 1.210 0.345 3.502 <0.001 3.352(1.704 ~6.597)
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(8:%)
i LNiSES
B8 SE Z P OR(95% CI)

A5 H R (%) -0.028 0.010 -2.717 0.007 0.972(0.952 ~0.992)
BMI 4341

IE# (S8 1.000

oy 0.119 0.083 1.438 0.150 1.126(0.958 ~1.324)

AL e 0.086 0.096 0.895 0.371 1.090(0.903 ~1.317)
blin /)

H(EM]) 1.000

§ 0.632 0.084 7.565 <0.001 1.881(1.597 ~2.215)
iy

e 1.000

2 0.838 0.169 4.956 <0.001 2.311(1.659 ~3.218)
Wl PRI R R

H(ZM) 1.000

2 0.331 0.150 2.208 0.027 1.392(1.038 ~1.868)
il

(M) 1.000

A -0.104 0. 096 -1.076 0.282 0.902(0.747 ~1.089)
. ZHE
i ) SE z P OR(95% CI)
TR (%) 0.066 0. 006 11.675 <0.001 1.068(1.057 ~1.080)
el

B (M) 1.000

e -0.236 0.080 ~2.949 0.003 0.790(0. 675 ~0.924)

Wi (Z8) 1.000

ekt -0.922 0.084 —11.002 <0.001 0.398(0.337 ~0.469)
ZHE KT

XH(EH) 1.000

I -0.146 0.123 -1.192 0.233 0.864(0.679 ~1.099)

rh -0.282 0.133 -2.123 0.034 0.754(0.581 ~0.979)

B -0.145 0.177 -0.818 0.413 0.865(0.611 ~1.224)
TSR I

RIF(SH) 1.000

e ~0.900 0. 364 —2.473 0.013 0.407(0.199 ~0.830)

BR -1.428 0.563 -2.535 0.011 0.240(0.080 ~0.723)

e -0.857 0.386 -2.218 0.027 0.424(0.199 ~0.905)

£ H AR (%) -0.011 0.011 —1.041 0.298 0.989(0.968 ~1.010)
BMI 4341

IEH (ZH) 1.000

BE 0.186 0.087 2.146 0.032 1.205(1.016 ~1.429)

Jia3iiE 0.276 0.102 2.711 0.007 1.318(1.080 ~1.610)
Sl

(S 1..000

2 0.168 0.091 1.841 0. 066 1.183(0.989 ~1.415)
Vil U

(M) 1.000

2 0.650 0.181 3.589 <0.001 1.915(1.343 ~2.730)
PR R R

H(ZH) 1.000

2 0.540 0.167 3.238 0.001 1.715(1.237 ~2.378)
i MR R

H(EH) 1.000

B2 0.005 0.106 0.052 0.959 1.006(0.816 ~1.238)

V¥ : OR M HAE [ (0dds Ratio) ; CI A8 {Z X ] ( Confidence Interval) ; SE “M#rifEiR 2 ( Standard Error) ja: AIC =4799. 30, BIC =4958. 56,
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Table 3 Integration of results from logistic regression modeling of influences related to complex multimorbidity based on directed acyclic

graphs

IS B SE Z A8 P OR 1 (95% CI)
AR (%) ® 0.084 0.005 16.980 <0.001 1.087 (1.077 ~1.098)
PP

B (=) 1.000

e -14.23 0.074 -1.926 0.054 0.867 (0.751 ~1.003)

Wi (S H) 1.000

Vi) -1.295 0.075 -17.370 <0.001 0.274 (0.237 ~0.317)
ZHBEKF

XH(ZH) 1.000

I -0.306 0.120 ~2.544 0.011 0.736 (0.583 ~0.935)

rhi2g -0.755 0.125 ~6.046 <0.001 0.471 (0.369 ~0.602)

= -0.578 0.167 —3.453 <0.001 0.561 (0.403 ~0.309)
WS WRAR L

KiF (M) 1.000

U5 -1.130 0.363 -3.112 0.002 0.323 (0.165 ~0.695)

B5 -1.601 0.562 —2.849 0.004 0.202 (0.063 ~0.595)
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Ak B SE Z1 P OR 1t (95% CI)

S {H -0.992 0.385 -2.577 0.010 0.371 (0.181 ~0.828)
BMI 430"

E#(ZH]) 1.000

HE 0. 160 0.085 1.879 0. 060 1.173 (0.994 ~1.386)

Ji[uYiE3 0.214 0.099 2.154 0.031 1.019 (1.008 ~1.504)

7 : OR N HAE L ( Odds Ratio) 5 CI 4 B {5 X 1] ( Confidence Interval ) ;SE Jy#5n#E1R 2% ( Standard Error) ;a: JGIH %L, AIC =4 953. 18 ,BIC =4 966. 87
b FHAERS BMI, AIC =4 949. 94 BIC =4 984. 17 ;¢ JLIH#& , AIC =5 067. 49 ,BIC =5 081. 18 ;d: JH#& 5 , AIC =5 025. 03, BIC =5 059. 25 ;e i34
PG, AIC =4 946. 86, BIC =4 987. 93 ;f . JH#LAEHY 4 51], AIC =4 949. 94 BIC =4 984. 17,
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