Advances in Clinical Medicine §REZ£3EFE, 2025, 15(11), 954-963 Hans X
Published Online November 2025 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.15113179

ETHRFINSMELREMERNE
R B>t R

i’]%‘&kl, %ﬂ:d\?}‘:lz, I'E:J _&kl,z’ ? ___1,2’ 1&:—»13*

VHON BRI R B R, HOE 22
“HR e NREREREZRL HR 2
SHR A NRERLAIIERL, HR M

ks H . 20254F10 11 H; A BEM: 2025F1134H; KA H: 20254E11H12H

R

H#: ARLERRUEWHEAR, HARMLERPIRRERZKIE. 71k BZTHERRESHEZER
A2 (China Health and Retirement Longitudinal Study, CHARLS)$(#:%E, PA2011~2018%5EH4KBETS
TR 19465 R IMLE B AFAORBIA, HBERE22) NN L1IAMEILER K 5%, SBEERHRE
ERIMEREANBH, BEMATAXN 536686, AKX LogisticE |HERL, FR$IME T REFHEE
KB B3R FHHIAEEL (Gradient Boosting Machine Mode, GBM)#R i+ & MLE B A RKHEE. &£R: £
& % Logistic Bl AR B 75 H W =8 (Triglycerides, TG). C-/x M2 H (C-reactive protein, CRP). &
2% F¥ 5 % 5 JH [E B (High-Density Lipoprotein Cholesterol, HDL-C) & B 5 /& M IR 77 S<HE, HORMH
ABIR1.01 (95% CI: 1.00~1.02), 1.01 (95% CI: 1.00~1.03). 1.0 (95% CI: 1.00~1.01), 1.03 (5% CI:
1.02~1.03), [REIEL FREEERLERER, KRB (Uric Acid, UA)KFP5 B I E R R BIFEFE IE R JELk
HFHE - RMKER(UA: PE#ES =0.012, PIEZ =0.026), GBMARZ!HiRHESHAP (SHapley Additive
exPlanations){f &8, AR CH & MLEK R EA B AR IEFEMHE. 45 : AP0 KIER . TG, HDL-
C. UA. BEHPERC. CRPERILEXBHMAXRNEER, FETRKIMUAKEE & MLE R Z B IE M IEL
HHE - RMRR.
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Abstract

Objective: To study the influencing factors on the development of hypertension and provide a scientific
basis for the prevention and treatment of hypertension. Methods: Based on the China Health and
Retirement Longitudinal Study (CHARLS) database, 1946 patients with new-onset hypertension
during the 4 follow-ups between 2011 and 2018 as the case group, and selecting a control group of
subjects who did not develop hypertension during the same period using a 1:1 individual matching
method based on age (*2 years) and gender, a total of 3668 subjects were included in the study.
Conditional logistic regression models, restricted cubic spline models, and gradient boosting ma-
chines (GBM) models were employed to explore the influencing factors of hypertension onset. Re-
sults: The multifactorial conditional logistic regression model showed that triglyceride (TG), C-re-
active protein (CRP), high-density lipoprotein cholesterol (HDL-C), and waist circumference were
associated with hypertension, with OR values 0f 1.01 (95% CI: 1.00~1.02), 1.01 (95% CI: 1.00~1.03),
and 1.01 (95% CI: 1.00~1.01), 1.03 (95% CI: 1.02~1.03). Restricted cubic spline modeling results
showed a positive nonlinear dose-response relationship between uric acid (UA) levels and the de-
velopment of hypertension (UA: P total trend = 0.012, P nonlinear = 0.026), and in GBM modeling
based on SHAP values showed a large positive effect of cystatin C on the development of hyperten-
sion. Conclusion: This study found that waist circumference, TG, HDL-C, UA, cystatin C, and CRP are
influencing factors for the onset of hypertension. Additionally, a positive non-linear dose-response
relationship was observed between UA levels and the risk of hypertension development.
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1. 5|

o I A R N 2R A B 1) B e R 2 [1] [2], RTINS 2 5 500 i 55 5 B0 1 P B K P e
2 [3]. HeHrdERm: 2018 FREFEE > 18 X/ sy LI IIBUEIR 20 27.5%, [ 4 0 A 21 &
B, JCULH/AETEYIE, R 6T AR R A PR GE, HEARE T BRI, X
I e s 9 7 s K BBl TS i R e I A ) B B R R R A e R
FHAACHE. FE . T BN, OHEAR SRR SRR MRIRYT . IR A AR SR R R K
R LANEE REESE[4]. HERIR I HL OSSR RZ M DR 22 8 A RUT T it . O BRI RTIR . 30k, AHE
FEM A CHARLS ¥ 22, RS0 AT FL 71, R m MU R AR 2, & A28 T A0
SERLIEARAE A B SCFF
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2. 5 HZE
2.1. BHREFKIR

AHFFLHET CHARLS £di &, 0 75 i [H 28 AN 4y 45 Z Bl & RGBT TR . fFad, IR
TIEZE R T 2011 4~2018 EMAG TR bR 7RSS . RIEIF T E, I 45 & KU b ZENRA
P S0 i BOIR DL S T Re BORE A A & 2 Bk DU S A BEORNEEAT 204, S THAS B FEE 4 5349 43,
IINBEVT ANBEHORTR 1 1946 15l i U B R SOm I 20, Fe IR AR (22 5 )R 101 MADLEC Y 7 i,
T[] A 2 e L B o IR, B NI A 4 3668 il Gl 1 B

Harmonized CHARLS20214E6 H 201 14F Ift = H 2k
N=25586 HekR: 8024
L]
N=17562 HERE: 1909
N=15653 ERE<45%
| Hegg: 515
o MR 2 A B H 4 B2
N=15138 HERR: 5594
20114E A & &
N=0544 HEBR: 4195
N=5349 WIRER (£28) 5
l 1 IR
N=3668

Figure 1. Participant screening flowchart
B 1. HRMRiGEREE

2.2. SEFREREREN

A E: (1) Y4E)E(SBP) > 140 mmHg &7k & (DBP) > 90 mmHg, 5% [ 3RS 7 &l bt s
MLV E A BAL G B2 ), (2) BRIEEHEZ AT A CH L. TyG. CCR ik
#1541 (Body Mass Index BMI)AF: TyG = Ln[H il —E&(TG) (mg/dL) x =*}& Ifil#% (Fasting Plasma Glucose
FPG) (mg/dL)/2] [5]; CCR = HLHEF(Creatinine Cr) (mg/dL)/Bt411Z& C (mg/L) x 100 [6]; BMI = k5 (Kg)/&
=i(m?) [7].

2.3. Gt

ol BB R FH SPSS26.0 Al R.3.1.6 B M. IELEMETTRLER I + bRl 2(X £ )ik, 72K
FERHIE MR (n, )R, SR @ K e AN t 56 R A e 1 2H -5 %) HE A I BEZRARFAIE 25 5 . SR FH IR
DK 2 26 1F Logistic [51V94 4 A] B8 FZ A = IR & I R 3%, KSR 35 Logistics [51H 204 o BA Giit 24 X
RN Z F & Logistics BV i T 4. A 7 Pl CRP. HDL-C. UA K& TG /K5 &l &R
AR 2 T 7 B - N SR &R, T A PSS A5 5+ 35+ 65 A1 95 5 &) PR IS 7 FESA(RCS)IE AL, 446
JESETHHL(GBM) AR AL A LAY, w5 11 1 6 973 AH DG MR R 3%
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3. &R
3.1. A ABROELRIFE

AW TGN 3668 LTINS, BRI BMI. FPG. CRP. H#{L I 41 2 4 (Glycosylated He-
moglobin HbALC). UA. [ . TyG K& TG ¥1&.3 m T X (P (A3 <0.05), HASIH¥#RE L, Wik 1.

Table 1. Baseline characteristics of the study participants

=1L ARABELER

e BRI (n = 1834) XfHRZA(n=1834) M ABE(N=23668) ZiitkhihE P {H
BMI, kg/m? 24.406 P<0.05
<18.50 104 (5.67) 149 (8.12) 253 (6.90)
18.50~24.99 1301 (70.94) 1358 (74.05) 2659 (72.49)
25.00~29.99 375 (20.45) 295 (16.09) 670 (18.27)
>30.00 54 (2.94) 32 (1.74) 86 (2.34)
S 0.000 1.000
45~54 666 (36.31) 666 (36.31) 1332 (36.31)
55~64 743 (40.51) 743 (40.51) 1486 (40.51)
65~74 357 (19.47) 357 (19.47) 714 (19.47)
>75 68 (3.71) 68 (3.71) 136 (3.71)
PE5 0.100 0.921
5 935 (50.98) 938 (51.15) 1873 (51.16)
gy 899 (49.02) 896 (48.85) 1795 (48.94)
WA 0.081 0.776
% 1209 (67.88) 1254 (68.38) 2463 (68.13)
2 580 (31.62) 572 (32.12) 1152 (31.87)
BUN, mg/dl 15.66 +4.73 15.58 + 4.27 15.60 +4.51 —0.549 0.583
AR C, mg/d 0.99 +0.22 1.00 +0.21 0.99 +0.22 0.934 0.350
CCR 79.44 +20.30 78.89 + 18.67 79.17 +£19.51 —0.846 0.398
Cr, mg/dl 0.77 £0.23 0.77 £0.18 0.77+£0.21 0.112 0.911
FPG, mg/dI 109.45 + 35.48 105.12 + 27.50 107.29 + 31.81 ~4.126 P <0.05
HDL-C, mg/dl 52.31+16.10 52.48 + 15.28 52.39 + 15.69 0.330 0.741
LDL-C, mg/dl 116.82 + 34.94 116.53 + 32.30 116.67 + 33.64 -0.268 0.789
CRP, mg/l 2.57+5.99 2.14+5.76 2.35+5.88 —2.228 P<0.05
HbAILC, % 5.29 +0.87 5.20 +0.69 5.25 +0.79 -3.327 P <0.05
UA, mg/dl 4.43+1.28 432+1.15 438+1.22 -2.607 P <0.05
B, cm 84.05 + 10.51 81.00 +11.16 82.53 +10.95 -8.501 P <0.05
TyG 8.62 +0.64 8.56 + 0.58 8.59 +0.61 -3.029 P <0.05
TG, mg/dl 123.55 + 86.94 116.36 + 70.53 119.96 + 79.24 —2.749 P <0.05

7E: BMI. BUN. Cr. FPG. HDL-C. LDL-C. CRP. UA. TG 7Bl NEER . REE. YIEF. FHE0KE. &%

MR AR R . R NG S AR . C-RME . JRIR. Hith =g,
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3.2. mlE%AFREZERESEY Logistics BV 4T

N3 2 R, BAHRBEI RN Z R E 44 Logistics [F1J42041, FATKIL TG. CRP. HDL MKJEH 5
s EAEAE SRR, 3 OR fH2> 742 1.01 (95% ClI: 1.00~1.02). 1.01 (95% CI: 1.00~1.03). 1.01 (95% ClI:
1.00~1.01) 1.03 (95% Cl: 1.02~1.03) . BRAEIPESLTTAESFAE A IR IR, UA 7KV 5 i LS R0 2 (8477 1E 7]

AL MEFIE - RMIKR(UA: P %A =0.012, PAEZM =0.026). k& 2 fior.

Table 2. Multivariable conditional logistic regression analysis for hypertension development
2. miLELRIZEREH logistics E1YI 534

A B SE Wald 2 14 OR 95% CI PH
BMI, kg/m?
<18.50 1.156 0.764
18.50~24.99 0.139 0.148 0.885 1.149 0.860~1.536 0.347
25.00~29.99 0.156 0.183 0.726 1.168 0.817~1.672 0.394
>30.00 0.270 0.287 0.889 1.311 0.747~2.299 0.346
TG, mg/dl 0.010 0.003 12.146 1.010 1.001~1.025 0.000
TYG —-0.103 0.399 0.067 0.902 0.412~1.972 0.796
FPG, mg/dl 0.004 0.003 1.743 1.004 0.998~1.0105 0.187
HDL-C, mg/dl 0.005 0.003 4.404 1.005 1.000~1.011 0.036
LDL-C, mg/dl 0.000 0.001 0.062 1.000 0.998~1.002 0.804
CRP, mg/I 0.013 0.006 4.614 1.013 1.001~1.025 0.032
HbA1C, % 0.032 0.064 0.258 1.033 0.911~1.171 0.611
UA, mg/dl 0.059 0.031 3.501 1.060 0.997~1.127 0.061
JEEEE, cm 0.026 0.004 37.577 1.026 1.018~1.034 0.000
© | P-overall =0.128 .- | o - P-overall = 0.130 ,* -
- P-non-linear = 0581 [ S © P-non-linear =0.960| <
=~ «© pe = < . -
3 -] T .2 2 . Sz
X <= R - =
o % T ce b -2
- o 2o |~ o0
r o~ T 0 x- AN - 50
S N S wl — =
o - -
= — o _| .
° IS L7 ! S
3 4 I | I TS T T | | | =
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B P-overall = 0.218 ,/' o P-overall = 0.012 e
P-non-linear = 0.363 | S o | P-non-linear=0.028 | ©
| L7 o o //
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Figure 2. Dose-response relationship between CRP, HDL, TG, and UA and the development of hypertension
[E 2. CRP\ HDL. TG\ UA HXEMEZRSEMELFBHIFIE - REXHR
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3.3. &T GBM HEURX KN E R 55 M & Ra9XE

Wl 3 frs, ROC MR FIOTHIAR N 0.91, BIUCAEAIMERE R, N 7 i H A S om i) nl i@tk ik, A
F SHAP 777k R/~ 7E GBM 84 i S0 i B B AR . 4G SHAP B8 ~, Bt C. WHTR. fEMH .
FPG. CRP X & L% ¥ A& 0 BB 5O 1 IE R 5200

GBM Model Summary Plot

(A)Hﬁﬁfﬂic o -—
WHTR - — -
JEER
FPG 1

CRP A
LDL L3

cr 4 normalized_value Receiver Operating Characteristic curve (on train)

L TYG | 1o (B) =2 4
HbA1c | 075 Z
UA - 0.50
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CCR - 0.00
BUN A
A -
A4 532 1
BMI434 -
P 1

G
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Figure 3. SHAP contribution of influencing factors based on the (gradient booster) GBM model
3. ET(BERFAH) GBM AN E R SHAP STk E

4. 71ig

o LS A O 137 2R 0 R B DL IR e, L RS v I P S R R R a5 4], H S Bum At
TR W R AR IR . AT AKFE CHARLS 04 A, R FH S5 20093 5156 BT 4R AU LR R R TR 3R, 2551
FUMERE . TG, HDL-C. UA. Bt#iZ C. CRP 2 Ml kA fER R &, AN AR B UA K55
L 8998 IR 2 TRV A7AE I [l 2R 1k 7 — RN R

AR A A A R B B R 2 BB SR I E B AER N FR, JCHEAE R S i iU R
(AT SCE[8] o TEIPRANGLAT IR S 400, AR FEAE R 0P 0% 32 B A 2 250, A 4 K (BMI) A AZE
(WC)73 5l F TR 51 4= B PR AT IE R AEE[O], Horbr, rhoCoPE ARG oG, &2 R A Z AL N a0 i 92
T RS DT A sy ML PR A0 SR ANAE TS 3R [10] 0 Xu, Y. [1L]) S5k THURE Wi 1 A7F 7 UL L ot 55 P A 2
P 0L R0 RO AR e S B R T PR T Sun, 3. Y. [12] 8856 T o [ 4 [ BN 5 A BE R 90 R IR, R
3G 10 om, L AR S0 18%. A SREHH T RRAEREIRA s iR O R 10— T Fe R e, 1
FEl 5 e I SO OGRS B SR AR IR B - SR OC R(ARZRVERT SR, P <0.001) [13]. [FIMy, — Ikt I ffF 72
o IR AR L, B (B PRI > 94 om, Lo >80 om) iR s IS R AT BE 1 5 34%, H BMI
R AL PR R0 TG S 35 ORI [14] o TR BRAEBENLEIR T, IR IR S EM A RFME R - MK K -
WE I R G0, R 4 A S A RO R e S B 5 | R I Y3 2 KNI B S I P e Th e e, AT 3
M RS R [15]. AR Tk T CHARLS #da 2, KA 1570 UUAD, a0 1 5 08 R0 1 5l 1 P S TR A A
FJEUESE T MR T 5 e RS SR AEAE A S o S g 00 6 AE B AR 25 B R RO ML A v AR O
BEVEFI[16], bR 20 Ik A A1 b2 760 5] oo M AR XU 27 2 1 2 SRR, B FN & R Rl 1 Sy 2k
ARAE” 5 CAASTHN VA 5 05 5 0 A A DG AR AR [17]. DRIk, FEIRPR ek A A JE AR T-Hh, oo i
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2 S v OO0 P o AN B B B R

ol =B AE S e R R B IR TR, 2 S E(NO) Y LA &7 5K S 82, A I 3% mhiffe 25
Jig 7 A 2 1A T v = 5 B L R AR B (Ach) A 5 19 1A & otV OB, ANt ifiL e f B TH[18]. A
() B B0 ik ML 7 7K (FMID) 2 P B2 AR A P 1L A 7 5 ) b 2 —[19] B 7 IR S 5 L3 H i = ek 1 58 n
AR, BEEHM=AE1TE, FMD FEK[20], XK SBEUMET & AR TG /K2 19 hn s i
JE )&% XK, David E Laaksonen 25[21]#1 Yusuke Tomita £5[22]i8 1 BTBEPERT 75 45 B R B, TG /KFHH)
T e £ 1 0 7 I P R0 IR, 5 AN AT 45 18— B A7, HDL-C /KT T i 488 o i i s A 9 JXURS: »
XARe 5 HArK HDL A2 “of noRE I RE ™ FH R o — IUE W7 T AP R FH v 23 R 20 3% 568 A1 04 Tk v vl e
FLPKIZEAN Lipoprint 4% HDL Y4 403647 20, ¥ HDL 4328 10 A4 4y - B 74 B iR, KMtk HDL
(L4 %y 1~3)7E s s A FE b &A%, T /NBok HDL (E4H %) 8~10) %5 si[23], eabh, 53— SRk b i iff 70 7
% BMI J5 &8, HDL-C 5 & ik & % 2 IEAH JG(P < 0.001), HDL-C 341 1 mg/dl Ji5 s i XU 38
0.2% [24]. fHAFER M, — X SRR AR B FE— 248 7R, @ik 85 ¥ HDL-C /K- P 5.0 i
FfFZ MAFTEARZRME U TEOREK[25], JEHE PTHR ST HDL-C /K-F 5.0 MU 22 e Hh ELAA 00 (1) 5 Bk

I AR, RIR UAEAE O M PR I E e R &, H 2 2 B AATIOE[26] . AR FEUE SRR
KV T T 55 e LS 14D 2% 99 2R 19 hn 88 DA 5 [27] [281, — T3k 1 A (1 [B] 1k BA A7 BF 70 2 B0 7 R TR LA
BEGIME >7.0mo/dL, P >6.0mg/dL) 5 1 FRER MLAEF 5 4 N i ) BRI #N 14.9% vs 6.1%
(P <0.001) [29], A 1 W (I A 5 3 BA vy 0L A6 3 1) ~F- 3 T3 PR IR /K 0 2 v T R, v R R IR 7E 5
IS 4H ) B 0N 46.9%, B3 i T2 1Y 16.9% (P < 0.001). #E—2B0 M iR, s & IF R R
I R R R AR 1 PRARI A O 38 IR JE (9 R A R A 6 3 v T PR R /K TE 5 v I BB [30] o X e IR 3R
B, 1 PRI IURE 5 v I A8 2 S 28 5 490 3 (L B PR ) () R A B AR 5%, T AR 98 R IR IR 5 v IfL
RIFAFAEARLR MR - RN KR, X — KIS BEA R 74 AR, RN B4R T 8 2 e
KR mIRRFHFAMPL, b —E R AR, ORI SN S & - s Sk
KRG, S s S IR i, A A IR, X — RANB R e R G, el
R 285 1) B L A WS R R T I S 0 2B [29] o R e R TR ILAE 1) - 3 T5URT A B T oL W i — g B
BERE, R, 7RI R S e N A0 R IR /KT 0 S R A B, g vy I s B L R R P 77 v AR 1) S
AWPFeiEE GBM BRI Z C, HAR g — T i ' D) B i BUR A MAR B, 5 e L R R0 X
R EILIEAR DGO R HUILAHAL, Kestenbaum [31]55 A 487 T A E C MR il A 2B 22 2 [A) (R DR BX,
BBEAMER C M EEREIEIN 0.2 mo/L, I 1) % A2 SR AR N1 0 15%

SRR 22 (R U R B, 98RE T RE 5 e IR () R A R e A 9K [32] o C-J B8 [ — i [ Y SR AR () 2k
WA FE L A, 1E SORE PR HH R IA 23N [33] . BATRIL, CRP /KF 175w i i R 09 5 2 IEAH G .
Sung K. C.ZF[3411ESEAE BMI < 25 kg/m? [FEEE A, TEietER], CRP UU4 7 5 i s 255 AU (1) 9% &/
XFBH ML BA GBS AT 2 4 v L A 25 R o FE 2 AE N b, CRP JHad
(CRP > 10 mmol/L) i Ifil & /K P 42 2 7 - IEH 4H.(0 < CRP < 10 mmol/L), CRP Fh= 4LA i i i £ i 1
IR A[35], X5 AT 45 SARL. CRP REM8 WS G045 A% A M AE PN IR A TE 40 A, (R gk IG5 B2 i 25
(REG L, E T TV SR A PI0S P8 R A0 A, 8 I R B 41 A SE AR 5 B3Rk, FF b I &7 7k s i
—SHAEM AR, FR CRP & REHUE MU -FI AN M, (FIIFEEVES 3%, A CRP REA% I8 I 1Y 58
B PN B PR AREEE 55 PRl P, DT 8 A2 3] T %o 10027 P 2 TR P PR S e B 8Ll 7 BRL g 7t
TX LG () [F AV A R T CRP 52 Il T ey (15 BE A B LR [36] . CRP AMNAE N AT bR E A5 i
YK, H@EE 2 R PR EES S R R B AR B AR, X O B I B R R AL B A TR
IR A o
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e ML Ay d 5 WL AR A, R AR WL 9 R ik PR A3 5 4% 22 DR 3R [37], H A v L P 52 R 2% 1
WEFEUIAE[38]. AW FEMFE CHARLS b Bk A SR 20 Bl x AT T LTt A R s 1 BRI
HERGTE, [Nz FH AL &% 22 ST R R X v i s A0 RS2 DR 2 AT T A e M, IR T 05 9™, W) Ja A8
KEFFIRBE T H NS H . HF A RRYE: B, mMEARRIS R R AR, Bl T ae
AR AT A o AR SIS R 2 HK, W FUREAS (AR A T RE 32 B 80He BRI K PR 1) ERIE, R UA ¢
WEFCHE— PP KA R, I B RIER AT LR G T

g5 b, AWHFiiE s 7Rl TG HDL. UA. BtIER C & CRP 55 A 2 18] [ 55Hk, F AL UA
7KV 55 e ML R0 RS 2 IR IR AR TR - NG &R, B v L A 3R 1 BT, P A 7
Wi A BRI R DR PRI 7 ] R AR 5 UG DRI 2R, DA F AR A 0 v i s P 0 LS

A B
ASHIE A8 BB SRR T o B e 5 7R 2B BRI A (CHARLS) U H < 12351 H 3R b st KA G B

TS, FIREERSIESEHS . IRB00001052-11015; W) R AU &£ K48 B & ik 5 X .
IRB00001052-11014.
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