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Abstract

Background: Hypertension is one of the common chronic diseases among the elderly in China, sig-
nificantly increasing the risks of cardiovascular and cerebrovascular diseases, kidney damage, and
death. Building a simple and applicable hypertension risk prediction model based on large sample
population data is helpful for early identification of high-risk individuals and optimizing commu-
nity screening. Objective: Based on the 2020 follow-up data from the China Health and Retirement
Longitudinal Study (CHARLS), this study aims to analyze the factors related to hypertension among
individuals aged 45 and above, and to construct a risk prediction nomogram model for hyperten-
sion. Method: Social demographic and health-related data of the elderly population aged 45 and
above from the 2020 follow-up data of the Chinese Health and Retirement Longitudinal Study
(CHARLS) database were extracted. After data cleaning, a total of 19,218 cases were included. Strat-
ified random sampling was conducted at a ratio of 7:3 to divide them into a training set and a vali-
dation set. Univariate analysis and multivariate binary Logistic regression analysis were performed
based on the training set to identify independent influencing factors. A nomogram prediction model
was constructed using the “rms” package of R 4.2.1 software, and internal validation was conducted
using the Bootstrap resampling method. External validation was performed in the validation set.
Result: The multivariate Logistic regression analysis showed that age increase, female gender, cur-
rent alcohol consumption, current smoking, exercise, and educational level were associated with
the risk of hypertension. Marital status did not reach statistical significance in the multivariate
model. The AUC/C index of the model in the training set was 0.639 (95% CI: 0.629~0.648), and in
the validation set was 0.637 (95% CI: 0.622~0.651); The calibration curve showed that the pre-
dicted risk was consistent with the actual observed risk in general trend, but there was still devia-
tion in some risk intervals. Conclusion: The hypertension risk prediction model constructed based
on the 2020 data of CHARLS has a certain degree of discrimination and can be used as a reference
tool for the preliminary screening of hypertension risk among people aged 45 and above. The model
performance is still limited. In the future, variables such as BMI, blood lipids, diabetes, region, diet,
and physical examination indicators need to be further included, and external validation should be
conducted in independent populations.
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f L[ 1] (Hypertension) & 4= BRYE Bl P S5 LIS 2 —, & O M B . B IER AE S BBt
P FESfER R R REH A TAHZ(WHO) 2023 FRAMMHRE[2], kil EHE A D@L 13 12,
Horpa AU RAF EA RS W st . R IR RISITHARANWHED, & A2 Ak A ) &
KRR, H BTV IR 5 I PR 75 5K 2 (B4 A7 (e 535 22 0E

MHT, LR RB A R B P e . RS W T, BhAS i I (ABPM) ISR BE IfiL & 1 I (HBPM)
(R R v T G R, fEVRYT T, BRI 2590 ACEL. ARB. CCB Z5)I6 & M B 25 TR T i
B O I B AR UK [ 3]0 A1, EIBRIE S [4] (40 ISH 2020 ACC/AHA 2017)% L 73 25 FH /e T S5 ms i 44k,
BE—B G T IRR L. TR, BEFIERIIGIERERE . s RAEEW L T a2 5 m R Rom, A
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2. BRFGE
2.1. &3t
[EVTRERIIE S 6 R TIE  R/A A B € AR TRk Rish ke ST vaTIR T i W - A P e g TP NS b iy
[K % Logistic [F1I5, AL HR A 5128 12
2.2. HITKIR

WX %8 CHARLS 2020 £EFf U7 HAEES 45~99 & 45 /R KA Ol AR B (G B is . &R2
BAREERA M. GOETAEEREFER. MR SOURGL. SOl SRR, R A A K
o ERSLLESAR IR YRGS N B Lo WSRRGL N USRI LS/ oAt SRR MRT
THANER I <R/ 4338 BB KL BB R G 500 vT FH9mAs 73 1~4 %o

2.3. NiEdRfE

PANFR#AE: (O CHARLS 2020 fEREVIICTR: @ 68 45~99 & O mIMEZHOIRASI: @ G5,
PER . ASIAE . HHETUGR . SETROE . B E KPS LR B e © dF 2020 EREVIC
3 @ 4R REZ O RE; @ FESATE 45~99 BHEIN; @ %00 R RIERE .

HIHFVMARN T J5as FAEHERE 96,628 %, ik 2020 FREVIICRK)G 19,395 % MIBRES R K%
TR AR BB 203 5 19,349 45 BRI 45~99 & R IEAZ O BIUE G, WAL 19,218 i
TGt o W FRE AR 4

2.4. TEW RN
FRTLHIPEAN : X 4 B WAt R C $830(AUC) & 95% CI, — M 1A K F A% # 28 & Hosmer-Lemeshow

Lo o
TR N B EIE: Bootstrap BAHAEIL(1000 1K), Fik T4 SR M 1E (optimism-corrected) J5 [ C $5% A
e 2

PRI AP ERIGAE: BRETIIEIGUE SR C 85U B 1 28 &% Brier iF 4 A= AL BE 77 .
2.5. GitES T

KF SPSS 27.0 Al R 4.2.1 BAAIAT G0 #r, R KA o= 0.05,
(1) f#iF SPSS 27.0 B A4 K sli S 1] DGR B o e A &, MR TP R &, it
BRI HYE £ HEHTERIHER, TR GBI B EEHEAT SE R (n/%) -
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(2) BRI EGiE: SR SPSS 27.0 HAFMT YISREE AT R Z b, P IR0 SR R 32 o b LA G2
B EHITZIRNESH, HLLP <0.05 NGt LRI AR &

(3) FIL BRI 3 - 45— JC Logistic [ H 40 A1 ik th (2 7. 5200 A% & 5\ Rstudio 204, 8 “rms”
LR AR A A A1) 2% P TR AR

(4) BARPHNY: RAZIRE TIERMEROC)Z K C #EETEAL . K Bootstrap HAHEE(B = 1000
W, AR AE) FE I 2R 4E T AR BUBTREAS, THEE optimism-corrected C #6340, HHIR IE G R HEM 5. 76
B UEAE A S A R (R TR A 28 1A C FR B SR 28, PPN AL fh e

3. 458
3.1. SmE#RERAR

LGN 19,218 44 45 B K LA EAE N, e E2WbrdE, HAdEmmmE 11,513 $1(59.91%),
LR 7705 411(40.09%) . V£ 1.

Table 1. Stratified sampling results of the total sample and training set, validation set

=1L BEARINGE. BIEESRMHEER

IR n E[=1111:S T
SE 19,218 11,513 (59.91) 7705 (40.09)

VI 13,452 8059 (59.91) 5393 (40.09)

LAl S 5766 3454 (59.90) 2312 (40.10)

3.2. RS EAEREL TR LR

Table 2. Comparison of baseline data between training set and validation set

2. SR SHIERREL TR

TE ik IZREEMm = 13452) IOIFEE(n = 5766) P&
FEiE, B Y8 + bR 63.49 £9.92 63.43 +9.90 0.725
51 5 7123 (52.95) 3040 (52.72)
/ |
7 6329 (47.05) 2726 (47.28) 0.783
- RS/ H At 2176 (16.18) 920 (15.96)
oL 11,276 (83.82) 4846 (84.04) 0.719
) & 8638 (64.21) 3687 (63.94)
PUAE T
= 4814 (35.79) 2079 (36.06) 0.733
& 10,044 (74.67) 4277 (74.18)
UAE RS
= 3408 (25.33) 1489 (25.82) 0.487
% 1541 (11.46) 646 (11.20)
=
Bl
= 11,911 (88.54) 5120 (88.80) 0.632
HHE KT 7K1 5841 (43.42) 2440 (42.32) 0.502
HE KT KT 2 2919 (21.70) 1294 (22.44)
HEKF K3 2954 (21.96) 1285 (22.29)
HE KT KT 4 1738 (12.92) 747 (12.96)
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KGR LES5)5 70 JZ K 7:3 BENLIRE IS, I ZREE R0 TESR 1Y i s L1050 3 0 40.09% A1 40.10%.
PIEHAESERE « PR OIS ST AT B R K T E R g e S R R R
HUIRE J5 P IR L AT O i VR 2.

3.3. Sk SIS M EAE L% TR LB

AR HARLE, i S AR s PIAAEAS IR DL . AT AT BBt A R KT
JitZE R BA G R (P < 0.05); VRS ZER LG HAE L. FEIAE 3.

Table 3. Comparison of baseline data between the hypertension group and the non-hypertension group

% 3. BILELR SRR I A 5 JOR R

ZE oM FERMEAM=11513) FiLELH®D =7705) P&
e, % KRR 2 61.70 + 9.64 66.11+9.73 <0.001
P % 6060 (52.64) 4103 (53.25)
% 5453 (47.36) 3602 (46.75) 0.411
-~ RS/ HoAh 1544 (13.41) 1552 (20.14)
CLE 9969 (86.59) 6153 (79.86) <0.001
- & 7134 (61.96) 5191 (67.37)
2 4379 (38.04) 2514 (32.63) <0.001
_— & 8356 (72.58) 5965 (77.42)
2 3157 (27.42) 1740 (22.58) <0.001
& 1119 (9.72) 1068 (13.86)
Bl o
7 10,394 (90.28) 6637 (86.14) <0.001
K1 4729 (41.08) 3552 (46.10) <0.001
- K2 2551 (22.16) 1662 (21.57)
K3 2674 (23.23) 1565 (20.31)
K 4 1559 (13.54) 926 (12.02)
3.4. VLELEER Logistic [V Hr
Table 4. Univariate Logistic regression analysis of hypertension-related factors in the training set
F 4. NEESMEEXERMEEZER Logistic @Y
Bla -y B SE Wald 2 PfE OR 95% CI
GR 0.046 0.002 620.996 <0.001 1.047 1.044~1.051
PER(Z vs 59) —-0.014 0.035 0.160 0.689 0.986 0.920~1.057
USIH(T IS vs A U8/ Ah) -0.489 0.047 107.834 <0.001 0.613 0.559~0.673
IAEI (R vs 17) -0.244 0.037 43.547 <0.001 0.783 0.728~0.842
ARG vs ) -0.233 0.041 32.135 <0.001 0.792 0.731~0.859
BIECE vs ) -0.410 0.054 56.887 <0.001 0.664 0.597~0.738
HEKF2vs 1 -0.149 0.046 10.443 0.001 0.861 0.787~0.943
HEKF3vs 1 -0.201 0.046 18.790 <0.001 0.818 0.747~0.896
HEKF4vs 1 -0.226 0.056 16.085 <0.001 0.798 0.715~0.891
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MZRE R Logistic [MIAE5RBR, e MW, HATUAN. a0l BoRMEE AKCr 5 ik
BPIREG, PERFE AR DM Z 57 EgH A RO FELE 4.

3.5. ZAE Logistic BV R FURIE R 2

SEEERS . PERLL BRARRIL. ST, AT B R KA Z IR % Logistic FIFRUY. 4
SRR, RN SR SR TR b, AT, HAIE. BT 3 SR
FEAARAT NI AR A6 1R 26U P RIS FIS S B TBRER L, A A0 KT 2 3
FEABIR R 2B OR < 1, AL BTGRP . S A7 M S AR AT X, R LA
FmIRPINE. LK S,

Table 5. Multivariate Logistic regression analysis of hypertension-related factors in the training set

=5 NEGESMERXEZENSEZE Logistic BYASN 4

TE B SE Wald 2 P OR 95% CI

EROELS:, ©) 0.044 0.002 450.436 <0.001 1.045 1.041~1.049
(% vs B9) 0.113 0.047 5.834 0.016 1.119 1.021~1.226
USUR(T IS vs RIS/ HoAl) -0.094 0.052 3.247 0.072 0.910 0.822~1.008
AR R (2 vs 1) -0.142 0.042 11.153 <0.001 0.868 0.799~0.943
BAEIHGE vs ) -0.215 0.049 19.062 <0.001 0.807 0.733~0.888
BIRGE vs ) -0.192 0.057 11.339 <0.001 0.825 0.738~0.923
HEKF2vs 1 0.014 0.049 0.085 0.771 1.014 0.922~1.116
HEKF3vs 1 0.107 0.050 4.521 0.033 1.113 1.008~1.228
HEKF4vs 1 0.039 0.060 0.411 0.521 1.039 0.924~1.169

3.6. LR MR RS2 E

SIGETESELIE
s | € . : . e ° s . - . 3 H
wp{ 25
se58 O SRS/ H At
WEnE{ o
WEmE | 5
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Figure 1. Nomogram for hypertension prediction model
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FIR IR0 - ARAESIZE I, 45 HAMARE AN TN FE AR X R R 73 BB (Points), 15 1270 BORTK &L 73 (Total
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Figure 2. Correlation between the total score of the line chart and the probability of hypertension prediction

B 2. FI&E R0 S5 MEFUMBER M X &R

3.7. BEXSESRAEERTN

RV 2B ) AUC/C F5 50N 0.639 (95% CIL: 0.629~0.648), FELGIESET ) AUC/C 16504 0.637
(95% CI: 0.622~0.651). ZEFIUESE AUC £2ilr, FERBATEIRIREEE R I X 4 BE R LA 2 R B, {2
SR B8 TA BROKSE, PRI 3. 15 4. R it 2 i 7= Pl R &5 SEBr 82 KU s 34— 8 56
WFEERHERI N 0.989, 21T 1, {H Hosmer-Lemeshow K536 P <0.05, HEoRAE KFEAR AR 45 70 K 77 )2
A ER IR Z . £ WK 6.

Table 6. Evaluation metrics of training set and validation set models

F# 6. IGESHIEEERITFMN AR
iEE HAR  HILERR®) AUC/IC (5% C) Brier 78 REBE RERE PfE
WERE 13,452 5393 (40.09) 0.639 (0.629~0.648) 0.228 0.000 1.000 <0.001
A% 5766 2312 (40.10) 0.637 (0.622~0.651) 0.228 -0.000 0.989 0.010

4. i€ Discussion

A5t R T CHARLS BUEFEME T 45 % DL Eif s XS TR 21 26 PR RS, #8357 4ER . MR, 45
W, #HESHSNDERERSEMERRR. SRR, BEENSGEMBGIEE S K AUC 20518 0.639
F10.637, ULHARRAY B —E X a8/, HMA R UE RS I T A,
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Figure 3. ROC curves of training set and validation set
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Figure 4. Calibration curves of the training set and validation set
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ZNER TR, G E LS B IRAS BASE IAR G IR 3R . BRI N, M s e N e Shiik
B A3t R AR S SRR AT RSN v I s R AR XU 6] 0 ASHIE FE v 2 PEAE 22 R R P ) OR Wi
S, PORFEIEHIFERE . WA SR RS, R S R BE S e RS, (EZ A SR AT R 4
BRI MU BE AN T7 A 2 A — P IRIE( 7]

AR FIYIZREEMIRIESE AUC BZ078 0.64, SJERBMIXFEEAR. 567 BMIL MAR. M. i/
SCIME . ZORR S XIS PR 3R A TN R AR L, AR 90 2 B TN D 2 AR QAR B, AR B SR BT
FE(EEERA R, X BER R X 0 A e A F i PR A T A 2 S 7 N DR 5 S o O 5 XU A
BB VLR AT TR UL 20 2, (EAE FARAN AT T P DRSS RBE 5 A e A7) 5 TR

RAEBRMERA R, ARG MM E. BRTHELRES TRE, &6 X 5
(EBEE677/5 s R/ (507 N i S N 117 g NPT < 9 2 i i 7 i g 3B | DR == N SR T W
AR LA I R AL 2T

4.1. ABERSSHEHS

A FAFAEU T DR S —, AWFFEE TR s, RAgM T Em XS, AReHEm RS
EILEZFIFERCR. B, ARUEERHAN BMIL. FEE . M. ofE. BRm. ke, Bk, W2
ML X Je PR 2 g S B, T RE PR AL X 23 BE o B =, AT . R AN SRR S A R RS
RBESMGT R FREEmS A BN ER . SR, BAEERK B A — S REN LRI AEA, & T N A IR R
P REARIGAE, MAREE AMSLANBIRIE . 5510, B2 n] 7 Hriidls vh R 608 SR s B 5 s s AL |
PRI EATBERIMIER 1248 &, 5 SEin e SR e AL S m s s, It — DR R S s RS R 2R

4.2. RS A£DENAME

B RIRYE, ABRy e R a4t TR . (TR fltn, #hIX P4
A2 B DR R s KU AN A, AU AT e T s A PR RS T (3R ). Ak, BRRRIRHESAT N
DR BV E N, WA 3L PA BRI R A 15 S SO R VI B 42 (K7 £E 2

4.3. &ip

ABEFLHET CHARLS 2020 4E0HE, 45N 19218 1 45 5 LI ABE, SR 7:3 432 WM LA FE 2 32
SRARANIEIE SR, HFAEE 1 ey i AU TR A o AR YRR AN I £ T (1) AUC 53331104 0.639 A1 0.637,
BUA 5 XA BRI PR IR . R AT AR b B 4F AR U KU A1 T B (526, (BRI E
% SREETU A 7T AL A SR -

E&ImHE
AL TR R AT H (X2024055) .

SE Tk

(11 Suneg, Fe, S, HsE. b EOMEEES RIS 2021) < F P E & iR R AT B aEARa]. HE
AR, 2022, 25(30): 3715-3720

[2] #I.  €2022 A TAGTHRE Y 45 B SIS [D]: (Al 3. TN T RIMESNA K
22024,

[3] &R¥ERK, Frzm. (ISH 2020 Rk SLBIErE) M)]. HE 2 M EEZ, 2020, 27(23): 24-25.

[4] GBD 2021 Diseases and Injuries Collaborators (2024) Global Incidence, Prevalence, Years Lived with Disability (YLDs),
Disability-Adjusted Life-Years (DALYs), and Healthy Life Expectancy (HALE) for 371 Diseases and Injuries in 204
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Countries and Territories and 811 Subnational Locations, 1990-2021: A Systematic Analysis for the Global Burden of
Disease Study 2021. The Lancet, 403, 2133-2161.

[5] MRk, By, 2%, & ohE IS # RS FRTEQ019) [T]. T M 4435, 2020, 48(1): 10-46.

[6] Oishi, E., Hata, J., Honda, T., Sakata, S., Chen, S., Hirakawa, Y., ef al. (2021) Development of a Risk Prediction Model
for Incident Hypertension in Japanese Individuals: The Hisayama Study. Hypertension Research, 44, 1221-1229.
https://doi.org/10.1038/s41440-021-00673-7
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