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JRER. PEF. j@/0JR 5. BRI EL-5COPDEE A IR IMER KR EEYIMEFRGIP < 0.05). BIRH ML
THAN0.690, KM EMER —BMRIF; AEFRIEH LR T HA80.665, DCARRNESELA KK
AR R EGENES —CRIRRERE. 419 AHRHEK XS FNEE X 5 EH4%(AUC ~
0.69), F{EAVIBRKBE LR, ANIEAKCOPD BEAH FILER AR AR —ES%. [EEEITHN
EEAR, BB TEEmETATEER, WARUBRIGKRGEHE, SREERERER.

X in
18 PPN, RILER, KSTIRE, & EpZENR

Construction and Validation of a Risk Model
for Hypertension in Middle-Aged and
Elderly Chinese COPD Patients

Qiyu Zhang!2, Zan Li!3, Bingong Lil.2*
!Qingdao Medical College, Qingdao University, Qingdao Shandong

IR

NEF|IMH: AL, B8, A, PEBZE COPD ARSI i ML KSR M i R IGIED]. IR PRES 23 &, 2026,
16(8): 1070-1080. DOI: 10.12677/acm.2026.1682881


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2026.1682881
https://doi.org/10.12677/acm.2026.1682881
https://www.hanspub.org/

KAk AF

2Cardiology Department Il, Qingdao Hospital of University of Health and Rehabilitation Sciences (Qingdao
Municipal Hospital), Qingdao Shandong

3Department of Respiratory and Critical Care Medicine, Qingdao Hospital of University of Health and
Rehabilitation Sciences (Qingdao Municipal Hospital), Qingdao Shandong

Received: July 13, 2026; accepted: August 6, 2026; published: August 14, 2026

Abstract

Objective: To develop and validate a risk prediction model for hypertension in middle-aged and
elderly Chinese patients with chronic obstructive pulmonary disease (COPD), and to provide a basis
for early clinical screening and individualized intervention. Methods: Based on baseline data from
the 2011 China Health and Retirement Longitudinal Study (CHARLS), a total of 1763 COPD patients
aged = 45 years were included, with hypertension as the outcome variable. Independent risk factors
were identified using univariate and multivariate logistic regression analyses, which were then used
to construct the prediction model. The model’s discrimination, calibration, and clinical utility were
evaluated using receiver operating characteristic (ROC) curves, calibration curves, and decision curve
analysis (DCA). External validation was performed in a separate cohort of 1000 COPD patients from
Qingdao Hospital of Rehabilitation University. Results: The prevalence of hypertension among COPD
patients was 47.70% (841/1763). Multivariate analysis revealed that age, weight, body mass index
(BMI), triglyceride levels, uric acid levels, peak expiratory flow (PEF), history of coronary heart dis-
ease, and history of diabetes were significantly associated with hypertension comorbidity in COPD
patients (all P < 0.05). The area under the ROC curve (AUC) for the modeling group was 0.690, and
the calibration curve indicated good model fit. The AUC for the external validation group was 0.665.
DCA indicated that both the modeling and validation groups provided clinical net benefit within
specific threshold probability ranges. Conclusion: The prediction model demonstrated moderate
discrimination (AUC = 0.69) and may serve as an initial screening aid for risk assessment of hyper-
tension in COPD patients. However, the model’s predictive accuracy is modest, and its utility is con-
strained by the cross-sectional design and the limited set of candidate predictors. It is therefore not
a substitute for comprehensive clinical judgment and should be considered exploratory in nature.
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05 18 L 2 28 il 752995 (COPD) A& — Folt AR 882/, It 52 IR AR T 158 M 6 95 T A% 00 95 B AAE F0 TR WL, 28 38 9076 »
BHAAT I A & S n = 5 2 RAE I R ARE s [1] [2]. COPD MY S BU hREREAT I T, 1M H.
AT A B SO H S SO 5 R LA P R D RE RS SRS, R A 2 2R E RE[3]-[6]. TATH
P ER, COPD TR N4 ERIEE N 5 = KIEH[7]. #EFRE, 40 % KL AREEIR R &k 13.7%, HE
K BRI EAHES, JULR A N AE T E [8] [9]. BEAE A 2 i Ak HE AR I TR S A 155
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fal R X Fr L B iE, COPD FEM & 55 FREARREI G e AT, SOy EE R AL P A )8
Zz—[8]-

COPD JAEARSLAFAE HIBI , 1A T 15 2 b8 P A A G MR T i 2 M 3500 6 &R [10]. KEWF TR
B, COPD M35 4 O MU S0 « B TR B AR « A PRI « A5 FE AL 46 L5 1 Lu ) 2 3 =1 T4 COPD A HE[11]
Hor, O IIFE AR E, BN COPD B HUs I EAFMIME BN K. milEE AR L
0 ML i 2 —, #E COPD ABFH 280 Ak s A7 26 [12] o AT 248 o, COPD B & 3F Il
JE I EAP] i 40%~60%, 376 i -85 30 N\ TE IR A N /K P [13] 0 19 35 A7 (1973 3 A BRI 45 4 R 2% . — DT,
COPD AHIGHIEME RGN JORE . R SEUILIE R B R INLAE P S B 2% - I XK R - WS ) 2R G AN <g Jgph
ZRG[14], R IET s S — 5T, IR BT 5 0 S E 5 P R T Re R AS a] R — 2B Rl COPD
SRR R AT 5 I E A A A7 [15] [16] 0 3% AU ) ST VA1 P 5 5 3 K8 38 T Ife B8 v P S PR I B A L o I
B R RS B AR BET 5, I AR/ A 15 55 3 1 T

SRTfT,  H AT A ST X COPD & 9 i IR (AR 90 22 866 T B e R A B e — fE B R /a0 #r, iz
LU ) E 2R COPD AR AR v I s XURS: 30 TR [17] [18]. AT IR e, 2 4ot H O
IS PR VP AG A 8 B2 56 P BT, (H R e Y 2 L 1360 AT E AN AR 2, RBER 49\ COPD
REAT R FRIE AR bR, 75 COPD BEMR UM HERG I R AR . BRI, MR 114t op B P2 4E COPD AR &
e I RS LA R A X 43 5 A v B FOU A B AT ARSI, A PRS0 08 o B e )
ToRe BTk, AWEFUUR St SR EE, R b E b 2 4F COPD &35 4 Jf iy I K 4 37 £
KR, ZrEigH Logistic [B1H . BEALARMK S 41 2k 145 J7 kA0 I P S 0 E AR FROIIASE R, 3t — 0 ad i 4
AR UE LR AR T, BAE IR IRER M —Fp i E . AR R EAS TH, DR S R & a
NBEL St 7 2 B R ) A iU T TSR, e o B UG 5 AT T .

2. ZINEH*E
2.1. BHEKRIR

AT 5 AT FH B0 Sk Y5 T o [ i B 55 9% 2% 38 B2 8 75 (China Health and Retirement Longitudinal Study,
CHARLS). CHARLS J&—Tistxf i [H 45 & Je DL E 2 AR 4 E I KBS 7E, BIE RFWEE X
NBERIH 2. KBS EBORIE Z4EEE, HNBRBEAN DG ARE . MR A R ARA A 7 22
CEAVEMEREVPAG S5 2 A [19] . ZBAFIFELL A T 2011 4F 6 H &8 2012 4F 3 HikT, RHAZMEBE
R, M E 28 NG 150 AN B EALIN 450 ANAEIX AR IR A A EAR R REAR [20]. Uk
G, BRREERAEAT — OB ERREYT, HATC B e A A A E R A . SR ARG CHARLS
B D AR FATE, W E 7 IR EL

22. ARMR

AT T 2011 FEH) CHARLS AEEHE . ALY COPD B34t 1781 N, HEBR TR TE 45
B UL T BB AR BRI R . BT, BB 1763 4 4FEHATE 45 £ UL A COPD 2 5% 4k,
ForpE i s 2 841 N, g\ FEIRG IR 25 40 BT LA S XU 1S R g 2

23. Bk

(1) HdadetE: AWFFUE MK CHARLS Sl dr (b it Re U 58, T2 SEAL R IR i R B V7R . A%
R 5 Bk AR =35y . MG A R G — 8IS R, RATHENU B Y RGN T .
26 AR EE N D GETE S 4EIE . FIREREIRDL S Zhae . Ll ECWi e s, DU, UGl 147
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TEBN A AT N . COPD J2 R4 CHARLS HfF 78 1) F 34 5 78 o IZRA R 5N AT 1 TN
TRV IR FFEAT 1 10458 & DAL COPD Ji s, IRl . “H MR A2l B COPD? 7 Y
“O"ERRSHEEAW G EEZE H EH COPD, MU 1" x S 538 M i = A 2 H B4 COPD.
A TN B A2 EH R A DA P S v 7 YRR IO A Al o i ) R P AR AR - A3 R S L
RS G EFAKRE 5 85, fEHABELIE = RINE, R&FHISE 5 58 KSR FAE. F
B, SERTEIE T B m . ARESR . IBCRE SRR N 2T EROR DL, B8RS N RES
58 IEER KR o BT AR S5 A B 12 f & vp BB T # il o (b ) st =, #7740 — 2Bk
FEARAS I 5 3 H7

(2) GEit2Eorhr: EARBEFUH, 1600 AT RE SN iy UL 0 (0 & FE 7E R R R s N D guit 22 &
PERI(S M tE) . Fls. FERECCH. P/h%. | &L L) ESERG(CAS. B 5). @R
O S R TR E . WRORAR (AN ARG« BLEE) R IR I o S36 = ¥ . AR E TR %(BMI) (it
HOAREIS R 2 (kg/m?). HHl=ER(TG). C XMEH(CRP). JREL(UA). WLEF(Cr). Bz (Cys). i/
BR(PLT). % BENEEE FI(HDL) =3I IR DA A WP i 2 (PEF) . 24 SBP it 140 mmHg F1/5 DBP i
it 90 mmHg i, 2WNE MR [21]. teAh,  E BRI v AR T2

KH SPSS 27.0.1 f1 R 4.4.2 4TG0 M. Siit a1 E SON P AT 0.05 (RU). 72K & fd
FE S R Z SRR, T s B R N AL (U 43 A BE) B3 £ ARifEZ2(SD), 41 Z R L BCR AR
Ji KU R Fisher REHAR LS. XS mAHH 42, 4 A Mann-Whitney U #5655 Kruskal-Wallis H
Koo B LR A = AR BN logistic FIARIAY, KA WIHT LR %5041 COPD ARG 3F i i AH OG i
TERAE S I DA 25 2 S T (R VAR e i 52 R L ARAFAE(ROC) #2623 A A AL R ) ) e /g, DA 26 R AR
(AUC) i 12 T AERR P s SR AR T oty 2 VP A A 284 Y0 A 5 SIZ B W S8 P — 50k s [0 o) P ok 556 i 4 40
(DCA) VA BRI LEAS [F] RS BB T ARG AR S I s SR FH A Bai SR AT B0, PPAS RSB AR e 1k

3. &R
3.1. BEERIFE

A FALGIN 1763 4] COPD i3, Horb sk i 841 . & i i 2 60 & L UL -3 574
(68.25%) 1, 1% 462 (54.93%) %, Lot 379 (45.07%) 1. FELRFEARFAE WK 1.

Table 1. Baseline characteristics of COPD patients with and without hypertension
# 1. COPD BE & H S MIERELFHED

A HH(n = 1763) A I 26 (n = 922) EIMEHM =841)  ZLAE  P1E
W%, M(Q1, Qs)]  62.00(56.00,70.00)  60.00 (54.00,68.00)  64.00 (57.00,72.00) -7.12 <0.001
1A kg, M (Q1, Q3)] 55.60 (49.40, 62.52)  54.50 (48.30, 61.48) 56.76 (51.10, 63.90)  -5.17 <0.001
BMI [kg/m?, M (Q1, Qs)]  21.20 (18.50,24.26)  21.08 (18.71,23.77)  21.46(18.27,25.08) -1.39  0.166
fEFE [em, M (Q1, Q3)] 83.20 (77.20,90.00)  81.80 (76.00,87.59)  85.00 (79.43,92.00) -7.93 <0.001

=g
114.17 (75.37,177.00) 106.64 (73.46, 166.38) 123.90 (81.42, 184.08 -4.12 <0.001
[mg/dL, M (Q1, Q)] (75.37, 177.00) (73.46, 166.38) (81.42,184.08)
S B )
[mg/dL, M (Q1, Qs)] 189.82 (163.53, 216.79) 189.05 (162.25, 214.95) 190.21 (165.25, 217.96) 1.26  0.208
JREAIMG/L, M (Q1, Q9)] 456 (3.74, 5.43) 4.39 (3.64,5.22) 473(386,563) 539 <0.001
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Bk

C RMEH

[mg/dL. M (O, Q)] 2.16 (0.77, 7.44) 1.82 (0.69, 6.69) 2.64 (0.89, 7.92) -3.92 <0.001
WLEF[mg/dL, M (Q1, Q3)] 0.79 (0.68, 0.94) 0.78 (0.66, 0.90) 0.81 (0.69, 0.97) -4.10 <0.001
RN B
[ma/dL, M (01, Q)] 1.04 (0.89, 1.23) 1.02 (0.87, 1.20) 1.06 (0.90, 1.25) 349 <0.001
IIRANY /787 _
[x10°. M (Q1, Q3] 207.00 (159.00, 259.00) 203.00 (156.00, 254.38) 208.00 (161.00, 263.00) —2.06  0.040
SR -
[X10°. M (Q1, O3] 6.30 (5.10, 7.80) 6.20 (5.10, 7.73) 6.42 (5.17, 7.92) 164 0.102
N SVAR/ I
PRILLANE AR 91.82 (86.90, 96.50)  91.72 (87.00, 96.74) 91.90 (86.85,96.30) —0.56  0.579
M (Q1, Q3)
R EE B
[ma/dL, M (01, Q)] 51.42 (41.37,63.02)  52.96 (42.53, 63.82) 50.26 (40.59, 62.24) 2.67 0.008
& ERREA N
[m/dL, M (01, Q)] 112.11 (90.46, 134.92) 112.05 (90.55, 134.88) 112.11 (90.26,134.92) —0.02  0.985
7% A A _
[ma/dL, M (1, Q)] 104.58 (94.14, 124.00) 102.06 (91.98, 117.72) 107.82 (96.12,131.27) —6.12 <0.001
ISV ~
[L/min. M (Qx, 09)] 215.97 (150.50, 300.00) 229.02 (159.16, 311.46) 210.00 (150.00, 280.00) —3.89 <0.001
EI (%)) 3742 <0.001
45~60 % 691 (39.19) 424 (45.99) 267 (31.75)
>60 & 1072 (60.81) 498 (54.01) 574 (68.25)
P[] (%)] 159  0.207
9 996 (56.49) 534 (57.92) 462 (54.93)
% 767 (43.51) 388 (42.08) 379 (45.07)
USURAR L[] (%)] 25.02 <0.001
gy 299 (16.96) 117 (12.69) 182 (21.64)
oS 1464 (83.04) 805 (87.31) 659 (78.36)
SE Lo SE (451 (%)] 29.46  <0.001
T 1333 (75.61) 746 (80.91) 587 (69.80)
H 430 (24.39) 176 (19.09) 254 (30.20)
X 2[5 (%)] 8.03  0.005
& 1709 (96.94) 904 (98.05) 805 (95.72)
H 54 (3.06) 18 (1.95) 36 (4.28)
W PR I93 99 52 [ (%6)] 49.06 <0.001
& 1469 (83.32) 823 (89.26) 646 (76.81)
H 294 (16.68) 99 (10.74) 195 (23.19)
e g LR 52 [51(%)] 14.27  <0.001
& 1050 (59.56) 588 (63.77) 462 (54.93)
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MR 2 [£511(%)]
AR
LA

W

TR L[4 (%)]
7
H
BMI 7KF-[#1](%)]

Ty

B

L

JEJe

713 (40.44)

879 (49.86)
288 (16.34)
596 (33.81)

1207 (68.46)
556 (31.54)

194 (11.00)
846 (47.99)
336 (19.06)
387 (21.95)

334 (36.23)

448 (48.59)
151 (16.38)
323 (35.03)

632 (68.55)
290 (31.45)

123 (13.34)
493 (53.47)
161 (17.46)
145 (15.73)

379 (45.07)

431 (51.25)
137 (16.29)
273 (32.46)

575 (68.37)
266 (31.63)

71 (8.44)
353 (41.97)
175 (20.81)
242 (28.78)

1.49 0.476
0.01 0.937
58.40 <0.001

iR, COPD B &G A IFmMLER, EHER. B, E. R, il =, KR, C xMNE
Fi. WUEF. BEFIE. M/, PEF. HDL. A JEaCo 5. B K. B R R . B & e ME
BMI /KP4 77 TH B A W R 415 % 5 (P < 0.05).

3.2. BEMEREEIGE

Lk 8 NMERE: Fle. AE. HIM =, JRIR. PEF. BMI /K. AL A ILHIRA
s, FiEiE K 8 MBI E COPD ¥ & JF m ML E i MR AL 2), BRI ERR P =
1/[1 +exp (-0.031 x 4E#E —0.245 x BMI /KF —0.467 x 0o 52 — 0.597 x FEERIp S —0.016 x fAHE —
0.001 x Hh —=fg —0.173 x JRER +0.002 x PEF + 4.266)].

Table 2. Results of the risk prediction model for hypertension in patients with COPD
# 2. COPD BEAHSMERMEIEE SR

65 EVEEN 3 FrifE iz Wald y2 {8 OR 1E(95% CI) P 1A
SRS 0.031 0.06 29.156 1.031 (1.020~1.043) <0.001
P 0.016 0.006 6.558 1.016 (1.004~1.029) 0.010
PRI 0.173 0.041 17.543 1.189 (1.096~1.289) <0.001
LR T -0.002 0.001 12.418 0.998 (0.997~0.999) <0.001
Hih =g 0.001 0.001 4.868 1.001 (1.000~1.002) 0.027
BMI 7K 0.245 0.065 14.318 1.277 (1.125~1.450) <0.001
Tk LI S 0.467 0.120 15.276 1.596 (1.262~2.017) <0.001
W PR 95 52 0.597 0.143 17.337 1.817 (1.372~2.406) <0.001
(s —4.266 0.539 62.555 0.014 <0.001
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3.3. RUIRBIHBE R IE AR BB VA

ROC &k itrad S Eom (& 1), BRI COPD B3 A I i I 5 I MR B AL HAT — 5 1 4
WEE S, H ROC HiZk N F(AUC) Y 0.690 (P < 0.001). COPD & F: i Il [T Jps 5 3 A v b 4k 45 51 SR s (&)
1), A TR A2 5 S b R SR A B A — B, IR AR 5 i 28 (Apparent) /2 Bootstrap 1% I 1 £k (Bias-corrected)
P)HE I AR 2 (1deal) , 1X 58 B A A B A R U iR itk B8 ) AAR e M o 3 1 28 4317 (Decision Curve Analysis,
DCA)EE R Bon (& 1), fERMERERYZ 0.05~0.75 JuFE A, XU TR AY (135 3R a5 3 T« 0T Tl (Treat
All)” 1 “TGFTi(Treat None)” 3Rk, FEm1ZBIRLLEIG R TR 3K b BA — & R AHME .

(@) 100 ®) .,
80 |- 08
60 [— goe "
2 2 &
- £
4 Sos

40 —

Apparent
e — Bias-corrected
02 R - Ideal
7.

AUC =0.690
P <0.001

200~/

0.0

[ Ll L Ll 0.4 0.6
0 20 40 60 80 100 Predicted probability
100-Specificity

(©)

0.50

0.45 All
None
— Model

0.10
0.05

0.00 \ \ﬂ,,_/—

0.0 0.2 0.4 0.6 08 1.0
High Risk Threshold

. (a) ROC #hZk 73t (b) ReEmhZk it (c) PRsRhidiir i

Figure 1. ROC curve, calibration curve, and decision curve analysis for hypertension in patients with COPD

[¥ 1. COPD BEAHBIMESR ROC. KIEHILZ RIRK LR 53

3.4. SMERIGHE

ANT 2023 FTHEE RFH BERGE ST LER)EEZ .. £BEA12KR) COPD &34 1000 #l3t4T
AN RSB R BGIE , [RI BEAT T 03 B 0 S R S B VP4 A% 0o FE 2R B s L35 3. 7ESGUE4E, COPD
A I I A LK) AUC R 0.665 (P < 0.001) (1% 2), FRHHZEAIXT COPD & & & & )f mi s A
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A MIX R /7, (BB AR T 4 K. DCA 5 R KM (14 2), EBRMEMZL 0.2~0.6 (HiEH
N, TR 3R et s T 37 A AT SR, AR B B A RS AN A -

Table 3. Core baseline characteristics of the development and validation cohorts
72 3. EBEHE SRR LE L BIBFHE

A A (n = 1763) I&F4H (n = 1000) ZI E P1H
FERR[%, M (Qu Q3)] 62.00 (56.00, 70.00) 64.50 (57.00, 72.00) —4.49 <0.001
A [kg, M (Q1, Q3)] 55.60 (49.40, 62.52) 57.31 (50.80, 64.39) -3.95 <0.001
H i =8 [mg/dL, M (Q1, Q3)] 114.17 (75.37, 177.00) 124.78 (84.07, 180.96) -3.15 0.002
JRFE[mg/dL, M (Q1, Q3)] 4.56 (3.74, 5.43) 4.95 (4.00, 6.00) -7.07 <0.001
A IR E [L/min, M (Q1, Q3)] 215.97 (150.50, 300.00)  250.00 (174.43, 320.00) -5.78 <0.001
T L S [4511(%)] 7.34 0.007
N 1333 (75.61) 709 (70.90)
<) 430 (24.39) 291 (29.10)
W PR I93 99 52 [ (%6)] 57.27 <0.001
N 1469 (83.32) 711 (71.10)
H 294 (16.68) 289 (28.90)
BMI 7K-F[1(%)] 88.31 <0.001
LfpLd 194 (11.00) 89 (8.90)
B 846 (47.99) 503 (50.30)
ABE 336 (19.06) 305 (30.50)
Efi 387 (21.95) 103 (10.30)
(@ 100 F ®) 40
! 0.35 ﬁ})lne
B — Model
80 |- 0.30
> 0.25
S 60f N
% EO.ZO
o 5
% 40 | “0.15
AUC =0.665 0.10
P <0.001
20} e AN
I 0.05 \
.
0 1 | M R 1 1 000

|
0 20 40 60 80 100
100-Specificity 00 02

E: (@) ROC £ #r; (b) tRskihZeirtr.

Figure 2. ROC curve and decision curve analysis in the validation cohort

2. IGEEE ROC RIRFEHZ AR

4, it
AWFFHEET CHARLS 2011 “E3E 2 %4, Xt 1763 1 COPD & 4T 0¥, BEVIBIRTT COPD & 3f

0.4 0.6 0.8 1.0
High Risk Threshold
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e RS AR DG SE R Rl 3%, I FEML IR B g AR TR AL . B FC o, fE COPD B, i I i 8
2 47.70%, $&7x COPD & AAE B IO LA AR M S0 74, R LB A S e [R] ARE AR L, 24
WrTHI B TH52 e, ARRAME N SR B R . ZRRE ISR, PR % AECTEFR 5 COPD i3
A I e I 9 2 DDA %

7E COPD &3 MBI el F &, . BMI K. fKE, Hl=f. R, 0L, Wi
i S PEF s HSZ fE R R 3R . AR AT R M fE R R &, BEFEIK, ShIkERRAT M ol R K
JERE BB A I AR RE ST R B, et T I A SR 4 BRARG LR (RS [22] . R E S BMI K
SN, S T B AR B A, SRS IEREAE COPD & 3 i I 7 i i) 2R I [23] [24] Hd =
B 5 PR BRAE AR AR S R TN R 7 [25] [26], = H- i = BRIUCRE i 5 A 2 ThBe ks, InEE Py R fik, Mt
LR R AR R RE[27]: IREAE AR SR AR MIbR £, T B 5 R N e D Re by, C®
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