Advances in Clinical Medicine [fifREE23EE, 2025, 15(10), 2299-2310 Hans X
Published Online October 2025 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.15103013

RIERITIBRIEE S HBEREARE I E RS
RS\ ek E MR B R 3T

YHER, ERE, AXR, BhkH#E
LR A VUM R R B b RN, 208 SLib)

ks H i 20254E9H23H; FAHHM: 20254F10H16H; KA H#: 20254:10H24H

HE

B : R B ERT5] BRI A (Benign prostatic hyperplasis, BPH) B & 3 E Mt 4 A AR BRE R,
B R R PR AR A IR S A B R ETRIIAR AL . ik WERBEIAR M 20214E1 A £20224E12H
WI6 39541 R BPHER 32 F AR YR IT Y B BEAT I PR B B 23 A7, 3% 7:3LLBIBENL A NI ZR4E (n = 276) A1
EE(n=119), VIGERBEEEHBRE AR EEMNBERE A EH(n=98) NI EMLE HH(n=178).
BN GEF AR ERRATR, @it RER S HF R LogisticH B 1% H BPHE E £ A TH B S
EREE, HRARKGELERE A FILETIER HIE. &5F: £EXLogisticEHAhERE
~, MEREZ(OR=1.005,95% CI:1.002~1.007). [RH.E(OR=3.754,95% Cl: 2.004~7.153). RE40}d
(OR = 2.491, 95% CI: 1.130~4.750). JRE53%(OR = 2.998, 95% CI: 1.223~7.707)2BPHH- K EM SR
FpsrEREE. BEEREMTERMANEENE, SREMBIEL R IE # 28 Bon LR E A R
A& KFBootstrap B AN BRI BT W EBRAE, VZGEMBIEEN —BHMERE(C-index) 7 A
0.709. 0.773; A#fFiHosmer-Lemeshowl & EERKP=0.131 (P> 0.05), HRTRNAEEI A BELF .
WG 52 F TAERRE i 28 1 28 FTHE#H50.720 (95% CI: 0.652~0.788), R & AR B4 B2
61.2%M83.1%, WIFEKZAE TIERMEMZR M T EHN0.792 (95% CI: 0.720~0.888), REHE
e R 72 64.1%F183.8%; IR & 5T E/8BPHEE & HBEHEE A 1951 22 BB R 15 RT3
RESEF. & MR, JRECE. RE48E. REFLEBPHEHFBERS AR ML ERER, &IILEW
WEB BN RERE, NREEP MUY &RTBEE -l FME.

X 5in
RYERTSURRIE A, BERESA, BERER, JI%E

IR

XESIH: AR, HEEH, FER, IR RYERT SRR AR S RS A 10 AR I PR 2R bt B A 28 T TR A g 2
SL[). IR 23k R, 2025, 15(10): 2299-2310. DOI: 10.12677/acm.2025.15103013


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.15103013
https://doi.org/10.12677/acm.2025.15103013
https://www.hanspub.org/

PR 4

Analysis of Risk Factors and Establishment
of a Nomogram Prediction Model for
Benign Prostatic Hyperplasia with

Bladder Stones

Zhichao Hu, Xiaoya Wu, Ruochen Zhou, Zhaoxiang Lu*
Department of Urology, The Fourth Affiliated Hospital of Anhui Medical University, Chaohu Anhui

Received: September 23, 2025; accepted: October 16, 2025; published: October 24, 2025

Abstract

Objective: To explore the related risk factors for benign prostatic hyperplasia (BPH) patients com-
plicated with bladder stones and establish a nomogram prediction model for BPH complicated with
bladder stones. Methods: A retrospective clinical analysis was conducted on 395 patients with be-
nign prostatic hyperplasia (BPH) who underwent surgical treatment in the department of urology
from January 2021 to December 2022. The patients were randomly divided into a training set (n =
276) and a validation set (n = 119) at a ratio of 7:3. In the training set, patients were categorized
into a bladder stone group (n = 98) and a non-bladder stone group (n = 178) based on the presence
or absence of bladder stones. The medical records of the two groups in the training set were com-
pared. Univariate and multivariate Logistic regression analyses were performed to identify inde-
pendent risk factors for stone formation in BPH patients. A nomogram prediction model for bladder
stones was then established and validated using R software. Results: Multivariate Logistic regres-
sion analysis revealed that serum uric acid (OR = 1.005,95% CI: 1.002~1.007), urine specific gravity
(OR =3.754,95% CI: 2.004~7.153), urinary leukocytes (OR = 2.491, 95% CI: 1.130~4.750) and urine
culture results (OR = 2.998, 95% CI: 1.223~7.707) are independent risk factors for bladder calculi
in patients with benign prostatic hyperplasia (BPH). The results of the multivariate analysis were
incorporated into the model construction. The calibration curves of the training and validation sets
demonstrated a good agreement between the actual and predicted values. Internal validation of the
model was conducted using the Bootstrap resampling method, with consistency indices (C-index)
of 0.709 and 0.773 for the training and validation sets, respectively. The Hosmer-Lemeshow good-
ness-of-fit test in this study yielded a P-value of 0.131 (P > 0.05), indicating a good fit of the predic-
tion model. The area under the receiver operating characteristic curve (AUC) was 0.720 (95% CI:
0.652~0.788) for the training set, with a sensitivity and specificity of 61.2% and 83.1%, respectively.
For the validation set, the AUC was 0.792 (95% CI: 0.720~0.888), with a sensitivity and specificity of
64.1% and 83.8%, respectively. Decision curve analysis demonstrated that the nomogram model
for BPH patients complicated with bladder stones had good clinical predictive utility. Conclusions:
Serum uric acid, urine specific gravity, urine white blood cells, and urine culture are independent
risk factors for BPH complicated with bladder stones. The nomogram prediction model exhibits
high accuracy and has certain guiding value for the individualized prevention and treatment of clin-
ical patients.
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1. 5|

FEN DR AR ST, RAERTSI ARG A (BPH) A0 B E BTt RO 1 i
ZAF ARG PR R SO T, 40 & LUN B BPH R AEFON 4.8%, KT 40 &% BPH K AEZHBEAE
2R ETE, Hoh 80 % DL R AERNIA 67.9%, AR K TARK[1]. REERTSIIRE A & T2
HEPRINAE . PR PRGEE T IRERAEIR, IEFTRESI A — RIIFRAE, HA & R . S8 EAU
fREETRH, BPH AHSCIEBESS A1 o5 B A R R A1) 3%~7% (T3 5%), HAEZFFEA I — LU 3 e[ 2]-
[41. BEBEEs A e JR R G0 IR =), OB S i B I R R AR F . B A R g
JEAUBAE 15477, 38 2t 22 Fofrpg PR BRATLA HE— 20 s PR 2R GE O DI RERRAG » IX M DI BERRAG A 5 80 A
BT RE T BRI S B D < E S R[] [6] 0 REARETXT R A% A 51 B A 58 2 RIS It 4 4 R
FTHRREME L R IR, W CHORKE . KRR ATFIIRRIEA . A5 BRBE DA R 0 A8
FRFSAT XARAR [ B B S BRREAR VY7 55 224 J5 T I FE AR [ 7]-[9] » (ELAEIX AR 22 IO 7C AT A 353 i 57 T
DAY, EEEA R T iE F W S 26 AT R A g vy . BRI, B9 B TEPR T BPH & IR 45 A ) s
PRIER, S S5 5 (58 e RS- SRl A0 F0 5 e 45 4 F 271 2k Pl Tl e 7

2. W&EE5H*
2.1. ARR

R B FRAMEL 2021 47 1 H & 2022 4 12 FIAIEWCIA ) R A R 510 )l A 55 ] b BE A LA ER 395 4511 [
BPH %52 F AT 1B VE ARG R B BB S TERE AR . I NARHE: 1) HR4E 2019 o [EW R AR
PIR 12 Wi T 48 AR Im AR 12 T ) R AL RTZU BRI AEE: 2) PSA < 4 ng/ml (B i) 88 1 O 2 JIHERR T 1
BRIETTRE)s 3) FEASIAEA RS £ HERRbRiE: 1) FURMERME 4 2) AIRERE. REM=E. L
JIVERRSIE . B ERE S AHENBENE . PR URIERE . BRI ISR S A e BT A1 R
DIBR JE i B R AT A e 3) BRAEAAIFIRF AR S JRIEF AL BEtIE: 4) SERA 2. Aic
SRR 58 VY R 5 Bre At B S D1 25 IE AHE(HE 5. KYXM-202310-049).

2.2. MMEIRHR

BN EELITFRRTT, RFERTRBLBEINS BFLFEE . RITEORE R TR &
JFi$5 % (Body mass index, BMI). Hi 1l & 4FH (Total prostate volume, TPV). #7155 it P 58 B (Intraves-
ical protrusion of prostate, IPP). [El 5 /i 71l B SiEtR 14> (international prostate symptom score, IPSS). 5% /R &
(Post-void residual urine volume, PVR). &1 71| i 47 55 P4 371 )5 (Total prostate specific antigen, TPSA). Il JR &
(Uric acid, UA). J& tb# (Specific gravity, SG). J& pH . BB e JRIEREREE . IR A4, JRES
I RS BE PR s RO R RO SR RS . R A IR S A AR (TPV) H 28 i 75 0 51
MALR. fiER. ETIRERNE, @AR(ELARE x fiE/R x R x052)iFH .

23. GirEAE
TR RS MR T SPSS26.0 Bk A4EFT RA.4.1 Btk . {4 SPSS26.0 @k {2k %of 1)1 2542 R (R P 4H.
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AR AT G 08T, B EL AR BT 7RSI, W BN B A B S AR RE, B
MAIFEAR t BRI TAR L, S5RMH (X £s)fiiR, WHESMBEAFFEIESSMN, HHKRMH Mann
Whitney U #2560 7E AT 2L IA] ELAL, 45 RATH] M (Pas, Prs)filiid . i RLER M Pearson RUTHER 70 #r,  DAATEL
(AR R . St KIFRAR IR EPVR)GR AR & Hid e, REUMBR WM FE bR . BEREEZ 7 ks
G e RN R, TLMER . RN E Logistic B350 ifiidk i B A 48 it LRI BRI RN
Z K3 Logistic 7r#T. &8 RA.ALEAE, N rms 2P, g2 DH 3R /M ik th b 7 fes 6 DR 32 g 5r
[ 7 RS BPH R Bt 4 A I TS B - 2 ) S 2R 1, 224 [ E 77 F2 1K ROC |4k, KA Hosmer-
Lemeshow o1& D0 EEAS B SR VP FRINBE AL LA FE, P > 0.05 356 W TR 2 () FU0 A% 22 5 Sl P M =R T B 355 22
5, ROC £kt ih 28~ 1H 4 (Area under curve, AUC) R I TS AL )12 Wi 66 77 . P9 38IE K Bootstrap
EAREE, ST B(C-index), AL IE #h £k (Calibration curve). 321%# TAFRHIE H1 £ (Receiver op-
erating characteristic curve, ROC #h &) F1 v 5 il 28 43 #T (Decision curve analysis, DCA) WAl 24 R i T 24
RESLImRIN B . P < 0.05 ML/EEA & G243 s

3. &R
3.1 NEETBEMERES TEMEAHEEN—RAR T

TENNAETFINGLER 276 B BPH BEf 98 Gl&IERMA A, RS A RAEE )y 35.51%
(98/276) . BEMt4s A2 40 5 IS A 4L 4E# . BMIL IPP. TPV, IPSS. TPSA. J& pH ffi. JEEHe# 144
F REAHEREE . I s e S BE IR S WO SR P sk RS (P > 0.05), Tl
PRI JRECEE. JREAAIM. JRIGFKFZESR BA G055 (P < 0.05) (.3 1),

Table 1. A comparison of general patient data between the bladder stone group and the non-bladder stone group
=1 BREAESTBEREAEBEN—RERLEER

IiH ToEME 45 A 4 (n = 178)

JBERE 45 A7 4H.(n = 98) Az 1E P 1

IPSS [M (P25, Ps), 73] 15.0 (12.2, 18.0) 16.0 (13.0, 19.0) -1.618 0.106
WM (P2s, Prs), %] 73.0 (68.0, 78.0) 73.0 (69.0, 79.0) -1.023 0.306
BMI (X +s, kg'm?) 225299 23.0+3.21 -1.024 0.217
TPV [M (Pzs, P75), cm?] 45.8 (30.3, 66.2) 48.7 (33.9, 62.8) —0.462 0.644
UA [M (P25, P7s), pmol-L™] 345 (289, 394) 385 (302, 482) -3.007 0.003
IPP [M (P2s, P7s), mm] 12.4 (8.12, 20.2) 13.0 (8.63, 18.7) -0.217 0.828
J& pH {E[M (P2s, P75)] 5.50 (5.50, 6.38) 5.50 (5.00, 6.01) -1.183 0.237
SG [n (%)] 16.033 <0.001
<1.025 153 (85.9) 64 (65.3)
>1.025 25 (14.1) 34 (34.7)
JEE IS 4R [n (%)] <0.001 1.000
N 5 (2.81) 2 (2.04)
A 173 (97.2) 96 (98.0)
TPSA [n (%), ng-mL™] 0.659 0.417
<4 89 (50.0) 44 (44.9)
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>4
JRE AN (%)]
FEBATE
BH
PRICAEER ER [N (%)]
513
BH
JRI%FR[N (%)]
513
BH
RN (%)]
7
H
B PRI [N (%)]
7
H
LI [N (%)]
7
H
AN (%)]
7
H
N (%)]
7
H

89 (50.0)

147 (82.6)
31 (17.4)

162 (91.0)
16 (8.99)

168 (94.4)
10 (5.62)

99 (55.6)
79 (44.4)

150 (84.3)
28 (15.7)

162 (91.0)
16 (8.99)

163 (91.6)
15 (8.43)

173 (97.2)
5 (2.81)

54 (55.1)

58 (59.2)
40 (40.8)

88 (89.8)
10 (10.2)

78 (79.6)
20 (20.4)

58 (59.2)
40 (40.8)

87 (88.8)
11 (11.2)

93 (94.9)
5 (5.10)

92 (93.9)
6 (6.12)

92 (93.9)
6 (6.12)

18.113

0.109

14271

0.328

1.058

1.358

0.477

1.051

<0.001

0.741

<0.001

0.567

0.304

0.244

0.490

0.305

VE: IPSS: EERETFIIRAERIE S BMI: RJRIEE: TPV: RiFIIR SRR

SG: FRELHE; TPSA: HHTHIRAS FEHE .

3.2.BPH BEHABEMEANERAE., ZEEREASHT

UA: IJRER: IPP: HZUMRIEIE N R

FETFUIZR4E 276 ] BPH 55 (7R EAT AR & Logistic [0 B &5 B 57, P9 2HLIf PR R (OR = 1.005,
95% Cl: 1.002~1.007, P <0.01). JX L (OR = 3.251, 95% Cl: 1.805~5.934, P < 0.01). J& F4H/}f3(OR = 3.270,
95% Cl: 1.877~5.757, P < 0.01). JR£57%(OR = 4.308, 95% CI: 1.967~10.007, P < 0.01)/K° V- &7 B B &S
TR PR RN RS a R b A Gt s IR I Z K E Logistic [RIVA504T, 45 R IR
1 JRER(OR = 1.005, 95% Cl: 1.002~1.007, P < 0.01). JRELE(OR = 3.754, 95% Cl: 2.004~7.153, P < 0.01).
R A (OR = 2.491, 95% Cl: 1.130~4.750, P < 0.01). JR£57%(OR = 2.998, 95% Cl: 1.223~7.707, P < 0.05)

N BPH S8 I RIS ME S A AR fa B R R (LK 2)
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Table 2. Univariate and multivariate Logistic regression analysis of benign prostatic hyperplasia complicated with bladder

Sgr;(.es‘BPH AHEREANEERRZER Logistic BYI5H
- H A Logistic [AVH 20 #r Z K% Logistic [ )47
e OR (95% 5 X [i]) P K OR (95% 5 X [i]) P K
Gt 1.014 (0.983~1.047) 0.384
BMI 1.053 (0.972~1.143) 0.207
TPV 1.002 (0.991~1.013) 0.737
IPP 1.004 (0.973~1.036) 0.812
UA 1.005 (1.002~1.007) 0.001 1.004 (1.001~1.007) 0.003
IPSS 1.040 (0.990~1.093) 0.125
JR pH 1H 0.835 (0.577~1.196) 0.330
SG 3.251 (1.805~5.934) <0.001 3.754 (2.004~7.153) <0.001
TPSA 1.227 (0.749~2.018) 0.417
JB% It 25 11 462 e 1.387 (0.293~9.814) 0.699
PR 141 3.270 (1.877~5.757) <0.001 2.491 (1.310~4.750) 0.005
JRIVTE IR £ 1.151 (0.486~2.610) 0.741
JR¥EFR 4.308 (1.967~10.007) <0.001 2.998 (1.223~7.707) 0.018
T IR 0.864 (0.522~1.422) 0.567
VIR 0.677 (0.309~1.393) 0.306
FoRINS 0.544 (0.174~1.441) 0.250
R 0.709 (0.246~1.809) 0.491
el 2.257 (0.663~8.019) 0.189

VE: IPSS: EBFRATHIRGEIRTESY: BMI: EFiTe%: TPV: AisllRaAaFl, UA: MURES; \PP: Fi4IAREE b PY 28
SG: fRELE; TPSA: HRTHIRAS FEHE .

3.3. BPH B&E A H B SA a2k E X MRS 3 37 S50IF

M % R BT 0, BIRER. JRELE. AWK, RETR 4 MEROINEERRE, M
T BPH B IR BEESS A 5 2R B TS AL I 1), BEAYRLREVPAG o, YIZREE S50 IE 55 P AL IE ih
235 7 TR 5 S o O DU S T v B — B (LI 2, 1] 3); ddid Bootstrap #liFE%E(n = 1000 k) AT
PR IE i I ZRER 550 UFSE R C-index {H 43 Jllik £ 0.709 1 0.773, 3R AR BAT v &5 4w b (1) 000
E—25 K F Hosmer-Lemeshow $8L4- D0 FEEAG 30 0 455 B3 Pl Ve kA7 VP4, 4558 o P {E2N 0.131 (P > 0.05),
RPATNME S SLhE R R E S F 2R, WUF TR M RIFIERE. FINRIE 2 R R g RS
H BPH & I BE Mt 45 A1 XU HE 1508 300 1{1+ exp(—2.841 + 0.004 x (Il jRER) + 1.323 x (JRELE) + 0.913
x [JREMEEYE =1, FEFEME = 0)] + 1.098 x [JREGFR(FHME =1, BIPE = 0)1}. HEALZWI4:REVHAN 5 THT,
YIZEER ROC #iZk ) AUC 42 0.720 (95% ClI: 0.652~0.788), XM R B 61.2%. %5 71¥ 83.1%, KilFE
) ROC #iZki AUC #& 0.792 (95% Cl: 0.720~0.888), X% R 64.1%- 455 83.8% (ULIA 4, 4 5).
M Z B 5 RR B, ISR RMEMEZVEESOE N 21%~95%. JiFSE W E N 15%~89%H], %414k
BB E I R o SR P R B 35 i gk e R (LI 6, &1 7).
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Figure 1. A Nomogram predictive model for the risk of bladder stones in patients with benign prostatic hyperplasia
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Figure 2. Calibration curve of the training set
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Figure 3. Calibration curve of the validation set
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Figure 4. ROC curve of the training set
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Figure 5. ROC curve of the validation set
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Figure 6. Decision curve of the training set
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Figure 7. Decision curve of the validation set
B 7. BIERAR IR

4. ¥1ig

AWFTEAIN 276 15 BPH &, o 98 3 Rt A1, KA% N 35.51% (98/276), #27~ BPH %
B IS AR . TG R 78 2 A T FRIGIT K SER R R a0, AUE /D& st 1 mil
BERL, (H = BRI FI 26 B T TGRS o B I A AN B 8, B T RE 5| R R R Gi4h
FEHEG . K, AR B ARG BPH &M A ek F 2, R nT A 41 26 B T
AL DURBNIE R B RS T 0, 38 FH2 T R8R

IRGT R AT ARG A& B as A i fale R 2, FRATEIE 5K 2 Logistic [B1A 40 AT #1245 i 126 H IR
B, MR JRUWGE R AGMCB e R, Al PR G E R, BREERMrh a5
THEE RN Z R F Logistic [FHAHT, &R E/RIRIEFE. MR, JRECEKIR A0 BPH &
HBEME S A ST SRR &, 418 58 B2 25 A [101RIRE T 45 0 ARBL, AR AORIE 78 S RS FR B P 1fn
JREET: i~ IR RAEFR AR T R & BPH B IR RIS AT R &, 43 F RN IPP.

AP FEH LR BR T i ) BPH R85 A I e 225 40 140 XU 2 I PR IR 15 1) BPH A5 1 1.004 i, 5 Zhu
C NI AEAFF[11], XA BE R IMARNA VBRI A= B E NG 5, 1 &0 8 A B R N AR 5
fif = A B 2 R RIR, X IRIRAW T FEURE P RIRHEM Y 2, R IRE I A, L e
BT E ST IRIRE mIE RS A, R A AR 58 IR BT B M PRI 3 70 % S (G B A 210 i 2
PRV, SRR B 5 BRI 2 (R A W [FAE L, 0 — 20 R T &5 s TR e 4 A I AR K [12] [13].

AR R G E G e BPH B IR R S A AL G R 25, W Mao 258 At 78 [14] \BoR JR T E
N, B AR R R AR FTE, FLRTRE A JE R 5 S BRI A R HE R AN e A, T ORI 2
T BRI AE S BUR G E T, WR4E 5 IR P 0 d A 4 58 5 1B R DURRC T IBS b 9 R gk 8 A R AR il W
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D T6E G B 7K S H K B T A B R A A T B b 4 A B AR

TAE R ILIR A 4HMIBH LI BPH f58 I R B e 45 0 1 XU 2 PR 1 4 AR BH M BPH SR 3511 2.491 £,
X — KRR B B Mg 2 (P < 0.01), HSEEARFFE[15]—8L, VB R SR T b5 1T = vl Re 5
BPH F: &ML L 4145 55[16] [17]. MIAER 22 G0 BE AL BE 2 5 AR L IR DX AT BE A R F 4 P BE P A A R R
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