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(LMR)ER A FHIEpHE HI EH B IR 5 EKRZHMME. Hik: PIAN63BIE Rict:, HhIERTIRA32H1.
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Abstract

Objective: To evaluate the auxiliary diagnostic value of the neutrophil-to-lymphocyte ratio (NLR),
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platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR), and vaginal pH for distin-
guishing threatened miscarriage from normal pregnancy. Methods: Sixty-three pregnant women
were included, comprising 32 women with normal pregnancy and 31 with threatened miscarriage.
General characteristics, vaginal pH, and the inflammatory markers were compared between groups.
Binary logistic regression was used to construct an inflammatory-index model and a model combin-
ing vaginal pH with the inflammatory indices. Receiver operating characteristic (ROC) curves were
used to assess discrimination, with 2000 bootstrap resamples for internal validation; age, gesta-
tional age, and parity were additionally included in a sensitivity-adjusted model. Results: NLR was
higher and LMR was lower in the threatened miscarriage group (P < 0.01), whereas PLR and vaginal
pH did not differ significantly between groups (P > 0.05). The apparent AUCs for vaginal pH, NLR,
PLR, LMR, the inflammatory-index model, and the vaginal pH plus inflammatory-index model were
0.622,0.805,0.635,0.727, 0.863, and 0.953, respectively. The full combined model had a sensitivity
of 93.5% and specificity of 90.6%, with a mean Bootstrap optimism of 0.018 and an optimism-cor-
rected AUC of 0.935. The age-, gestational-age-, and parity-adjusted model had an apparent AUC of
0.966 and a Bootstrap-corrected AUC of 0.922. Conclusion: Elevated NLR and reduced LMR were
associated with threatened miscarriage. The “systemic inflammation/immune status + local vaginal
microenvironment” combination showed good discrimination in this sample, but the findings re-
main exploratory and require validation in larger and independent cohorts.
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1. 518

SR R UL AR BCH WL I PR I, E BRI B A AR v L i ek I R BB T > B, ek
AT ERRE A G SRR . I PRANER A ZAE ST 2 NS WIEIRIRAS, JFa ik, ke &
RS S ML 2 R AR s A HERR AR gk . MRRR S B L A S BUR BRI A [1]. T B AR E .,
1R I UEYRARZS 2 8] FEAAFAE S 4 — BRI WK 2R, SR AR UK B — TSI 36 & 4 A A AR AR LA
T SRR I R B A RS . RIE, RS T R B HORIEARE . AT (ERE . M AR AR HL AT
HEPAFBIARSR, X T HRm IR B SO A AR B — R IR R R L. FR BRI, A
WFFEORVE (2 I AL UR 5 S JR U AE LS I A4 B 25001, i AR AR ™ 45 J= HEAT T3

GEURI G SLANAE RS IR AR B AR “ Supe i 7, TR BHA R R SR A 1Al FF SE 3 A 1 5 1Y
i BRI IR TR Z AN WAL A 2 M e A ML R 2 SRR R . SRt 52, A E A
PR AAEAEHI[2]-[4]. Al R SPURNIRATS, FTREMIRATR RN NRIR AR« AR BN LU BER P A2 25
S PERLAR . RS NSRRI > B S e R e TGRS RAETOR AL GUE
SRR, HAE RO B A A RE S AN [ (T B AL 28 GE A SO0 5 S BE I 9IRS [5]-[7]- NLR
PLR AT LMR 27 R] e & AL 20 TS50 B e v 5, I 7 B AN A AR R I AT AR A I 50 AT i LA 3RO
A W] R R L

Rl GEUE Ok 2225 S A JR AL T 78 DL nt b3k SO AR AT TR R . RGP SR I FL 4,
T BAEYR R AR NLR SR 2T mi@ %y, 1M PLR B45 SRARX A —B[8]-[11]. A& X IEIG1#E |

DOI: 10.12677/acm.2026.1693211 1690 Il R 125 23k i


https://doi.org/10.12677/acm.2026.1693211
http://creativecommons.org/licenses/by/4.0/

Je IR B I H AR AR AT LR S R B, SRR 41 NLR /K P FIER W dRAL, H NLR e Jkiir
A — @ AN E[12]. MERZ R, LMR FESe IR U U i i 78 2 i A, (B HL[R] IR 5 5tk 4h
fi 5 Az A AR AL, HEig LT hFE NLR AT PLR R B8 S B %15

B RGiME SOEIRAS AL, BA I & 8 A et 2 A gR4E R R R E A SR I I 3R . IEH AR IE AR T8
W UATLRAT B A3, TR R R R MR A8 [13]-[16]. BEAEWFFC AR, &4 59 s vl B 3
WA REIERT 0L LR AT B 9/ B JR) 8 RORE 1 50 55 AR [17]-[20] - BIE pH 2 Iim PRI IE 7> W HAe 25 5 5
PARMEMSE, TTE—ERRE LRSS

HORT, PRIAE TR AR 52 AR 22 5 F1 2 PR 2 DR 3R 5, T BRI pH X =) SRR 5 1 S i SCRE KR,
MR FH 35T BRAEAE U FE BURE R AN 2 o« KRR R bndt AT G, AN “ KRG RRE R PORE”
A« RFBIEIEL” WS RIS BAME B AR A W 9T 5 0K LR R T A 5 % €, 22 5 0 e 7 4
e A B IDE A T e IR 77 S AR 6 R A 0 [21],  $7R 22 4k {5 B R 4 ] BRI B —$8 AR 58 AT AT Il R 4>
JZ o ARWFFUI T BEQNH R AE T3 — 0 A B RS SO e RZS 1 NLR. PLR. LMR 5 [ 5 #8k
WEMPEE pH 3T “FR4 + R BE, ZAMAFRREAEREIERE AN ENIEE. WAEXT
NLR. PLR. LMR 5BHiE pH Bea T 2e IR = sl Bhiz Wt R e A IR, L LA B350 RE B &% HR AR A
BRA LAY (1 B A B M R — 2D M B2 [22] R T, AHF TR LSRG R 0 B Rk, UL IE B IR 5
JRI =B HFH I — B FEN NLR. PLR. LMR K FHIE pH, Ik — B 0P & 48 b5 I & A B 1) ROC #F
fIE, BYENMIERTEE . AR BA I 56 IR =T B 4 50l 75 SR FR LR 2R M AR -

2. ZINEH*E
2.1. FAEHR

[ B USCEE 2020 4 1 H 28 2026 4F 6 H BT 2 XN BB = RHti2 AT ik ot . R4 9% iz
S NIE R WEYRAL 32 BN Se IR A =2 31 49, 3% 63 9. 1EH WEARALA FIIAARE A . ToSe Ikt re I R R I
A UIR 2 1

PANFRAE: 1) Tl 20~40 &5 2) ZfH 12~28 JH; 3) ZHAf R TR e 4) SR A G A
FWibsifE.

HEBRARUE: 1) ZHAr= R BT R e . TEIII IR 4 JR B R BN R & AR IR s 2) A FF ™ E N ARHE
BT 3) AEEHE .. TENVRE T ErIE; 4) 538 R E0E UM T 209018 H .

CWibsHE: SRR R BIIE DR, Al AEECA T IR B R s AR B RS,
JERETERE, TR, T8 KNS 2 M.
2.2. IBRESHE

WCERTE U0 RAFRE . 22 IRURIREL. o3 W B S e RS — I Tkt o WSCBR B TE r i i A b )
FRBREHUE, 3G — N “HIE pH” o AR R H F R i e MR A . R 4R i/ NAR A B A
MMTEEL, % NLR = Sk g g -2k B gn et 2. PLR = M/MRTHEUMEAE 4. LMR = #E4
50 A A B T SR B 28R EU AR

ILH RS B TE pH AHRAESTE R 2 S 5 BH 3 A EE AT 5E Ao Fh SRk I, >R FH 75 A% 35 BE XN-9100
4 H A ER AT ORI TR R AR . SRR N A R AL AR BT, B IR A B B A
2.3. REEEME

PUIES SRR A IR (0), SR ARA RS (1) R —JT Logistic [ JH4E BOBE & TRIAE A &
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FEFEARIC ALY NLR PLR 1 LMR; Bi& pH BA RIEFRARBLEI G ABHIE pH. NLR. PLR F1 LMR.
AR TP SR AR AL A I BIRE /7. % F NLR. PLR Al LMR L5342k, HAMfRrEA
RN, B RBOE S PR 252 5R RfRRE .

24. G FEH*

KH SPSS 27.0 HAFHAT Gt 20 M T E TR T IEAHERLR, & ESSMi#H X £s R,
A ECACR BRI AEAS ¢ A3 AP & IR A LA AL ORI 2 (6 2R B [M (P25, P75)]3&w, ZHIE]LL
B Mann-Whitney U k656 . SR —JC Logistic [\ UT#4 8 4 E SR RIS B K B8 pH B A 98 RE T8 AR5
A, KH ROC HZZ A BIiE pH. NLR. PLR. LMR KBS BAY st B2 W Rk fe, 1H4 AUC M 95% ClI,
DAL B F o K e R R YR G FE, IR U BRI 3 B . B EBIA AR AR, K
FHAEWRE . 22 R0 3 W B AT BURME R IE 20 s VPR B R e M, SR A Bootstrap HEHliFE 2000 &
TSP IRMUE, FERARM AUC k-T2 SR M A3 2 SR 3 RS TE AUC. B T AR FUREAR B3R, 1%
RAERE R T A AT S, AER AR . XU P < 0.05 NZEFH SR Lo

3. &R
3.1. FE—RRFIRIELE:

ARWFFEIEIN 63 BTy P, Hrp IEH IR 32 6], Jedkiir=40 31 B, 1EF U YRR M (28.25
+4.44) %, JeIRirmH9(29.13 £3.32) %, WIAFR Z RS (P =0.379). IEW MR IF IR I
N1, 2)x, FedRirmHN 2 (1, 3)IR: PR RIS 0 (0, 1)k, IEURUCEURTIA P IEU) 20 18] 22 57 2
TGt L (P=0.171,0.106). SEIKF =42 E N 19 (15, 22) /A, KT IEH I HRA1L 23 (23, 23) /&, =57
Gt m (P <0.001). PIALS B ER TP EU5 9 0 Ik, AHDY S E oA AN IR 4EgR4 5 00, 0)
W, FeIRIFAEN 0(0, IR, IR ZE R Suil %5 (P =0.006). S RTIE, WAEER. WIRKEEE
PP BT T BRI, (A R B D R B A . ILFE 1.

Table 1. Comparison of general data between the two groups

= 1 MEA—REREEE

=g EHEERAN=32) FKIkFE=H(n=31) t/Z 14 P
(%) 28.25 + 4.44 29.13+3.32 0.887 0.379
ZaJE () 23 (23, 23) 19 (15, 22) 3.600 <0.001

BEURIREL(IK) 1(1,2) 2(1,3) 1.370 0.171
IR IREL(IR) 0 (0, 0) 0(0,1) 2.755 0.006
WA (IR) 0(0,1) 0(0,1) 1.616 0.106

UL X + s RoR, RAMOIEEAR t K50 2008 GEORREL. - W BRI IRE LA M (P25, PT5)3K 7R, KA Mann-
Whitney U #&5 .

3.2. FLARAIE pH RRIEIRARELER

PRZLIFIE pH K AREFE BRI A0 L3 2. 1IEH 3E4R41 NLR A 3.39 (2.69, 3.68), Stk =4l = 4 5.82
(4.06, 7.83), I RAH S5 X (Z = 4.159, P < 0.001), NAHFFT4LA 2 3 H SRR HAE. LMR
M 24 J5 A8k, IEHAEURALN 4.31 (3.54, 4.90), JeIkiir=4 N 2.83 (2.42, 4.29), ZFA Gl X
(Z =3.087, P = 0.002). PLR {E4cJKifir =414 151.49 (105.68, 192.58), T 1EH i UR41M 116.03 (95.45,
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142.32), HZERRIERNG 1125 X (P=0.066). FZLBHIE pH 753N 4.60, 1F & Wl R4 Y 4347 £ H
N 4.60~4.80, SeIRiirm4l N 4.25~4.80, Sk e A AR REAR S A a R, HZEFFRFERBEIRITHE X
(P=0.077). MLl Al LbiE, AHF 7T 2 5 £ B4 P NLR FFif1 LMR PR, 1 PLR & B3 pH 1L
RO 7 AR A

Table 2. Comparison of vaginal pH and inflammatory indices between the two groups
= 2. PLARAIE pH R REIRARELER

=g EFEERAN=32) FIKWF=4H(n =31) ZfH P&
B3 pH 4.60 (4.60, 4.80) 4.60 (4.25, 4.80) 1.769 0.077
NLR 3.39 (2.69, 3.68) 5.82 (4.06, 7.83) 4.159 <0.001
PLR 116.03 (95.45, 142.32) 151.49 (105.68, 192.58) 1.835 0.066
LMR 4.31 (3.54, 4.90) 2.83 (2.42, 4.29) 3.087 0.002

7 HIEPRLL M (P25, PT5)3RRN, 4LIAIELEBCSKH Mann-Whitney U #8556 .

3.3. BIEHEEEERR ROC BIZ D

ROC W&tk — L Wox, &fbrnt IR imBhF al ge A E 2 7. BIUEART, NLR 1
AUC #5, 7 0.805 (95% Cl: 0.691~0.920), A FHE A 4.260, Xf MUK 74.2%. F5 575 87.5%;
LMR ] AUC A4 0.727 (95% CI: 0.591~0.862), 24 LMR <3.302 i, #BUKE N 71.0%. %557 N 84.4%.
PLR FIH3E pH ) AUC 4372y 0.635 1 0.622, FIGHI AE JJAHXT AR . H 9138 pH PA<4.500 1E J9 R
KPR, KRR 96.9%, HBUKEL 45.2%, RIUAE SRR E SEREURE T, K
NLR. PLR Al LMR g9 N\ R JEFEbRIE S IR 5, AUC 16 & 0.863 (95% Cl: 0.769~0.956), HU/% ¥ 80.6%.
FE5FJE 87.5%; HE— B INABIE pH 5, SMECAEEE AUC i 0.953 (95% CI: 0.891~1.000), % Ik
FHH 0.328, Z1E4R%0.842, BUKZE 93.5%. HFF)F 90.6%. MEUH H&, BEERA R bR B A H
SER M BUREEFIRs e FE LG, P13 pH BCE ROE TR AR AL I R A R i . L7 30 &l 1. R
F 2000 /X Bootstrap W3 IE 5, #AEFR bRIK G ALY 1P 35 SR ME 4 0.026, £21E AUC 4 0.836; F1iE
pH BB 98 E FE bR AR AL (T 24 SR WA M 0.018, RZIE AUC A 0.935. i — DRl Z i Ao S Ik B
N4 R R B AT BUR AR IE, BRI R W AUC y 0.966, Bootstrap /2 1E AUC 4 0.922. iR 4h BiR,
BRI AE A PRI AIE J5 D OR B LR B X 0 BT, EREAS S5 A T B P REAT AT BEAFAE AR MU 5, 5 7E A 37 BA 31
B IRAE . WL 4.

Table 3. ROC analysis of vaginal pH, inflammatory indices, and combined models for threatened miscarriage

7 3. BAIE pH. KRAEFEHR MBS REISHT IR R~ 8) ROC L 4R

g7 FEAE BERFE AUC 95% Cl HBREE BRE% BREY%
[H3E pH < 4.500 0.622 0.481~0.764 0.420 45.2 96.9
NLR > 4.260 0.805 0.691~0.920 0.617 74.2 875
PLR > 141.447  0.635 0.493~0.777 0.298 54.8 75.0
LMR < 3.302 0.727 0.591~0.862 0.553 71.0 84.4
RIEFGIREL A > 0.507 0.863 0.769~0.956 0.681 80.6 875

FAIE pH + JAETERRICE

\%

0.328 0.953 0.891~1.000 0.842 935 90.6
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Figure 1. ROC curves of vaginal pH, inflammatory indices, and
combined models for threatened miscarriage

1. BAsE pH. RAEFEFR MK AREVISHTSTILR~H) ROC
rhek

Table 4. Bootstrap internal validation and confounder adjustment analysis of the Logistic regression model
= 4. Logistic [EY31&EHY Bootstrap FIERIEIE &SR ZE EHE S H7

ftit] NIEAR FMWAUC  FHRME  RIE AUC
RAEFRIRIRS NLR + PLR + LMR 0.863 0.026 0.836
B13E pH + SAEFRFRICS [f3& pH + NLR + PLR + LMR 0.953 0.018 0.935
BI3E pH + #REFRIRECS BIiE pH + NLR + PLR + LMR + 4Fid 0.966 0.044 0.922
(e 28 SR IE) + A+ SR
7¥: Bootstrap EHFE 2000 7; R IE AUC = FM AUC — “PHRMAE . BIERERA A T-HUsdt o

4. ¥1ig

AT T 63 Bl UR L MM E SR k), PO IR W iR R 5 S IR P~ 2 ) — M Bk, BAIE pH 2
AN AIELLAE, PPN S48 hs A B A Bhie Wi ke . 45 R oR, S0k 40 NLR W& THE .
LMR F#AIS, 1 PLR A 38 pH 2R 22 5 R B B Geit 27 5 o IR AR 1 NLR 5] 5 8 Be AR 54, AUC
74 0.805; NLR. PLR. LMR Ht#J5 AUC 4 0.863, it — L In ANBHIE pH JE B A EYER A AUC v 0.953.
FIRGIRIRIR, AN LR FEAR AT AN [F) 1 B2 S S IR S i S ROEIRAS . e bR 2 & ] e
TR R AL 5 S8 B A S B

NLR H1 MR 4 Stk A o o SRS, AT TR S ARl 55 SO s I 498 5 5 38 I P B 2 1 1 A
o SEURAERR PR BEA SIS BE (1) S5 52 M RAETET, Ik FEE 9RE IS P RE SN TR IZ A AR 28 . Wi e
ARSI E . BT RGN SR BT F R, SRR ERBSEIRI™ ABE NLR Sk T ss(5]-[9]
AwtFi, FeJRRU 4 NLR HArEich 5.82, & T IR AERAL 3.39, i — 4/~ NLR 5568 2 [HAFLE
—EREK. HT NLR RIETH MR, s AR, fElmRm R B — e se k.
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LMR Js bk EL 40 i 5 A 20 B 2 18] (R AR AR AL . A TR, R4 LMR 24K, AUC i 0.727,
FORMET Je IR B R T RE ) R B S SOE A M SR AR 0. ML T NLR, 5T LMR 52uJkir=m)
B AT R D, G R & X T HE— P IAE . PLR 7E5E K= 4 rp 2T, (HER L= X,
AUC 1A 0.635, $&7~H AR GE I A BR « BEAEAFFENT PLR 50k 9% RIMALEA —E4 2 [5] [6]
[10]. BtAb, fdEEEYRIEFE+ NLR. PLR Al LMR A 5 0] B 240 & A 5h 2810 [11] [12].

FF T8 SR 58 5 U RS RE B UIAR DG o 1E 5 A B8 RS DA LR AT R L34 1 SRR MR A B O AR AE,  BE
P 7R BB o3 77 B o AR BTG A7 AE FLBRAT k2> < A T 22 R 1 0 A J3 358 8 R 20 28 [13]-[18] . B3 pH
FE BT RS E AR, AERE IR AL RIS R . AW, I8 pH FI AUC N 0.622, a3
ML WA E A PR

A BT A A S8 S B AHT a5 o S SR — LR S RE AR BRI SRS AN ), ASHIT F0KE S 4 B R Gut:
FIEMRPEIRAEM NLR, PLR. LMR, 5 RURFBREAEHIPIIE pH BHTRS, TR “ RS + w7 WHE
CWUERRE . MR LS A G R T S R E 2, MiFHTE pH $& 4R HE A S kb a5 8, &l
AE LA — i EAME o XS RIR ) 22 4 (5 B A4 BT I 8 B o B A BEA A AR R I A R 5 e IR R = 1)
BN RNE, AT TN T B —4RFR T R AL ABEFEH, NLR. PLR #l LMR Bt& /5 AUC i
B4 0.863, MIABIE pH J5 M AUC #5143 0.953, [FIHEUR Ny 93.5%. 47575 A 90.6%; 4 Bootstrap
KIEJG AUC 2 0.935. BEFESGIRIL I iR, MK 2 REFE bR -5 P S5 PR A K G T SRAS I (1 1)
aELRE[21] [22]; HAbZm I 2 Fabat FURIREAR L 18-S A RI4E RS B R R R [23] [24] .

R FAFAE— B R R 5, FRFOR R BB NREART T, FEARARERMA IR, g% Rk
NI BAFAE 2R, B/ MR . 2201, f-hCG. BFEIFIE . YLIRS S iGyT SR A K & . &
WEFC RS S 22 JE R 23 R BN N A B A A B AT U PE AR OE, R 2000 YK Bootstrap #EAT A B4
iE, (HZREARERG], REEMZIUFE, WARBATILA T, RIEBRRREETIA R KRN
TESE RPEA AR Z ] . AR R P= R ILAL, BTG e 2 R BB T 58, FRAERT RIS B AT I B
FRHEATAMEIAE . FLUk, FAIE pH A B EEERR, 8= Nugent ¥E4r. R R 22 K BIERUZE AL VERL, BRI T
X R IR BN AR . S FCIE Y R AR IR FES N 2oL ariEtEkTt, &I A
FRIE pH SRFERS s, TEGNNZRE . Zor= 0L R 3G 40 bn 5 B LI PR & A 2t b AT AU AR IE 5 56
WEe SMATME, ABFFSCRE NLR JHE . LMR RS %)k B — @ KBk, 2RI vl Ak RSB
SRR RIS B, A IR AL 2SRRI IA -

5. &g

JeIR7H NLR JHE . LMR BRI, ZFH AR AT A —EmHB2kiii{E. NLR. PLR A1 LMR
BEE I A S RE B SR T A B A B =, INNBATE pH 5 B SRR U AUC 2 0.953, £ 2000 /X Bootstrap 4
ISR 5 12 IE AUC i 0.935; 7E#E— PR IEAE IS L 22 Ji Rl 43 W /30U , 528 Bootstrap /% 1E AUC 24 0.922.
IR R R RIORE + REEMIAE” BAE AR T AMEARR RS A, TAEMREICRFE
B KA e g 7 B T i 752 A 71 v gt — 2B B8 o

|
AT 5T 3 E R T A % XN IR 122 e e 2% 1L (Y 2024-6) 2 5
F i hzE

VB 78 AL R 2 5%
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