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Associations of complete blood count—derived inflammation indices with

osteoporotic fracture in patients with osteoporosis
LIU Ting, LI Zi—hao, XIA Hong—xia, ZHONG Yang—dan, XIA Mao—yao, JU Ye, CHEN Zi-lan, PANG Yu-—qi, JIANG Xia, FAN Xue
West China School of Public Health and West China Fourth Hospital, Sichuan University, Chengdu, Sichuan 610041, China
Abstract: Objective To explore the association between different complete blood count (CBC)—derived inflammation indices
and the risk of osteoporotic fracture. Methods A retrospective analysis was performed based on clinical data from 3 560
patients hospitalized in the Department of Osteoporosis at West China Fourth Hospital, Sichuan University. Based on the
presence or absence of osteoporotic fracture, the patients were classified into cases and controls. Binary logistic regression,
restricted cubic splines, and subgroup analyses were employed to examine the associations of neutrophil / lymphocyte ratio
(NLR), monocyte / lymphocyte ratio (MLR), platelet/lymphocyte ratio (PLR), the product of platelet count and neutrophil count
(PPN), systemic immune—inflammation index (SII), aggregate index of systemic inflammation (AISI) and systemic inflammatory
response index (SIRI) with fracture. The performance of the model was evaluated using the receiver operating characteristic
curve. Results Levels of NLR, MLR, SII, AISI, and SIRI were higher in the case group compared to the control group (P<
0.05). After adjusting for age, sex, BMI, bone density, diabetes, coronary heart disease, hypertension and C—reactive protein
(CRP), PPN was negatively associated with osteoporotic fracture risk (OR=0.93, 95% CI: 0.86—-1.00). Subgroup analysis
revealed that the negative association between PPN and osteoporotic fracture was predominantly observed in women and non—
diabetic patients. Among patients with diabetes, MLR (OR=1.47, 95% CI: 1.15-1.88), NLR (OR=1.24, 95% CI: 1.00-1.54),
and SIRI (OR =1.37, 95% CI: 1.07 -1.74) were significantly positively correlated with osteoporotic fracture risk. The
incorporation of MLR, NLR, and SIRI into the traditional risk factor model significantly improved its discriminatory ability.
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Conclusion Elevated PPN levels are associated with a reduced fracture risk in patients with osteoporosis, suggesting that PPN

may be a potential protective factor. Among patients with comorbid diabetes, NLR, MLR, and SIRI were significant risk

factors and provided valuable incremental information, improving the discriminative ability of the model. This study suggests

that CBC—derived inflammation indices can serve as a useful supplement for fracture risk assessment and assist in the early

identification and stratification of high—risk populations.
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Table 1 Basic characteristics of participants (M (P, Ps), n(%)]

_— BRI B BT BAL BTN SiilE Pl
(n=3 560) (n=1 689) (n=1871) (%)
I (%) 69.00 (62.00, 76.00) 73.00 (66.00, 79.00) 66.00 (59.00, 73.00) 986 813.500 <0.001
P51 1.593 0.207
% 276 (7.8) 141 8.3) 135 (7.2)
ks 3284 (92.2) 1548 (91.7) 1736 (92.8)
£ (em) 152.00 (148.00, 157.00) 151.00 (146.00, 156.00) 153.00 (149.00, 157.00) 185 685 2.500 <0.001
1T (kg) 55.00 (49.50, 61.00) 54.70 (49.00, 60.00) 55.00 (50.00, 61.00) 166 949 8.000 0.003
BMI(kg/m?) 23.60 (21.50, 26.00) 23.70 (21.70, 26.10) 23.40 (21.40, 25.90) 150 116 4.000 0.010
JERE B (g/em?) 0.84 (0.75, 0.95) 0.81(0.72, 0.92) 0.86 (0.77,0.97) 187 614 3.000 <0.001
JRe 0 2 B (gfem?) 0.69 (0.62, 0.77) 0.66 (0.59, 0.74) 0.72 (0.66, 0.80) 204 191 1.500 <0.001
Wb 27.236 <0.001
= 423 (11.9) 251 (14.9) 172 (9.2)
w 3137 (88.1) 1438 (85.1) 1699 (90.8)
SN 56.108 <0.001
b= 1092 (30.7) 621 (36.8) 471 (25.2)
i 2468 (69.3) 1068 (63.2) 1 400 (74.8)
[0S 53.968 <0.001
= 1126 31.6) 636 (37.7) 490 (26.2)
i 2434 (68.4) 1053 (62.3) 1381 (73.8)
R A AL (10°7L) 3.15 (2.54,3.87) 3.19 (2.57,3.94) 3.12 (2.51,3.82) 150 896 4.000 0.020
FAZANIE T (10771) 0.31 (0.25, 0.39) 0.33 (0.26, 0.41) 0.30 (0.25, 0.38) 143 268 1.000 <0.001
/MR (10%71) 185.00(150.00, 224.50)  183.00(148.00, 222.00)  188.00(152.00, 227.00) 165 188 1.000 0.019
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R AT (10771) 1.72 (1.38, 2.10) 1.68 (1.33,2.07) 1.75 (1.42,2.13) 169 696 4.000 <0.001
CRP (mg/L) 1.26 (1.03, 2.54) 1.25(1.17,3.13) 1.26 (0.94, 2.07) 149 834 4.500 0.007
CBC-DII
NLR 1.84 (1.39, 2.42) 1.91 (1.44, 2.54) 1.77 (1.36, 2.34) 143 561 7.500 <0.001
MLR 0.18 (0.14, 0.24) 0.19 (0.15, 0.25) 0.17 (0.14, 0.23) 135572 1.000 <0.001
107.80 108.43 106.59
PLR 153 149 3.000 0.113
(83.73, 138.73) (84.23, 141.41) (83.23, 136.61)
571.09 571.20 571.05
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334.63 339.30 330.76
SII 150 899 2.000 0.020
(237.68, 468.97) (245.02, 487.00) (233.89, 458.55)
106.22 111.53 100.93
AIST 146 289 0.500 <0.001
(66.92, 166.24) (68.71, 177.28) (65.49, 157.13)
SIRT 0.58 (0.40, 0.85) 0.61 (0.41,0.92) 0.54 (0.38, 0.80) 139 861 4.000 <0.001
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Table 2 Association between various CBC-DII and osteoporotic fracture

L g ZHE S
Bz FERISEAL » AR b
OR (95%Cl) PE

OR (95%CI) PIE OR (95%CI) PiE
In-NLR 118 (1.11 ~ 1.26) <0.001 1.04 (0.97 ~ 1.12) 0.313 1.04 (0.97 ~ 1.12) 0.299
In-MLR 1.30 (1.22 ~ 1.39) <0.001 1.05 (0.98 ~ 1.13) 0.190 1.05 (0.98 ~ 1.14) 0.179
In-PLR 1.06 (0.99 ~ 1.13) 0.073 1.04 (0.97 ~ 1.12) 0.274 1.04 (0.97 ~ 1.12) 0.267
In-PPN 1.01 (0.95 ~ 1.08) 0.754 0.93 (0.87 ~ 1.00) 0.056 0.93 (0.86 ~ 1.00) 0.049
In—SII 1.10 (1.03 ~ 1.18) 0.005 1.00 (0.93 ~ 1.07) 0.935 1.00 (0.92 ~ 1.07) 0.939
In—-AISI 1.16 (1.08 ~ 1.24) <0.001 0.97 (0.90 ~ 1.05) 0.445 0.97 (0.90 ~ 1.05) 0.431
In-SIRI 124 (1.16 ~ 1.32) <0.001 1.00 (0.92 ~ 1.07) 0.930 1.00 (0.92 ~ 1.08) 0.935
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Table 3  Association between various CBC-DII and osteoporotic fracture by quartiles

_ - A AE IR AT
fitr ot OR (95%Cl) Pl OR (95%CI) Pl
In-NLR
Q1 <0.33 1.00 — 1.00 —
0 =033 ~0.61 1.06 (0.87 ~ 1.30) 0.556 1.06 (0.87 ~ 1.30) 0.553
Q3 >0.61 ~0.88 1.10 (0.90 ~ 1.35) 0.349 1.10 (0.90 ~ 1.35) 0.345
Q4 >0.88 1.06 (0.87 ~ 1.30) 0.562 1.07 (0.86 ~ 1.31) 0.553
In-MLR
Q1 <-197 1.00 — 1.00 —
Q2 >-197~ -1.71 1.06 (0.87 ~ 1.30) 0.551 1.06 (0.87 ~ 1.30) 0.549
Q3 >-1.71~ -1.43 0.97 (0.79 ~ 1.19) 0.738 0.97 (0.79 ~ 1.19) 0.747
04 >_1.43 1.14 (0.93 ~ 1.41) 0212 1.15 (0.93 ~ 1.43) 0.201
In-PLR
Q1 <443 1.00 — 1.00 —
Q2 >4.43 ~4.68 1.07 (0.87 ~ 1.31) 0.511 1.07 (0.87 ~ 1.31) 0.511
Q3 >4.68 ~4.93 1.01 (0.83 ~ 1.24) 0.904 1.01 (0.83 ~ 1.24) 0.898
04 ~4.93 1.14 (0.93 ~ 1.39) 0212 1.14 (0.93 ~ 1.40) 0.207
In-PPN
Q1 <6.01 1.00 — 1.00 —
Q2 >6.01 ~6.35 0.88 (0.72 ~ 1.07) 0.206 0.88 (0.72 ~ 1.07) 0.199
03 >6.35 ~ 6.69 0.82 (0.67 ~ 1.00) 0.048 0.81 (0.66 ~ 0.99) 0.044
Q4 >6.69 0.82 (0.67 ~ 1.00) 0.051 0.81 (0.66 ~ 1.00) 0.046
In—SII
Q1 <547 1.00 — 1.00 —
02 >5.47~5.81 1.03 (0.84 ~ 1.26) 0.766 1.03 (0.84 ~ 1.26) 0.765
Q3 >5.81~6.15 0.92 (0.75~1.12) 0.393 0.92 (0.75~1.12) 0.398
Q4 >6.15 1.02 (0.83 ~ 1.25) 0.864 1.02 (0.83 ~ 1.26) 0.859
In—AISI
Q1 <4.20 1.00 — 1.00 —
Q2 >4.20~4.67 0.85 (0.69 ~ 1.04) 0.112 0.85 (0.69 ~ 1.04) 0.110
Q3 >4.67 ~5.11 0.92 (0.75~1.12) 0.409 0.92 (0.75~1.12) 0.396
Q4 >5.11 0.86 (0.70 ~ 1.06) 0.154 0.85 (0.69 ~ 1.06) 0.149
In-SIRI
Q1 <-0.92 1.00 1.00
Q2 >-0.92 ~ -0.54 0.92 (0.75 ~1.13) 0.422 0.92 (0.75~1.13) 0.423
Q3 >-0.54 ~ -0.16 0.90 (0.73 ~ 1.10) 0.303 0.90 (0.73 ~ 1.10) 0.307
04 >_0.16 0.96 (0.78 ~ 1.19) 0.740 0.97 (0.78 ~ 1.20) 0.751
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Figure 2 Restricted cubic spline curves between various CBC—DII and osteoporotic fracture
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Figure 3 Forest plots for subgroup analysis of the association between various CBC—DII and osteoporotic fracture
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Table 4 Improvement in model discrimination with different

CBC-DII as assessed by IDI in the diabetes subgroup
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