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Abstract

Purpose: This study aims to investigate the associations of the systemic immune-
inflammation index (SII) with bone mineral density (BMD) and osteoporosis in adult 
females from a nationally representative sample.
Methods: A cross-sectional study was performed among 4092 females aged ≥20 years 
from the National Health and Nutrition Examination Survey 2007–2010. Linear and 
logistic regressions were applied to explore the relationships of SII with BMD and the risk 
of osteoporosis, respectively.
Results: Linear regression analyses found that a doubling of SII levels was significantly 
correlated with a 1.39% (95% CI: 0.57%, 2.20%) decrease in total femur BMD, a 
1.16% (95% CI: 0.31%, 2.00%) decrease in femur neck BMD, a 1.73% (95% CI: 0.78%, 
2.66%) decrease in trochanter BMD, and a 1.35% (95% CI: 0.50%, 2.20%) decrease in 
intertrochanteric BMD among postmenopausal women, after adjusting for covariates. 
Logistic regression analyses showed that compared with postmenopausal women in the 
lowest SII quartile, those in the highest quartile had higher risks of osteoporosis in the 
total femur (odds ratio (OR) = 1.70, 95% CI: 1.04, 2.76), trochanter (OR = 1.86, 95% CI: 
1.07, 3.38), intertrochanter (OR = 2.01, 95% CI: 1.05, 4.04) as well as overall osteoporosis 
(OR = 1.57, 95% CI: 1.04, 2.37). In contrast, there was no significant association between 
SII and BMD in premenopausal women.
Conclusions: SII levels were negatively associated with BMD levels in postmenopausal 
women but not in premenopausal women. Elevated SII levels could be a potential risk 
factor for osteoporosis in postmenopausal women.

Introduction

Osteoporosis is a metabolic bone disease characterized 
by  decreased bone mineral density (BMD) and 
perturbation of bone quality. World Health Organization 
(WHO) guidelines use dual-energy X-ray absorptiometry 
(DXA) scans to measure BMD and define osteoporosis 
as being ≤2.5 standard deviations (s.d.) of the mean 

BMD in young healthy females (1). Osteoporosis can 
cause increased bone fragility and risks of osteoporotic 
fractures (2). It was estimated that the annual case and 
healthcare burden of osteoporosis-related fractures were 
expected to reach approximately three million cases and 
$25.3 billion in the United States in 2025, respectively 

This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 
International License.

https://doi.org/10.1530/EC-22-0461
https://ec.bioscientifica.com	 © 2023 The authors

Published by Bioscientifica Ltd

http://orcid.org/0000-0003-2698-1807
mailto:xuhuadong@hmc.edu.cn
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1530/EC-22-0461
https://ec.bioscientifica.com


J Zhang et al. e220461

PB–XX

12:2

(3). The increasing incidence of osteoporosis and the 
resulting number of fractures places a heavy burden 
on public health services, especially among women. 
Osteoporosis and low bone mass are more common in 
women than in men (4, 5), and one-third of women 
aged >50 years worldwide have been reported to suffer 
from osteoporotic fractures (6). This situation prompts 
a global effort to find more effective preventions for 
osteoporosis in women. Early detection of osteoporosis 
and intervention with protective measures are  
important healthcare strategies. Therefore, it is also very 
important to explore more indicators that can reflect 
osteoporosis.

Osteoporosis is generally accompanied by low-
grade inflammation development (7). Previous in vitro 
experiments showed that the inflammatory response 
could cause differentiation or apoptosis of bone 
mesenchymal stem cells and osteoblasts through oxidative 
stress, which is related to the pathogenesis of osteoporosis 
(8, 9). The systemic immune-inflammation index (SII) 
is a new inflammatory index based on peripheral blood 
neutrophils, lymphocytes, and platelet counts. Previous 
studies have confirmed that SII can objectively reflect 
inflammatory status in tumor patients (10, 11). It was 
suggested that SII could be used as a marker to predict 
the prognosis of solid tumors (12), but still few studies 
have explored the relationships of SII with BMD and 
osteoporosis. Two previous clinical studies proposed that 
SII could be a risk predictor for osteoporosis and fracture 
in women (13, 14). According to these studies, SII may 
be correlated with BMD and osteoporosis. However, 
these previous results came from limited sample size 

or hospitalized patients, so they may not represent the 
characteristics of the general population.

Therefore, the present study aims to investigate 
whether SII is associated with BMD and osteoporosis in 
female adults using data from a nationally representative 
population.

Methods and materials

Study population

The National Health and Nutrition Examination Survey 
(NHANES) is a cross-sectional survey designed to collect 
information on the health status of the U.S. household 
population. Public-use NHANES data are released in a 
2-year cycle by the National Center for Health Statistics 
(NCHS). All participants received a set of comprehensive 
questionnaires, physical examinations, and laboratory 
tests. The datasets from NHANES were widely applied 
in health-related studies (15, 16, 17). Each participant 
provided informed consent, and all study protocols were 
approved by the NCHS’s Institutional Review Board. No 
further ethical approval is needed. Details regarding the 
survey design, methods, and datasets have been published 
and are publicly available on the NHANES website.

Given that there was no DXA femur bone data 
in the NHANES 2011–2012 cycle, survey data used 
for analysis were extracted from the 2007–2008 and 
2009–2010 cycles. The flow chart is presented in 
Fig. 1. Initially, 6237 women aged ≥20 years were 
selected from the continuous NHANES (2007–2010) 
datasets. Women without information regarding SII 

Figure 1
Flowchart of the study participant selection 
process.
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(n = 535) and BMD (n = 1066) were excluded. We then 
excluded 544 participants who had incomplete data 
on the covariates of interest and who suffered from 
lymphoma, infections, or autoimmune disease. Finally, 
a total of 4092 adult women were included in this 
study. The menopausal status was defined based on 
the absence of regular periods in the past 12 months 
or age over 55 years described previously (18). The 
final analytic sample contained 1948 premenopausal 
women and 2144 postmenopausal women.

Bone mineral density measurements and 
definition of osteoporosis

BMD testing was measured by DXA. The BMD values  
(gm/cm2) were obtained in four femoral regions, 
including the femur neck, trochanter, total femur, and 
intertrochanter. The details about methods and quality 
control have been shown in the DXA procedures online 
manual. The exclusion criteria for participants in the DXA 
examination were also described in previous studies (6, 19).

BMD levels that surpassed 2.5 s.d. below the 
mean of young adults aged 20–29 years were defined 
as osteoporosis based on WHO guidelines. The young 
reference group used in our analyses was described in 
previous papers (6, 19). Osteoporosis was evaluated in the 
femur neck, total femur, intertrochanter, and trochanter, 
whose thresholds were 0.56 g/cm2, 0.67 g/cm2,  
0.79 g/cm2, and 0.46 g/cm2, respectively (19). The BMD 
value below the threshold in any femoral region was 
considered overall osteoporosis.

Measurement of peripheral blood cell counts

Blood specimens were measured with a Coulter HMX 
Hematology Analyser in the Mobile Examination Centers 
(MECs). Detailed information regarding the quality 
assurance and quality control procedures is described in 
the NHANES Laboratory Procedure Manual (https://wwwn.
cdc.gov/nchs/data/nhanes/2009-2010/labmethods/
CBC_F_met_HE.pdf). Data on platelet counts, neutrophils, 
and lymphocytes were collected. The SII level was 
calculated using the formula (platelet count × neutrophil 
count/lymphocyte count) (10, 13).

Covariates

Covariates were identified by literature reviews (19, 
20). Information about covariates was also collected 
through the questionnaires and health examination in 

the mobile centers, including age, race, education levels, 
annual family income, body mass index (BMI), physical 
activity, serum cotinine, marital status, calcium intake, 
smoking status, drinking status, and use of prednisone or 
cortisone. Study participants who had at least 12 alcoholic 
drinks/year were considered as drinkers, and those who 
smoked at least 100 cigarettes in life were considered as 
smokers following previous studies (21, 22). The calcium 
intake was classified into three groups based on tertiles of 
estimated calcium intake during the 24 hours before the 
interview (low, <621 mg/day; middle, 621–1026 mg/day; 
high, >1026 mg/day). The use of prednisone/cortisone 
was defined as having ever taken any prednisone or 
cortisone nearly every day for a month or longer. The 
different levels of physical activity were defined following 
the Physical Activity Guidelines for Americans (23).

Statistical analysis

All statistical analyses were conducted using R version 
4.0.5 (The R Foundation for Statistical Computing, 
Vienna, Austria). Weighted descriptive information 
(Full Sample 2 Year MEC Exam Weight, WTMEC2YR)  
stratified by menopausal status was performed on 
all variables using the ‘survey’ package (16, 24). 
The significance of the differences in variables of 
basic characteristics between premenopausal and 
postmenopausal women was evaluated. A separate 
analysis stratified by menopausal status was conducted, 
given that menopausal status is an important factor of 
BMD in women. The significance of the differences in 
BMD levels at different femoral regions across quartiles 
of SII was evaluated by the Kruskal–Wallis test.

The associations of SII levels as continuous variables 
with BMD in females were first analyzed by multivariable 
linear regression models. For regression analysis, both SII 
and BMD were Ln-transformed to approximate a normal 
distribution. The SII levels were also set as categorical 
variables and analyzed using the first SII quartile group 
as the reference group. The results were expressed as 
estimated percent changes with 95% confidence intervals 
(CIs) for a doubling of SII levels in BMD levels according  
to our previous studies (15, 24). Adjusted odds ratios (ORs) 
for osteoporosis were evaluated by logistic regression 
models. All models were performed adjusting for the 
covariates mentioned earlier, including age, race, 
education levels, serum cotinine, annual family income, 
BMI, physical activity, marital status, calcium intake, 
smoking status, drinking status, and use of prednisone 
or cortisone. Furthermore, the receiver operating 
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characteristic (ROC) curves were applied to evaluate SII as 
a diagnostic marker for osteoporosis. The optimal cut-off 
values of SII in any femoral regions of interest were selected 
when Youden’s index reached the maximum value. A two-
sided P-value < 0.05 was considered statistically significant.

Results

Characteristics of participants

The study population included 1948 premenopausal 
women (mean age = 35.31 ± 9.48 years) and 2144 
postmenopausal women (mean age = 62.55 ± 12.26 years). 

The basic characteristics of the study participants stratified 
by menopausal status are presented in Table 1. Compared 
with premenopausal women, postmenopausal women 
were more likely to be non-Hispanic White, have a lower 
level of education, be poorer, have a higher BMI level, be 
sedentary, be widowed/divorced/separated, be smokers, 
be non-drinkers, have less in calcium intake, and use 
prednisone or cortisone. No differences in serum cotinine 
levels were found.

SII levels were then categorized into quartiles among 
pre- and postmenopausal women (cutoff points were 
376.20, 514.90, and 705.50 for premenopausal women, 

Table 1 Basic characteristics of study population stratified by menopausal status.

Characteristicsa Overall Premenopause Postmenopause P valuesb

n 4092 1948 2144
Age, years 49.58 ± 17.51 35.31 ± 9.48 62.55 ± 12.26 <0.001
BMI, kg/m2 28.54 ± 6.29 28.08 ± 6.46 28.95 ± 6.10 <0.001
Serum cotinine, ng/mL 48.90 ± 115.06 51.68 ± 111.55 46.35 ± 118.15 0.141
Race, n (%) <0.001
 Mexican American 724 (17.69%) 385 (19.76%) 339 (15.81%)
 Non-Hispanic White 2052 (50.15%) 897 (46.05%) 1155 (53.87%)
 Non-Hispanic Black 703 (17.18%) 335 (17.20%) 368 (17.16%)
 Others 613 (14.98%) 331 (16.99%) 282 (13.15%)
Education, n (%) <0.001
 <High school 1082 (26.44%) 439 (22.54%) 643 (29.99%)
 High school 922 (22.53%) 391 (20.07%) 531 (24.77%)
 >High school 2088 (51.03%) 1118 (57.39%) 970 (45.24%)
Annual family income, n (%) <0.001
 <$20,000 950 (23.22%) 380 (19.51%) 570 (26.59%)
 $20,000–44,999 1404 (34.31%) 644 (33.06%) 760 (35.45%)
 ≥$45,000 1738 (42.47%) 924 (47.43%) 814 (37.97%)
Physical activity, n (%) <0.001
 Sedentary 1249 (30.52%) 434 (22.28%) 815 (38.01%)
 Insufficient 615 (15.03%) 267 (13.71%) 348 (16.23%)
 Moderate 490 (11.97%) 250 (12.83%) 240 (11.19%)
 High 1738 (42.47%) 997 (51.18%) 741 (34.56%)
Marital status, n (%) <0.001
 Married/cohabiting 2261 (55.25%) 1137 (58.37%) 1124 (52.43%)
 Widowed/divorced/separated 1177 (28.76%) 304 (15.61%) 873 (40.72%)
 Never married 654 (15.98%) 507 (26.03%) 147 (6.86%)
Smoker, n (%) 0.002
 No 2473 (60.43%) 1225 (62.89%) 1248 (58.21%)
 Yes 1619 (39.57%) 723 (37.11%) 896 (41.79%)
Drinker, n (%) <0.001
 No 2573 (62.88%) 557 (28.59%) 962 (44.87%)
 Yes 1519 (37.12%) 1391 (71.41%) 1182 (55.13%)
Calcium intake, n (%) <0.001
 Low 1531 (37.41%) 680 (34.91%) 851 (39.69%)
 Middle 1462 (35.73%) 656 (33.68%) 806 (37.59%)
 High 1099 (26.86%) 612 (31.42%) 487 (22.71%)
Use of prednisone or cortisone, n (%) <0.001
 No 3853 (94.16%) 1866 (95.79%) 1987 (92.68%)
 Yes 239 (5.84%) 82 (4.21%) 157 (7.32%)

aMean ± S.D. for continuous variables and percentages for categorical variables were weighted.
bP values for differences between the premenopause and postmenopause groups were calculated by Mann–Whitney U test and chi-square test, 
respectively.
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and 337.80, 463.00, and 644.00 for postmenopausal 
women). The distributions of BMD levels in different bone 
sites according to the SII quartile groups are depicted in 
Table 2. There was a decreasing tendency for BMD in 
each bone site, as the SII increased in postmenopausal 
women. However, no significant trend was observed in 
premenopausal women.

Associations between SII and BMD

Table 3 presents the estimated association between BMD 
levels at each site and SII levels using linear regression 
analyses. After adjusting covariates, a doubling of SII 
levels was significantly correlated with a 1.39% (95% 
CI: 0.57%, 2.20%) decrease in total femur BMD, a 1.16% 
(95% CI: 0.31%, 2.00%) decrease in femur neck BMD, a 
1.73% (95% CI: 0.78%, 2.66%) decrease in trochanter 
BMD, and a 1.35% (95% CI: 0.50%, 2.20%) decrease in 
intertrochanteric BMD in postmenopausal women. 
When SII levels were modeled as categorical variables, 
postmenopausal women whose SII levels in the fourth 
quartile had 1.85% (95% CI: 0.63%, 3.08%) lower 
total femur BMD, 1.58% (95% CI: 0.30%, 2.84%) lower 
femur neck BMD, 2.19% (95% CI: 0.77%, 3.59%) lower 
trochanter BMD, and 1.97% (95% CI: 0.59%, 3.13%) 
lower intertrochanteric BMD than those in the first 
quartile. Moreover, P-values for the trend in the models 
of the total femur, trochanter, and intertrochanter were 
significant in postmenopausal women. However, no 
significant associations of SII with BMD in any bone sites 
in premenopausal women were observed.

Associations between SII and osteoporosis

Given the very limited number of premenopausal women 
who had osteoporosis in this study, associations between 
SII and osteoporosis were analyzed only in postmenopausal 
women since the number of postmenopausal women 
with osteoporosis in this dataset was enough to conduct 
analysis. Table 4 shows the fully adjusted ORs of SII for 
osteoporosis among the study participants. A doubling 
of SII was associated with 1.48 (95% CI: 1.08, 2.04) OR for 
total femur osteoporosis, 1.72 (95% CI: 1.16, 2.54) OR for 
trochanter osteoporosis, 1.56 (95% CI: 1.14, 2.13) OR for 
intertrochanteric osteoporosis, and 1.43 (95% CI: 1.09, 
1.89) OR for overall osteoporosis. After SII was converted 
into a categorical variable, postmenopausal women at 
the highest SII quartile had a significantly increased risk 
of osteoporosis in the total femur (OR = 1.70, 95% CI: 
1.04, 2.76), trochanter (OR = 1.81, 95% CI: 1.07, 3.38), 
intertrochanter (OR = 2.01, 95% CI: 1.05, 4.04), and 
overall osteoporosis (OR = 1.57, 95% CI: 1.04, 2.37) than 
those at the lowest quartile of SII. However, no significant 
associations were observed for SII with femur neck 
osteoporosis in any models.

ROC curves were used to further evaluate the 
diagnostic value of SII for osteoporosis in the femur neck, 
total femur, intertrochanter, and trochanter, and each 
ROC curve is displayed in Fig. 2. The areas under the 
ROC curve (AUC) of SII for osteoporosis were 0.57 (95% 
CI:0.52, 0.61; P = 0.022) in the total femur, 0.56 (95% 
CI:0.51, 0.61; P = 0.009) in the femur neck, 0.58 (95% 
CI:0.52, 0.64; P = 0.005) in the trochanter, and 0.58 (95% 

Table 2 The distributions of bone mass density stratified by quartiles of systemic immune-inflammation index.

Characteristicsa Overall
Systemic immune-inflammation indexb

P valuescQuartile 1 Quartile 2 Quartile 3 Quartile 4

Premenopause
Total femur BMD, g/cm2 0.972 ± 0.129 0.971 ± 0.132 0.965 ± 0.122 0.974 ± 0.132 0.979 ± 0.129 0.394
Femur neck BMD, g/cm2 0.873 ± 0.130 0.876 ± 0.135 0.867 ± 0.122 0.875 ± 0.132 0.872 ± 0.130 0.732
Trochanter BMD, g/cm2 0.727 ± 0.110 0.728 ± 0.111 0.723 ± 0.105 0.725 ± 0.112 0.732 ± 0.109 0.610
Intertrochanter BMD, g/cm2 1.145 ± 0.151 1.140 ± 0.156 1.137 ± 0.145 1.148 ± 0.153 1.156 ± 0.151 0.208
Postmenopause
Total femur BMD, g/cm2 0.857 ± 0.146 0.867 ± 0.142 0.863 ± 0.149 0.854 ± 0.138 0.845 ± 0.154 0.056
Femur neck BMD, g/cm2 0.739 ± 0.137 0.752 ± 0.138 0.740 ± 0.135 0.738 ± 0.135 0.727 ± 0.139 0.028
Trochanter BMD, g/cm2 0.643 ± 0.121 0.651 ± 0.120 0.648 ± 0.122 0.640 ± 0.117 0.633 ± 0.126 0.067
Intertrochanter BMD, g/cm2 1.020 ± 0.176 1.031 ± 0.169 1.029 ± 0.181 1.015 ± 0.166 1.005 ± 0.187 0.049

aBMD levels are expressed as the mean ± s.d.
bThe ranges of SII quartiles 1–4 were <376.20, 376.20–514.90, 515.00–705.50, and >705.50 in premenopausal women and <337.80, 337.80–463.00, 
463.10–644.00, and >644.00 in postmenopausal women, respectively.
cP values were derived from Kruskal–Wallis tests among different SII quartile groups.
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CI:0.53, 0.62; P < 0.001) in the intertrochanter as well as 
0.56 (95% CI: 0.53, 0.60; P = 0.001) for overall. The best 
cutoff values of SII for the diagnosis of osteoporosis were 
865.5 in the total femur, 567.5 in the femur neck, 888.9 in 
the trochanter, and 623.4 in the intertrochanter as well as 
567.6 for overall.

Discussion

Our study examined the relationships of SII with BMD 
and osteoporosis in pre- and postmenopausal women 
using nationally representative data. We observed that SII 
was negatively correlated with BMD levels at the femur 
neck, total femur, trochanter, and intertrochanteric 
sites in postmenopausal women, even after adjusting 
for covariates. Similarly, compared with individuals in 
the lowest quartile of SII, postmenopausal women in 

the highest quartile have higher risks of osteoporosis 
at the total femur, trochanter, and intertrochanteric 
sites. In contrast, no significant associations between 
SII and BMD were observed in premenopausal women. 
To our knowledge, this is the first report using the data 
of NHANES to study the relationships of SII with BMD 
and osteoporosis in both postmenopausal women and 
premenopausal women, highlighting the importance of 
the role of immuno-inflammatory responses in the risk of 
osteoporosis.

It is well known that normal bone formation 
and function in the body depend on a homeostatic 
process between osteogenesis and bone resorption (25). 
Activation of the inflammatory microenvironment and 
a compromised immune system significantly affect the 
microarchitecture of bone (26). Multiple immune cells 
can reside in the bone marrow cavity (27). Dysfunctional 
lymphocytes can initiate cascades of inflammatory 

Table 3 Percent change (95% CI) in bone mass density by the systemic immune-inflammation index in pre- and postmenopausal 
women.

Variables n Total femur Femur neck Trochanter Intertrochanter

Premenopause
Per doubling of SII 1948 −0.06 (−0.81, 0.69) −0.39 (−1.21, 0.44) −0.40 (−1.28, 0.49) 0.18 (−0.58, 0.94)
SII quartiles
Quartile 1 (<376.20) 487 Reference Reference Reference Reference
Quartile 2 (376.20–514.90) 487 0.08 (−0.06, 1.13) 0.08 (−1.07, 1.25) 0.02 (−1.20, 1.27) 0.18 (−0.87, 1.24)
Quartile 3 (515.00–705.50) 487 −0.06 (−1.11, 0.99) −0.21 (−1.36, 0.95) −0.50 (−1.72, 0.74) 0.14 (−0.91, 1.20)
Quartile 4 (>705.50) 487 0.38 (−0.68, 1.45) −0.16 (−1.32, 1.10) 0.12 (−1.12, 1.38) 0.71 (−0.36, 1.79)
P for trend 0.558 0.677 0.936 0.228
Postmenopause
Per doubling of SII 2144 −1.39 (−2.20, −0.57)c −1.16 (−2.00, −0.31)b −1.73 (−2.66, −0.78)c −1.35 (−2.20, −0.50)b

SII quartiles
Quartile 1 (<337.80) 536 Reference Reference Reference Reference
Quartile 2 (337.80–463.00) 537 −0.48 (−1.70, 0.75) −0.79 (−2.05, 0.47) −0.43 (−1.84, 0.99) −0.38 (−1.64, 0.90)
Quartile 3 (463.10–644.00) 536 −0.13 (−1.35, 1.11) 0.16 (−1.11, 1.45) −0.39 (−1.80, 1.04) −0.18 (−1.46, 1.11)
Quartile 4 (>644.00) 535 −1.86 (−3.08, −0.63)b −1.58 (−2.84, −0.30)a −2.19 (−3.59, −0.77)b −1.97 (−3.13, −0.59)b

P for trend 0.008 0.068 0.005 0.009

All models were adjusted for age, race, education levels, annual family income, BMI, serum cotinine, physical activity, marital status, calcium intake, 
smoking status, drinking status, and use of prednisone or cortisone. aP < 0.05, bP < 0.01, cP < 0.001.

Table 4 Association of the systemic immune-inflammation index with osteoporosis in postmenopausal women.

Variables n
OR (95% CI) of osteoporosis

Total femur Femur neck Trochanter Intertrochanter Overall

Per doubling of SII 2144 1.48 (1.08, 2.04)a 1.32 (0.95, 1.85) 1.72 (1.16, 2.54)b 1.56 (1.14, 2.13)b 1.43 (1.09, 1.89)a

SII quartiles
Quartile 1 (<337.80) 536 Reference Reference Reference Reference Reference
Quartile 2 (337.80–463.00) 537 1.34 (0.81, 2.22) 1.02 (0.60, 1.40) 1.25 (0.65, 2.23) 0.89 (0.59, 1.33) 1.01 (0.65, 1.56)
Quartile 3 (463.10–644.00) 536 1.02 (0.61, 1.70) 1.00 (0.59, 1.68) 1.31 (0.69, 2.51) 1.53 (0.92, 2.53) 0.97 (0.64, 150)
Quartile 4 (>644.00) 535 1.70 (1.04, 2.76)a 1.27 (0.76, 2.22) 1.81(1.07, 3.38)a 2.01 (1.05, 4.04)a 1.57 (1.04, 2.37)a

P for trend 0.048 0.362 0.039 0.013 0.034

All models were adjusted for age, race, education levels, annual family income, BMI, serum cotinine, physical activity, marital status, calcium intake, 
smoking status, drinking status, and use of prednisone or cortisone. aP < 0.05, bP < 0.01.
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cytokines and chemokines and trigger the aggregation 
of inflammatory cells (28, 29). The homeostasis of bone 
function is thereby disrupted, which generally favors 
osteoclast-induced bone resorption. Therefore, the 
immune-inflammation imbalance may lead to osteopenia 
and weaken bone strength and density, ultimately leading 
to osteoporosis.

SII is a promising inflammatory indicator that can 
comprehensively reflect the immune and inflammatory 
state of the body. Considering that platelets, 
neutrophils, and lymphocytes are part of routine blood 
examination and that routine blood examination is 
simple, economical, and rich in useful parameters, 
the application of SII is worthy of further study. A 
few studies about SII and osteoporosis in women were 
conducted in a clinical setting. A prospective cohort 
study of 238 postmenopausal women from two hospitals 
reported that postmenopausal osteoporosis patients 
had higher SII than the controls (13). Another study 
enrolled 413 postmenopausal women and showed a 
negative association between SII and the mean BMD of 
the femoral neck (14). However, researches on a large 
population are still very needed. In our study, we explored 
the association in representative adult populations to 
ensure more valid and representative results. Consistent 
with a previous study (14), our study also showed the 
relationship between SII and femoral neck BMD among 
postmenopausal women. Furthermore, our study 
conducted a more comprehensive analysis and found 
that SII was also correlated with decreased BMD at the 
total femur, trochanter, and intertrochanteric sites.

In this study, risks for osteoporosis were next 
evaluated by logistic regression models. Our results found 
that SII was associated with increased risks of osteoporosis 
in postmenopausal women. Considering osteoporosis as a 
risk factor for fracture, it is possible that SII could be a risk 
factor for fracture. Our results showed that the reduction 
of BMD could reach 2% with a doubling of SII change. 
A previous study using a meta-regression of published 
trials found a 2% improvement in femoral neck BMD was 
associated with a 28% reduction in vertebral fracture, 
a 15% reduction in hip fracture, and a 11% reduction 
in nonvertebral fracture (30). Thus, these about 2% 
reductions of BMD with a doubling of SII could be large 
enough to affect fracture risks. However, since our data 
on fracture was still lacking, more data on fracture are 
still needed to support the association between SII and 
fracture. The predictive/diagnostic capabilities of SII were 
also assessed using ROC curves in this study. Although 
ROC curves showed that SII had significant differences in 
discriminating osteoporosis in postmenopausal women, 
it seemed that there is relatively low discriminatory power 
for SII in osteoporosis diagnosis (all AUCs less than 0.7). 
The results of ROC curves suggested that the efficacy of 
the SII indicator alone in discriminating subjects with 
osteoporosis was not high enough. Thus, more studies are 
needed to explore SII as an early marker of osteoporosis in 
postmenopausal women.

The association between SII and testosterone 
may differ by menopausal status since we observed 
significant associations in postmenopausal women but 
no association in premenopausal women. However, 

Figure 2
Efficacy of SII in discriminating osteoporosis in 
postmenopausal women. Receiver operating 
characteristic (ROC) curves of SII in discriminating 
osteoporosis regarding the total femur (A), femur 
neck (B), trochanter (C), and intertrochanter (D) as 
well as overall osteoporosis (E) are presented.
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the possible mechanism is unclear, since the present 
study only provided a correlation in the populations. 
Combined with the previous studies, there were several 
possibilities. It is well known that estrogen is strongly 
related to osteoporosis, and estrogen deficiency can 
lead to increased apoptosis on osteoblast, bone loss, 
and osteoporosis (7, 31). We speculated that it might be 
related to changes in sex hormone levels after menopause. 
Numerous studies have demonstrated the ability of sex 
hormones to modulate various aspects of the immune 
system by acting on estrogen receptors expressed in 
various inflammatory and immune cells (7). Several 
studies showed that estrogen deficiency could lead to 
the activation of multiple immune cells to produce 
multiple pro-inflammatory factors that induce bone 
remodeling dysfunction and decreased bone density in 
postmenopausal women (7, 31, 32). The inflammatory 
marker was likely able to be strongly influenced by 
estrogen levels. However, the data in this study showed 
that mean SII was higher in the premenopausal group 
than in the postmenopausal group. Due to the large 
differences in estrogen levels and BMD, the relationships 
between post- and premenopausal women cannot be 
compared. Thus, the inflammatory response might not 
be directly responsible for lowering BMD but rather 
exacerbate osteoporosis in the presence of estrogen 
deficiency. Since the SII index is only a cruder indication 
of the level of inflammation in the human body, more 
specific inflammatory indexes are still needed for 
more detailed and in-depth exploration. These may 
explain why our study found a significant correlation 
in postmenopausal women but not in premenopausal 
women.

The strengths of our study included a nationally 
representative population and statistical models with 
adjustments for a variety of important confounders. We 
believe our findings are likely applicable to the general 
population. In addition, the SII levels were treated as both 
continuous variables and categorical variables to reduce 
the contingency in the statistical analysis process and 
enhance the robustness of our results. Some limitations 
should also be considered. First, it was difficult to identify 
the temporal relationship of SII with osteoporosis 
because of the cross-sectional design. Prospective studies 
are still needed to clarify the causal relationship. Second, 
many genetic and non-genetic factors were linked to 
the pathogenesis of osteoporosis, but our data analysis 
was primarily adjusted for some demographic and 
lifestyle variables. Third, some common inflammatory 
biomarkers, such as hs-CRP, IL-6, and TNF-alpha, may also 

be associated with osteoporosis, but they are not available 
in the NHANES dataset. Finally, this study excluded all 
patients with lymphoma, infections, or autoimmune 
disease from the analysis, which might influence both 
SII and BMD. This also limited our application in clinical 
patients. Besides, we need to acknowledge that there are 
indeed many confounding factors in real-world patient 
populations but not included in the present analysis 
due to the availability of relevant data in the NHANES 
dataset, which also limited our research. It requires us 
to carry out more detailed research in the future among 
real-world patient populations with different diseases.

Conclusions

In summary, this study revealed significant positive 
correlations between SII levels and decreased BMD in 
postmenopausal women but not in premenopausal 
women. Elevated SII levels showed higher risks for 
osteoporosis in postmenopausal women. Our study 
provides new evidence for the role of immuno-
inflammatory responses in bone loss in women. Further 
longitudinal population studies and experimental studies 
are still needed to verify our findings.
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