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Abstract 

Background  Chronic low-grade inflammation is related to bone metabolism in patients with type 2 diabetes 
mellitus (T2DM). However, credible data indicating the relationship between inflammation and fragility fracture risk 
in postmenopausal anemic females with T2DM are sparse. The current study sought to investigate the relationships 
between the systemic immune-inflammatory index (SII) and fragility fracture events, as well as the future 10-year 
fragility fracture probability evaluated using the fracture risk assessment tool (FRAX) in postmenopausal females 
with T2DM.

Methods  According to the tertiles of SII, 423 postmenopausal females with T2DM were divided into three groups: 
low-level (≤ 381.32, n = 141), moderate-level (381.32–629.46, n = 141), and high-level (≥ 629.46, n = 141). All participants 
were followed up for 7 years with a median of 46.8 months (1651 person-years). The association between SII and fra-
gility fracture risk was assessed.

Results  Of 423 subjects, 75 experienced a fragility fracture event. Spearman partial correlation analysis revealed 
that SII was negatively related to bone mineral density (BMD) and was positively associated with the future 10-year 
probability of major osteoporotic fracture (MOF) and hip fracture (HF). Restricted cubic spline (RCS) analysis revealed 
a positive correlation between SII and fragility fracture risk in an approximately inverted J-shaped dose–response pat-
tern (P for overall < 0.0001). Multivariate Cox regression analysis demonstrated that patients with a high SII presented 
a greater risk of fragility fractures (P = 0.011). Stratified analysis revealed that fragility fractures in the high-level SII 
were predominantly associated with anemia with an increase of 4.15 times (P = 0.01). Kaplan‒Meier analysis indicated 
a greater cumulative incidence of fragility fractures in patients with a high SII (log-rank, all P = 0.0012). Receiver operat-
ing characteristic (ROC) analysis indicated an optimal SII cut-off value of 537.34, with an area under the curve (AUC) 
of 0.646, a sensitivity of 60%, and a specificity of 64.1% (P < 0.001).
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Conclusion  The SII revealed a significant positive association with a real-world fragility fracture event and a future 
10-year fragility fracture probability in postmenopausal females with T2DM, particularly evident in individuals 
with anemia. Therefore, monitoring the SII and hemoglobin in postmenopausal older women with T2DM is helpful 
in routine clinical practice to identify individuals at high risk for fragility fractures and to promptly execute appropriate 
fracture intervention procedures.

Keywords  Systemic immune-inflammatory index (SII), Fragility fracture, Type 2 diabetes mellitus (T2DM), 
Postmenopausal females, Anemia

Introduction
At present, diabetes has become a severe social pub-
lic health issue in China and other regions worldwide 
[1]. With rapid aging and decreasing physical activ-
ity outdoors, the prevalence of type 2 diabetes mellitus 
(T2DM) has climbed to 12.8% in China [2]. Elderly dia-
betic patients are more prone to anemia, sarcopenia, 
frailty, bone loss, and osteoporosis caused by glucoli-
potoxicity and inappropriate glucose control measures 
such as dietary restriction, which in turn leads to fall-
related fragility fracture adverse events in clinical prac-
tice [3]. Moreover, malnutrition in elderly individuals 
increases the risk of brittle fracture [4]. According to a 
recent meta-analysis, the prevalence of fragility fractures 
among elderly people in China is 18.9% [5]. Compared 
with nondiabetic patients, diabetic patients, especially 
elderly postmenopausal females with rapid withdrawal 
of estrogen-induced bone mass loss, have a greater risk 
of fragility fractures [6–9], which has caused heavy finan-
cial pressure on sufferers. Therefore, early identification 
of at-risk individuals using simple predictors and timely 
prevention strategies is urgently needed, particularly in 
primary care hospitals.

Over the past few decades, as the intricate connection 
between bone health and immune system function has 
gradually unfolded, a novel concept called "immunoporo-
sis" has been introduced, which highlights the increasing 
significance of inflammation in osteoporosis, especially 
in postmenopausal women characterized by estrogen 
deficiency-mediated activation of osteoclasts and con-
tinual progression of chronic inflammation [10–14]. In 
addition, glucotoxicity caused by insulin dysfunction in 
T2DM patients and progressive functional recession of 
pancreatic beta cells with aging also result in a persis-
tent activated inflammatory response, ultimately leading 
to immune imbalance, bone mass loss, and degenerative 
bone microarchitecture [15].

The systemic immune-inflammatory index (SII), a 
novel index calculated by the platelet count × neutrophil 
count/lymphocyte count and expressed as × 109 cells/µl, 
can comprehensively reflect the body’s inflammation and 
immune status [16]. Increasing evidence shows that the 
SII may be a valuable predictor of the risk and prognosis 

of cancer [17], adverse cardiovascular events [18], dia-
betic nephropathy (DN) [19], and diabetic retinopathy 
(DR) [20]. Recently, studies have demonstrated that the 
SII is positively associated with the severity of anemia 
and sarcopenia, especially among female participants 
[21, 22]. In addition, studies have shown that the SII is 
related to bone mineral density (BMD) and the incidence 
of osteoporosis. A cross-sectional study that included 
4092 women revealed that the SII was negatively associ-
ated with the BMD of postmenopausal women but not 
premenopausal women, which indicated that an elevated 
SII may be a potential risk factor for osteoporosis in post-
menopausal women [23]. Research-based on the National 
Health and Nutrition Examination Survey (NHANES) 
database shows that an increase in the SII is related to 
low BMD and an increased risk of osteoporosis [24]. The 
SII may be a simple inflammatory marker to predict the 
risk for low BMD, osteoporosis, and fragility fractures in 
postmenopausal women [25], especially in older women. 
Daily low-dose aspirin (a nonsteroidal anti-inflammatory 
drug) has been shown to reduce the risk of serious falls 
and fractures in the healthy older population [26].

Until now, there has been no credible evidence about 
the association between the SII and a real-world fragility 
fracture endpoint event or a future 10-year individualized 
probability of hip fracture (HF) and major osteoporotic 
fracture (MOF) calculated by fracture risk assessment 
tool (FRAX) through dual-energy X-ray absorptiometry 
(DXA) in postmenopausal anemic females with T2DM, 
which is the topic of interest in the present study.

Materials and methods
Study design
The present study was an ambispective longitudinal 
cohort study conducted between January 2014 and Janu-
ary 2021 from the Active Health Management Database 
of the People’s Hospital of Guangxi Zhuang Autono-
mous Region. The median age in the study was 69 years 
(IQR, 64.00, 75.00). The inclusion criteria were as follows: 
(1) the diagnosis and classification of diabetes mellitus 
according to the 1999 WHO recommendation crite-
ria [27] and (2) all postmenopausal female patients with 
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T2DM who received dual-energy X-ray absorptiometry 
(DXA) and complete anthropometry data including lum-
bar spine and pelvis digital X-ray data. The exclusion cri-
teria were as follows: (1) malignant tumors, severe heart, 
liver, kidney diseases or infections; (2) thyroid or parathy-
roid diseases and immune system diseases; (3) other met-
abolic bone diseases (MBD) including hypophosphatemic 
osteomalacia, osteosclerosis and disease or hemodialy-
sis -related secondary osteoporosis; (4) long-term use 
of antidiabetic prescription affecting the bone turno-
ver, such as thiazolidinediones including rosiglitazone 
and pioglitazone, sodium-glucose co-transporter type 2 
(SGLT-2) inhibitors and glucagon-like peptide-1 recep-
tor agonist (GLP-1RA); long-term use of standardized 
anti-osteoporosis regimens affecting the bone turnover, 
including bisphosphonates, estrogen receptor agonists, 
raloxifene, teriparatide injection, and denosumab injec-
tion; (5) with the diagnosis of thalassemia; (6) long-term 
bedridden status and receiving long-term glucocorti-
coid or immunosuppressant therapeutic regimens; and 
(7) incomplete data, lost to follow-up, or a follow-up 
time of less than one year. A total of 509 postmenopau-
sal patients with T2DM were recruited for this study. All 
participants were followed up for fragility fracture end-
points through outpatient check-ups, medical records, 
and telephone interviews every 6 months for 7 years, with 
a median of 46.8 months (1651 person-years). Finally, 423 
subjects were eligible for inclusion in the present analy-
sis. According to the SII tertiles, all subjects were clas-
sified into three groups: low-level (≤ 381.32, n = 141), 
moderate-level (381.32–629.46, n = 141), and high-level 
(≥ 629.46, n = 141). The relationships between the SII and 
fragility fracture endpoint events and the individual next 
10-year probability of HF and MOF calculated by FRAX 
were evaluated by Spearman partial correlation analy-
sis, multivariate Cox regression analysis, RCS analysis, 
stratified analysis, Kaplan‒Meier survival curve analysis, 
and ROC curve analysis. All patients agreed to partici-
pate in this study and signed a written informed consent 
and a nondisclosure agreement (NDA) to ensure privacy 
while analyzing the data. The study adhered to the Dec-
laration of Helsinki guidelines and received approval 
from the Ethics Committee at the People’s Hospital of 
Guangxi Zhuang Autonomous Region (approval number: 
Ethics-KY-IIT-2023–60).

Clinical data acquisition
The trained professionals collected biochemical indexes 
and follow-up data and anonymously analyzed the hospi-
talization data, which were used to obtain baseline char-
acteristic data, including demographic, anthropometric, 
laboratory biochemical indicator, and medical records 
data, and to determine the fragility fracture endpoint 

event from the follow-up information obtained from out-
patient check-ups, medical records, and telephone vis-
its. The whole blood cell analyzer (Pentra120R, Horiba 
ABX, France) and biochemical automatic analyzer (P800, 
Roche, Germany) performed complete blood cell counts 
and blood biochemical indicators tests, respectively. 
The specific operating procedures (SOP) were followed 
according to the manufacturer-supplied lab manuals.

Definitions used in this study
Several related definitions in this study were as follows: 
(1) The endpoint event was defined as a fragility fracture. 
The location, time, and cause of the fragility fracture were 
confirmed through follow-up and medical imaging evi-
dence, including radiation imaging, magnetic resonance 
imaging, computed tomography, and bone scanning. 
Fragility fractures refer to fractures in any part caused 
by minor or moderate trauma, and we excluded patho-
logical fractures and fractures caused by severe trauma. 
If there were multiple fractures, the first fracture during 
the follow-up period was considered an endpoint event. 
(2) The SII, a bioindicator based on the complete blood 
count (CBC), is calculated as (platelet count × neutrophil 
count/lymphocyte count), expressed as × 109 cells/µl. (3) 
BMI was calculated by dividing weight by the square of 
height (kg/m2). A single piece of breathable clothing and 
no shoes were dressed to measure height and weight. 
(4) DXA (Hologic Company, United States) was utilized 
to measure the lumbar spine, femur neck, and total hip 
BMD. The trained professionals controlled the instru-
ment and rectified it daily according to quality-control 
standards. The BMD (g/cm2) was synchronously and 
automatically converted into the T score through DXA. 
According to the criteria established by the WHO in 
1994 [28], the T value is considered the gold standard, 
with a normal BMD T score of ≥ −1.0 SD, −1.0 ~ −2.5 
SD indicating osteopenia, and ≤ −2.5 SD demonstrat-
ing osteoporosis. Based on the formula [(the measured 
value of BMD—the peak BMD in ordinary young peo-
ple of the same race and sex)/standard deviation (SD) 
of the peak BMD in ordinary young people of the same 
race and sex], the T score was calculated through DXA 
in the present study. The China Guidelines for Diagno-
sis and Treatment of Primary Osteoporosis (2022) rec-
ommended a peak BMD of 1.197 g/cm2 in Chinese Han 
women aged 30–34 years and a peak BMD of 1.28 g/cm2 
in Chinese Han men aged 20–24 years. (5) The individual 
future 10-year probabilities of MOF and HF were calcu-
lated by FRAX (https://​frax.​shef.​ac.​uk/​FRAX/​tool.​aspx?​
lang=​chs). The FRAX includes a 12-item questionnaire 
consisting of age, sex, weight (kg), height (cm), previous 
fracture, parent fractured hip, current smoking, gluco-
corticoids, rheumatoid arthritis, secondary osteoporosis, 

https://frax.shef.ac.uk/FRAX/tool.aspx?lang=chs
https://frax.shef.ac.uk/FRAX/tool.aspx?lang=chs
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alcohol 3 or more units/day, and FN BMD (g/cm2). FRAX 
is suitable for people aged 40–90 years. The age of indi-
viduals aged < 40 years is calculated as 40; however, those 
aged > 90  years are considered to be 90. According to 
the China Guidelines for Diagnosis and Treatment of 
Primary Osteoporosis (2022), the risk of fragility frac-
tures is assessed by FRAX, with a low-risk probability of 
MOF < 10% and HF < 1.5%, moderate-risk probability of 
MOF 10%—20% and HF 1.5%—3.0%, high-risk probabil-
ity of MOF 20%—30% and HF 3.0%—4.5%, and extremely 
high-risk probability of MOF ≥ 30% and HF ≥ 4.5%. (6) 
Elderly people were defined as adults aged over 65 years.

Statistical analysis
Normally distributed variables are displayed as the means 
(± SD), and nonnormally distributed variables are dis-
played as medians (interquartile ranges). Discontinuous 
classification variables are expressed as frequencies. The 
nonparametric Mann‒Whitney U test was used to com-
pare continuous variables with nonnormal intergroup 
distribution. The chi-square test was used for intergroup 
comparisons of categorical variables. Cox regression 
analysis was used to evaluate the hazard ratios (HRs) 
and 95% confidence intervals (CIs) for the association 
between the SII and the risk of fragility fractures.

Univariate Cox regression analysis was initially used 
to identify the risk factors for endpoint events. Factors 
with P < 0.1 in the univariate analysis were included in the 
multivariate Cox regression analysis. We used tolerance 
and variance inflation factors to detect multicollinearity 
between variables. A tolerance less than 0.1 or a variance 
inflation factor greater than 10 indicates the existence of 
collinearity. Three multivariate regression models were 
built and used to adjust for potential confounding factors 
for the endpoint event gradually. Model I was adjusted 
for none. Model II was adjusted for the age and duration 
of diabetes with Model I. Model III was further adjusted 
for the age and duration of diabetes, hypertension, Hb, 
FT4, HDL-C, Cr, 25-hydroxyvitamin D [25(OH) D], ALB, 
and fracture history with Model II. The stratified analysis 
results for the subgroups are shown in forest plots gener-
ated with GraphPad Prism 9.3 (GraphPad Software, San 
Diego, CA). Kaplan‒Meier survival curves were used to 
estimate the cumulative incidence of fragility fractures 
and the differences among the three groups were assessed 
using the log-rank test. The study sample size and power 
analysis were computed using PASS 11.0 (https://​www.​
ncss.​com/​downl​oad/​pass/​updat​es/​pass11/) to ensure 
that the minimum number of cases met a high testing 
power of over 90%. The statistical charts were drawn 
through the R language software package version 4.2.2 (R 
Foundation for Statistical Computing, Vienna, Austria). 
Data analyses were performed using GraphPad Prism 9.3 

(GraphPad Software, San Diego, CA) and the SPSS 26.0 
statistical software package (IBM Corp., Armonk, NY, 
USA). Statistical significance was set at the P < 0.05 level.

Results
Baseline characteristics
The flow chart in Fig. 1 illustrates the screening strategy 
for the subjects. This study included 509 postmenopau-
sal patients with T2DM with complete BMD data who 
were hospitalized at the People’s Hospital of Guangxi 
Zhuang Autonomous Region from January 2014 to Janu-
ary 2021. Finally, 423 participants with an average age of 
69  years who met the inclusion criteria were recruited. 
The baseline characteristics of the participants are shown 
in Table  1. According to the tertiles of the SII, the sub-
jects were divided into three groups: low-level (≤ 381.32, 
n = 141), moderate-level (381.32–629.46, n = 141), and 
high-level (≥ 629.46, n = 141). Among the three groups, 
age, hypertension, hemoglobin (Hb), creatinine (Cr), 
serum calcium (Ca), 25(OH) D, ALB, FN BMD, TH 
BMD, MOF, and HF were significantly different (all 
P < 0.05). Moreover, osteoporosis, DPN, PVD, fracture 
history, duration of diabetes, BMI, fasting blood glucose 
(FBG), glycosylated hemoglobin (HbA1c), thyroid stimu-
lating hormone (TSH), free triiodothyronine (FT3), free 
thyroxine (FT4), total cholesterol (TC), triglyceride (TG), 
high-density lipoprotein cholesterol (HDL-C), low-den-
sity lipoprotein cholesterol (LDL-C), uric acid (UA), and 
LS BMD were not significantly different (all P > 0.05).

Spearman partial correlation analysis for the ability 
of the SII to predict endpoint events
The relationship between the SII and the risk for fragil-
ity fractures is shown in Table 2. The significant relation-
ships between the SII and BMD and the next 10-year 
probability of MOF and HF calculated by the FRAX are 
also  demonstrated as supplementary materials (S1-S7). 
Spearman partial correlation analysis indicated that 
the SII was negatively related to the BMD of the FN 
(r =—0.101, P = 0.039) and TH (r =—0.127, P = 0.009) 
and was positively associated with the future individual 
10-year probability of major osteoporotic fracture (MOF, 
r = 0.128, P = 0.008) and hip fracture (HF, r = 0.100, 
P = 0.041) according to the FRAX. The above analyses 
suggested that the SII is a valuable predictor of the risk of 
fragility fractures.

RCS analyses for a dose–response correlation 
between the SII and fragile fracture risk
The results of the dose–response correlation analysis 
are presented in Fig.  2. After adjusting for confounding 
factors, hypertension, FT4, 25(OH) D, Hb, ALB, and Cr, 
a linear regression model was used to fit the data at 4 

https://www.ncss.com/download/pass/updates/pass11/
https://www.ncss.com/download/pass/updates/pass11/
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points in the 5th, 35th, 65th, and 95th percentiles of the 
SII (the reference value is the 5th percentile). The RCS 
model evaluates the relationship between the SII and 
a fragile fracture endpoint event in an inverse J-shaped 
dose-dependent correlation, which reveals that the SII is 
a biomarker of fragility fractures (P for overall < 0.0001). 
RSC analyses revealed that as the SII increased, the risk 
of fragility fractures gradually increased, and vice versa, 

which indicated that the SII plays a crucial role in pre-
dicting the risk of fragility fractures in elderly postmeno-
pausal females with T2DM.

Cox proportional hazard models for risk factors 
for endpoint events
The assessment of the SII related to a fragile fracture 
endpoint event is depicted in Table  3. Univariate Cox 

Fig. 1  The flow chart for selecting the subjects. The data (n = 509) were sourced from the Active Health Management Database of the Guangxi 
Academy of Medical Sciences and the People’s Hospital of Guangxi Zhuang Autonomous Region between January 2014 and January 2021. A total 
of 423 individuals were ultimately included in the present analysis. According to the tertiles of the SII, all subjects were divided into three groups: 
low-level group (≤ 381.32, n = 141), moderate-level group (381.32–629.46, n = 141), and high-level group (≥ 629.46, n = 141)
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Table 1  Baseline characteristics of the subjects

Mean ± standard deviation (SD) and median (interquartile range, IQR) for continuous variables. Percentages (%) for categorical variables

Abbreviations: DPN diabetic peripheral neuropathy, PVD peripheral vascular disease, BMI body mass index, FBG fasting blood glucose, HbA1c glycated hemoglobin, 
Hb hemoglobin, TSH thyroid stimulating hormone, FT3 free triiodothyronine, FT4 free thyroxine, TC total cholesterol, TG triglycerides, HDL-C high-density lipoprotein 
cholesterol, LDL-C low-density lipoprotein cholesterol, Cr creatinine, UA uric acid, Ca calcium, 25(OH) D 25-hydroxy vitamin D, ALB serum albumin, BMD bone mineral 
density, SII systemic immune-inflammatory index, LS lumbar spine, FN femoral neck, TH total hip, FRAX fracture risk assessment tool, MOF major fracture, HF hip 
fracture
* P < 0.05

Characteristics All Participants
(n = 423)

Low-level SII 
(≤ 381.32)
(n = 141)

Moderate-level SII
(381.32–629.46) (n = 141)

High-level SII 
(≥ 629.46)
(n = 141)

P values

Age, years 69.00 (64.00,75.00) 67.00 (62.00,74.00) 70.00 (64.00,76.00) 72.00 (65.00,76.00) 0.012*

Osteoporosis, n (%) 0.740

  No 129 (30.5) 46 (32.6) 43 (30.5) 40 (28.4)

  Yes 294 (69.5) 95 (67.4) 98 (69.5) 101 (71.6)

Hypertension, n (%)  < 0.001*

  No 146 (34.5) 68 (48.2) 45 (31.9) 33 (23.4)

  Yes 277 (65.5) 73 (51.8) 96 (68.1) 108 (76.6)

DPN, n (%) 0.777

  No 158 (37.4) 56 (39.7) 51 (36.2) 51 (36.2)

  Yes 265 (62.6) 85 (60.3) 90 (63.8) 90 (63.8)

PVD, n (%) 0.973

  No 41 (9.7) 13 (9.2) 14 (9.9) 14 (9.9)

  Yes 382 (90.3) 128 (90.8) 127 (90.1) 127 (90.1)

Fracture history, n (%) 0.965

  No 503 (77.9) 104 (73.8) 10 2(72.3) 103 (73.0)

  Yes 143 (22.1) 37 (26.2) 39 (27.7) 38 (27.0)

Duration of diabetes, years 10.00 (3.00,16.00) 8.00 (2.00,16.00) 10.00 (3.00,16.50) 9.00 (3.00,15.00) 0.284

BMI, kg/m2 24.24 (22.07,26.78) 24.22 (22.35,26.91) 24.61 (22.50,26.81) 23.83 (21.48,26.51) 0.252

FBG, mmol/L 7.27 (5.64,9.62) 6.80 (5.44,9.19) 7.59 (5.76,9.73) 7.28 (5.66,10.38) 0.315

HbA1c, % 8.20 (6.90,10.40) 8.00 (6.60,10.60) 8.40 (7.05,10.50) 8.50 (6.80,10.25) 0.541

Hb, g/L 125.00 (115.00,134.00) 126.00 (117.00,134.00) 126.00 (118.50,135.00) 122.00 (105.50,133.00)  < 0.001*

TSH, μIU/mL 1.68 (1.08,2.61) 1.72 (1.14,2.60) 1.68 (1.16,2.61) 1.62 (1.03,2.68) 0.902

FT3, pmol/L 4.50 (4.09,4.92) 4.52 (4.12,4.95) 4.56 (4.10,5.01) 4.37 (4.04,4.77) 0.066

FT4, pmol/L 11.25 (9.83,13.20) 10.88 (9.98,12.70) 11.26 (9.70,13.07) 11.69 (9.65,13.83) 0.293

TC, mmol/L 4.89 (4.00,5.75) 4.90 (4.04,5.77) 4.84 (4.00,5.70) 4.90 (3.89,5.78) 0.973

TG, mmol/L 1.42 (1.04,2.05) 1.42 (1.06,1.99) 1.46 (1.07,2.09) 1.38 (0.98,2.10) 0.814

HDL-C, mmol/L 1.17 (1.01,1.38) 1.16 (0.99,1.35) 1.21 (1.03,1.42) 1.14 (0.99,1.36) 0.191

LDL-C, mmol/L 2.92 (2.27,3.61) 2.94 (2.30,3.62) 2.92 (2.27,3.59) 2.88 (2.28,3.58) 0.982

Cr, μmol/L 65.00 (55.00,80.00) 63.00 (53.50,72.50) 64.00 (55.00,78.50) 68.00 (54.50,94.50) 0.034*

UA, μmol/L 317.00 (267.00,390.00) 316.00 (266.50,394.50) 321.00 (263.00,376.00) 317.00 (272.00,392.00) 0.976

Ca, mmol/L 2.27 (2.20,2.36) 2.28 (2.20,2.36) 2.29 (2.23,2.37) 2.26 (2.17,2.35) 0.034*

25(OH) D, nmol/L 54.42 ± 22.54 58.75 ± 22.97 55.44 ± 23.16 49.06 ± 20.46 0.001*

ALB, g/L 38.40 (35.30,41.00) 38.90 (36.70,41.55) 39.00 (36.15,41.00) 36.40 (32.40,40.00)  < 0.001*

SII 481.72 (337.92–721.26) 274.29 (226.13–337.90) 481.72 (424.43–526.97) 904.25 (722.28–1294.11)  < 0.001*

LS BMD, g/cm2 0.744 (0.657,0.841) 0.733 (0.655,0.832) 0.770 (0.674,0.859) 0.732 (0.649,0.824) 0.138

FN BMD, g/cm2 0.556 (0.494,0.631) 0.586 (0.510,0.655) 0.555 (0.504,0.625) 0.539 (0.458,0.613) 0.011*

TH BMD, g/cm2 0.704 ± 0.130 0.722 ± 0.127 0.711 ± 0.129 0.679 ± 0.132 0.016*

FRAX MOF, % 6.10 (4.10,9.60) 5.60 (3.65,8.55) 6.20 (4.40,9.45) 7.20 (4.20,12.00) 0.025*

FRAX HF, % 2.30 (1.10,4.40) 1.90 (0.80,3.65) 2.40 (1.30,4.10) 2.80 (1.20,6.10) 0.009*
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regression analysis was used to determine the risk fac-
tors for fragility fracture endpoints. Variables with a 
P value < 0.1 in the univariate Cox regression analysis 

were included in the multivariate Cox regression analy-
sis. Compared with the low-level SII, the moderate-
level SII in Model I (HR = 1.967, 95% CI = 1.022–3.785, 

Table 2  Pearson and partial correlation analyses for the relationship between the SII and BMD and the next 10-year probability of 
MOF and HF calculated by the FRAX in postmenopausal women with T2DM

Model I: adjusted for none. Model II: adjusted for age and hypertension. Model III: adjusted for age, hypertension, FT4, 25(OH) D, Hb, ALB, and Cr

Abbreviations: SII systemic immune-inflammatory index, BMD bone mineral density, MOF major osteoporotic fracture, HF hip fracture, FRAX fracture risk assessment 
tool, T2DM type 2 diabetes mellitus, LS lumbar spine, FN femoral neck, TH total hip, FT4 free thyroxine, 25-(OH) D 25-hydroxy vitamin D, Hb hemoglobin, ALB serum 
albumin, Cr creatinine
* P < 0.05

LS BMD FN BMD TH BMD MOF HF

r p r p r p r p r p

Model I −0.037 0.454 −0.133 0.006* −0.136 0.005* 0.128 0.008* 0.144 0.003*

Model II −0.066 0.175 −0.101 0.039* −0.127 0.009* 0.093 0.056 0.100 0.041*

Model III −0.027 0.577 −0.037 0.451 −0.052 0.283 0.036 0.462 0.041 0.404

Fig. 2  The RCS model for the dose–response relationship between the SII and a real-world fragile fracture endpoint event in elderly 
postmenopausal women with T2DM. The adjustment factors included age, hypertension, FT4, 25(OH) D, Hb, ALB, and Cr. After adjusting 
for confounding factors, a linear regression model was used to fit the data at 4 points in the 5th, 35th, 65th, and 95th percentiles of the SII (the 
reference value is the 5th percentile). RCS analysis revealed an inverted J-shaped dose-dependent correlation between the SII and a real-world 
fragile fracture event (P for overall < 0.0001)
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P = 0.043), the high-level SII in Model II (HR = 2.625, 95% 
CI = 1.402–4.917, P = 0.003) and Model III (HR = 2.397, 
95% CI = 1.222–4.700, P = 0.011) were positively cor-
related with the fragility fracture endpoint event (all P 
values for trend < 0.01), which indicated that the SII is a 
valuable predictor for a real-world fragility fracture end-
point event.

The forest plots for the subgroup stratified analysis
The influence of stratification factors on the SII in pre-
dicting fragility fractures in the whole study population 
is shown in the forest plots (Fig.  3). The stratified fac-
tors included BMI, hypertension, anemia, and DPN. The 

stratified subgroup analyses revealed that when HR = 1 
in the low-level SII subgroup, the risk of fragility frac-
tures increased significantly, with an increase of 2.708 
times in the subgroup with a BMI < 24 (HR = 3.708, 95% 
CI = 1.210–11.359, P = 0.022, P for trend = 0.021), 1.439 
times in the subgroup with hypertension (HR = 2.439, 
95% CI = 1.171–5.079, P = 0.017, P for trend = 0.016), 
4.15 times in the subgroup with anemia (HR = 5.150, 
95% CI = 1.490–17.798, P = 0.01, P for trend = 0.008), and 
2.439 times in the subgroup with DPN (HR = 3.439, 95% 
CI = 1.481–7.983, P = 0.004, P for trend = 0.004), respec-
tively. The stratified factors were not confounding fac-
tors (all P values for interactions > 0.05), suggesting that 

Table 3  Univariate and multivariate Cox regression analyses for evaluating the association between the SII and fragility fractures

Model I: adjusted for none. Model II: adjusted for age and duration of diabetes; Model III: adjusted for age and duration of diabetes, hypertension, Hb, FT4, HDL-C, Cr, 
25(OH) D, ALB, and fracture history. P-values indicate statistical differences between the Moderate- or High- and Low-level groups, respectively. P for trend indicates 
statistical differences between fracture endpoint events and gradient SII levels

Abbreviations: SII systemic immune-inflammatory index, HR hazard ratio, CI confidence interval, Hb hemoglobin, FT4 free thyroxine, HDL-C high-density lipoprotein 
cholesterol, Cr creatinine, 25(OH) D 25-hydroxyvitamin D, ALB albumin
* P < 0.05

SII HR (95% CI)

Model I P—values Model II P—values Model III P—values

All participants
  Low-level SII (≤ 381.32) Ref Ref Ref

  Moderate-level SII (381.32–629.46) 1.967 (1.022–3.785) 0.043* 1.807 (0.938–3.483) 0.077 1.828 (0.942–3.546) 0.074

  High-level SII (≥ 629.46) 3.016 (1.626–5.594)  < 0.001* 2.625 (1.402–4.917) 0.003* 2.397 (1.222–4.700) 0.011*

  P for trend  < 0.001* 0.002* 0.009*

Fig. 3  Forest plots for the stratified analysis of the subgroups. A stratified analysis of the subgroups revealed that when HR = 1 in the low-level SII 
subgroup, the risk of fragility fractures increased significantly, with increases of 2.708 times in the BMI < 24 subgroup (P = 0.022, P for trend = 0.021), 
1.439 times in the hypertension subgroup (P = 0.017, P for trend = 0.016), 4.15 times in the anemia subgroup (P = 0.01, P for trend = 0.008), and 2.439 
times in the DPN subgroup (P = 0.004, P for trend = 0.004), which indicated that the SII was positively correlated with the risk of fragility fractures. 
Additionally, stratification by subgroup did not affect the ability of the SII to predict the risk of fragility fractures in the whole study population (all P 
values for interactions > 0.05), demonstrating that these stratification factors were not confounding factors
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stratification factors did not affect the predictive value 
of the SII for the whole research population. In brief, the 
subgroup stratified analysis revealed a more significant 
positive association between the SII and fragility fracture 
events in postmenopausal females with T2DM, which 
was particularly evident in individuals with anemia.

Kaplan‒Meier survival analysis for cumulative fracture 
incidence according to the SII
The incidence of fragility fracture endpoint events among 
all three groups is depicted in Fig.  4. Among the 423 
patients, 75 experienced real-world fragile fracture end-
point events (17.73%), with low-level SII (n = 14, 9.930%), 
moderate-level SII (n = 25, 17.73%), and high-level SII 
(n = 36, 25.53%), respectively. Survival curve analysis 
revealed a significant positive association between the 
SII and the cumulative incidence of fragility fractures 
(log-rank, all P = 0.0012) (Fig. 5). Kaplan‒Meier analysis 
verified again that fragility fracture endpoint events were 
more likely to occur in individuals with a higher SII.

ROC analysis for evaluating the diagnostic efficacy 
of the SII for fragility fractures
Although this study adopted a more accurate statistical 
tertile grouping of the SII, we still aimed to determine an 
ideal diagnostic cutoff value for the SII through the ROC 
curve to guide routine clinical practice. ROC curve anal-
ysis was conducted to assess the predictive value of the 
SII for fragility fracture risk in elderly postmenopausal 
females with T2DM (Fig. 6). The ROC curve revealed an 
ideal SII cutoff value of 537.34, with an AUC of 0.646, a 
sensitivity of 60%, and a specificity of 64.1% (P < 0.001); 
the SII may serve as a potentially valuable predictor for 

real-world fragility fracture events in elderly postmeno-
pausal females with T2DM.

Discussion
The present study revealed that the SII was negatively 
correlated with the BMD of the femoral neck and total 
hip and was positively correlated with fragility fracture 
events in an inverted J-shaped dose-dependent pattern (P 
for overall < 0.0001) and with the future 10-year probabil-
ity of HF and MOF, as estimated by the FRAX. When the 
SII is converted from a continuous variable to a classified 
variable, the BMD of the femoral neck and total hip is the 
lowest, and the fracture probability increases. In addi-
tion, an increase in the SII is associated with an increased 
fracture risk. Finally, the subgroup analysis revealed that 
the associations between the SII and fragility fractures 
were more significant in the subgroups with anemia.

The SII is a promising inflammatory index that 
can comprehensively reflect immune and inflamma-
tory states [29]. An elevated SII indicates an activated 
inflammatory response and a weak immune response 
[30]. Previous studies on the relationship between the 
SII and BMD or osteoporosis found a negative corre-
lation between femoral neck bone mineral density and 
the SII in 413 postmenopausal women in China [31]. 
The SII is negatively correlated with the bone mineral 
density of postmenopausal women but not premeno-
pausal women [23]. An increase in the SII may be a 
potential risk factor for osteoporosis in postmeno-
pausal women [31]. Although a small-scale prospec-
tive cohort study of 238 patients revealed that the SII 
is a reliable predictor of postmenopausal osteoporosis 
diagnosis and fracture risk, these results call for further 

Fig. 4  The SII was used to determine the incidence of fragility fractures among the three groups. The incidences of fragile fractures were 9.9%, 
17.7%, and 25.5% for low-level, moderate-level, and high-level SII, respectively, showing a positive dose–response relationship (P for trend < 0.001)
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investigation and evaluation [25]. Compared with pre-
vious studies, this study has several advantages. To 
evaluate the relationship between the SII and bone 
metabolism more comprehensively, we first assessed 
the relationships between the SII and lumbar spine, 
femoral neck, and total hip BMD; analyzed the asso-
ciation between the SII and future 10-year individual-
ized fracture probability estimated through the FRAX; 
and finally conducted survival analysis through follow-
up to verify the role of the SII in bone metabolism in 
many ways, which is different from the findings of other 
previous studies. In addition, the present study con-
ducted a subgroup analysis to evaluate the relationship 
between the SII and fracture risk in participants with 
distinct characteristics.

The main findings observed in the present study are 
that an increase in the SII is related to low bone mass 
and increased fragility fracture risk. On the one hand, an 
increase in the SII may indicate an increase in the inflam-
matory response or a weak immune status, leading to a 
decrease in bone mass. Moreover, other factors, such as 
decreased endogenous estrogen production after meno-
pause, may lead to a decrease in bone mass, a mediated 
inflammatory state, and a disrupted immune balance. 
Bone health depends on the steady process between 
bone formation and absorption [32]. After women enter 
menopause, complex biological changes occur, includ-
ing the activation of the inflammatory microenviron-
ment and a decrease in immune system function [33]. 
The activation of the inflammatory microenvironment 

Fig. 5  Survival analysis for the cumulative incidence of fragility fractures stratified by the SII levels. The Kaplan–Meier survival analysis revealed 
a significant positive association between the SII and the cumulative incidence of fragility fractures (log-rank, P = 0.0012)
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and damage to the immune system significantly affect 
the microstructure of bone [34]. Moreover, there are 
many inflammatory cells in the bone marrow cavity. For 
example, dysfunctional lymphocytes can initiate a cas-
cade of inflammatory cytokines and chemokines, leading 
to the aggregation of neutrophils and macrophages and 
destroying the dynamic balance of bone, thus inhibit-
ing bone formation and inducing bone resorption [35]. 
Therefore, an imbalance in immune-related inflamma-
tion may lead to osteopenia, decreased BMD and bone 
strength, osteoporosis, and even fragility fractures.

The results of the subgroup analysis showed that the 
associations between the SII and low BMD and the risk of 
fragility fractures mainly occurred in the subgroups with 
anemia, a BMI < 24, DPN, and hypertension. Consistent 
with the findings of a previous study, the associations 
between the SII and the risk of low BMD and osteoporosis 
mainly occurred in postmenopausal women with a nor-
mal BMI. A meta-analysis showed that an elevated BMI is 
still a protective factor for most fragility fracture sites at 

the population level [36]. With aging, they become more 
susceptible to malnutrition due to deficiencies in micro-
nutrients like vitamin D, vitamin K, and protein, which 
can lead to anemia and weight loss, which increase the 
risk of hip fractures caused by falls [37]. Skeletal homeo-
stasis can be altered by a variety of pathological anemic 
situations. Osteoporotic fractures have been observed in 
thalassemia patients, and in murine thalassemia models, 
there is a net loss of bone [38, 39]. Given the increased 
fragility fracture rates in these patients, the pathological 
erythrocyte expansion that takes place within the bone 
marrow cavity may be primarily caused by the anemia. 
As was already mentioned, the body’s normal response to 
anemia is an increase in erythropoietin. Thalassemia is an 
extreme example of chronic anemia caused by changes 
in the microenvironment of the bone marrow. various 
illness states, such as renal failure and refractory ane-
mia of myelodysplastic syndrome (MDS), are described 
by anemic states deriving from various etiologies [40]. 
Additionally, a population study in China including 6003 

Fig. 6  ROC analysis of the optimal cutoff value for the SII. The SII had a predictive value for fragility fracture events, with an optimal cutoff value 
of 537.34, an area under the curve of 0.646, a sensitivity of 60.0%, and a specificity of 64.1% (P < 0.001)
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patients showed that the SII is an independent risk fac-
tor for hypertension, and it can be used as an effective 
inflammatory cell index to predict the risk of hyperten-
sion [41]. A cross-sectional study of the Chinese popu-
lation showed that a higher SII is independently related 
to an increased risk of DPN, and the SII may be a novel 
risk biomarker for DPN in the Chinese population [42], 
which can explain the difference between an increased 
SII and an increased risk of fragility fractures among dif-
ferent subgroups. However, due to the small sample size 
of this study, the findings need to be further verified in 
other studies with large sample sizes.

Notably, the high SII group in this study  had lower 
25(OH) vitamin D levels. Vitamin D plays a critical role 
in modulating immune function. Low vitamin D is sig-
nificantly associated with the severity of inflammation 
[43]. However, the SII can comprehensively reflect the 
body’s inflammation and immune status, which may 
explain the lower levels of 25(OH) vitamin D in the high 
SII group in this study. The control of the orderly retrac-
tion and shutdown of CD4 + type 1 helper T (TH1) cell 
responses is one of the molecular mechanisms by which 
vitamin D modulates immunological inflammation and 
maintains the homeostasis of immune inflammation. 
Vitamin D-activating enzyme 25-hydroxyvitamin D3-1 
alpha-hydroxylase (CYP27B1) and the vitamin D recep-
tor are both intrinsically expressed by complement, 
which causes the TH1 responses to constrict. This allows 
T cells to respond to and activate in response to vitamin 
D. Next, pro-inflammatory interferon-γ + TH1 cells were 
switched to suppressive interleukin-10 + cells by vitamin 
D. The transcriptional response to vitamin D is influ-
enced by a combination of proteins, including c-JUN, sig-
nal transducer and activator of transcription 3 (STAT3), 
and the BTB and CNC homology 1 basic leucine zipper 
transcription factor 2 (BACH2), which are recruited by 
CD4 + T cells and produce super-enhancers. The process 
was initiated by these alterations in the epigenetic land-
scape of CD4 + T cells [44].

Limitations
There are still several limitations to this study. First, anti-
diabetic regimens and blood glucose control levels have 
not been fully investigated, but different glucose-low-
ering medicines and blood glucose levels may be asso-
ciated with fragility fractures. Second, the correlation 
between chronic complications of diabetes and falls has 
not been attentively evaluated, but an increased risk of 
falls may be associated with fragility fractures. Third, the 
absence of information on bone turnover markers, daily 
recipes, outdoor activities, and quantitative assessments 
of nutritional status may have affected the conclusions. 
Fourth, the present data are limited by the small-scale 

retrospective nature of the study. Future well-designed, 
large-scale, multicenter, randomized double-blind, and 
healthy subjects control prospective longitudinal cohort 
studies are necessary to validate the current findings.

Conclusions
In conclusion, the SII revealed a significant positive asso-
ciation with a real-world fragility fracture event and a 
future 10-year fragility fracture probability in postmeno-
pausal females with T2DM, particularly evident in indi-
viduals with anemia. Therefore, monitoring the SII and 
hemoglobin in postmenopausal older women with T2DM 
is helpful in routine clinical practice to identify individu-
als at high risk for fragility fractures and to promptly exe-
cute appropriate fracture intervention procedures.
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