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Systemic immune-inflammatory index ke

predicts fragility fracture risk in postmenopausal
anemic females with type 2 diabetes mellitus:
evidence from a longitudinal cohort study
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Jianhao Huang®, Jinming Yu*, Xiaogjin Qiu>" and Wensheng Lu*""

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 (Sll) 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 SlI, 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 Sl and fra-
gility fracture risk was assessed.

Results Of 423 subjects, 75 experienced a fragility fracture event. Spearman partial correlation analysis revealed

that SIl 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 Sl 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 SIl 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 Sl (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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fracture intervention procedures.

Postmenopausal females, Anemia

Conclusion The Sll 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 SIl 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

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

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 X neutrophil
count/lymphocyte count and expressed asx 10° cells/yl,
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-1IT-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
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event from the follow-up information obtained from out-
patient check-ups, medical records, and telephone vis-
its. The whole blood cell analyzer (Pentral20R, 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 X neutrophil
count/lymphocyte count), expressed asx 10° cells/pl. (3)
BMI was calculated by dividing weight by the square of
height (kg/m?). 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/cm?) 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/cm? in Chinese Han
women aged 30-34 years and a peak BMD of 1.28 g/cm?
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

Huang et al. BMC Endocrine Disorders (2024) 24:256

alcohol 3 or more units/day, and FN BMD (g/cm?). 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/download/pass/updates/pass1l/) 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
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(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 (HbAlc), 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 2> 0.05).

Spearman partial correlation analysis for the ability

of the Sl 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 Sll 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(0OH) D, Hb, ALB, and Cr,
a linear regression model was used to fit the data at 4
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Data were sourced from the Medical Records Database of the People’s Hospital of Guangxi Zhuang Autonomous
Region (n=509) between January 2014 and January 2021

Exclusions (n=86)

The exclusion criteria were as follows:

1) malignant tumors, severe heart, liver, kidney
diseases or infections;

2) thyroid or parathyroid diseases and immune
system diseases;

3) other metabolic bone diseases (MBD);

\ 4

4) long-term use of antidiabetic and standardized

\4

anti-osteoporosis  regimens affecting bone
turnover;

5) with the diagnosis of thalassemia;

6) long-term bedridden status and receiving long-
term glucocorticoid or immunosuppressant
therapeutic regimens;

7) incomplete data, lost to follow-up, or a follow-

up time of less than one year.

423 subjects were recruited for analysis in the study

According to the tertiles of SII

A 4 4

A 4

Low-level group
(£381.32, n=141)

Moderate-level group
(381.32-629.46, n=141)

High-level group
(> 629.46, n=141)

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 Sl 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)

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
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Table 1 Baseline characteristics of the subjects
Characteristics All Participants Low-level Sl Moderate-level Sl High-level Sl P values
(n=423) (£381.32) (381.32-629.46) (n=141) (>629.46)
(n=141) (n=141)

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) 0012’
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(234)

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 (%) 0973

No 419.7) 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) 102(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/m? 24.24 (22.07,26.78) 24.22 (22.35,26.91) 24.61(22.50,26.81) 23.83(2148,26.51) 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) 0315
HbA1c, % 8.20 (6.90,10.40) 8.00 (6.60,10.60) 840 (7.05,10.50) 8.50 (6.80,10.25) 0.54
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, plU/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(4.044.77) 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 142 (1.04,2.05) 142 (1.06,1.99) 146 (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 292 (2.27361) 2.94(2.30,3.62) 292(2273.59) 2.88(2.283.58) 0.982
Cr, umol/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, umol/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(2.23,237) 2.26(2.17,2.35) 0.034"
25(0OH) D, nmol/L 54.42+2254 5875+2297 5544+23.16 49.06+2046 0.001"
ALB, g/L 3840 (35.30,41.00) 38.90 (36.70,41.55) 39.00 (36.15,41.00) 36.40 (32.40,40.00) <0.001"
SI 48172 (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) 0011
TH BMD, g/cm? 0.704+0.130 0.722+0.127 0.711+0.129 0.679+0.132 0016’
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) 0025
FRAX HF, % 230(1.10,4.40) 1.90 (0.80,3.65) 240(1.30/4.10) 2.80(1.20,6.10) 0.009"

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(0OH) D 25-hydroxy vitamin D, ALB serum albumin, BMD bone mineral
density, SIl 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
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Table 2 Pearson and partial correlation analyses for the relationship between the Sl and BMD and the next 10-year probability of
MOF and HF calculated by the FRAX in postmenopausal women with T2DM

LS BMD FN BMD TH BMD MOF HF

r P r P r P r P r P
Model | —-0.037 0454 -0.133 0.006" -0.136 0.005" 0.128 0.008" 0.144 0.003"
Model Il —0.066 0.175 -0.101 0039 -0.127 0.009" 0.093 0.056 0.100 0.041"
Model Il -0.027 0577 -0.037 0451 ~0.052 0.283 0.036 0462 0.041 0.404

Model I: adjusted for none. Model II: adjusted for age and hypertension. Model lll: adjusted for age, hypertension, FT4, 25(0OH) D, Hb, ALB, and Cr

Abbreviations: Sll systemic immune-inflammatory index, BVID 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

The SII and a fragility fracture event in Model 111

HR (95% CI)

P for nonlinear = 0.0322
P for overall < 0.0001

5(50 10100 15I00 20‘00 ZE:IOU

SII
Fig. 2 The RCS model for the dose-response relationship between the Sl and a real-world fragile fracture endpoint event in elderly
postmenopausal women with T2DM. The adjustment factors included age, hypertension, FT4, 25(0OH) 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 SlI (the
reference value is the 5th percentile). RCS analysis revealed an inverted J-shaped dose-dependent correlation between the Sl and a real-world
fragile fracture event (P for overall < 0.0001)

regression analysis was used to determine the risk fac-  were included in the multivariate Cox regression analy-
tors for fragility fracture endpoints. Variables with a  sis. Compared with the low-level SII, the moderate-
P value<0.1 in the univariate Cox regression analysis level SII in Model I (HR=1.967, 95% CI=1.022-3.785,
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Table 3 Univariate and multivariate Cox regression analyses for evaluating the association between the Sll and fragility fractures

Sl HR (95% CI)
Model | P—values Modelll P—values  Modellll P—values
All participants
Low-level SIl (<381.32) Ref Ref Ref
Moderate-level SIl (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 SlI (> 629.46) 3.016 (1.626-5.594) <0001 2.625(1.402-4917) 0.003" 2.397 (1.222-4.700) 0011"
P for trend <0.001" 0.002" 0.009"

Model I: adjusted for none. Model II: adjusted for age and duration of diabetes; Model IlI: adjusted for age and duration of diabetes, hypertension, Hb, FT4, HDL-C, Cr,
25(0H) 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 Sll levels

Abbreviations: Sl systemic immune-inflammatory index, HR hazard ratio, C/ 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

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

Moderate-level High-level
Subgroups HR{95%C1) P-value HR[95%C1]
BMmI
<24 2.229 (0.778,6.387) i 0.136 3.708(1.210.11.359]  he—i
224 2,052 [0.774,5.446) i 0.149 2,515 [0.988,6.403) -
Hypertension
No 1.332 (0.230,7.730) — 0.749 3.635 (0.719.18.360] —
Yes 1.659 (0.797,3.454] - 0176 2.439 [1.171,5.079) L]
Anemia
No 1.461 [0.598,3.572) ot 0.406 2.273(1.009,5.121) 2]
Yes 3.201 [1.004,10.785] o 0.049 5.150 [1.490,17.798] F—i
OPN
No 1.191 (0.345,4.117) — 0.782 157) L]
Yes 2.255 [0.974,5.222) o 0.058 3.439 [1.481,7.983] oy

T

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

P for trend
Pvalue HR{95%CI] Pvalue P.for Interaction
0.993
0022 1.895 [1.103,3.255] oy 0.021
0,053 1,521 (0.986,2.347) tot 0.058
0.569
0118 1.991 [0.868,4.565] —t 0.104
0017 1,652 [1.085,2.221] I~ 0.016
0.128
0.048 1.511[1.010,2.262) te 0,045
001 2.088 [1.208,3.607) roi 0.008
0873
0344 1.319 [0.761,2.286) - 0.325
0.004 1.820 [1.215,2.727] oy 0.004
Eaans]

° 5

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 SlI
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 SIl 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 SlI

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 SIIL.

ROC analysis for evaluating the diagnostic efficacy

of the Sl 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 cutoft 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

Fragility fracture

Low-level SII

Moderate-level SII

High-level SII
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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 MOFE, 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

25.5%

P for trend < 0.001

0 10

20 30

Fig.4 The Sll 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 SlI, respectively, showing a positive dose-response relationship (P for trend <0.001)
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SII and a fragility fracture
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Fig.5 Survival analysis for the cumulative incidence of fragility fractures stratified by the Sl levels. The Kaplan-Meier survival analysis revealed
a significant positive association between the Sl and the cumulative incidence of fragility fractures (log-rank, P=0.0012)

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
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SII and Fragility fracture
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Sensitivity = 60.0%
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Fig. 6 ROC analysis of the optimal cutoff value for the SIl. The SIl 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)

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



Huang et al. BMC Endocrine Disorders (2024) 24:256

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(0OH) 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-y+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
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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.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512902-024-01792-1.

Supplementary Material 1. S1.The relationship between Sl and FN BMD
in Model I.

Supplementary Material 2. S2.The relationship between Sll and FN BMD
in Model 1.

Supplementary Material 3. S3. The relationship between Sl and TH BMD
in Model I.

Supplementary Material 4. S4. The relationship between Sl and TH BMD
in Model II.

Supplementary Material 5. S5. The relationship between Sl and MOF in
Model I.

Supplementary Material 6. S6. The relationship between Sl and HF in
Model I.

Supplementary Material 7. S7. The relationship between Sl and HF in
Model Il.

Acknowledgements

We thank all participants for their contribution to the study. We thank the
Bone Density Unit of the Endocrinology Metabolism Department and the
Medical Records Information Center of the People’s Hospital of Guangxi
Zhuang Autonomous Region for cooperating as partners.

Authors’ contributions

W.S.L. designed this study and drafted the English version of this paper. D.GH.,,
QH., and JM.P.completed the data collection and drafted the Chinese version
of the report. ZW.Z. performed all the statistical analyses and drew the related
graphs through the R language software package. J XS, QW, WX.C, JHH,,
and JM.Y. participated in the follow-up visits. X.Q.Q. completed the supervi-
sion and management of part of the study. W.S.L. is the guarantor of this work
and, as such, has full access to all the data in the study and takes responsibility
for the integrity of the data and the accuracy of the data analyses.

Funding

This study was funded by the Guangxi Key Research and Development Plan
(GuiKe AB24010071), the Guangxi Medical and Health Appropriate Technol-
ogy Development and Promotion Application Project (52019080 for Dinggui
Huang), the Guangxi Traditional Chinese Medicine Suitable Technology
Development and Promotion Project (GZSY23-51 for Qi He), and the National
Natural Science Foundation of China (82160052, 81560044, and 30860113 for
Wensheng Lu).


https://doi.org/10.1186/s12902-024-01792-1
https://doi.org/10.1186/s12902-024-01792-1

Huang et al. BMC Endocrine Disorders (2024) 24:256

Data availability
All initial data from this study are available by e-mail to the corresponding
author upon reasonable request.

Declarations

Ethics approval and consent to participate

All patients agreed to participate in this study and provided written informed
consent. The principles of the Declaration of Helsinki were followed. The Ethics
Committee of the People’s Hospital of Guangxi Zhuang Autonomous Region
approved the trial (approval number: Ethics-KY-1IT-2023-60). Clinical trial
number: not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

"Project Fund Supervision Center, Health Commission of Guangxi Zhuang
Autonomous Region, Nanning, Guangxi 530021, People’s Republic of China.
“Health Fxamination Center, Jiangbin Hospital of Guangxi Zhuang Autono-
mous Region, Nanning, Guangxi 530021, People’s Republic of China.
3Department of Infectious Diseases, Guangxi Academy of Medical Sciences
and the People’s Hospital of Guangxi Zhuang Autonomous Region, Nanning,
Guangxi 530021, People’s Republic of China. “Department of Endocrinology
and Metabolism, National Key Endocrine Clinical Construction Specialty,
Guangxi Academy of Medical Sciences and the People’s Hospital of Guangxi
Zhuang Autonomous Region, No. 6, Taoyuan Road, Nanning, Guangxi 530021,
People’s Republic of China. °Department of Nursing, the Guangxi Hospital

of the First Affiliated Hospital of Sun Yat-Sen University, No. 3, Foziling Road,
Nanning, Guangxi 530028, People’s Republic of China.

Received: 24 August 2024 Accepted: 22 November 2024
Published online: 27 November 2024

References

1. Echouffo-Tcheugui JB, Perreault L, Ji L, Dagogo-Jack S. Diagnosis and
management of prediabetes: a review. JAMA. 2023;329(14):1206-16.
https://doi.org/10.1001/jama.2023.4063.

2. Wang L, Peng W, Zhao Z, et al. Prevalence and Treatment of Diabetes
in China, 2013-2018. JAMA. 2021,326(24):2498-506. https://doi.org/10.
1001/jama.2021.22208.

3. RizzoliR, Biver E, Brennan-Speranza TC. Nutritional intake and bone
health. Lancet diabetes endocrinol. 2021;9(9):606-21. https://doi.org/10.
1016/52213-8587(21)00119-4.

4. PanJ, Guoling Xu, Zhai Z, Sun J, Wang Q, Huang X, et al. Geriatric nutri-
tional risk index as a predictor for fragility fracture risk in elderly with type
2 diabetes mellitus: A 9-year ambispective longitudinal cohort study. Clin
Nutr. 2024;43(5):1125-35. https://doi.org/10.1016/j.cInu.2024.03.032.

5. Meng S, Tong M, Yang Yu, Cao Y, Tang B, Shi X, et al. The prevalence of
osteoporotic fractures in the elderly in China: a systematic review and
meta-analysis. J Orthop Surg Res. 2023;18(1):536. https://doi.org/10.1186/
513018-023-04030-x.

6. Jiajue R, Qi X, Jiang Y, Wang Q Wenbo Wang Yu, et al. Incident fracture risk
in type 2 diabetic postmenopausal women in Mainland China: Peking
vertebral fracture study. Calcif Tissue Int. 2019;105(5):466~75. https://doi.
0rg/10.1007/500223-019-00598-x.

7. Holm JP Jensen T, Hyldstrup L, Jensen JB. Fracture risk in women with
type Il diabetes results from a historical cohort with fracture follow-up.
Endocrine. 2018;60(1):151-8. https://doi.org/10.1007/512020-018-1564-x.

8. Murray CE, Coleman CM. Impact of diabetes mellitus on bone health. Int
J Mol Sci. 2019;20(19):4873. https://doi.org/10.3390/ijms20194873.

9. Liao C-C, Lin C-S, Shih C-C, Yeh C-C, Chang Y-C, Lee Y-W, et al. Increased
risk of fracture and postfracture adverse events in patients with diabetes:
two nationwide population-based retrospective cohort studies. Diabetes
Care. 2014;37(8):2246-52. https://doi.org/10.2337/dc13-2957.

20.

21

22.

23.

24.

25.

26.

Page 13 of 14

. Srivastava RK, Sapra L. The rising era of “immunoporosis”: role of

immune system in the pathophysiology of osteoporosis. J Inflamm Res.
2022;15:1667-98. https://doi.org/10.2147/JIR.S351918.

. Srivastava RK, Dar HY, Mishra PK. Immunoporosis: immunology of

osteoporosis-role of T cells. Front Immunol. 2018;9:657. https://doi.org/10.
3389/fimmu.2018.00657.

. Franceschi C, Bonafe M, Valensin S, Olivieri F, De Luca M, Ottaviani E, et al.

Inflamm-aging. An evolutionary perspective on immunosenescence. Ann
N'Y Acad Sci. 2000;908:244-54. https://doi.org/10.1111/j.1749-6632.2000.
tb06651.x.

. Gertz ER, Silverman NE, Wise KS, Hanson KB, Alekel DL, Stewart JW, et al.

Contribution of serum inflammatory markers to changes in bone mineral
content and density in postmenopausal women: a 1-year investigation. J
Clin Densitom. 2010;13(3):277-82. https://doi.org/10.1016/}jocd.2010.04.
003.

. Barbour KE, Boudreau R, Danielson ME, Youk AO, Wactawski-Wende J,

Greep NG, et al. Inflammatory markers and the risk of hip fracture: the
Women's Health Initiative. J Bone Miner Res. 2012;27(5):1167-76. https://
doi.org/10.1002/jbmr.1559.

. Geerlings SE, Hoepelman Al. Immune dysfunction in patients with diabe-

tes mellitus (DM). FEMS Immunol Med Microbiol. 1999,26(3-4):259-65.
https://doi.org/10.1111/j.1574-695X.1999.tb01397 x.

. BoHu, Yang X-R, Yang Xu, Sun Y-F, Sun C, Guo W, et al. Systemic immune-

inflammation index predicts prognosis of patients after curative resection
for hepatocellular carcinoma. Clin Cancer Res. 2014;,20(23):6212-22.
https://doi.org/10.1158/1078-0432.CCR-14-0442.

. ZhouY, Xianan Guo Lu, Shen KL, Sun Q, Wang Y, et al. Predictive Signifi-

cance of Systemic Immune-Inflammation Index in Patients with Breast
Cancer: A Retrospective Cohort Study. Onco Targets Ther. 2023;16:939-
60. https://doi.org/10.2147/0TT.5434193.

. Yang Y-L, Wu C-H, Hsu P-F, Chen S-C, Huang S-S, Chan WL, et al. Systemic

immune-inflammation index (Sll) predicted clinical outcomes in patients
with coronary artery disease. Eur J Clin Invest. 2020;50(5). https://doi.org/
10.1111/eci.13230.

. Guo W, Song Y, SunY, Huasheng Du, Cai Y, You Q, et al. Systemic immune-

inflammation index is associated with diabetic kidney disease in Type

2 diabetes mellitus patients: Evidence from NHANES 2011-2018. Front
Endocrinol (Lausanne). 2022;13:1071465. https://doi.org/10.3389/fendo.
2022.1071465.

Wang S, Pan X, Jia B, Chen S. Exploring the correlation between the Sys-
temic Immune Inflammation Index (SlI), Systemic Inflammatory Response
Index (SIRI), and type 2 diabetic retinopathy. Diabetes Metab Syndr Obes.
2023;16:3827-36. https://doi.org/10.2147/DMSQ.5437580.

Chen S, Xiao J, Cai W, Xulin Lu, Liu C, Dong Y, et al. Association of the
systemic immune-inflammation index with anemia: a population-based
study. Front Immunol. 2024;15:1391573. https://doi.org/10.3389/fimmu.
2024.1391573.

Qing-Yue Zeng Yu, Qin YS, Xing-Yu Mu, Huang S-J, Yang Y-H, et al.
Systemic immune-inflammation index and all-cause and cause-specific
mortality in sarcopenia: a study from National Health and Nutrition Exam-
ination Survey 1999-2018. Front Immunol. 2024;15:1376544. https://doi.
0rg/10.3389/fimmu.2024.1376544.

Zhang J, Jiang J, QinY, Zhang Y, Wu Y, Xu H. Systemic immune-inflam-
mation index is associated with decreased bone mass density and
osteoporosis in postmenopausal women but not in premenopausal
women. Endocr Connect. 2023;12(2):220461. https://doi.org/10.1530/
EC-22-0461.

Tang Y, Peng B, Liu J, Liu Z, Xia Y, Geng B. Systemic immune-inflammation
index and bone mineral density in postmenopausal women: A cross-
sectional study of the national health and nutrition examination survey
(NHANES) 2007-2018. Front Immunol. 2022;13: 975400. https://doi.org/
10.3389/fimmu.2022.975400.

Fang H, Zhang H, Wang Z, Zhou Z, LiY, Lu L. Systemic immune-inflam-
mation index acts as a novel diagnostic biomarker for postmenopausal
osteoporosis and could predict the risk of osteoporotic fracture. J Clin
Lab Anal. 2020;34(1): €23016. https://doi.org/10.1002/jcla.23016.

Barker AL, Morello R, Thao LTP, Seeman E, Ward SA, Sanders KM, et al. Daily
low-dose aspirin and risk of serious falls and fractures in healthy older
people: a substudy of the ASPREE randomized clinical trial. JAMA Intern
Med. 2022;182(12):1289-97. https://doi.org/10.1001/jamainternmed.
2022.5028.


https://doi.org/10.1001/jama.2023.4063
https://doi.org/10.1001/jama.2021.22208
https://doi.org/10.1001/jama.2021.22208
https://doi.org/10.1016/S2213-8587(21)00119-4
https://doi.org/10.1016/S2213-8587(21)00119-4
https://doi.org/10.1016/j.clnu.2024.03.032
https://doi.org/10.1186/s13018-023-04030-x
https://doi.org/10.1186/s13018-023-04030-x
https://doi.org/10.1007/s00223-019-00598-x
https://doi.org/10.1007/s00223-019-00598-x
https://doi.org/10.1007/s12020-018-1564-x
https://doi.org/10.3390/ijms20194873
https://doi.org/10.2337/dc13-2957
https://doi.org/10.2147/JIR.S351918
https://doi.org/10.3389/fimmu.2018.00657
https://doi.org/10.3389/fimmu.2018.00657
https://doi.org/10.1111/j.1749-6632.2000.tb06651.x
https://doi.org/10.1111/j.1749-6632.2000.tb06651.x
https://doi.org/10.1016/j.jocd.2010.04.003
https://doi.org/10.1016/j.jocd.2010.04.003
https://doi.org/10.1002/jbmr.1559
https://doi.org/10.1002/jbmr.1559
https://doi.org/10.1111/j.1574-695X.1999.tb01397.x
https://doi.org/10.1158/1078-0432.CCR-14-0442
https://doi.org/10.2147/OTT.S434193
https://doi.org/10.1111/eci.13230
https://doi.org/10.1111/eci.13230
https://doi.org/10.3389/fendo.2022.1071465
https://doi.org/10.3389/fendo.2022.1071465
https://doi.org/10.2147/DMSO.S437580
https://doi.org/10.3389/fimmu.2024.1391573
https://doi.org/10.3389/fimmu.2024.1391573
https://doi.org/10.3389/fimmu.2024.1376544
https://doi.org/10.3389/fimmu.2024.1376544
https://doi.org/10.1530/EC-22-0461
https://doi.org/10.1530/EC-22-0461
https://doi.org/10.3389/fimmu.2022.975400
https://doi.org/10.3389/fimmu.2022.975400
https://doi.org/10.1002/jcla.23016
https://doi.org/10.1001/jamainternmed.2022.5028
https://doi.org/10.1001/jamainternmed.2022.5028

Huang et al. BMC Endocrine Disorders (2024) 24:256 Page 14 of 14

27. Alberti KG, Zimmet PZ. Definition, diagnosis, and classification of diabetes Publisher’s Note
mellitus and its complications Part 1: diagnosis and classification of Springer Nature remains neutral with regard to jurisdictional claims in pub-
diabetes mellitus provisional report of a WHO consultation. Diabet Med. lished maps and institutional affiliations.
1998;15(7):539-53. https://doi.org/10.1002/(SIC1)1096-9136(199807)15:7.
< 539: AID-DIA668>3.0.C0O;2-S.

28. Kanis JA. Assessment of fracture risk and its application to screening for
postmenopausal osteoporosis: synopsis of a WHO report. WHO Study
Group Osteoporos Int. 1994;4(6):368-81. https://doi.org/10.1007/BF016
22200.

29. MaF, Li L, Liang Xu, Jiacheng Wu, Zhang A, Liao J, et al. The relationship
between systemic inflammation index, systemic immune-inflammatory
index, and inflammatory prognostic index and 90-day outcomes in
acute ischemic stroke patients treated with intravenous thromboly-
sis. J Neuroinflammation. 2023;20(1):220. https://doi.org/10.1186/
$12974-023-02890-y.

30. Mira JC, Gentile LF, Mathias BJ, Efron PA, Brakenridge SC, Mohr AM, et al.
Sepsis pathophysiology, chronic critical illness, and persistent inflam-
mation-immunosuppression and catabolism syndrome. Crit Care Med.
2017;45(2):253-62. https://doi.org/10.1097/CCM.0000000000002074.

31. Du YN, ChenYJ, Zhang HY, Wang X, Zhang ZF. Inverse association
between systemic immune-inflammation index and bone mineral den-
sity in postmenopausal women. Gynecol Endocrinol. 2021;37(7):650-4.
https://doi.org/10.1080/09513590.2021.1885642.

32. Dirckx N, Van Hul M, Maes C. Osteoblast recruitment to sites of bone
formation in skeletal development, homeostasis, and regeneration. Birth
Defects Res C Embryo Today. 2013;99(3):170-91. https://doi.org/10.1002/
bdrc.21047.

33, MaM, Luo S, Zhou W, Liangyu Lu, Cai J, Yuan F, et al. Bioinformatics analy-
sis of gene expression profiles in B cells of postmenopausal osteoporosis
patients. Taiwan J Obstet Gynecol. 2017;56(2):165-70. https://doi.org/10.
1016/j.tj0og.2016.04.038.

34. Lin Z,Shen D, Zhou W, Zheng Y, Kong T, Liu X, et al. Regulation of
extracellular bioactive cations in bone tissue microenvironment induces
favorable osteoimmune conditions to accelerate in situ bone regenera-
tion. Bioact Mater. 2021;6(8):2315-30. https://doi.org/10.1016/j.bioactmat.
2021.01.018.

35. Bozec A, Zaiss MM. T regulatory cells in bone remodelling. Curr Osteo-
poros Rep. 2017;15(3):121-5. https://doi.org/10.1007/511914-017-0356-1.

36. Johansson H, Kanis JA, Odén A, McCloskey E, Chapurlat RD, Christiansen
C, et al. A meta-analysis of the association of fracture risk and body mass
index in women. J Bone Miner Res. 2014,29(1):223-33. https://doi.org/10.
1002/jbmr.2017.

37. Bonjour JR, Schurch MA, Rizzoli R. Nutritional aspects of hip fractures.
Bone. 1996;18(3 Suppl):1395-144S. https://doi.org/10.1016/8756-3282(95)
00494-7.

38. Vichinsky EP. The morbidity of bone disease in thalassemia. Ann N'Y Acad
Sci. 1998;850:344-8. https://doi.org/10.1111/}.1749-6632.1998.tb 10491 x.

39. Vogiatzi MG, Tsay J, Verdelis K, Rivella S, Grady RW, Doty S, et al. Changes
in bone microarchitecture and biomechanical properties in the th3
thalassemia mouse are associated with decreased bone turnover and
occur during the period of bone accrual. Calcif Tissue Int. 2010;86(6):484~
94. https://doi.org/10.1007/500223-010-9365-0.

40. Cazzola M. Myelodysplastic syndromes. N Engl J Med. 2020;383(14):1358-
74. https://doi.org/10.1056/NEJMra1904794.

41. Ma L-L, Xiao H-B, Zhang J, Liu Y-H, Li-Kun Hu, Chen N, et al. Association
between systemic immune inflammatory/inflammatory response index
and hypertension: A cohort study of functional community. Nutr Metab
Cardiovasc Dis. 2024;34(2):334-42. https://doi.org/10.1016/j.numecd.
2023.09.025.

42. LiJ, Zhang X, ZhangYi, Dan X, Xian Wu, Yang Y, et al. Increased systemic
immune-inflammation index was associated with type 2 diabetic
peripheral neuropathy: a cross-sectional study in the Chinese population.
JInflamm Res. 2023;16:6039-53. https://doi.org/10.2147/JIR.S433843.

43. Sassi F, Tamone C, D’Amelio P. Vitamin D: nutrient, hormone, and immu-
nomodulator. Nutrients. 2018;10(11):1656. https://doi.org/10.3390/nu101
11656.

44, Chauss D, Freiwald T, McGregor R, Yan B, Wang L, Nova-Lamperti E,
et al. Autocrine vitamin D signaling switches off the pro-inflammatory
programs of TH1 cells. Nat Immunol. 2022;23(1):62-74. https://doi.org/10.
1038/541590-021-01080-3.


https://doi.org/10.1002/(SICI)1096-9136(199807)15:7
https://doi.org/10.1007/BF01622200
https://doi.org/10.1007/BF01622200
https://doi.org/10.1186/s12974-023-02890-y
https://doi.org/10.1186/s12974-023-02890-y
https://doi.org/10.1097/CCM.0000000000002074
https://doi.org/10.1080/09513590.2021.1885642
https://doi.org/10.1002/bdrc.21047
https://doi.org/10.1002/bdrc.21047
https://doi.org/10.1016/j.tjog.2016.04.038
https://doi.org/10.1016/j.tjog.2016.04.038
https://doi.org/10.1016/j.bioactmat.2021.01.018
https://doi.org/10.1016/j.bioactmat.2021.01.018
https://doi.org/10.1007/s11914-017-0356-1
https://doi.org/10.1002/jbmr.2017
https://doi.org/10.1002/jbmr.2017
https://doi.org/10.1016/8756-3282(95)00494-7
https://doi.org/10.1016/8756-3282(95)00494-7
https://doi.org/10.1111/j.1749-6632.1998.tb10491.x
https://doi.org/10.1007/s00223-010-9365-0
https://doi.org/10.1056/NEJMra1904794
https://doi.org/10.1016/j.numecd.2023.09.025
https://doi.org/10.1016/j.numecd.2023.09.025
https://doi.org/10.2147/JIR.S433843
https://doi.org/10.3390/nu10111656
https://doi.org/10.3390/nu10111656
https://doi.org/10.1038/s41590-021-01080-3
https://doi.org/10.1038/s41590-021-01080-3

	Systemic immune-inflammatory index predicts fragility fracture risk in postmenopausal anemic females with type 2 diabetes mellitus: evidence from a longitudinal cohort study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study design
	Clinical data acquisition
	Definitions used in this study
	Statistical analysis

	Results
	Baseline characteristics
	Spearman partial correlation analysis for the ability of the SII to predict endpoint events
	RCS analyses for a dose–response correlation between the SII and fragile fracture risk
	Cox proportional hazard models for risk factors for endpoint events
	The forest plots for the subgroup stratified analysis
	Kaplan‒Meier survival analysis for cumulative fracture incidence according to the SII
	ROC analysis for evaluating the diagnostic efficacy of the SII for fragility fractures

	Discussion
	Limitations

	Conclusions
	Acknowledgements
	References


