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This study aimed to examine the relationships of osteoporosis with Osteoporosis indices in

elderly patients, and investigate the associations of novel inflammatory markers with variations

of Osteoporosis indices. Senior citizens were recruited from the National Health and Nutrition
Examination Survey (NHANES). Dual-energy X-ray absorptiometry was used to detect bone mineral
density tests. Osteoporosis indices and diagnosis of osteoporosis were evaluated using multivariate
weighted logistic regression models. Novel inflammatory markers were calculated based on
lymphocyte, neutrophil, monocyte, platelet, and albumin counts. The relationships between the
Osteoporosis indices and novel inflammatory markers were evaluated with multivariate weighted
logistic regression models. Totally 837 elderly patients were enrolled, including 494 men and 343
women, and their weighted average age was 68.28 + 7.60 years. Our results indicated that the
osteoporosis indices were positively correlated with the presence of osteoporosis and that these
three indices measured the severity of osteoporosis. After multivariate weighted logistic regression
model analysis of the novel inflammatory markers and osteoporosis index, AIRI, SIRI, and Sl were
significantly correlated with the osteoporosis indices. There may be a close relationship between
inflammation and senile osteoporosis. The novel inflammatory markers are convenient and objective
for predicting low BMD or osteoporosis risk in older patients. Among these markers, elderly patients
with high levels of AlSI, SIRI, and Sl should focus on the risk of osteoporosis. However, this study has
some limitations. It is essential to expand the sample size to a wider population to investigate the
relationship between inflammation and osteoporosis.
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Osteoporosis, characterized by diminished bone mass and compromised bone microarchitecture, represents
the widespread skeletal disorder that significantly elevates the risk of fractures, particularly in the geriatric
population. The global burden of osteoporosis is significant, impacting approximately 200 million individuals
worldwide! 3. It compromises patients’ life quality and imposes a substantial economic strain on healthcare
systems*°. Among the various manifestations of osteoporosis, vertebral fractures are significantly prevalent®-%.

Osteoporosis is diagnosed through dual-energy X-ray absorptiometry (DXA)®. This technique contributes
to measuring bone mineral content (BMC), bone mineral density (BMD), bone area, and other relevant
parameters'®!!. To assess the presence of osteoporosis in the spine, DXA can also be used to measure the spinal
BMD, spinal BMC, and spinal area'?.

The novel immunoinflammatory markers, including Aggregate Index of Systemic Inflammation (AISI),
Systemic Inflammatory Response Index (SIRI), Neutrophil-to-Lymphocyte Ratio (NLR), System Immune
Inflammation Index (SII), Platelet-to-Lymphocyte Ratio (PLR), Monocyte-to-Lymphocyte Ratio (MLR), and
Neutrophil Percentage Adjusted Ratio (NPAR) serve as the new indices based on lymphocyte, neutrophil cell,
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monocyte, platelet, and albumin counts. A growing body of evidence shows that these novel inflammatory
markers can well indicate the body’s inflammatory and immune state and predict different diseases!*~!°.
Recently, inflammation has aroused wide attention owing to its impact on osteoporosis pathogenesis. Systemic
inflammatory and immune statuses are closely related to osteoporosis, probably because immune cells, directly
and indirectly, affect bone cell physiological processes!'”~?2. Studies have also indicated that chronic inflammation
causes bone loss by inducing osteoclast activation and inhibiting osteoblasts?.

According to the established theoretical framework, this study aimed to explore the association of novel
inflammatory indices (AISI, SIRI, SII, NLR, PLR, MLR, and NPAR) with osteoporosis. By evaluating the
relationships between total spinal osteoporosis indices (including TS-BMD, TS-BMC, and TS-area) and
osteoporosis status, these markers were used to quantify the osteoporosis status. This approach contributes to
elucidating the connection between novel inflammatory markers and osteoporosis. Therefore, this study offers
insights into the interplay between inflammation and osteoporosis, paving the way for developing strategies
aiming at the prevention of spinal osteoporosis.

Materials and methods

Study subjects

Subject data were collected according to the National Health and Nutrition Examination Survey (NHANES)
to evaluate health and nutritional status among the general US population through the cross-sectional study.
The NHANES is conducted by the Centers for Disease Control and Prevention (USA) and is updated every two
years. The NHANES keeps on going, providing precious health-related information for the adult and pediatric
US populations. It includes representative U.S. population samples with the stratified, multi-stage probability
design and is conducted every two years. NHANES interview covers questions regarding demographics,
socioeconomics, health, and diet-associated aspects. Examinations include physiological, dental, and medical
measurements as well as laboratory tests performed in the hands of trained medical staff. Data acquisition
was conducted by structured interviews with individuals at home, by sample tests in the laboratory, and by
health screening at mobile examination centers?!. The NHANES 1999-2018 data were obtained in this study.
All the participants were recruited. Subjects below were excluded: (i) participants with no complete data on
osteoporosis indices (TS-BMD, TS-BMC, TS-Area), (ii) participants who did not respond to the survey (ever
told had osteoporosis/brittle bones), (iii) participants with missing indices of interest for this study (lymphocyte
number, monocyte number, neutrophils number, platelet count, and albumin), (iv) participants who were not
the elderly patients (<60 and <55 years for men and women, respectively), and (v) participants with missing
data on variables associated with this study. Subjects enrolled in the present work offered informed consent. Our
study was approved by the ethics review board of the National Center for Health Statistics®*.

Osteoporosis status definition

Osteoporosis status was defined according to a self-reported health questionnaire. In any case, the answer of
“yes” to the question “Ever told had osteoporosis/brittle bones” was included in the osteoporosis group (OP
group); otherwise, it was included in the non-osteoporosis group (NOP group). Detailed information on the
self-reported reproductive health questionnaire can be obtained from the National Health and Social Services
website?”.

Novel inflammatory markers

Recent advancements in the field of inflammatory marker research have introduced several novel indices to
better characterize inflammatory processes, including AISI, SIRI, SII, PLR, MLR, NLR, and NPAR, according
to previous studies*"*>?%?7, Figure 1 shows the distribution of the difference in novel inflammatory markers for
OP compared with NOP groups. All indices were determined based on the complete blood count experimental
and biochemical results. Complete blood count tests and biochemical methodologies can be obtained from the
NHANES website?$, where monocyte, neutrophil, lymphocyte, and platelet counts are measured in 10° cells/L. A
regression analysis of the novel inflammatory markers and the osteoporosis index was conducted.

Osteoporosis indices

TS-BMD refers to total spine bone mineral density; TS-BMC indicates total spine bone mineral content; and
TS-Area represents total spine bone area. In Table 1, TS-BMD, TS-BMC, and TS-Area had significant differences
among people with or without osteoporosis (P<0.001). Therefore, in this study, TS-BMD, TS-BMC, and TS-
Area were employed to mark the osteoporosis index for quantifying osteoporosis.

Covariates

Considering that additional factors may influence osteoporosis indices, covariates were recruited for analyses.
Covariates were selected from the NHANES database according to prior literature?®0. Age, gender, height,
weight, body mass index (BMI), annual household income, education level, smoke status, alcohol consumption,
diabetes, high-density lipoprotein (HDL), alanine transaminase (ALT), aspartate transaminase (AST), blood
calcium, cholesterol total, triglycerides, albumin, protein total, white blood cell, red blood cell, platelet count,
and hemoglobin were identified as candidate covariates. More details are presented in Table 1.

Statistical analysis

Analysis was conducted on subjects with sufficient data. Therefore, those who had missing covariates were
eliminated from the analyses. Basic characterstics were expressed as weighted proportion (categorical variables,
analyzed by weighted chi-square tests) and weighted mean and standard error (SE) (continuous variables,
analyzed by weighted t-tests). Weights utilized in the analysis were selected concerning the NHANES database®!.
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Fig. 1. Distribution of novel inflammatory markers among osteoporosis participants included in the final
analysis. SIRIL systemic inflammation response index; AISI, The Aggregate Index of Systemic Inflammation;
SII, systemic immune-inflammation index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte
ratio; MLR, monocyte-to-lymphocyte ratio; NPAR, neutrophil-to-albumin ratio. 0 means the NOP group, and
1 means the OP group.

As a result, the mobile examination center (MEC) exam weight (WTMEC2YR) was used in the analysis since
certain variables in this study were obtained from MEC. Associations between osteoporosis indices and
osteoporosis status (osteoporosis vs. Non-osteoporosis) were evaluated with multivariable weighted logistic
regression. The same multivariable weighted linear regression method was used after classifying the independent
variables according to the order of 4 values (Q1-Q4). This method improves the authenticity of the osteoporosis
index to quantify osteoporosis. Associations of the novel inflammatory markers with osteoporosis indices were
analyzed with multivariable weighted linear regression models. We also carried out the same analysis method
after classifying 4 values according to the value of the independent variable, aiming to determine the interval
with the most significant correlation. All examinations were performed in Stata/SE 18.0 or R software 4.0.3.
P<0.05 (two-sided) represented statistical significance.

Results

Basic characteristics

Figure 2 presents the patient screening process. Data for 101,1316 people registered in the NHANES database
were collected from 1999 to 2018. The information of 101,1316 participants was obtained based on NHANES
(1999-2000: N=9965; 2001-2002: N=11039; 2003-2004: N=10122; 2005-2006: N=10348; 2007-2008:
N=10149; 2009-2010: N=10537; 2011-2012: N=9756; 2013-2014: N=10175; 2015-2016: N=9971; 2017-
2018: N=9254). Participants with missing information on the osteoporosis indices (TS-BMD, TS-BMC, TS-
area; N=80495) were eliminated. Participants who did not respond to the survey were excluded (Ever told
had osteoporosis or brittle bone; N=7699). Participants with missing indices of interest (Lymphocyte number,
Monocyte number, Neutrophils number, Platelet count, Albumin; N=523) were excluded. Participants who
were older than the age limit required for the study were excluded (<60 and <55 years for men and women,
respectively; N=8611). Participants with missing data on variables in this study were excluded (N=3149).
Following the eventual selection, a total of 837 diabetics satisfying the eligibility criteria were recruited, including
9.8% (82/837) who had osteoporosis (Fig. 2; Table 2).

Table 2 displays basic characteristics. The weighted average age for osteoporosis participants enrolled in this
study was 68.28 +7.60 years, the average weight was 79.21+16.59 kg, the average height was 168.02+9.49 cm,
and the average BMI was 28.01 +5.22 kg/mz. The mean TS-BMD, TS-BMC, and TS-area were 1.02+0.18 g/
cm?, 65.68+17.61 g, 63.44+8.93 cm?, respectively. This study analyzed the novel inflammatory markers in OP
compared with NOP groups using a violin plot (Fig. 3).

Associations of osteoporosis indices (TS-BMD, TS-BMC, TS-Area) with osteoporosis

All cases were classified as OP and NOP groups based on whether they developed osteoporosis or not, and the
data were again correlated. We observed a significant correlation between osteoporosis indices (TS-BMD, TS-
BMC, TS-Area) and whether they had osteoporosis or not, as listed in Table 1 and shown in Fig. 4. Therefore, this
study was chosen to further explore whether the osteoporosis indices indicated osteoporosis. Table 3 displays
the associations of osteoporosis indices with osteoporosis. After not adjusting for any covariate (Model 1), TS-
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Data groups
Characteristics (Mean or proportion)
Non-osteoporosis/brittle bones
Osteoporosis/brittle bones(N=82) | (N=755) Statistics | P

Age[year], mean +SE 67.74+7.33 68.34+7.64 —-0.673 0.501
Gender, n(%) Male 10 (12.2%) 484 (64.11%) 82.410 <0.001

Female 72 (87.8%) 271 (35.89%)
Height[cm], mean + SE 161.98£8.08 168.68 £9.41 -7.006 <0.001
Weight[kg], mean+SE 71.67+16.14 80.03+16.44 —4.380 <0.001
BMI[kg/m?], mean+SE 27.26+5.50 28.09+5.19 -1.371 0.171

?lg(;\r/ﬁai 25 kg/m2) 30 (36.59%) 220 (29.14%) 1.964 0.375
BML, n (%) 82‘?;%";30 kg/m2) 28 (34.15%) 285 (37.75%)

g?\flsleg 30 kg/m2) 24 (29.27%) 250 (33.11%)
Annual Household Income, mean + SE 9.51+16.56 8.97+13.12 0.345 0.73

Under high school 27 (32.93%) 268 (35.5%) 3.783 0.151
Education level, n (%) High school or equivalent 28 (34.15%) 185 (24.5%)

Above high school 27 (32.93%) 302 (40%) 0.406 0.816

Everyday 18 (21.95%) 189 (25.03%)
Smoke status, n (%) Someday 3 (3.66%) 24 (3.18%)

Refuse 61 (74.39%) 542 (71.79%)
Alcohol consumption, n () ge;ast 12 alcohol drinks / 1 year) | 1 74:39%) 568 (75.23%) 0406 | 0.816

No 21 (25.61%) 187 (24.77%)
Diabetes, n (%) YES 14 (17.07%) 144 (19.07%) 0.218 0.897

No 68 (82.93%) 611 (80.93%)
Hemoglobin[g/dL], mean +SE 13.91+1.16 14.43 +1.50 -3.749 | <0.001
White blood cell[x10'%/L], mean + SE 8.46+2.16 7.26+3.65 0.501 0.616
Red blood cell[x10°/L], mean + SE 4.51+0.38 4.68+0.49 —3.606 <0.001
Lymphocyte number([x10%/L], mean +SE 2.05+0.71 2.21+£2.93 -0.503 0.615
Monocyte number[x10°/L], mean + SE 0.56+0.17 0.59+0.29 -1.123 0.262
Neutrophils number[x10°/L], mean + SE 4.60+1.82 4.19+1.53 1.974 0.051
Platelet count[x10°/L], mean + SE 268.41+£61.22 256.58 +68.51 1.501 0.134
Albumin[g/L], mean+ SE 42.09+3.41 41.63+£3.21 1.215 0.225
Cholesterol total[mmol.L], mean + SE 5.18+0.99 512+1.17 0.467 0.640
Blood calcium[mmol/L], mean +SE 2.38+0.10 2.37+0.09 1.177 0.240
Protein, total[g/L], mean + SE 70.6+4.40 71.17+5.20 -0.962 0.336
Serum creatinine[umol/L], mean + SE 76.7+22.4 94.09£45.27 —5.806 <0.001
Triglycerides[mmol/L], mean + SE 1.74+1.05 1.82+1.17 -0.603 | 0.546
ALT[U/L], mean+SE 20.78+£7.58 24.12+18.51 -3.104 0.002
AST[U/L], mean + SE 24.65+5.51 26.60+16.17 -2.310 0.022
HDL [mmol/L], mean +SE 1.52+0.47 1.38+0.42 2.602 0.011
TS - BMD[g/cmz], mean +SE 0.90+0.16 1.01+0.17 —6.968 <0.001
TS - BMC|[g], mean+SE 51.7+14.28 67.2+17.27 -9.129 <0.001
TS - Area[cm?], mean+SE 57.03+8.20 64.14+8.73 -7.039 <0.001

Table 1. Comparison of clinical and laboratory data between the osteoporosis/brittle bones participants and
nonosteoporosis/brittle bones participants. BMI, body mass index; ALT, alanine transaminase; AST, aspartate
transaminase; BMD, bone mineral density; BMC, Bone mineral content; TS, total spine; HDL, High density
lipoprotein; Bold fonts indicate a P value < 0.05.

BMD, TS-BMC, and TS-Area showed a significant association (P<0.05) with outcome (osteoporosis or not).
This relationship was equally significant between Q1 to Q4. After adjusting for age, gender, and BMI (Model
2), TS-BMD, and TS-BMC remained significantly correlated with outcome, while TS-Area did not suggest a
correlation with outcome. Subsequently, after we categorized the dependent variables again between QI to Q4,
TS-BMD showed a close relationship to the outcome in groups Q3 and Q4, TS-BMC exhibited a significant
correlation with the outcome in groups Q2 and Q3, and TS-Area was significantly related to the outcome in Q2.
After adjusting for all covariates (Model 3), TS-BMD was significantly associated with the outcome in groups
Q2, Q3, and Q4, TS-BMC showed a significant relationship to the outcome in group Q2, while TS-Area was
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Participants from the NHANES database (1999-2018):N = 101316

NHANES 1999-2000: N = 9965
NHANES 2001-2002: N = 11039
NHANES 2003-2004: N = 10122

4 NHANES 2005-2006: N = 10348
NHANES 2007-2008: N = 10149
NHANES 2009-2010: N = 1053
NHANES 2011-2012: N = 9756
NHANES 2013-2014: N= 10175
NHANES 2015-2016: N = 9971
NHANES 2017-2018: N = 9254

Participants did not complete data on osteoporosis index
(TS-BMD, TS-BMC, TS-Area)
N = 80495

\/

N = 20821

=] Participants who did not responded to the survey \
l (Ever told had osteoporosis/brittle bones)
N = 7699

N = 13122

Participants were missing indicators of interest for this study
(Lymphocyte number, Monocyte number, Neutrophils number, Platelet count, Albumin)
N=523

N = 12599

¢

L] Participant who was not elderly patients
l (Male < 60 years old: Female < 55 years old )
N=8611

Bl

N = 3988

Participants missed data on variables associated with this study
N=3149

e |
ol N =837

Participants included in the final analysis >

Fig. 2. Participant screening procedure. NHANES, National Health and Nutrition Examination Survey. BMD,
bone mineral density; BMC, Bone mineral content; TS, total spine.

significantly associated with the outcome in groups Q2 and Q4. The results from the above analyses and the
analyses after grouping the dependent variables suggested a significant correlation between the osteoporosis
indices (TS-BMD, TS-BMC, TS-Area) and outcome. Therefore, in the following analyses, the osteoporosis index
was used to quantify and replace the outcome (osteoporosis or not).
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Characteristics(N=837) Mean or proportion
Age[year], mean + SE 68.28+7.60
Male 494 (59.02%)
Gender, n(%)
Female 343 (40.98%)
Height[cm], mean +SE 168.02+9.49
Weight[kg], mean +SE 79.21+16.59
BMI[kg/m?], mean +SE 28.01+5.22
Nomal (BMI <25 kg/m?) 250 (29.87%)
BMI, n (%) Overweight (25<BMI <30 kg/m?) 313 (37.40%)
Obese (BMI <30 kg/m?) 274 (32.74%)
Annual Household Income, mean + SE 9.02+13.49
Under high school 295 (35.24%)
Education level, n (%) High school or equivalent 213 (25.45%)
Above high school 329 (39.31%)
Everyday 207 (24.73%)
Smoke status, n (%) Someday 27 (3.23%)
Refuse 603 (72.04%)
Alcohol consumption, n (%) Yes(Had at least 12 alcohol drinks / 1 year) | 629 (75.15%)
No 208 (24.85%)
Diabetes,n (%) YES 158 (18.88%)
No 679 (81.12%)
YES 82 (9.80%)
Ever told had osteoporosis/brittle bones
NO 755 (90.2%)
Hemoglobin[g/dL], mean +SE 14.38+1.48
White blood cell[x10'2/L], mean + SE 7.28+3.53
Red blood cell[x10°/L], mean + SE 4.66+0.48
Lymphocyte number([x10%/L], mean +SE 2.20+2.79
Monocyte number[x10°/L], mean + SE 0.59+0.28
Segmented.neutrophils.number, mean + SE 4.23+1.57
Platelet count[x10°/L], mean + SE 257.74+67.89
Albumin([g/L], mean + SE 41.67+3.23
Cholesterol total[mmol.L], mean + SE 5.13+1.15
Blood calcium[mmol/L], mean +SE 2.37£0.09
Protein, total[g/L], mean SE 71.11+5.13
Serum creatinine[umol/L], mean + SE 92.39+43.89
Triglycerides[mmol/L], mean + SE 1.82+1.16
ALT[U/L], mean +SE 23.79+17.76
AST[U/L], mean+SE 26.41+15.47
HDL [mmol/L], mean + SE 1.40+0.42
TS - BMD[g/cm?|, mean+SE 1.02+0.18
TS - BMCJg], mean +SE 65.68+17.61
TS - Area[cm?], mean +SE 63.44+8.93

Table 2. Baseline characteristics of patients with spinal osteoporosis were included in the final analysis. BMI,
body mass index; ALT, alanine transaminase; AST, aspartate transaminase; BMD, bone mineral density; BMC,
Bone mineral content; TS, total spine; HDL, High density lipoprotein;

Association between osteoporosis indices (TS-BMD, TS-BMC, TS-Area) and novel
inflammatory markers

The associations of the osteoporosis indices with inflammatory markers are listed in Table 1. In the analysis
of the inflammatory marker AISI and outcome, AISI had a close relationship to the Q3 group of TS-BMD
(Modell P=0.004, Modle 2 P<0.001, Model 3 P=0.001), and the Q3 group of TS-BMC (Modle 2 P=0.010,
Model 3 P=0.025). SIRI was significantly associated with the Q3 group of TS-BMD (Modle 2 P=0.002, Model
3 P=0.003), Q4 group of TS-BMD (Modell P=0.044, Modle 2 P=0.002, Model 3 P=0.002), the Q3 group of
TS-BMC (Modle 2 P=0.039, Model 3 P=0.042), Q3 group of TS-Area (Modle 1 P=0.014), and Q4 group of
TS-Area (Modle 1 P<0.001). SIRI was significantly correlated with the Q3 group of TS-BMD (Model 1 P=0.006,
Modle 2 P=0.003, Model 3 P=0.005), and Q4 group of TS-BMD (Modle 1 P=0.021, Model 2 P=0.042). NLR
was significantly associated with the Q2 group of TS-BMD (Model 1 P=0.037, Modle 2 P=0.025, Model 3
P=0.030), Q3 group of TS-BMD (Modle 2 P=0.009, Model 3 P=0.014), Q4 group of TS-BMD (Modle 2
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Fig. 3. Differences in the novel inflammatory markers in osteoporosis participants enrolled for eventual
analysis. SIRI, systemic inflammation response index =Monocyte number x Segmented neutrophils number

/ Lymphocyte number. AISI, The Aggregate Index of Systemic Inflammation = Platelet count x Monocyte
number x Segmented neutrophils number / Lymphocyte number. SII, systemic immune-inflammation

index = Platelet count x Segmented neutrophils number/Lymphocyte number. NLR, neutrophil-to-lymphocyte
ratio = Segmented neutrophils number / Lymphocyte number. PLR, platelet-to-lymphocyte ratio = Platelet
count / Lymphocyte number. MLR, monocyte-to-lymphocyte ratio = Monocyte number/Lymphocyte number.
NPAR, neutrophil-to-albumin ratio = Segmented neutrophils number / Albumin. Bold fonts stand for P<0.05.
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mean

10
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Fig. 4. Differences in TS-BMD, TS-BMC, and TS-Area between the NOP group and OP group.

P=0.003, Model 3 P=0.002), Q3 group of TS-Area (Modle 1 P=0.016), and Q4 group of TS-Area (Modle 1
P=0.001). MLR was significantly related to the Q2 group of TS-BMD (Model 1 P=0.013, Modle 2 P=0.004,
Model 3 P=0.003), Q3 group of TS-BMD (Modle 2 P=0.022, Model 3 P=0.007), Q4 group of TS-BMC (Modle
1 P<0.001), Q3 group of TS-Area (Modle 1 P=0.003), and Q4 group of TS-Area (Modle 1 P<0.001, Modle 2
P=0.017, Model 3 P=0.034). PLR was significantly associated with the Q4 group of TS-Area (Modle 2 P=0.046,
Model 3 P=0.045). NPAR was significantly correlated with the Q3 group of TS-BMD (Modle 2 P=0.004, Model
3 P=0.004), Q4 group of TS-BMD (Modle 2 P=0.005, Model 3 P=0.008), and Q3 group of TS-BMC (Modle 2
P=0.033, Model 3 P=0.028).

Discussion

The interplay between the inflammatory system and osteoporosis has been a subject of considerable interest, with
recent research underscoring that systemic inflammation may be involved in osteoporosis pathogenesis?”32-3,
Inflammatory markers have emerged as a significant predictor of various outcomes in patients with osteoporosis.
Various novel inflammatory markers have been vital prognostic indices of osteoporosis patients.
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Model 1* Model 2% Model 3
95%CI | 95%CI 95%CI | 95%CI 95%CI | 95%CI
Index Out come | Continuous or categories | OR low upp P-value | OR low upp P-value | OR low upp P-value
NOP TS-BMD 0.00479 | 0.0098 | 0.02354 | <0.001 | 0.03958 | 0.00698 | 0.22432 | <0.001 | 0.03232 | 0.00515 | 0.20287 | <0.001
vs. Q1 Reference Reference Reference
TS-BMD | OP Q2 0.44892 | 0.25829 | 0.78027 | 0.005 0.58138 | 0.32174 | 1.05055 | 0.072 0.53932 | 0.29210 | 0.99578 | 0.048
Q3 0.16995 | 0.08061 | 0.35827 | <0.001 | 0.31580 | 0.14397 | 0.69269 | 0.004 0.28319 | 0.12578 | 0.63759 | 0.002
Q4 0.13218 | 0.05801 | 0.30118 | <0.001 | 0.33027 | 0.13613 | 0.80129 | 0.014 0.30485 | 0.12045 | 0.77151 | 0.012
NOP TS-BMC 0.93573 | 0.91896 | 0.95280 | <0.001 | 0.96780 | 0.94756 | 0.98846 | 0.002 0.96737 | 0.94622 | 0.98898 | 0.003
vs. Q1 Reference Reference Reference
TS-BMC | OP Q2 0.32857 | 0.18586 | 0.58088 | <0.001 | 0.56685 | 0.31198 | 1.02992 | 0.062 0.57092 | 0.30696 | 1.06184 | 0.077
Q3 0.13077 | 0.06021 | 0.28403 | <0.001 | 0.37100 | 0.16152 | 0.85212 | 0.019 0.36089 | 0.15381 | 0.84677 | 0.019
Q4 0.97114 | 0.04058 | 0.23247 | <0.001 | 0.53822 | 0.18567 | 1.54628 | 0.249 0.50352 | 0.16740 | 1.51450 | 0.222
NOP TS-area 0.90808 | 0.88218 | 0.93473 | <0.001 | 0.97811 | 0.94059 | 1.01712 | 0.267 0.98213 | 0.94315 | 1.02272 | 0.383
vs. Q1 Reference Reference Reference
TS-Area | OP Q2 0.30965 | 0.17346 | 0.55275 | <0.001 | 0.45777 | 0.25039 | 0.83689 | 0.011 0.45335 | 0.24600 | 0.84719 | 0.013
Q3 0.14786 | 0.07051 | 0.31004 | <0.001 | 0.62248 | 0.26143 | 1.48219 | 0.284 0.65252 | 0.26754 | 1.59150 | 0.348
Q4 0.09711 | 0.04058 | 0.23407 | <0.001 | 0.80182 | 0.24331 | 2.64241 | 0.717 0.79677 | 0.23145 | 2.74286 | 0.719

Table 3. Association of TS-BMD, TS-BMC, TS-Area with OP or NO. TS-BMD: Q1(0.57-0.96), Q2(0.90-1.01),
Q3(1.01-1.14), Q4(1.14-1.71); TS-BMC: Q1(28.28-52.75), Q2(52.77-64.59), Q3(64.65-76.82), Q4(76.84-
128.01); TS-Area: Q1(35.24-56.92), Q2(56.99-63.59), Q3(63.63-69.81), Q4(69.84-88.16); Bold fonts indicate
a P value <0.05. Model 1*: Unadjusted model. Model 2*: Age (Female: > 55 years old; Male: > 60 years old),
Gender (Male or Female), BMI (Body Mass Index level: normal, overweight, obese). Model 3%: Age (Female: >
55 years old; Male: > 60years old), Gender (Male or Female), BMI (Body Mass Index level: normal, overweight,
obese), Annual Household Income, Education level (Under high school; High school or Equivalent; Above
high school), Smoke status (Everyday, Someday, Refuse), Alcohol consumption (Had at least 12 alcohol drinks
/ 1 year: yes, no), Diabetes ( Yes, no ), ALT, AST, HDL, Cholesterol total, Triglycerides, Albumin, Protein total,
Platelet count, Red blood cell, White blood cell, Hemoglobin. TB-BMD, Total spine bone mineral density; TB-
BMC, Total spine bone mineral content; TB-Area, Total spine area; ALT, alanine transaminase, AST, aspartate
transaminase; HDL, high-density lipoprotein.

An increasing number of evidence underscores the intimate link between chronic inflammation and bone
remodeling, a connection that may be impacted by age-related oxidative stress and immune system activation?2.
As individuals age, the immune system tends to remain in a persistent subclinical inflammatory state, which can
affect T and B lymphocytes to varying extents*>*”. This disruption can upset the balance between inflammatory
factors and protective immunity elements which are crucial for bone metabolism.

Moreover, the research performed by Monaco et al. has revealed a significant positive correlation between
total lymphocyte count and femoral bone mineral density (BMD) in healthy postmenopausal women3®.
Importantly, this assessment requires only peripheral blood samples, causing minimal participant discomfort.
Thus, these novel inflammatory indices have drawn considerable attention from researchers®.

Interleukin-1 (IL-1), Interleukin-9 (IL-9), Tumor Necrosis Factor-alpha (TNF-a), and other inflammatory
mediators have been found to promote osteoclast differentiation or inhibit the osteogenic differentiation of bone
marrow mesenchymal stem cells (MSCs). These effects occur by activating the RANKL/RANK/OPG pathway
and the Wnt signaling pathway*%41,

Compared with previous studies, this study has the corresponding advantages. At first, we studied the
relationships between osteoporosis index and novel inflammatory markers among old spine osteoporosis
patients in the USA and provided new evidence. Secondly, seven novel inflammatory markers (AISI, SIRI,
SII, NLR, PLR, MLR, NPAR) were evaluated to reflect more fully the relationship between osteoporosis and
inflammation. These seven different markers provide a comprehensive overview of our inflammatory system
and a more comprehensive assessment of the relationship between the two. Subgroup analyses were performed.
The possible association of the osteoporosis index with the inflammatory markers can be clarified through
subgroup analysis.

Firstly, in the initial research phase, significant differences were observed in the osteoporosis indices (TS-
BMD, TS-BMC, TS-Area) between the two groups (Table 2; Fig. 1, P<0.001). By multivariable weighted logistic
regression, the osteoporosis index was significantly related to whether the patient had osteoporosis (Table 3,
P<0.001). By stratifying the osteoporosis index (Table 3, Q1-Q4), the difference still existed. This suggests that
the osteoporosis index can be used to quantify whether osteoporosis exists.

For the following study, a multivariable weighted linear regression of the novel inflammatory markers (AISI,
SIRI, SII, NLR, PLR, MLR, NPAR) and the osteoporosis indices was performed (TS-BMD, TS-BMC, TS-Area)
(Table 4). We found significant differences in SII and TS-BMD between Models 1 and 2 (Table 4, P=0.033,
= 0.046), whereas no significant differences were observed after adding covariates (Model 3). NLR and Ts-
Area showed significant differences among different covariates (P<0.001, P=0.008, P=0.003). The remaining
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Model 1* Model 2% Model 3
Continuous or 95%CI 95%CI 95%CI 95%CI 95%CI 95%CI
Index | Outcome | categories B low upp P-value | low upp P-value | B low upp P-value
AISI —0.00002 | —0.00006 | 0.00003 0.484 —0.00003 | —0.00008 | —0.00000 | 0.123 —0.00004 | —0.00009 | 0.00016 0.175
Q1 Reference Reference Reference
TS-BMD | Q2 —0.03170 | —0.06579 | 0.00239 0.068 —0.02586 | —0.05672 | 0.00500 0.100 —0.02495 | —0.05643 | 0.00653 0.120
Q3 —0.05013 | —0.08422 | —0.01604 | 0.004 —0.05538 | —0.08636 | —0.02440 | <0.001 | —0.05388 | —0.08639 | —0.2136 | 0.001
Q4 —-0.01827 | —0.05227 | 0.01592 0.296 -0.03007 | -0.06126 | 0.00112 0.059 —0.03219 | -0.06786 | 0.00347 0.077
AISI 0.00183 —0.00288 | 0.00654 0.446 —0.00099 | —0.00483 | 0.00286 0.615 —-0.00025 | —0.00458 | 0.00453 0.991
Q1 Reference Reference Reference
AISI TS-BMC | Q2 —3.00092 | —6.36807 | 0.366223 | 0.081 -1.96255 —4.68093 | 0.75583 0.157 —1.85771 | —4.63085 | 0.91544 0.189
Q3 —3.25886 | —6.62601 | 0.10828 0.058 -3.61035 | —6.33910 | —0.88160 | 0.010 —3.26882 | —6.13340 | —0.40427 | 0.025
Q4 0.50847 -2.85850 | 3.87579 0.767 —1.32449 | -4.07170 | 1.42272 0.344 —1.14626 | —4.28848 | 1.99597 0.474
AISI 0.00272 0.00034 0.00511 0.025 0.00115 —0.00061 | 0.00290 0.199 0.00199 —0.00010 | 0.00407 0.062
Q1 Reference Reference Reference
TS-Area | Q2 —0.90970 | —2.61683 | 0.79744 0.296 —0.24167 | —1.48561 | 1.00226 0.703 -0.23621 | —1.51022 | 1.03781 0.716
Q3 0.07240 —1.63472 | 1.77954 0.934 0.06164 —1.18704 | —1.31032 | 0.923 0.25127 —1.06475 | 1.56729 0.708
Q4 1.55763 —0.14951 | 3.26476 0.074 0.49915 —0.75797 | 1.75628 0.436 0.75133 —0.69225 | 2.19490 0.307
SIRI 0.00796 —-0.00622 | 0.02214 0.271 —0.00859 | —0.00221 | 0.00483 0.209 —-0.01002 | —0.02392 | 0.00388 0.157
Q1 Reference Reference Reference
TS-BMD | Q2 —0.03254 | —0.06671 | 0.00163 0.062 —0.03068 | —0.06153 | 0.00017 0.051 —-0.03028 | —0.06142 | 0.00086 0.057
Q3 —0.03254 | —0.06671 | 0.00163 0.062 —0.05039 | -0.08153 | —0.01924 | 0.002 —0.04891 | —0.08086 | —0.01697 | 0.003
Q4 —0.01344 | —0.04762 | 0.02073 0.044 —0.04983 | -0.08179 | —0.01787 | 0.002 —0.05295 | —0.08586 | —0.02004 | 0.002
SIRI 2.59928 1.14923 3.92933 <0.001 | 0.07559 —1.10361 | 1.25480 0.900 0.01362 —1.20850 | 1.23575 0.983
Q1 Reference Reference Reference
SIRI TS-BMC | Q2 —1.28477 | —4.65547 | 2.08592 0.455 -1.01025 |-3.73173 | 1.71123 0.466 —1.07059 | —3.81813 | 1.67695 0.445
Q3 —0.05362 | —3.42432 | 3.31706 0.975 -2.90037 | -5.64776 | —0.15297 | 0.039 —2.92581 | —5.74362 | —0.10800 | 0.042
Q4 2.81532 —0.55537 | 6.18602 0.102 —2.33251 | —5.15188 | 0.48685 0.105 —2.59933 | —5.50255 | 0.30389 0.079
SIRI 1.92917 1.23105 2.62729 <0.001 |0.52309 —-0.01352 | 1.05971 0.056 0.55531 —0.00367 | 1.11428 0.052
Q1 Reference Reference Reference
TS-Area | Q2 0.77173 —0.92440 | 2.46787 0.372 0.93284 —0.31033 | 2.17600 0.141 0.83442 —0.42765 | 2.09648 0.195
Q3 2.13010 0.43397 3.82624 0.014 0.43257 —0.82243 | 1.68758 0.499 0.30173 —0.99261 | 1.59608 0.647
Q4 3.50949 1.81335 5.20562 <0.001 | 0.69637 —0.5915 | 1.98425 0.289 0.63856 —0.69501 | 1.97214 0.348
SII —0.00003 | —0.00007 | —0.00000 | 0.033 —0.0003 —0.00006 | -0.0000 0.046 —0.00003 | —0.00006 | -0.00000 | 0.081
Q1 Reference Reference Reference
TS-BMD | Q2 —0.01875 | —0.05284 | 0.01533 0.280 —0.01284 | —0.04382 | 0.01814 0.416 —0.01033 | —0.04187 | 0.02161 0.531
Q3 —0.48237 | —0.08232 | —0.01453 | 0.006 —0.04740 | -0.07833 | —0.01646 | 0.003 —-0.04673 | —0.07912 | —0.01441 | 0.005
Q4 —0.04000 | —0.07409 | —0.00592 | 0.021 —0.03226 | —0.06340 | —0.00113 | 0.042 —-0.31579 | —0.06668 | 0.00353 0.078
SII —0.00133 | —0.00449 | 0.00183 0.409 —0.00065 | —0.00321 | 0.00191 0.619 0.00010 —0.00295 | 0.00297 0.994
Q1 Reference Reference Reference
SII TS-BMC | Q2 —1.06058 | —4.43836 | 2.31719 0.538 —0.05865 | —2.67437 | 2.79167 0.966 0.48298 —2.31617 | 3.28213 0.735
Q3 —2.69384 | —6.07161 | 0.68393 0.118 —1.99223 | —4.72107 | 0.73659 0.152 —0.16993 | —0.45529 | 1.15432 0.243
Q4 —1.72135 | =5.09912 | 1.65642 0.317 -0.91152 | -3.65777 | 1.83474 0.515 —0.35789 | —3.45375 | 2.73797 0.821
SII 0.00071 —0.00089 | 0.00231 0.384 0.00108 —0.00009 | 0.00224 0.070 0.00166 0.00031 0.00301 0.016
Q1 Reference Reference Reference
TS-Area | Q2 0.01565 -1.69921 | 1.73052 0.986 0.76407 —0.48244 | 2.01059 0.229 0.94476 -0.33740 | 2.22692 0.148
Q3 0.16010 —1.55476 | 1.87497 0.855 0.80588 —0.43872 | 2.05049 0.204 0.98364 —0.32348 | 2.29075 0.140
Q4 0.63288 —1.08199 | 2.34774 0.469 0.96883 -0.28371 | 2.22139 0.129 1.38531 —0.03277 | 2.80338 0.056
Continued
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Model 1* Model 2% Model 3
Continuous or 95%CI 95%CI 95%CI 95%CI 95%CI 95%CI
Index | Outcome | categories B low upp P-value | low upp P-value | B low upp P-value
NLR —-0.00273 | —0.01235 | 0.00690 0.578 —-008827 |-0.01771 | —0.00006 | 0.052 —0.00950 | -0.01855 | —0.00046 | 0.039
Q1 Reference Reference Reference
TS-BMD | Q2 —0.36378 | —0.07052 | —0.00224 | 0.037 —0.03556 | —0.06657 | —0.00457 | 0.025 —-0.03471 | —0.06595 | —0.00346 | 0.030
Q3 —0.17640 | —0.05174 | 0.016460 | 0.310 —0.04142 | -0.07259 | —0.01025 | 0.009 —0.03953 | —0.07117 | —0.00789 | 0.014
Q4 —0.26569 | —0.06027 | 0.007489 | 0.126 -0.04775 | -0.07930 | —0.01620 | 0.003 —0.05073 | —0.08278 | —0.01869 | 0.002
NLR 0.96553 0.01746 1.91361 0.046 —0.01351 |-0.76858 | 0.79560 0.973 —-0.02202 | —0.81817 | 0.77414 0.957
Q1 Reference Reference Reference
NLR TS-BMC | Q2 —2.20914 | -5.57743 | 1.15915 0.198 —1.89385 | —4.62766 | 0.83996 0.174 —1.88109 | —4.63733 | 0.87514 0.181
Q3 1.29568 —2.06850 | 4.65986 0.450 —1.99517 | —4.74444 | 0.75410 0.155 —1.97143 | —4.76300 | 0.82013 0.166
Q4 1.27811 —2.08199 | 4.63822 0.456 —2.14153 | —4.92450 | 0.64143 0.131 —2.41471 | —5.24181 | 0.41239 0.094
NLR 1.04324 0.56656 1.51993 <0.001 |0.48306 0.12790 0.83822 0.008 0.49059 0.12716 0.85406 0.008
Q1 Reference Reference Reference
TS-Area | Q2 —0.00223 | —1.69935 | 1.69489 0.998 0.26982 -0.97834 | 1.51798 0.671 0.20458 —1.06081 | 1.46996 0.751
Q3 2.08126 0.38622 3.77631 0.016 0.30851 —0.94671 | 1.56373 0.630 0.18630 —1.09531 | 1.46790 0.775
Q4 2.77224 1.07925 4.46523 0.001 0.71970 —0.55090 | 1.99030 0.267 0.64336 —0.64557 | 1.94128 0.331
MLR 0.089812 | 0.01051 0.16912 0.026 —0.00617 | —0.08199 | —0.06966 | 0.873 —-0.03978 | —0.11699 | —0.37421 | 0.312
Q1 Reference Reference Reference
TS-BMD | Q2 —0.04302 | —0.07727 | —0.00934 | 0.013 —-0.04571 | -0.76711 | —0.01471 | 0.004 —-0.04757 | —0.07859 | —0.01656 | 0.003
Q3 —0.01620 | —0.04984 | 0.01745 0.345 —0.03632 | -0.06734 | —0.00530 | 0.022 —0.04299 | —0.07440 | —0.01158 | 0.007
Q4 0.01823 —0.01595 | 0.02541 0.295 —0.02200 | —0.05481 | 0.01080 0.188 —0.03085 | —0.06399 | —0.00229 | 0.068
MLR 17.74631 | 9.98889 25.50373 | <0.001 |2.35190 —4.30410 | 9.00789 0.488 —0.11582 | —6.90046 | 6.66881 0.973
Q1 Reference Reference Reference
MLR | TS-BMC | Q2 —1.75591 | —5.08027 | 1.56846 0.300 —2.36233 | -5.09173 | 0.36707 0.090 —2.54493 | —5.27728 | 0.18742 0.068
Q3 1.43000 —1.86285 | 4.72286 0.394 -1.97711 | -4.70802 | 0.75380 0.156 —2.70012 | —5.46725 | 0.06700 0.056
Q4 6.80975 3.46458 10.1549 <0.001 |0.11680 —2.77089 | 3.00449 0.937 —-0.60399 | —3.52797 | 2.31118 0.683
MLR 11.8843 7.99011 15.78674 | <0.001 |2.677861 | —0.35306 | 5.70881 0.083 2.35032 —0.75585 | 5.45651 0.138
Q1 Reference Reference Reference
TS-Area | Q2 0.96838 —0.69561 | 2.63237 0.254 0.53352 —0.71043 | 1.77746 0.400 0.45584 —0.79673 | 1.70841 0.475
Q3 2.47091 0.82269 4.11912 0.003 0.37091 —0.87373 | 1.61554 0.559 0.07830 —1.19021 | 1.34682 0.904
Q4 5.68407 4.00967 7.35847 <0.001 |1.60327 0.28718 2.91935 0.017 1.44466 0.01626 2.78306 0.034
PLR —0.00203 | —0.00040 | 0.00000 0.041 —0.00009 | -0.00027 | 0.00009 0.335 —-0.00011 | —0.00033 | 0.00010 0.294
Q1 Reference Reference Reference
TS-BMD | Q2 —0.00979 | —0.04389 | 0.02431 0.573 —0.00590 | —-0.03687 | 0.02506 0.708 —0.00393 | —0.03638 | 0.28520 0.812
Q3 —0.02719 | —0.06145 | 0.00708 0.120 —0.01544 | -0.04661 | 0.01573 0.331 —0.01389 | —0.04716 | 0.01938 0.413
Q4 —0.03254 | —0.06672 | 0.00164 0.062 —0.01654 | —0.47733 | 0.01466 0.298 —-0.01842 | —0.05456 | 0.01773 0.318
PLR —0.01077 | —0.03004 | 0.00851 0.273 0.00246 —-0.01320 | 0.01812 0.758 0.00592 —0.01288 | 0.02472 0.537
Q1 Reference Reference Reference
PLR TS-BMC | Q2 —0.21879 | —3.59066 | 3.15307 0.899 0.49106 —2.22992 | 3.21203 0.723 1.24887 —1.60204 | 4.09978 0.390
Q3 —1.86887 | —5.25694 | 1.51921 0.279 —0129922 | —2.86874 | 2.60890 0.923 0.500568 | —2.42233 | 3.42347 0.737
Q4 —1.22758 | —4.60749 | 2.15232 0.476 0.35885 —2.38241 | 3.10010 0.797 1.04337 —2.13185 | 4.21859 0.519
PLR 0.00213 —-0.00765 | 0.01192 0.669 0.00811 0.00099 0.01523 0.026 0.01265 0.00407 0.02122 0.004
Q1 Reference Reference Reference
TS-Area | Q2 0.21668 —1.49334 | 1.92672 0.804 0.67771 -0.56044 | 1.91587 0.283 1.20242 —0.09971 | 2.50455 0.070
Q3 —0.33078 | —2.04903 | 1.38748 0.706 0.65622 —0.59005 | 1.90250 0.302 1.06263 —0.27238 | 2.39764 0.119
Q4 0.68445 —1.02967 | 2.39856 0.433 1.26872 0.02134 2.51610 0.046 1.91527 0.46501 3.36552 0.010
Continued
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Model 1* Model 2% Model 3
Continuous or 95%CI 95%CI 95%CI 95%CI 95%CI 95%CI
Index | Outcome | categories B low upp P-value | B low upp P-value | B low upp P-value
NPAR —-0.02323 | —0.05227 | 0.00690 0.131 -0.03261 | -0.06012 | —0.00511 | 0.020 —0.03567 | —0.07047 | —0.00087 | 0.045
Q1 Reference Reference Reference
TS-BMD | Q2 —0.18748 | —0.05293 | 0.01544 0.282 —-0.02184 | -0.05272 | 0.00904 0.165 —0.02310 | —0.05474 | 0.00853 0.152
Q3 —0.02987 | —0.06401 | 0.00427 0.086 —0.04955 | —0.07697 | —0.01492 | 0.004 —0.04912 | —0.08229 | —0.01596 | 0.004
Q4 —-0.03306 | —0.06721 | 0.00108 0.058 —0.04449 | -0.07556 | —0.01342 | 0.005 —0.04959 | —0.08632 | —0.01285 | 0.008
NPAR —1.27183 | —4.24909 | 1.705429 | 0.402 —1.88342 | —4.30285 | 0.53600 0.127 —1.67340 | —4.73500 | 1.38820 0.284
Q1 Reference Reference Reference
NPAR | TS-BMC | Q2 —-0.21879 | —3.59066 | 3.15308 0.899 —-0.31030 | —3.02923 | 2.40863 0.823 —0.57227 | =3.35765 | 2.21310 0.687
Q3 —1.86887 | —5.25694 | 1.51921 0.279 —2.98042 | -5.71250 | —0.24833 | 0.033 —3.26927 | —6.18918 | —0.34935 | 0.028
Q4 —1.22758 | —4.60749 | 2.15232 0.476 —-2.31639 | —=5.05215 | 0.41936 0.097 —2.45960 | —5.69408 | 0.77490 0.136
NPAR —0.56835 | —1.56726 | 1.45359 0.941 —-0.07229 | -1.17724 | 1.03265 0.898 0.25575 —1.14870 | 1.66020 0.721
Q1 Reference Reference Reference
TS-Area | Q2 0.87615 —0.83841 | 2.59071 0.316 1.011672 | —0.12491 | 2.33835 0.078 0.93313 —0.34458 | 2.21183 0.152
Q3 0.45989 —1.25260 | 2.17238 0.598 —-0.07313 | —1.32078 | 1.17451 0.908 —0.16503 | —1.50549 | 1.17544 0.809
Q4 0.35142 -1.36107 | 2.06391 0.687 0.03508 —0.89849 | 1.60014 0.582 0.52494 —0.95594 | 2.00982 0.488

Table 4. Association of inflammatory markers with TS-BMD, TS-BMC, TS-Area. AIRI: Q1(23.12-189.02),
Q2(189.92-285.65), Q3(286.15-436.46), Q4(436.80-1990.44); SIRI: Q1(0.13-0.75), Q2(0.75-1.13), Q3(1.13-
1.69), Q4(1.70-6.84); SII: Q1(8.89-368.26), Q2(368.32-521.11), Q3(521.47-723.07), Q4(726.00-3936.83); NLR:
Q1(0.08-1.50), Q2(1.52-2.06), Q3(2.07-2.88), Q4(2.88-13.17); MLR: Q1(0.05-0.21), Q2(0.22-0.28), Q3(0.28—
0.38), Q4(0.38-2.09); PLR: Q1(1.65-99.00), Q2(99.50-129.05), Q3(129.09-167.69), Q4(167.73-498.33); NPAR:
Q1(0.24-0.74), Q2(0.74-0.96), Q3(0.96-1.21), Q4(1.21-3.00); Bold fonts indicate a P value <0.05. Model 1*:
Unadjusted model. Model 2*: Age (Female: > 55 years old; Male: > 60 years old), Gender (Male or Female),
BMI (Body Mass Index level: normal, overweight, obese). Model 3%: Age (Female: > 55 years old; Male: >
60years old), Gender (Male or Female), BMI (Body Mass Index level: normal, overweight, obese), Annual
Household Income, Education level (Under high school; High school or Equivalent; Above high school),
Smoke status (Everyday, Someday, Refuse), Alcohol consumption (Had at least 12 alcohol drinks / 1 year:

yes, no), Diabetes ( Yes, no ), ALT, AST, HDL, Cholesterol total, Triglycerides, Albumin, Protein total, Platelet
count, Red blood cell, White blood cell, Hemoglobin. TB-BMD, Total spine bone mineral density; TB-BMC,
Total spine bone mineral content; TB-Area, Total spine area; NLR, neutrophil-to-lymphocyte ratio; SII,
systemic immune-inflammation index; PLR, platelet-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte
ratio; AIRI, aggregate index of systemic inflammation; SIRI, systemic inflammation response index; NPAR,
neutrophil-to-albumin ratio; ALT, alanine transaminase, AST, aspartate transaminase; HDL, high-density
lipoprotein.

novel inflammatory markers (AISI, SIRI, NLR, PLR, MLR, NPAR) did not differ significantly in the process of
increasing or decreasing covariates. After classifying the novel inflammatory markers in the order of 4 values
(Q1-Q4), weighted multifactor linear regression analysis was conducted with the osteoporosis indices (TS-
BMD, TS-BMC, TS-Area) again. Group Q3 of AISI (P=0.004, P<0.001, P=0.001), group Q4 of SIRI (P=0.044,
P=0.002, P=0.002), group Q3 of SII (P=0.006, P=0.003, P=0.005), group Q2 of NLR (P=0.037, P=0.025,
P=0.030) and group Q2 of MLR (P=0.013, P=0.004, P=0.003) and TS-BMD were significantly different, and
the relationship still existed when the covariates were increased or decreased. The Q4 group of MLR (P<0.001,
P=0.017, P=0.034) was significantly different from Ts-Area. Moreover, the grouping and outcome of other
novel inflammatory markers also revealed significant differences, as detailed in Table 4. AIRI, SIRI, and SII were
closely associated with osteoporosis.

The inflammatory system has been previously suggested to be related to osteoporosis. Neutrophils are a
key component of the innate immune system*>*>. In one study, neutrophils are found to reduce bone mass by
inducing the expression of mediators for promoting bone absorption, including Receptor Activator for Nuclear
Factor-k B (RANKL) and interleukin 6 (IL-6)*%. Lymphocytes exert a dual function in bone metabolism, due
to their activities in regulating the release of inflammatory factors to modulate bone formation-resorption
balance**. The relationship between platelets and osteoporosis needs further investigation. It is suggested that
inflammation stimulates platelet activation and promotes osteoclast formation. Studies have demonstrated
that platelets are vital for bone remodeling?’. There is a close relationship between monocytes and osteoporosis.
CCR6 and RANK distributed onto monocytes serve as the targets for modulating bone resorption in osteoporosis
and rheumatoid arthritis*3. Monocytes/macrophages can differentiate into osteoclasts for the regulation under
appropriate stimulation conditions®. Therefore, the combination of these cytokines to form novel inflammatory
markers is crucial to more precisely uncover the association with osteoporosis.

AISI, which integrates measures of NLR, PLR, and additional inflammatory markers, provides a more nuanced
view of the inflammatory state than individual markers alone. A study performed by Zhang examined that AISI
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was vital for identifying subjects at risk of osteoporotic fractures. The results indicated that an elevated AISI
was a significant predictor of future fracture risk, which was independent of traditional risk factors. In a study
performed by WU, there was a strong relationship between AISI and osteoporosis, sarcopenia, and obesity'®.
These results suggest that AISI is important as a potential diagnostic and prognostic tool in the management
of osteoporosis. By comprehensively assessing systemic inflammation, AISI may enhance our ability to identify
patients at risk, monitor disease progression, and tailor therapeutic interventions to mitigate the inflammatory
component of osteoporosis®.

SII, determined from neutrophils, lymphocytes, and platelet levels in peripheral blood, has been recognized
as the systemic inflammation marker related to a higher fracture and osteoporosis risk. According to Tang et
al., SII exhibited a strong relationship to osteoporosis among postmenopausal women?’. In the cross-sectional
study conducted by Zhang, II was strongly related to patients with postmenopausal osteoporosis®®. However,
these two studies do not cover the entire population. In another cross-sectional study performed by NI et al., SII
was strongly associated with osteoporosis in middle-aged and elderly patients, believing that blood neutrophils,
platelets, and lymphocytes were connected to osteoporosis®*.

SIRI can be determined as the product of neutrophil/monocyte numbers divided by lymphocyte number.
It reflects the balance between pro- and anti-inflammatory cells that are probably vital for the osteoporosis
etiology. Chronic inflammation, characterized by increased pro-inflammatory factor levels, has been implicated
in bone resorption and reduced bone formation, causing bone loss®. In a study carried out by YIN et al., there
was an association between SIRI and bone turnover markers, which might indirectly influence the development
of osteoporosis*2.

Although many significant correlations were observed in this study, there are still many limitations. Firstly,
this cross-sectional study could not determine the causality of these types of novel inflammatory markers (AIRI,
SIRI, SII, ) and spine osteoporosis indices (TS-BMD, TS-BMC, TS-Area). Secondly, a weighted analysis was
conducted, while the remaining sample size after screening was small. Therefore, more large-scale prospective
studies are needed to confirm our results. Thirdly, in addition to the test data, some self-reported questionnaire
information was included. This type of information is often subjective and may not accurately reflect the actual
situation, causing biased results. Fourthly, the population information in the NHANES database is primarily
from the United States population and does not provide good coverage of populations around the world, making
it impossible to identify the inter-ethnic differences. We did not include certain confounders (e.g., C-reactive
protein, interleukins, sex hormone levels), since they could not be fully collected from the NHANES database.

Conclusion

To conclude, there is a potentially close relationship between inflammation and senile osteoporosis. The novel
inflammatory markers have the advantage of being convenient and objective in predicting low bone mineral
density and the risk of osteoporosis in elderly patients. Among these markers, elderly patients with high levels of
AIRI, SIRI, and SII should focus on the risk of osteoporosis. However, this study has some limitations. Moreover,
we need to expand the sample size to a wider population, aiming to investigate the relationship between
inflammation and osteoporosis.

Data availability
The survey data are publicly available on the internet for data users and researchers throughout the world (www.
cdc.gov/nchs/nhanes/).
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