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Abstract 

Objective  Research on the link between inflammatory indicators and markers of bone metabolism is currently lack-
ing, especially the interaction between Procollagen type 1 N-terminal propeptide (P1NP), the β-C-terminal telopep-
tide of type 1 collagen (β-CTX), and the fibrinogen-to-albumin ratio (FAR). This study intends to fill that knowledge 
gap by investigating the possible link between inflammatory indicators and bone metabolism.

Methods  This observational study included 718 individuals diagnosed with osteoporotic fractures from Kunshan 
Hospital Affiliated to Jiangsu University between January 2017 and July 2022. After accounting for several confound-
ers, the independent connection between FAR levels and β-CTX and P1NP was investigated via Generalized Estimat-
ing Equations (GEE). On top of that, we used a generalized additive model (GAM) to find any non-linear correlations, 
and a two-piecewise linear regression model to find the threshold effects in the smoothing curves that came out of it. 
To ensure the aforementioned result was stable, a subgroup analysis was carried out.

Results  The results showed a positive linear correlation between FAR and β-CTX [β = 1.077, 95% confidence 
interval (CI): 0.24 to 1.92, P = 0.012]. The study’s findings demonstrated that FAR and P1NP fit curves in an inverted 
U-shaped pattern, and an inflection point K = 0.0685 for FAR was detected. P1NP showed a positive correlation 
with FAR below the inflection point (β = 306.10, 95% CI: 47.37 to 564.83, P = 0.021), and a negative correlation 
with FAR beyond the inflection point (β = -117.57, 95% CI: -231.34 to -3.80, P = 0.043). The subgroup analysis revealed 
that women had a more significant association between FAR and β-CTX in women than in men.

Conclusions  The results provide useful insights into the potential association between FAR and markers of bone 
metabolism. The study may provide a novel clinical implication by introducing FAR as a potential reference indicator 
for assessing bone health, offering a cost-effective and conveniently obtainable biomarker to monitor inflammation 
to improve bone metabolism in the treatment of osteoporosis.
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Introduction
Osteoporosis is a prevalent skeletal condition character-
ized by reduced bone density and degradation of bone 
structure, resulting in a heightened susceptibility to frac-
tures [1–3]. A recent cross-sectional study conducted on 
Chinese individuals found that OP prevalence was 5.0% 
in men aged 40 years and above, while it was 20.6% in 
women [4]. For bones to remain healthy, the ratio of bone 
creation to resorption must be balanced [5–7].

To measure bone turnover, researchers rely on bio-
chemical indicators of bone metabolism. In recent years, 
studying bone metabolism and how it relates to other 
biomarkers has grown in importance for understanding 
bone-related disorders including osteoporosis [8]. The 
biomarkers Procollagen type 1  N-terminal propeptide 
(P1NP) and β-C-terminal telopeptide of type 1 collagen 
(β-CTX) are particularly linked to bone metabolism and 
serve as respective indicators of the extents to which 
bone formation and bone resorption are occurring [9, 
10]. Serum PINP and β-CTX have been suggested as ref-
erence bone turnover markers (BTMs) by the Interna-
tional Federation of Clinical Chemistry (IFCC) and the 
International Osteoporosis Foundation (IOF) [10]. P1NP 
indicates the activity of osteoblasts, a sign of bone pro-
duction, while β-CTX, an indicator of bone resorption, 
reflects the activity of osteoclasts [11]. The equilibrium 
between bone resorption and formation may be inferred 
from the levels of β-CTX and P1NP, which in turn repre-
sent the overall condition of bone metabolism.

Inflammation is known to have tangible impacts on 
bone metabolism [12, 13]. Fibrinogen-to-albumin ratio 
(FAR) is a new type of inflammatory indicator, which has 
the advantages of being cost-effective, simple, and prac-
tical [14]. Evidence shows that FAR is a critical determi-
nant in nutrition, coagulation, and inflammation [15], 
and it was shown to be positively associated with inflam-
mation [14].

Currently, there are limited investigations on inflam-
matory and bone metabolism markers [16], and the rela-
tionships between FAR and β-CTX and P1NP are even 
less studied. Therefore, this study attempts to provide 
insights into the potential association between inflam-
matory and bone metabolism markers. We hope to pro-
vide clinicians with new assessment markers linked to 
bone health by shedding light on the significance of FAR 
in bone metabolism and its associations with β-CTX and 
P1NP, providing more helpful information for evaluating 
bone health.

Methods
Study subjects
This study collected a cohort of 3558 patients who were 
diagnosed with osteoporotic fractures and required 
inpatient surgical treatment at Kunshan Hospital Affili-
ated to Jiangsu University between January 2017 and July 
2022. Patients were excluded if they had missing data for 
β-CTX or P1NP, if they had missing FAR data, if they had 
acute infection or were diagnosed with infectious disease 
[17], or if they were diagnosed with malignant lymphoma 
[18]. From this criteria, 718 patients were selected and 
included in the study. The current study received ethical 
approval from the Institutional Review Board of Affili-
ated Kunshan Hospital of Jiangsu University (Approval 
No. 2020-03-046-K01), and was compliant with the Dec-
laration of Helsinki. The researchers examining the data 
were not provided with patient identifiable data. This 
investigation was conducted as an observational study, 
with all patients giving written informed consent and 
their data being anonymized.

Measurements of relevant variables
An observational study design was used to ascertain the 
levels of fibrinogen and albumin in patients and to apply 
their ratio, i.e., FAR, as the independent variable. The 
dependent variables were β-CTX and P1NP, respectively. 
Fibrinogen level was determined using the automated 
coagulation analyzer CN-6000, while albumin level 
was evaluated using the Beckman AU5800 biochemi-
cal analyzer pipeline. FAR was calculated by dividing the 
fibrinogen and albumin levels for each patient. Auto-
mated electrochemiluminescence immunoassay (ECLIA) 
from Roche Diagnostics in Mannheim, Germany was 
used to assess β-CTX and P1NP in patients with osteo-
porotic fracture. The patients’ age, sex, and body mass 
index (BMI; overweight: 24–27.9 kg/m2, obese: ≥ 28 kg/
m2 based on a meta-analysis conducted by the Work-
ing Group on Obesity in China [19]) were assessed and 
documented. The patients’ calcium levels were deter-
mined using the arsenic azo III method, and their mag-
nesium levels were determined using the xylidyl blue 
method with the Beckman AU5800 biochemical analyzer 
pipeline. The patients’ activated partial thromboplastin 
time (APTT) levels were measured using the coagula-
tion method with the automatic coagulation analyzer 
CN-6000. Hemoglobin and platelet levels were meas-
ured using the Sysmex XN-10 (B4) hematology analyzer 
pipeline. Lastly, patients’ serum creatinine levels were 
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measured using the sarcosine oxidase method with the 
Beckman AU5800 biochemical analyzer pipeline. All the 
measurements were obtained from fasting blood samples 
acquired within 24 h after admission. The samples were 
collected using identical equipment and by a skilled oper-
ator following established protocols.

Covariate analyses
Based on our clinical work experience, relevant stud-
ies [14, 18, 20], and clinical guidelines [21], as well as the 
data available in our database, we select the following 
variables as covariates for our study: age, gender, BMI, 
creatinine, calcium, magnesium, APTT, hemoglobin and 
platelet.

Statistical analyses
The demographic, laboratory, and clinical data were 
reported as medians (with 25th and 75th percentiles) or 
means with standard deviations (SDs). Categorical data 
were provided as frequencies (percentages). For categori-
cal data-based univariate analysis, Fisher’s exact tests 
or Pearson’s chi-square tests were used. For continuous 
data, independent sample t-tests and Mann-Whitney U 
tests were used when the data were non-normally dis-
tributed and regularly distributed, respectively. In addi-
tion, univariate analyses were conducted to investigate 
the associations between patient features of osteoporotic 
fractures and β-CTX and P1NP levels.

The study used Generalized Estimating Equations 
(GEE) to investigate the independent association between 
FAR levels and β-CTX and P1NP in osteoporotic fracture 
patients, while appropriately controlling for confounders. 
The models constructed consisted of unadjusted (Model 
1), partially adjusted (Model 2), and completely adjusted 
(Model 3) models. Initially, the variance inflation factor 
(VIF) was used to identify the presence of co-linearity in 
the covariance. Subsequently, judgments were taken to 
correct for these variables based on certain criteria: (1) 
a significant change in the matched odds ratio (OR) of 
at least 10% was seen when covariates were included in 
or excluded from the base or complete models, and (2) 
covariates either satisfied criteria 1 or demonstrated a P 
less than 0.1 in the univariate model [22]. Model 2 and 
Model 3 were built using Criterion 1 and Criterion 2, 
respectively, for adjusting covariates. Ultimately, three 
models were created, as outlined below: Model 1 was 
not adjusted; Model 2 (minimally adjusted model) was 
adjusted to account for BMI, gender, and age. Model 3 
was adjusted to account for age, gender, BMI, creatinine, 
calcium, magnesium, APTT, hemoglobin, and platelet.

A generalized additive model (GAM) was employed 
to identify probable non-linear correlations. A two-
piecewise linear regression model was employed to find 

threshold effects for the generated smoothing curves 
where such associations were apparent. The inflection 
point of these curves was automatically calculated using 
a recursive technique based on a maximum likelihood 
model, namely when a clear ratio was seen [23]. The stud-
ies’ robustness and variability among patient subgroups 
were assessed by conducting subgroup analyses after 
stratifying patients based on specific variables. Subgroup 
interactions and modifications were analyzed using the 
likelihood ratio test (LRT).

The R packages from The R Foundation (www.R-​proje​
ct.​org) and EmpowerStats from X&Y Solutions, Inc, MA, 
USA (www.​empow​ersta​ts.​com) were used for all statisti-
cal analyses. A P < 0.05 was considered to be statistically 
significant for a two-sided test.

Results
Patients characteristics
Based on our inclusion/exclusion criteria, a total of 718 
hospitalized osteoporotic fracture patients from Janu-
ary 2017 to July 2022 were included in this study (Fig. 1), 
and the characteristics of these patients are presented 
in Table  1. Patients included 31.93% males and 68.07% 
females, with an average age of 68.63 ± 11.27 years, 
average β-CTX of 0.52 ± 0.25 ng/mL, average P1NP of 
55.66 ± 24.87 ng/mL, and average FAR of 0.077 ± 0.0219. 
Patients were stratified into FAR quartiles (Q1: < 0.06, 
Q2: 0.06–0.07, Q3: 0.07–0.09, and Q4: 0.09–0.12), and 
interquartile differences in β-CTX, P1NP, BMI, calcium, 
magnesium, platelet, lymphocyte, hemoglobin, creati-
nine, APTT, age, and gender were evident. Particularly, 
osteoporotic fracture cases with more elevated FAR had 
higher β-CTX (Q1: 0.47 ± 0.23 ng/mL; Q2: 0.50 ± 0.25 ng/
mL; Q3: 0.54 ± 0.27 ng/mL; and Q4: 0.54 ± 0.23 ng/mL), 
whereas osteoporotic fracture patients with intermediate 
FAR quartiles had higher P1NP (Q1: 53.38 ± 22.99 ng/mL; 
Q2: 57.10 ± 26.31 ng/mL; Q3: 56.61 ± 22.62 ng/mL; and 
Q4: 52.74 ± 21.59 ng/mL).

Factors correlated with β‑CTX and P1NP based 
on univariate analysis
A strong correlation was found in the univariate analy-
sis between β-CTX and P1NP, as well as many other 
factors such as FAR, BMI, calcium, magnesium, platelet 
count, lymphocyte count, hemoglobin creatinine, gender, 
APTT, and age (Table 2).

Explorations of the associations between FAR level 
and β‑CTX and P1NP levels
Three models were applied to examine the associations 
between FAR and β-CTX and P1NP in individuals with 
osteoporotic fractures (Table  3). The unadjusted model, 
i.e., Model 1, showed a statistically significant association 

http://www.R-project.org
http://www.R-project.org
http://www.empowerstats.com
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between FAR and β-CTX [β = 1.29, 95% confidence inter-
val (CI): 0.48 to 2.10, P = 0.002]. However, no significant 
association with P1NP as detected (P = 0.916). After 
controlling for age, gender, and BMI, Model 2 revealed 
a comparable association between FAR and β-CTX 

(β = 1.30, 95% CI: 0.49 to 2.12, P = 0.002), whereas no 
significant association was observed with P1NP. After 
controlling for age, gender, BMI, creatinine, calcium, 
magnesium, APTT, hemoglobin, and platelet, Model 
3 also revealed a statistically significant association 

Fig. 1  Study flow chart

Table 1  Patient characteristics based on FAR quartiles

Abbreviations: P1NP procollagen type 1 N-terminal propeptide, FAR fibrinogen-to-albumin ratio, β-CTX β-C-terminal telopeptide of type 1 collagen, BMI body mass 
index, APTT activated partial thromboplastin time

FAR quartile Total Q1 (< 0.06) Q2 (0.06–0.07) Q3 (0.07–0.09) Q4 (0.09–0.12) P-value

N 718 180 179 179 180

β-CTX, ng/mL 0.51 ± 0.24 0.47 ± 0.23 0.50 ± 0.25 0.54 ± 0.27 0.54 ± 0.23 0.011

P1NP, ng/mL 54.95 ± 23.47 53.38 ± 22.99 57.10 ± 26.31 56.61 ± 22.62 52.74 ± 21.59 0.188

BMI, kg/m2 23.01 ± 3.38 22.70 ± 3.37 23.09 ± 3.66 23.29 ± 3.37 22.96 ± 3.12 0.409

Calcium, mmol/L 2.22 ± 0.12 2.24 ± 0.13 2.22 ± 0.12 2.22 ± 0.12 2.22 ± 0.12 0.440

Magnesium, mmol/L 0.91 ± 0.09 0.90 ± 0.10 0.90 ± 0.09 0.90 ± 0.08 0.93 ± 0.10 0.007

Platelet, ×109/L 175.73 ± 59.11 167.65 ± 51.88 169.90 ± 58.38 178.55 ± 56.85 186.80 ± 66.88 0.008

Hemoglobin, g/L 128.32 ± 15.70 129.81 ± 16.75 128.11 ± 16.16 128.92 ± 15.43 126.46 ± 14.30 0.216

Creatinine, µmol/L 62.06 ± 18.67 60.12 ± 16.46 62.60 ± 17.92 59.91 ± 16.15 65.62 ± 22.91 0.011

APTT, s 28.45 ± 3.66 28.21 ± 3.78 28.66 ± 3.83 28.15 ± 3.26 28.80 ± 3.73 0.239

Age, y 68.65 ± 11.31 68.83 ± 11.05 68.69 ± 11.40 68.64 ± 11.11 68.46 ± 11.76 0.992

Gender N (%) 0.386

  Male 473 (65.88%) 127 (70.56%) 116 (64.80%) 111 (62.01%) 119 (66.11%)

  Female 245 (34.12%) 53 (29.44%) 63 (35.20%) 68 (37.99%) 61 (33.89%)
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between FAR and β-CTX (β = 1.08, 95% CI: 0.24 to 1.92, 
P = 0.012), with no significant association observed with 
P1NP.

To validate the strength and reliability of Model 3 (i.e., 
completely adjusted model), additional subgroup analy-
ses were performed. These analyses involved categoriz-
ing osteoporotic fracture patients into different strata 
based on factors such as age, gender, BMI, creatinine, 
calcium, magnesium, APTT, hemoglobin, and platelet 
levels. In these analyses, the remaining covariates that 
were not used as the stratification variable were adjuste. 
We detected interactions between different strata when 
gender was applied as the stratification variable. Further, 
similar patterns of associations were revealed across dif-
ferent strata when each of the other factors were applied 
as the stratification variable, such that no significant 

interactions were detected between different strata for 
these variables (all P > 0.05, Supplementary Table  S1). 
According to the results of the subgroup analyses, the 
associations between FAR and β-CTX differed in men 
and women after accounting for age, BMI, creatinine, 
calcium, magnesium, APTT, hemoglobin, and platelet 
levels.

Spline smoothing plots and threshold analyses
Based on GAM, graphical methods were applied to 
depict the β-CTX-FAR and P1NP-FAR relationships for 
the 718 osteoporotic fracture patients to evaluate the lin-
earity or non-linearity of the associations between FAR 
and β-CTX and P1NP, respectively (Fig.  2). Following 
that, a threshold effect analysis was performed by with 
adjustments for age, gender, BMI, creatinine, magnesium, 
calcium, APTT, hemoglobin, and platelet (Table 4).

Table 2  Univariate analyses of factors associated with β-CTX and P1NP

Abbreviations: CI confidence interval, P1NP procollagen type 1 N-terminal propeptide, FAR fibrinogen-to-albumin ratio, β-CTX β-C-terminal telopeptide of type 1 
collagen, BMI body mass index, APTT activated partial thromboplastin time
a Dependent variable is β-CTX
b Dependent variable is P1NP

Mean ± SD/N (%) β-CTX
βa (95% CI) P

P1NP
βb (95% CI) P

FAR 0.0764 ± 0.0219 1.2921 (0.4806, 2.1037) 0.001877 4.2425 (−74.2068, 82.6918) 0.915615

β-CTX, ng/mL 0.5126 ± 0.2444 --- 57.1173 (51.4641, 62.7705) < 0.000001

P1NP, ng/mL 54.9513 ± 23.4690 0.0062 (0.0056, 0.0068) < 0.000001 ---

BMI, kg/m2 23.0085 ± 3.3824 0.0012 (−0.0041, 0.0065) 0.653979 −0.0627 (−0.5709, 0.4455) 0.809028

Calcium, mmol/L 2.2231 ± 0.1217 0.1251 (−0.0218, 0.2720) 0.095450 14.4403 (0.3508, 28.5297) 0.044933

Magnesium, mmol/L 0.9063 ± 0.0944 0.0800 (−0.1096, 0.2696) 0.408635 4.4299 (−13.7820, 22.6417) 0.633684

Platelet, ×109/L 175.7286 ± 59.1140 0.0004 (0.0001, 0.0007) 0.010878 0.0301 (0.0011, 0.0591) 0.042446

Hemoglobin, g/L 128.3248 ± 15.7036 −0.0011 (−0.0022, 0.0001) 0.070034 −0.1088 (−0.2180, 0.0004) 0.051219

Creatinine, µmol/L 62.0627 ± 18.6696 0.0000 (−0.0009, 0.0010) 0.980699 −0.0712 (−0.1631, 0.0207) 0.129541

Gender

  Male 473 (65.8774%) Reference Reference

  Female 245 (34.1226%) −0.0069 (−0.0447, 0.0308) 0.719058 −1.0474 (−4.6699, 2.5750) 0.571070

APTT, s 28.4529 ± 3.6630 0.0017 (−0.0032, 0.0065) 0.507413 0.3040 (−0.1648, 0.7728) 0.204105

Age, y 68.6532 ± 11.3108 0.0006 (−0.0010, 0.0022) 0.460313 0.0440 (−0.1079, 0.1960) 0.570441

Table 3  Associations between FAR and β-CTX and P1NP in different models based on GEE

Abbreviations: GEE generalized estimating equations, CI confidence interval, P1NP procollagen type 1 N-terminal propeptide, FAR fibrinogen-to-albumin ratio, β-CTX 
β-C-terminal telopeptide of type 1 collagen, BMI body mass index, APTT activated partial thromboplastin time
a No adjustment for confounders
b Adjusted for age, gender, and BMI
c Adjusted for age, gender, BMI, creatinine, calcium, magnesium, APTT, hemoglobin, and platelet

Model 1a (N = 718)
β (95%CI) P

Model 1b (N = 718)
β (95%CI) P

Model 1c (N = 718)
β (95%CI) P

β-CTX 1.29 (0.48, 2.10) 0.002 1.30 (0.49, 2.12) 0.002 1.08 (0.24, 1.92) 0.012

P1NP 4.24 (−74.21, 82.69) 0.916 5.22 (−73.41, 83.85) 0.897 −13.34 (−94.33, 67.66) 0.747
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A linear relationship was found between FAR and 
β-CTX. As shown in Table  3, controlling for age, gen-
der, BMI, creatinine, magnesium, calcium, APTT, hemo-
globin, and platelet count revealed an adjusted β (i.e., 
effect size) of 1.08 (95% CI: 0.24 to 1.92, P-value = 0.012).

An inverted U-shaped pattern was revealed between 
FAR and P1NP, indicating a threshold effect based on 

smoothing curve fitting. A piecewise linear regression 
model was applied to detect an FAR inflection point 
K = 0.0685. By contrast, the effect size, 95% CI, and 
P value on the right side of this inflection point were 
− 117.57, −231.34 to −3.80, and 0.043, respectively 
(Table 4).

Fig. 2  The associations of FAR with (A) β-CTX and (B) P1NP based on adjusted smoothing curve fitting. The GAM analyses revealed a linear 
association between FAR and β-CTX, and a non-linear association between FAR and P1NP with a threshold effect, respectively among individuals 
with osteoporotic fractures. The top and bottom curves depict the span of the 95% confidence interval, whereas the middle curves show 
the associations between FAR and β-CTX and P1NP, respectively. age, gender, BMI, creatinine, calcium, magnesium, APTT, hemoglobin, and platelet 
count were adjusted in this model. In (B), the middle curve showed an inflection point K = 0.0685 (vertical dashed line). Abbreviations: GAM, 
generalized additive model; P1NP, procollagen type 1 N-terminal propeptide; FAR, fibrinogen-to-albumin ratio; β-CTX, β-C-terminal telopeptide 
of type 1 collagen; BMI, body mass index; APTT, activated partial thromboplastin time

Table 4  Threshold analyses examining the relationships between FAR and β-CTX and P1NP based on GEE

Abbreviations: GEE generalized estimating equations, CI confidence interval, P1NP procollagen type 1 N-terminal propeptide, FAR fibrinogen-to-albumin ratio, β-CTX 
β-C-terminal telopeptide of type 1 collagen, BMI body mass index, APTT activated partial thromboplastin time, LRT likelihood ratio test
a Adjusted for age, gender, BMI, creatinine, calcium, magnesium, APTT, hemoglobin, and platelet
b Linear analysis, P < 0.05 indicates a straight line’s relationship
c Non-linear analysis
d P < 0.05 means Model B is significantly different from Model A, which indicates a non-linear relationship

Model 3a

β-CTX β (95% CI) P P1NP β (95% CI) P

Model Ab

  One straight line’s slope 1.08 (0.24, 1.92) 0.012 −13.34 (−94.33, 67.66) 0.747

Model Bc

  FAR inflection point (K) 0.088 0.0685

  < K (Slope 1) 2.17 (0.75, 3.59) 0.003 306.10 (47.37, 564.83) 0.021

  > K (Slope 2) −0.45 (−2.25, 1.36) 0.627 −117.57 (−231.34, −3.80) 0.043

  Slope 2–Slope 1 −2.62 (−5.36, 0.12) 0.062 −423.67 (−749.71, −97.62) 0.011

  β-CTX or P1NP value at K, ng/mL 0.55 (0.52, 0.58) 57.60 (54.74, 60.46)

LRT Pd 0.081 0.015
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Discussion
An imbalance between bone resorption and bone for-
mation is one of essential characteristics of osteoporo-
sis [24], which is affecting a huge number of individuals 
in China [25]. This research examined 718 osteoporotic 
fracture patients, which aimed at determining whether 
there are significant relationships between the new 
inflammatory biomarker FAR [26] and the BTMs β-CTX 
and P1NP [11]. To explore the relationships between an 
inflammatory marker and bone metabolism markers, we 
measure the level of the readily available and inexpen-
sive biomarker FAR in cohort of osteoporotic fracture 
patients. A significant linear association between FAR 
and β-CTX was demonstrated in this study. However, 
a non-linear association between FAR and P1NP was 
revealed. Smoothing curve fitting revealed an inverted 
U-shaped pattern in this relationship, which detected an 
FAR inflection point K = 0.0685. To the left of this inflec-
tion point, there was a positive relationship between 
P1NP and FAR, while there was a negative relationship to 
the right of this inflection point. According to subgroup 
analyses, women exhibited a more substantial relation-
ship between FAR and β-CTX than men. For the remain-
ing variables applied as the stratification variables, similar 
patterns of associations were detected between different 
strata, and no statistically significant interactions were 
detected cross strata (all P > 0.05).

In brief, when FAR exceeds the threshold, i.e., the 
inflection point K = 0.0685, there is a decoupling between 
the changing trends of β-CTX and P1NP with a rising 
FAR [27, 28]. Specifically, for individuals with FAR val-
ues greater than the inflection point, there is an increas-
ing trend in β-CTX level and a decreasing trend of P1NP 
level when FAR increases. In addition, the subgroup anal-
ysis by using gender as the stratification variable revealed 
a significant difference in the association between FAR 
and β-CTX between men and women, women exhibited 
a more pronounced effect size (β = 2.76, 95% CI: 1.29 to 
4.24, P < 0.001). β-CTX serves as an indicator of bone 
resorption [29]. Clinical research has shown that indi-
viduals with elevated levels of β-CTX are at a heightened 
risk of experiencing fractures and experiencing a faster 
rate of bone loss [30]. P1NP is a biomarker of bone for-
mation [31] that reflects the level of osteogenesis activ-
ity [11]. FAR is a systemic inflammatory biomarker that 
measures the ratio of fibrinogen to albumin [26]. A 
previous study has shown that FAR is correlated with 
traditional inflammatory biomarkers, confirming that 
higher FAR levels indicate a more severe inflammatory 
response [14]. Our study indicates that a high inflamma-
tory state stimulates the breakdown of bone tissue and 
hinders osteogenesis. Results obtained from subgroup 
analysis based on gender reveal that inflammation has a 

greater impact on osteolysis in women with osteoporotic 
fractures.

Prior research has shown that persistent inflammation 
plays a significant role in the progression of osteoporosis 
[32]. Other studies have shown that inflammation hinders 
the creation of new bone and encourages bone resorp-
tion [33–36]. Furthermore, various local and systemic 
processes related to this phenomenon have previously 
been clarified [37]. In particular, inflammation is recog-
nized for generating pro-inflammatory cytokines such as 
tumor necrosis factor-α, interleukin-1, and interleukin-6 
[38]. These cytokines may be generated by various cell 
types, stimulating several other cell groups via distinct 
signal transduction pathways. And they can enhance 
osteoclast activity and suppress osteoblast function [39]. 
By contrast, our investigation used a unique, economi-
cal, and readily available biomarker, FAR [40]. which is 
a measurement obtained from regular biochemistry and 
coagulation function testing [41]. Fibrinogen serves as a 
biomarker for systemic inflammation in the acute phase 
and plays a vital role in the inflammatory process [42] by 
stimulating the production of proinflammatory cytokines 
in the peripheral blood inflammatory environment [43, 
44]. Albumin, on the other hand, is a commonly used 
clinical parameter in blood tests [45]. Systemic inflam-
mation leads to a decrease in albumin levels, irrespec-
tive of nutrient intake [46]. Prior research have examined 
FAR as a possible prognostic indicator for several types of 
cancer [15, 42, 47], but none have explored its association 
with biomarkers of bone metabolism.

The findings of this investigation might have a major 
clinical significance. As our findings indicate, clinicians 
can first evaluate the inflammatory status of patients 
aided with the results of routine biochemistry and coagu-
lation function tests to calculate FAR and estimate bone 
metabolism status in these patients when required to 
adopt the best management strategies. Moreover, reduc-
ing inflammation can help mitigate bone mass loss and 
decrease the risk of bone metabolism-related disor-
ders [48], our study highlights the importance to moni-
tor inflammatory indicators when treating osteoporosis. 
According to our findings, clinicians are encouraged to at 
least ensure that the patient’s FAR is less than the thresh-
old of FAR, i.e., K = 0.0685, to achieve a good level of 
bone metabolism to diminish bone loss.

The strengths of our study include a nationally repre-
sentative population and applications of statistical mod-
els adjusting for various important confounders. This 
study has particularly focused on a novel inflammatory 
indicator, FAR, which is computed based on the meas-
urements of two affordable and easily available biomark-
ers, i.e., fibrinogen and albumin [49, 50]. Further, the 
present study is the first Chinese investigation to assess 
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the relationships between the inflammatory indica-
tor FAR and bone metabolism markers in patients with 
osteoporotic fracture.

However, this study has limitations. First, due to its 
cross-sectional design, it was challenging to determine 
the temporal relationship between FAR and the onset 
of osteoporotic fracture. Second, our study population 
includes patients with osteoporotic fracture only, and 
whether the current findings are applicable to the gen-
eral population needs further exploration. Furthermore, 
although we have carefully considered and adjusted for 
many potential confounding factors, the influence of 
unknown confounding factors on the measurements can-
not be completely ruled out. Subsequently, this calls for 
more extensive research in the future, involving more 
detailed investigation.

Conclusions
Our study revealed a linear positive association between 
FAR and β-CTX, and an inverted U-shaped relationship 
between FAR and P1NP in patients with osteoporotic 
fractures. These findings indicate that as inflammation 
worsened, there was a steady rise in bone resorption. 
Additionally, bone formation initially rose when FAR 
increased, but when FAR reached an inflection point 
K = 0.0685, it declined as FAR further incremented. Fur-
ther subgroup analyses revealed that the association 
between FAR and β-CTX had a greater impact in women 
than in men. These results have proposed the usage of 
FAR as a promising inflammatory indicator for assess-
ing bone health in clinical applications. This would give 
a cost-effective and readily available biomarker to moni-
tor inflammation and enhance bone metabolism in the 
treatment of osteoporosis. Nevertheless, it is essential to 
do more comprehensive investigations involving bigger 
groups of patients to authenticate these findings.
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