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Abstract

Background: Early detection of Bone Mineral Density (BMD) loss is critical
for identifying individuals at increased risk of osteoporosis and related frac-
tures, particularly in vulnerable populations. Aim: This study aimed to evalu-
ate the correlation between Hemoglobin (Hb), Red cell Distribution Width
(RDW), and Homocysteine (Hcy) levels and BMD in elderly male patients di-
agnosed with Type 2 Diabetes Mellitus (T2DM). Methods: A total of 208 male
patients with T2DM, who were hospitalized in the Endocrinology Department
of Yuncheng Central Hospital, between January 2020 and December 2023, were
included in the study. Based on their BMD measurements, the patients were
categorized into three groups: normal bone mass (control, n = 64), osteopenia
(n = 92), and osteoporosis (n = 52). After adjusting for some potential con-
founding factors, inter-group comparisons and correlation analyses were con-
ducted to assess the relationships between Hb, RDW, and Hcy levels and BMD.
Results: The prevalence of osteoporosis in T2DM patients with anemia was
nearly twice as high as that in the control group. Compared to the normal bone
mass group, the osteoporosis group showed a significant reduction in plasma
Hb levels by 8.8% + 1.1%, along with significant increases in RDW and Hcy
levels by 15.7% + 1.2% and 18.2% =* 2.2%, respectively (all P < 0.001). Univari-
ate logistic regression analysis revealed that Hb was negatively correlated with
BMD loss (P < 0.001), whereas RDW and Hcy were positively correlated with
BMD loss (all P < 0.001) in the total hip and femoral neck. Conclusions: These
univariate logistic analyses suggest that changes in these hematologic indices
may serve not only as markers of bone health but also as potential predictors
of the progression of diabetes-related complications, including BMD loss and
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fracture risk.
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1. Introduction

Bone Mineral Density (BMD) is a measure of the amount of calcium and other
minerals in bone tissue. Reduction in Bone Mineral Density (BMD) is associated
with the development of osteopenia and an increased risk of osteoporosis, ulti-
mately rendering bones more fragile and prone to fractures, particularly in the
total hip, femoral neck, and lumbar spine. Low BMD and osteoporosis together
affect approximately 53.6 million (54%) older adults in the United States, resulting
in two million osteoporosis-related fractures annually [1] [2]. Common causes of
low BMD include aging, family history, inadequate intake of calcium and vitamin
D, hormonal changes, smoking, excessive alcohol consumption, a sedentary life-
style, and certain medications [2]. From a clinical practice point of view, it is im-
portant to identify a simple, sensitive, and specific prognostic index for the early
detection of osteopenia and osteoporosis, as well as to facilitate effective manage-
ment and intervention. Recent studies have reported that alterations in Hemoglo-
bin (Hb), Red cell Distribution Width (RDW), and Homocysteine (Hcy) levels are
associated with declining BMD, highlighting their potential role in the early iden-
tification of osteopenia and osteoporosis.

Low Hb levels, indicative of anemia, have been associated with reduced BMD
of the total hip and femoral neck in elderly patients [3] [4]. It has been suggested
that assessing Hb levels and anemia status may help identify individuals at higher
risk of osteoporosis and related fractures [3] [4]. RDW is a measure of the varia-
tion in the volume and size of red blood cells and is routinely assessed as part of a
complete blood count. As a readily obtainable marker of systemic inflammation,
recent clinical studies have shown that changes in RDW levels may be associated
with the incidence and prognosis of BMD-related osteoporosis and bone frac-
tures. In a cross-sectional study investigating the relationship between RDW and
BMD at the femoral neck and lumbar spine, Qi et al reported a positive associa-
tion between RDW and spinal BMD in men, suggesting the potential of RDW as
a marker for identifying individuals at higher risk of osteoporosis [5]. In another
study, Kim et al found that increased RDW was significantly associated with hip
fractures in elderly men who did not have anemia. This finding may reflect the
neuromuscular effects of aging rather than a reduction in BMD [6]. Elevated plasma
Hcy levels have been associated with an increased risk of osteoporotic fractures.
Joyce et al. previously reported that the association between Hcy levels and frac-
ture risk appears to be independent of BMD and other potential fracture risk fac-
tors in older men and women [7]. Subsequent studies have further confirmed this
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correlation, indicating that elevated Hcy levels may represent an independent risk
factor for osteoporotic fractures in the elderly, even in the absence of reduced
BMD [8] [9].

With an aging population, the incidence of diabetes in the elderly is steadily in-
creasing. Osteoporosis is a common chronic complication of Type 2 Diabetes Melli-
tus (T2DM) and is a significant contributor to morbidity and mortality in affected
individuals. In the early stages of diabetes, BMD often declines without obvious
clinical symptoms. However, osteoporosis tends to worsen as the disease advances.
It is now well established that patients with T2DM typically exhibit lower BMD
and an increased risk of fractures [10] [11].

This retrospective study aimed to investigate the correlation among Hb, RDW,
Hyc levels and BMD in elderly individuals with T2DM, with the goal of providing
clinical insights into the diagnosis, treatment, and prognosis of osteoporosis.

2. Materials and Methods
2.1. Subjects

A retrospective analysis was conducted on elderly male patients (aged > 60 years)
with T2DM who were hospitalized in the Endocrinology Department of Yun-
cheng Central Hospital between January 2020 and December 2023. T2DM was
diagnosed according to the American Diabetes Association criteria [12]. Exclu-
sion criteria were as follows: 1) patients with type 1 diabetes; 2) patients with acute
complications of diabetes; 3) patients with acute and chronic infectious arrhyth-
mia; 4) patients in the acute stage of cardiovascular and cerebrovascular diseases;
5) patients suffering from other endocrine and metabolic diseases that affect bone
metabolism, such as adrenal diseases, growth hormone deficiency, hypogonad-
ism, thyroid and parathyroid dysfunction; 6) patients with hemolytic anemia, au-
toimmune anemia, aplastic anemia, thalassemia and other blood diseases; 7) pa-
tients with hematological malignancies; osteoarthritis; rheumatoid arthritis; chronic
gastrointestinal, liver, or kidney diseases; connective tissue diseases; bone metas-
tases or primary bone tumors, and hereditary or constitutional bone disorders; 8)
patients who used medications affecting bone metabolism (e.g., glucocorticoids,
androgens, anticonvulsants, bisphosphonates, or fluorides) within the previous
six months. The diagnostic criteria for osteopenia and osteoporosis were based on
World Health Organization (WHO) standards [13]. Normal BMD: T-score of
—1.0 or higher. Osteopenia (Low Bone Mass): T-score between —1.0 and —2.5 (be-
tween 1 and 2.5 SD below the mean). Osteoporosis: T-score of —2.5 or lower (2.5
SD or more below the mean). Severe Osteoporosis: T-score of —2.5 or lower with
one or more fragility fractures. All patients were classified into three groups: 1)
normal BMD group; 2) osteopenia group (BMD decreased but did not meet the
diagnostic criteria for osteoporosis); 3) osteoporosis group (BMD met the diag-
nostic criteria for osteoporosis). Anemia in adult males was diagnosed according
to the WHO criteria, [14] defined as a Hb concentration of less than 13.0 g/L. A

total of 208 male patients who met the eligibility criteria were included in the study
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(Figure 1).

370 male adults with type 2 diabetes mellitus were
Assessed during 2020 - 2023

Total excluded (n=162)

- Patients with type 1 diabetes (n=28)

- Patients with acute complications of diabetes
(n=12)

- Patients with acute and chronic infections (n=8)

- Patients in the acute stage of cardiovascular and
cerebrovascular diseases (n=20)

— > | - Patients with abnormal thyroid and parathyroid
function (n=28)

- Patients with hemolytic anemia, autoimmune
anemia, aplastic anemia, thalassemia and other
blood diseases (n=30)

- Patients with impaired liver and kidney functions
(n=32)

- Patients with malignant tumors or those in poor
general condition (n=4)

208 male patients were included

Figure 1. Flow chart of patient participant enrollment.

2.2. General Information and Biochemical Tests

Age, T2DM duration, and Body Mass Index (BMI) were recorded for all patients.
Following a 10-hour overnight fast, 5 mL of venous blood was collected on the
next morning from each patient. Glycated hemoglobin (HbA1c), Hb, RDW, Hcy,
Fasting Plasma Glucose (FPG), and Serum creatinine (Scr) levels were measured.
Additional parameters assessed included Serum Uric Acid (SUA), total type I pro-
collagen amino-terminal peptide propeptide (PINP), and S-Collagen-Specific Se-
quence (f-CTX). Inflammatory markers such as C-Reactive Protein (CRP), Inter-
leukin-6 (IL-6), Tumor Necrosis Factor-alpha (TNF-a), and Osteocalcin (OC) were
also measured. All assays were performed using a fully automated electrochemi-
luminescence analyzer (F. Hoffmann-La Roche Ltd., Basel, Switzerland) with the
corresponding reagents and kits provided by biomedical laboratory in the hospi-
tal.

2.3. Measurement of Bone Mineral Density

Bone mineral density was measured using a Dual-Energy X-ray Absorptiometry
(DEXA) with a GE Lunar Prodigy Advance scanner (GE Healthcare, USA). The
measurement sites included the total hip, femoral neck and lumbar spine (L1 -
L4). The diagnosis of osteoporosis was based on WHO criteria, as previously de-
scribed [13].

2.4. Statistical Analyses

Statistical analyses were conducted using SPSS version 26.0. Continuous variables
with a normal distribution are expressed as mean + Standard Deviation (SD).

Comparisons between two groups were performed using the independent samples
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t-test, where Analysis Of Variance (ANOV A) was applied for comparisons among
three or more groups. Categorical variables are expressed as frequencies and per-
centages (%), and group differences were assessed using the chi-square (y*) test.
Spearman’s correlation analysis was used to evaluate the relationship between BMD
and other variables. Logistic regression analysis was performed to identify the fac-
tors independently associated with BMD. Statistical significance set at P < 0.05

was considered significant.

3. Results
3.1. Baseline Characteristics of the Study Participants

Among the 208 patients with T2DM, 44 were diagnosed with anemia. Of these
anemic patients, 28 (63.6%) had low bone mass, and 16 (36.4%) had osteoporosis.
In contrast, among the 164 non-anemic patients (control group), 64 (39%) had
low bone mass, and 36 cases (21.9%) had osteoporosis. The prevalence of osteo-
porosis in T2DM patients with anemia was nearly twice as high as in the control
group (Table 1).

Table 1. Baseline characteristics and associations with bone mineral density in the studied

groups.
Index Normal BMD Osteopenia Osteoporosis Pvalues  B/H/X?
(n=64) (n=92) (52)
Age 68 £ 6.6 68 £ 6.3 68 +5.2 0.971 0.030
T2DM (year) 13+£25 13+3.2 13+3.2 0.658 0.421
FPG (mmol/L) 82+23 85+1.8 8.4+22 0.151 0.860
Scr (pmol/L) 55.6 +15.4 58.3 +£15.6 57.5+15.8 >0.05 0.372
CRP (ng/L) 10.1+5.2 9.02+5.6 9.8+5.2 >0.05 1.429
IL-6 (pg/mL) 11.0 £ 6.9 10.3+5.9 10.6 + 5.6 0.747 -
TNF-a (pg/ml) 124 +11.2 12.7 £ 14.0 13.4+12.7 0.607 -
SUA (umol/L) 273.1+78.0 274.8+74.0 269.5+5.2 >0.05 0.253
PINP (ng/mL) 41.6 +16.2 434+ 14.8 51.3 +22.6 0.244 0.115
HbAlc (%) 8.33+1.76 8.90 + 2.53 9.41 +3.14 0.914 0.663
Anemia (%) 8 (13) 15 (16) 21 (40) 0.001 -
Hb (g/dL) 13.7 £ 15 129+1.3 125+14 0.001 2.769
RDW (%) 124 +1.2 15.5+0.63 15.7 £ 1.2 0.001 6.937
Hcy (umol/L) 7.0+14 11.5+1.7 18.2+2.2 0.001 258.9
B-CTX (ng/mL) 0.40 £ 0.1 0.57 £0.1 0.78 £ 0.2 0.001 94.2
BMI (kg/m?) 23.5+27 22.1+2.6 22.1+2.1 0.001 6.944
OC (ng/mL) 294 +£2.2 19.1£2.1 103+1.4 0.001 576.3
TH (g/cm?) 1.03+1.10.1  0.85%0.1 0.70 £0.2 0.001 37.6
FN (g/cm?) 0.96 +0.11 0.81 £0.2 0.68 + 0.1 0.001 31.1
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Continued
LS (g/cmz) 1.2+1.1 0.95+0.2 0.79 £ 0.1 0.001 44,2
Mean (g/cmz) 1.05+0.1 0.87 £0.2 0.72 £0.1 0.001 36.2

Data are presented as mean + SD. P values indicate whether there are statistically significant
differences in the measured variables between the osteopenia or osteoporosis groups as com-
pared to the normal Bone Mineral Density (BMD) group. P = 0.001 denotes a statistically
significant difference. Total Hip (TH), Femoral Neck (FN), and Lumbar Spine (LS).

3.2. Comparison of General Information, Biochemical Indicators
and BMD among Groups

There were no statistically significant differences among the three groups in age,
duration of DM, FPG, Scr, CRP, IL-6, TNFa, SUA, PINP, and HbAlc (Table 1,
all P > 0.05). The proportion of patients with anemia in the osteopenia and oste-
oporosis groups was significantly higher than that in the normal bone mass group
(P < 0.001). Hb levels were significantly lower in the osteoporosis group than in
the normal bone mass group (P < 0.001). The levels of RDW, Hcy and f-CTX in
the osteopenia and osteoporosis groups were higher than those in the normal bone
mass group, while BMI and OC were lower than those in the normal bone mass
group (P < 0.001). There were statistically significant differences in the BMD at
the total hip, femoral neck, and lumbar spine among the groups (P < 0.001, Table
1).

3.3. Spearman Correlation Analysis between BMD and Related
Indices

Spearman’s correlation analysis was performed to examine whether both variables
were continuous or ordinal as summarized in Table 2. The results demonstrated
that BMI, Hb, OC, RDW, Hcy, and S-CTX were all significantly correlated with
BMD at both the total hip and femoral neck (all P < 0.001). Notably, RDW was
correlated with BMD in the total hip, with a correlation coefficient (r) of —0.247,

Table 2. A stratified analysis of the relationship between measured variables and bone min-
eral density across different locations.

Total hip Femoral neck Lumber vertebrae (L1 - 4)
Index
r/rs P value r/rs P value r/rs P value

BMI 0.367 <0.001 0.420 <0.001 0.144 0.039

Hb 0.493 <0.001 0.319 <0.001 0.027 0.698

OC 0.243 <0.001 0.331 <0.001 0.127 0.069
RDW -0.247 <0.001 -0.179 <0.001 -0.024 0.736

Hcy -0.353 <0.001 -0.267 <0.001 —0.049 0.486
B-CTX —-0.224 <0.001 —-0.129 0.063 —-0.035 0.616

r/rs stands for Spearman’s rank correlation coefficient. P-values indicate whether there are
statistically significant differences in the analyzed variables in different locations of the bone.
P < 0.001 denotes a statistically significant difference.
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indicating a relationship between these two continuous variables. These correla-
tion analyses revealed statistically significant differences in clinical variables be-
tween patients in the osteopenia and osteoporosis groups and those in the normal
BMD group. However, additional correlation analysis focusing on BMD in the lum-
bar spine (L1 - L4) showed no statistically significant associations with the afore-
mentioned variables, suggesting site-specific variation in bone density regulation
(Table 2).

3.4. Univariate Logistic Regression Analysis

Univariate logistic regression is a statistical technique used to assess the associa-
tion between a single independent variable (predictor) and a binary outcome (e.g.,
presence or absence of a disease). This method estimates the log-odds of the out-
come as a function of the predictor and provides key statistical metrics. Univariate
logistic regression analysis was conducted. To assess the relationship between in-
dividual clinical indicators and the presence of osteoporosis, univariate logistic
regression analysis was conducted. The £ coefficient, Wald j* statistic, odds ratio
(OR), 95% Confidence Interval (CI), and Pvalue were calculated for each variable.

As summarized in Table 3, Hb showed a significant negative association with
osteoporosis (Hb: f=-0.062, OR = 0.94, 95% CI: 0.92 - 0.96, P < 0.001), suggesting
that lower levels of Hb are associated with an increased risk of osteoporosis. RDW
and Hcy both showed significant positive associations with osteoporosis (RDW:
£ =1.065, OR = 2.9, 95% CI = 1.70 - 4.94; Hcy: f=1.758, OR = 1.17, 95% CI =
1.07 - 1.46; both P < 0.001), indicating that higher levels of RDW and Hcy increase
the risk of osteoporosis. BMI was negatively associated (5= 0.061, OR =1.06, 95%
CI =1.03 - 1.09, P < 0.001), suggesting that a higher BMI may reduce the risk of

osteoporosis.

Table 3. Univariate logistic regression analysis of factors associated with a reduction of
bone mineral density.

Index B SE Wald ¢ OR 95% CI P value
Hb -0.062 0.011 30.14 0.94 0.92 - 0.96 <0.001
RDW 1.065 0.271 15.42 2.9 1.70 - 4.94 <0.001
Hcy 1.758 0.511 11.82 1.17 1.07 - 1.46 <0.001
BMI 0.061 0.014 17.54 1.06 1.03 - 1.09 <0.001

Results from a multivariate logistic regression model containing all explanatory variables.
The abbreviations above represent the univariate logistic regression coefficient (/5), Wald
X statistic, Odds Ratio (OR), and 95% Confidence Interval (CI). P values show statistically
significant differences in the analyzed variables.

4. Discussion

In this retrospective analysis of 208 male patients with T2DM, aged > 60 years and
with an average diabetes duration of 13 years, we found a significant decline in

BMD, particularly in the total hip and femoral neck regions. The risk of develop-
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ing osteopenia and osteoporosis was notably higher in the T2DM group. A sub-
stantial reduction in BMD was negatively correlated with Hb, BMI, and OC levels,
and positively correlated with RDW, Hcy, and S-CTX levels. These findings sug-
gest that changes in these biochemical and anthropometric indices may serve not
only as markers of bone health but also as potential predictors for the progression
of diabetes-related complications, including reduced BMD and increased fracture
risk.

Anemia is defined as a reduction in the proportion of healthy red blood cells or
hemoglobin, resulting in a diminished capacity of the blood to carry oxygen. In
the present study, anemia was indicated by abnormally high RDW and low Hb
concentrations in both the osteopenia and osteoporosis groups. Recent studies have
reported that lower Hb levels (typically < 13.5 g/dL in men) and the presence of
anemia are associated with an increased risk of fractures [15] [16], particularly in
older male adults [17] [18]. The observed linear relationship between Hb and BMD
in the present study supports the use of actual Hb levels, rather than relying solely
on the diagnosis of anemia as a contributing risk factor for estimating BMD loss.
Therefore, incorporating Hb levels into the assessment of BMD reduction appears
to be a feasible and informative diagnostic approach.

There are inconsistent reports regarding the role of Hb in predicting the reduc-
tion of BMD. Several previous studies have shown a significant correlation be-
tween Hb levels and BMD in aging populations, with lower Hb levels associated
with a higher risk of osteoporosis [19] [20]. However, other studies suggest that
changes in Hb levels and the presence of anemia may be epiphenomena of osteo-
porosis rather than causal factors [21]. Therefore, the role of Hb level in predicting
osteoporosis risk remains uncertain and requires further investigation through
longitudinal studies [20]. In the present study, we primarily included male patients
with a diabetes history of >13 years. Our findings demonstrated a negative corre-
lation between lower Hb levels and the development of osteoporosis, suggesting
that the discrepancies among previous reports may be partly attributed to differ-
ences in sex, age, and duration of diabetes. Our results are consistent with those
of the previous studies [10] [11].

Multiple mechanisms underlying the relationship between anemia and BMD
loss have been proposed. Chronic anemia significantly impairs oxygen delivery to
tissues and disrupts bone metabolism. It is well established that anemia can alter
hormone levels, contributing to reduced BMD and increased bone fragility. In pa-
tients with T2DM, reductions in erythropoietin and parathyroid hormone levels
are associated with dysregulation of osteoblast and osteoclast activity, impairing
bone development and remodeling. [19] [20] Additionally, a reduction in Hb lev-
els may lead to fatigue and reduced physical activity, both of which are essential
for maintaining BMD [21]. Moreover, anemia is frequently accompanied by nu-
tritional deficiencies, such as vitamin B12, folate, and iron deficiencies, which are
crucial for proper bone metabolism [22].

An increased RDW is commonly associated with anemia, reflecting variability
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in red blood cell size due to impaired erythropoiesis. Understanding the associa-
tion between RDW and BMD is crucial for elucidating the potential contribution
of RDW to osteoporosis pathogenesis [5] [6] [23]. In the present study, a positive
linear association between RDW and BMD was identified in the total hip and fem-
oral neck in patients with T2DM, whereas no such association was observed in the
lumbar spine. The reasons for this site-specific association are complex and likely
involve shared underlying pathophysiological mechanisms. The differing associ-
ations between the hip (total hip and femoral neck) and the lumbar spine may be
attributed to variations in bone composition. The hip contains a higher propor-
tion of cortical (compact) bone, whereas the lumbar spine is predominantly tra-
becular (spongy). T2DM may affect these bone types differently, for instance, by
increasing cortical bone density while simultaneously impairing overall bone qual-
ity and strength, changes that are not fully reflected in BMD measurements alone.
As a result, individuals with T2DM may have an increased fracture risk despite
apparently higher BMD values. Furthermore, chronic hyperglycemia and associ-
ated factors in T2DM, including advanced glycation end-products and altered
bone turnover, impair bone quality and microarchitecture, especially in the met-
abolically active trabecular bone of the spine [10] [11]. These results align with
those of a recent cross-sectional study that reported a positive association between
RDW and femoral neck BMD in both men and postmenopausal women [5]. Col-
lectively, these findings suggest that RDW may serve as a potential marker for
identifying individuals at increased risk of osteoporosis. Similar to the reduction
in Hb levels in the prediction of BMD loss, RDW, an indicator of erythrocyte size
heterogeneity, has been associated with underlying factors contributing to ane-
mia, including deficiencies in folate, vitamin B12, and iron. These findings sup-
port the proposition that RDW, similar to anemia, may serve as a potential marker
for identifying individuals at risk of BMD decline [5] [6]. Moreover, elevated RDW
has been associated with several factors, such as oxidative stress, systemic inflam-
mation, physical inactivity, and malnutrition, all of which are recognized as estab-
lished triggers for osteoporosis [10] [11].

Hcy is a sulfur-containing amino acid formed during the demethylation of the
essential amino acid methionine during its conversion to cysteine, and its levels
can be influenced by the status of folate, vitamin B6, and vitamin B12. Elevated
levels of Hcy in the blood (>15 umol/L) are recognized as an independent risk
factor for various diseases, including neurodegenerative disorders, myocardial in-
farction, stroke, thrombosis, dementia, and kidney disease. Recent studies have re-
ported that elevated Hcy levels contribute to osteoclastogenesis and increase frac-
ture risk by promoting osteoclast activity and suppressing osteoblast function [24]
[25]. High Hcy levels are associated with increased inflammation and oxidative
stress, disruption of calcium and mineral homeostasis, and impaired collagen syn-
thesis in the bone. Accordingly, some findings suggest that reducing Hcy levels
may improve BMD and lower the risk of osteoporosis [26] [27]. In the present

study, we found that Hcy levels were significantly increased in the osteopenia and
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osteoporosis groups in patients with T2DM and an average diabetes duration of
13 years (Table 1). We identified a significant positive correlation between Hcy
levels and BMD using logistic regression, with BMD as the dependent variable and
Hcy as the independent variable. Compared to the Hcy level in the non-osteopo-
rosis group, Hcy increased by 2.6-fold along with a decrease in BMD in the oste-
oporosis group.

BMI is closely associated with BMD loss and the development of osteoporosis.
Low BMI leads to a reduction in bone mass, whereas high BMI appears to have a
protective effect on bone mass. Recent studies have demonstrated that postmen-
opausal women with a low BMI are more likely to experience osteopenia and pro-
gress to osteoporosis [28] [29], as low BMI is often associated with reduced me-
chanical loading on bones, lower levels of adipose-derived estrogen, dysregulated
adipokine secretion, and decreased muscle mass [30] [31]. Accordingly, BMI, an
established indicator of obesity, is frequently used in the prediction and monitor-
ing of T2DM. The present cross-sectional study in patients with T2DM found that
the BMI values were significantly lower in the osteoporosis group than in those
with normal bone mass (Table 1). Logistic regression analysis revealed a signifi-
cant negative association between the BMI and BMD in the osteoporosis group

(Table 3). These findings are consistent with those of previous studies [28] [29].

5. Study Limitation

This study has several limitations. First, this cross-sectional study was conducted
in a single hospital and was constrained by the relatively small sample size, which
may reduce the robustness of the conclusions. We selected only older male indi-
viduals, primarily based on previous reports showing a high risk of fractures in
older male patients [17] [18]. We cannot exclude the possibility that the older fe-
male patients with a prolonged duration of T2DM also experience similar out-
comes as shown in the present study. Second, this was an observational study and
the causal relationship between the observed variable levels and osteoporosis de-
velopment could not be determined. The temporal relationship between changes
in these variables and the onset of detectable bone loss on DEXA remains unclear.
Therefore, identifying a reliable early-warning biomarker could help detect un-
derlying imbalances in bone metabolism, and potentially predict bone density loss
and fracture risk before they become clinically apparent [32] [33]. Third, deficien-
cies in folate, vitamin B6, or B12 cause anemia and Hb decline, which are mainly
affected by the diet [34]. However, it is not known how these changes are associ-
ated with BMD loss, particularly in male T2DM. From a nutritional perspective,
dietary assessment and modification may help to slow the progression of osteo-
porosis in patients with T2DM. Given the potential metabolic influence of dietary
patterns, additional studies with larger populations are necessary to explore their
effect on Hb, RDW, Hcy and T-score levels in T2DM patients. Fourth, it is well
established that elevated levels of inflammatory cytokines play a crucial role in the

progression of T2DM by promoting insulin resistance. Moreover, hyperglycemia
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can further exacerbate inflammation, creating a vicious cycle that worsens both
metabolic control and diabetes-related complications [35] [36]. In the present
study, IL-6 and TNF-a levels were measured in both the normal and low BMD
groups to explore their potential role in predicting the development of T2DM.
However, no statistically significant differences were observed between the groups.
Given that the data were obtained from patients with an average disease duration
of 13 years, we cannot rule out the possibility that the changes in these inflamma-
tory markers may have occurred during the early stages of T2DM. Therefore, fur-
ther research with larger sample sizes and longitudinal assessments at different
disease stages is needed to validate these findings and to enhance their generali-

zability.

6. Conclusion

This cross-sectional study demonstrates that reduced BMD is associated with the
development of osteoporosis in individuals with T2DM, particularly among those
aged > 60 years. The observed significant linear relationships between Hb, RDW,
Hcy, and BMI levels and BMD at the total hip and femoral neck suggest that these
biomarkers may have potential utility in identifying individuals with T2DM who
are at increased risk of developing osteoporosis. Given the higher prevalence of
osteoporosis and fractures in patients with T2DM, monitoring changes in these
biomarkers in routine clinical practice may offer an opportunity to facilitate early
intervention. More comprehensive, large-scale clinical studies, particularly prospec-
tive investigations, are warranted to further clarify the underlying mechanisms driv-
ing this association.
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