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Background. Several studies have shown that lymphocyte subsets can mediate the occurrence of osteoporosis (OP); however, the
predictive ability of lymphocyte subsets in senile OP has not been elucidated. Purpose. To investigate the ability of lymphocyte
subsets to predict senile osteoporosis (OP). Methods and Materials. This study included 44 patients with senile OP and 44
without OP. Dual-energy X-ray absorptiometry (DEXA) was used to determine bone mineral density (BMD). Flow cytometry
was used to analyze the absolute counts of the lymphocyte subsets and cytokine levels. Finally, the correlation between BMD
and lymphocyte subset counts in the two groups was analyzed. Results. There were no significant differences in age, sex, or
weight between the OP and non-OP groups. The absolute counts of total T lymphocytes and CD8+ T lymphocytes in the OP
group were significantly lower than those in the non-OP group. The levels of IFN-γ or TNF-α in the OP group were
significantly higher or lower, respectively, than those in the non-OP group. PCA showed that age, BMI, total T lymphocytes,
CD4+ T lymphocytes, CD8+ T lymphocytes, and B lymphocytes were the principal components of senile OP. The linear
regression equation showed that BMD of the right femoral neck significantly decreased with a decline in CD8+ T lymphocyte
counts. Conclusion. BMD decreased with a decrease in CD8+ T lymphocytes. The mechanism by which lower lymphocyte
subsets lead to lower BMD may be related to abnormal bone metabolism caused by immune aging. Therefore, we considered
that CD8+ T lymphocytes could be used to predict the incidence of senile OP.

1. Introduction

Senile osteoporosis (OP) is a disease of progressive loss of
systemic bone mass caused by a variety of causes, character-
ized by low bone mass and destruction of bone structure. As
bone strength decreases, the risk of fracture increases signif-
icantly in patients with senile OP [1]. Unlike menopausal
OP, senile OP is more common among older adults. As
the global population ages, the number of senile OP and

associated fractures continues to increase worldwide [2]. A
recently published large-scale study in China confirmed that
the incidence of senile OP increased significantly with
increasing age in both men and women aged > 55 years
based on bone mineral density (BMD) detected using dual-
energy X-ray absorptiometry (DEXA) [3]. This suggests that
the aging population increases the demand for diagnosis,
treatment, and prevention of senile OP and its complica-
tions. Meanwhile, body aging leads to a progressive decline
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in immune function [4]. Therefore, it is worth noting that
aging of the immune system may further increase the inci-
dence of senile OP.

Arron and Choi introduced the term “osteoimmunol-
ogy” in 2000, emphasizing the two-way communication
between the immune and skeletal systems [5]. For instance,
the immune cell system or local activation can lead to the
overexpression of immune factors, which leads to the dys-
regulation of the osteoprotegerin (OPG)/receptor activator
for nuclear factor-κβ (RANK)/receptor activator for nuclear
factor-κβ ligand (RANKL) system [6]. This regulatory
mechanism is typical of osteoimmunology and mediates
bone metabolism abnormalities. These data suggest that an
aging-leading maladjusted immune system mistakenly regu-
lates bone metabolism in patients with abnormal bone
metabolism and senile OP.

Currently, senile OP diagnosis and prediction rely on
DEXA, which has been used worldwide owing to its excel-
lent accuracy, precision, and low radiation exposure [7, 8].
However, recent studies have shown that BMD-based frac-
ture risk prediction underestimated the fracture risk in some
populations, for example, in a population with diabetes [9].
In addition, the FRAX fracture risk prediction tool involving
BMD underestimates the fracture risk in certain populations
[10]. These data suggest that a better method is urgently
needed to predict and evaluate BMD in patients with OP.

A growing number of studies have found that the ratio of
lymphocytes to neutrophils, monocytes, and platelets has a
particular predictive ability for senile OP [11–13], and circu-
lating T lymphocyte subsets can predict bone morphology
[14]. However, the predictive power of lymphatic subsets
for senile OP has not been explored. In this study, we retro-
spectively analyzed the correlation between the basic situa-
tion, lymphocyte subsets, and BMD in patients with and
without senile OP. This study is aimed at developing a new
evaluation index for senile OP and its complications.

2. Material and Methods

2.1. Study Design and Ethics Statement. This retrospective
study was performed at the Department of Geriatrics, Eighth
Medical Center, PLA General Hospital. This study was
approved by the Ethics Committee of the Eighth Medical
Center of the PLA General Hospital (approval number:
202205311005) and conducted in accordance with the ethi-
cal standards of the Declaration of Helsinki.

2.2. Participants. This study included 88 elderly patients hos-
pitalized in the Department of Geriatrics between December
10, 2021, and April 8, 2022. The diagnostic criteria were as
follows: (1) definition of older adults (≥65 years) according
to the internationally accepted definition of elderly popula-
tion criteria [15] and (2) the diagnosis of senile OP accord-
ing to “The Diagnosis of Osteoporosis” released by the
World Health Organization (WHO) [16]. Participants with
a BMD score ≤ −2:5, standard deviation (SD), were divided
into the OP group, and volunteers with a BMD score > −
2:5 SD were divided into the non-OP group. The exclusion
criteria were as follows: (1) previous orthopedic diseases

characterized by bone damage; (2) primary immune dys-
functional diseases, acquired immune deficiency, hemato-
logic diseases, psychiatric disorders, severe infections, or
allogeneic blood transfusion within three months; (3)
patients with malignant tumors, such as lung cancer, liver
cancer, major organ failure, or organ transplantation; (4)
patients taking immunomodulatory agents and glucocorti-
coids within one year or other hormone supplementation
treatment within one year; and (5) other diseases causing
abnormal bone metabolism and immune regulation.

2.3. Clinical Characteristics of the Participants. General
information on each participant was collected, including
age, sex, height, weight, and BMI. Furthermore, we investi-
gated the medical history of each participant, including
hypertension, diabetes, coronary heart disease, malignancy,
fracture, history of acute and critical illness, history of blood
transfusion, and immune deficiency.

2.4. Absolute Count of Lymphocyte Subsets. Twenty microli-
ters of lymphocyte subpopulation analysis reagent was
added to the bottom of the absolute count tube (BD Biosci-
ences, San Jose, CA, USA). These lymphocyte subpopulation
analysis reagents included total T lymphocytes (CD3+),
helper/inducer T lymphocytes (CD3+CD4+), suppressor/
cytotoxic T lymphocytes (CD3+CD8+), B lymphocytes
(CD3-CD19+), and natural killer cells (CD3-CD16+CD56+).
Subsequently, 50μL of whole blood was drawn from a pre-
mixed EDTA anticoagulation tube (BD Biosciences, San
Jose, CA, USA) and delivered to the bottom of the absolute
counting tube using a reverse pipetting method. The tubes
were shaken, mixed, and incubated for 15min at room tem-
perature to protect them from the light. Next, 450μL of
hemolysin (BD Biosciences, San Jose, CA, USA) was added
to each tube (FACS lysate: distilled water, 1 : 10). The sam-
ples were thoroughly mixed, incubated for 15min at room
temperature, and protected from light. The absolute number
of lymphocyte subpopulations was determined using a FACS
Canto Plus flow cytometer (BD Biosciences, San Jose, CA,
USA). The CD4+/CD8+ T lymphocyte ratio was calculated
based on helper/inducible T lymphocyte counts versus sup-
pressor/cytotoxic T lymphocyte counts.

2.5. Cytokine Detection. Plasma was isolated from 20 OP and
20 non-OP patients. The concentrations of IFN-γ, TNF-α,
IFN-α, IL-1β, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12P70,
and IL-17 were detected using a multiple cytokine detection
kit (RAISECARE, Qingdao, China) following our previous
studies [17–19]. Briefly, 25μL of the experimental buffer
was added to the sample tube. Next, 25μL of plasma, 25μL
of detection antibody, and capture microsphere antibody
were sequentially added to the sample tube. The sample tube
was incubated for 2 h (400-500 r/min) at room temperature
(25 ± 1 ° C) with shock in the dark. After that, 25μL SA-PE
was added to the sample tube; the sample tube was incu-
bated for 0.5 h (400-500 r/min) at room temperature
(25 ± 1 ° C) with shock in darkness. Finally, wash buffer
(500 μL × 1) was added to the sample tube and vortexed
for several seconds before centrifugation (300–500 g) for
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5min, and the liquid was slowly poured out from the sample
tube and inverted onto absorbent paper. Using the FACS
Canto Plus flow cytometer (BD, USA) requirements,
120μL of washing buffer was added to the sample tube, vor-
texed for 10 s to make the microsphere resuspended, and
immediately run on the machine for detection. The detec-
tion data were imported into LEGEND Plex V8.0 software
for analysis and acquisition.

2.6. Bone Density. The bone density of each participant was
determined using a densitometer (HOLOGIC model:
HOLOGIC Discovery Wi, Bedford, MA, USA). Senile OP
diagnosis was defined according to internationally accepted
criteria using the T score [16]. Senile OP was diagnosed
when the T score was ≤-2.5, and other primary and second-
ary causes were excluded.

2.7. Statistical Analysis. GraphPad Prism 9.4.1 software (San
Diego, CA, USA) and the Statistical Package for Social Sci-
ences for Windows 25.0 (IBM, Armonk, NY, USA) were
used for analysis. Continuous variables in the normal distri-
bution were expressed as mean ± standard deviation
(mean ± SD). Continuous variables in the abnormal distri-
bution were expressed as quartiles (50% (25%-75%)). Dis-
continuous variables were expressed as numbers. In the
end, continuous variables in the normal distribution of the
two groups were analyzed with the unpaired t-test. Contin-
uous variables in the abnormal distribution were analyzed
by the Mann-Whitney U test. Discontinuous variables were
analyzed by the chi-square test.

In addition, simple linear regression analysis was per-
formed to evaluate the relationship between BMD levels
and total T lymphocytes, CD4+ T lymphocytes, CD8+ T
lymphocytes, NK cells, B cell counts, CD4+/CD8+ T lympho-
cyte ratio, age, sex, and height. Principal component analysis
(PCA) was used to evaluate the effects of different indicators
(age, BMI, absolute values of total T lymphocytes, CD4+ T
lymphocytes, CD8+ T lymphocytes, NK cells, B lympho-
cytes, and CD4+/CD8+ T lymphocyte ratio) on senile OP.
The principal components were selected based on
eigenvalues > 1. Monte Carlo simulations were performed
on the input data, and the eigenvalues of the principal com-
ponents were calculated. Then, the eigenvalues of the input
data were compared with the average values of the corre-
sponding PCs in the simulations. The random seed, number

of simulations, and percentile level were set to auto, 1000,
and 95%, respectively.

3. Results

3.1. Participant Characteristics. In this study, 88 participants
aged > 65 years old (77:24 ± 8:79) were divided into two
groups: OP and non-OP groups (Table 1). Forty-four partic-
ipants (76:77 ± 8:14 years) were included in the OP group
based on BMD, including 25 males and 19 females. Further-
more, the same sample size of participants (77:7 ± 9:47
years) was enrolled in the non-OP group, including 19 males
and 25 females.

The results of the age, height, weight, and BMI between
the OP and non-OP groups were compared using the
unpaired t-test or Mann-Whitney U test according to data
normality, and discontinuous data of the gender composi-
tion between the two groups were compared using chi-
square tests. The results showed that height (P = 0:02) and
weight (P = 0:021) in the OP group were significantly lower
than those in the non-OP group (Table 1). In contrast, age,
BMI, and sex were not significantly different between the
OP and non-OP groups (Table 1; P > 0:05).

3.2. Bone Density Differences. We compared BMD values
between the OP and non-OP groups. The results showed
that the total lumbar spine BMD, total left hip BMD, left
femoral neck BMD, right hip BMD, and right femoral neck
BMD were significantly higher in the non-OP group than
in the OP group (P < 0:001, Table 2).

3.3. The Impact of Different Measurements on the Patients
with Senile OP. The impact of different measurements on
patients with senile OP (n = 44), including age, BMI, and
the absolute number of total T lymphocytes, CD4+ T lym-
phocytes, CD8+ T lymphocytes, NK cells, B lymphocytes,
and CD4+/CD8+ T lymphocyte ratios, was evaluated using
PCA (Figure 1). Two potential PCs (PC1 eigenvalue =
3:293 and PC2 eigenvalue = 1:643) were selected according
to eigenvalues > 1, and their cumulative variance contribu-
tion was 61.70% (PC1 41.16% and PC2 20.54%, Figure 1).
The loading plot showed that age was associated with PC2,
and the absolute counts of CD8+ T lymphocytes were corre-
lated with PC1. The PC score plot showed that 44 patients
had significant senile OP data.

Table 1: Clinical characteristics of the participants in this study.

Characteristics Total∗ (n = 88) Groups∗
X2/U/T value P value

OP (n = 44) Non-OP (n = 44)
Age (years) 77:24 ± 8:79 76:77 ± 8:14 77:7 ± 9:47 0.495a 0.622

Male/female 44/44 25/19 19/25 1.636b 0.201

Height (m) 1:64 ± 0:08 1.62 (1.56, 1.695) 1.68 (1.595, 1.72) -2.329c 0.020

Weight (kg) 62:53 ± 9:24 60:26 ± 6:92 60:81 ± 10:7 2.367a 0.021

BMI 23:12 ± 2:41 22.84 (21.64, 24.07) 22.885 (21.795, 24.455) -0.442c 0.658
∗Values are shown as median (p25 and p75),mean ± SD, or number (percentage). aThe data of the two groups were compared with unpaired t-test. bThe data
of the two groups were compared with chi-square test. cThe data of the two groups were compared with Mann-Whitney U test.
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3.4. Effect of Lymphocyte Subsets on Senile OP. To further
explore the correlation between the absolute counts of lym-
phocyte subsets and senile OP, we compared the absolute

counts of lymphocyte subsets in the OP and non-OP groups.
The results suggested that the absolute counts of total T lym-
phocytes (P = 0:0358, Figure 2(a)) and CD8+ T lymphocytes
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Figure 1: Principal component analysis (PCA) for different measurements on the patients with senile OP. The loading plot depicted the
correlation of eight measurements and showed that age was associated with PC2. The absolute counts of CD8+ T lymphocytes were
correlated with PC1 (a). The PC score plot showed that the data from 44 patients with OP were significant (b). Finally, a biplot was used
to show both the loadings and PC scores (c).

Table 2: Comparison of BMD values at different bone sites between OP and non-OP groups.

Place Sample size (OP + non −OP) Total∗
Groups∗

U value P value
OP Non-OP

Total lumbar spine 43 + 41 −1:299 ± 2:077 -2.8 (-3.2, -2.1) -0.3 (-1.45, 1.2) -6.087 <0.001
Left femoral neck 44 + 43 -1.9 (-2.55, -1.25) -2.5 (-3, -2.4) -1.2 (-1.75, -0.8) -7.049 <0.001
Total right hip 44 + 43 -1.5 (-2.1, -0.6) -2.1 (-2.6, -1.8) -0.5 (-1.05, -0.2) -7.055 <0.001
Right femoral neck 36 + 41 −1:674 ± 1:939 −2:267 ± 0:753 −0:666 ± 2:283 5.012 <0.001
Total left hip 36 + 41 -1.35 (-2.15, -0.55) -2.1 (-2.5, -1.6) -0.6 (-1.15, -0.05) -6.192 <0.001
∗Values are shown as median (p25 and p75) and mean ± SD.
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(P = 0:0407, Figure 2(b)) were significantly lower in the OP
group than in the non-OP group. In addition, there were
no significant differences in the absolute counts of CD4+ T
lymphocytes (P = 0:2767, Figure 2(c)), NK cells (P = 0:1501,
Figure 2(d)), B cells (P = 0:5346, Figure 2(e)), and the
CD4+/CD8+ T lymphocyte ratio (P = 0:3092, Figure 2(f))
between the OP and non-OP groups.

3.5. Linear Regression Analysis between Participants’ BMD
and Absolute Number of Lymphocytes. These results showed
a clinical correlation between immune function and BMD in
patients with senile OP. Therefore, we performed linear
regression analysis to determine the relationship between
BMD levels and absolute counts of lymphocyte subsets in
patients with senile OP. We included two variables (age

and height of the patient). Attempts were made to predict
BMD values by analyzing more variables. Regression equa-
tions showed that the right femoral neck BMD values
increased with increasing CD8+ T lymphocyte count
(Figure 3(a), P = 0:0030, R2 = 0:1115, Y = 0:003151∗ X −
3:002) and height (Figure 3(b), P = 0:0030, R2 = 0:1113, Y
= 7:878∗X − 14:64). Similarly, the BMD of the total lumbar
area increased with age (Figure 3(c), P = 0:0028, R2 = 0:1038,
Y = 0:078952 × X − 7:226) and height (Figure 3(d), P =
0:0008, R2 = 0:1284, Y = 9:849∗X − 17:28). There was no
significant linear relationship between BMD values of total
lumbar, left femoral neck, left hip, and right hip and lym-
phocyte subsets, including total T lymphocytes, CD4+ T
lymphocytes, CD8+ T lymphocytes, NK cells, B cells, and
the CD4+/CD8+ T lymphocyte ratio. Similarly, no significant
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Figure 2: Comparison of the absolute counts of lymphocyte subsets between the OP and non-OP groups. The absolute counts of total T
lymphocytes (a), CD8+ T lymphocytes (b), CD4+ T lymphocytes (c), NK cells (d), B cells (e), and CD4+/CD8+ T lymphocytes ratio (f)
between the OP and non-OP groups were analyzed. Continuous variables in the normal distribution of the two groups were expressed as
mean ± standard deviation (mean ± SD) and analyzed with the unpaired t-test. Continuous variables in the abnormal distribution were
expressed as quartiles (50% (25%-75%)) and analyzed by the Mann-Whitney U test. P value < 0.05 was considered a significant difference.
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linear relationship was observed between BMD values of the
left and right femoral neck and total T lymphocytes, CD4+ T
lymphocytes, NK cells, B cells, CD4+/CD8+ T lymphocyte
ratio, height, and age.

3.6. Effect of Cytokines on Senile OP. The results of lympho-
cyte subsets in senile OP suggested that total T lymphocytes
and CD8+ T lymphocytes might be involved in the develop-
ment of OP in our enrolled population. Herein, we detected
the concentrations of IFN-γ, TNF-α, IFN-α, IL-1β, IL-2, IL-
4, IL-5, IL-6, IL-8, IL-10, IL-12P70, and IL-17 in the OP
(n = 20) and non-OP (n = 20) groups. Our results indicated
that the IFN-γ level (P = 0:0436, Figure 4(a)) was signifi-
cantly higher in the OP group than in the non-OP group,
but the TNF-α level (P = 0:0479, Figure 4(b)) was signifi-
cantly lower in the OP group than in the non-OP group.
In addition, the levels of the remaining cytokines (IFN-α,
IL-1β, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12P70, and IL-
17) did not differ significantly between the two groups
(Figures 4(c)–4(l)).

4. Discussion

In this study, we found significant differences in the T lym-
phocyte counts between senile OP and non-OP populations.
T lymphocytes play an essential role in adaptive immune

responses [18, 20, 21]. They are subjected to different envi-
ronmental stimuli during activation (antigens, cytokines,
etc.) and can differentiate into different subpopulations. Fur-
thermore, a previous study indicated that T cell-deficient
mice showed increased osteoclastogenesis and decreased
bone mineral density, demonstrating that T cells play an
essential role in preserving bone homeostasis in vivo [22].
Interestingly, other studies have confirmed that inactivated
T helper (Th) cells inhibit osteoclast formation both
in vitro and in vivo [23]. This may be related to the fact that
Th cells do not secrete RANKL under steady-state condi-
tions [24]. In contrast, under inflammatory conditions, T
cell activation leads to enhanced production of RANKL (a
member of the tumor necrosis factor superfamily) and
TNF-α, promoting osteoclastogenesis, various inflammatory
events, and subsequent bone loss under autoimmune condi-
tions [25]. This is consistent with our experimental results;
an increase in TNF-α may aggravate the occurrence of OP
in the enrolled population. However, breaking the inflam-
matory cascade at any stage effectively reduces bone loss
[26]. Furthermore, studies performed on ovariectomized
(OVX) mice have shown that OVX does not cause bone tra-
beculae or bone cortex loss in T cell-deficient nude mice
[27–31]. These observations prove that abnormal T lympho-
cyte levels may cause abnormalities in bone metabolism
[32–34].
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Figure 3: Linear regression analysis for evaluating the relationship among BMD levels, height, age, and absolute counts of lymphocyte
subsets in patients with senile OP. Linear regression analysis of the relations between the right femoral neck BMD values and CD8+ T
lymphocyte counts (a) or height (b) and the BMD of total lumbar and age (c) or height (d). P value < 0.05 was considered a significant
linear relationship.
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Figure 4: Continued.
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Total T lymphocytes consist of CD4+ T lymphocytes and
CD8+ T lymphocytes. Therefore, the reduction in total T
lymphocytes may be associated with lower CD4+ T lympho-
cytes and/or CD8+ T lymphocytes. Herein, we found no sig-
nificant differences in the counts of CD4+ T lymphocytes
between senile OP patients and non-OP patients. Much evi-
dence indicates that the differentiation of CD4+ T lympho-
cytes into Type 1 T helper (Th1) and Th2 cells is
influenced by environmental cytokines [18, 20]. Further-
more, it has been reported that a state of Th2 dominance
is associated with senile OP [35, 36], which suggests that
the levels of Th2-type cytokines, such as IL-4, IL-5, IL-6,
and IL-10, increased, and Th1-type cytokines, such as IFN-
γ, IL-2, and TNF-α, decreased in patients with senile OP.
In our study, IFN-γ was reduced in the OP group, which is
consistent with the results of the previous studies. However,
TNF-α, as mentioned above, was increased in the OP group,
which is probably due to the secretion of TNF-α by other
immune cells. Immune cells in the body will differentiate
and produce different types of cytokines under the influence
of various factors and mediate infectious or noninfectious
diseases [37]. We will further explore the reasons for the
increase in TNF-α in the senile OP population in future
mechanistic studies. Meanwhile, reduced secretion of Th1-
type cytokines attenuated the activation and proliferation
of CD8+ T lymphocytes, thereby reducing the number of
CD8+ T lymphocytes. This might explain why the counts
of CD8+ T lymphocytes were remarkably lower in senile
OP patients than in non-OP patients in this study.

CD8+ T lymphocytes are a crucial component of the
adaptive immune system and play an essential role in
immune defense against intracellular pathogens, such as
viruses, bacteria, and tumors [38–40]. It is well known that
CD8+ T lymphocytes can differentiate into different effector
cells, such as naïve CD8+ T cells, effector CD8+ T cells, effec-
tor memory CD8+ T cells, and central memory CD8+ T cells
[41, 42]. Similarly, CD8+ T lymphocytes are also involved in
bone metabolic activities, and CD8+ T lymphocytes inhibit
osteoclast formation by secreting various soluble proteins
(such as OPG) [43]. In recent years, CD8+ T lymphocytes
have also been shown to protect the bone from metastasis

under bone tumor loads [44]. The bone and immune system
are functional units because they are located in their com-
mon ecological niche (osteoimmune system), which leads
to their permanent interaction at various anatomical sites
[45]. Thus, OP development is related to immune aging,
which is regulated by an imbalance in the aging immune sys-
tem. For example, our current study found that a decrease in
the number of CD8+ T lymphocytes reduced their bone-
protective ability. A reduction in the total number of T lym-
phocytes also mediates the osteoprotective mechanism of
resting T cells.

The inflammatory response triggered by immune aging
further stimulates the osteolytic activity of T lymphocytes
[46], which is consistent with the results of this study. The
regression equation showed that lower BMD values were
associated with lower CD8+ T lymphocyte count. The
decrease in CD8+ T lymphocytes may decrease BMD values
of the left and right femoral necks. This again demonstrates
a clear clinical correlation between lymphocyte subsets and
bone. In clinical practice, we usually observe a significant
increase in the prevalence of senile OP with increasing age.
In contrast, our study showed that BMD increases with age
and height. These differences may originate from the follow-
ing factors: (1) the sample size of this study is too small; (2)
the heterogeneity among these participants; (3) because all
data sources come from manual measurements, operational
errors are theoretically possible; and (4) the different mea-
surement methods and test instruments may also contribute
to the contradictory results. Therefore, we will expand the
sample size in the future to further discuss the relationship
between age and BMD.

To explore possible factors affecting BMD in patients
with OP, we performed PCA on total T lymphocytes,
CD4+ T lymphocytes, CD8+ T lymphocytes, CD4+/CD8+ T
lymphocyte ratio, B cells, NK cells, age, and BMI. The results
showed that age and CD8+ T lymphocyte count were the
main constituents of the senile OP clinical profile. BMD is
commonly used in the current diagnosis of bone metabolism
abnormalities by defining the bone metabolism of a subject
with a T score. It is an expression of BMD and is used for
diagnostic classification according to the criteria established
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Figure 4: Comparison of the cytokines between the OP and non-OP groups. The concentration of IFN-γ (a), TNF-α (b), IFN-α (c), IL-1β
(d), IL-2 (e), IL-4 (f), IL-5 (g), IL-6 (h), IL-8 (i), IL-10 (j), IL-12P70 (k), and IL-17 (l) between the OP (n = 20) and non-OP (n = 20) groups
was analyzed with unpaired t-test or nonparametric test (Mann-Whitney U test) according to the normality. Continuous variables in the
normal distribution of the two groups were expressed as mean ± standard deviation (mean ± SD) and analyzed with the unpaired t-test.
Continuous variables in the abnormal distribution were expressed as quartiles (50% (25%-75%)) and analyzed by the Mann-Whitney U
test. P value < 0.05 was considered a significant difference.
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by the WHO for postmenopausal women or men aged 50
years or older [16]. A lower BMD represents a greater risk
of fracture, with the risk of fracture doubling for every one
standard deviation decrease in BMD [47]. However, as men-
tioned above, with the increase in the use of DEXA and
FRAX, the deficiencies and shortcomings of their exposure
also increase, mainly in terms of both diagnostic and predic-
tive power. For example, senile OP is a different type of
menopausal OP. As mentioned above, it is mainly reflected
in the increase in incidence after the increase in age, unlike
the sex difference in menopausal OP. This may be why there
was no sex difference in the OP population in this study. It is
also because of the sex difference in menopausal OP that the
overall incidence of OP has a significant sex difference. Thus,
more diverse evaluation methods are required to predict dif-
ferent types of OP. This study explored the correlation
between lymphocyte count and BMD in patients with senile
OP to identify more valuable indicators for evaluating bone
metabolism and fracture risk.

However, this study has several limitations: (1) we did
not include more bone metabolism indicators to assess bone
metabolism from multiple perspectives, such as beta-isomer
of the C-terminal telopeptide of type I collagen (β-CTX),
which reflects osteoclast activity, and procollagen type I N-
terminal propeptide (P1NP), which reflects osteoblast activ-
ity; (2) we did not collect abdominal and hip circumference
data, which are essential to assess the relationships between
the degree of skeletal stress and bone metabolism; (3) in
order to avoid the influence of bone damage on the observed
factors, patients with bone damage, such as fractures, were
excluded in our study. However, in theory, whether fracture
occurs has a particular effect on CD4+ T lymphocytes, CD8+

T lymphocytes, and the ratio of these two types of lympho-
cytes. This could also have an impact on the other indicators.
Therefore, it is necessary to include different conditions of
bone damage in further analyses, which will be improved
in our subsequent study. (4) The sample size of this study
was small, and these conclusions need to be verified in future
studies with large sample sizes. (5) This study only involved
the number of lymphocyte subsets but did not measure
serum cytokine levels, which makes the analysis between
lymphocytes and their secreted cytokines lack a strong basis.
(6) Our study only included the Chinese Han population
rather than other ethnic populations because there are dif-
ferences in bone metabolism between Eastern and Western
populations [48].

5. Conclusions

In summary, this study retrospectively assessed the potential
relationship between lymphocyte subsets and bone metabo-
lism in Han Chinese patients with senile OP. Our results
showed that the absolute counts of total T lymphocytes
and CD8+ T lymphocytes in patients with senile OP were
significantly lower than those in the non-OP group, and
the levels of IFN-γ and TNF-α were different between the
OP and non-OP groups. These results suggest that a
decrease in lymphocyte subsets might lead to BMD decline,
suggesting that CD8+ T lymphocytes may have predictive

power for BMD in the Chinese Han population with senile
OP. We also found that age may be a relevant factor in the
development of senile OP, according to PCA. Thus, the
results of this study and the underlying mechanisms have
substantial clinical conversion potential for the clinical prac-
tice of senile OP. This study provides novel insights into the
prediction and evaluation of senile OP in the Han Chinese
population, which is meaningful for preventing and control-
ling senile OP.
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