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Abstract
Background

The number of patients with osteoporosis or low bone mass is increasing annually. Weight loss is
reportedly associated with bone loss and is a strong predictor of osteoporosis. It was still not clear the
relationship between weight loss and bone loss in the elder.

Methods

The study included 520 patients aged ≥65 years (178 men and 342 women). Age, gender, weight, and
height were recorded. Femoral neck bone mineral density and T-score were investigated using a dual-
energy X-ray absorptiometry scanner. Blood calcium (Ca), phosphorus (P), albumin (ALB), alkaline
phosphatase (ALP), aspartate aminotransferase (AST), alanine aminotransferase (ALT), triglyceride (TG),
total cholesterol (TC), high-density lipoprotein (HDL) and low-density lipoprotein (LDL) levels were
measured. Patients were classi�ed by gender (male and female), age (65-79 years and ≥80 years), and T-
score: normal, osteopenia and osteoporosis.

Results

Age, gender, body mass index (BMI), ALP and TG were independent factors for osteoporosis. For the 65-
79 and ≥80 year age groups, female patients presented lower T-scores than males. Ca, P, ALB, ALP, TC,
HDL and LDL levels were signi�cantly different between men and women in the 65-79 year age group. In
addition, BMI and TG levels were signi�cantly decreased in osteoporotic patients compared with normal
bone mass patients. TC levels declined in 65-79 year-old male and female patients with osteoporosis. In
the group of women aged ≥80 years, osteoporotic patients showed signi�cantly increased ALP levels.
Furthermore, we found positive correlations between BMI and TG levels in the groups of male and female
patients. However, we found no signi�cant differences in ALB, Ca, P, HDL and LDL levels in osteoporotic
compared to normal bone mass patients.

Conclusion

Osteoporotic patients showed signi�cantly decreased BMI and TG levels compared with those with
normal bone mass. BMI was showed positive correlations with TG levels in male and female patients.
These results indicate a correlation between weight loss and bone loss and a correlation between lipid
pro�les and bone mass.

Introduction
The number of osteoporotic or low bone mass patients is increasing annually. More than 33% of patients
aged 50 years or older are affected by osteoporosis in China [1]. Osteoporosis is characterized by
decreased bone mineral density (BMD) and damaged bone micro-architecture, leading to a low bone
mass and increased bone fragility, which increases the risk of fracture [2]. Many factors contribute to
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osteoporosis, including age, gender, lifestyle, and diseases [3]. Dual-energy X-ray absorptiometry (DXA)
together with T-score is considered a very important and widely used method for diagnosing osteoporosis
[4]. Normally, osteoporosis is de�ned by the T-score (normal [ ≥ − 1.0], osteopenia [− 1.0 to − 2.5], and
osteoporosis [ ≤ − 2.5] ) according to the recommendations of the World Health Organization (WHO) [5,
6].

Recently, many studies have investigated risk factors for osteoporosis, including body mass index (BMI),
serum lipid pro�les, serum calcium (Ca) and phosphorus (P), serum albumin (ALB), alkaline phosphatase
(ALP), serum alanine transaminase (ALT) and aspartate aminotransferase (AST) [7–11].

Previous studies have pointed out the association between obesity and osteoporosis, and that obesity
may be a protective factor for osteoporosis [12, 13]. Obese patients have higher mechanical loading on
the bones which is bene�cial for bone mass [14, 15]. Moreover, BMI (kg/m2)is correlated with the
percentage of body fat [16]. Weight loss is harmful to musculoskeletal health [17] and has been reported
to be associated with bone loss, as well as being a strong predictor of osteoporosis [18]. Older women
who lost weight showed increased bone loss in the hip [19]. Another study reported that weight loss was
related to hip-bone loss in older men and women [18]. Plasma lipid pro�les have also been shown to
change in response to weight loss [20]. Weight loss may thus in�uence bone and lipid metabolism.
However, the relationship between weight loss, BMD, and lipid pro�les remains unclear. The aim of our
study was to investigate the relationship between weight loss and bone loss and the correlation between
lipid pro�les and bone mass, and was to explore the association between lipid metabolism and bone
metabolism. In our study, we collected and analysed the clinical data from 520 patients aged ≥ 65 years.

Methods

Study participants
In this retrospective observational study, all patients were fractured inpatients at the Trauma Centre of
Zhongda Hospital from 2017 to 2020 and aged ≥ 65 years. We excluded the patients with cancer, thyroid
disease, hypopituitarism, rheumatoid arthritis and chronic renal failure or renal dysfunction as well as
patients accepted a lipid-lowering therapy, synthyroid or hormone-replacement therapy. All clinical data
for analysis in our study could be obtained. Patients were classi�ed by gender (male and female), age
(65–79 years and ≥ 80 years), and T-score: normal ( ≥ − 1.0), osteopenia (− 1.0 to − 2.5), and
osteoporosis ( ≤ − 2.5).

Data collection
Age, gender, height, and weight were recorded from patient documents. BMI was calculated using the
weight and height (kg/m2). Femoral neck BMD and T-scores were investigated using a DXA scanner.
According to the WHO classi�cation, the T-score was used to de�ne the categories of BMD. Serum
samples were collected immediately after the patients were admitted and serum levels of Ca, P, ALB, AST,
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ALT, ALP, triglyceride (TG), total cholesterol (TC), high-density lipoprotein (HDL) and low-density
lipoprotein (LDL) were analysed.

Statistical analysis
Data are presented as mean ± standard deviation (SD). IBM SPSS statistics version 25 software and
GraphPad Prism version 8.4.0 software were used to analyse the data. After analysing the normality
using the Shapiro-Wilk test, data were evaluated by the t-test and non-parametric test between two
groups. For three groups, data were evaluated by one way ANOVA. Multivariate analysis was performed
by multiple linear regression. Person correlation test was used to analyze the association between BMI
and TG. *P < 0.05, **P < 0.01, ***P < 0.001 and ****P < 0.0001 were de�ned as different signi�cance levels.

Results
In total, 520 patients aged ≥ 65 years were included in our study. A total of 178 male patients were
investigated, including 48 normal, 81 osteopenic and 49 osteoporotic patients. A total of 342 female
patients were included in our study, including 36 normal, 103 osteopenic subjects, and 203 osteoporotic
patients (Table 1). Age, gender, BMI and concentrations of ALP and TG were signi�cantly differences
among the groups of normal, osteopenic and osteoporotic patients. Moreover, age, gender, BMI and
concentrations of ALP and TG were the independent factors for osteoporosis (Table 1).

Table 1: Univariate and multivariate analysis of related factors for osteoporosis
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CND: Coronary Heart Diseases.

Patients were divided into two groups according to age (65–79 years and ≥ 80 years). In order to analyse
the differences in gender, a total of 106 men and 188 female were investigated in the 65–79 year age
group (Table 2). As shown in Table 2, there were signi�cant differences in the T-score and the
concentrations of Ca, P, ALB, ALP, TC, HDL and LDL between male and female patients. However, male
patients showed no difference in age, BMI, and the concentrations of AST, ALT and TG in comparison
with female patients.

Table 2: Male and female patients aged between 65 to 79 years old in related factors for osteoporosis

 
A total of 72 men and 154 women aged ≥ 80 years were examined in our study. The T-score was
signi�cantly different in male patients compared to female patients. There were no signi�cant differences
in BMI and concentrations of Ca, P, ALB, ALP, AST, ALT, TG, TC, HDL and LDL between male and female
patients (Table 3).

Table 3: Male and female patients aged ≥80 years old in related factors for osteoporosis
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  Male

(n=106)

Female

(n=188)

P-value

Age (Y) 71.25±4.39 72.18±4.52 0.095

T-value -1.51±0.94 -2.5±1.03 p 0.0001

BMI (Kg/m2) 24.33±3.52 23.63±3.37 0.134

Ca (mmol/L) 2.21±0.13 2.25±0.14 0.027

P (mmol/L) 1.00±0.19 1.06±0.14 0.010

ALB (g/L) 38.40±4.11 39.67±4.21 0.013

ALP (U/L) 69.29±39.15 77.79±35.53 0.032

AST (U/L) 26.86±18.85 27.30±19.34 0.258

ALT (U/L) 40.06±27.97 38.94±28.56 0.953

TG (mmol/L) 1.39±0.73 1.45±0.91 0.727

TC (mmol/L) 4.15±0.95 4.52±1.11 0.005

HDL (mmol/L) 1.13±0.26 1.33±0.45 P 0.001

LDL (mmol/L) 2.42±0.83 2.68±0.86 0.048
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  Male

(n=172)

Female

(n=154)

P-value

Age (Y) 85.60±4.08 85.65±33.89 0.839

T-value -2.06±1.21 -2.94±1.29 P 0.0001

BMI (Kg/m2) 22.34±3.26 21.68±3.12 0.150

Ca (mmol/L) 2.20±0.17 2.21±0.19 0.234

P (mmol/L) 1.01±0.28 1.09±0.58 0.092

ALB (g/L) 38.19±4.34 38.04±4.68 0.823

ALP (U/L) 56.21±38.95 52.95±40.44 0.455

AST (U/L) 23.61±9.93 25.08±10.77 0.238

ALT (U/L) 45.61±28.78 54.45±36.12 0.060

TG (mmol/L) 1.07±0.44 1.08±0.49 0.857

TC (mmol/L) 4.03±0.99 4.20±1.03 0.171

HDL (mmol/L) 1.17±0.30 1.21±0.32 0.425

LDL (mmol/L) 2.31±0.78 2.29±0.78 0.926

In the group of 65–79 year-old male patients, it was shown that BMI was decreased in osteoporotic
compared to normal bone mass patients. Moreover, TG and TC levels also declined in patients with
osteoporosis compared to those with normal bone mass. Osteoporotic patients showed no signi�cant
differences in Ca, P, ALB, ALP, AST, ALT, HDL and LDL levels compared to normal bone mass patients. In
men aged ≥ 80 years, BMI was signi�cantly lower in osteoporotic than in normal bone mass patients. We
also observed decreased TG levels in osteoporotic patients compared to those in normal bone mass
patients. Ca, P, ALB, ALP, AST, ALT, TC, HDL and LDL levels were not signi�cantly different between
patients with and without osteoporosis (Fig. 1).

In the group of 65–79 year-old females, BMI, TG and TC were signi�cantly decreased in osteoporotic
patients in comparison with normal bone mass patients. Osteoporotic patients also showed no
signi�cant differences in Ca, P, ALB, ALP, AST, ALT, HDL and LDL levels compared to normal bone mass
patients. In the group of women aged ≥ 80 years, osteoporotic patients showed signi�cantly decreased
BMI and TG levels as well as increased ALP levels. We also did not �nd signi�cant differences in the
levels of Ca, P, ALB, AST, ALT, TC, HDL and LDL in osteoporotic patients compared with normal bone
mass patients (Fig. 2).

Furthermore, we found positive correlation between BMI and TG levels in the groups of male patients
aged 65–79 and ≥ 80 years. Female patients also showed positive correlation between BMI and TG
levels in the groups of 65–79 and ≥ 80 year-old patients (Fig. 3).
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Discussion
In our study, we analysed the clinical data of 520 patients aged ≥ 65 years. We found that osteoporotic
patients showed signi�cantly decreased BMI and decreased TG levels in comparison with normal bone
mass patients. The number of patients diagnosed with osteoporosis is increasing annually and previous
studies have shown that many factors contribute to osteoporosis, including age, gender, BMI, and levels
of Ca, P, ALB, ALP, AST, ALT, TG, TC, HDL and LDL.

Previous studies reported that many factors contribute to osteoporosis. In our studies, we found that age,
gender, ALP and TG were independent factor for osteoporosis. Bone mass declined with age. In line with
our study, many studies showed increased age contributing to bone mass loss. Based on this, we
classi�ed the groups according to the age. In our study, female patients in the 65–79 and ≥ 80 year age
groups presented lower T-scores than male patients. In accordance with our results, men have higher
peak BMD and higher BMD at a later age than women[21, 22]. Signi�cant differences were observed in
the levels of Ca, P, ALB, ALP, TC, HDL and LDL between men and women in the 65–79 year age group.
These results indicate that men and women present differences in many factors for osteoporosis. Cui et
al. supported our results in their analysis of 1035 men and 3953 women where they also showed
signi�cant differences in BMI and T-score, as well as in levels of TG, TC, high-densitylipoprotein
cholesterol (HDL-C), and low-densitylipoprotein cholesterol (LDL-C) between men and women [7].

Previous studies have described the correlation between lipid pro�les, BMI, and BMD[7, 23]. In our study,
we found that male and female osteoporotic patients showed signi�cantly decreased BMI in the groups
aged 65–79 and ≥ 80 years. Similarly, many studies have reported an association between BMI and
BMD. Alay et al. investigated 452 postmenopausal women inan outpatient clinic between 2012 and 2015,
and observed decreased BMI related to lower BMD[24]. In their study, Fawzy et al. analysed 101 men and
womenand found that a declinein BMI was associated with lower BMD[25]. Moreover, BMI is a weight-
change pro�le[26]. These results suggest that weight loss is associated with bone loss. Moreover, our
study demonstrated that male and female osteoporotic patients presented obviously decreased levels of
TG in the groups aged 65–79 years and ≥ 80 years. In addition, male and female osteoporotic patients
also showed obviously decreased levels of TC in the groups aged 65–79 years. Our study �ndings were
in agreement with those of Cui et al. who showed that BMI and TG levels were signi�cantly lower in
patients with osteoporosis than in those with normal BMD. However, there was no signi�cant difference
in the TC levels [7]. They also described an association between osteoporosis and levels of HDL, LDL, TG,
and TC[7]; however, we did not �nd any signi�cant differences in the levels of HDL and LDL between the
two groups in our study. In a meta-analysis, Chen et al. selected ten publications and investigated the
relationship between lipid pro�les (HLD, LDL, TG, and TC) and osteoporosis in postmenopausal women,
and found signi�cantly higher levels of HDL and TC in postmenopausal osteoporosis patients than in the
normal BMD group. Although they did not show any signi�cant difference in TG levels, postmenopausal
osteoporosis patients presented a lower level of TG[27]. Alay et al. did not observe signi�cant differences
in the levels of HDL, LDL, TG, and TC[24]. However, Bijelic et al. evaluated lipid pro�les and BMI in 100
postmenopausal osteoporotic and normal BMD patients. They proved that osteoporosis in
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postmenopausal patients was associated with the levels of LDL, TC, and TG. Contrary to our results, they
showed an increased level of TG in osteoporotic patients than in those with a normal BMD[28]. The
reason might be that, in their study, there were 72 overweight patients in the osteoporosis group and 54
overweight patients in the normal BMD group. BMI and TG were showed independent factors for
osteoporosisin in our study. Osteoporotic male and female patients aged 65–79 and ≥ 80 years had
lower BMI and decreased TG levels compared with patients of normal bone mass. Moreover, we also
observed a positive correlation between BMI and TG levels in the groups of male and female patients
aged 65–79 and ≥ 80 years. These results suggest that weight loss is related to the decreased TG levels,
which might contribute to bone loss.

It has been reported that lipids may be a predisposing factor for osteoporosis and are associated with
bone fragility[11], and TG metabolism is considered to be correlated with bone metabolism. Ando et al.
investigated serum TG levels and N-telopeptide of type I collagen (uNTx) – a bone resorption marker –
levels in 113 Japanese middle-aged and elderly women, and found that patients with lower serum TG
levels had higher uNTx levels, indicating that low serum TG levels might affect osteoclast activity, leading
to bone loss[29]. Moreover, Dragojevic et al. performed a gene expression study by analysing bone tissue
in 50 patients with osteoporosis and 62 controls. They reported that osteoporosis patients had lower
osteoblastogenesis, higher osteoclastogenesis, and lower TG metabolism than controls[30]. These results
indicate an association between TG metabolism and bone metabolism. However, the underlying
mechanism between TG metabolism and bone metabolism remains unclear, and more studies should be
performed in the future.

In addition, we did not observe signi�cant differences in other factors for osteoporosis, such as levels of
Ca, P, AST, ALT and ALB between the osteoporosis and control groups in our study. Serum levels of Ca
and P were normal in postmenopausal women with or without osteoporosis. This may be because
osteoporosis leads to lower bone mineralisation, rather than to changes in the ratio of bone mineral to
organic matrix. In previous studies, nutrition was reported to be related to osteoporosis, and serum levels
of ALB were lower in patients with osteoporosis [31, 32]. By analysing the serum ALB of 15539
individuals, hypoalbuminemia (serum ALB less than 3.5 g/dL) was found to be associated with
osteoporosis[32]. Similarly, our study showed that serum levels of ALB were more than 35g/L in normal
bone mass patients and osteoporotic patients. This might be the reason that serum ALB is not a factor
for diagnosing osteoporosis in our study. AST and ALT were liver enzymes, and they were reported the
association with osteoporosis. In agreement with our study, Do et al. selected 7160 subjects to analyze
the association between liver enzymes and BMD in Koreans. They did not show the differences in AST
and ALT with femur BMD[9]. The reason might be that we did not select patients with liver diseases. In
our study, ALP was an independent factor for osteoporosis, and osteoporotic female patients aged ≥ 80
years showed signi�cantly increased ALP levels. Serum levels of ALP are considered an important
method for the diagnosis of some bone diseases, including osteomalacia and Paget’s disease. Increased
serum ALP levels in postmenopausal women was reported by high bone turnover[33]. Serum levels of
ALP > 129 U/L are helpful for diagnosing osteoporosis in men[34, 35].
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This is a single-center retrospective study with a small sample size. Further multicenter and prospective
studies, with larger samples, are needed to prove the association between TG metabolism and bone
metabolism.

In conclusion, osteoporotic patients showed signi�cantly decreased BMI and TG levels in comparison
with normal bone mass patients in our study. These results indicate an association between TG
metabolism and bone metabolism and provide a new method for the treatment of osteoporosis.
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Figure 1

The differences of age, BMI, Ca, P, ALB, ALP, AST, ALT, TG, TC, HDL and LDL in male patients. (A)
presented the group of 65-79 years old man; N(N)=35, N(OPA)=50, N(OP)=21; (B) presented the group of
≥80 years old man; N(N)=13, N(OPA)=31, N(OP)=28. N: normal bone mass; OPA: osteopenia; OP:
osteoporosis. *P<0.05, **P<0.01 and ***P<0.001 as different signi�cance levels.
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Figure 2

The differences of age, BMI, Ca, P, ALB, ALP, AST, ALT, TG, TC, HDL and LDL in female patients. (A)
presented the group of 65-79 years old female; N(N)=19, N(OPA)=65, N(OP)=104; (B) presented the group
of ≥80 years old female; N(N)=17, N(OPA)=38, N(OP)=99. N: normal bone mass; OPA: osteopenia; OP:
osteoporosis. *P<0.05, **P<0.01 and ****P<0.0001 as different signi�cance levels.
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Figure 3

The correlation between BMI and TG in male and female patients. (A) presented the group of 65-79 years
old male patients; N=106; (B) presented the group of ≥80 years old male patients; N=72; (C) presented the
group of 65-79 years old female patients; N=188; (D) presented the group of ≥80 years old female
patients; N=154. *P<0.05 as a different signi�cance level.


