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Background and Objective. Diabetes and osteoporosis are common diseases in elderly people, which are often accompanied by changes
in body weight during treatment. No unified conclusion has been reached on the correlation between body weight and osteoporosis yet.
This study is aimed at analyzing the correlation between body composition and bone mineral density (BMD) in patients with type 2
diabetes mellitus (T2DM). Methods. A total of 596 patients with T2DM, including 308 male and 288 female patients, were included
in the follow-up study; the median follow-up time was 2.17 years. We calculated the difference between the endpoint and the
baseline of each body composition index and the annual rate. The research participants were divided into the increased body mass
index (BMI) group, stable BMI group, and decreased BMI group. Some confounding factors were adjusted, such as BMI, fat mass
index (FMI), muscle mass index (MMI), muscle/fat mass ratio (M/F), trunk fat mass index (TFMI), appendicular skeletal muscle
mass index (ASMI), and appendicular skeletal muscle mass/trunk fat mass ratio (A/T). Results. The linear analysis showed that
ΔFMI and ΔTFMI were negatively correlated with the change in femoral neck BMD (ΔFNBMD) and ΔMMI, ΔASMI, ΔM/F, and
ΔA/T were positively correlated with ΔFNBMD. The risk of FNBMD reduction in patients with increased BMI was 56.0% lower
than that in patients with decreased BMI; also, the risk in patients with stable M/F was 57.7% lower than that in patients with
decreased M/F. The risk in the A/T increase group was 62.9% lower than that in the A/T decrease group. Conclusions. A reasonable
muscle/fat ratio is still beneficial to maintaining bone mass. Maintaining a certain BMI value is conducive to maintaining FNBMD.
Simultaneously, increasing the proportion of muscle mass and reducing fat accumulation can also prevent FNBMD loss.

1. Introduction

Osteoporosis is a systemic skeletal disease characterized by
low bone mass and microarchitectural deterioration of bone
tissue [1]. It is the leading cause of fragility fractures in

elderly people. Weight loss, increasing age, menopause,
and type 2 diabetes mellitus (T2DM) are all risk factors for
osteoporosis and fragility fractures [1, 2]. Patients with
T2DM are at high risk of fractures and hence have received
much attention [3]. Early intervention targeting the risk
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factors for bone loss in T2DM can effectively reduce the inci-
dence of osteoporosis and improve the prognosis [2].

T2DM, which is defined as a progressive loss of adequate
β-cell insulin secretion frequently on the background of
insulin resistance, is associated with inflammation, meta-
bolic stress, and genetic factors [4]. Many patients with
T2DM have an imbalance of bone mineral metabolism,
and the coexistence of nephropathy tends to aggravate this
[5]. Other complications also contribute to fractures.
Patients with diabetic peripheral neuropathy have balance
and gait problems, increasing the fall risk [3]. People with
T2DM often experience weight changes during subsequent
visits. Previous studies pointed out that being overweight
was a protective factor for bone mineral density (BMD) [6,
7], and a lower body mass index (BMI) was associated with
a higher risk of fractures [8]. However, other studies found
that weight gain led to a decrease in BMD [9]. Obese indi-
viduals had a higher risk of fracture [10], and obesity was
not conducive to fracture healing [11]. At present, no unified
conclusion exists about the correlation between body weight
and BMD loss and even fracture risk.

Body weight includes fat, muscle, bone minerals, and
other components. The proportion of fat and muscle is
not the same, even if the body weight is the same, due to
differences in body composition among individuals. Studies
have shown that muscles protect BMD from mechanical
and endocrine effects [12]. People with reduced muscle
mass and obesity have a higher risk of fractures compared
with people who are simply obese [13]. The results of the
correlation between fat and bone density in different parts
are inconsistent [14, 15], and the association between fat
and bone is affected by age, sex, and fat location [16].
The weight change in patients with T2DM is also accompa-
nied by changes in fat, muscle mass and its distribution,
and mass composition ratio. Assessing the changes in
BMD only by patient weight is clearly inappropriate. Few
studies have focused on the relationship between body
composition changes and BMD in patients with diabetes
during follow-up.

Therefore, this study was conducted to analyze the cor-
relation between body composition changes and BMD in
patients with T2DM with different body weight changes
and to explore the beneficial body composition parameters
for maintaining bone mass.

2. Materials and Methods

2.1. Research Population. This study was a retrospective
cohort study involving 596 patients with T2DM (308 men
and 288 women) who were admitted to the Department of
Endocrinology, the First Affiliated Hospital of Fujian Medi-
cal University, from 2016 to 2020. We did not limit the age
of menopause of women to ensure that young women were
also selected for the study so as to balance the age gap of
the study population. The inclusion criteria were as follows:
(1) patients meeting the criteria for the diagnosis of diabetes
[17] and (2) patients having complete data on body compo-
sition and BMD. The exclusion criteria were as follows: (1)
patients with type 1 diabetes, gestational diabetes, other spe-

cial types of diabetes, diabetic ketoacidosis, hyperosmotic
hyperglycemia syndrome, hypoglycemia, and lactic acidosis;
(2) patients with acute and chronic infection, hepatic and
renal insufficiency, cardiac insufficiency, malnutrition, and
cancer; (3) patients who had used or were using antiosteo-
porotic drugs, such as zoledronic acid, denosumab, or other
hypoglycemic drugs that affected BMD, such as thiazolidine-
diones, sodium glucose cotransporter-2 inhibitors (empagli-
flozin, dapagliflozin, etc.), dipeptidyl peptidase-4 inhibitors
(sitagliptin, etc.), and glucagon-like peptide-1 receptor ago-
nists (such as liraglutide); [3, 18] (4) patients excluding the
influence of secondary factors (hyperthyroidism, parathy-
roid dysfunction, chronic nephropathy, etc.) to exclude
other forms of secondary osteoporosis [2]; and (5) athletes
or pregnant women.

The serum samples collected from patients in this study
showed that the serum vitamin D concentration was 24:16 ±
7:98ng/ml, and 13.4% of the patients used vitamin D and cal-
cium. Some scholars believe that serum vitamin D in elderly
people should be greater than or equal to 30ng/ml, which
could reduce the risk of fracture and prevent osteoporosis
[2]. However, some scholars still set this standard to 20 ng/
ml [2]. Our research population was distributed in southern
China with plenty of sunshine. Therefore, vitamin D defi-
ciency was not serious in the population in this study. To
sum up, in terms of mild vitamin D deficiency, the use of
vitamin D or calcium in some patients did not significantly
affect the final results of the study. This study was approved
by the ethics committee of the First Affiliated Hospital of
Fujian Medical University (MRCTA, ECFAH of FMU,
2017-131), and the participants provided informed consent.

2.2. Sample Size Determination. The sample size was deter-
mined for logistic regression using the Power Analysis and
Sample Size (PASS) software, version 15.0. The cross-
sectional study was planned to have 80% statistical power
with a 95% confidence interval (CI) and a case-to-control
ratio of nearly 1 : 1. According to the pilot study and previ-
ous studies, the probability of BMD reduction was about
70%. The incidence of BMD in this study population was
about 60% after preliminary statistics. The estimated sample
size was 487 for cases. This study comprised two follow-ups
of the same patient, and the control and case groups had the
same samples. So, the sample size of this study was 487. The
sample size was determined for the exposure status of differ-
ent variables. The largest sample size among these exposure
variables was taken. Allowing a nonresponse rate of 10%, the
optimal sample size was 536.

2.3. Research Methods

2.3.1. Medical History Collection and Physical Examination.
We used the medical history of patients to record the basic
data such as age, sex, drinking history, smoking history,
T2DM course, other previous medical history, and medica-
tion history. We downloaded patient-related medical record
data by retrieving the patient’s ID number and hospitaliza-
tion number to reduce the error caused by manual entry
and thus to ensure its accuracy and authenticity.
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All patients underwent a detailed physical examination,
and data on height, weight, blood pressure, and so forth were
collected. Height and weight were measured on the RGZ-
120-RT scale: The patient stood barefoot, with heels close
together and the heels, sacrum, and shoulders close to the
post of the altimeter. Systolic blood pressure (SBP) and dia-
stolic blood pressure (DBP) were measured after 15min of
rest. BMI = weight ðkgÞ/height2 ðm2Þ.

2.3.2. BMD and Body Composition Examination. The whole-
body fat mass, whole-body muscle mass, trunk fat mass,
limb muscle mass, BMD of first to fourth lumbar vertebrae
(L1-4BMD), and femoral neck BMD (FNBMD) were mea-
sured by dual-energy X-ray absorptiometry (DEXA, Ameri-
can GELUNAR company, Prodigy Type). Every year, we
calibrate the standard BMD phantom of the instrument,
which is made of hydroxyapatite, in our hospital and define
the 1.000 g/cm2 BMD value of the instrument. All BMD
reports were evaluated by professional radiologists to elimi-
nate the effects of osteophytes and other artifacts as much as
possible. FMI was calculated using the following formula:
whole − body fatmass ðkgÞ/height2 ðm2Þ; MMI was calcu-
lated asmusclemass ðkgÞ/height2 ðm2Þ; TFMI was calculated
as trunk fatmass ðkgÞ/height2 ðm2Þ; and ASMI was calculated
as appendicular skeletal musclemass ðkgÞ/height2 ðm2Þ. M/F
was calculated using the following formula: whole − body
musclemass ðkgÞ/whole − body fatmass ðkgÞ; and A/T was
calculated using the following formula: limbmusclemass
ðkgÞ/trunk fatmass ðkgÞ. The change value was obtained
from the data at the endpoint of follow-up minus the
data at the baseline. The annual change rates were adjusted
by follow-up time (year). The intra- and interassay coeffi-
cients of variation for DEXA were 0.64% and 0.80%,
respectively.

2.3.3. Clinical Biochemical Examination. The blood samples
were collected after fasting for more than 8h. We measured
the levels of fasting plasma glucose, glycosylated hemoglobin
A1c (HbA1c) (variant II glycosylated hemoglobin analyzer,
Bio-Rad, high-performance liquid chromatography), total
cholesterol, triglyceride (TG), high-density lipoprotein cho-
lesterol (HDL-C), and low-density lipoprotein cholesterol
(LDL-C) (Siemens ADVIA 2400 automatic biochemical
analyzer). All intra- and interassay coefficients of variation
were 10%.

2.3.4. Statistical Analysis. The research data were statistically
analyzed using SPSS Statistics 25.0 software (IBM Corp., NY,
USA). The normality test was carried out using the single-
sample Kolmogorov-Smirnov test. The quantitative data
with normal distribution were expressed as average ±
standard deviation, whereas the “median (quartile range)”
was used for data with nonnormal distribution. The differ-
ences in demographic characteristics, physical examination,
and clinical and metabolic parameters of the patients were
compared. One-way analysis of variance was used for con-
tinuous variables with normal distribution, whereas the
rank-sum test was used for continuous variables with non-
normal distribution. Pearson chi-square test (χ2 test) was

used for classified variables. Linear regression and binary
logistic regression were used to analyze the correlation
between BMI, FMI, MMI, M/F, TFMI, ASMI, A/T, L1-4BMD,
and FNBMD. The outliers were rechecked and corrected;
otherwise, they were deleted. A P value < 0.05 indicated a
statistically significant difference.

2.4. Diagnosis and Definition

2.4.1. Evaluation of Chronic Complications of
Diabetes Mellitus

(1) Diabetic Kidney Disease. The kidneys of patients with
diabetes are often damaged by hyperglycemia, resulting in
abnormal intracellular metabolism, leading to microinflam-
mation and subsequent expansion of the extracellular
matrix, which gradually develops into nephropathy [19].
Patients often have persistently high levels of albuminuria
[20]. Diabetic kidney disease is one of diabetic microvascular
complications, which is the leading cause of end-stage renal
disease. After excluding kidney disease caused by other non-
diabetic factors, the diagnostic criteria of diabetic nephropa-
thy were eGFR < 60ml/min and/or UACR > 30mg/g; it
lasted for 3 months [20].

(2) Diabetic Retinopathy. Whether the patient had or did not
have vision loss, we recommended that the patient complete
the fundus examination. The fundus examination is per-
formed by professional ophthalmologists after mydriasis.
The fundus examination after mydriasis showed typical ret-
inal changes, including microhemangioma, hemorrhage,
and exudate [20]. Diabetic retinopathy was classified into
different risk groupings.

(3) Diabetic Peripheral Neuropathy. Possible symptoms of
diabetic peripheral neuropathy include loss of sensation
and numbness or prickling or stabbing or burning of the
lower limbs; the signs may include a symmetric decrease in
distal sensation or unequivocally decreased or absent ankle
reflexes [21]. The pain sensation was detected with acupunc-
ture, the touch sensation was examined with a 10 g nylon
wire, temperature sensation was detected with a temperature
sensation tester, the vibration sensation was tested with a
standard 128Hz tuning fork, and the ankle reflex was exam-
ined with a tendon hammer [22]. This study referred to the
clinical diagnostic criteria recommended by the Toronto
International Conference on Diabetic Peripheral Neuropa-
thy in 2009 [21]: (1) definite history of diabetes; (2) periph-
eral neuropathy during or after the diagnosis of diabetes; (3)
clinical symptoms and signs consistent with diabetic periph-
eral neuropathy; and (4) for patients with clinical symptoms
(pain, numbness, sensory abnormality, etc.), any one of the
five examinations (acupuncture pain, tactile pressure, tem-
perature sensation, vibration sensation, and ankle reflex)
was abnormal, and for those without clinical symptoms,
any two of the five examinations were abnormal, and the
patients were clinically diagnosed with diabetic peripheral
neuropathy (neuropathy caused by other causes should be
excluded at the same time).
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2.5. Grouping Criteria. We measured BMI, body composi-
tion index and its constituent ratio, and FNBMD at the base-
line and the endpoint of follow-up. A previous study showed
that the BMI increase rate in patients with diabetes was
about 0.2 kg/(m2 ∙ year-1). Therefore, we calculated the
change rate of BMI < –0:2 (kg/(m2 ∙ year-1)), –0.2 (kg/(m2 ∙
year–1)), and >0.2 (kg/(m2 ∙ year-1)) and then divided the
patients into decreased BMI group, stable BMI group, and
increased BMI group [23]. A previous study showed that
the leg muscle mass of patients in the intervention group
increased by about 3% compared with the leg muscle mass
in those without any special intervention under the influence
of exercise and diet. With reference to this value, we set the
cut-off value at 3%. Therefore, if the body composition
change rate exceeded 3%, the patients were classified into
the corresponding group. Hence, the indicators were defined
as decreasing, stabilizing, and increasing by the percentage
changes in FMI, MMI, M/F, TFMI, ASMI, and A/T < –3%,
–3 to ~3%, and >3% [24]. Some scholars set the lowest differ-
ence in FNBMD change, which was a statistically significant
value to evaluate the reduction of fracture risk in patients
with diabetes. Therefore, the FNBMD percentage change
was defined as <–2%, –2% to 2%, and >2% [25].

3. Results

3.1. Demographic Analysis

3.1.1. Demographic Characteristics of Patients. As shown in
Table 1 and Figure 1, 596 patients with T2DM (308 men
and 288 women) were enrolled in this retrospective cohort
study. The average baseline age was 60:77 ± 10:86 years,
the average course of T2DM was 8:95 ± 6:98 years, and the
median follow-up time was 2.17 years.

3.1.2. Demographic Characteristics of Patients with Different
BMI Values. As shown in Table 1 and Figure 1, patients with
T2DM had no significant change in BMI and L1-4BMD at the
end of follow-up (P > 0:05), but FNBMD,ASMI,M/F, andA/T
decreased (P > 0:05) and FMI and TFMI increased (P < 0:05)
compared with the baseline. Furthermore, the patients with
T2DM were divided into three groups: decreased BMI group,
stable BMI group, and decreased BMI group. At the end of the
follow-up, FNBMD, M/F, and A/T decreased in all groups
(P < 0:05) (Supplemental Table S1).

3.2. Linear Analysis Results of ΔFMI, ΔMMI, ΔM/F, ΔTFMI,
ΔASMI, ΔA/T, ΔL1-4BMD, and ΔFNBMD. As shown in
Figure 2, almost no statistically significant difference was
observed in the body composition index of ΔL1-4BMD after
adjusting for confounding factors (age, sex, course of T2DM,
chronic complications of T2DM, BMI, FBG, HbA1c, TG,
LDL-C, HDL-C, SBP, DBP, and medication history) in all
patients with T2DM; however, a negative correlation was
found between ΔM/F and ΔL1-4BMD (B = –0:010, 95%Cl =
–0:018 – 0:002, P = 0:018), which could explain 0.9% of the
variation in ΔL1-4BMD, and the influence was low (adjusted
R2 = 0:8%). The body composition indices had a significant
influence on ΔFNBMD. ΔFMI and ΔTFMI were negatively
correlated with ΔFNBMD (ΔFMI: B = –0:025, 95%Cl = –

0:032 – 0:019, P < 0:001; ΔTFMI: B = –0:028, 95%Cl = –
0:037 – 0:019, P < 0:001), which could explain 9.1% and
5.5% of the variation in ΔFNBMD, respectively. ΔMMI,
△ΔM/F, ΔASMI, and ΔA/T were positively correlated with
ΔFNBMD (ΔMMI: B = 0:030, 95%Cl = 0:023 – 0:037, P <
0:001; ΔM/F: B = 0:019, 95%Cl = 0:011 – 0:027, P < 0:001;
ΔASMI: B = 0:036, 95%Cl = 0:022 – 0:050, P < 0:001; ΔA/T:
B = 0:010, 95%Cl = 0:003 – 0:018, P = 0:006) (Supplemental
Table S2.1, S2.2).

3.3. Binary Logistic Regression Analysis of BMI, FMI, MMI,
M/F, TFMI, ASMI, A/T, and FNBMD. As shown in
Figure 3, the risk of FNBMD reduction in the increased
BMI group was 55.1% lower than that in the reduced BMI
group (odds ratio ðORÞ = 0:449, 95%Cl = 0:296 – 0:683,
P < 0:001) after adjusting for confounding factors (age, sex,
course of T2DM, chronic complications of T2DM, FBG,
HbA1c, TG, LDL-C, HDL-C, SBP, DBP, and medication his-
tory). The risk of FNBMD reduction in the increased BMI
group and stable group was significantly lower than that in
the decreased BMI group (P < 0:001), and the same trend
was also observed in M/F, ASMI, and A/T (P < 0:001). Fur-
ther, when FMI and TFMI increased, the risk of FNBMD
reduction was 2.336 and 2.477 times compared with that in
the decreased BMI group (FMI: OR = 2:336, 95%Cl = 1:543 –
3:537, P < 0:001; TFMI: OR = 2:477, 95%Cl = 1:689 – 3:633,
P < 0:001). The stable M/F group seemed to have a slight
advantage in protecting FNBMD compared with the
increased M/F group (Supplemental Table S3.1, S3.2).

4. Discussion

Many factors influence BMD in patients with T2DM. Except
for common risk factors such as age, prolonged course of
T2DM, and increased chronic complications of diabetes
[26, 27], body weight is an important factor. Further, the
body weight changes with muscle and fat.

The BMD decreases with age, and the average decline in
bone loss begins in the fifth decade of life, which ranges from
0.5% to 1.0% every year [2]. Patients with T2DM have path-
ophysiological conditions such as insulin deficiency, glucose
toxicity, accumulation of advanced glycation end products,
production of adipose-derived factors, including proinflam-
matory cytokines and adipokines, and inhibition of Wnt
pathway, leading to impairment of mechanical balance, bone
turnover, and collagen properties of osteocytes, resulting in
the loss of bone mass [28].

Weight changes occur in patients with T2DM during
treatment, and most of them are characterized by weight
gain. Previous studies showed that increased BMI was a pro-
tective factor for BMD, but being overweight or even obese
was also an important risk factor for diabetes, cardiovascular
disease, and so forth [2, 29]. Further, obese elderly people
have an increased risk of falls, degenerative diseases, and sys-
temic diseases. Therefore, people with higher BMI do not
have healthy bones [6]. Obesity may affect BMD through
the following mechanisms: increasing the mechanical load
on bones; producing more estrogen to regulate the activity
of osteoblasts and osteoclasts, but enriching vitamin D and
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testosterone to reduce the serum concentration [30]; and
regulating bone strength through some biochemical factors,
such as adiponectin and leptin [31, 32], increasing the
expression of SOST, DKK1, and FGF23 and inhibiting the
expression of Wnt pathway and the function of 1α-hydrox-
ylase [30], resulting in the loss of bone mass. Weight loss
or emaciation is closely related to osteoporosis [2, 33] and
may also increase the risk of cardiovascular events and death
in patients with heart failure [34] and coronary heart disease
[35, 36]. The risk of death after being infected in elderly peo-
ple with weight loss is 75% [37]. Therefore, it is not compre-
hensive to guide the early identification and prevention of
risk factors of osteoporosis only through BMI to evaluating
the ideal body weight and ignoring its body composition.
This study found that the change trend of M/F and A/T
was consistent with that of FNBMD, while BMI was not con-
sistent with that of FNBMD. FNBMD decreased in patients
with decreased, stable, and increased BMI. And the patients
in the increased BMI group were accompanied by the
decrease of M/F and A/T. The above results suggest that
the factor affecting BMD is body composition or constituent
ratio, not BMI.

Compared with BMI, the evaluation of BMD by M/F and
A/T covers the favorable effects of muscle and the adverse
effects of fat; it also reflects the effect of body composition
ratio on BMD. Previous studies showed that the risk of oste-
oporosis and nonvertebral fractures was more than three
times higher in elderly people with muscle loss and obesity
than in those who were simply obese [13]. This study found
that the risk of FNBMD reduction was more than 50% lower
in patients with stable M/F than in patients with decreased
M/F, and was more than 60% lower in patients with
increased A/T than in patients with decreased A/T. It sug-
gested that the increase in M/F and A/T had a protective
effect on FNBMD. The underlying mechanism was that the
adipose tissue could inhibit osteogenesis [38], whereas the
mechanical load and cytokine stimulation of muscle had
beneficial effects on bone [39–41]. Therefore, the increase
in muscle/lipid ratio might be beneficial to the bone. How-
ever, the data on the direct relationship between muscle/fat
ratio and BMD are lacking, demanding further basic exper-
iments and large-sample follow-up work.

This study found that the increase in FMI and TFMI was
a risk factor for the loss of FNBMD, whereas the increase in
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Figure 1: Bar graphs of body composition index and constituent ratio in 596 T2DM patients before and after follow-up. Note: FMI: fat mass
index; MMI: muscle mass index; M/F: muscle/fat mass ratio; TFMI: trunk fat mass index; ASMI: appendicular skeletal muscle mass index;
A/T: appendicular skeletal muscle mass/trunk fat mass ratio.
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MMI and ASMI was beneficial to FNBMD. People with a
high percentage of body fat had a significantly higher risk
of osteoporosis and fracture [42], and the decrease in fat
mass caused by weight loss was beneficial to bone health
[14]. Further, studies showed that osteoblasts and adipocytes
originated from common stromal cells. In vitro, bone mass
loss was related to the increase in the amount of adipose tis-
sue in bone marrow [43]. The study by Akune et al. [38] and
other studies confirmed that the peroxisome proliferator–
activated receptor pathway was the main regulatory pathway
of adipogenesis, which could inhibit osteoblast differentia-
tion. Therefore, excessive fat accumulation is harmful for
BMD. As an endocrine organ, muscle plays a beneficial role
in bone by secreting cytokines such as interleukin-6 [41]. At
the same time, muscle protects bone by means of mechanical
stress. Aging leads to a decrease in the mechanical move-
ment of muscle and bone, resulting in an age-related
decrease in bone strength with reduced physical activity
[39, 40]. For every 1 standard deviation of muscle mass,
the incidence of osteoporosis decreases by 30% [44, 45].

Site-specific differences were found in the effects of fat
and muscle mass on BMD. Kang et al. [15] found that the
increase in trunk fat mass was positively correlated with spi-
nal bone mineral density, which was beneficial to local lum-
bar BMD. Also, some studies showed that visceral fat and

spinal bone marrow fat accumulation were disadvantageous
to spinal BMD and reduced abdominal fat was good for
bone health [14]. This study found that the change in the
fat index did not change L1-4BMD because the study com-
prised a few people with obvious abdominal obesity. Thus,
the typical data to explore the effect of abdominal fat on
L1-4BMD were lacking. The whole-body and trunk fat mea-
sured in this study included different types of fat, such as
subcutaneous and visceral fat. Different types and parts of
fat might have different effects on lumbar BMD. Compared
with abdominal fat, lower limb fat is an ideal fat repository
and plays a protective role in systemic metabolic processes
such as bone metabolism [16]. The limb muscle is the most
important exercise and weight-bearing muscle in the whole
body. The mechanical stress of limb muscle stimulates the
femur and other limb bones [41]. A significant positive cor-
relation was observed between the decrease in limb muscle
index and osteoporosis. The risk of osteoporosis in patients
with sarcopenia was 12.7 times higher than that in patients
without sarcopenia [46–48].

In this study, no significant change in L1-4BMD was
found before and after follow-up, suggesting that body
weight and body composition had no significant effect on
L1-4BMD. The possible reasons were as follows. First, the
muscles stimulated the bones of the femur and other
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Figure 2: Linear regression analysis of body composition index, L1-4BMD, and FNBMD. Note: adjusted: age, sex, course of T2DM, chronic
complications of T2DM, BMI, FBG, HbA1c, TG, LDL-C, HDL-C, SBP, DBP, and medication history. FMI: fat mass index; MMI: muscle
mass index; M/F: muscle/fat mass ratio; TFMI: trunk fat mass index; ASMI: appendicular skeletal muscle mass index; A/T: appendicular
skeletal muscle mass/trunk fat mass ratio.
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extremities mainly through compression, bending, and tor-
sion. In contrast, the axial bones of the lumbar vertebrae
were stimulated by axial compression [41, 49]. Therefore,
the mechanical action suffered by the axial bone was rela-
tively small, and hence, the muscle had no significant effect
on the BMD of the lumbar vertebrae. Second, in this study,
the use of DEXA to measure lumbar BMD was extremely
affected by abdominal fat, visceral fat, and abdominal subcu-
taneous tissue. Although the BMD reports were approved by
professional radiologists during measurement, they might
have measurement errors.

In summary, we should comprehensively consider
patients’ age, course of T2DM, chronic complications of dia-
betes, fat mass, muscle mass, muscle fat ratio, and other fac-
tors to evaluate the fracture risk of patients with T2DM.
Appropriately maintaining M/F and A/T can slow down
bone loss and reduce the incidence of osteoporosis and the
risk of brittle fracture to some extent.

This study had the following limitations and shortcomings.
First, the cases in this study came from patients in the endocri-
nology department. Although each BMD report was evaluated
by professional radiologists, errors existed in the interpretation
of the results, leading to hospitalization bias. Second, some con-
founding factors, such as past history, medical experience, and
menopausal age of women, could not be adjusted due to the

limitations of computational power and the actual situation.
Third, the patients were divided into groups based on the
annual change rate of BMI, but the BMI span of the partici-
pants at baseline was still large. Therefore, data with a larger
sample size were needed for subgroup analysis.

5. Conclusions

Although age and disease duration are important risk factors for
bone loss in patients with diabetes and differences exist in the
effects of muscle and fat on BMD, a reasonable muscle/fat ratio
is still beneficial to the maintenance of bone mass. Maintaining
a certain BMI value is conducive to maintaining FNBMD.
Simultaneously, increasing the proportion of muscle mass and
reducing fat accumulation can also prevent FNBMD loss.
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