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Purpose: To investigate age-related changes in body composition (BC) and bone mineral 
density (BMD) in type 2 diabetes (T2D) and analyse whether diabetes duration or glycaemic 
control affects these factors.
Patients and Methods: We enrolled 1474 hospitalized T2D patients (817 males and 657 
females; 45–85 years). BC and BMD were assessed by dual-energy X-ray absorptiometry 
(DEXA). Patients were stratified into age groups: 45–54, 55–64, 65–74, and ≥75 years. 
Continuous variables were compared using t-tests or one-way analysis of variance 
(ANOVA), and categorical variables were compared using chi-square tests. Effects of age, 
diabetes duration, and haemoglobin A1C (HbA1c) on BC and BMD were assessed with 
multiple linear regression models.
Results: In T2D, in females, changes in fat mass index (FMI) were positively correlated with 
age, while changes in lean mass index (LMI) were unrelated to age. Changes in FMI or LMI in 
males were unrelated to age. For regional BC distribution, changes in visceral adipose tissue 
(VAT) were positively correlated with age for both males and females, while changes in 
appendage lean mass (ALM) were negatively correlated with age. For BMD, changes in total 
BMD (TBMD) in males were not correlated with age, while changes in lumbar spine BMD 
(LBMD) were positively correlated with age, and femoral neck BMD (FNBMD) was negatively 
correlated with age. Changes in BMD in all parts of females were negatively correlated with age. 
In addition, changes in BC and BMD were unrelated to diabetes duration, and HbA1c was mainly 
associated with decreases in lean mass but had little effect on other BC and BMD parameters.
Conclusion: In T2D, changes in BC and BMD were associated with age but not diabetes 
duration. A higher HbA1c is associated with lower lean mass.
Keywords: type 2 diabetes, ageing, body composition, bone mineral density, dual-energy 
X-ray absorptiometry

Introduction
Ageing is associated with changes in body composition (BC) and bone mineral 
density (BMD), including the accumulation of fat mass (especially abdominal fat) 
and loss of lean mass and BMD. These changes are associated with increased 
disability and mortality. For example, fat regional distribution affects the relation-
ship among obesity, metabolism and health and plays an important role in cardio-
vascular and metabolic diseases.1,2 Lean mass and BMD decreases result in an 
increased risk of oligomyopathy, osteoporosis and fracture in elderly individuals.
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In the general population, the Health, Aging, and Body 
Composition (Health ABC) Study and the Fels Longitudinal 
study are two of the largest studies to describe the pattern of 
age-related changes in BC. The results showed that fat mass 
increases with age in both sexes, whereas lean mass 
declines.3–5 Human bone tissue begins to decline at approxi-
mately 40 years of age due to the dysfunction of osteoblasts 
and a relative increase in reabsorption by osteoclasts, which 
results in a decrease in BMD. A previous study in Chinese 
Han men over 50 years old reported that BMD in the 
femoral neck and total hip declined with age.6

Type 2 diabetes (T2D) is a highly prevalent metabolic 
disorder characterized by a state of insulin resistance and 
relative insulin deficiency. Many studies have shown that 
compared with the general population, T2D patients have 
more fat or an equivalent fat mass and lower lean 
mass.7–10 Abdulameer et al11 summarised the studies on 
BMD in T2D patients and found that compared with the 
general population, most studies showed an increase in 
BMD in T2D patients, while some studies showed that 
BMD decreased or did not significantly change. T2D is 
a group of chronic low-grade inflammatory diseases with 
islet resistance and islet β-cell dysfunction as the main 
pathophysiological changes. Insulin resistance and long- 
term hyperglycaemia have toxic effects on islet β-cells and 
gradually decrease islet β-cell function.12 Recently, a study 
showed that a longer duration of diabetes was associated 
with a higher risk of insulin resistance.13 Studies have 
found that insulin resistance affects BC, particularly the 
distribution of fat mass.14 Recent studies have shown that 
impaired glucose control and the course of disease are two 
major factors affecting BC in patients with T2D,15,16 but 
studies on whether diabetes duration and glycaemic con-
trol impact on these facts have been limited and equivocal 
with small sample sizes. Considering these results, this 
study was designed to investigate differences and chan-
ging trends among T2D patients in different age groups 
and the roles of disease duration and glycaemic control in 
T2D-associated changes in BC and BMD.

Patients and Methods
Subjects
In this cross-sectional study, we screened 7428 individuals 
between 45 and 85 years of age who met the 1999 World 
Health Organization (WHO) diagnosis and classification 
criteria of T2D17 at the First Affiliated Hospital of 
Chongqing Medical University from Sep 2013 to 

Dec 2018. Of these individuals, 5916 patients were 
excluded due to unavailable BC and BMD data, and 92 
patients were excluded due to meeting exclusion criteria. 
Exclusion criteria were a history of metabolic bone dis-
eases and conditions affecting nutritional status, such as 
hyperthyroidism and hypothyroidism, Cushing’s syn-
drome, rheumatoid arthritis, acute inflammatory diseases, 
autoimmune disease, malignant tumour, chronic liver or 
renal failure. Eventually, a total of 1474 subjects were 
enrolled, including 817 males and 657 females (Figure 
1). None of the subjects had been treated with glucocorti-
costeroids or anti-obesity drugs within the previous 6 
months. All subjects were divided into four groups accord-
ing to age: the 45–54-years-old group, 55–64-years-old 
group, 65–74-years-old group, and ≥75-years-old group. 
Then, the duration of diabetes was divided into three 
groups according to a statistical method. Informed consent 
was obtained from all participants. This study was 
approved by the Ethical Committee of the First Affiliated 
Hospital of Chongqing Medical University.

Methods
Anthropometric and Biochemical Measurements
A variety of anthropometric measurements, including 
weight and height, were measured while the subjects 
were in light clothing without shoes. Weight was measured 
with an electronic scale to the nearest 0.1 kg, and body 
height was measured with a hypsometer to the nearest 
0.1 cm. Body mass index (BMI) was calculated as weight 
(kg) divided by height (m) squared, and then the BMI 
classification recommended by the WHO was 
performed.18 Blood pressure was measured by a trained 
examiner.

Biochemical index measurements, including total cho-
lesterol (TC), triglycerides (TG), low-density lipoprotein 
cholesterol (LDL-C), and high-density lipoprotein (HDL- 
C), were enzymatically measured by an automatic analyser 
(Model 7080; Hitachi, Tokyo, Japan). Haemoglobin A1C 

(HbA1c) was measured using a boronate affinity high- 
performance liquid chromatography (Trinity Biotech, 
ultra2, Trinity Biotech, Dublin, Ireland).

Measurements of BC and BMD by DEXA
BC and BMD were measured with the same total-body 
dual-energy X-ray absorptiometry (DEXA) scanner 
(Hologic Discovery QDR® Series, Bedford, USA). All 
operations were carried out in accordance with the speci-
fications of the instrument manual. The subject lied in 
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a supine position, and was scanned from the head to the 
feet in the standard mode. The width of the scanning range 
was fixed at 60 cm, and the scanning time was approxi-
mately 20 min. Corresponding data were calculated using 
the Hologic full-body DEXA reference database. 
Determination indexes included total fat mass, total lean 
mass, visceral adipose tissue (VAT), appendage lean mass 
(ALM), total bone mineral density (TBMD), lumbar spine 
bone mineral density (LBMD) and femoral neck bone 
mineral density (FNBMD). The fat mass index (FMI; 
total fat mass/height2) and lean mass index (LMI; total 
lean mass/height2) were calculated accordingly. In this 
study, we defined normal density, osteopenia, and osteo-
porosis as a T-score≥−1:0, between −1.0 and −2.5, and 
≤-2.5, respectively, in accordance with the WHO 
definitions.19

Statistical Analysis
All data were analysed with SPSS version 22.0 (IBM 
SPSS, Armonk, New York). The data are presented as 
the means ± standard deviations (SDs) for continuous 
variables and as frequencies (proportions) for categorical 
variables. Continuous variables were compared using one- 
way analysis of variance (ANOVA), and categorical 

variables were compared using the chi-square test. 
Multiple linear regression analysis was performed to eval-
uate the association between BC and BMD and age or 
duration of diabetes or HbA1c. Replicates and data reviews 
were performed for quality assurance. A two-sided P value 
of<0.05 was considered significant.

Results
Clinical Characteristics, BC and BMD for 
Each Sex
Clinical characteristics of subjects in this study are listed 
in Table 1. The mean age of enrolled patients was 63.85 
±8.71 years, and their mean duration of diabetes was 9.92 
±7.05 years. Female patients had a higher mean age and 
duration of diabetes than males. Male patients had higher 
heights and weights. The mean BMI of enrolled patients 
was 24.72±3.33 kg/m2; 52.9% had a normal BMI, 38.5% 
were overweight and the remaining 6.0% were obese. 
Compared with male patients, female patients had higher 
systolic blood pressure (SBP) but lower diastolic blood 
pressure (DBP). The mean HbA1c level was lower in 
females. There were no differences in TG, TC and LDL- 
C between sexes, but female patients had higher HDL-C. 
The proportion of male and female subjects who received 

Figure 1 Flow chart of study population in the study. 
Abbreviations: T2D, type 2 diabetes; Sep, September; Dec, December; BC, body composition; BMD, bone mineral density; DEXA, dual-energy X-ray absorptiometry.
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insulin therapy was 31.3% and 26.8%, respectively; 
82.5% of all subjects took oral hypoglycaemic agents, 
with no differences between sexes. Furthermore, data 
regarding the occurrence of diabetes comorbidities and 
complications are shown in Table 1. Male patients had 
a higher prevalence of hypertension, but there was no 
significant difference in the occurrence of other diabetes 
comorbidities and complications, such as coronary heart 
disease (CHD) and cerebrovascular accident (CVA), dia-
betic kidney disease (DKD), diabetic retinopathy (DR) 
and diabetic peripheral neuropathy (DPN), between 
patients of either sex.

In terms of BC, compared with female patients, male 
patients had a lower FMI (6.52±1.61 vs 8.69±2.21) but 
higher LMI (18.26±1.87 vs 16.06±1.79), VAT (647.78 
±227.30 vs 622.05±235.35) and ALM (21.42±3.01 vs 
15.24±2.30). For BMD, male patients had a higher 
TBMD (1.09±0.10 vs 0.97±0.10), LBMD (0.94±0.17 vs 
0.83±0.16) and FNBMD (0.73±0.11 vs 0.64±0.12). The 
proportion of male and female patients who had osteope-
nia was 31.6% and 16.8%, respectively, and who had 
osteoporosis were 14.2% and 23.9%, respectively.

Differences in BC Parameters Among the 
Age Groups
As shown in Table 2, there were sex differences in the 
changes in FMI and LMI. There was no significant differ-
ence in FMI among different age groups of male patients 
(P=0.320), and LMI decreased with age (P=0.006). FMI of 
females increased with age (P=0.001), and there was no 
significant difference in LMI among the different age groups 
(P =0.166). In terms of the regional distribution of BC, the 
variation trend of the different sexes was similar: VAT 
increased with age (P=0.002, P<0.001 for males and 
females, respectively), and ALM decreased with age (both 
P<0.001). These trends are shown in Figure 2A–D.

Pearson correlation analysis showed that in male 
patients, age was negatively associated with LMI (r= 
−0.108, P=0.002), and there was no significant correlation 
between age and FMI (r=0.044, P=0.209). In female 
patients, age was positively associated with FMI (r=0.146, 
P<0.001), but there was no significant correlation between 
age and LMI (r=−0.047, P=0.225). In terms of the regional 
distribution of BC, age was positively associated with VAT 
(r=0.123, r=0.156, respectively, in males and females, both 
P<0.001) but negatively associated with ALM (r=−0.189, r= 

−0.193, respectively, in males and females, both P<0.001). 
These specific data are not shown in the table.

Differences in BMD Among the Age 
Groups
As shown in Table 2, there were sex differences in the 
variation trend of TBMD and BMD in different parts of 
the body. In male patients, there was no significant 
difference in TBMD among the age groups (P=0.325), 
while TBMD decreased with age in female 
patients (P<0.001). LBMD increased with age in male 
patients (P=0.003) but decreased with age in female 
patients (P<0.001). In both male and female patients, 
FNBMD decreased with age (both P<0.001). For the 
change in the T-score, there was no significant differ-
ence at each age group in male patients (P=0.155), 
while the T-score gradually decreased in female patients 
with age (P<0.001). The prevalence rates of osteopenia 
and osteoporosis in each age group are shown in Table 
2. These trends are shown in Figure 2E–H.

Pearson correlation analysis indicated that age was no 
significantly correlated with TBMD (r=−0.038, P=0.278) 
in male patients but was negatively associated with TBMD 
in females (r=−0.436, P<0.001). Meanwhile, age was 
positively associated with LBMD (r=0.133, P<0.001) but 
negatively associated with FNBMD (r=−0.170, P<0.001) 
in male patients. In female patients, age was negatively 
associated with LBMD (r=−0.203, P<0.001) and FNBMD 
(r=−0.442, P<0.001). The T-score was not associated with 
age in male patients (r=−0.053, P=0.129) but was nega-
tively associated with age in female patients (r=−0.403, 
P<0.001). These specific data are not shown in the table.

Multivariate Analyses
As shown in Table 3, BC and BMD of different sites were 
taken as dependent variables and age as an independent 
variable, respectively, and adjusted for the duration of 
diabetes, SBP, DBP, HbA1c, TG, TC, LDL-C, insulin 
therapy and hypoglycaemic agents. In terms of BC, age 
was positively correlated with VAT, negatively correlated 
with ALM, and was not correlated with FMI and LMI in 
male patients. Meanwhile, age was positively correlated 
with FMI and VAT, negatively correlated with ALM, and 
not correlated with LMI in female patients. In terms of 
BMD, age was positively correlated with LBMD, nega-
tively correlated with FNBMD and not correlated with 
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Figure 2 The changes of BC and BMD in different age groups. 
Notes: (A) The changes of FMI in different age groups by sex; (B) The changes of LMI in different age groups by sex; (C) The changes of VAT in different age groups by sex; 
(D) The changes of ALM in different age groups by sex; (E) The changes of TBMD in different age groups by sex; (F) The changes of LBMD in different age groups by sex; 
(G) The changes of FNBMD in different age groups by sex; (H) The changes of T-score in different age groups by sex. 
Abbreviations: FMI, fat mass index; LMI, lean mass index; VAT, visceral adipose tissue; ALM, appendage lean mass; TBMD, total bone mineral density; LBMD, lumbar spine 
bone mineral density; FNBMD, femoral neck bone mineral density.
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TBMD in males. However, in female patients, age was 
negatively correlated with TBMD, LBMD and FNBMD.

The Role of the Duration of Diabetes and 
Glycaemic Control
As shown in Table 4, the duration of diabetes was divided into 
three groups according to a statistical method. FMI, ALM, 
TBMD, LBMD and FNBMD showed differences among 
each group, while LMI, VAT and T-score showed no significant 
differences. Pearson correlation analysis showed that diabetes 
duration was positively associated with FMI (r=0.099, 
P<0.001) but negatively associated with ALM (r=−0.095, 
P<0.001), TBMD (r=−0.075, P=0.004), FNBMD (r=−0.105, 

P<0.001) and the T-score (r=−0.052, P=0.046). These specific 
data are not shown in the table. Multiple linear regressions 
with BC and BMD at different site as dependent variables and 
age as independent variables and adjusted for confounding 
factors are shown in Table 5. Model 1 was adjusted for sex 
and traditional metabolic and drug factors, including SBP, 
DBP, HbA1c, TG, TC, LDL-C, insulin therapy and hypogly-
caemic agents. The duration of diabetes was positively asso-
ciated with only FMI. However, after further adjusting for age 
in model 2, the relationship between the duration of diabetes 
and BC and BMD disappeared.

With HbA1c as the independent variable, multiple linear 
regression analysis was conducted to adjust for confounding 

Table 3 Multiple Linear Regressions with BC and BMD at Different Site as Dependent Variables and Age as Independent Variables

Male Female

β t P-value 95% CI β t P-value 95% CI

FMI 0.068 1.588 0.113 −0.003,0.027 0.155 3.435 0.001 0.018,0.065

LMI −0.079 −1.861 0.063 −0.034,0.001 −0.055 −1.205 0.229 −0.031,0.007

VAT 0.187 4.467 <0.001 2.671,6.861 0.172 3.847 <0.001 2.347,7.242

ALM −0.133 −3.196 0.001 −0.073,-0.017 −0.163 −3.645 <0.001 −0.068, −0.020

TBMD −0.021 −0.484 0.629 −0.001,0.001 −0.476 −11.552 <0.001 −0.007, −0.005

LBMD 0.158 3.665 <0.001 0.001,0.005 −0.242 −5.349 <0.001 −0.007, −0.003

FNBMD −0.14 −3.241 0.001 −0.003,-0.001 −0.454 −10.991 <0.001 −0.007, −0.005

Notes: β value means regression coefficient, adjusted the confounders such as duration of diabetes, SBP, DBP, HbA1c, TG, TC, LDL-C, insulin therapy and hypoglycemic 
agents. 
Abbreviations: FMI, fat mass index; LMI, lean mass index; VAT, visceral adipose tissue; ALM, appendage lean mass; TBMD, total bone mineral density; LBMD, lumbar spine 
bone mineral density; FNBMD, femoral neck bone mineral density.

Table 4 Changes in BC and BMD in Different Duration of Diabetes

Duration of Diabetes (Years) Low Rank (2.64±2.08) Middle Rank (9.37±1.55) High Rank (18.22±4.68) P-value

n 503 497 474

FMI (kg/m2) 7.29±2.20 7.47±2.14 7.72±2.19 0.009

LMI (kg/m2) 17.33±2.20 17.22±2.19 17.26±1.98 0.787
VAT (cm3) 626.62±236.61 630.71±229.20 652.43±227.46 0.176

ALM (kg) 19.16±4.10 18.51±4.20 18.26±3.91 0.002

TBMD (kg/m2) 1.05±0.11 1.03±0.13 1.03±0.11 0.044
LBMD (kg/m2) 0.89±0.18 0.87±0.17 0.90±0.19 0.043

FNBMD (kg/m2) 0.71±0.12 0.69±0.13 0.68±0.12 0.001

T-score −2.04±1.02 −2.20±1.12 −2.13±1.03 0.052
Normal (T≥-1.0) 68(4.6) 68(4.6) 64(4.3)

Osteopenia (−2.5<T<-1.0) 262(17.8) 227(15.4) 224(15.2)

Osteoporosis (T≤-2.5) 173(11.7) 202(13.7) 186(12.6)

Notes: Data are means±SD. Overall P values reflect differences across the three groups determined by ANOVA. 
Abbreviations: FMI, fat mass index; LMI, lean mass index; VAT, visceral adipose tissue; ALM, appendage lean mass; TBMD, total bone mineral density; LBMD, lumbar spine 
bone mineral density; FNBMD, femoral neck bone mineral density.
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factors (Table 6). Model 1 was adjusted for sex and tradi-
tional metabolic and drug factors, including duration of 
diabetes, SBP, DBP, TG, TC, LDL-C, insulin therapy and 

hypoglycaemic agents. HbA1c was negatively associated 
with LMI, ALM and FNBMD. After further adjusting for 
age in model 2, these relationships still existed.

Table 5 Multiple Regression Analysis of the Data on BC and BMD with the Duration of Diabetes as the Independent Variables

β’ SE β t P-value 95% CI

Model1

FMI 0.019 0.008 0.059 2.237 0.025 0.002,0.035

LMI 0.007 0.008 0.023 0.904 0.366 −0.008,0.023
VAT 1.575 0.998 0.048 1.578 0.115 −0.383,3.532

ALM −0.022 0.012 −0.038 −1.929 0.054 −0.045,0.004
TBMD 0.000 0.000 −0.011 −0.405 0.686 −0.001,0.001

LBMD 0.001 0.001 0.042 1.412 0.158 0.000,0.003

FNBMD −0.001 0.001 −0.042 −1.507 0.132 −0.002,0.000

Model2

FMI 0.013 0.008 0.040 1.507 0.132 −0.004,0.029

LMI 0.011 0.008 0.036 1.357 0.175 −0.005,0.027

VAT 0.394 1.002 0.012 0.394 0.694 −1.571,2.359
ALM −0.010 0.012 −0.017 −0.877 0.380 −0.033,0.013

TBMD 0.000 0.000 0.027 1.012 0.312 0.000,0.001

LBMD 0.001 0.001 0.045 1.513 0.131 0.000,0.003
FNBMD 0.000 0.000 0.007 0.271 0.787 −0.001,0.001

Notes: Model1 was adjusted for gender, traditional metabolic and drug factors, including SBP, DBP, HbA1c, TG, TC, LDL-C, insulin therapy and hypoglycemic agents. 
Model2 was further adjusted for age. β’ stands for nonstandardized coefficient, β stands for standardized coefficient. 
Abbreviations: FMI, fat mass index; LMI, lean mass index; VAT, visceral adipose tissue; ALM, appendage lean mass; TBMD, total bone mineral density; LBMD, lumbar 
spine bone mineral density; FNBMD, femoral neck bone mineral density.

Table 6 Multiple Regression Analysis of the Data on BC and BMD with HbA1c as the Independent Variables

β’ SE β t P-value 95% CI

Model1

FMI −0.018 0.025 −0.018 −0.731 0.465 −0.066, 0.030

LMI −0.087 0.023 −0.090 −3.694 <0.001 −0.133, −0.041
VAT −1.838 2.956 −0.018 −0.622 0.534 −7.637, 3.960

ALM −0.227 0.034 −0.123 −6.574 <0.001 −0.294, −0.159

TBMD −0.002 0.001 −0.043 −1.737 0.083 −0.005, 0.000
LBMD −0.003 0.002 −0.038 −1.348 0.178 −0.007, 0.001

FNBMD −0.003 0.001 −0.055 −2.084 0.037 −0.006, 0.000

Model2

FMI −0.016 0.024 −0.017 −0.671 0.502 −0.064, 0.032
LMI −0.088 0.023 −0.091 −3.743 <0.001 −0.134, −0.042

VAT −1.528 2.915 −0.015 −0.524 0.600 −7.245, 4.190

ALM −0.230 0.034 −0.125 −6.740 <0.001 −0.297, −0.163
TBMD −0.002 0.001 −0.047 −1.901 0.057 −0.005, 0.000

LBMD −0.003 0.002 −0.038 −1.359 0.175 −0.007, 0.001

FNBMD −0.003 0.001 −0.060 −2.330 0.020 −0.006, −0.001

Notes: Model1 was adjusted for gender, traditional metabolic and drug factors, including duration of diabetes, SBP, DBP, TG, TC, LDL-C, insulin therapy and hypoglycemic 
agents. Model2 was further adjusted for age. β’ stands for nonstandardized coefficient, β stands for standardized coefficient. 
Abbreviations: FMI, fat mass index; LMI, lean mass index; VAT, visceral adipose tissue; ALM, appendage lean mass; TBMD, total bone mineral density; LBMD, lumbar spine 
bone mineral density; FNBMD, femoral neck bone mineral density.
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Discussion
DEXA is a gold standard index for the determination and 
evaluation of BC. It can not only quantitatively 
analyse BC (fat and lean mass) and BMD but also evaluate 
the regional distribution of BC and BMD. Meanwhile, it 
has good repeatability and accuracy. In this study, DEXA 
was used to determine BC and BMD in T2D patients in 
Southwest China with a large sample size, and the trend 
with ageing was discussed. Meanwhile, the roles of dis-
ease duration and glycaemic control in T2D-associated 
changes in BC and BMD were assessed. Our results sug-
gested that age, duration of diabetes, and glycaemic con-
trol have different effects on BC and BMD in T2D.

Effects of Age on BC and BMD in T2D
BC and BMD were influenced by many factors, among 
which ageing was an important factor. Our findings 
demonstrated that VAT was positively correlated with 
age, while ALM was negatively correlated with age in 
both sexes. These findings are in accordance with previous 
research demonstrating that during a 6-year follow-up of 
2949 Black and white men and women in the Health ABC 
study, fat mass decreased by 0.066 kg per year, and ALM 
decreased by 0.187kg.3–5 Lee et al20 conducted a study of 
3153 community residents aged ≥65 years (7.0% of males 
and 6.9% of females) and found that fat mass, lean mass, 
and ALM decreased in both sexes after 4 years of follow- 
up. Interestingly, we also observed some findings that were 
not congruent with those of previous studies. The change 
in FMI in females was positively correlated with age, 
while the change in LMI was unrelated to age, and the 
change in FMI or LMI in males was unrelated to age. 
These findings suggest that age had a relatively small 
effect on total fat and lean mass and that the change in 
total fat mass was more pronounced in female patients.

It is generally believed that the effect of ageing on BMD is 
irreversible. Our data indicated that FNBMD was negatively 
correlated with age, while there were sex differences in TBMD 
and LBMD. These parameters decreased in female patients 
decreased, but changes in TBMD in males were not correlated 
with age, while LBMD was positively correlated with age. 
These results are convergent with findings from previous stu-
dies. In a study of 358 healthy Chinese men aged 50 to 89 years 
old, Jiang et al21 found that the BMD of the femoral neck and 
total hip significantly decreased with increasing age, but there 
was no significant difference in LBMD. Indeed, other studies 
have found that LBMD increases with age. In a 10-year follow- 

up of healthy men, Yoshimura et al22 found that the annual 
growth rate of LBMD in men over 50 was 0.55%. There was 
no significant change in LBMD in men over 60, while LBMD 
decreased by 0.16% in men over 70. The increase in LBMD 
can be explained by age-related bone degeneration, that is, it 
may be related to the imaging features of lumbar disc degen-
eration, anterior osteophyte and endplate sclerosis.23 As Szulc 
et al24 found in a cross-sectional study of 934 healthy men 
between the ages of 19 and 85 that BMD did not significantly 
increase after 55 years of age (unadjusted). When patients with 
severe arthritis were excluded, LBMD significantly decreased 
with age. Hannan et al25 evaluated the BMD of 800 elderly 
women and men in the Framingham study and found that 
LBMD decreased with age. There have been relatively few 
studies on variation trends of BMD with age in T2D patients. 
According to the variation in BMD in different age groups, 
targeted and appropriate physical exercise has certain benefits 
in preventing the occurrence of low bone mass and 
osteoporosis.

The Effect of the Duration of Diabetes 
and Glycaemic Control on BC and BMD 
in T2D
Interestingly, we found that after adjusting for age, the duration 
of diabetes was independent of BC and BMD. This suggests 
that the duration of diabetes did not affect the distribution 
of BC or BMD, but the main factor was age. The results are 
similar to those of a recent study that found the development of 
metabolic syndrome in patients with T2D might be strongly 
associated with age rather than glycaemic control or T2D 
duration.13 Another study suggested that there were no signifi-
cant associations of disease duration and HbA1c with LBMD in 
patients of both sexes with T2D.26 In contrast, Park et al27 

evaluated 458 elderly T2D patients aged 70–79 years and 2133 
nondiabetic controls and reported that a longer duration of 
diabetes (≥6 years) was associated with a more obvious the 
decline in muscle function. Another study of a large Chinese 
cohort with T2D revealed that T2D patients who also fulfilled 
the criteria for metabolic syndrome tended to have a diabetes 
duration ≥5 years.21 According to a recent report, diabetic 
duration was an independent risk factor for osteoporosis in 
postmenopausal women with T2D.28 In general, there have 
been few reports on the relationship between the course of 
diabetes and changes in BC and BMD to date, and more 
research is needed to confirm whether diabetes duration has 
any effect on these parameters.
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Our study also found that a higher HbA1c was associated 
with a lower LMI and ALM. These results are in accordance 
with findings from previous research. Park et al27 found that 
decreased muscle function was associated not only with dis-
ease duration but also with higher HbA1c levels (>8.0%). 
Kalyani et al29 screened 5434 nondiabetic participants aged 
≥50 years from the National Health and Nutrition Examination 
Survey (NHANES) and found that higher HbA1c levels in 
nondiabetic people were also associated with relatively lower 
lean mass. Additionally, the team of the Baltimore longitudinal 
study of ageing (2003–2011) that included 984 of the partici-
pants aged between 25 and 96 found that after 0–7.5 years of 
long term follow-up (mean 1.9–2.2 years), higher blood glu-
cose levels indicated a sustained decline in lean mass.30 This 
suggests that hyperglycaemia may contribute to an accelerated 
decline in lean mass in patients with T2D.

In this study, DEXA was used to analyse the correlation 
between age and BC and BMD in a large sample size of T2D 
patients in Southwest China, providing clinical reference data 
for changes in BC and BMD in T2D patients in different age 
groups. However, the following limitations should be noted. 
First, subjects in our study were selected from a single centre, 
and our results may not represent the whole population. 
Second, this study adopted a cross-sectional design. 
Therefore, it was difficult to determine a clear cause-and- 
effect relationship, which needs to be confirmed by more 
prospective studies with a multicentre population.

Conclusion
In summary, there are gender differences in the effects of 
age on BC and BMD. In addition, changes in BC and 
BMD were not related to the duration of diabetes, and 
the effect of HbA1c on BC and BMD mainly reflected that 
higher HbA1c was associated with lower lean mass.
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