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Background: Physical activity (PA) exerts an important influence on glycemic control in type 2 diabetes (T2D) patients. Alterations
in body composition in patients with T2D may be involved in the overall pathophysiologic process, but PAs and alterations in body
composition have been poorly studied.

Methods: A total of 615 patients with T2D were selected by convenient sampling. The patients were investigated with the
International Physical Activity Questionnaire (IPAQ-S). Moreover, biochemical indices were collected, and the progression of the
body composition of the subjects was determined via dual-energy X-ray absorptiometry (DXA). The variables included lumbar bone
mineral density (LSBMD), femoral neck bone mineral density (FNBMD), hip bone mineral density (HBMD), whole-body bone
mineral density (TBMD), limb skeletal muscle mass index (ASMI), whole-body fat percentage (B-FAT) and trunk fat percentage
(T-FAT). Moreover, the levels of physical activity (high level of physical activity [H-PA], medium level of physical activity [M-PA]
and low level of physical activity [L-PA]) were divided into three groups to analyze the changes in patient body composition with
changes in physical activity level.

Results: One-way analysis of variance showed that B-CTX, TPINP, HbAlc, B-FAT and T-FAT increased significantly (p<0.05), while
25(0OH)D, LSBMD, FNBMD, HBMD, TBMD and ASMI decreased significantly (p<0.001) with the decrease of physical activity.
However, there was no significant difference in serum lipids between InHOMA-ir and InHOMA-f (p>0.05). Multiple linear regression
model was established to gradually adjust for clinical confounding factors. It was found that physical activity level was independently
positively correlated with LSBMD, FNBMD, HBMD, TBMD, and ASMI, and was independently negatively correlated with B-FAT
and T-FAT in patients with type 2 diabetes.

Conclusion: A lack of physical activity is an independent risk factor for decreased bone mineral density, decreased skeletal muscle
content and increased fat content in patients with T2D.
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Introduction

The composition of the body primarily consists of bone, muscle, and fat, with a balanced proportion being the
fundamental prerequisite for maintaining optimal health. Due to the effects of abnormal glucose metabolism in T2D
patients, bone metabolism and lipid metabolism are altered, and the body composition is out of balance.' In T2D, in the

presence of insulin resistance, skeletal muscle metabolic dysfunction leads to an increase in protein catabolism and
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a decrease in synthesis, causing a decrease in muscle strength and a decrease in muscle mass, which in turn leads to the
development of sarcopenia.®* Studies have shown that diabetic osteoporosis (DOP) can be comorbid in approximately
50% of diabetic patients,” which increases the risk of falls and fractures.® Seventy-two percent of the T2D population has
high abdominal fat deposition, and hypertension, dyslipidemia, and insulin resistance are the main factors that cause
abdominal visceral adipose tissue (VAT) accumulation.”® T2DM patients with abdominal obesity exhibit more severe
lipid metabolism disorders, and the degree of insulin resistance and dyslipidemia becomes increasingly pronounced as
the body mass index rises.’

Previous studies have shown that insufficient physical activity and sedentary behavior are the main factors leading to
obesity and insulin resistance in T2D.'%'" Insufficient long-term Physical Activity (PA) has a direct impact on bone

1213 and is closely related to the morbidity and mortality of T2D.'* Studies on

mineral content and skeletal muscle mass,
physical activity and body composition in T2D patients have received much attention, but whether there is a quantitative
relationship between physical activity and body composition in T2D patients has yet to be investigated. Therefore, this
study investigated whether there is a relationship between different levels of physical activity and changes in body

composition.

Materials and methods

Participants
T2D patients hospitalized from June 2020 to July 2022 in the Department of Endocrinology and Metabolism of a tertiary
hospital in Nantong city were sampled via convenience sampling.

The inclusion criteria for individuals were as follows: (1) met the World Health Organization (WHO) 1999 diagnostic
criteria;' (2) aged 25-75 years; (3) had diabetes for a duration of >6 months; (4) had a glucose-lowering regimen
unchanged for 3 months prior to enrollment; and (5) voluntarily participated in this study and maintained the same basic
lifestyle for 6 months.

Exclusion criteria: (1) Type 1 diabetes, gestational diabetes, and other special type; (2) history of metabolic diseases
such as hyperthyroidism, hypothyroidism, and rheumatoid arthritis; (3) combination of serious diabetic complications,
such as diabetic ketoacidosis, diabetic hyperosmolar coma; (4) the presence of long-term glucocorticoids and sex
hormones; (5) patients with pacemakers or metal plates installed in the body.'® This study was reviewed and approved
by the Ethics Committee of the Second Affiliated Hospital of Nantong University in accordance with the Declaration of
Helsinki. In addition, all participants provided informed consent when recruited for the study.

Data Collection

The International Physical Activity Questionnaire (IPAQ-S) was used in this study to assess physical activity levels and
sedentary behavior, which was developed by the International Consensus Group on Physical Activity Measurement in
2001,'” with 7 items and 4 dimensions, 3 categories of physical activity, namely, high intensity and moderate intensity, and
low intensity, and 3 categories of physical activity and sedentary behavior. The questionnaire asked patients to review the
number of days they had been physically active in the past 7 days, the length of activity per day, and the length of sedentary
time per day; only activities and sedentary time over 10 min were considered relevant physical activities and sedentary time.
The metabolic equivalent value of high-intensity physical activity was 8.0 MET, moderate-intensity physical activity was
4.0 MET, and low-intensity physical activity was 3.3 MET.'® Physical activity levels are reported as medians and quartiles.
Individuals’ weekly level of physical activity of a certain intensity was calculated as follows: metabolic equivalent (MET),
corresponding to physical activity x weekly frequency (d/w) x time per day (min/d); total physical activity level (MET-min
/w), high-intensity physical activity level + moderate-intensity physical activity level + low-intensity physical activity level.
The patients were grouped according to physical activity level: low, moderate, or high.

The diabetes treatment regimens in this study included insulin injection therapy, oral insulinotropic agents, insulin
sensitizers, bisphosphonates, a-glucosidase inhibitors, DDP-4 inhibitors, SGLT-2 inhibitors, GLP-1 receptor agonists,
and lifestyle intervention alone. Lifestyle alone was defined as only dietary control or physical activity in the last three
months without receiving any diabetes medication.
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In this study, the body composition of T2D patients was determined using DXA from Hologic Discovery Wi (S/N 86856),
which was introduced into the Department of Nuclear Medicine of our hospital. The body composition measurements
included lumbar spine (L1~L4) bone mineral density (LSBMD), femoral neck bone mineral density (FNBMD), hip bone
mineral density (H-BMD), and total body mineral density (T-BMD); trunk bone mineral salt content, lean tissue mass, and fat
mass; total body bone mineral salt content, lean tissue mass, and fat mass; and extremity skeletal muscle mass (ASM). In this
study, trunk fat percentage (%) = trunk fat mass (g)/ [trunk bone mineral salt mass (g) + trunk lean tissue mass (g) + trunk fat
mass (g)]; whole body fat percentage (%) = whole body fat mass (g)/ [whole body bone mineral salt mass (g) + whole body
lean tissue mass (g) + whole body fat mass (g); and extremity skeletal muscle mass index (ASMI) were used to assess limb
skeletal muscle mass, ie, ASMI = limb skeletal muscle mass (kg)/height” (m?).

For the collection of blood samples, elbow venous blood was drawn from each patient by the ward nurse early the
following morning for the determination of biochemical markers after an overnight fast of 8 hours. Fasting insulin levels
(FINS, two-site sandwich immunoassay with direct chemiluminescence) were measured using a fully automated
chemiluminescence immunoassay analyzer (UniCel DxI800, Beckman Coulter) with automated detection steps; fasting
glucose levels (FPG, oxidase assay), triglyceride levels (TGS, colorimetric assay), total cholesterol levels (TC, choles-
terol oxidase assay), LDL cholesterol, and LDL cholesterol were determined by the ward nurse. Total cholesterol (TC,
cholesterol oxidase method), low-density lipoprotein cholesterol (LDLC, selective melting method), and high-density
lipoprotein cholesterol (HDLC, enzyme-modified method) were measured with an automated biochemical instrument
(Model 7600, Hitachi, Ltd). The serum N-terminal osteocalcin (N-MID), B-collagen specific sequence (3-CTX), and total
type I precollagen amino-terminal extended peptide (TP1NP) were measured via electrochemiluminescence immunoas-
say; the levels of 25-hydroxyvitamin D and parathyroid hormone (PTH) were measured via liquid chromatography-
tandem mass spectrometry; and glycosylated hemoglobin (HbAlc) was measured via ion exchange high-performance
liquid chromatography. All biochemical indices were measured by professional physicians in the Department of Medical
Laboratory of our hospital. In this study, the insulin resistance index and pancreatic B-cell secretion function were
assessed by the Homeostasis Model Assessment (HOMA):" insulin resistance index (HOMA-IR) = FPG x FINS/22.5;
and the pancreatic B-cell secretion index (HOMA-B) = 20 x FINS/(FPG-3.5).

Statistical Analysis

The general data, biochemical indices and body composition parameters of T2D patients were analyzed according to
physical activity level (H-PA, M-PA, and L-PA); one-way ANOVA was used for normally distributed data; the y2 test
was used for count data, which are presented as the mean + standard deviation (X & s) and frequency or constitutive ratio;
and the use of a scatter plot to demonstrate the differences in body composition parameters among patients with different
physical activity levels and body composition parameters among patients with different levels of physical activity.

A multiple linear regression model was further developed to explore the differences in the mean values of the body
composition parameters (LSBMD, FNBMD, HBMD, TBMD, ASMI, B-FAT, and T-FAT) between the M-PA and L-PA
subgroups by stepwise correction for other clinical confounders (B [95% CI]), with the H-PA group serving as the
reference.

The data were statistically analyzed using SPSS 22.0 and GraphPad Prism 9.0.2; The alpha values were taken as 0.05
as the test level, and the p values were all two-sided probabilities, with p<0.05 indicating a statistically significant
difference.

Results

Clinical Characteristics of Patients

Table 1 categorizes 615 patients with T2D into three groups according to their level of physical activity: H-PA, M-PA,
and L-PA; 173 (28.2%), 232 (37.7%), and 210 (34.1%) of these patients, respectively. Differences among the three
groups were statistically significant in terms of the number of females, age, duration of diabetes mellitus, history of
previous falls, regular consumption of seafood, consumption of strong tea and coffee, and administration of alpha-
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Table | Comparison of Basic Data Among Subgroups of Physical Activity Level

Variables Total Physical Activity FIx? value | p for Trend
H-PA M-PA L-PA
n 615 173(28.2) 232(37.7) 210(34.1)
Female, n(%) 269(43.7) 57(32.9) 108(46.6) 104(49.5) 11.788 0.003
Age(year) 55.91£1042 | 54.51+8.29 57.51+9.86 55.28+12.26 | 4.739 0.009
BMI(kg/m?) 25.58+3.64 25.89+2.88 25.22+3.45 25.71%4.32 1.876 0.154
WC(cm) 90.99+9.84 91.15+8.48 90.53+9.98 91.36x10.72 | 0.422 0.656
SBP(mmHg) 133.51£14.47 | 133.39£13.09 | 132.99+15.32 | 134.20%14.61 | 0.393 0.675
DBP(mmHg) 80.31+9.58 80.26+8.91 79.62+10.14 | 81.11+9.46 1.324 0.267
Diabetes duration(year) 7.65£5.97 5.86+5.06 8.34+6.30 8.37+6.01 11.208 0.000
Hypertension, n(%) 319(51.9) 83(48.0) 133(57.3) 103(49.0) 4488 0.106
Previous fall history, n(%) 236(38.4) 52(30.1) 100(43.1) 84(40.0) 7.488 0.024
Seafood, n(%) 282(45.9) 104(60.1) 100(43.1) 78(37.1) 21.298 0.000
Milk, n(%) 263(42.8) 83(48.0) 99(42.7) 81(38.6) 3.430 0.180
Calcium tablets, n(%) 87(14.1) 32(18.5) 30(12.9) 25(11.9) 3.847 0.146
Soft drink, n(%) 211(34.3) 62(35.8) 84(36.2) 65(31.0) 1.600 0.449
Tea or coffee, n(%) 278(45.2) 61(35.3) 97(41.8) 120(57.1) 20.069 0.000
Alcohol consumption, n(%) | 348(56.6) 96(55.5) 137(59.1) 115(54.8) 0.943 0.624
Smoking, n(%) 216(35.1) 59(34.1) 78(33.6) 79(37.6) 0.883 0.643
Statins, n(%) 136(22.1) 35(20.2) 55(23.7) 46(21.9) 0.703 0.704
Glucose-lowering therapies
Insulin treatments, n(%) 245(39.8) 65(37.6) 84(36.2) 96(45.7) 4.672 0.097
Insulin-secretagogues, n(%) | 183(183) 48(27.7) 82(35.3) 53(25.2) 5.852 0.054
Insulin sensitizer, n(%) 78(12.7) 17(9.8) 30(12.9) 31(14.8) 2.107 0.349
Metformin, n(%) 280(45.5) 83(48.0) 110(47.4) 87(41.4) 2.174 0.337
AGils, n(%) 115(18.7) 26(15.0) 36(15.5) 53(25.2) 8.984 0.011
DPP-4ls, n(%) 60(9.8) 11(6.4) 24(10.3) 25(11.9) 3461 0.177
SGLT-2ls, n(%) 107(17.4) 25(14.5) 31(13.4) 51(24.3) 10.607 0.005
GLP-1RAs, n(%) 48(7.8) 9(5.2) 11(4.7) 28(13.3) 13.574 0.001
Lifestyle alone, n(%) 61(9.9) 21(12.1) 27(11.6) 13(6.2) 4.989 0.083

Abbreviations: H-PA, High level of physical activity; M-PA, Moderate level of physical activity; L-PA, Low level physical activity; WC, Waist
circumference; SBP/DBP, Systolic/diastolic blood pressure; BMI, Body mass index; AGls, a-Glucosidase inhibitors; DPP-4ls, Dipeptidyl peptidase-4
inhibitors; SGLT-2ls, Sodium-glucose cotransporter-2 inhibitors.

glucosidase inhibitors, SGLT-2 inhibitors, and GLP-1 receptor agonists (p<0.05); however, no differences existed in the
other clinical fundamentals (p>0.05).

Table 2 shows the differences in biochemical indices and body composition parameters among the three subgroups
after grouping by physical activity. The B-CTX, TPINP, HbAlc, B-FAT and T-FAT were significantly greater (p<0.05),
and the 25(OH)D, LSBMD, FNBMD, HBMD, TBMD, and ASMI were significantly lower (p<0.001) with decreasing
physical activity. However, in terms of lipids, InHOMA-IR and InHOMA-B did not significantly differ (p>0.05). In
contrast, Figure 1 presents the comparison of bone mineral density, muscle, and fat parameters across tertiles of physical
activity levels in Table 2 as a scatter plot.

Table 3 shows that the total physical activity level of 2708 (2033, 3674) MET-min/w was significantly greater in
males than in females (p<0.001); however, for moderate-intensity physical activity, the physical activity level was
significantly greater in females than in males (p=0.026). Similarly, the average sedentary time per day in the total
population was 6.76 £ 2.08 h, with females spending more time sedentary per day than males (t = —3.557, p<0.001).
Similarly, in terms of body composition parameters, both bone density and muscle content were significantly greater in
men than in women, while the opposite was true for fat content (»p<0.001).

Table 4 categorizes 615 type 2 diabetic patients according to age group criteria. Specifically, high-intensity and
moderate-intensity physical activity, as well as overall activity levels, were greater in T2D patients aged 45-59 years than
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Table 2 Comparison of Biochemical Indexes and Body Composition Parameters of Physical
Activity Level Among Subgroups

Variables Total Physical Activity F value | p for Trend
H-PA M-PA L-PA

TG(mmol/L) 2.45+1.89 2.57+1.84 2.27x1.61 2.53+2.17 1.505 0.223
TC(mmol/L) 4.39£1.09 4.38%1.27 4.34+0.94 4.47+1.08 0.776 0.461
HDLC(mmol/L) 1.14£0.28 1.11£0.27 1.13£0.27 1.17£0.30 2310 0.100
LDLC(mmol/L) 2.80+0.92 2.76x1.01 2.78+0.85 2.86+0.92 0.621 0.538
N-MID(ng/mL) 11.63+4.00 11.33+4.04 11.89+4.06 11.60+£3.90 | 0.907 0.405
B-CTX(ng/mL) 0.43+0.22 0.39+0.20 0.41+0.20 0.48+0.23 10.295 0.000%*
TPINP(ng/mL) 39.57+14.77 | 36.82+13.36 | 38.94%13.12 | 42.41+16.85 | 6.814 0.001
25(OH)D(ng/mL) | 17.51£6.01 18.72+5.51 17.78+6.19 16.25+6.01 8.392 0.000%*
PTH(pg/mL) 44.07+21.76 | 41.04x1826 | 44.11x18.18 | 46.47+26.98 | 2.919 0.055
HbAlc(%) 8.88+1.72 8.25+1.69 8.93+1.62 9.33+1.70 19.920 0.000**
INHOMA-IR 1.20+£0.93 1.18+0.93 1.21+0.94 1.20+0.91 0.076 0.927
InHOMA-B 4.49%1.12 4.44x1.12 4.49x1.10 4.53+1.13 0.286 0.751
LSBMD(g/cm?) 0.96+0.16 1.06£0.15 0.95+0.15 0.90+0.15 50.981 0.000%*
FNBMD(g/cm?) 0.77£0.12 0.83+0.11 0.76+0.12 0.73+0.12 36.211 0.000%*
HBMD(g/cm?) 0.90+0.13 0.960.11 0.89+0.12 0.86+0.13 34.142 0.000**
TBMD(g/cm?) 1.10£0.12 1.16+0.95 1.09£0.11 1.06+0.12 41.318 0.000%*
ASMI(kg/m?) 7.09%1.17 7.59+1.06 6.96+0.95 6.82+1.33 24.586 0.000%*
B-FAT (%) 30.99+6.67 | 28324537 | 31.00£6.67 | 33.19+6.86 | 27.474 | 0.000%*
T-FAT (%) 33.49+6.94 30.69+5.87 | 33.61+6.85 35.68+£7.06 | 26.690 0.000%*

Note: *p<0.001.

Abbreviations: TG, Triglycerides; TC, Total cholesterol; HDLC, High-density lipoprotein cholesterol; LDLC, Low-density
lipoprotein cholesterol; NMID, N-terminal osteocalcin; B-CTX, B-Collagen special sequence; TPINP, Total type | procollagen
N-terminal extension peptide; 25(OH)D, 25-Hydroxyvitamin D; PTH, Parathyroid hormone; LS-BMD, Lumbar spine BMD; FN-
BMD, Femoral neck BMD; H-BMD, Hip BMD; T-BMD, Total BMD; B-FAT, Body fat percentage; T-FAT, Trunk fat percentage;
ASMI, Appendicular skeletal muscle index.

in patients in other age groups (p<0.05); in terms of body composition parameters, bone mineral density progressively
decreased with patient age (p<0.01), whereas there was no significant difference between the B-FAT and T-FAT groups
(»> 0.05).

Mean Differences in Body Composition Parameters Among the Three Physical
Activity Groups

Tables 5 and 6 compare the mean differences in BMD, muscle and fat mass between M-PA and L-PA patients by stepwise
correction for confounders, using H-PA as a reference (B [95% CI]). After correcting for patients’ general information, lifestyle
information, biochemical indices, and sedentary duration, the mean differences in LSBMD, FNBMD, HBMD, TBMD, ASMI,
B-FAT, and T-FAT between the H-PA and L-PA groups were —0.098 (—0.136 to —0.061) g/cm?, —0.048 (—0.075 to —0.021) g/cm?,
—0.063 (—0.090 to —0.035) g/cm?, —0.035 (—0.060 to —0.009) g/cm?, —0.178 (—0.327 to —0.029) kg/m?, 1.487 (0.587 to 2.386)%,
and 1.905 (0.785 to 3.026)%, respectively. Physical activity levels were independently and positively correlated with LSBMD,
FNBMD, HBMD, TBMD, and the ASMI and independently and negatively correlated with the B-FAT and T-FAT in T2D

patients.

Discussion

In this study, the total physical activity level of the 615 study subjects was 2531 (1872, 3308) MET-minutes/week.
Among the different levels of physical activity, high, medium and low accounted for 28.2%, 37.7% and 34.1%,
respectively, of the total number of study subjects. Patients with T2D are mostly characterized by a low level of physical
activity, and there is insufficient physical activity.?’
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Figure | Scatter plots of body composition indices in three subgroups with high level of physical activity(H-PA), moderate level of physical activity(M-PA) and Walking. (a)
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Table 3 Comparison of Physical Activity Level, Sedentary Time and Body Composition Parameters in

Different Sex Patients

Variables Total Male(n=346) Female (n=269) | Z/t value | p for Trend
HI-PA(MET-min/w) 560(320,960) 720(480,1120) 400(0,640) —9.168 0.000%*
MI-PA(MET-min/w) 960(640,1280) 880(640,1200) 960(720,1280) —2.227 0.026
LI-PA(MET-min/w) 990(792,1386) 1188(792,1386) 891(693,1188) —4.790 0.000°*
T-PA(MET-min/w) 2531(1872,3308) | 2708(2033,3674) | 2230(1672,2948) —5.140 0.000%*
Sedentary time (h/d) 6.76+2.08 6.50+2.06 7.09+£2.06 —3.557 0.000°**
LSBMD(g/cm?) 0.96+0.16 1.00+0.14 0.92+0.18 5.959 0.000°*
FNBMD(g/cm?) 0.77£0.12 0.81£0.11 0.73£0.12 8.208 0.000°**
HBMD(g/cm?) 0.90+0.13 0.93£0.11 0.86+0.14 6.803 0.000°*
TBMD(g/cm?) 1.10+0.12 1.14+0.93 1.04+0.12 11.366 0.000%*
ASMiI(kg/m?) 7.09%1.17 7.68+0.94 6.33+£0.96 17.470 0.000°**
B-FAT (%) 30.99+6.67 26.81+4.54 36.37+4.89 —25.026 0.000°*
T-FAT (%) 33.49+6.94 29.88+5.67 38.17+£5.48 —18.195 0.000%*

Note: **p<0.001.

Table 4 Comparison of Physical Activity Level, Sedentary Time and Body Composition Parameters in Different

Age Groups
Variables <45 year (n=87) | 45-59 year (n=308) | =60 year (n=220) | FIx? value | p for Trend
HI-PA(MET-min/w) 480(0,800) 640(400,1050) 480(0,800) 33.922 0.000
MI-PA(MET-min/w) 840(600, 1320) 960(720,1280) 880(610,1120) 6.440 0.040
LI-PA(MET-min/w) 990(693,1386) 990(792,1386) 891(693,1386) 6.061 0.048
T-PA(MET-min/w) 2270(1531,3108) 2710(2028,3721) 2311(1753,2953) 22,692 0.000
Sedentary time (h/d) 6.93+2.06 6.6312.08 6.88+2.08 1.186 0.306
LSBMD(g/cm?) 1.030.13 0.97+0.14 0.93+0.19 11.794 0.000
FNBMD(g/cm?) 0.84+0.12 0.79+0.11 0.71£0.12 45418 0.000
HBMD(g/cm?) 0.960.13 0.92+0.12 0.85+0.13 32.441 0.000
TBMD(g/cm?) 1.15+0.90 1.11+0.10 1.060.14 23.381 0.000
ASMI(kg/m?) 7.35+1.34 7.25+1.13 6.77+1.07 13.995 0.000
B-FAT (%) 31.1845.97 30.31+6.65 31.88+6.89 0.680 0.410
T-FAT(%) 33.49+6.00 33.05+6.87 34.12+7.34 1.534 0.217

Table 5 Mean Difference in Bone Mineral Density Between Subgroups at the Physical Activity Level (B[95% CI])

Model Physical Activity t value | p for Trend | Adjusted R?
H-PA M-PA L-PA
LSBMD
Model 0 | O-reference | —0.099(-0.131 to —0.067) | —0.149(-0.181 to —0.118) —9.139 <0.001 0.138
Model | 0O-reference | —0.071(—0.099 to —0.042) | —0.124(—0.152 to —0.095) —8.492 <0.001 0.356
Model 2 | O-reference | —0.067(-0.094 to —0.040) | —0.111(—0.140 to —0.068) —7.532 <0.001 0.438
Model 3 | O-reference | —0.063(-0.092 to —0.033) | —0.098(—0.136 to —0.061) —5.165 <0.001 0.460
FNBMD
Model 0 | O-reference | —0.068(—0.093 to —0.044) | —0.100(-0.125 to —0.075) —7.800 <0.001 0.105
Model | 0O-reference | —0.039(—0.059 to —0.018) | —0.078(—0.099 to —0.058) —7.556 <0.001 0.442
Model 2 | O-reference | —0.033(—0.053 to —0.013) | —0.065(—0.086 to —0.044) —6.042 <0.001 0.494
Model 3 | O-reference | —0.026(—0.047 to —0.005) | —0.048(—0.075 to —0.021) —3.496 0.001 0.525
(Continued)
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Table 5 (Continued).

Model Physical Activity tvalue | p for Trend | Adjusted R’
H-PA M-PA L-PA

HBMD
Model 0 | O-reference | —0.072(-0.098 to —0.039) | —0.104(-0.130 to —0.079) | -7.853 <0.001 0.103
Model | | O-reference | —0.043(-0.063 to —0.023) | —0.084(—0.104 to —0.063) | —8.060 <0.001 0.478
Model 2 | O-reference | —0.038(-0.058 to —0.018) | —0.074(-0.095 to —0.052) | —6.804 <0.001 0.520
Model 3 | O-reference | —0.033(-0.055 to —0.012) | —0.063(-0.090 to —0.035) | —4.493 <0.001 0.536

TBMD
Model 0 | O-reference | —0.066(—0.089 to —0.042) | —0.101(-0.125 to —0.078) | —8.306 <0.001 0.115
Model | | O-reference | —0.042(-0.06! to —0.023) | —0.077(-0.096 to —0.057) | —7.788 <0.001 0.453
Model 2 | O-reference | —0.038(-0.057 to —0.019) | —0.071(-0.091 to —0.051) | —7.006 <0.001 0.503
Model 3 | O-reference | —0.020(—0.040 to —0.000) | —0.035(—0.060 to —0.009) | —2.676 0.008 0.532

Notes: Model 0: unadjusted. Model |: sex, age, BMI, WC, SBP, DBP, matrimony, educational level, occupation, income, living style, diabetes duration,
hypertension, family osteoporosis, familial fragility fracture, previous fall history. Model 2: model | + Eating habit, seafood, milk, calcium tablet, soft drink, tea
or coffee, smoking, alcohol, sleep quality, statins and glucose-lowering therapies. Model 3: model 2 + HbA ¢, IhnHOMA-IR, IhHOMA-B, TG, TC, HDLC, LDLC,
N-MID, B-CTX, TPINP, 25(OH)D, PTH and sedentary time.

Table 6 Mean Differences in Physical Activity Levels of Skeletal Muscle and Fat Between Subgroups (B[95% CIl])

Model Physical Activity tvalue | p for Trend | Adjusted R’
H-PA M-PA L-PA
ASMI
Model 0 | O-reference | —0.612(—0.841 to —0.383) | —0.754(—0.987 to —0.522) | —6.200 <0.001 0.060
Model | | O-reference | —0.453(—0.644 to —0.263) | —0.552(—0.746 to —0.358) | —5.434 <0.001 0.358
Model 2 | O-reference | —0.292(—0.461 to —0.123) | —0.432(-0.615 to —0.249) | —4.608 <0.001 0.535
Model 3 | O-reference —0.100(—0.218 to 0.019) —0.178(—0.327 to —0.029) | —7.116 <0.001 0.809
B-Fat
Model 0 | O-reference 2.662(1.360 to 3.964) 4.848(3.532 to 6.173) 7.177 <0.001 0.080
Model | | O-reference 1.521(0.600 to 2.442) 3.394(2.454 to 4.334) 7.143 <0.001 0.544
Model 2 | O-reference 1.723(0.839 to 2.606) 3.649(2.692 to 4.606) 7.509 <0.001 0.612
Model 3 | O-reference 0.702(-0.014 to 1.418) 1.487(0.587 to 2.386) 3.258 0.001 0.788
T-Fat
Model 0 | O-reference 2.924(1.572 to 4.276) 5.012(3.635 to 6.389) 7.122 <0.001 0.079
Model | | O-reference 1.962(0.864 to 3.061) 3.781(2.660 to 4.903) 6.631 <0.001 0.399
Model 2 | O-reference 2.204(1.148 to 3.261) 4.066(2.922 to 5.209) 6.978 <0.001 0.486
Model 3 | O-reference 1.157(0.264 to 2.051) 1.905(0.785 to 3.026) 3.322 0.001 0.693

Notes: Model 0: unadjusted. Model I: sex. Model 2: model | + age, BMI, WC, SBP, DBP, matrimony, educational level, occupation, income, living style,
diabetes duration, hypertension, eating habit, seafood, milk, calcium tablet, soft drink, tea or coffee, smoking, alcohol, sleep quality, statins and glucose-lowering
therapies. Model 3: model 2 + BMI, WC, HbAIc, IhHOMA-IR, InHOMA-B, TG, TC, HDLC, LDLC and sedentary time.

Studies have proven that physical inactivity is a risk factor for lower bone density. A lack of physical activity leads to
a reduction in direct stimulation of bone tissue, muscle pulling, and muscle vibration, which reduces bone loading and
affects bone strength and bone biomechanical properties.”’ Primary osteoporosis markers (B-CTX and TP1NP) as well as
HbAlc were significantly greater (p<0.05), and secondary osteoporosis markers 25(OH)D and BMD parameters
(LSBMD, FNBMD, HBMD, and TBMD) were significantly lower (p<0.001) with decreasing physical activity levels
in this study; even after adjusting for confounders, the relationship remained after adjustment for confounders. Studies
have confirmed that various forms of physical activity has positive effect on big rotor and femoral neck bone mineral
density, the biggest benefit of lumbar spine.”” Studies have shown that as type 2 diabetic patients age, inflammatory
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factor and oxidative stress products increase in the body, prolong the duration of the disease, leading to insufficient
insulin secretion, decreased synthesis of osteoblast nucleosides and collagen, and decreased calcium content in the
bones.? In the present study, the bone mineral density decreased significantly (p<0.001) as the age of the study subjects
increased. More than one-third of them were elderly people for whom walking was an acceptable exercise, had a low risk
of accidents, and could be practiced in a variety of settings throughout the year, as opposed to high-intensity or moderate-
intensity physical activity. Walking or jogging to achieve high enough mechanical stress to create a counterforce that
stimulates the bones is effective in maintaining BMD levels.** In this study, women had significantly lower BMD levels
than men did (p<0.001). For perimenopausal and postmenopausal women, a dramatic decrease in estrogen levels in the
body affects osteoblast proliferation and collagen synthesis, predisposing them to high-transformation osteoporosis.*> In
women older than 50 years of age in the United States, 30 minutes of low-intensity physical activity was associated with
a 12% lower risk of lumbar spine osteoporosis than was sedentary activity.”® Therefore, it is recommended that older
women with T2D be encouraged to engage in multiple forms of low-intensity physical activity to ensure that their BMD
increases or at least remains unchanged.”’

With the progression of T2D, the body’s skeletal muscle function and muscle mass gradually decrease, and the
prevalence of sarcopenia is much greater than that in the nondiabetic population.”® Studies have shown that stimulating
skeletal muscle through exercise can effectively improve muscle mass and strength and is an effective way to treat
sarcopenia.29’30 The skeletal muscle content of the extremities decreased significantly (p<0.001) as the level of physical
activity decreased in this study. After correcting for age, sex, and sedentary duration, physical activity level remained an
independent influence on limb skeletal muscle mass (95% CI: —0.327 to —0.029). Exercise of various intensities has been
proven to improve myocyte mass and muscle protein synthesis; high-intensity resistance exercise has more prominent

advantages in improving muscle mass and muscle function®'~*?

and is currently the most effective intervention for the
treatment of diabetic sarcopenia.®® Liao* conducted a 12-week intervention study in which elastic band resistance
training was used in elderly women with muscle loss. An intervention study revealed an increase in total skeletal muscle
mass and significant beneficial effects on muscle mass and physical function in the intervention group. Resistance
exercise in patients with diabetes mellitus combined with sarcopenia was effective at increasing skeletal muscle type 11
fibers and reducing skeletal muscle cell apoptosis.>' Additionally, aerobic exercise is an effective intervention for
improving skeletal muscle mass in the body. In a Japanese study, 42 patients with T2D were treated with aerobic
exercise (aerobics) twice a day, and the rate of decrease in skeletal muscle mass index in the intervention group (46.7%)
was significantly lower than that in the control group (85.2%) compared with that in the control group that did not
perform the exercise, which effectively prevented the decrease in skeletal muscle mass.*’

The prevalence and growth rate of overweight and obesity in China are the highest in the world.*® In this study, the
average BMI of the 615 T2D patients was 25.61+3.67 kg/m?, the average waist circumference was 91.02+9.82 cm, the
body fat content reached 30.99+6.67%, and the trunk fat content was also high. Overall, these patients reached the level
of overweight or even obesity, reflecting the general phenomenon of overweight or obesity in T2D patients. Insufficient
physical activity reduces the body’s energy consumption, which increases lipid deposition in the body and decreases
insulin secretion. Exercise, on the other hand, can improve insulin secretion by decreasing adipokines and thus improving
insulin secretion.’” High-intensity physical activity promotes rapid glucose uptake and improves insulin resistance; long-
term exercise training improves mitochondrial function and increases the expression of metabolic genes such as glucose
transporter proteins.®® In this study, the insulin resistance indices of the study subjects were high, and one-way ANOVA
showed that as physical activity decreased, body fat content and trunk fat content increased significantly, while glycated
hemoglobin (HbAlc) levels increased significantly (p<0.001); after correcting for various confounders, a decrease in
physical activity was found to be an independent risk factor. An increasing number of studies have confirmed that
physical activity is one of the most important measures for treating abnormalities in lipid metabolism. Various physical
activities increase the body’s energy expenditure and reduce body weight, fasting insulin levels, and triglyceride (TG)
synthesis in the liver.** A meta-analysis that included 48 studies indicated that among 2990 participants with at least
three metabolic syndromes, the group that performed moderate-intensity aerobic exercise training showed significant
improvement in lipid metabolism; reductions in TG, TC, and LDLC; and an increase in HDLC.* In the present study,
none of the differences in lipid metabolism-related indices (TG, TC, HDLC, LDLC) were significantly different among
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the physical activity subgroups (p>0.05). This may be related to the use of GLP-1 receptor agonists in diabetic patients.
Multiple studies have shown that GLP-1-receptor agonists promote weight loss. A network meta-analysis comparing the
efficacy of different drugs for weight loss on the basis of 143 RCTS included suggests that GLP-1 receptor agonists can
effectively promote weight loss of more than 5% on the basis of lifestyle management, which is superior to orlistat,
SGLT2i, and metformin.*' It also improves blood sugar and lowers blood pressure and total cholesterol levels.*> But the
TG concentration was greater than the normal value (2.45+1.89) mmol/L, which may be related to the dietary tastes of
the participants in the study and dietary combinations.

Limitations

In this study, the population evaluated was representative of patients with type 2 diabetes, which limits the general-
izability of the study to some extent. This study is only a cross-sectional study, and long-term follow-up can be further
conducted in the future to pay attention to the dynamic change process of population composition.

Conclusions

Physical inactivity is an independent influence on body composition changes in patients with T2D; the less physically
active and the more sedentary the person is, the lower the bone density, the less skeletal muscle content, and the more fat
content. In the future, intervention studies can be further carried out for patients with type 2 diabetes mellitus, such as
insufficient physical activity and sedentary lifestyle, to guide screening and control the occurrence of secondary
complications such as osteoporosis, sarcopenia and obesity in patients with type 2 diabetes mellitus, and to improve
the quality of life.
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