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Objective: To assess the correlation between body components with insulin resistance (IR) and islet beta cell function in patients with
newly diagnosed type 2 diabetes mellitus (T2DM) or pre-diabetes mellitus (pre-DM) and to explore whether this correlation differs in
males and females.

Methods: 111 newly diagnosed diabetic or pre-diabetic patients were recruited in this cross-sectional study. 75g oral glucose tolerance
test was used to determine the diagnosis of DM or pre-DM. Homeostasis model assessment of insulin resistance (HOMA-IR) and
glucose disposition index (Dl3() was calculated to assess IR and islet beta cell function, respectively. Whole-body and regional lean
mass (LM) and fat mass (FM) were obtained by dual-energy X-ray absorptiometry (DEXA). Partial correlation and multiple linear
regression analyses were used to determine the associations between body composition, IR, and islet beta cell function.

Results: More body fat and appendicular fat was observed in female patients than in male, though with similar BMI. Legs fat % was
negatively correlated with HOMA-IR, whereas legs lean % was positively associated with HOMA-IR in females (r = —0.673, p =
0.017; r =0.664, p = 0.018, respectively). The regression analysis showed that legs LM was positively correlated with HOMA-IR in
females. However, in male patients, android FM was positively correlated with HOMA-IR (r = 0.462, p = 0.007), and trunk LM was
negatively associated with DI3q (r = —0.458, p = 0.007). Nevertheless, no significant correlation was observed between body
composition and islet beta cell function in female patients.

Conclusion: Android FM was positively correlated with IR only in male patients but not in females. Besides, relative legs fat and LM
were independently associated with IR in female patients but not in males. Further studies are needed to explore the underlying
mechanism.
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Background

During the past few decades, the prevalence of diabetes has increased worldwide, with an estimated prevalence of 12.2%
in adults (783.2 million) by 2045." More and more overweight and obese people are diagnosed with type 2 diabetes
mellitus (T2DM), among which 54.8% are obese and 85.2% are overweight or obese.” Insulin resistance (IR) and the
gradual decline of islet beta cell function are two major defects contributing to the occurrence and development of
T2DM.? These defects may also contribute to the development of impaired fasting glucose (IFG) and impaired glucose
tolerance (IGT), also known as pre-diabetes (pre-DM), which occur before the diagnosis of DM.*

Obesity, especially central obesity, is a critical component of metabolic syndrome and a significant risk factor for
metabolic diseases such as IR, T2DM, and cardiovascular disease (CVD).>® Body mass index (BMI) is a traditional
indicator of obesity, which has been widely used because of its simplicity and convenience. However, BMI has certain
limitations in the distribution of different body components. In recent decades, studies have shown that body fat
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distribution impact the risk of cardiometabolic disease independently of BMI or body fat percentage.”® Thus, more and
more attention has been paid to the effects of body composition, as well as fat and muscle distribution forms, on different
metabolic diseases. Most studies have focused on abdominal subcutaneous fatty tissue and visceral fat tissue, which are
important risk factors that increase insulin resistance and promote the development of T2DM.?!! Recently, scholars have
also paid attention to the impact of other body components on IR,'*™'* but studies focused on association with islet beta
cell function are few.'> Moreover, most previous studies have focused on seemingly healthy or non-diabetic populations
with risk factors. Few studies have explored the correlation between body composition and islet betacell function in
patients with newly diagnosed diabetes and pre-DM and whether there are gender differences in this correlation.
Therefore, the association between other fat depots and islet betacell function in diabetic patients remains inconclu-
sively/unclear.

Because of the apparent gender differences in body composition, we propose that there may be gender differences in
the correlation between body components and insulin resistance and islet beta cell function. This study is intended to
analyze the differences in body components of different sexes in patients with newly diagnosed T2DM or pre-DM, to
explore the correlation between various body components and insulin resistance and islet beta function, and to find out
whether there is a gender difference in this correlation. Therefore, it is possible to understand better the gender
differences in the effect of body composition on IR and islet beta cell function and help to make personalized
recommendations for improved body composition in people of different sexes.

Methods

Population

The participants were recruited from Mar. 2020 to Feb. 2022 in the Department of Endocrinology, Beijing Shijitan Hospital,
Capital Medical University. 111 adult patients aged 18 to 80 with newly diagnosed T2DM or pre-DM were included in this study
(Figure 1). The diagnosis of DM and pre-DM were based on the diagnostic criteria of the World Health Organization (WHO),
1999. Those with fasting plasma glucose (FPG) > 7.0 mmol/L or 2-h postprandial plasma glucose (PPG) > 11.1 mmol/L were

Patients with DM admitted in Beijing Shijitan
Hospital between 2020-3~2022-2

Exclusion:

1. previously diagnosed DM
2. DM other than T2DM

3. with severe complications

Inclusion: newly diagnosed T2DM or pre-DM
n=111

A

Female (n=40) Male (n=71)

\ y

Legs fat % negatively correlated with HOMA-IR Android FM positively correlated with HOMA-IR
Legs LM positively correlated with HOMA-IR Trunk LM negatively associated with Dlso

Figure | Flowchart and main results of the study.
Abbreviations: DM, diabetes mellitus; T2DM, type 2 diabetes mellitus; pre-DM, pre-diabetes; LM, lean mass; FM, fat mass; HOMA-IR, homeostasis model assessment of
insulin resistance; DI, glucose disposition index.
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defined as having DM, those with FPG > 6.1 mmol/L but < 7.0 mmol/L or 2-h PPG > 7.8 mmol/L but < 11.0 mmol/L were
defined as having pre-DM. The exclusion criteria were as follows: 1) patients previously diagnosed with diabetes or were taking
hypoglycemic drugs; 2) patients diagnosed with type 1 diabetes, gestational diabetes, or other types of diabetes; 3) patients with
a malignant tumor, severe cardiovascular, hepatic, or kidney disease. The study protocol was approved by the Ethics Committee
of Beijing Shijitan Hospital, Capital Medical University (Approval Number: sjtkyll-1x-2021(27)) and was conducted in
accordance with the Declaration of Helsinki. All patients provided written informed consent to participate in the study.

Data Collection

Height and weight measurements were performed after overnight fasting with thin clothes without shoes. BMI was
calculated by the formula: BMI = weight (kg) / height (m)?. Waist circumference (WC) was measured midway between
the iliac crest and the costal margin. Venous blood was collected through the elbow vein from patients who had fasted for
at least 10 hours. Glycosylated hemoglobin (HbAlc) was detected using a high-performance liquid chromatography
method (Tosoh HLC-723 G8; Tosoh Bioscience, Inc, Tokyo, Japan). All the participants underwent a 75-g oral glucose
tolerance test (OGTT) after overnight fasting. Venous blood was collected at 0, 30, 60, and 120 min and used to measure
plasma glucose, serum insulin, and C peptide (CP). Plasma glucose was measured by the hexokinase method (Beckman
AUS5832 analyzer; Beckman Coulter, Brea, CA, USA). Serum insulin and CP was assessed by chemiluminescent enzyme
immunoassay (LIAISON XLanalyzer; DiaSorin, Saluggia, Italy). The serum uric acid (UA) and lipid profile, including
total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-c), and low-density lipoprotein
cholesterol (LDL-c), was measured using an automatic biochemical analyzer.

Measurement of Body Composition

The overall body composition was assessed using a dual-energy x-ray absorptiometry scanner (DEXA, Hologic
Discovery: Vertec Scientific Ltd., Reading, UK). The scan results were analyzed using the Hologic APEX software
(version 3.3: Hologic Inc., Bedford, MA, USA) and presented in terms of total mass (TM), fat mass (FM), lean mass
(LM), fat-free mass (FFM) of the whole body, trunk, arms, and legs. The trunk region was limited by vertical borders
lateral to the ribs and a lower border by the iliac crest. The android and gynoid FM were measured as described in
a previous study.'® The same researcher completed the analysis of defined body segments during the entire study period.
Total body fat (TBF) represents the fat percentage of the whole body. Regional fat percentage (fat %) and lean percentage
(lean %) were calculated as FM or LM divided by TM of the same region to assess the relative fat and lean mass,
respectively.

Assessment of Insulin Resistance and Islet Beta Cell Function

Homeostasis model assessment of insulin resistance (HOMA-IR) was used to assess insulin resistance: HOMA-IR = fasting
plasma glucose (mmol/L) x fasting insulin (uIU/mL)/22.5."” HOMA-IR is determined from results on fasting indices and is
mainly used to estimate hepatic insulin sensitivity. Besides, the Matsuda insulin sensitivity index (ISIy;) and Quantitative
insulin sensitivity check index (QUICKI) were used to assess whole-body insulin sensitivity. ISIy; was calculated using the
following formula: ISIy, = 10%/[(fasting blood glucose x fasting insulin) x (average blood glucose x average insulin)]*>.'®
QUICKI was calculated by 1/[log insulin (W[U/mL) + log glucose (mg/dL)]."” Homeostasis model assessment of beta cell
function (HOMA-) was calculated to assess beta cell function using the formula: HOMA- = 20 x fasting insulin (u[U/mL) /
[fasting plasma glucose (mmol/L) — 3.5]."” The insulinogenic index (IGI) was used to assess the early-phase insulin secretion:
IGl3 = AINS, 30/AGlug 30.2° The disposition index (DI), a comprehensive evaluation of insulin secretion and insulin
resistance, was measured as Dlzo = AINS, 30/AGlug 30 % I1SIy.”!

Statistical methods

Normality was assessed for all continuous variables. Normally distributed data were expressed as the mean + SD, and
Student’s ¢-test was used to evaluate differences between groups. Non-normally distributed data were expressed as the
median (Q1, Q3), and differences between groups were assessed using the Mann-Whitney U-test. Categorical variables
were expressed as counts/percentiles (%), and Pearson’s y-test was used to compare the difference between groups.
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Spearman correlation analysis, partial correlation analysis, and multiple linear regression analysis were used to assess the
association of body composition with HOMA-IR (In transformed) and DI;q (In transformed). Confounding factors like
age, smoking, alcohol, UA, TC, TG, HDL-c, and LDL-c were adjusted. All statistical analyses were performed using
IBM SPSS Statistics 23.0 (IBM Corp., Armonk, NY, USA). A p-value <0.05 was considered significant.

Results

Basic Clinical Characteristics of Patients with Different Gender

The mean age of patients between females and males was similar. Few female participants were smokers and drinkers
compared to male participants. Female patients were heavier than males, but the BMI between the two groups was
similar. A lower HbAlc and FPG were observed in female patients than male patients, though without significant
statistical differences. The UA and lipid profile was similar between females and males, except that the HDL-c level was
higher in females than males. There were no significant differences in insulin sensitivity between males and females.
Females have higher HOMA-B and DI3q than men, suggesting a better islet beta cell function in females, although the
latter has no significant statistical differences (Table 1).

Body Composition of Patients with Different Gender

Though with similar BMI between females and males (27.35 + 4.51 kg/m* vs 26.92 + 4.27 kg/m®, p = 0.616), TBF and
total FM were significantly higher in female patients than in male patients, whereas the total LM and lean % were
significantly lower in female. In terms of regional fat distribution, higher FM and fat % of gynoid and limbs were
observed in females than in males. Though with higher android and trunk fat % in females, the FM of android and trunk
was similar between female and male patients. Similarly, the LM and lean % of trunk and limbs were significantly lower
in female patients than in male patients (Table 2).

Table | General Clinical Characteristics in Patients with a Different Gender

Total n=111 Female n=40 Male n=71 P
Age (yo) 48.32+13.40 48.55+13.28 48.18%13.55 0.890
Smoking 26 (23.6%) 3(7.7%) 23 (32.4%) 0.004
Drinking 31 (28.4%) 3 (7.9%) 28 (39.4%) <0.001
FH of DM 57 (51.8%) 24 (61.5%) 33 (46.5%) 0.164
Height (cm) 170.07+8.56 161.95+4.81 174.65+6.59 <0.001
Weight (Kg) 78.67+15.0 72.06+13.05 82.4+148l <0.001
BMI (Kg/m?) 27.07+4.34 27.35%4.51 26.92+4.27 0.616
WC (cm) 94.5£1.99 92.66+12.27 95.45£10.25 0.253
HbAIc (%) 7.7 (6.2,9.9) 6.8 (6.1, 8.3) 8.1 (6.2, 10.4) 0.109
FPG (mmol/L) 7.06 (5.80, 8.46) 6.68 (5.55, 8.29) 7.16 (6.07, 8.59) 0.247
UA (umol/L) 343.01+91.68 326.65+79.58 352.28+97.29 0.194
TC (mmol/L) 4.95%1.11 5.12+0.96 4.86x1.18 0.262
LDL-c (mmol/L) 3.30+0.91 3.41+0.81 3.24+0.96 0.368
HDL-c (mmol/L) 1.06 (0.90, 1.27) 1.18 (0.97, 1.36) 0.99 (0.89, 1.19) 0.0l16
TG (mmol/L) 1.70 (1.01, 2.47) 1.71 (0.97, 2.49) 1.69 (1.04, 2.47) 0.924
HOMA-IR 3.39 (2.19,5.91) 3.49 (227, 6.13) 3.34 (2.09, 5.79) 0.710
HOMA-$ 64.73 (31.76, 107.48) 84.43 (51.43, 147.04) 57.32 (28.34, 96.98) 0.047
QUICKI 0.325+0.045 0.326+0.056 0.325+0.039 0.944
ISIm 42.19 (28.85, 81.45) 45.11 (30.29, 72.46) 41.19 (28.56, 100.18) 0.884
1Gl3o 5.86 (1.64, 12.22) 6.04 (1.95, 19.33) 5.65 (1.57, 11.98) 0.551
Dl3o 303.61 (129.31, 539.77) 409.89 (153.93, 803.76) 288.41 (121.10, 489.46) 0.224

Abbreviations: FH, family history; DM, diabetes mellitus; BMI, body mass index; WC, waist circumference; HbA |l c, glycosylated hemoglobin; FPG, fasting
blood glucose; UA, uric acid; TG, triglyceride; TC, total cholesterol; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein
cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-, homeostasis model assessment of beta cell function; QUICKI,
quantitative insulin sensitivity check index; ISy, Matsuda insulin sensitivity index; IGl, insulinogenic index; DI, glucose disposition index.
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Table 2 Comparison of Body Composition in Female and Male

Total Female n=40 Male n=71 P
Total body
BMI (Kg/m?) 27.07+4.34 27.35+4.51 26.92+4.27 0.616
TBF (%) 34.02+6.87 39.9245.12 30.70+5.54 <0.001
Total FM (kg) 26.61+7.89 28.86+7.73 23.34+7.75 0.023
Total LM (kg) 49.05+10.25 40.85+6.36 53.68+9.07 <0.001
Total Lean (%) 63.22+6.82 57.615.10 66.39+5.52 <0.001
Regional FM (kg)
Trunk FM (kg) 14.90+4.57 15.63+4.32 14.49+4.69 0.211
Android FM (kg) 3.21%1.12 3.24%1.06 3.19%1.16 0.827
Gynoid FM (kg) 3.74+1.27 4.36%1.36 3.40+1.08 <0.001
Arms FM (kg) 3.17x1.22 3.61x1.24 2.92%1.15 0.005
Legs FM (kg) 8.00+2.65 9.15+2.79 7.3612.34 <0.001
Regional LM (kg)
Trunk LM (kg) 26.7216.12 22.82+4.20 28.92+5.95 <0.001
Arms LM (kg) 4.70+1.28 3.49+0.66 5.38+1.02 <0.001
Legs LM (kg) 16.32+4.08 13.33+2.75 18.02+3.73 <0.001
Regional fat %
Trunk fat (%) 35.00+7.33 39.68+6.49 32.37+6.43 <0.001
Android Fat (%) 38.01+7.68 42.45+6.59 3551+7.13 <0.001
Gynoid Fat (%) 31.10+7.95 38.25+5.81 27.07£5.91 <0.001
Arms fat (%) 38.52+9.89 48.37+6.46 32.98+6.63 <0.001
Legs fat (%) 31.74+7.97 38.99+6.39 27.66+5.50 <0.001
Regional lean %
Trunk lean (%) 63.31%7.12 58.78+6.36 65.86+6.23 <0.001
Arms lean (%) 57.66+9.34 48.41+6.18 62.88+6.27 <0.001
Legs lean (%) 64.65+7.62 57.86+6.30 68.48+5.27 <0.001

Abbreviations: BMI, body mass index; TBF, total body fat; FM, fat mass; LM, lean mass.

Correlation of Body Composition with HOMA-IR

The partial correlation analysis showed that TBF and fat % of legs were negatively correlated with HOMA-IR. In
contrast, total lean %, arms LM and lean % of legs were significantly positively correlated with HOMA-IR, even after
adjusting for confounding factors, including age, gender, BMI, UA, and lipid profile. The correlation analysis in females
showed that after correcting the above confounding factors, the fat % of legs is negatively related to HOMA-IR. In
contrast, the lean % of legs positively correlates with HOMA-IR (Table 3 and Figure 1). In the multiple linear regression,
legs LM was independently associated with HOMA-IR in females after adjusting for age, BMI, smoking, drinking, FPG,
UA, and lipid profiles (Table 4 and Figure 1). In male patients, it can be observed that the android FM and FM of arms
and legs are positively correlated with HOMA-IR (Table 3 and Figure 1). Moreover, in the multiple regression analysis,
android FM was still independently positively associated with HOMA-IR in males (Table 4 and Figure 1).

Correlation of Body Composition with Dl3q

The partial correlation analysis showed that FM and fat % of arms were positively correlated with DI after adjusting for
confounding factors, including age, gender, BMI, UA, and lipid profile. Whereas LM of the trunk and lean % of arms
were significantly negatively correlated with DI5y. The correlation analysis in females showed that the fat % of legs is
positively related to DI, while the lean % of legs is negatively correlated with DI;p; however, the correlation was not
observed after adjusting for BMI. In male patients, it turned out that the LM of total and trunk are negatively correlated
with DI3o (Table 5 and Figure 1). In the multiple linear regression analysis, trunk LM and legs LM were independently
negatively and positively related to DI;q in males, respectively. However, the correlation of body composition with DI3,
was non-significant in female patients (Table 6 and Figure 1).
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Table 3 Correlation of Body Composition and LnHOMAIR in Females and Males

Total Female Male
r' r? r r! r? r r! r? r
Total body
Total FM (kg) 0.251* 0.188 -0.158 0.22 -0.325 -0.387 0.276* 0.323 0.48
TBF (%) 0.035 -0.052 -0.281* -0.053 -0.551 -0.538 0.076 0.056 0.003
Total LM (kg) 0.270** 0.346* 0.226 0.447** -0.082 0.187 0.336%* 0.394* 0.402*
Total Lean (%) -0.008 0.081 0.297* 0.087 0.563* 0.542 -0.04 -0.022 0.214

Regional FM (kg)
Android FM (kg) | 0.368% | 0.273* 0.087 0.360* -0.307 -0.211 0.373% | 0.433% | 0.462%F
Gynoid FM (kg) 0.235% 0.152 -0.169 0.273 -0.277 -0.167 0.236 0.266 0.393
Trunk FM (kg) 0.238* 0.197 -0.107 0.219 -0.278 -0.176 0.250% 0.315 0.426
Arms FM (kg) 0.298** 0.262 0.063 0.227 -0.117 0.182 0.357% | 0.361* | 0.452%
Legs FM (kg) 0.261%* 0.155 -0.188 0.24 -0.404 -0.481 0.306* 0.338* 0.434*

Regional Fat %
Android Fat (%) 0.028 -0.026 -0.208 -0.079 -0.456 -0.413 0.079 0.117 0.177

Gynoid Fat (%) -0.002 -0.093 -0.251 -0.044 -0.446 -0.394 -0.008 -0.033 -0.258
Trunk Fat (%) 0.0l -0.037 -0.236 -0.093 -0.374 -0.311 0.058 0.047 -0.042
Arms Fat (%) 0.081 0.011 -0.164 0.064 -0.312 -0.231 0.126 0.084 0.086
Legs Fat (%) 0.006 -0.146 | -0.352*% | -0.111 -0.682*% | -0.673* 0.056 0.02 -0.106

Regional LM (kg)
Trunk LM (kg) 0.257* 0.293* 0.177 0.442* -0.095 0.071 0.259* 0.324 0.344

Arms LM (kg) 0.252% | 0.390* | 0.289* 0.374* 0.033 0312 | 0.399% | 0.425* 0.427

Legs LM (kg) 0.292% | 0.367** 0.263 0.421% 0.061 0331 0.362% | 0.437* | 0.454
Regional Lean %

Trunk Lean (%) -0.001 0.051 0.249 0.104 0.386 0.326 -0.048 -0.034 0.095

Arms Lean (%) -0.061 0.023 0.189 -0.035 0.349 0.278 -0.094 -0.054 -0.004

Legs Lean (%) 0.019 0.183 0.378%* 0.143 0.680* | 0.664* -0.019 0.024 0.237

Notes: r': Spearman Correlation. r% Partial correlation adjusting for age, smoking, drinking, UA, TC, TG, HDL-c, and LDL-c. 3 Partial
correlation adjusting for age, gender, BMI, smoking, drinking, UA, TC, TG, HDL-c, and LDL-c. r*: Partial correlation adjusting for age, BMI,
smoking, drinking, UA, TC, TG, HDL-c, and LDL-c. * p < 0.05, ** p < 0.01.

Table 4 Multiple Linear Regression of LnHOMAIR in Female and Male

B Beta p Adjusted R?

Female 0.326

Legs LM (kg) 0.139 0411 0.014

FPG (mmol/L) 0.204 0.463 0.006
Male 0.383

Android FM (kg) 0.275 0.348 0.003

FPG (mmol/L) 0.115 0.378 0.003

TG (mmol/L) 0.131 0.339 0.003

UA (umol/L) 0.003 0.328 0.007

Abbreviations: LM, lean mass; FPG, fasting plasma glucose; FM, fat mass; UA, uric acid; TG, triglyceride.

Discussion

The study showed that the vast majority of patients included were overweight. Though with similar BMI, female patients
had higher total FM, TBF, and regional FM and lower total and regional LM than male patients. Correlation analysis
showed that the fat % of legs was negatively correlated with HOMA-IR. In contrast, the lean % of legs was positively
correlated with HOMA-IR in the overall population and female patients. However, this correlation was not observed in
men; instead, android FM was positively associated with HOMA-IR in male patients. Regression analysis showed that
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Table 5 Correlation of Body Composition and LnDl3q in Females and Males

Total Female Male
r! r? r r' r? r r' r? r

Total body

Total FM (kg) 0.118 0.107 0.244 0.091 0.379 0.126 0.095 —0.134 0.295

BF (%) 0.198 0.211 0.257 0.052 0.465 0.329 0.216 0.067 0.273

Total LM (kg) —0.144 —0.183 —0.263 0.137 0.225 —0.13 —0.19 -0.375* —0.232

Total Lean (%) —0.204 —0.224 —0.266 | —0.067 | —0.423 | -0.283 —0.22 —0.089 —0.28
Regional FM (kg)

Android FM (kg) —0.025 —0.036 —0.077 | —0.024 0.423 0.246 —0.023 —0.242 0.044

Gynoid FM (kg) 0.152 0.109 0.199 0.094 0.325 0.015 0.133 —0.101 0.254

Trunk FM (kg) 0.043 0.057 0.108 0.032 0.385 0.148 0.03 —0.2 0.152

Arms FM (kg) 0.144 0.161 0.282%* 0.072 0.088 —0.521 0.144 0.032 0.435%

Legs FM (kg) 0.185 0.099 0.193 0.179 0.45 0.315 0.125 —0.15 0.22
Regional fat %

Android Fat (%) 0.191 0.196 0.225 —0.001 0.445 0.366 0.249 0.054 0.263

Gynoid Fat (%) 0.202 0.211 0.231 0.092 0.348 0.213 0.203 0.12 0.241

Trunk Fat (%) 0.167 0.208 0.244 —0.022 0.308 0.17 0.216 0.072 0.269

Arms Fat (%) 0.223 0.249 0.288* 0.12 0.254 0.078 0.25 0.157 0.363*

Legs Fat (%) 0.223 0.216 0.248 0.189 0.587* 0.505 0.195 0.034 0.207
Regional LM (kg)

Trunk LM (kg) -0.219 | -0.285* | —0.348* | 0.095 0.235 0.001 -0.324*% | —0.461* | —0.361*

Arms LM (kg) —0.114 —0.078 —0.12 0.034 —0.022 | —0.467 | —0.065 —0.22 —0.01

Legs LM (kg) —-0.07 —0.139 —0.181 0.151 0.096 —0.25 —0.062 —-0.279 —0.111
Regional lean %

Trunk Lean (%) —0.173 —0.215 —0.251 0.012 -0313 | —-0.178 —0.22 —0.082 —0.278

Arms Lean (%) —-0.233* | -0.271* | —0.306* | —0.15 —0.283 | —0.125 | —0.257 —0.177 —0.362*

Legs Lean (%) —0.225 —0.223 —-0.25 -0.211 | —0.581* | —0.503 —0.18 —0.033 —0.193

Notes: r': Spearman correlation. r% Partial correlation adjusting for age, smoking, drinking, UA, TC, TG, HDL-c, and LDL-c. r3: Partial correlation
adjusting for age, gender, BMI, smoking, drinking, UA, TC, TG, HDL-c, and LDL-c. r*: Partial correlation adjusting for age, BMI, smoking, drinking, UA,
TC, TG, HDL-c, and LDL-c. * p < 0.05, ** p < 0.01.

Table 6 Multiple Linear Regression of LnDl3, in Female and Male

B Beta P Adjusting R?
Female 0.651
FPG (mmol/L) —0.845 —-1.169 <0.001
TG (mmol/L) 0.386 0.577 0.014
Male 0.313
Trunk LM (kg) —0.192 —-0.927 <0.001
Legs LM (kg) 0.229 0.765 0.003
FPG (mmol/L) —0.14 -0.3 0.035

Abbreviations: LM, lean mass; FPG, fasting plasma glucose; TG, triglyceride.

after correcting for multiple confounders, legs LM was independently and positively correlated with HOMA-IR in female
patients. In males, abdominal FM was independently and positively correlated with HOMA-IR. Correlation analysis of
DI;o showed that legs fat % was positively correlated with DI, while legs lean % was negatively correlated with Dl  in
female patients. However, regression analysis corrected for multiple confounders did not observe an independent
correlation between body composition and DI3. In males, correlation and regression analyses supported an independent
negative correlation between trunk LM and DI3,. The results suggest that body composition differs significantly between
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male and female patients with newly diagnosed T2DM / pre-DM, even with similar BMI. Besides, body composition
affecting IR and islet beta cell function is not identical in male and female patients.

This study indicated that female patients with DM or pre-DM had higher whole-body FM, gynoid, and limb FM than
males, while no significant gender differences were found in the trunk and abdominal FM. It is consistent with previous
studies showing that males accumulate more trunk and abdominal fat, while females have more gluteofemoral fat
accumulation.””?* On the basis that females had significantly higher whole-body FM than males in this study, thus no
significant gender differences were observed in the trunk and abdomen, which are the main areas of fat distribution in
males. However, postmenopausal women tend to change body fat distribution with increased abdominal fat
accumulation,”® similar to males. This suggested that sex hormones play an essential role in contributing to these
differences in body compositions of different gender.®?

In addition to focusing on the significant differences in body composition between men and women, this study also
found that body composition affecting IR and islet beta cell function differed significantly between genders. Previous
studies on body composition have concluded that abdominal fat, especially visceral fat, increases the risk of IR, T2DM,
and cardiometabolic disease.”'' However, in the present study, we observed that abdominal fat was independently and
positively associated with HOMA-IR only in male patients. In female patients, on the other hand, abdominal fat was not
observed to be independently associated with IR after correcting for other confounding factors. In contrast, the body
components independently correlated with IR in women were legs fat % and legs lean %, which were negatively and
positively associated with HOMA-IR, respectively. This also provides evidence from another perspective to support the
protective effect of legs fat on IR, based on the fact that the fat % of legs here represents the ratio of FM to the total mass
of legs, as reported in previous studies.”®*’ Previous studies have reported that there is more abdominal fat in men than
in women and more legs fat in women than in men and that abdominal and visceral adiposity is a detrimental factor,
while gluteofemoral adiposity is a protective factor in cardiometabolic disease and IR. However, no studies have
suggested that the correlation between abdominal fat and IR exists only in men and that the correlation between legs
fat and IR exists only in women. The results of this study showed that men and women differed significantly not only in
fat distribution but also in factors independently associated with IR. Possible mechanisms accounting for abdominal and
visceral adiposity being a detrimental factor while gluteofemoral adiposity being a protective factor in cardiometabolic
disease may involve differences in the uptake and utilization of triglycerides and fatty acids by adipose tissue at different
locations, as well as differences in adipocytokine secretion by adipose tissue.”**’ As to why abdominal fat is only
associated with IR in men and limb fat is only associated with IR in women, future studies are needed to explore the
potential mechanisms further.

Previous studies on body composition have mainly focused on the effects on IR, while few studies have addressed the
impact on islet beta cell function. A previous study showed that appendicular skeletal muscle mass index was positively
associated with islet beta cell function, assessed by HOMA-B in both male and female non-diabetic Japanese
populations.'” In this study, we observed that legs LM was positively correlated with DI, in male patients. However,
this correlation was not observed in female patients. Our finding was partly consistent with the previous study. However,
the results were inconsistent with another study, which indicated that appendicular skeletal muscle mass was negatively
correlated with endogenous insulin secretion in patients with T2DM.? One possible explanation is that most patients in
that study were already treated with insulin or oral hypoglycemic agents, and only a few (9.4%) were not yet treated.
Whereas, in this study, all of the patients were newly diagnosed with diabetes or pre-DM and were untreated before the
DEXA scan, thus minimizing the effect of glucose-lowering medications on body composition. Furthermore, correlation
and regression analyses in male patients supported that trunk LM was independently and negatively correlated with DI,
indicating an unfavorable factor for islet beta cell function. Previous studies showed that trunk muscle indices were
associated with visceral adiposity, glucose tolerance, and metabolic syndrome in the non-diabetic population.®'-*?
However, the finding that trunk LM was correlated with DI, in male diabetic patients was not reported before.
Further investigation is needed to explore the impact of body composition on islet beta cell function in patients with
T2DM.

Limitations and disadvantages: this study was cross-sectional and could only analyze the correlation between body
composition and IR and islet beta cell function but failed to assess whether interventions changing body composition
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affected IR and islet beta cell function. In addition, the sample size of this study was relatively small. Thus, future studies
with larger sample sizes are needed to validate the results of this study. And the causality of the effect on IR and islet
function can be assessed by interventions such as diet and exercise to make changes in body composition. This will lay
the foundation for an in-depth investigation of the pathological mechanisms underlying the decline in insulin sensitivity
and islet beta cell function, which will provide the basis for developing targeted and individualized interventions to delay
the onset and progression of T2DM in the future.

In conclusion, the present study showed gender differences in the effects of body composition on IR and islet
function. Legs fat appears to be a protective factor for IR in women, whereas legs LM is an unfavorable factor for IR in
women. Abdominal FM and trunk LM were adverse factors for IR and islet function in males, respectively. More in-
depth studies are needed to investigate the mechanisms underlying the sex differences in the effects of different body
components on IR and islet function.
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