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Objective: Data are limited regarding how body composition is linked to insulin resistance in elderly patients with type 2 diabetes
mellitus (T2DM). We examined the association between body composition and insulin resistance in elderly T2DM patients.
Methods: The cross-sectional study included 488 Chinese elderly patients wth T2DM. Subjects were classified into four groups based
on body composition: normal body composition (NBC), low muscle mass alone (LMM), high body fat alone (HBF), both low muscle
mass and high body fat (LMMHBF).
Results: The percentage of subjects with LMMHBF was 14.5% (11.9% in men and 17.7% in women). Homeostasis model assessment
of insulin resistance (HOMA2-IR) was higher in the LMMHBF group than in the HBF group (p = 0.045), and was also significantly
higher in the LMMHBF or HBF group than in the NBC or LMM group. The HBF group showed the highest body mass index (BMI)
of the four groups of different body compositions, and the LMMHBF group showed lower BMI than the HBF group; however, there
was no significant difference in BMI or waist to hip ratio (WHR) between the LMMHBF group and the NBC group. The LMMHBF
and HBF groups were significantly associated with increased risk of insulin resistance compared to the NBC group, with odds ratios
(ORs) of 4.47 [95% confidence interval (CI) 2.06–9.68, p < 0.001] and 1.76 (95% CI 1.02–3.02, p = 0.041) respectively, even after the
adjustment for covariates.
Conclusion: In China, though elderly T2DM patients with the body composition of sarcopenic obesity (as defined by coexistence of
low muscle mass and high body fat) seemed to have normal body size, they exhibited the most severe degree and the highest risk of
insulin resistance.
Keywords: sarcopenic obesity, type 2 diabetes mellitus, elderly, insulin resistance, body composition

Introduction
The two greatest global health concerns are the aging of the population and widespread obesity, each of which has
important effects on body composition. Age-related changes in different aspects of body composition may have different
clinical consequences. Multiple factors are responsible for changes to body composition with aging. Muscle mass and
strength decline after peaking at 30–35 years old,1 however body fat increases until 70 years old and thereafter
decreases.2,3 Such that weight is mostly gained as fat rather than lean mass after 35 years old.
Coexistence of sarcopenia and obesity, the state called sarcopenic obesity (SO), is characterized as a confluence of
two epidemics — an aging population and rising obesity rates.4 Sarcopenia and obesity, two of which form a vicious
cycle, may act synergistically to aggravate their health threatening effects.5 Muscle mass loss with aging is associated
with decreased resting metabolic rates and declined total energy consumption, which perpetuate the development of
obesity.6,7 Simultaneously aging and obesity stimulate the infiltration of fat into skeletal muscle ectopically, then promote
lipotoxicity and inflammation, finally exacerbating the development of sarcopenia.8–11 Visceral and ectopic fat, both of
which promote a low-level inflammation, lead to insulin resistance.12 Because skeletal muscle is the primary organ of
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insulin-mediated glucose metabolism,13,14 sarcopenia might synergistically aggravate the development of insulin resistance induced by obesity.
Insulin resistance is an important characteristic of T2DM. In the natural course of T2DM, islet β cell function declines
over time, but there is little change in the degree of insulin resistance.15 However, there has been no research on the
association between body composition and insulin resistance in elderly T2DM patients. In this cross-sectional study, we
classified diagnosed elderly T2DM patients into four groups based on body composition: (1) subjects with normal body
composition, (2) subjects with low muscle mass alone, (3) subjects with high body fat alone, and (4) subjects with both
low muscle mass and high body fat. Then we compared clinical parameters among the four groups to investigate the
association of body composition with insulin resistance in elderly T2DM patients.

Methods
Sample Population
We retrospectively analyzed the medical records of 1061 diagnosed elderly T2DM patients aged 60 years or older from
Renji Hospital between January 2019 and June 2021. The exclusion criteria were as follows: type 1 diabetes mellitus;
specific types of diabetes due to other causes, eg, monogenic diabetes syndromes, diseases of the exocrine pancreas,
diabetes caused by other endocrine diseases, and drug- or chemical-induced diabetes;16 subjects with insulin therapy;
serious systemic diseases such as heavy infection, cancer, rheumatic diseases, thyroid dysfunction, severe liver and renal
insufficiency, heart failure, and severe chronic obstructive pulmonary disease; the activities of daily living (ADL) score
<60; inability to eat or drink normally; subjects with edema; subjects with a history of taking glucocorticoids,
testosterone or estrogen; subjects with incomplete data; subjects with values of fasting plasma glucose or fasting
serum C-peptide over HOMA2 calculator ranges (glucose value <3.0 mmol/L or >25.0 mmol/L, C-peptide value <0.2
nmol/L or >3.5 nmol/L). Finally a total of 488 subjects, which consisted of 268 men and 220 women, were included in
this study. The study protocol was approved by the Ethical Committee of Ren Ji Hospital, Shanghai Jiao Tong University
School of Medicine (Approval No. KY2021-071-B). This study was performed in accordance with the Declaration of
Helsinki. All subjects were assigned numerical codes to protect their identity and the anonymized records were stored in
a secure database. Informed consent was not required due to the study being a retrospective analysis of anonymized data.

Anthropometric Measurements
Anthropometric measurements including body height, weight, waist circumference (WC) and hip circumference (HC)
were measured according to guidelines by the World Health Organization (WHO).17 Body height and weight measurements were taken in light clothing without shoes. Body mass index (BMI) was calculated as body weight divided by the
square of height (kg/m2). WC was measured at the midpoint between the inferior margin of the last rib and the crest of
the ilium in the horizontal plane. HC was measured at the level of the greatest protrusion of the buttocks. Waist to hip
ratio (WHR) was calculated as WC divided by HC. Both WC and HC were taken twice and the mean value was recorded,
when the subjects were standing erectly with their feet together. Blood pressure was measured twice in each subject on
the right arm after five minutes resting in a sitting position by using a mercury sphygmomanometer, and the mean of two
measurements was recorded.

Laboratory Analysis
After a more than 8-hour overnight fast, blood samples were collected in the morning. Plasma glucose level was measured
using the glucose oxidase method. Serum C-peptide level was obtained using a bio-antibody technique (Linco, St Louis,
MO, USA). Serum lipid profiles were tested with an automated biochemical instrument by radioimmunoassay (RIA) based
on the double-antibody technique (DPC, Los Angeles, CA, USA). Glycated hemoglobin A1c (HbA1c) was measured by the
high-performance liquid chromatography (HPLC) method with a BIO-RAD analyzer (Bio-Rad Variant II; Bio-Rad
Laboratories, Hercules, CA, USA). Urinary albumin and creatinine levels were used to calculate the urine albumin to
creatinine ratio (UACR), the preferred indicator for albuminuria. Insulin resistance was estimated based on the homeostasis
model assessment of insulin resistance (HOMA2-IR). Because C-peptide was used to avoid the potential effect of fatty liver
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on insulin clearance which might distort HOMA2-IR calculation based on insulin, we entered the data of fasting serum
C-peptide (nmol/L) and fasting plasma glucose (mmol/L) into the HOMA2 calculator at www.dtu.ox.ac.uk in order to
calculate HOMA2-IR.18

Body Composition Analysis
Body composition was analyzed using a bioelectrical impedance analysis device (InBody770, InBody, Seoul, Korea).
Skeletal Muscle Index (SMI) was calculated by dividing the total appendicular skeletal muscle mass (ASM) by the square
of height (kg/m2).19 The 2019 Consensus Update of the Asian Working Group for Sarcopenia (AWGS) retains the cutoff
points of SMI for low muscle mass: <7.0 kg/m2 in men and <5.7 kg/m2 in women by bioelectrical impedance.20 The
American Association of Clinical Endocrinology (AACE) and American College of Endocrinology (ACE) recommend the
use of the WHO body fat thresholds for the diagnosis of obesity—(men ≥25% body fat and women ≥35% body fat).21 Using
these criteria, subjects in this study were classified into four groups: subjects with normal body composition (NBC), with low
muscle mass alone (LMM), with high body fat alone (HBF), and with both low muscle mass and high body fat (LMMHBF).

Statistical Analysis
The normality of distributions of variables was analyzed with the Kolmogorov–Smirnov normality test. Descriptive
statistics for continuous variables were presented as mean ± standard deviation if variables were normally distributed, or
as median and interquartile range (25–75%) for skewed variables. Group based differences of quantitative variables were
compared by analysis of variance (ANOVA) following Turkey’s test for normally distributed data and Kruskal–Wallis
H-test for skewed data. Categorical variables were expressed as percentages and compared by using Pearson’s chisquared test. Correlation analysis was performed using a Spearman’s rank correlation coefficient. Multiple logistic
regression analysis was conducted to determine the correlations between different body compositions and the risk of
insulin resistance after controlling for potential confounding factors. All statistical analyses were conducted utilizing
SPSS, version 26.0 (SPSS Inc., Chicago, IL, USA). P values < 0.05 were considered statistically significant.

Results
Baseline Characteristics
A total of 488 elderly T2DM subjects, which consisted of 268 men and 220 women, were classified into four groups: 145
(29.7%) with NBC, 64 (13.1%) with LMM, 208 (42.6%) with HBF, and 71 (14.5%) with LMMHBF. The percentages of
patients in the above four groups were 26.5%, 13.8%, 47.8%, and 11.9% in men, and 33.6%, 12.3%, 36.4%, and 17.7%
in women, respectively (Figure 1). The baseline characteristics of the subjects in the four groups are presented in Table 1.
The subjects with LMMHBF had higher systolic blood pressure (SBP) and diastolic blood pressure (DBP) than those
with LMM. The levels of serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), triglyceride (TG),
fasting C-peptide (FCP) and the incidence of non-alcoholic fatty liver disease (NAFLD) were significantly higher in the
subjects with HBF or LMMHBF than those with NBC or LMM. Subjects with HBF or LMMHBF also had lower serum
high density lipoprotein cholesterol (HDL-C) than those with NBC. HBF group had the highest level of serum uric acid
(UA) among the four groups. LMMHBF and HBF group used more insulin-sensitizing agents (biguanides, thiazolidinediones) and lipid-lowering drugs (statin, fibrate) when compared to LMM group. LMMHBF group had the highest
incidence of cerebrovascular disease among the four groups. However there were no significant differences in age,
diabetic duration, HbA1c, serum total cholesterol (TC), low density lipoprotein cholesterol (LDL-C), creatinine, UACR,
the ADL score, the incidences of hypertension and cardiovascular disease, and the use of alcohol or smoking among the
four groups of different body compositions.

Body Size and Insulin Resistance in Different Categories of Body Compositions
In elderly men, women, and the whole population respectively, the HBF group showed the highest BMI in the four
groups of different body compositions, and the LMMHBF group showed lower BMI than the HBF group, however there
was no significant difference in BMI or WHR between the LMMHBF group and the NBC group. Insulin resistance
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Figure 1 Percentages of Chinese elderly subjects with T2DM in the four categories of body compositions.
Note: (A) All subjects; (B) male; (C) female.
Abbreviations: NBC, normal body composition; LMM, low muscle mass; HBF, high body fat; LMMHBF, low muscle mass and high body fat.

measured by HOMA2-IR was higher in the LMMHBF group than in the HBF group (p = 0.045), and was also
significantly higher in the LMMHBF or HBF groups than in the NBC or LMM groups (Table 1).

Correlation Analysis Between HOMA2-IR and Parameters of Body Size and Body
Composition
Percent body fat (PBF) was positively correlated with HOMA2-IR in elderly men, women, and the whole
population respectively (Spearman’s rank correlation coefficient: 0.329, 0.281, 0.336, P < 0.01). Positive correlation
was found between BMI and HOMA2-IR in elderly men and the whole population respectively (Spearman’s rank
correlation coefficient: 0.221, 0.172, P < 0.01), however there was no correlation between BMI and HOMA2-IR in
elderly women. No correlation was found between WHR and HOMA2-IR in elderly men, women, or the whole
population. SMI was positively correlated with HOMA2-IR in elderly men (Spearman’s rank correlation coefficient:
0.220, P < 0.01), however there was no correlation between SMI and HOMA2-IR in elderly women or the whole
population (Table 2).

Multiple Logistic Regression Analysis for Insulin Resistance
We used HOMA2-IR > 1.8 as the cut-off value of insulin resistance.22 In the multiple logistic regression model subjects
with LMMHBF and HBF were significantly associated with increased risk of insulin resistance compared to those with
NBC, with odds ratios (ORs) of 4.47 [95% confidence interval (CI) 2.06–9.68, p < 0.001] and 1.76 (95% CI 1.02–3.02,
p = 0.041) respectively, even after the adjustment for covariates including age, sex, diabetic duration, SBP, DBP, ALT,
AST, TG, HDL-C, UA, NAFLD, cerebrovascular disease history and medications use of insulin-sensitizing agents and
lipid-lowering drugs (Table 3). Therefore elderly T2DM subjects with LMMHBF had the highest risk for insulin
resistance.

Discussion
In the present study, we first examined the relationship between body composition and insulin resistance in elderly
T2DM patients. This study showed that Chinese elderly T2DM patients with sarcopenic obesity (as defined by the
coexistence of low muscle mass and high body fat) had a more severe degree and higher risk of insulin resistance than
those with obesity alone (as defined by high body fat), however the body size of the patients with sarcopenic obesity was
similar to those with normal body composition. Therefore analyzing the body composition in elderly T2DM patients,
even though in the patients with normal body size measured by BMI or WHR, might be important and necessary and
would have a certain guiding significance for the rational antidiabetic treatment.
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Table 1 Clinical Characteristics at Baseline in the Four Categories of Body Compositions Classified Using SMI and PBF
Variables

Age(years)

Normal Body Composition

Low Muscle Mass

High Body Fat

Low Muscle Mass and High Body

(n = 145)

(n = 64)

(n = 208)

Fat (n = 71)

68.00(65.00–72.00)

67.00(62.00–77.50)

66.50(63.00–

68.00(63.00–76.00)

71.00)
Sex(M/F)
Diabetic
duration(years)
SBP(mmHg)

DBP(mmHg)

71/74

37/27

128/80a

32/39c

10.00(1.00–16.50)

10.00(5.00–16.00)

6.00(1.00–20.00)

8.00(4.00–18.00)

131.00 (122.00–138.00)

125.50 (112.00–

127.00 (118.00–

130.00 (123.00–146.00)b,c

136.50)

138.00)

72.00(64.25–75.00)

73.00(68.00–

73.00(69.00–76.00)

74.00(69.00–82.00)b

78.75)
BMI(kg/m2)-total

23.60(22.30–25.10)

19.99(18.73–21.34)a

27.00(25.00–
28.53)

2

BMI(kg/m )-male

23.70(22.30–25.10)

a

20.70(19.20–21.65)

26.30(24.63–
27.40)

BMI(kg/m2)-female

23.60(22.25–25.03)

19.00(17.70–20.40)a

22.55(20.63–24.15)b,c

a,b

28.40(26.35–
29.68)

23.03(21.62–23.75)b,c

a,b

23.30(22.20–23.70)b,c

a,b

WHR-total

0.89(0.86–0.92)

0.84(0.81–0.88)a

0.95(0.91–1.00)a,b

0.91(0.88–0.94)b,c

WHR-male

0.89(0.86–0.92)

0.83(0.80–0.87)a

0.95(0.91–1.00)a,b

0.90(0.68–0.96)b,c

WHR-female

0.89(0.86–0.93)

0.85(0.83–0.89)a

0.94(0.90–1.00)a,b

0.91(0.89–0.94)b

PBF(%)-total

24.60(23.05–30.95)

22.30(18.90–27.48)

35.15(30.03–

37.0(32.80–39.30)a,b

39.45)a,b
PBF(%)-male

23.30(21.40–24.30)

21.60(18.35–22.80)

31.45(28.33–
34.75)

PBF(%)-female

30.70(26.85–33.43)

28.00(22.00–31.60)

40.90(36.90–
43.78)

2

38.80(37.50–39.50)a,b

a,b

SMI(kg/m )-total

7.20(6.40–7.70)

6.30(5.40–6.70)

7.50(6.83–7.80)b

5.60(5.40–6.60)a,c

SMI(kg/m2)-male

7.70(7.40–8.30)

6.70(6.35–6.85)a

7.60(7.40–8.00)b

6.70(6.10–6.90)a,c

SMI(kg/m2)-female

6.40(6.10–7.00)

5.30(4.90–5.50)a

6.60 (6.20–7.00)b

5.40(5.20–5.50)a,c

17.00(13.00–24.00)

15.00(11.00–20.00)

25.00(18.00–

20.00(15.00–47.00)a,b

ALT(IU/L)

a

32.45(28.00–34.60)a,b

a,b

38.75)
AST(IU/L)

17.00(15.00–23.50)

18.00(14.25–21.75)

a,b

23.00(18.00–
29.75)

21.00(17.00–35.00)a,b

a,b

TG(mmol/L)

1.16(0.90–1.91)

1.21(0.81–1.40)

1.62 (1.13–2.59)a,b

1.52(1.14–1.92)a,b

TC(mmol/L)

4.62(3.99–5.69)

4.37(3.38–5.54)

4.83(4.21–5.54)

4.82(3.13–6.00)

HDL-C(mmol/L)

1.09(0.99–1.24)

1.23(0.91–1.32)

1.02(0.90–1.19)a

0.89(0.82–1.20)a,b

LDL-C(mmol/L)

2.90(2.38–3.69)

2.57(1.90–3.31)

3.12(2.49–3.52)

3.04(1.60–3.35)

FPG(mmol/L)

7.63(5.63–8.47)

7.94(6.14–9.90)

7.73(6.58–9.40)

7.47(6.76–10.40)a

FCP(nmol/L)

0.60(0.34–0.91)

0.45(0.23–0.64)

0.71(0.50–1.05)a,b

0.94(0.65–1.48)a,b

(Continued)
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Table 1 (Continued).
Variables

Normal Body Composition

Low Muscle Mass

High Body Fat

Low Muscle Mass and High Body

(n = 145)

(n = 64)

(n = 208)

Fat (n = 71)

HbA1c(%)

8.70(6.99–11.12)

9.40(6.55–10.87)

8.82(7.40–10.08)

9.00(6.62–9.54)

HOMA2-IR

1.46(0.92–2.17)

1.14(0.64–1.86)

1.83(1.21–2.60)a,b

2.25(1.76–3.60)a,b,c

70.29(55.85–82.12)

67.19(57.05–75.73)

70.05(59.72–
87.90)

65.28(47.50–80.00)

UA(umol/L)

291.00 (255.50–326.50)

311.50 (264.50–
332.75)

342.00 (287.25–
403.75)a,b

314.00 (248.00–366.00)c

UACR(mg/g)

13.40(6.50–36.85)

16.45(8.05–34.65)

13.45(10.60–
28.15)

22.10(8.60–25.60)

100.00 (100.00,100.00)

100.00
(100.00,100.00)

100.00
(100.00,100.00)

100.00 (100.00,100.00)

HTN

87(60.0)

41(64.1)

125(60.1)

43(60.6)

NAFLD

29(20.0)

3(4.7)a

92(44.2)a,b

24(33.8)a,b

Cardiovascular disease

19(13.1)

15(23.4)

41(19.7)

13(18.3)

75(51.7)

39(60.9)

104(50.0)

59(81.3)a,b,c

Smoking use

32(22.1)

16(25.0)

53(25.5)

15(21.1)

Alcohol use

30(20.7)

16(25.0)

48(23.1)

15(21.1)

Use of insulinsensitizing agents

51(35.2)

18(28.1)

99(47.6)b

28(39.4)b

Use of lipid-lowering
drugs

45(31.0)

7(10.9)a

75(36.1)b

29(40.8)b

Creatinine(umol/L)

ADL score

history
Cerebrovascular
disease history

Notes: All of the continuous variables were non-normal distributed and were presented as median (interquartile range 25–75%); categorical variables were presented as
a number (percentage %). Insulin-sensitizing agents included biguanides and thiazolidinediones; lipid-lowering drugs included statin and fibrate. aP<0.05 versus normal body
composition group; bP<0.05 versus low muscle mass group; cP<0.05 versus high body fat group.
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; WHR, waist to hip ratio; PBF, percent body fat; SMI, skeletal muscle
index; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TG, triglyceride; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low
density lipoprotein cholesterol; FPG, fasting plasma glucose; FCP, fasting C-peptide; HbA1c, glycated hemoglobin A1c; HOMA2-IR, homeostatic model assessment of insulin
resistance; UA, uric acid; UACR, urine albumin to creatinine ratio; ADL, activities of daily living; HTN, hypertension; NAFLD, non-alcoholic fatty liver disease.

The Asian population tends to develop T2DM with less degree of obesity.23 Kim et al reported that T2DM patients in
Asia had a three times higher risk of sarcopenia (odds ratio 3.06, 95% CI 1.42–6.62) than subjects without diabetes after
adjusting for potential risk factors.24 A cross-sectional study with 1090 community-dwelling Chinese elderly citizens
showed that patients with T2DM were associated with higher risks of sarcopenia, pre-sarcopenia and low muscle mass
than non-diabetic individuals by using the AWGS criteria 2014.25 However Western elderly T2DM patients exhibited
increases in both muscle mass and body fat because they were more obese and had higher BMI compared to non-diabetic
individuals.26 Aging Asian T2DM patients were more prone to have decreased skeletal muscle mass and increased body
fat mass compared with their Western counterparts.24,27 The difference of body composition between Asian and Western
patients with T2DM might originate from ethnic differences in characteristics of T2DM. As is shown in the present study,
the prevalence of Chinese elderly T2DM patients with sarcopenic obesity reached 14.5% (11.9% in men and 17.7% in
women). Another Asian study showed the prevalence of sarcopenic obesity was 8.2% (men 7.4% vs women 9.0%)
among newly diagnosed and drug-naïve T2DM patients irrespective of age in Korea.28 Because sarcopenic obesity is
a high-risk geriatric syndrome predominantly observed in elderly adults,11 it could be explained that the prevalence of
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Table 2 Spearman Correlations Between HOMA2-IR and Parameters of Body Size
and Body Composition
Variables

HOMA2-IR
Total

Male

Female

BMI
WHR

0.172**
0.051

0.221**
0.103

0.115
−0.029

PBF

0.336**

0.329**

0.281**

SMI

0.041

0.220**

0.007

Note: **P<0.01.
Abbreviations: BMI, body mass index; WHR, waist to hip ratio; PBF, percent body fat; SMI, skeletal muscle
index; HOMA2-IR, homeostatic model assessment of insulin resistance.

sarcopenic obesity was higher in our study compared to the above Korean study. In both studies the prevalence of
sarcopenic obesity in women was higher than those in men. In women, menopause increases fat mass, shifts fat
deposition to the center of the body, but decreases skeletal muscle mass;29,30 then oral hormonal replacement therapy
(HRT), the combination of estradiol valerate with cyproterone acetate, can attenuate these changes of body
composition.31 Hypogonadism regardless of etiology in men, decreases muscle mass, which is reversed by testosterone
replacement; it also increases body fat including abdominal fat and appendicular fat, but the effect of replacement therapy
on fat mass may be less potent than that on skeletal muscle mass in males.32 The gender-specific changes of muscle and
fat composition are partly due to the changes of sex hormones.11
Some pathophysiological mechanisms may explain the development of sarcopenic obesity (SO) in elderly T2DM patients.
With aging the excessive lipid production and the diminished capacity of storing lipids in the adipose tissue (AT) lead to free
fatty acids (FFAs) ectopic accumulation in the skeletal muscle. The main effect of such progress is the marked impairment of
muscle mitochondria, reduced lipid β-oxidation, enhanced reactive oxygen species (ROS) production, and a disturbed
inflammatory signaling pathway (mainly, mTOR blockage).12,33,34 Moreover AT-skeletal muscle pro-inflammatory interconnection also exerts an important role in SO triggering and development. Obesity associated adipocyte activation leads to
excessive accumulation in AT of various immune cells such as macrophages, mast cells and T lymphocytes, which secrete proinflammatory cytokines and adipokines and promote a low-level inflammation.11,35–37 In addition, ectopic lipid accumulation
in the skeletal muscle is supposed to attract immune cells capable of producing pro-inflammatory cytokines and myokines,38
which promote local inflammation; these cytokines and myokines also support a systemic chronic low-grade inflammation by
their leakage to the circulation.12 The lipotoxic effect, which targets the insulin signaling way, results in an insulin resistance
state.39 All these above events finally lead to muscle catabolism and a loss of muscle.12 Besides lipotoxicity, hyperglycemia of
T2DM patients increases the production of advanced glycation end products (AGEs) which accumulate in the muscle, and
leads to decline in muscle function.40
Table 3 Multivariable-Adjusted Odds Ratios for Insulin Resistance in the Four Categories of Body Compositions
Normal Body

Low Muscle Mass

P value

High Body Fat

P value

Composition

Low Muscle Mass

P value

and High Body Fat

Univariate

1

0.97 (0.52–1.79)

0.911

2.07 (1.34–3.20)

0.001

5.04 (2.70–9.44)

<0.001

Model 1
Model 2

1
1

1.01 (0.52–1.89)
1.14 (0.58–2.24)

0.956
0.698

2.27 (1.44–3.56)
2.40 (1.49–3.85)

<0.001
<0.001

5.07 (2.69–9.58)
5.59 (2.86–10.93)

<0.001
<0.001

Model 3

1

0.98 (0.47–2.02)

0.950

2.08 (1.26–3.46)

0.004

4.08 (2.02–8.24)

<0.001

Model 4

1

1.34 (0.63–2.84)

0.445

1.76 (1.02–3.02)

0.041

4.47 (2.06–9.68)

<0.001

Notes: Data were presented as odds ratio (95% confidence interval). Model 1 adjusted for age and sex. Model 2 adjusted for SBP, DBP, and diabetic duration, in addition to
the factors in model 1. Model 3 adjusted for ALT, AST, TG, HDL-C and UA, in addition to the factors in model 2. Model 4 adjusted for NAFLD, cerebrovascular disease
history, and medications use including insulin-sensitizing agents and lipid-lowering drugs, in addition to the factors in model 3.
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TG, triglyceride; HDL-C, high
density lipoprotein cholesterol; UA, uric acid; NAFLD, non-alcoholic fatty liver disease.
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Obesity is a fundamental risk factor for the development of insulin resistance.21 With the ongoing aging epidemic, more
attention should be paid to sarcopenia which synergistically worsens the adverse effects of obesity. Theoretically, because skeletal
muscle is an important organ of insulin-mediated glucose metabolism,13,14 sarcopenia might exacerbate obesity-associated
insulin resistance. Our study suggested that elderly T2DM patients with SO, who seemed to have normal BMI, presented a more
severe degree and higher risk of insulin resistance than those with obesity alone in China. Another study of Korea included 233
newly diagnosed and drug-naïve T2DM patients irrespective of age. It defined SO as coexistence of abdominal obesity (WC
≥90 cm in men and ≥85 cm in women) and low muscle mass (SMI <7.0 kg/m2 for men and <5.4 kg/m2 for women). The
results showed that both of the subjects with SO and with abdominal obesity had increased HOMA-IR and BMI compared to
those with normal body composition, and the subjects with SO had a higher risk of insulin resistance but similar BMI compared
to those with abdominal obesity alone.28 There were also several studies conducted in the non-diabetic population. A crosssectional analysis of the United States National Health and Nutrition Examination Survey (NHANES) III data utilizing 20 years
or older subjects (N = 14,528) after exclusion of individuals with diabetes showed that SO (as defined by SMI more than 2 SD
below the sex-specific young adult mean value and BMI >30 kg/m2) was strongly associated with insulin resistance than
sarcopenia or obesity alone.41 A study included 493 healthy adults (180 men and 313 women) enrolled in the Korean Sarcopenic
Obesity Study (KSOS), which defined sarcopenia as SMI of 1 SD below the sex-specific mean value for a young reference group
and obesity as visceral fat area (VFA) ≥100 cm2. The study showed that SO appeared to be significantly and independently
associated with insulin resistance in both men and women.42 Another study from the Korean NHANES conducted an evaluation
of sarcopenia (as defined by ASM/weight of 1 SD below the sex-specific mean value for young adults) with obesity (as defined
by BMI ≥25 kg/m2). The authors reported that among 2943 subjects (1250 men and 1693 women) aged 60 years or older, the SO
group was more closely associated with insulin resistance defined by HOMA-IR than any other group.43 A cross-sectional study
which included 288 Saudi adult male individuals also showed that obesity (as defined by >25% body fat percentage) associated
with sarcopenia (as defined by appendicular lean mass/hight2 of 1 SD below the average value for specific young population)
exhibited significantly greater insulin resistance than sarcopenia or obesity per se.44
The AACE/ACE Obesity Clinical Practice Guidelines (CPG) recommended that BMI should be used to confirm an
excessive degree of adiposity and to classify individuals as being overweight or obese.21 BMI cutoff point values of
≥24 kg/m2 and ≥28 kg/m2 should be used in the confirmation of overweight and obesity respectively in China.45 Because
BMI has limited interindividual consistency for estimating body fat percentage and distribution, particularly in the
subjects with a low BMI but high clinical adiposity and those with high BMI but low clinical adiposity, the AACE/ACE
Obesity CPG also proposed WHO body fat percentage cut points for obesity. Moreover body fat has better predictive
validity on the development of the metabolic syndrome and cardiovascular disease risk than BMI.46,47 With aging T2DM
patients are prone to have decreased skeletal muscle mass and increased body fat mass. Our study showed that in Chinese
elderly T2DM patients, the body size (measured by BMI or WHR) of the subjects with SO was similar to those with
normal body composition. Therefore BMI may not be a proper diagnostic tool to confirm overweight or obesity for
elderly T2DM patients. To better determine the risk of insulin resistance and guide the rational antidiabetic treatment for
elderly T2DM patients, the clinician should consider skeletal muscle besides adipose, and a simple and non-invasive
body composition analysis should be taken following the use of BMI for screening obesity or overweight.
There were some limitations in the present study. Firstly, we utilized only the muscle mass for the definition of
sarcopenia without muscle strength or physical performance, thus in this study we used the term “low muscle mass”
instead of “sarcopenia” for the accurate definition. Secondly, we did not have access to a gold standard approach of
insulin sensitivity measurement such as the glucose clamp technique. Thirdly, most of the patients were from Shanghai
city, which could not symbolize the general population in China. Fourthly, this study lacked specific analysis for diet and
exercise of the patients. Finally, due to the inherent limitations of a cross-sectional study, it was impossible to draw causal
inferences from the relationship between body composition and insulin resistance in Chinese elderly patients with
T2DM, and a prospective study such as a randomized clinical trial should be conducted in the future.
In conclusion, though Chinese elderly T2DM patients with the body composition of sarcopenic obesity seemed to
have normal BMI, they presented the most severe degree and the highest risk of insulin resistance.
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