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Background: It has recently been suggested that skeletal muscle has an important role in insulin resistance in obesity, in addition 
to exercise tolerance and the fat index. The aim of this study was to identify body composition factors that contribute to improve-
ment of insulin resistance in female patients with obesity who reduce body weight. 
Methods: We studied 92 female obese patients (age 40.9±10.4 years, body mass index 33.2±4.6 kg/m²) who reduced body 
weight by ≥5% after an intervention program including diet, exercise therapy, and cognitive behavioral therapy. Before and after 
the intervention, body composition was evaluated by dual-energy X-ray absorptiometry to examine changes in skeletal muscle 
mass. Homeostasis model assessment of insulin resistance (HOMA-IR) was measured as an index of insulin resistance. Cardio-
pulmonary exercise was also performed by all patients. 
Results: There were significant improvements in body weight (–10.3%±4.5%), exercise tolerance (anaerobic threshold oxygen 
uptake 9.1%±18.4%, peak oxygen uptake 11.0%±14.2%), and HOMA-IR (–20.2%±38.3%). Regarding body composition, there 
were significant decreases in total body fat (–19.3%±9.6%), total fat-free mass (–2.7%±4.3%), and % body fat (–10.1%±7.5%), 
whereas % skeletal muscle significantly increased (8.9%±7.2%). In stepwise multiple linear regression analysis with change in 
HOMA-IR as the dependent variable, the change in % skeletal muscle was identified as an independent predictor (β=–0.280, 
R2=0.068, P<0.01).
Conclusion: Improvement of insulin resistance in female obese patients requires maintenance of skeletal muscle mass.
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INTRODUCTION

The number of patients in Japan with obesity due to insuffi-
cient exercise and overeating has increased in recent years. 
Based on insulin resistance, obesity may cause metabolic syn-
drome, which is related to development of hypertension, ab-
normal lipid metabolism, and diabetes, and increases the risk 
of arteriosclerosis, ischemic cardiac disease, and cerebrovas-
cular disease. Thus, obesity requires appropriate treatment and 
prevention [1,2]. Obese patients have accumulation of visceral 

fat and enlarged fat cells [3], and these cells can lead to insulin 
resistance and may cause various diseases due to vascular en-
dothelial function disorder [4-6]. Therefore, the main goals of 
obesity treatment are to decrease fat and improve insulin resis-
tance, mainly through intervention with aerobic exercise [7].
 It has recently been suggested that skeletal muscle also has 
an important role in the cause of insulin resistance [2,4]. The 
exercise/metabolism function and oxygen consumption of 
skeletal muscles are dependent on muscle cells and mitochon-
dria [8,9]. Furthermore, skeletal muscles are target tissues of 

Original Article
Obesity and Metabolic Syndrome

http://dx.doi.org/10.4093/dmj.2016.40.2.147
pISSN 2233-6079 · eISSN 2233-6087

http://crossmark.crossref.org/dialog/?doi=10.4093/dmj.2016.40.2.147&domain=pdf&date_stamp=2016-04-22


Fukushima Y, et al.

148 Diabetes Metab J 2016;40:147-153 http://e-dmj.org

insulin and have endocrine function to produce cytokines 
called myokines. Thus, a decrease in skeletal muscle mass may 
be a factor in insulin resistance [10,11], and maintenance and 
increase of the skeletal muscle mass might be useful for im-
provement of insulin resistance. However, the details of this 
process are still unclear. Therefore, we examined the relation-
ship between changes in skeletal muscle mass in obese patients 
who reduced body weight and insulin resistance measured be-
fore and after the decrease in body weight.

METHODS

Subjects and study protocol
Medical records were reviewed for 213 females who underwent 
our obesity program to reduce body weight. Of these patients, 
52 aged over 60 years old were excluded. Of the remaining 161 
patients, 111 and 50 (including 10 who subsequently dropped 
out) had reductions of body weight of >5% and <5%, respec-
tively. After this evaluation, 19 patients with diabetes under 
treatment with insulin or oral diabetes drugs, extremely severe 
obesity (body mass index [BMI] ≥46 kg/m2), or significantly 
decreased skeletal muscle index (SMI <5.45 kg/m2) were ex-
cluded. A retrospective study was performed in 92 patients 
with obesity with BMI ≥30 kg/m². There were some differenc-
es between patients with reductions of body weight of >5% 
and <5%. However, we want to emphasize the important fac-
tors for insulin resistance, and therefore we do not show data 
for subjects with body weight reduction <5%.
 Based on the ethical code of Kansai Medical University, this 
study was performed after providing an explanation of the ob-
jectives, details and notes to all subjects, and obtaining written 
informed consent for participation in the study.

Body weight control program and monitoring
The body weight control program included exercise therapy, 
monthly nutritional guidance, and psychological counseling. 
A symptom-limited cardiopulmonary exercise (CPX) was 
performed before the program was used to determine the an-
aerobic threshold oxygen uptake (ATVO2) and peak oxygen 
uptake (peak VO2) in each subject. The exercise program last-
ed for 70 minutes, and consisted of 30 minutes of aerobic exer-
cise, such as that on a bicycle or treadmill, and gravity level re-
sistance exercise of stretching [12]. Over a period of 6 months, 
exercise therapy was supervised by a health exercise instructor 
at least once or twice a month in our health science center. The 

subjects were asked to perform similar exercise three times a 
week at home. For exercise at home, a pedometer was given to 
each subject to measure individual activity. The individual ex-
ercise amounts were determined from the pedometer at every 
visit to the center. The health exercise instructor also provided 
guidance to subjects at each visit. For nutritional guidance, ed-
ucation on eating behavior and dietary instruction was mainly 
provided. The dietitian mainly provided advice on eating be-
havior based on cognitive behavioral medicine. In psychologi-
cal counseling, a clinical psychotherapist provided guidance, 
with a focus on self-monitoring and self-efficacy, based on 
cognitive behavioral therapy [13,14].

Examinations
Physical findings (height and body weight), body composi-
tion, and blood tests in a fasting state were measured prior to 
and after the 6-month intervention. Blood was collected after 
overnight fasting. Serum insulin was measured by chemilumi-
nescent immunoassay (Elecsys Insulin Assay; Roche Diagnos-
tics Ltd., Tokyo, Japan) and determined using an automatic 
electrochemiluminescence immunoassay analyzer (Modular 
Analytics EE; Roche Diagnostics). The homeostasis model as-
sessment of insulin resistance (HOMA-IR) was used to esti-
mate insulin resistance, using fasting blood insulin in the early 
morning (IRI) and the fasting blood sugar (FBS) levels, based 
on the equation: HOMA-IR=(IRI×FBS)/405 [15]. This equa-
tion is most appropriate for evaluation of insulin resistance in 
patients without diabetes. 

Cardiopulmonary exercise
A symptom-limited CPX was performed by all patients using 
a bicycle ergometer (232C-XL; Combi Co. Ltd., Tokyo, Japan). 
In analysis of expired gas, the measurement was performed 
with the breath-by-breath method using an expired gas ana-
lyzer (AE-300 system; Minato Medical Science Co. Ltd., Osa-
ka, Japan). AT was determined using the V-slope method. 
peak VO2 was defined as the highest level under load. 

Body composition and skeletal muscle mass indexes
Body fat and fat-free mass were measured using dual-energy 
X-ray absorptiometry (DXA; DPX-NT system; General Elec-
tric, Fairfield, CT, USA). After the 6-month intervention, these 
items were determined before other effects were evaluated. Us-
ing absolute values of fat-free mass (whole body, upper extrem-
ities, body trunk, and lower extremities) from DXA. The SMI 
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was obtained by adjusting the skeletal muscle mass for height 
(skeletal muscle mass of extremities/height2 [kg/m2]), the ap-
pendicular skeletal muscle (ASM) index (/body weight) was 
obtained by adjusting the ASM mass for body weight (skeletal 
muscle mass of extremities/body weight [%]), and the % skele-
tal muscle was obtained by adjusting the total fat-free mass for 
body weight (total fat-free mass/body weight [%]).

Statistical analysis
All data are expressed as mean±standard deviation. Individual 
values obtained before and after the intervention were com-
pared by paired t-test and Wilcoxon signed-rank test. For com-
parison between groups, an independent t-test and Mann-
Whitney U test were used. Pearson correlation and Spearman 
rank-correlation coefficients were used to examine the rela-
tionship of changes in individual values. Stepwise multiple lin-
ear regression analysis was used for multivariate analysis. All 
calculations were performed using SPSS version 21 (IBM Co., 
Armonk, NY, USA). Differences at P<0.05 were considered 
significant in all analyses.

RESULTS

Characteristics
A retrospective study was performed in 92 patients with obe-
sity with BMI ≥30 kg/m2. The average age, body weight and 
BMI were 40.9±10.4 years, 82.9±11.8 kg, and 33.2±4.6 kg/
m2, respectively (Table 1).

Changes caused by the exercise intervention body weight 
control program
The background of the patients is shown in Table 1. After the 
6-month body weight control program, all subjects had a body 
weight decrease of ≥5% and the amounts of fat and fat-free 
mass were also significantly reduced. The body weight change 
from before to after intervention was –10.3%±4.5% (82.9±11.8 
to 74.2±10.6 kg, P<0.01), the decrease in total fat mass was 
–19.3%±9.6% (38.9±8.2 to 31.4±7.9 kg, P<0.01), the decrease 
in total fat-free mass was –2.7%±4.3% (41.4±5.2 to 40.1±4.4 kg, 
P<0.01), and the decrease in HOMA-IR was –20.2%±38.3% 
(3.3±2.7 to 2.3±1.6, P<0.01). 
 For skeletal muscle mass, SMI significantly decreased by 
2.3%±1.6% (7.4±0.9 to 7.1±0.7 kg, P<0.01), ASM index         
(/body weight) significantly increased by 8.9%±8.0% (22.4 
±2.4 to 24.3±2.6 kg, P<0.01). % Body fat significantly de-

creased by –10.1%±7.5%, and % skeletal muscle significantly 
increased by 8.9%±7.2% (50.2±4.5 to 54.6±5.4 kg, P<0.01). 
Thus, all these parameters changed significantly from before 
to after the intervention.
 In exercise tolerance, ATVO2 significantly increased by 9.1% 
±18.4% (11.3±2.1 to 12.1±2.0 mL/kg/min), and peak VO2 sig-
nificantly increased by 11.0%±14.2% (19.8±3.8 to 21.7±4.1 mL/
kg/min) (Table 2).

Relationship between the change in HOMA-IR and changes 
in body composition
In the 92 subjects, the change in HOMA-IR was significantly 
positively correlated with changes in body weight (r=0.256, 
P<0.05), BMI (r=0.251, P<0.05), amount of fat (whole body: 
r=0.258, P<0.05; body trunk: r=0.210, P<0.05), and % body 
fat (r=0.228, P<0.05), and significantly negatively correlated 
with the change in % skeletal muscle mass (r=–0.280, P<0.01). 
In stepwise multiple linear regression analysis of these param-
eters and age as independent variables and the change in 
HOMA-IR as the dependent variable, a change in % skeletal 
muscle was identified as an independent predictor of HOMA-
IR (β=–0.280, R²=0.068, P<0.01) (Table 3).

Table 1. Background of the patients

Variable Value

Age, yr 40.9±10.4

Anthropometrics

   Body weight, kg 82.9±11.8

   Body mass index, kg/m² 33.2±4.6

   % Body fat, % 46.6±4.6

Smoking status

   Never 82 (89.1)

   Current 2 (2.2)

   Past 8 (8.7)

Drinking status

   Never 82 (89.1)

   Current 1 (1.1)

   Past 9 (9.8)

Drug information

   Diabetes 0

   Hypertension 8 (8.7)

   Hyperlipidemia 2 (2.2)

Values are presented as mean±standard deviation or number (%).
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DISCUSSION

Female patients with obesity who completed a 6-month body 
weight control program and successfully reduced their body 
weight were selected as subjects of this study, to identify chang-
es in body composition factors that are associated with im-
provement of insulin resistance. Comparison of data obtained 
before and after the intervention showed that % skeletal muscle 

was maintained, while body weight was significantly decreased 
by ≥5%, fat mass was reduced, and exercise tolerance and insu-
lin resistance improved. The program mainly comprised aero-
bic exercise, and active resistance training for increase of skele-
tal muscle was not performed. Therefore, there were no cases 
in this study whose skeletal muscle mass was significantly de-
creased more than 5% instead of fat mass reduction. 
 A decrease in SMI occurred from before to after the inter-
vention. Since sex hormones are highly correlated with mainte-
nance of skeletal muscle [16], only female patients aged ≤60 
years were included in the study. In obesity treatment, since to-
tal body weight is reduced in body weight control, a certain de-
crease in skeletal muscles is physiologically appropriate. In this 
study, fat-free mass and SMI significantly decreased after the 
intervention, while ASM index (/body weight) and % skeletal 
muscle significantly increased. These parameters reflect the 
amount of skeletal muscle adjusted for height, body weight, 
and total fat-free mass [17]. Nomura and Ouchi [7] found that 
body composition tends to vary more with aging, and suggest-
ed the importance of the amount of visceral fat and the skeletal 
muscle mass in obesity treatment. Therefore in this study, we 
propose that the % skeletal muscle can be used for appropriate 
evaluation of skeletal muscle in body composition after obese 
patients reduce their body weight. 
 Fat is thought to be the most important factor in insulin re-
sistance, and obesity with a large amount of visceral fat has a 
particularly strong correlation with insulin resistance [18-20]. 
We did not examine visceral fat in this study, but Yamanaka et 

Table 2. Changes in physiological, anthropometric, and exer-
cise capacity parameters and HOMA-IR before and after the 
program

Variable Baseline After program P value

Body weight, kg 82.9±11.8 74.2±10.6 <0.01

Body mass index, kg/m2 33.2±4.6 29.7±4.2 <0.01

Skeletal muscle index, kg/m2 7.4±0.9 7.1±0.7 <0.01

Appendicular skeletal muscle 
   index, weight %

22.4±2.4 24.3±2.6 <0.01

Total lean mass, kg 41.4±5.2 40.1±4.4 <0.01

   Lower extremity lean mass 14.1±2.0 13.8±1.7 <0.01

   Trunk lean mass 19.4±2.9 18.8±2.3 <0.01

Total fat mass, kg 38.9±8.2 31.4±7.9 <0.01

   Lower extremity fat mass 11.8±3.3 9.5±3.0 <0.01

   Trunk fat mass 22.1±4.8 18.0±4.6 <0.01

% Skeletal muscle, % 50.2±4.5 54.6±5.4 <0.01

% Body fat, % 46.6±4.6 41.9±5.6 <0.01

Exercise capacity, mL/kg/min  

   ATVO2 11.3±2.1 12.1±2.0 <0.01

   Peak VO2 19.8±3.8 21.7±4.1 <0.01

Metabolic parameters

   Fasting glucose, mg/dL 99.0±12.9 94.7±8.1 <0.01

   Fasting insulin, μU/mL 13.4±9.8 9.9±6.6 <0.01

      HOMA-IR 
         (×10–6 mol×IU×L–2)

3.3±2.7 2.3±1.6 <0.01

      ALT 35.3±31.4 18.2±10.4 <0.01

      AST 27.4±20.7 19.2±12.1 <0.01

   Triglycerides, mg/dL 131.6±80.9 101.1±59.2 <0.01

   HDL-C, mg/dL 47.2±10.1 52.6±9.1 <0.01

   LDL-C, mg/dL 129.0±32.5 125.2±32.6 0.141

Values are presented as mean±standard deviation. 
HOMA-IR, homeostasis model assessment of insulin resistance; 
ATVO2, anaerobic threshold oxygen uptake; Peak VO2, peak oxygen 
uptake; ALT, alanine transaminas; AST, aspartate aminotransferase; 
HDL-C, high density lipoprotein cholesterol; LDL-C, low density li-
poprotein cholesterol.

Table 3. Stepwise multiple linear regression analysis for evalu-
ation of the associations between HOMA-IR and the other pa-
rameters in the obese group

Dependent variable Independent variable β P value

Δ HOMA-IR Δ % Skeletal muscle –0.280 <0.01

Δ Body weight 0.109 0.463

Δ BMI 0.106 0.458

Δ Trunk fat mass –0.140 0.499

Δ Total fat mass –0.033 0.910

Δ % Body fat –0.299 0.312

Δ ATVO2 –0.117 0.260

Δ Peak VO2 –0.056 0.613

Age 0.026 0.800

HOMA-IR, homeostasis model assessment of insulin resistance; 
BMI, body mass index; ATVO2, anaerobic threshold oxygen uptake; 
Peak VO2, peak oxygen uptake.
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al. [21] has shown relationships of insulin resistance with an in-
crease in fat and the characteristics of the fat. In addition, en-
larged fat cells have decreased production of adiponectin, 
which facilitates insulin sensitivity in skeletal muscles, and in-
creased production of harmful adipocytokines. Such harmful 
cytokines include tumor necrosis factor α and resistin, and with 
free fatty acids these cytokines induce insulin resistance by in-
hibiting insulin signaling in skeletal muscle and the liver [4-6].
 In contrast, in this study, the most important factor for insu-
lin resistance in female patients with obesity was the % skeletal 
muscle, rather than exercise tolerance or the fat index. This 
finding is consistent with recent reports suggesting that tissue 
changes in skeletal muscles are strongly involved in insulin re-
sistance. The motor/metabolism function and oxygen con-
sumption of skeletal muscles are promoted by a close mito-
chondria network on the surface of the myocyte membrane or 
myofibril septum [8,9]. If the amount or function of such mito-
chondria is decreased, fatty acids in skeletal muscles are not 
metabolized and accumulate as diacylglycerol, long-chain acyl-
coenzyme A, and ceramide, which may aggravate insulin resis-
tance by inhibiting insulin signaling, including a decrease of 
glucose transporter type 4 (GLUT4) follicles [3,5,6]. Further-
more, skeletal muscles are target tissues for insulin and have 
endocrine function to produce myokines [22,23]. A decrease in 
skeletal muscle mass induces a decrease of mitochondria, and 
thus fatty acids in skeletal muscle are not metabolized, resulting 
in insulin resistance [10,11]. This suggests that a decrease of fat 
and maintenance or an increase in % skeletal muscle can im-
prove insulin resistance and contribute to a favorable outcome 
of obesity treatment.
 In stepwise multiple linear regression analysis in this study, 
the coefficient for the relationship of the change in % skeletal 
muscle with improvement of insulin resistance was only 0.068. 
This low value may be due to use of HOMA-IR as the index of 
insulin resistance, since this value mainly reflects insulin resis-
tance in the liver [24] and might be largely influenced by vis-
ceral fat [23]. No relationships with other skeletal muscle mass 
indexes were found in this analysis. In 2012, Kim et al. [25] 
compared the validities of diagnoses using extremity SMIs ad-
justed by height and body weight in patients and found that 
sarcopenia and sarcopenia with obesity were under evaluated 
using SMI (adjusted for height). Moon et al. [10] used data ad-
justed for body weight to investigate the role of skeletal muscle 
in development of non-alcoholic fatty liver disease [26,27]. 
When evaluating muscle-related conditions of obese subjects, 

their whole body size should be considered. The % skeletal 
muscle might be the most appropriate index for skeletal mus-
cle in obese patients with large changes in body weight, since 
no other indexes were significant in this study. Our results also 
suggest that maintenance of skeletal muscle is more important 
than increased exercise tolerance in obese female patients who 
reduce their body weight.
 There were several limitations in the study. First, we did not 
evaluate menopausal stage, which is a concern because sex hor-
mones are correlated with body composition. However, there 
are a few studies of important factors, other than menopause, 
in women under 60 years [28,29]. Lee et al. [30] also found that 
such subjects had significant negative correlations of HOMA-
IR with ASM and ASM/height2, after adjustment for body 
weight. Therefore subjects over 60 years old were excluded and 
we consider that the effects of menopause were excluded to a 
certain extent in this study. Second, although the subjects were 
obese patients with BMI ≥30 kg/m2, adiponectin produced 
from fat tissues was not measured. We mainly examined body 
composition in regard to insulin resistance, but further studies 
on nutritional factors, such as proteins and amino acids, that 
may affect skeletal muscles are also required. In addition, male 
subjects and wider BMI and age groups should be included in 
future studies. 
 In conclusion, significant decreases in body weight and % 
body fat were found in female patients with obesity who com-
pleted a body weight control program. These patients also had 
increased exercise tolerance and % skeletal muscle. We suggest 
that % skeletal muscle is a useful index that is related to a change 
in HOMA-IR. This finding indicates that skeletal muscles con-
tribute to improvement of HOMA-IR in female patients with 
obesity.
 The present study indicated that maintaining skeletal muscle 
mass during reducing body weight in female patients with obe-
sity may be the essential of success for a body weight manage-
ment. Further, this results suggested that the independent fac-
tor of the % skeletal muscle was solely HOMA-IR. An adequate 
parameter for muscle-related conditions of obese patients may 
be the % skeletal muscle.
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