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Abstract

Purpose We previously reported that the body muscle-to-fat ratio (BMFR), measured using bioelectrical impedance, sig-
nificantly correlated with whole-body insulin sensitivity. We examined BMFR gender-specific cut-off values for impaired
insulin sensitivity in treatment-naive type 2 diabetes mellitus (T2DM) patients.

Methods Subjects included 101 untreated T2DM patients (male, 66; female, 35). We performed a
hyperinsulinemic—euglycemic clamp examination to measure the steady-state glucose infusion rate (M value) as an indicator
of whole-body insulin resistance. We defined the M value divided by the steady-state serum insulin value as the M/I value.
We defined the existence of insulin resistance using an M/I ratio <9.0. The optimal cut-off value for BMFR was calculated
by receiver operating characteristics (ROC) analysis.

Results The cut-off value of the BMFR for insulin resistance was 2.75 (area under the curve [AUC] = 0.83, sensitivity 75%,
and specificity 76%, P <0.001) for males and 1.65 (AUC = 0.87, sensitivity 84%, and specificity 81%, P <0.001) for
females. Simple linear regression analysis showed that BMFR was significantly correlated with the M/I value in both
genders (males, B=0.77, P <0.01; females, B=0.83, P <0.01).

Conclusions BMFR cut-off values for impaired insulin sensitivity in treatment-naive T2DM patients were 2.75 for males
and 1.65 for females.

Keywords Diabetes mellitus - Insulin resistance * Obesity * Body muscle-to-fat ratio - Gender difference

Introduction

Obesity and fat deposition are closely involved in the
pathogenesis of diabetes mellitus (DM) because of their
effect on insulin resistance. The exacerbation of insulin
resistance associated with excessive fat tissue deposition is
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the main condition of metabolic syndrome. It has been
reported that metabolic syndrome increases the risk of
cardiovascular disease and overall mortality by 1.53-2.18-
fold and 1.27-1.60-fold, respectively [1-3]. Therefore, the
assessment of insulin resistance is important in clinical
practice. The hyperinsulinemic—euglycemic clamp test is
the gold standard for evaluating insulin resistance; however,
this method is complicated and not easy to perform in the
daily clinical setting; a more practical index of insulin
resistance is desired. Body composition analyzers (InBody)
that perform bioelectrical impedance analysis (BIA) are
used in clinical practice and research facilities worldwide.
They provide a convenient, noninvasive, rapid (measure-
ment time = 60 s) and simple to use method to calculate the
body muscle-to-fat ratio (BMFR). In our previous study, we
reported that the BMFR, measured by bioelectrical impe-
dance with a hyperinsulinemic—euglycemic clamp, sig-
nificantly correlated with whole body insulin sensitivity [4].
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However, women store adipose tissue in subcutaneous
areas compared with preferential visceral fat deposition in
men [5]. Moreover, healthy women have more adipose
mass and only two-thirds the skeletal muscles mass com-
pared with men, so some factors that would be predicted to
promote insulin resistance in women may be different in
men [6]. We previously proposed that the BMFR cut-off
value for insulin resistance was 2.40 in our total study
population [4], but there remains a possibility that the cut-
off value differs between genders.

In the current study, we hypothesized that the BMFR cut-
off value for insulin resistance is different between men and
women. We examined gender-specific BMFR cut-off values
for impaired insulin sensitivity in patients with treatment-
naive type 2 DM (T2DM).

Methods
Subjects and protocol

All patients with untreated T2DM who visited the Diabetes
Care Center at Jinnouchi Hospital between June 2014 and
March 2019 were enrolled in this study. Those already
being treated for diabetes, severe uncontrolled diabetes,
diabetic ketoacidosis that needed immediate insulin treat-
ment, or uncontrolled severe hypertension, and those who
could not remain standing to have elementary body com-
position tests were excluded. Patients were examined using
a hyperinsulinemic—euglycemic clamp to measure the
steady-state glucose infusion rate (M value) as the reference
indicator for insulin resistance. The M value was divided by
the steady state serum insulin value (), and the M/I value
was compared with the elementary body composition and
various clinical parameters. All tests were conducted within
1 week. Written informed consent was obtained from all
patients. The study was conducted in accordance with the
Declaration of Helsinki and the study protocol was
approved by the Human Ethics Review Committee of Jin-
nouchi Hospital. This study was registered under the UMIN
protocol registration system (ID: UMIN000033585).

Hyperinsulinemic-euglycemic clamp

Insulin sensitivity was evaluated using a hyperinsulinemic—
euglycemic clamp with an artificial pancreas (Nikkiso STG-
55, Tokyo, Japan), as reported previously [4, 7]. Insulin was
administered as an intravenous loading dose (starting from
4.77 mU/kg/min that was gradually decreased to 1.67 mU/
kg/min; under these conditions, the estimated plasma
insulin concentration was about 100 mU/L) over 10 min
followed by a continuous infusion at 1.5 mU/kg/min for
120 min. Plasma glucose concentrations were maintained at
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5.5mmol/L using a variable infusion of 10% glucose.
Blood insulin concentration at steady state was measured
when the hyperinsulinemic—euglycemic clamp examination
was terminated (I value). Because of variations in
the insulin clearance rate for each patient, the actual
blood insulin concentrations during the hyperinsulin
emic—euglycemic clamp test were different from the cal-
culated insulin levels [8]. To correct for the effect of the
variability in insulin concentrations among individual
patients, we used the M/I value as an index of insulin
sensitivity. This value indicates glucose use per 1 unit of
blood insulin and it provides a good index that represents
tissue insulin sensitivity, which reflects whole-body insulin
resistance [9].

Measurement of body fat and muscle composition

We measured body composition, including body fat mass
and body fat percentage, using the same method as
described previously [10, 11]. Elementary body composi-
tion was measured using a direct segmental multifrequency
bioelectrical impedance analyzer (InBody770; Biospace,
Seoul, Korea), and we assessed total fat mass and body fat
percentage. This analyzer processes 30 impedance mea-
surements using six different frequencies (1, 5, 50, 250,
500, and 1000 kHz) at each of five body segments (right
arm, left arm, trunk, right leg, and left leg), and 15 reactance
measurements using tetrapolar eight-point tactile electrodes
using three different frequencies (5, 50, and 250 kHz), at
each of the five above-mentioned body segments [12, 13].
The BIA (InBody) used in this study has been shown to
have a very good correlation regarding calculated body fat
mass with gold standard measurement methods, such as the
underwater weighing method, dual energy X-ray absorp-
tiometry, and air displacement plethysmograph [14, 15].

Blood sampling and measurement of clinical
parameters

Blood samples for HbAlc, fasting plasma glucose, fasting
blood insulin, total cholesterol, low-density lipoprotein (LDL)
cholesterol, high-density lipoprotein (HDL) cholesterol, tri-
glycerides, and estimated glomerular filtration rate (eGFR)
were collected from the antecubital vein and analyzed at the
Jinnouchi Hospital laboratory. Body weight (kg), height (cm),
and waist circumference (cm) were measured in the standing
position and body mass index (BMI; kg/m?) was calculated at
the same time that body composition was measured.

Statistical analysis

The Shapiro—Wilk test was used to assess the normal dis-
tribution of continuous data. Data were expressed as the
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mean = standard deviation (SD). Data with skewed dis-
tributions were expressed as the median value with the
interquartile range. Differences between two groups were
tested using Fisher’s exact test for categorical variables.
Differences between continuous variables were analyzed
using an unpaired #-test or the Mann—Whitney U test, as
appropriate. A previous report demonstrated an M value of
5.7 as the cut-off for the presence of insulin resistance; [16]
an M/I value of 9.0 was equivalent to the M value of 5.7 in
our previous study [4]. Therefore, we defined a cut-off
value of M/l <9.0 as indicating insulin resistance in
receiver-operating characteristics (ROC) analyses. We used
ROC curve analysis to calculate the area under the curve
(AUC) and the cut-off value. The optimal BMFR cut-off
value was calculated using the Youden index. P <0.05
denoted statistical significance. Statistical analyses were
performed using Statistical Package for Social Science
(SPSS) version 23 (SPSS Inc., Tokyo, Japan).

Results
Subjects

A total of 105 patients with untreated T2 DM were enrolled
and three patients (two with ketoacidosis, one in whom it
was impossible to perform InBody770, and one with
uncontrolled hypertension) were excluded. Table 1 shows
the participants’ baseline characteristics. All subjects had
untreated T2DM and 54 patients (53.5%) demonstrated high
levels of HbAlc > 8.4% (68 mmol/mol).

Results of body composition analysis

Analysis of elementary body composition using
InBody770 showed that the total muscle quantity was
46.1 £10.2kg, total fat quantity was 19.1kg (range,
13.2-26.1 kg), body fat percentage was 28.6 +9.5%, and
BMFR was 2.61 (range, 1.74-3.26). Body composition was
compared by gender, and BMFR (male, 2.91 [range,
2.24-3.69] vs. female, 1.62 [range, 1.36-2.22], P <0.001)
and muscle quantity (males, 50.6+8.6kg vs. females,
37.6+69kg, P<0.001) were significantly higher in the
males compared with females. Body fat percentage was
significantly higher in females compared with males
(349 £10.2% vs. 25.1 +7.2%, respectively, P <0.001).

Hyperinsulinemic-euglycemic clamp examination
results

In the total population (n = 101), we measured M and M/I
values by hyperinsulinemic—euglycemic clamp examina-
tion [M-value; 7.15+2.99 mg m~2 min~!, M/l value;

9.28 mgm 2min 2 plU" ' mL (range, 6.22-12.81 mgm 2
min~? plU~" mL)]. Male patients in the insulin resistance
group (M/I value<9.0, n=28) had significantly higher
weight, BMI, waist circumference, body muscle quantity,
body fat quantity, body fat percentage, fasting blood
insulin, and triglycerides compared with the noninsulin
resistance group (M/I value 29.0, n = 38) (Table 1). Men
in the insulin resistance group showed significantly lower
age, BMFR, and HDL-cholesterol levels compared with
the noninsulin resistance group (Table 1). Females patients
in the insulin resistance group (M/I value <9.0, n =19)
had significantly higher weight, BMI, waist circumference,
body fat quantity, body fat percentage, and fasting blood
insulin compared with the noninsulin resistance group (M/I
value 29.0, n=16) (Table 1). Women in the insulin
resistance  group showed a significantly lower
BMFR compared with the noninsulin resistance group
(Table 1).

Receiver operating characteristics analysis

Figure 1 shows the ROC analysis of the BMFR for insulin
resistance. In males, the BMFR cut-off value for insulin
resistance was 2.75 and the AUC was 0.83 (sensitivity 75%
and specificity 76%, P < 0.001). In females, the BMFR cut-
off value for insulin resistance was 1.65 and the AUC was
0.87 (sensitivity 84% and specificity 81%, P <0.001).

Simple linear regression analysis between BMFR and
M/I values

Because the ROC analysis showed that BMFR was sig-
nificantly useful for making a clinical prediction for the pre-
sence of insulin resistance in treatment-naive T2DM patients,
we performed a simple linear regression analysis to obtain an
approximate formula for the M/I ratio using BMFR.

The scatter plot by gender is shown in Fig. 2. In both
genders, the BMFR showed a significant positive relation-
ship with the M/I value (males, B=0.77, P<0.001;
females, B=0.81, P<0.001). The approximate expression
was as follows: M/I value =3.65x BMFR — 0.52 (R>=
0.598, P <0.001) for males, and M/I value = 3.55 x BMFR
+2.22 (R2 =0.695, P<0.001) for females.

Discussion

In this study, BMFR was significantly different between
males and females among treatment-naive T2DM patients.
The BMFR cut-off value for the presence of insulin resis-
tance was 1.65 and 2.75 for females and males, respectively.

In our previous study, we proposed that the BMFR cut-
off value for insulin resistance was 2.40 in the overall
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Table 1 Baseline clinical characteristics of the study subjects (N = 101)

ALL Male Female

M/1<9 (n=28) M/129 (n=38) Pvalue M/II<9 (n=19) M/129 (n=16) P value
Male (%) 66 (65.3%)
Age (years) 56.22 +13.35 50.14 £ 14.1 58.1+11.84 0.0112  56.95+13.93 60.63 £ 12.35 0.4188
Height (cm) 163.72+9.25 170.07 + 8.84 166.61 6.4 0.0783  155.33+6.07 155.62+5.12 0.882
Weight (kg) 67.1 (55.5-77.5) 82.5 (69.35-93.5) 61.2 (54.2-72.3) <0.001 68 (56.85-75.2)  51.5 (44.98-66.95) 0.0055
Muscle quantity (kg) 46.05+10.15 55.21 +8.65 47.03+6.84 <0.001 38.85+7.73 36.01 £5.55 0.2298
Body fat quantity (kg) 19.1 (13.2-26.1) 24.05 (19.08-31.1) 14.6 (9.25-18.1) <0.001 26.2 (22.1-34.7) 14.9 (9.68-23.1) <0.001
BMI (kg/m?) 24.9 (21.4-28.7) 27.95 (25.2-31.03) 22.4 (20.5-24.45) <0.001  28.6 (24.4-31.4) 20.95 (18.63-26.73)  0.0014
Body fat percentage (%) 28.55+9.54 29.84 +6.54 21.46 £5.84 <0.001 40.84+5.61 27.88 £10.05 <0.001
Waist circumference (cm) 89.78 +13.95 98.2+12.11 83.29+9.04 <0.001 98.31+13.95 79.55+13.12 <0.001
BMFR 2.61 (1.74-3.26) 2.24 (1.84-2.77) 3.13 (2.77-4.72) <0.001  1.47 (1.23-1.62) 2.44 (1.73-3.35) <0.001
Hemoglobin Alc (%) 8.6 (7-11) 8.8 (7.08-10.78) 8.9 (7.25-11.05) 0.7551 8.4 (7.15-10.95) 7.7 (6.55-10.63) 0.6699
Hemoglobin Alc (mmol/mol) 70.4 (52.9-96.7) 72.7 (53.9-94.3) 73.8 (55.7-97.3) 0.7551  68.3 (54.6-96.2) 60.6 (48.1-92.7) 0.6699
Fasting plasma glucose (mg/dL) 153 (124-208) 151 (126-212) 163 (131.5-200) 0.909 149 (134.5-210) 122 (111.5-197.5) 0.3708
Fasting blood insulin (uU/mL) 5.4 (3.4-8) 7.65 (5.48-10.48) 37 2.1-5.4) <0.001 7.6 (6.15-12.7)  4.45 (3.4-5.55) 0.033
Total cholesterol (mg/dl) 205 (177-227) 205.5 (179.5-233.25) 198 (172.5-214.5) 0.1982 218 (200-237.5) 200.5 (171-221.75) 0.0743
HDL-cholesterol (mg/dL) 48 (41-57) 42 (35.75-48.25) 54 (44.5-59.5) 0.0014 49 (43.5-55) 57 (43.5-66.75) 0.1378
LDL-cholesterol (mg/dL) 130.27 £33.45 134.61+£39.8 127.28 £31.99 0.3385  139.89+30.93 121.06 +26.68 0.065
Triglycerides (mg/dL) 111 (71-165) 150.5 (108.25-217.25) 96 (72.5-137.5) 0.0045 115 (103.5-179) 69 (60-98.75) 0.0811
eGFR (mL/min/1.73 m?) 74.95+17.02 72.97 £22.69 79.14 +15.63 0.278 71.89 +14.57 75.1£15.65 0.5351

BMI body mass index, BMFR body muscle-to-fat ratio, eGFR estimated glomerular filtration rate, HDL high-density lipoprotein, LDL low-density

lipoprotein

patient population with T2DM [4]. However, females gen-
erally have higher adipose mass and lower skeletal muscles
mass compared with males [17]. The female gender
has been suggested to have a favorable effect on
glucose homeostasis, and available evidence from
hyperinsulinemic—euglycemic clamp studies was summar-
ized to delineate whether there is a gender difference in
whole-body insulin sensitivity, and in particular in insulin-
stimulated glucose uptake by skeletal muscle [18]. The
Korea National Health Nutrition Examination Survey
results reported that BMFR, calculated using bioelectrical
impedance, is useful for predicting metabolic syndrome,
and the cut-off values were 1.83 and 3.09 for females and
males, respectively [19]. This indicates that the BMFR cut-
off value was lower for females compared with males,
which is similar to the results of this study.

The primary objective of this study was to calculate
gender-specific cut-off values for the BMFR to predict the
presence of insulin resistance. Insulin resistance is con-
sidered to be a main background mechanism of lifestyle
diseases, such as hypertension and dyslipidemia, as well as
T2DM. A simple diagnosis of insulin resistance using
BMFR, as determined by bioelectrical impedance, is useful
in daily clinical practice. Past studies showed that BMFR
was also useful for predicting liver fat accumulation [20] and
obstructive sleep apnea syndrome [21], which are obesity-
related diseases. In addition, BMFR as an indicator of
abnormal body composition and obesity could be a useful
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measure for insulin resistance-related diseases. In future
studies, it will be important to examine whether BMFR
provides a therapeutic target and prognostic indicator for
various diseases caused by fat accumulation, as well as DM.

A limitation of this study was that the subjects were
limited to patients with T2DM. To predict the presence of
insulin resistance from the viewpoint of lifestyle-related
disease prevention, it will be important to examine all
populations, including healthy individuals.

In conclusion, BMFR cut-off values were 1.65 and 2.75
in females and males, respectively, for impaired insulin
sensitivity in patients with treatment-naive T2DM.
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Fig. 1 Receiver operating characteristic curve analysis of BMFR for
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