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Abstract

Background: Insulin resistance (IR) assessment is important in treat-
ing type 2 diabetes mellitus (T2DM). We thus compared body mus-
cle-to-fat ratio (BMFR) and fat-to-muscle ratio (FMR) values against 
M/I values as clinical index of IR.

Methods: Subject included 118 untreated T2DM patients. Hyperin-
sulinemic-euglycemic clamp examination was performed to calculate 
the M/I as index of IR. Body composition was measured by imped-
ance analysis using InBody770.

Results: Simple linear regression analyses confirmed correlations 
between M/I and BMFR (B: 0.756 (P < 0.01), coefficients of determi-
nation (R2): 0.572, mean absolute error (MAE): 3.19, and root mean 
squared error (RMSE): 4.14), and between M/I and FMR (B: -0.601 
(P < 0.01), R2: 0.362, MAE: 3.97, and RMSE: 5.05). Against the M/I 
values, BMFR also showed better goodness-of-fit than did FMR. In 
comparing correlation coefficients, the BMFR absolute B value was 
significantly larger than that of FMR (P = 0.027).

Conclusions: BMFR is more useful than FMR in quantifying IR in 
patients with T2DM because the correlation between BMFR and the 
insulin sensitivity index M/I is significantly greater than that between 
FMR and M/I.
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Introduction

Insulin resistance (IR) is a critical factor in managing type 2 dia-
betes mellitus (T2DM), and should be individually assessed in 
each patient with T2DM. Hyperinsulinemic-euglycemic clamp 
examination, the gold standard for assessing IR, provides us an 
clinical index of IR as glucose infusion rate (M value) divided by 
steady-state serum insulin (I) value (M/I values). We previously 
reported a strong correlation between IR and body muscle-to-fat 
ratio (BMFR; muscle mass (kg)/fat mass (kg)) [1, 2]. Because 
skeletal muscle loss and body fat accumulation affect IR, the 
combination of muscle and fat is attracting wider attention as a 
clinical index. The fat-to-muscle ratio (FMR; fat mass (kg)/mus-
cle mass (kg)), which is the reciprocal value of BMFR, is report-
edly useful in diagnosing metabolic syndrome with IR in other-
wise healthy people [3, 4]. In contrast, IR is known to improve 
after starting treatment for DM, including metformin [5], thiazo-
lidine [6], and sodium-glucose cotransporter-2 (SGLT2) inhibi-
tors [7]. We hypothesized that BMFR (rather than FMR) could 
more accurately indicate IR in patients with untreated T2DM. 
We thus compared BMFR and FMR values against M/I values.

Materials and Methods

Subjects and protocol

Patients with untreated T2DM who visited the Diabetes Care 
Center at Jinnouchi Hospital between June 2014 and August 
2019 were enrolled. Those who had already been treated for 
diabetes, severe uncontrolled diabetes, diabetic ketoacidosis 
that needed immediate insulin treatment, or uncontrolled se-
vere hypertension, and those who could not remain standing 
to have an elementary body composition tests, were excluded. 
The study was conducted in accordance with the Declaration 
of Helsinki. The study protocol was approved by the Human 
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Ethics Review Committee of Jinnouchi Hospital (2020-2-1; 
UMIN protocol registration ID: UMIN000039857).

Hyperinsulinemic-euglycemic clamp

Insulin sensitivity was evaluated using a hyperinsulinemic-eu-
glycemic clamp with an artificial pancreas (Nikkiso STG-55, 
Tokyo, Japan), as reported previously [1, 2]. Insulin was admin-
istered 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 infu-
sion at 1.5 mU/kg/min for 120 min. Plasma glucose concentra-
tions were maintained at 5.5 mmol/L using a variable infusion 
of 10% glucose. Blood insulin concentration at steady state was 
measured when the hyperinsulinemic-euglycemic clamp exam-
ination was terminated (I value). Because of variations in the 
insulin clearance rate for each patient, the actual blood insulin 
concentrations during the hyperinsulinemic-euglycemic clamp 
test were different from the calculated 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, which was a value calculated by dividing the 
M value by the steady-state serum insulin value (I) in this study. 
This value indicates glucose use per 1 unit of blood insulin and 
is 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 we described 
previously [10-13]. Elementary body composition was meas-
ured using a direct segmental multi-frequency bioelectrical 
impedance analyzer (InBody770; Biospace, Seoul, Korea), 
and we assessed total fat mass and body fat percentage. This 
analyzer processes 30 impedance measurements using six dif-
ferent frequencies (1, 5, 50, 250, 500, and 1,000 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 [14, 15]. We defined BMFR as body muscle mass 
divided by the fat mass, and FMR as body fat mass divided by 
muscle mass [3, 4].

Blood sampling and measurement of clinical parameters

Blood samples for HbA1c, fasting plasma glucose, fasting 
blood insulin, total cholesterol, low-density lipoprotein (LDL) 
cholesterol, high-density lipoprotein (HDL) cholesterol, tri-
glycerides, and estimated glomerular filtration ratio (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/m2) was calculated at 
the same time that body composition was measured.

Statistical analysis

The Shapiro-Wilk test was used to assess the normal distribu-
tion of continuous data. Data were expressed as the mean ± 
standard deviation (SD), whereas those with skewed distribu-
tions were expressed as the median value with the interquartile 
range (IQR). We performed simple linear regression analyses, 
and calculated and compared coefficients of correlation. We 
evaluated goodness-of-fit using coefficients of determination 
(R2), mean absolute error (MAE) and root mean squared er-
ror (RMSE). P < 0.05 (two-tailed) was considered significant. 
Statistical analyses were performed with SPSS ver. 23.0 (IBM 
Japan, Ltd, Tokyo, Japan).

Results

Subjects

We initially enrolled 122 patients with untreated T2DM, but 
excluded four patients (ketoacidosis: n = 2, uncontrolled hy-
pertension: n = 1, unable to undergo InBody770 measurements: 
n = 1), for a final cohort of 118 patients. Table 1 shows the 
participants’ characteristics. All subjects had untreated T2DM 
and 66 patients (55.9%) demonstrated high levels of HbA1c > 
8.4% (68 mmol/mol), and included 63 patients (53.3%) with 
obesity (BMI ≥ 25 kg2).

Results of body composition analysis

Analysis of elementary body composition using InBody770 
showed that the total muscle quantity was 45.9 ± 9.9 kg, total fat 
quantity was 19.1 kg (range, 13.2 - 25.9 kg), body fat percent-
age was 29.0±9.6%, skeletal muscle mass index (SMI) was 7.47 
± 1.23 kg/m2, BMFR was 2.62 (range, 1.75 - 3.26), and FMR 
was 0.38 (range, 0.30 - 0.54). Seventeen males (22.7%) and six 
females (14.0%) were diagnosed with sarcopenia by the Asian 
Working Group for Sarcopenia (AWGS) criteria [16].

Hyperinsulinemic-euglycemic clamp examination results

In the total population (n = 118), we measured M and M/I values 
by hyperinsulinemic-euglycemic clamp examination (M-value: 
7.11 ± 2.89 mg/m2/min, M/I value: 8.14 mg/m2/min2/µIU·mL 
(range, 5.02 - 10.4 mg/m2/min2/µIU·mL)). Number of patients 
in the insulin resistance (M/I value < 9.0) was 58 (49.2%).

Simple linear regression analysis

Body muscle percentage (B = 0.71, P < 0.01) was significantly 
related to M/I (Fig. 1a); whereas fat percentage (B = -0.72, P 
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< 0.01) was significantly negatively related to M/I (Fig. 1b). 
However, the linear fit of body fat percentage to M/I ratio was 
not good. The reciprocal approximation curve of body fat per-
centage (red, R2 = 0.61) fits was better than the approximate 
linear line of body fat percentage (black, R2 = 0.43).

Simple linear regression analyses confirmed correlations 
between M/I and BMFR (B: 0.756 (P < 0.01), R2: 0.572, MAE: 
3.19, and RMSE: 4.14), and between M/I and FMR (B: -0.601 
(P < 0.01), R2: 0.362, MAE: 3.97, and RMSE: 5.05; Fig. 2). 
Against the M/I values, BMFR also showed better goodness-
of-fit than did FMR. In comparing correlation coefficients, the 
BMFR absolute B value was significantly larger than that of 
FMR (P = 0.027).

To correct BMFR and FMR by weight to avoid the ef-
fects of dehydration, a simple regression sub-analysis of 
BMFR per body weight and FMR per body weight M/I values 
was performed. The correlation with M/I values was stronger 
for BMFR per weight (B = 0.78, P < 0.01) than for FMR per 
weight (B = 0.42, P < 0.01).

Discussion

The present study shows that the correlation between BMFR 
(as a combined body composition measurement index) and 
M/I (which is a definitive index of IR) is significantly stronger 
and closer than that between FMR and M/I.

Recent studies have suggested the potential usefulness in 
managing metabolic diseases of an index that combines mus-
cle mass and fat mass [17, 18]. Previously, we reported that 
BMFR has a strong linear correlation with M/I [1, 2]. It is re-
ported that T2DM is associated with increased risks of sarco-
penia and pre-sarcopenia [19], and this study also included 23 
patients (19.5 %) with sarcopenia. Further, 53.3% of the par-
ticipants in this study were obese (BMI ≥ 25 kg/m2), and body 
muscle percentage is biased towards a lower range compared 
to healthy subjects. Therefore, BMFR, which has a wide range 
of numerical values, may be more suitable for quantitative 
evaluation of IR than FMR in T2DM patients. Other, in the 
relationship between the fat percentage and M/I, we first found 

Table 1.  Background Clinical Characteristics of the Study Sub-
jects (N = 118)

Variables
Male (%) 75 (63.6%)
Age (years) 56.6 ± 12.6
Height (cm) 163.4 ± 9.2
Weight (kg) 67.0 (55.5 - 76.9)
Muscle quantity (kg) 45.9 ± 9.9
Body fat quantity (kg) 19.1 (13.2 - 25.9)
BMI (kg/m2) 24.7 (21.4 - 28.6)
Body fat percentage (%) 29.0 ± 9.6
Waist circumference (cm) 90.2 ± 13.8
BMFR 2.62 (1.75 - 3.26)
FMR 0.38 (0.30 - 0.54)
Hemoglobin A1c (%) 8.6 (7.0 - 11.0)
Hemoglobin A1c (mmol/mol) 70 (52 - 96)
Fasting plasma glucose (mg/dL) 154 (125 - 209)
Fasting blood insulin (µU/mL) 5.4 (3.4 - 7.9)
HOMA-IR 2.17 (1.22 - 3.17)
HOMA-β (%) 17.3 (9.4 - 30.3)
Total cholesterol (mg/dl) 204 (176 - 228)
HDL-cholesterol (mg/dL) 49 (41 - 57)
LDL-cholesterol (mg/dL) 132.0 ± 34.2
Triglycerides (mg/dL) 111 (71 - 167)
eGFR (mL/min/1.73 m2) 74.9 ± 17.5
Current smoking (%) 33 (28.0)
Drinking (%) 32 (27.1)

BMI: body mass index; BMFR: body muscle-to-fat ratio; FMR: fat-to-
muscle ratio; HOMA-IR: homeostasis model assessment for insulin re-
sistance; HOMA-β: homeostasis model assessment for β cell function; 
eGFR: estimated glomerular filtration rate; HDL: high-density lipopro-
tein; LDL: low-density lipoprotein.

Figure 1. Relationship between body muscle percentage and body fat percentage and M/I. (a) Body muscle percentage was 
significantly related to M/I value (B = 0.71, P < 0.001), whereas (b) body fat percentage was significantly and negatively related 
to M/I (B = -0.72, P < 0.001). Among body fat percentages, the reciprocal approximation curve (red line; R2 = 0.61) fits better than 
the approximate line (black line; R2 = 0.43) against M/I values.
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that goodness-of-fit for the reciprocal approximation curve of 
fat percentage was better than the approximate line of fat per-
centage. The reciprocal values of fat percentage and muscle 
per body weight were positively correlated with M/I. Using 
these two positively correlated parameters, BMFR, which was 
obtained by multiplying the reciprocal values of fat percent-
age by muscle percentage (BMFR = (body muscle percentage: 
muscle mass × 100/body weight) × (reciprocal values of body 
fat percentage: body weight/fat mass × 100)) had a stronger 
linear regression correlation with M/I than did FMR.

This study has limitations. Subjects were relatively few, 
and were confined to Japanese patients with untreated T2DM. 
Nonetheless, simple assessment of IR using BMFR in healthy 
individuals may be a good indicator of early intervention in 
T2DM prevention. Consequently, further studies are warranted 
to verify our results in a population that includes healthy peo-
ple.

In conclusion, BMFR is more useful than FMR in quan-
tifying IR in patients with T2DM because the correlation be-
tween BMFR and the insulin sensitivity index M/I is signifi-
cantly greater than that between FMR and M/I.
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