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vs. Lean Mass in Patients With or Without  
Metformin Therapy
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Abstract

Background: We previously reported changes of body composition 
determined by dual-energy X-ray absorptiometry after treatment with 
ipragliflozin, a sodium-glucose cotransporter 2 (SGLT2) inhibitor. 
In that study, mean body weight was decreased by 3.5 kg (4.3% of 
the baseline value) after ipragliflozin treatment at 50 mg/day, with 
fat mass and lean mass showing similar reductions of 1.7 and 1.8 kg, 
respectively. A long-term decrease of lean mass in patients treated 
with SGLT2 inhibitors may be associated with loss of skeletal muscle, 
which could potentially have an impact on quality of life.

Methods: In this post hoc analysis, we investigated whether changes 
of body composition were influenced by other medications for diabe-
tes in 20 patients (11 men and nine women) who received ipragliflo-
zin for 24 weeks.

Results: When we divided the patients into two subgroups with or 
without metformin treatment, fat mass showed a significant decrease 
in the ipragliflozin + metformin subgroup and a significantly greater 
decrease compared to the ipragliflozin subgroup (2.0 kg; 95% confi-
dence interval (CI): 0.1 - 3.9; P = 0.038). Lean mass was significantly 
decreased in the ipragliflozin subgroup, but the decrease showed no 
significant difference from that in the ipragliflozin + metformin sub-
group (1.9 kg; 95% CI: -4.1 - 0.3; P = 0.087). No significant differ-
ences of body composition changes were observed with other anti-
diabetic agents.

Conclusions: More desirable weight reduction due to preferential fat 
loss and less muscle loss may be achieved by combining an SGLT2 
inhibitor with metformin.

Keywords: Body composition; Ipragliflozin; Metformin; Type 2 dia-
betes mellitus

Introduction

Sodium-glucose cotransporter 2 (SGLT2) inhibitors are oral 
antidiabetic agents that decrease the blood glucose level by en-
hancing urinary glucose excretion. Reduction of body weight 
as well as blood glucose is observed because of energy loss 
due to urinary excretion of 60 - 80 g of glucose daily [1].

We previously investigated changes of body composition 
by using dual-energy X-ray absorptiometry (DXA) in obese 
Japanese patients with type 2 diabetes mellitus (T2DM) who 
received treatment with the SGLT2 inhibitor ipragliflozin for 
24 weeks [2]. In that study, mean body weight was decreased 
by 3.5 kg (4.3% of the baseline value) after ipragliflozin treat-
ment at 50 mg/day, with fat mass (FM) and lean mass (LM) 
showing similar reductions of 1.7 and 1.8 kg, respectively. LM 
includes body water, but SGLT2 inhibitors only cause tran-
sient reduction of plasma volume that is largely reversed after 
12 weeks [3]. Thus, a long-term decrease of LM in patients 
treated with SGLT2 inhibitors may be associated with loss of 
skeletal muscle. Weight reduction obtained by treatment with 
SGLT2 inhibitors has been reported to be beneficial in patients 
with metabolic disorders, such as hypertension, nonalcoholic 
fatty liver disease, and hyperuricemia [2]. However, a decrease 
of muscle mass may be related to frailty, which is a major 
cause of physical dysfunction, morbidity, and mortality in the 
elderly. In Japan, the number of elderly patients with T2DM 
continues to increase, and 33.7% of patients with T2DM were 
over 70 years old according to the 2016 Japan National Health 
and Nutrition Survey [4]. The objectives of treating diabetes 
are to prevent the onset and progression of diabetic complica-
tions through tight glycemic and metabolic control, as well as 
to maintain the quality of life (QOL) and longevity. However, 
reduction of muscle mass associated with SGLT2 inhibitor 
therapy could potentially have an impact on QOL.

Accordingly, we performed a post hoc analysis of data 
collected prospectively from patients administered the SGLT2 
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inhibitor ipragliflozin to investigate whether changes of body 
composition were influenced by their other treatment for dia-
betes.

Materials and Methods

This analysis assessed data from 20 patients enrolled in the 
prospective, 24-week, single-center, open-label, single-arm 
study conducted at St. Marianna University Hospital (Kawa-
saki, Japan) between July 2014 and June 2015. The primary 
objectives were to clarify the effects of ipragliflozin (50 mg/
day) on body composition parameters (assessed by DXA), 
abdominal visceral and subcutaneous fat volume (assessed 
by whole abdominal CT scanning), and the intrahepatic lipid 
content (determined by proton magnetic resonance spectros-
copy). The secondary objective was to investigate the effect of 
ipragliflozin on beta-cell stress, which was assessed from the 
proinsulin/C-peptide ratio. The results related to these objec-
tives have been published previously [2, 5]. The present post 
hoc subgroup analysis investigated the influence of antidiabet-
ic drugs other than ipragliflozin.

The protocol for this research project has been approved 
by a suitably constituted Ethics Committee of St. Marianna 
University School of Medicine and it conforms to the provi-
sions of the Declaration of Helsinki (approval No. 2678, ap-
proval date: June 24, 2014). All informed consent was obtained 
from the subject. This study was registered with the University 
Hospital Medical Network Clinical Trials Registry (clinical 
trial registration number: UMIN000021623).

Statistical analysis

Continuous variables were expressed as the mean ± standard 
deviation (SD) and variables with a normal distribution were 
compared by using the t-test. Skewed variables were expressed 
as the median (interquartile range (IQR)) and were compared 
with Wilcoxon’s signed rank test. All analyses were performed 
with SPSS 21.0 software and P < 0.05 was accepted as indicat-
ing a significant difference.

Results

The 20 patients (11 men and nine women) who completed the 
study were aged 51.6 ± 8.0 years, and they had a baseline body 
weight of 82.2 ± 11.3 kg, body mass index (BMI) of 29.7 ± 
3.2 kg/m2, and hemoglobin A1c (HbA1c) of 8.2±1.3%. Before 
starting ipragliflozin, the patients were being treated with a bi-
guanide (metformin) (n = 11), insulin (n = 9), sulfonylurea (n 
= 8), DPP-4 inhibitor (n = 7), GLP-1 receptor agonist (n = 5), 
α-glucosidase inhibitor (n = 4), or thiazolidinedione (pioglita-
zone) (n = 3). None of the patients developed hypoglycemia, 
which meant that their other antidiabetic therapy (including 
insulin dosages) was not changed during the study period. We 
divided the patients into two subgroups with or without met-
formin, which was the other antidiabetic drug used most fre-

quently in the study population.
Baseline clinical characteristics of the two subgroups were 

well balanced with regard to determinants of metformin use, 
including the gender, age, duration of diabetes, BMI, HbA1c, 
and estimated glomerular filtration rate (Table 1). The median 
dose of metformin was 1,250 mg/day (1,000 - 1,500 mg/day), 
which was about half of the maximum dose approved in Japan 
(2,250 mg). Mean body weight showed a significant decrease 
from baseline at 24 weeks in both subgroups (both P < 0.01), 
but there was no significant difference of weight reduction 
between the two subgroups. However, FM decreased signif-
icantly by 2.7 kg in the ipragliflozin + metformin subgroup 
compared with a decrease of only 0.7 kg in the ipragliflozin 
subgroup, and the reduction of FM showed a significant dif-
ference of 2.0 kg (95% confidence interval (CI): 0.1 - 3.9; P = 
0.038) between the subgroups. In contrast, LM decreased by 
3.0 kg in the ipragliflozin subgroup compared with a decrease 
of only 1.1 kg in the ipragliflozin + metformin subgroup, al-
though the difference of 1.9 kg (95% CI: -4.1 - 0.3) between 
the subgroups was not significant (P = 0.087) (Fig. 1).

After 24 weeks of ipragliflozin treatment, HbA1c showed 
a significant decrease of 1.2 % in both subgroups, and the dif-
ference of 0.12% (95% CI: 0.90 - 0.86) between the two sub-
groups was not significant (P = 0.946). The abdominal visceral 
fat volume and subcutaneous fat volume (on CT scans), as well 
as the intrahepatic lipid content (on MRI), also showed similar 
changes in the two subgroups. Apart from metformin, there 
were no significant differences in the changes of body compo-
sition when the patients were divided into subgroups accord-
ing to their use of other antidiabetic agents with ipragliflozin 
(data not shown).

Discussion

The findings of this study suggested that the effect of the SGLT2 
inhibitor ipragliflozin on body composition parameters dif-
fered between patients with or without concomitant metformin 
therapy. Reduction of FM (measured by DXA) accounted for 
about 75% of total weight loss in the ipragliflozin + metformin 
subgroup, which was consistent with a previous report on the 
effect of combined therapy with metformin and dapagliflozin 
[6]. However, that study did not provide comparative data re-
garding the changes of body composition with dapagliflozin 
monotherapy because the control group received placebo on 
background metformin therapy. According to American Dia-
betes Association/European Association for the Study of Dia-
betes and International Diabetes Federation [7-9], metformin 
is recommended as a first-line treatment for T2DM because of 
its favorable effect on body weight, low risk of hypoglycemia, 
and low cost. In Japan, it is suggested that glucose-lowering 
agents should be selected by considering the condition of each 
patient along with the pharmacological and safety profile of 
each drug [10]. Under these circumstances, metformin has not 
been widely used in Japan [11, 12], probably due to concern 
about serious adverse effects such as lactic acidosis and the 
need to monitor renal function or withdraw treatment when us-
ing contrast agents. This situation, in which metformin is gen-
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erally not a first-line treatment for T2DM in Japan, prompted 
us to investigate whether the effect of ipragliflozin on body 

composition differed between patients with or without con-
comitant metformin therapy. Our study findings suggest that 
ipragliflozin creates an energy deficit, which is preferentially 
compensated from fat in patients also taking metformin, or 
preferentially compensated from muscle in patients not tak-
ing metformin. The mechanisms underlying our present find-
ing are uncertain. A longitudinal cohort study of nearly 4,000 
men with measurement of body composition parameters by 
DXA provided data suggesting that insulin sensitizers (80% of 
the subjects received metformin) may ameliorate muscle loss 
[13]. One of the targets of metformin is AMP-activated protein 
kinase (AMPK), which is a key nutrient sensor that plays an 
important role in regulating the systemic energy balance [14]. 
AMPK is activated by alteration of the AMP/ATP ratio, and 
it induces catabolism to restore the ATP level, which might 
explain several metabolic effects of metformin, including the 
shift of major gluconeogenesis substrates from muscle-derived 
amino acids to other substrates such as lactate produced by 
anaerobic oxidation of glucose or glycerol released from tri-
glycerides.

The present study had some limitations, since it was a post 
hoc analysis of a small sample, so definite conclusions cannot 
be drawn. In addition, muscle strength was not evaluated, so 
we were unable to assess the influence of the decrease in LM. 
To overcome these limitations, we are planning a prospective 
study to confirm the effect of SGLT2 inhibitor + metformin 

Table 1.  Baseline Characteristics of the Subgroups Receiving Ipragliflozin Alone or With Metformin

Ipragliflozin alone (n = 9) Ipragliflozin with metformin (n = 11) P value
Women 3 6 0.369
Age (years) 53 ± 10 51 ± 7 0.626
Body weight (kg) 82.5 ± 7.9 81.9 ± 13.9 0.915
Body mass index (kg/m2) 29 ± 2.3 30.2 ± 3.8 0.416
Duration of diabetes (years) 3 (1 - 6) 8 (6.5 - 12) 0.079
Fasting plasma glucose (mg/dL) 161 ± 17 181 ± 50 0.288
Hemoglobin A1c (%) 8.0 ± 1.4 8.4 ± 1.3 0.502
Systolic blood pressure (mm Hg) 139 ± 11 130 ± 17 0.207
Diastolic blood pressure (mm Hg) 82 ± 12 80 ± 15 0.767
eGFR (mL/min/1.73 m2) 88 ± 11 92 ± 11 0.437
LDL-C (mg/dL) 127 ± 22 105 ± 27 0.057
HDL-C (mg/dL) 50 ± 11 46 ± 7 0.373
Triglycerides (mg/dL) 118 ± 51 114 ± 48 0.055
Lactate (mmol/L) 1.1 ± 0.4 1.6 ± 0.4 0.027
Medications (n)
  Sulfonylurea 3 4
  Thiazolidinedione 1 2
  α-Glucosidase inhibitor 0 4
  DPP-4 inhibitor 3 4
  Insulin 4 4
  GLP-1 receptor agonist 0 4

Data are expressed as the mean ± standard deviation for continuous variables or as the median (IQR). Categorical variables are expressed as 
numbers. eGFR: estimated glomerular filtration rate; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; DPP-4: 
dipeptidyl peptidase-4; GLP-1: glucagon-like peptide-1; IQR: interquartile range.

Figure 1. Changes of fat mass and lean mass assessed by dual energy 
X-ray absorptiometry during the 24-week study period.
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therapy (UMIN000030446).
In conclusion, the effect of SGLT2 inhibitors on body com-

position may differ depending on whether or not patients are 
also taking metformin. More desirable weight reduction due to 
preferential fat loss and less muscle loss may be achieved by 
combining an SGLT2 inhibitor with metformin.
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