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Effect of the Dipeptidyl Peptidase-4 Inhibitor Sitagliptin on 
Muscle Mass and the Muscle/Fat Ratio in Patients  

With Type 2 Diabetes

Satoshi Ishiia, Yoshio Nagaia, b, Hiroyuki Katoa, Hisashi Fukudaa, Yasushi Tanakaa

Abstract

Background: We previously reported the effect of sitagliptin or 
glimepiride treatment for 24 weeks on body composition in Japanese 
overweight and obese patients with type 2 diabetes. Although the de-
gree of HbA1c reduction was similar between the two groups, sig-
nificant reduction of intrahepatic lipid (IHL), determined by proton 
magnetic resonance spectroscopy (1H-MRCP), and fat mass (FM), 
determined by dual-energy X-ray absorptiometry (DXA), was ob-
served in the sitagliptin group but not in the glimepiride group. As 
both IHL and FM are known as associating factors of insulin resist-
ance, these reductions may lead to improvement of insulin sensitiv-
ity, which in turn may contribute to sitagliptin-induced amelioration 
of glycemic control. On the other hand, muscle and muscle/fat ratio 
were also reported to be positively correlated with insulin sensitivity, 
but we did not evaluate these factors.

Methods: DXA separates the whole body into three major compo-
nents, bone mass (BM), FM and fat and bone-free mass (FBFM), and 
measures the weight of each component. FBFM is normally used as a 
good marker of muscle mass; therefore, in this post-hoc analysis, we 
investigated whether sitagliptin treatment for 24 weeks influenced the 
FBFM and FBFM/FM ratio.

Results: After 24 weeks, the FBFM and FBFM/FM ratio significantly 
increased in the sitagliptin group (47.6 ± 10.3 to 48.8 ± 11.0 kg, P < 
0.05 and 2.0 ± 0.8 to 2.1 ± 0.8, P < 0.05), but not in the glimepiride 
group (49.7 ± 10.6 to 49.3 ± 9.9, P = 0.655 and 2.1 ± 0.9 to 2.0 ± 0.7, 
P = 0.855). The mean change of FBFM and FBFM/FM ratio from 
baseline to 24 weeks in the sitagliptin and glimepiride groups was 
1.24 ± 2.01 (sitagliptin group) vs. -0.34 ± 2.63 kg (glimepiride group) 
(P = 0.074) and 0.13 ± 0.17 (sitagliptin group) vs. -0.11 ± 0.30 (glime-
piride group) (P < 0.05), respectively.

Conclusions: Sitagliptin 24-week treatment demonstrated not only 
reduction of body fat and liver fat but also an increase of muscle and 
muscle/fat ratio. These changes may partly explain the mechanism 
underlining sitagliptin-induced improvement of glycemic control.
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betes mellitus

Introduction

We previously reported that treatment with the sodium glucose 
co-transporter 2 (SGLT2) inhibitor, ipragliflozin, for 24 weeks 
reduced not only body fat and intrahepatic lipid (IHL) but also 
muscle mass in the patients with type 2 diabetes [1]. Moreo-
ver, we recently revealed that 24 weeks of treatment with the 
glucagon-like peptide-1 (GLP-1) receptor agonist, liraglutide, 
decreased body fat and IHL to a similar degree, but did not 
reduce the muscle in patients with type 2 diabetes [2]. Rather, 
in animal models, the GLP-1 receptor agonist and dipeptidyl 
peptidase-4 (DPP-4) inhibitor revealed anabolic action on 
skeletal muscle [3, 4], and a recent report showed that DPP-4 
inhibitor treatment for 1 year prevented age-associated decline 
of skeletal muscle as evaluated by dual-energy X-ray absorp-
tiometry (DXA) in the patients with type 2 diabetes [5]. We 
also reported the effect of 24-week treatment with the DPP-
4 inhibitor, sitagliptin, and the sulfonylurea, glimepiride, on 
body composition in Japanese overweight and obese patients 
with type 2 diabetes. Although the degree of HbA1c reduction 
was similar between the two groups, a significant reduction in 
IHL, as determined by proton magnetic resonance spectrosco-
py (1H-MRCP), and in fat mass (FM), as determined by DXA, 
were observed in the sitagliptin group but not in the glime-
piride group [6]. As excess of body fat is a risk factor for insu-
lin resistance [7], this reduction may lead to improvement of 
insulin sensitivity, which in turn may contribute to sitagliptin-
induced amelioration of glycemic control.

Skeletal muscle is a major site of insulin-mediated glucose 
disposal, and a decrease of muscle mass is inversely associated 
with insulin resistance [8]. Using the hyperinsulinemic-eugly-
cemic glucose clamp technique [9], muscle and muscle/fat ra-
tio have been reported to be positively correlated with insulin 
sensitivity; therefore, it may be interesting to evaluate whether 
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sitagliptin influenced these factors. In our previous report, we 
showed no significant change in lean body mass (LBM) in both 
groups [6]. DXA separates the whole body into three major 
components, bone mass (BM), FM and fat and bone-free mass 
(FBFM), and measures the weight of each component. LBM 
means BM plus FBFM, and thus, it is desirable to use not only 
LBM but FBFM for strict evaluation of muscle mass. Taken 
together, in this post-hoc analysis, we investigated whether 
sitagliptin treatment for 24 weeks influenced FBFM and the 
FBFM/FM ratio.

Materials and Methods

We analyzed the data from 20 patients with type 2 diabetes with 
a body mass index (BMI) ≥ 25 kg/m2 or fatty liver enrolled 
in a prospective, 24-week, single-center, open-label compara-
tive study conducted at the outpatient clinic of St. Marianna 
University Hospital (Kawasaki, Japan) between June 2011 
and January 2014. The subjects were assigned to treatment of 
sitagliptin (25 mg titrated to 50 mg) or glimepiride (0.5 mg 
titrated to 1.0 mg), and the primary objective was to evaluate 
the effect on FM and IHL. The second objective was to inves-
tigate the effect on glycemic control and adipokine (leptin and 
high molecular weight of adiponectin) secretion. We selected 
glimepiride as an active comparator to assess the influence on 
the plasma glucose level. The results of the study have been 
published previously [6]. The protocol for this research was 
approved by the Ethics Committee of St. Marianna University 
School of Medicine and it conforms to the provisions of the 
Declaration of Helsinki, and informed consent was obtained 
from all subjects. This study was registered at the University 
Hospital Medical Network Clinical Trial Registry (UMIN: 
000013356).

Statistical analysis

Results are expressed as mean ± standard deviation (SD). All 
statistical analyses were performed with BellCurve for Excel, 
Version 3.20 (Social Survey Research Information Co., Ltd, 
Tokyo, Japan). Comparison of mean data between baseline 
(week 0) and 12 weeks or 24 weeks in each group was assessed 
with the paired t-test, and comparison of mean change of the 
data from baseline to 24 weeks between the two groups was 
assessed using the t-test. In all analyses, a probability of less 
than 0.05 was considered to indicate statistical significance.

Results

As shown in Table 1, although the FM, FBFM and FBFM/
FM ratio were not changed at 12 weeks in either group, at 24 
weeks the FBFM and FBFM/FM ratio were significantly in-
creased and the FM was significantly decreased in the sitaglip-
tin group but not in the glimepiride group. Mean changes in the 
FBFM and FM and FBFM/FM ratio from baseline to 24 weeks 
in the sitagliptin group and the glimepiride group are shown in Ta
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Figure 1 (FBFM: 1.24 ± 2.01 vs. -0.34 ± 2.63, P = 0.074; FM: 
-1.19 ± 1.27 vs. 0.66 ± 1.96, P < 0.05; FBFM/FM ratio: 0.13 ± 
0.17 vs. -0.11 ± 0.30, P < 0.05).

Discussion

Regarding the effect of DPP-4 inhibitors on muscle mass in 
the patients with type 2 diabetes, a recent study to evaluate the 
effect of sitagliptin daily 50 mg treatment for 12 weeks showed 
no significant change in upper and lower limb FBFM (as deter-
mined with DXA) in Japanese subjects with a BMI ≥ 23 kg/m2 
[10]. Similar result using DXA also showed that neither FBFM 
nor FM was changed by 12 weeks of daily sitagliptin 100 mg 
in Dutch Europid prediabetic men with a BMI 25 - 35 kg/m2 

[11]. These reports did not evaluate muscle/FM ratio and sug-
gested that the 12-week treatment of sitagliptin may be not 
enough to affect muscle mass. In the present study, both FBFM 
and FBFM/FM ratio at 12 weeks were not changed from the 
baseline levels; however, significant change was observed at 
24 weeks.

The mechanism of sitagliptin-induced FBFM and FBFM/
FM ratio increase is unclear. In an animal study, sitagliptin in-
creased glucose transporter-4 (GLUT4) expression in skeletal 
muscle of diabetic rats [12], and MK-0626, a DPP-4 inhibitor, 
improved mitochondrial biogenesis and exercise capacity in 
skeletal muscle in mice with recent myocardial infarction [4]. 
However, it was not clear whether these effects resulted from 
enhancing GLP-1 action or the inhibition of DPP-4 activity 
or both. Regarding GLP-1 action, various results of decrease, 

Figure 1. (a) Change in the FBFM from baseline to 24 weeks. (b) Change in the FM from baseline to 24 weeks. (c) Change in 
the FBFM/FM ratio from baseline to 24 weeks. Data are shown as mean ± SD. FBFM: fat and bone-free mass; FM: fat mass; G: 
glimepiride group; S: sitagliptin group; SD: standard deviation.
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unchanged and increase of muscle in patients with diabetes 
with treatment of GLP-1 receptor agonists have been reported 
[13]. GLP-1 receptor agonists potently inhibit appetite by di-
rect action on the hypothalamus [14], and thus, muscle mass 
may decrease by reduction of energy intake. Furthermore, 
not only body fat, but also both muscle volume and muscle 
strength were decreased by dietary energy restriction in the 
study of healthy obesity subjects [15]. Thus, when we evaluate 
the effect of a GLP-1 receptor agonist on body composition, it 
should be noted that the results may be induced by the direct 
action of GLP-1 on muscle and fat tissue as well as central 
action leading to the attenuation of appetite and reduction in 
energy intake. With respect to DPP-4 action on muscle, soluble 
DPP-4 was reported to impair muscle insulin signaling in sub-
jects with metabolic syndrome; however, the exact action of 
DPP-4 on muscle remains unclear [16]. Taken together, further 
investigation is required to explain the mechanism underlining 
the effect of DPP-4 inhibitor on muscle tissue.

Examining our previous study and the present post-hoc 
analysis, the increase of the FBFM/FM ratio by sitagliptin 
treatment for 24 weeks may result from the decrease of FM 
and increase of FBFM. Recently, the muscle/fat ratio has been 
thought as an important marker of insulin sensitivity. Kim et 
al analyzed 14,807 subjects in the Korean National Health and 
Nutrition Examination Survey (KNHANES) with DXA data 
and divided the subjects into four groups by median value of 
muscle and FM (high muscle/low fat, high muscle/high fat, 
low muscle/high fat and low muscle/low fat). The group of 
high muscle/low fat showed a much lower HOMA-R, a mark-
er of insulin resistance, than the other groups, and the group 
of high muscle/high fat was significantly associated with the 
prevalence of metabolic syndrome [17]. These data suggest 
that the protective association of high muscle with insulin 
resistance and metabolic syndrome may be canceled by high 
FM. Kurinami et al examined the correlation of parameters 
of body composition, as measured by bioimpedance analysis, 
with insulin sensitivity using a hyperinsulinemic-euglycemic 
clamp study [9], and they showed a significant correlation of 
muscle/fat ratio but not muscle mass or FM alone with insulin 
sensitivity index in untreated patients with diabetes. Thus, a 
small but significant increase of FBFM/FM ratio may be a ben-
eficial effect of sitagliptin treatment and may in part contribute 
to the improvement of insulin sensitivity.

In conclusion, 24-week treatment with sitagliptin demon-
strated not only a decrease in body fat and liver fat but also an 
increase in muscle and the muscle/fat ratio. All these changes 
may partly explain the mechanism underlining sitagliptin-in-
duced improvement of glycemic control.
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