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Oral Semaglutide Induces Loss of Body Fat Mass Without
Affecting Muscle Mass in Patients With Type 2 Diabetes
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Abstract

Background: Excessive body fat may be a major cause of insulin
resistance and diabetes. But body weight reduction by energy restric-
tion may simultaneously reduce both fat and muscle. Skeletal muscle
is an important organ for glucose metabolism regulation, and loss of
muscle may deteriorate glucose metabolism. Therefore, it is prefer-
able to predominantly reduce fat without significant loss of muscle
with weight loss in patients with type 2 diabetes. Previously, the anti-
diabetic agent glucagon-like peptide-1 receptor agonists (GLP-1RAs)
liraglutide and semaglutide given by injection were reported to de-
crease fat with less effect on muscle in diabetic patients. Recently
oral semaglutide was developed and was reported to decrease body
weight, but the effect on muscle has not been fully evaluated.

Methods: This was a non-interventional retrospective longitudinal
study. We evaluated the effect of 24-week treatment with oral sema-
glutide on body fat and muscle mass in 25 Japanese patients with type
2 diabetes. Laboratory examination and body composition test by bio-
electrical impedance analysis (BIA) were performed at baseline, 12
weeks, and 24 weeks, and the effects on glycemic control and body
composition were assessed.

Results: Hemoglobin Alc significantly decreased at 12 weeks and
further ameliorated at 24 weeks (8.7+0.87% at baseline; 7.6+1.00%
at 12 weeks; 7.0+0.80% at 24 weeks; mean + standard error (SE)).
While body fat significantly decreased (28.3 = 1.52 kg at baseline;
26.8 £ 1.59 kg at 12 weeks; 25.5 £ 1.57 kg at 24 weeks; mean + SE),
whole-body lean mass was not significantly changed (48.1 + 1.92 kg
at baseline; 47.7 £ 1.93 kg at 12 weeks; 47.6 + 1.89 kg at 24 weeks;
mean + SE). Furthermore, the appendicular skeletal muscle index
(SMI) defined as appendicular skeletal muscle mass (ASM)/height
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squared (units; kg/m?) was also unchanged.

Conclusion: The 24-week treatment with oral semaglutide amelio-
rated glycemic control with reduction of body fat but not muscle mass
in Japanese patients with type 2 diabetes.

Keywords: Glucagon-like peptide-1; Oral semaglutide; Body com-
position; Fat mass; Muscle mass; Type 2 diabetes

Introduction

Excess body fat may be a major cause of insulin resistance and
deterioration of glucose metabolism [1, 2]. Thus, body weight
(BW) reduction by life-style modification, especially dietary
energy restriction, is an important therapy in patients with type
2 diabetes and obesity/overweight to restore insulin sensitivity
and ameliorate glycemic control. However, BW reduction by
energy restriction may simultaneously reduce muscle mass as
well as body fat [3]. Skeletal muscles handle about 40-45% of
oral glucose intake, and account for up to 80-85% of insulin-
mediated glucose disposal. Consequently, loss of muscle mass
may lead to elevation of plasma glucose [4, 5]. In addition, a
decrease in muscle mass may be associated with an increased
risk of sarcopenia and frailty, especially in older patients.
Therefore, it is preferable to predominantly reduce body fat
without significant loss of muscle mass when losing weight.

Sodium glucose cotransporter 2 (SGLT2) inhibitor is an
oral anti-diabetic agent and has been reported to have a lower-
ing effect on BW as well as a preventive effect for cardiovascu-
lar and renal complications [6, 7]. However, a previous report
showed that treatment of the SGLT2 inhibitor dapagliflozin 10
mg/day for 24 weeks in patients with type 2 diabetes led to a
mean reduction of body fat and muscle mass by 2.2 kg and 1.1
kg, respectively, as assessed by dual energy X-ray absorptiom-
etry (DXA) [8]. We also used DXA and investigated the effect
of SGLT2 inhibitor ipragliflozin 50 mg/day for 24 weeks in
obese Japanese patients with type 2 diabetes. We found a mean
reduction in body fat and muscle mass of 1.8 kg and 1.7 kg,
respectively [9]. These findings suggest that SGLT2 inhibitors
may have catabolic effects on both fat and muscles.

Injection of glucagon-like peptide-1 (GLP-1) receptor
agonists (GLP-1RAs) and SGLT2 inhibitors are thought to
have a similar effect on BW reduction in patients with type

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ | www.jocmr.org
This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits 377
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited


https://crossmark.crossref.org/dialog/?doi=10.14740/jocmr4987&domain=pdf&date_stamp=2023-07-28

Oral Semaglutide Reduces Fat but Not Muscle

J Clin Med Res. 2023;15(7):377-383

2 diabetes. In obese Caucasian type 2 diabetic patients, daily
injection of GLP-1RA liraglutide showed similar decrease in
body fat levels with less effect on muscle loss when compared
with SGLT?2 inhibitors [10]. We also previously reported that
daily injection of liraglutide for 24 weeks (started at 0.3 mg
and titrated to 0.9 mg) in obese Japanese patients with type 2
diabetes showed a decrease in abdominal visceral fat (AVF)
and intrahepatic lipid (IHL) by a mean of 11.9% and 49.2%,
respectively, as assessed by whole abdominal computed to-
mography (CT) and proton magnetic resonance spectroscopy
("H-MRS) [11]. However, we found no significant reduction of
muscle mass as assessed by DXA. Semaglutide has 94% struc-
tural homology with human GLP-1 and was initially approved
for once weekly injection type of GLP-1RA. Oral semaglutide
has been developed as a co-formulation of semaglutide with
an absorption enhancer, sodium N-(8-[2-hydroxybenzoyl]
amino) caprylate and is the first oral GLP-1RA to be approved
as an anti-diabetic agent [12]. The PIONEER trials compared
oral semaglutide with placebo or active comparators in a wide
range of patients and background therapies and reported the
efficacy and safety of oral semaglutide. The PIONEER 1, 4, 5,
and 8 trials showed a significant lowering effect on BW com-
pared with placebo, and the PIONEER 2, 3, 4, and 7 trials also
revealed a greater effect of oral semaglutide on BW reduction
than the active comparators (dipeptidyl peptidase 4 (DPP-4)
inhibitor sitagliptin, SGLT?2 inhibitor empagliflozin, or injec-
tion type of GLP-1RA liraglutide) [13]. However, the effect
of oral semaglutide on body fat and muscle mass has not been
fully evaluated. Thus, we investigated the effect of 24-week
treatment with oral semaglutide on body fat and muscle mass
in Japanese patients with type 2 diabetes.

Materials and Methods

Participants

This was a non-interventional retrospective longitudinal study.
The study population comprised patients with type 2 diabetes
who attended the outpatient clinic at Yokohama General Hos-
pital (Yokohama, Japan).

Between December 2021 and July 2022, oral semaglutide
was started at 3 mg daily, titrated up to 14 mg, and continued
for 24 weeks. Because the combined use of DPP-4 inhibitors
and oral semaglutide was not approved, in patients using DPP-
4 inhibitors, this was replaced by oral semaglutide, and other
anti-diabetic agents were continued at same dosage. In the pa-
tients without DPP-4 inhibitors, oral semaglutide was added,
and the other agents were kept at same dosage. The attending
doctors started oral semaglutide at 3 mg daily and carefully ti-
trated up to 14 mg, considering laboratory data and symptoms
and signs of side effects.

The inclusion criteria were patients aged 20 to 80 years
and with a hemoglobin Alc (HbA1c) variation less than 0.5%
in the previous 6 months. The exclusion criteria were as fol-
lows: 1) malignancy, severe renal disease (estimated glomeru-
lar filtration rate (eéGFR) < 30 mL/min/1.73 m?), or severe liv-
er disease; 2) abnormal state with extracellular water (ECW)

378 Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

such as systemic edema or dehydration; 3) presence of metals
in body, such as cardiac pacemaker, metal plate, or metallic
stent and; 4) being considered to be unsuitable for the study by
the attending doctors.

This study was approved by the ethics committee of Yo-
kohama General Hospital (No. 202205) and was performed in
accordance with the principles of the Declaration of Helsinki.
Because this was a non-interventional study, informed consent
was obtained in the form of an opt-out on our website.

Assessment of general characteristics and body composi-
tion

At the start of oral semaglutide treatment in the outpatient
clinic, height and BW were measured and body mass index
(BMI) was calculated. Blood and urine were sampled for gen-
eral laboratory tests at baseline, 12 weeks, and 24 weeks of
oral semaglutide treatment, and patient characteristics such as
diabetic medication was recorded. Then, bioelectrical imped-
ance analysis (BIA) was performed with the body composition
analyzer MC-780MA-N (Tanita Corp., Tokyo, Japan). Be-
cause abnormal ECW and metals inside the body may affect
body composition measurements by BIA and make it difficult
to accurately evaluate the obtained data, we set these points in
the exclusion criteria. To assess muscle mass, the appendicular
skeletal muscle mass (ASM) was calculated as the sum of the
lean mass of the arms and legs. The appendicular skeletal mus-
cle index (SMI) was defined as ASM/height squared (units;
kg/m?). We used whole-body lean mass and SMI as indices
of muscle mass. The BIA device is equipped with the calcu-
lation system of phase angle (PhA) and ECW to total body
water (TBW) ratio (ECW/TBW). BIA measures whole-body
impedance, i.e., the opposition of the body to an alternating
current. Impedance consists of two components: resistance (R)
and reactance (Xc); R is derived from the amount of intracel-
lular water (ICW) and ECW, whereas Xc is dependent on the
integrity of cell membranes. PhA can be simply calculated as
an arctangent by using the raw data of R and Xc at a frequency
of 50 kHz, as follows: (Xc/R) x 180°/z. Because both PhA and
ECW/TBW were known to be associated with muscle mass
and strength [14, 15], PhA and ECW/TBW were also meas-
ured.

Statistical analysis

Data were expressed as mean + standard error (SE). Differ-
ences between baseline and 12 and 24 weeks were assessed
by Tukey’s type multiple comparison test. All analyses were
performed with the SPSS version 21 software package (IBM,
Tokyo, Japan). Statistical significance was defined as a P value
less than 0.05.

Results

We included 25 patients with type 2 diabetes (male, 14; fe-
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Table 1. Clinical Characteristics of Participants

Baseline 12 weeks 24 weeks
Age, years 54.1+2.7
Height, cm 1655+ 1.6
SBP, mm Hg 140.5+4.1 140.8 £ 4.1 137.6 = 4.6
DBP, mm Hg 81.1+2.7 81.5+25 789+33
LDL-cholesterol, mg/dL 1325+7.1 120.6 £ 6.5** 122.3 £7.3%*
Triglyceride, mg/dL 178.1 +£14.8 164.6 £13.3 157.8+15.4
HDL-cholesterol, mg/dL 48.5+1.8 458 £1.7* 46.5 £ 1.7*%*
eGFR, mL/min/1.73 m? 69.2 £4.1 68.9 £4.1 64.2 + 3.6%%%, ##

Data are expressed as mean + SE. *P < 0.05, **P < 0.01, ***P < 0.001 vs. baseline, *P < 0.05 vs. 12 weeks, #P < 0.01 vs. 12 weeks. SBP: systolic
blood pressure; DBP: diastolic blood pressure; LDL: low-density lipoprotein; HDL: high-density lipoprotein; eGFR: estimated glomerular filtration rate;

SE: standard error.

male, 11) aged 28 to 78 years (54.1 £ 2.7, mean + SE). Regard-
ing smoking and alcohol history, current smoking was in six
patients, previous smoking in three patients, and non-smoking
in 16 patients, and drinking in 11 patients and non-drinking in
14 patients, respectively. But, the information about consump-
tion of daily smoking and alcohol was not obtained.

Eighteen patients were taking an DPP-4 inhibitor, which
was replaced with oral semaglutide, and the other seven pa-
tients had oral semaglutide added to their medications. The
dosages of other anti-diabetic agents were not changed dur-
ing the study period. The percentage treated with the various
agents was as follows: insulin injection, 20%; sulfonyl urea,
24%; metformin, 36%; glinides, 16%; pioglitazone, 4%;
a-glucosidase inhibitors, 4%; and SGLT?2 inhibitors, 20%.

All patients had mild abdominal fulness, abdominal dis-
comfort, and sense of appetite decrease at the beginning state,
but they were mild and tolerable level. Thus, the attending
doctors carefully titrated and maintained dosage of oral sema-
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glutide that the patients could continue. At 24 weeks, dosage
of oral semaglutide was 3 mg in three patients, 7 mg in 12
patients, and 14 mg in 10 patients.

Baseline characteristics are shown in Table 1. Systolic
and diastolic blood pressure were unchanged. Serum low-
density lipoprotein (LDL) cholesterol and high-density lipo-
protein (HDL) cholesterol were decreased at 12 weeks and 24
weeks from baseline levels, whereas serum triglyceride was
unchanged. eGFR at 24 weeks was decreased from baseline
and 12-week levels.

Changes in HbAlc, serum aspartate aminotransferase
(AST), and serum alanine aminotransferase (ALT) are shown
in Figure 1. HbAlc significantly decreased by 12 weeks and
was further ameliorated by 24 weeks (8.7+0.17% at baseline;
7.6+0.20% at 12 weeks; 7.0+0.16% at 24 weeks). Both AST
and ALT were significantly decreased at 12 weeks and kept the
same level at 24 weeks.

Changes in BMI, whole-body fat, whole-body lean mass,
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Figure 1. Effect of 24-week oral semaglutide treatment on glycemic control and serum liver enzymes. Data are expressed as
mean + SE. *P < 0.05. **P < 0.01, ***P < 0.001 vs. baseline and #P < 0.01 vs. 12 weeks. HbA1c: hemoglobin A1c; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; SE: standard error.

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

www.jocmr.org 379



Oral Semaglutide Reduces Fat but Not Muscle

J Clin Med Res. 2023;15(7):377-383

BMI Whole-body fat
kg/m? kg
35 60
% kkk #
30 50
25
40
20
30 *%k  dkokok, #
15
20
10
5 10
0 0

Baseline 12 weeks 24 weeks

Whole-body lean mass SMI
kg kg/m?
60 10

9

50 s
40 4
6

30 5
4

20 3
10 2
1

0 0

Baseline 12 weeks 24 weeks Baseline 12 weeks 24 weeks Baseline 12 weeks 24 weeks

Figure 2. Effect of 24-week oral semaglutide treatment on body mass index and body composition. Data are expressed as mean
+ SE.**P < 0.01, ***P < 0.001 vs. baseline and #P < 0.05 vs. 12 weeks. BMI: body mass index; SMI: skeletal muscle index; SE:

standard error.

and SMI are shown in Figure 2. BMI and whole-body fat sig-
nificantly decreased by week 12 and was further reduced by
week 24 (BMI and whole-body fat; 29.3 £0.68 and 28.3 +1.52
at baseline; 28.5 = 0.72 and 26.8 + 1.59 at 12 weeks; 28.0 +
0.71 kg/m? and 25.5 = 1.57 kg at 24 weeks). Whereas, whole-
body lean mass and SMI remained unchanged during the study
period (whole-body lean mass and SMI; 48.1 + 1.92 and 8.1 +
0.20 at baseline; 47.7 = 1.93 and 8.1 + 0.20 at 12 weeks; 47.6
+1.89 kg and 8.1 + 0.20 kg/m? at 24 weeks).

The attending doctors asked the patients about changes in
eating and exercise in every visit, and all patients answered
to continue diet and exercise therapy with same level accord-
ing to advise and instructions from the attending doctors and
medical staff. However, we did not use a checking sheet for
daily diet consumption and a calorie counter to measure daily
exercise performance. Thus, it was unclear whether eating and
exercise habit was changed by oral semaglutide treatment.

Changes in PhA and ECW/TBW are shown in Table 2.
The right side of the body PhA (R-PhA), the left side of the
body PhA (L-PhA), and the ECW/TBW were unchanged dur-
ing the study period.

Discussion

The present study demonstrated four findings. First, HbAlc
Table 2. Changes of PhA and ECW/TBW Ratio

Baseline 12 weeks 24 weeks
R-PhA 5.90+0.16 5.84+£0.16 5.80 £0.15
L-PhA 5.75+0.15 5.68+£0.14 5.69+0.14
ECW/TBW 0.43+0.01 0.44 +£0.01 0.42 +£0.02

Data are expressed as mean + SE. R-PhA: right phase angle; L-PhA:
left phase angle; ECW/TBW: extracellular water/total body water ratio;
SE: standard error.
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was remarkably improved, as shown in Figure 1 (from
8.7+0.2% at baseline to 7.0+0.2% at 24 weeks) suggesting
amelioration of glycemic control. Second, while BMI and
whole-body fat were decreased, whole-body lean mass and
SMI remained unchanged. Third, serum liver enzyme AST and
ALT were reduced. Fourth, R-PhA, L-PhA, and ECW/TBW
were unchanged.

The age of the participants widely ranged from 28 to 78
years, but no significant correlations between age and changes
in whole-body fat (r = -0.104, P = 0.620) and whole-body
lean mass (r=-0.071, P =0.736) for 24 weeks were observed.
Thus, the effect of oral semaglutide on body composition may
be independent of age. We did not measure AVF by abdomi-
nal CT and IHL by '"H-MRS in the present study, so it re-
mains unclear whether AVF and THL were reduced by oral
semaglutide treatment. However, we previously performed a
post-hoc analysis combined with our three prospective stud-
ies for 24 weeks to evaluate the effect of anti-diabetic agents
(DPP-4 inhibitor sitagliptin, SGLT2-inhibitor ipragliflozin,
sulfonylurea glimepiride, and GLP-1RA liraglutide) on IHL
content by 'H-MRS [16]. We obtained the results indicating
that the changes in BMI, ALT, and HbA 1c were independent-
ly correlating factors with the change in IHL content from
multiple regression analysis with stepwise forward selection
method. Moreover, the multiple coefficient of determination
(R?) and adjusted R? with combination of these three factors
were very high (0.855 and 0.829). In the present study, BMI,
ALT, and HbA Ic were significantly reduced during the study
period, suggesting that IHL content as well as body fat may
be reduced by the treatment of oral semaglutide. We previ-
ously reported that the injection type of GLP-1RA, liraglutide
significantly reduced both AVF and IHL [11]. Thus, further
study measuring AVF and THL may clarify the effect of oral
semaglutide on AVF and THL.

Gibbons et al previously evaluated the effect of 12-week
oral semaglutide treatment on body composition measured by
air displacement plethysmography, and they showed that BMI
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and whole-body fat but not whole-body lean mass were sig-
nificantly reduced (whole-body fat, -2.6 + 2.5 kg; whole-body
lean mass, -0.1 £ 1.7 kg, mean + standard deviation (SD)) [17].
Thus, they concluded that reduction in BMI may be princi-
pally due to body fat reduction. Although the study period was
shorter and the analysis method of body composition was dif-
ferent, the results were consistent with the present study. Meier
et al performed a post hoc analysis of the PIONEER Studies
1-8 and showed that body weight loss with oral semaglutide
was mediated predominantly by effects other than gastrointes-
tinal adverse events [13]. They discussed that the majority of
the weight loss was most likely mediated through the direct
effects of GLP-1 agonism on appetite-regulating system. Thus,
we speculate that all patients in the present study may decrease
daily consumption of diet.

On the other hand, Volpe et al recently reported that once-
weekly semaglutide injection treatment for 6 months signifi-
cantly decreased both fat mass index (FMI), defined as whole-
body fat/height squared (units; kg/m?), and SMI [18]. But the
degree of reduction was much different between FMI and SMI
(baseline FMI, 17.10 £ 0.99, variation of FMI at 6 months,
-3.04 £ 0.43 kg/m?; baseline SMI, 10.36 + 0.27, variation of
SMI at 6 months, -0.51 £ 0.14 kg/m?; mean = SD) measured
by BIA. Furthermore, they showed that handgrip strength
measured by a manual hydraulic dynamometer and PhA and
ECW/TBW measured by BIA were not significantly changed
during the study period. Taken together, the authors discussed
that semaglutide once-weekly injection remarkably decreased
body fat with non-clinically relevant change in muscle mass
and strength. Recently we also reported that R-PhA, L-PhA,
and the ECW/TBW were closely associated with muscle mass
and handgrip strength in the patients with type 2 diabetes [19].
In the present study, we found no significant changes in R-
PhA, L-PhA, and ECW/TBW as shown in Table 2. Thus, al-
though we did not directly measure muscle strength, it is likely
that oral semaglutide does not induce loss of muscle strength.
The majority of the body fat loss seen with oral semaglutide
was thought to be mediated through the direct effects of GLP-
1 agonism on appetite-regulating system in brain, rather than
gastrointestinal adverse effects [13, 20]. However, the exact
mechanism of why whole-body lean mass and SMI were not
decreased by oral semaglutide remains unclear.

Human vascular endothelial cells express abundant GLP-1
receptor as well as insulin receptor [21]. Recently Wang et al re-
ported that GLP-1RA infusion increased microvascular blood
volume by about 30% and 40% in skeletal and cardiac muscle,
respectively, with no change in flow velocity, leading to sig-
nificant increase in microvascular blood flow in both skeletal
and cardiac muscle in obese human subjects [22]. These ac-
tions of GLP-1 may increase delivery of oxygen, nutrients, and
hormones, such as insulin, to the myocytes, which is important
for maintaining muscle mass and function. In fact, a recent
study showed that GLP-1 enhances insulin-mediated whole-
body glucose uptake in the glucose clamp study of human sub-
jects [23]. In addition, a previous study showed that GLP-1
directly induced myogenesis via a cAMP-dependent complex
network in skeletal muscles of rodents [24]. Furthermore, pre-
vious reports showed that GLP-1RA directly activates glucose
transport in rat and mouse skeletal muscle cells [25, 26]. Taken
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together, GLP-1 may have an anabolic action on skeletal mus-
cle tissue. Exercise is an important factor regulating muscle
volume and strength and we previously reported that resistant
exercise increased muscle strength in older patients with type
2 diabetes in 48 weeks prospective interventional study [27].
However, in the present study, we did not check daily exercise
in the patients. Thus, further basic and clinical investigations
including assessment of exercise habit may clarify the clinical
effect of semaglutide treatment on skeletal muscle mass and
function.

Alhindi and Avery recently reported the efficacy and safe-
ty of oral semaglutide compared to injection of semaglutide
and the other injection of GLP-1RA comparators by network
meta-analysis [28]. They showed that oral semaglutide was
non-inferior to injection of semaglutide and superior to other
comparators in regarding HbAlc and body weight. However,
there has been no report to directly compare injection type of
semaglutide and oral semaglutide regarding body composi-
tion. To our knowledge, this is the first report that 24-week
treatment of oral semaglutide decreased body fat without af-
fecting muscle mass in Japanese patients with type 2 diabetes.
Because oral semaglutide is more acceptable for patients with
type 2 diabetes than injection type of GLP-1RA, further study
should be required for clarification of pharmacological signifi-
cance and clinical usefulness of oral semaglutide.

The present study has several limitations. First, it was a
non-interventional retrospective longitudinal analysis of a
small number of patients with type 2 diabetes for short terms
without control group. Thus, it is unclear whether the obtained
results are applicable to a large population for a longer term.
A future prospective interventional study with large number of
patients comparing with control group may confirm the pre-
sent results. Second, we did not check the changes in diet and
exercise and did not evaluate appetite change. Thus, the exact
mechanism of body fat reduction remains unclear. Third, we
did not directly assess both muscle strength such as handgrip
or leg extension, AVF, and IHL. Based on our previous stud-
ies, we discussed that muscle strength might not be decreased,
and IHL may be reduced considering the lack of change in
PhA and ECW/TBW and significant decrease in BMI, HbAlc,
and ALT, respectively. Nevertheless, exact changes in muscle
strength, AVF, and IHL were not evaluated, and thus a fur-
ther study needs direct measurement to confirm these points.
Fourth, we did not evaluate whether there was an additive or
synergistic action of oral semaglutide with other anti-diabetic
agents on body composition. As we showed in the Result sec-
tion, many patients were already treated with other anti-dia-
betic agents and kept the same dosage during the study period.
Thus, a future study in a large sample should investigate drug
interaction on body composition.

In conclusion, 24-week treatment with oral semaglutide
ameliorated glycemic control with reduction of body fat but
not muscle mass in Japanese patients with type 2 diabetes.
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