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Abstract
Background We assessed the effect of supervised, combined aerobic and resistance exercise on diabetic parameters in Japa-
nese patients with type 2 diabetes mellitus (T2DM).
Methods This 12-week, multicenter (17 medical institutions), open-label, parallel-group study (clinicaltrials.jp; 
JapicCTI-184002), randomized (1:1) Japanese patients aged 20–75 years with T2DM and hemoglobin A1c (HbA1c) of 
7.0–10.0% to supervised exercise (n = 113) or standard therapy (n = 115). The supervised exercise group undertook super-
vised aerobic (30 min) and resistance exercise 3 times/week (20 designated gyms). Primary endpoint was change in HbA1c 
from baseline at week 13. Secondary endpoints were change in fasting blood glucose (FBG), glycoalbumin, fasting insulin, 
homeostatic model assessment of insulin resistance (HOMA-IR), and HOMA-β at week 13.
Results Of 228 randomized patients, 97 (85.8%) in the supervised exercise group and 108 (93.9%) in the standard therapy 
group completed the study. Supervised exercise significantly lowered HbA1c at week 13 versus standard therapy (estimated 
difference in change from baseline [95% confidence interval]: − 0.44% [− 0.61, − 0.28], p < 0.001). Supervised exercise 
also significantly decreased FBG (estimated difference: − 13.0 [− 19.2, − 6.7] mg/dL) and glycoalbumin (estimated differ-
ence:  − 1.52% [− 2.10, − 0.93]) compared with standard therapy. Fasting insulin (− 0.5 µIU/mL) and HOMA-IR (− 0.3) 
decreased with supervised exercise, but group differences were not significant. Treatment-emergent adverse events were 
more frequent in the supervised exercise group (42.5%) than in the standard therapy group (29.6%); however, no major safety 
concerns were identified.
Conclusions A structured, supervised, aerobic and resistance exercise program improved HbA1c and was well accepted 
among patients with T2DM.
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Introduction

Regular exercise is well known to provide substantial ben-
efits to patients with type 2 diabetes mellitus (T2DM) [1–4]. 
Specifically, regular aerobic and/or resistance exercise is 
associated with lower hemoglobin A1c (HbA1c), triglyc-
erides, blood pressure, and insulin resistance, as well as 
reduced fat mass, increased strength, and increased lean 
body mass [1–4]. Although the benefits of exercise are well 
known, the best combination of aerobic and resistance exer-
cise, as well as the duration and frequency for maximum 
impact, remains unclear [1, 2, 5–7]. Japanese T2DM treat-
ment guidelines recommend that moderate-intensity exercise 
be implemented for 20–60 min per day or 3–5 times a week 
for a total of 150 min or longer per week [8, 9]. In addition, 
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these guidelines specify that resistance exercise should be 
implemented 2–3 times a week [8, 9]; however, the exact 
form of exercise and the best combination of aerobic and 
resistance exercise are not specified in Japanese guidelines 
or in guidelines from other countries [8–10].

Despite healthcare professionals suggesting patients 
implement regular exercise regimens for management of 
T2DM, in Japan, 30% of patients do not implement the 
prescribed exercise program and less than 50% of patients 
implement the exercise regimen on a regular basis [11]. Fac-
tors such as guidance on frequency of exercise therapy and 
detailed exercise prescription have been shown to have a 
positive effect on patients who were performing exercise 
therapy [12]. Supervised exercise has also been shown to 
have a greater effect on HbA1c levels compared with un- 
supervised exercise [6]. Despite a large number of studies 
assessing the impact of exercise as a form of therapy for 
T2DM, trials in Japan [13, 14] have not analyzed a large 
number of patients, and the best exercise prescription 
remains to be elucidated. This is the first randomized con-
trolled trial to assess the effect of a specific exercise program 
conducted under supervision in a relatively large cohort of 
Japanese patients.

Materials and methods

Study design

This 12-week, multicenter, randomized, open-label, parallel-
group study in Japanese patients with T2DM was conducted 
at 17 medical institutions from July 2018 to November 
2019. Patients were randomized (1:1) to a supervised exer-
cise group or a standard therapy group. Randomization was 
conducted using a dynamic allocation method, with medical 
institution, screening HbA1c level (< 8.0%, ≥ 8.0%), body 
mass index (BMI) (< 25 kg/m2, ≥ 25 kg/m2), sex, and age 
(≤ 64 years, ≥ 65 years) as allocation factors. Patients ran-
domized to the supervised exercise group conducted a spe-
cific exercise program at any of 20 designated sports gyms 
under one-on-one guidance from a trainer who recorded the 
session and noted whether exercises were carried out cor-
rectly and whether patients met intensity targets (Supple-
mentary Table S1). Patients were fully compensated for all 
costs associated with visiting the gym, including usage fees 
and transportation costs. All patients in both groups contin-
ued with their current diet therapy and normal daily activity; 
patients randomized to the supervised exercise group per-
formed the supervised exercise in addition to their normal 
activity.

The exercise program was divided into 3 periods (initial 
period: weeks 1–2; titration period: weeks 3–4; and mainte-
nance period: weeks 5–12) (Supplementary Table S1), and 

both aerobic and resistance exercises were conducted during 
each session, 3 times a week. Aerobic exercise was con-
ducted for 30 min at each session, and the intensity increased 
gradually throughout the study, with a target to achieve light 
intensity (based on heart rate reserve) in the first 2 weeks, 
moderate intensity in weeks 3–4, and vigorous intensity 
from week 5 to the end of the study, as recommended 
[15–18]. Heart rate reserve was measured using a Polar 
M430 running watch (Polar Electro Oy, Kempele, Finland). 
For resistance exercise, patients aimed to achieve moderate-
to-vigorous intensity (as recommended [15–18]), based on 
the repetition maximum (maximum amount of weight that a 
person can possibly lift for 1 repetition) assessed on the first 
day of weeks 1, 5, and 9.

This study was performed in compliance with the Ethi-
cal Guidelines for Medical and Health Research Involving 
Human Subjects and the Declaration of Helsinki. The study 
protocol was approved by the local ethics committee at each 
medical institution, the Medical Corporation Toukeikai 
Kitamachi Clinic Ethical Review Board (approval number 
AST05921, approved June 28, 2018), or the Joint Ethical 
Review Board (approval number 14000050.20180817-4654, 
approved August 17, 2018). All patients provided written 
informed consent before participating. The study was regis-
tered at clinicaltrials.jp (JapicCTI-184002).

Study population

Eligible patients were male or female, aged 20–75 years 
at the time of consent, were diagnosed with T2DM at 
least 12 weeks before providing consent, and had a BMI 
of 20.0–35.0 kg/m2 at screening. All patients had to have 
HbA1c levels between 7.0% and 10.0% at screening and 
fluctuations of ≤  ± 1.0% in HbA1c levels within 3 months 
from screening to analysis. Patients agreed not to partici-
pate in any other intervention study. All patients who con-
sented also agreed to conduct the exercise program 3 times a 
week. In addition, female patients were included if they were 
menopausal at the time of consent and had not menstruated 
for ≥ 1 year, had undergone surgical sterilization, or if of 
reproductive age, had a negative pregnancy test at screening 
and agreed to use contraception during the study. The need 
for documenting the use of contraception was based on the 
terms set by the sports gyms providing the exercise equip-
ment, with no documentation of the type of contraceptive 
medication used, and patients were permitted to discontinue 
the study if they wished to become pregnant.

Patients were not eligible if they had received any insu-
lin preparations, sulfonylureas, or rapid-acting insulin 
secretagogues at the time of consent or during the study or 
had a change in administration of any other oral diabetes 
drug following consent. Patients who planned to start or 
change their dietary intervention during the study, had 
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been exercising regularly for ≥ 20 min for 3 or more times 
a week, or conducted any other regular resistance exercise 
in the 6 months before providing consent were excluded. 
Patients were also excluded if they had: a diagnosis of 
type 1 diabetes, diabetic retinopathy, diabetic neuropathy, 
diabetic nephropathy, or severe hypertension; a history or 
diagnosis of severe heart disease, cerebrovascular acci-
dent, or peripheral occlusive arterial disease; a combina-
tion of musculoskeletal disorders or severe respiratory ill-
ness that would make it difficult to carry out the prescribed 
exercise program, as determined by the attending physi-
cian; acute or severe infection; an immune disease requir-
ing steroids or immunosuppressants; malignant tumor 
(unless treatment was not required for ≥ 5 years before the 
study); systolic blood pressure (SBP) ≥ 160 mmHg, dias-
tolic blood pressure (DBP) ≥ 100 mmHg, pulse rate ≥ 130 
beats/min, or electrocardiogram (ECG) abnormality 
grade > 2; brain natriuretic peptide (BNP) ≥ 100 pg/mL; 
fasting blood glucose (FBG) ≥ 250 mg/dL; or moderate or 
high urinary ketone bodies.

Outcome measures

The primary endpoint was change in HbA1c from base-
line at week 13. The secondary endpoints were change in 
FBG, glycoalbumin, fasting insulin, homeostatic model 
assessment of insulin resistance (HOMA-IR, calculated 
as FBG × fasting insulin ÷ 405), and HOMA-β (calculated 
as [fasting insulin × 360] ÷ [FBG − 63]) at week 13. Clinic 
visits were conducted at screening and at weeks 0, 5, 9, 
13, and 15 (follow-up), and the following clinical meas-
urements were conducted: fasting insulin, triglycerides, 
low-density lipoprotein (LDL)-cholesterol, high-density 
lipoprotein (HDL)-cholesterol, glycoalbumin, BNP, FBG, 
HbA1c (calculated using the National Glycohemoglobin 
Standardization Program method), urinary ketone bodies, 
infectious disease test results, height, body weight, waist 
circumference, blood pressure, pulse rate, and ECG. For 
patients in the supervised exercise group, exercise data, 
muscle mass, and body fat percentage were recorded by 
the trainer at weeks 1 (before the exercise program was 
started), 5, 9, and 12.

Safety measures comprising treatment-emergent 
adverse events (TEAEs) that occurred from the time of 
enrollment to week 15 were identified by self-report or 
from clinical findings at each visit. The incidence of each 
TEAE was calculated by referring to the Japanese transla-
tion of the Medical Dictionary for Regulatory Activities 
and summarized by system organ class and preferred term. 
The rates of exercise-related TEAEs, serious TEAEs, and 
TEAEs leading to discontinuation were also assessed.

Statistical analysis

The statistical analysis plan was finalized before the avail-
ability of the first patient’s primary endpoint, and only minor 
changes were made subsequently. The planned sample size 
was 109 patients in each group. This sample size was based 
on an assumed discontinuation rate of 20% and calculated 
to give 80% power for statistical significance with a 2-sided 
significance level of 0.05.

Efficacy analyses were performed on the full analysis set 
(FAS), which included patients with data for at least 1 effi-
cacy variable measured after randomization. For patients in 
the supervised exercise group, at least 1 efficacy variable had 
to be evaluated after the first exercise.

For the primary endpoint, change from baseline in HbA1c 
at week 13 was calculated as least squares (LS) means using 
mixed-model repeated measures (MMRM). Treatment group 
and week were used as factors, with baseline levels used as 
a covariate, as well as an interaction of treatment by week 
and an interaction of baseline measurement by week. The 
differences between groups for HbA1c, FBG, glycoalbumin, 
fasting insulin, HOMA-IR, and HOMA-β were estimated 
using MMRM with 2-sided 95% confidence intervals (CIs).

Safety outcomes were assessed on the safety analysis 
set, which included patients who were randomized to each 
group, and were reported using descriptive statistics. All 
analyses were performed using  SAS® software version 9.4 
(SAS Institute Inc., Cary, NC, USA).

Results

Patient disposition

A total of 285 patients were enrolled and provided informed 
consent (Fig. 1). Of these, 228 patients were considered 
eligible at screening and randomized into 2 groups (super-
vised exercise = 113; standard therapy = 115) comprising the 
safety analysis set population. One patient who had previ-
ously received rapid-acting insulin secretagogue treatment 
was enrolled and randomized to the standard therapy group; 
this patient was included in both the safety analysis set and 
the FAS. Of the 228 patients randomized, 3 patients from 
the supervised exercise group were excluded from the FAS 
population as they did not conduct any of the exercises. One 
patient in the standard therapy group did not have any effi-
cacy variables measured after baseline and was excluded 
from the FAS. Of the randomized patients, 97 (85.8%) in the 
supervised exercise group and 108 (93.9%) in the standard 
therapy group completed the study. The primary reason for 
discontinuation was adverse events in the supervised exer-
cise group (n = 5) and protocol deviation in the standard 
therapy group (n = 2). In the supervised exercise group, other 
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reasons for discontinuation were shutdown of the medical 
institution (n = 3), difficulty attending the gym (n = 2), too 
busy (n = 2), inconvenient to go to the gym, patient decision, 
patient desire to exercise on their own and not at a gym, and 
unable to attend the exercise session in the first week follow-
ing registration (n = 1 each).

Demographics and baseline clinical characteristics

Demographics and baseline characteristics were generally 
balanced between groups (Table 1). Approximately 60% 
of patients were male, with a mean age of approximately 
55 years. Patients in both groups were overweight with an 
average BMI of approximately 26–27 kg/m2 and had aver-
age HbA1c levels of 7.7%. Baseline SBP and DBP were 
well controlled, and more than 75% of patients in both 
groups were on antidiabetic drug therapy, most commonly 
biguanides or dipeptidyl peptidase-4 inhibitors (Supplemen-
tary Table S2).

Primary efficacy endpoint

Patients in the standard therapy group had an increase in 
HbA1c levels at week 13 (LS mean change from base-
line = 0.13%). In contrast, exercise intervention had a sig-
nificant effect on HbA1c levels, with an LS mean change 
from baseline at week 13 of −0.31% in the supervised 
exercise group and an estimated difference between the 
2 groups of − 0.44% (95% CI −0.61, −0.28, p < 0.001) 

(Fig. 2a). A significant decrease in HbA1c levels was 
observed in patients after just 5  weeks of supervised 
exercise, which continued to decrease for the duration 
of the study (Fig. 2b), whereas HbA1c levels remained 
constant for patients in the standard therapy group. The 
mean (standard deviation) HbA1c level decreased from 
7.68% (0.60%) at baseline to 7.37% (0.71%) at week 13 in 
the supervised exercise group and increased from 7.71% 
(0.60%) at baseline to 7.76% (0.75%) at week 13 in the 
standard therapy group.

Discontinuation (n=7)
 Adverse event (n=1)
 Protocol deviation (n=2)
 Other reason (n=4)

Discontinuation (n=16)
 Adverse event (n=5)
 Other reason (n=11)

Informed consent received 
(n=285)

Not eligible
(n=57)

Supervised exercise group 
(n=113)

Standard therapy group 
(n=115)

Completed trial
(n=97)

Completed trial
(n=108)

Randomized 
(n=228)

Fig. 1  Patient disposition and discontinuations

Table 1  Demographics and baseline characteristics for FAS

BMI body mass index, BNP brain natriuretic peptide, BP blood 
pressure, FAS full analysis set, FBG fasting blood glucose, HbA1c 
hemoglobin A1c, HDL high-density lipoprotein, LDL low-density 
lipoprotein, SD standard deviation
a At screening
b At consent
c N = 109
d See Supplementary Table S2 for antidiabetic drug classes

Variable Supervised 
exercise 
(N = 110)

Standard 
therapy 
(N = 114)

 Age, mean (SD) 54.6 (9.2) 55.7 (10.2)
 Female, n (%) 42 (38.2) 45 (39.5)

Anthropometrics, mean (SD)
 Weight, kg 73.15 (12.64) 71.88 (12.37)
 BMI, kg/m2 26.66 (3.77) 26.25 (3.59)
 Waist circumference, cm 92.25 (9.47) 92.35 (9.70)

Diabetes factors, mean (SD)
 HbA1c, % 7.68 (0.60) 7.71 (0.60)
 FBG, mg/dL 147.5 (27.8) 151.4 (30.5)
 Glycoalbumin, % 19.32 (2.94) 19.75 (2.99)
 Fasting insulin, µIU/mL 9.22 (5.84) 7.36 (4.55)
 Urinary ketone  bodiesa, n (%)
  Negative ( − ) 97 (88.2) 106 (93.0)
   Trace (±) 1 (0.9) 2 (1.8)
   1 + 10 (9.1) 4 (3.5)
   2 + 2 (1.8) 2 (1.8)

 Diabetes  durationb, months 89.7 (69.5)c 87.9 (72.7)
 Antidiabetic drug  therapyd, n (%) 85 (77.3) 87 (76.3)
 Medical diet therapy, n (%) 50 (45.5) 51 (44.7)
 Exercise instruction, n (%) 22 (20.0) 24 (21.1)

Cardiovascular factors, mean (SD)
 Systolic BP, mmHg 126.2 (11.8) 126.0 (14.2)
 Diastolic BP, mmHg 78.1 (10.5) 78.1 (10.4)
 Pulse rate, beats/min 79.1 (10.5) 76.8 (11.7)
 LDL-cholesterol, mg/dL 124.9 (31.1) 128.1 (34.8)
 HDL-cholesterol, mg/dL 55.6 (16.0) 58.5 (13.8)
 Triglycerides, mg/dL 165.8 (134.9) 154.6 (118.5)
  BNPa, pg/mL 8.70 (7.04) 10.43 (7.72)
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Key secondary endpoints

Overall, exercise had a significant effect on a number of lab-
oratory measures (Table 2). Significantly greater decreases 
in FBG and glycoalbumin levels were observed in patients 
in the supervised exercise group compared with the standard 
therapy group (estimated difference: FBG = −13.0 mg/dL 
[95% CI −19.2, −6.7], p < 0.001; glycoalbumin = −1.52% 
[95% CI −2.10, −0.93], p < 0.001), and both parameters 
increased slightly from baseline to week 13 in the standard 
therapy group (Table 2; Supplementary Fig. S1). Improve-
ment in insulin resistance was observed in patients in the 
supervised exercise group as shown by decreases in fasting 
insulin (− 0.482 µIU/mL) and HOMA-IR (− 0.2778); how-
ever, the differences between the 2 groups were not statisti-
cally significant for either measure at week 13 (Table 2; Sup-
plementary Fig. S1 and S2). Homeostatic β-cell dysfunction 
assessed by HOMA-β was slightly improved in the super-
vised exercise group at week 13 (LS mean change = 0.7340) 
compared with patients in the standard therapy group (LS 
mean change =  −1.6589); however, the difference between 
the 2 groups was not significant (Table 2; Supplementary 
Fig. S2). No significant changes were observed in SBP, DBP, 
body weight, or waist circumference (Table 2; Supplemen-
tary Fig. S3). Exercise intervention significantly decreased 

triglyceride levels at weeks 5 and 9, but not at week 13 (Sup-
plementary Fig. S4). No significant difference was observed 
in LDL-cholesterol; however, a significant increase was 
observed at week 13 in HDL-cholesterol in the supervised 
exercise group compared with the standard therapy group 
(2.6 mg/dL [95% CI 0.8, 4.4], p = 0.004) (Table 2; Supple-
mentary Fig. S4).

Overview of TEAEs

Overall, the incidence of TEAEs was higher in the super-
vised exercise group (42.5%) compared with the standard 
therapy group (29.6%) (Table 3); however, no major safety 
concerns were identified. The most common TEAE was 
nasopharyngitis (supervised exercise = 19.5%; standard 
therapy = 12.2%). Musculoskeletal and connective tis-
sue disorders were more common in the supervised exer-
cise group (10.6%) compared with the standard therapy 
group (5.2%). More patients in the supervised exercise 
group (2.7%) experienced upper respiratory tract inflam-
mation compared with patients in the standard therapy 
group (0.9%). Exercise-related TEAEs were reported in 
11 (9.7%) patients in the supervised exercise group, which 
were muscle pain (n = 4), back pain (n = 2), muscle strain, 
blood pressure decreased, osteoarthritis, headache, and 
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Fig. 2  a LS mean change from baseline in HbA1c at week 13 and b 
change over time in HbA1c (FAS). Closed circles = supervised exer-
cise group; open squares = standard therapy group. CI confidence 
interval; FAS full analysis set; HbA1c hemoglobin A1c; LS least 
squares; MMRM mixed-model repeated measures; SD standard devia-
tion. *p < 0.001 between groups for the LS mean change from base-

line, MMRM with an unstructured covariance matrix within patients. 
The model considered randomization group (supervised exercise, 
standard therapy), week, baseline HbA1c, and week-by-randomiza-
tion group interaction and week-by-baseline interaction as explana-
tory variables
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dizziness (n = 1 each). Of the patients who reported an 
exercise-related TEAE, 3 (2.7%) patients discontinued the 
study due to muscle strain, back pain, and osteoarthri-
tis (n = 1 each). Only 1 patient (0.9%) in the supervised 
exercise group and 2 patients (1.7%) in the standard ther-
apy group reported a serious TEAE. Head distortion was 
reported as a serious TEAE by 1 patient in the supervised 
exercise group, who recovered after 16 days of follow-up. 
In the standard therapy group, 1 patient reported stress 
cardiomyopathy and recovered after 49 days of follow-
up. The other patient reported macular degeneration, but 
did not recover during the follow-up period; however, the 
incident was judged to be no longer clinically significant 

by the investigator. No exercise-related serious TEAEs or 
hypoglycemic events were reported for either group.

Discussion

This is the first randomized study to assess the impact of a 
supervised exercise program combining aerobic and resist-
ance exercise, detailing the type of activity, duration, and fre-
quency in a relatively large cohort of Japanese patients with 
T2DM over a 12-week period. The study demonstrated that 
supervised combined aerobic and resistance exercise sig-
nificantly lowered HbA1c levels and significantly decreased 

Table 2  Results of key secondary endpoints for the FAS

BP blood pressure, CI confidence interval, FAS full analysis set, FBG fasting blood glucose, HDL high-density lipoprotein, HOMA-IR homeo-
static model assessment for insulin resistance, HOMA-β homeostatic model assessment for beta-cell function, LDL low-density lipoprotein, LS 
least squares, MMRM mixed-model repeated measures, SD standard deviation
a MMRM with an unstructured covariance matrix within patients was used. The differences between groups were estimated using MMRM with 
2-sided 95% CIs. Significance level: 0.05 (2-sided)
b Estimated difference between supervised exercise and standard therapy groups

Variable Treatment group Mean at baseline 
(SD) [n]

Mean at week 13 
(SD) [n]

LS mean change 
from baseline at 
week  13a

Estimated 
 differencea,b 
(95% CI)

p  valuea,b

FBG, mg/dL Supervised exercise 147.5 (27.8) [109] 143.0 (25.7) [97] − 6.1 − 13.0 
(− 19.2,  − 6.7)

 < 0.001
Standard therapy 151.4 (30.5) [114] 155.3 (28.7) [107] 6.9

Glycoalbumin, % Supervised exercise 19.32 (2.94) [110] 18.57 (3.15) [97] − 0.75 − 1.52 (− 2.10,  − 
0.93)

 < 0.001
Standard therapy 19.75 (2.99) [114] 20.18 (3.19) [108] 0.77

Fasting insulin, 
µIU/mL

Supervised exercise 9.22 (5.84) [109] 8.77 (5.98) [97] − 0.48 − 0.47 (− 1.46, 
0.52)

0.348

Standard therapy 7.36 (4.55) [114] 7.51 (5.48) [107] − 0.01
HOMA-IR Supervised exercise 3.41 (2.33) [109] 3.11 (2.19) [97] − 0.28 − 0.31 (− 0.73, 

0.10)
0.138

Standard therapy 2.74 (1.71) [114] 2.84 (1.98) [107] 0.04
HOMA-β Supervised exercise 42.04 (27.02) [109] 42.52 (30.84) [97] 0.73 2.39 (− 2.90, 7.68) 0.373

Standard therapy 33.41 (24.88) [114] 32.55 (30.75) [107] − 1.66
Triglycerides, 

mg/dL
Supervised exercise 165.8 (134.9) [110] 154.8 (117.4) [97] − 12.4 − 6.9 (− 28.2, 14.4) 0.523

Standard therapy 154.6 (118.5) [114] 148.5 (107.0) [108] − 5.5
LDL-cholesterol, 

mg/dL
Supervised exercise 124.9 (31.1) [110] 127.8 (32.5) [97] 2.0 0.9 (− 4.1, 5.9) 0.715

Standard therapy 128.1 (34.8) [114] 127.4 (30.8) [108] 1.0
HDL-cholesterol, 

mg/dL
Supervised exercise 55.6 (16.0) [110] 57.5 (15.8) [97] 1.7 2.6 (0.8, 4.4) 0.004

Standard therapy 58.5 (13.8) [114] 57.6 (12.9) [108] –0.9
Systolic BP, mmHg Supervised exercise 126.2 (11.8) [110] 124.9 (13.9) [97] − 0.8 1.2 (− 1.7, 4.1) 0.407

Standard therapy 126.0 (14.2) [114] 123.6 (11.6) [108] − 2.0
Diastolic BP, mmHg Supervised exercise 78.1 (10.5) [110] 76.1 (10.6) [97] − 2.0 − 0.5 (− 2.5, 1.4) 0.587

Standard therapy 78.1 (10.4) [114] 76.3 (10.9) [108] − 1.5
Body weight, kg Supervised exercise 73.15 (12.64) [110] 73.44 (12.84) [97] − 0.42 − 0.31 (− 0.77, 

0.15)
0.188

Standard therapy 71.88 (12.37) [114] 71.58 (12.46) [108] − 0.11
Waist circumfer-

ence, cm
Supervised exercise 92.25 (9.47) [110] 91.69 (9.01) [97] − 1.01 − 0.91 (− 1.87, 

0.06)
0.066

Standard therapy 92.35 (9.70) [114] 92.01 (9.90) [108] − 0.10
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other laboratory measures such as FBG and glycoalbumin. 
Improvements were also observed in insulin resistance 
parameters (fasting insulin and HOMA-IR) and β-cell dys-
function; however, these were not statistically significant. 
Overall, exercise was well accepted by patients and no 
serious TEAEs were associated with exercise intervention.

Regular exercise intervention significantly lowered 
HbA1c levels after 12 weeks in the supervised exercise 
group compared with the standard therapy group, which 
had a slight increase in HbA1c. These results are consistent 
with previous small (< 40 participants) and/or non-Japanese 
randomized studies, indicating that a combination of aero-
bic and resistance exercise is associated with decreases in 
HbA1c levels and improvements in insulin resistance [13, 
19–21]. Japanese clinical practice guidelines specify that 
patients should aim to achieve an HbA1c target of < 7.0% 
to prevent complications and < 6.0% when aiming for nor-
mal glycemia [16]. Although a significant change in mean 
HbA1c was observed with exercise intervention in this study, 
not all patients in the supervised exercise group achieved 
HbA1c < 7.0% and none achieved HbA1c < 6.0%. This could 
be due to the short duration of the study as similar results 
were observed in 2 small (< 40 patients) Japanese exercise 
intervention studies conducted over 12–16 weeks [13, 14], 
whereas HbA1c levels of approximately 6.5% were achieved 
in Canadian patients who partook in a randomized controlled 

trial of combined exercise intervention for 6 months [20]. 
Importantly, in the current study, a significant decrease in 
HbA1c levels was observed as early as week 5, suggest-
ing that exercise intervention had a rapid effect. Such early 
reductions in HbA1c may help encourage patients to con-
tinue with the exercise program, resulting in sustained gly-
cemic control.

Structured exercise has been reported to be as effective 
as antidiabetic medication in improving glycemic control 
[22]. Metformin has been shown to lower HbA1c levels by 
approximately 0.2% after 4 weeks and by approximately 
0.4% after 13 weeks of treatment, which is similar to the 
changes observed in this study [23]. In that same study, dula-
glutide 1.5 mg lowered HbA1c levels by approximately 0.5% 
after 4 weeks of treatment and by approximately 0.7% by 
13 weeks [23]. A similar effect was reported for alogliptin 
12.5 mg (− 0.60%) after 12 weeks of treatment in combina-
tion with sulfonylurea [24]. Interestingly, a similar decrease 
was observed in a randomized, placebo-controlled trial of 
alogliptin monotherapy, but only after 26 weeks of treatment 
[25]. Notably, in the current study, changes in HbA1c levels 
were achieved through exercise alone without any change 
to diet or pharmaceutical intervention. For patients trying 
to manage their diabetes, it may be beneficial to know that 
exercise intervention can improve diabetic parameters. This 
may provide physicians with the option to prescribe exercise 

Table 3  Summary of  TEAEsa 
by SOC and preferred term 
occurring in ≥ 2 patients in 
either group (SAF)b

MedDRA/J Japanese translation of Medical Dictionary for Regulatory Activities, SAF safety analysis set, 
SOC system organ class, TEAE treatment-emergent adverse event
a TEAEs are as per MedDRA/J v21.1
b The SAF population consists of patients who were randomized to each group
c Hypoglycemic events were TEAEs that were judged by physicians as being associated with hypoglycemia

SOC
 Preferred term, n (%)

Supervised exercise
(N = 113)

Standard therapy
(N = 115)

Overall 48 (42.5) 34 (29.6)
Gastrointestinal disorders 2 (1.8) 4 (3.5)
 Dental caries 2 (1.8) 1 (0.9)

Infections and infestations 28 (24.8) 20 (17.4)
 Bronchitis 2 (1.8) 0
 Gastroenteritis 1 (0.9) 2 (1.7)
 Herpes zoster 0 2 (1.7)
 Influenza 3 (2.7) 2 (1.7)
 Nasopharyngitis 22 (19.5) 14 (12.2)

Injury, poisoning, and procedural complications 5 (4.4) 2 (1.7)
 Wound 2 (1.8) 1 (0.9)

Musculoskeletal and connective tissue disorders 12 (10.6) 6 (5.2)
 Back pain 3 (2.7) 3 (2.6)
 Myalgia 4 (3.5) 0

Respiratory, thoracic, and mediastinal disorders 5 (4.4) 3 (2.6)
 Upper respiratory tract inflammation 3 (2.7) 1 (0.9)

Hypoglycemic  eventsc 0 0
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as an initial intervention before introducing or changing anti-
diabetic medication.

Overall, exercise was well tolerated; however, discon-
tinuation rates were slightly higher in the supervised exer-
cise group compared with the standard therapy group, 
with adverse events contributing to the difference between 
groups. Exercise-related TEAEs such as muscle strain or 
pain, back pain, and osteoarthritis were expected as patients 
in the supervised exercise group were more likely to injure 
themselves or have muscle pain compared with patients 
who were not exercising. Scheduling issues were also a 
contributor to the discontinuation rate in the supervised 
exercise group as some people were not able to attend the 
gym 3 times a week. Low or no discontinuations have been 
reported in a number of randomized controlled studies of 
supervised exercise intervention conducted in non-Japanese 
[19, 21, 26] and Japanese patients [13, 14]. A systematic 
review assessing structured exercise versus activity advice 
only showed that structured exercise programs had a dropout 
rate of < 20% [7], which is similar to what was observed 
in this study. In addition, structured exercise is associated 
with a more pronounced HbA1c reduction compared with 
advice only [3, 6, 7], suggesting that exercise prescription 
should involve a detailed exercise program for maximum 
benefit in diabetes management. In Japan, adherence to 
exercise prescription is low, with < 50% of patients imple-
menting prescribed exercise programs regularly and 30% not 
implementing prescribed exercise programs at all [11, 27]. 
The most common reasons for discontinuing exercise were 
lack of time or interest and insufficient understanding of the 
exercise prescription [11, 27]. Similarly, lack of time and 
inconvenience were some of the reasons for discontinuation 
in this study. Current diabetes treatment guidelines in Japan 
specify that a combination of aerobic and resistance exercise 
should be performed for ≥ 150 min per week; however, the 
guidelines do not provide detail of the exact combination or 
type of exercise for maximum benefit, resulting in patients 
having to develop their own exercise programs and be 
responsible for their own training [8, 9]. The current study 
has provided a detailed exercise regimen that significantly 
improved glycemic control. Furthermore, the exercises were 
conducted under the supervision and guidance of a trainer, 
which possibly contributed to the low discontinuation rate.

Baseline characteristics were similar to other exercise 
intervention studies conducted in Japan [13, 14]. Most 
patients were male, overweight, and had average HbA1c 
levels of 7.7%, but were slightly younger (54.6–55.7 years) 
compared with other exercise intervention studies con-
ducted in Japan (61.9–69.8 years) [13, 14]. Approximately 
15% of the Japanese population older than 40 years are 
strongly suspected of having diabetes [28] and, according 
to the Japan Diabetes Clinical Data Management Study 
Group, the mean age for patients with T2DM in 2018 was 

66.82 years [29]. The age range in this study is similar 
to 2 large cohort studies (Health Benefits of Aerobic and 
Resistance Training in individuals with type 2 diabetes 
[HART-D] and Diabetes Aerobic and Resistance Exer-
cise [DARE]) assessing structured, combined exercise 
intervention in predominantly Caucasian patients [19, 
20]. Therefore, the findings from this study may be gen-
eralizable to other patients with T2DM who have simi-
lar characteristics (e.g., BMI of approximately 26 kg/m2, 
somewhat higher than the average BMI of 24.8 kg/m2 in 
Japanese patients with T2DM [29]; no insulin or sulfony-
lurea treatment).

Strengths of this study include the emphasis on efficacy, 
focusing solely on the impact of exercise on diabetes param-
eters, and the use of a tightly controlled exercise regimen, 
with all exercise completed at a gym with supervision from 
a trainer. Exercise completion and target achievement were 
also recorded by the trainer after one-on-one sessions with 
the patient. Discontinuation rates were low, indicating that 
the exercise program was well tolerated. This study is also 
strengthened by the number of patients included. Previous 
studies conducted in Japan have assessed only 10–40 patients 
[13, 14], whereas this study has assessed a larger cohort, 
similar to Western studies [19, 20]. Although the exercise 
program significantly lowered HbA1c and other laboratory 
measures, whether patients would be able to continue the 
set exercise program for the long term, in the absence of a 
sports gym or the guidance of a trainer, should be further 
investigated. As noted above, the participants in this study 
were relatively young compared with the average Japanese 
outpatient population (66.82 years [29]), possibly due to the 
study design requirement of attending a sports gym, and 
therefore, the application of these findings to older patients 
needs further research. Furthermore, this was a relatively 
short study, and the long-term effect of continued exercise 
on diabetes parameters needs to be examined. Finally, given 
the short time frame of the study, changes in cardiopulmo-
nary function, renal function, or physical ability (e.g., 6-min 
walking test) were not assessed. In conclusion, among Japa-
nese patients with T2DM, a structured program combining 
aerobic and resistance exercise improved HbA1c levels and 
was well accepted and safe.
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