JDI

Official Journal of the Asian Association for the Study of Diabetes

Journal of Diabetes Investigation Open access

SHORT REPORT

Effect of mild exercise on glycemic and
bodyweight control in Japanese type 2
diabetes patients: A retrospective analysis

Shuhei Nakanishi'*

, Masahiro Iwamoto?, Hidenori Hirukawa'

, Masashi Shimoda', Fuminori Tatsumi', Kenji Kohara',

Atsushi Obata', Seizo Okauchi', Tomoe Kinoshita', Junpei Sanada', Yoshiro Fushimi', Momoyo Nishioka',
Akiko Mizoguchi', Miyuki Kameyama®, Tomoatsu Mune', Kohei Kaku®, Hideaki Kaneto'

'Division of Diabetes, Metabolism and Endocrinology, Kawasaki Medical School, Okayama, lwamoto Medical Clinic, Kagawa, and 3Depar‘[mem of General Internal Medicine 1,

Kawasaki Hospital, Kawasaki Medical School, Okayama, Japan

Keywords ABSTRACT

Nutritional therapy, Outpatient clinic,
Physical exercise

We retrospectively evaluated the effects of mild physical exercise (P) in a routine clinical
setting on glycemic and bodyweight control in Japanese type 2 diabetes patients with

and without individualized nutritional therapy (D). We analyzed 49 patients who partici-
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pated in P that measured 2.5 metabolic equivalents and was held once every 2 weeks,
compared with 83 non-participant controls, followed over a period of approximately

1.6 years. With a Cox model, the adjusted hazard ratio for improved glycated hemoglobin
by numerical count of P was 1.03 (95% confidence interval [Cl] 1.00-1.07; P = 0.025).
Among four categories — with neither P nor D, only P, only D, and both P and D — the

hazard ratios for reduced body mass index were 1.0, 0.87 (95% Cl 046-1.67), 058 (95% Cl
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0.25-1.30) and 2.17 (95% Cl 1.03-4.59), respectively. Even mild physical exercise con-

tributed to glycemic control. The combination of P and D exerted beneficial effects on

doi: 10.1111/jdi.12832 bodyweight control.

INTRODUCTION

First-line treatment for type 2 diabetes includes nutrition and
physical activity, before or in parallel with initiation of pharma-
cological therapy'. In terms of physical activity, it is still unclear
whether mild physical exercise that might be easy for patients
with type 2 diabetes to begin improves glycemic and body-
weight control. Also unclear is whether exercise interval can be
effective.

Individualized nutritional therapy is associated with
improved glycated hemoglobin (HbAlc), as well as reduced
bodyweight in patients with type 2 diabetes’. Accordingly,
such combination therapy is anticipated to lead to better con-
trol of such markers. The aim of the present study was to ret-
rospectively  evaluate the outcomes on glycemic and
bodyweight control by mild long-term physical exercise once
every 2 weeks in Japanese type 2 diabetes patients in a clinical
setting, in both the presence and absence of individualized
nutritional therapy.
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METHODS

Physical exercise program

The physical exercise of the present study was initiated in the
gym on site at the Iwamoto Medical Clinic, Kagawa, Japan, in
September 2013 and held once every 2 weeks under the super-
vision of a licensed exercise therapist. The exercise period con-
sisted of 10 min of stretching at the beginning and end,
20 min of mild exercise individually designed for physical
strength, and 20 min of mild individually designed bodyweight
exercises. The total metabolic equivalents of physical activity in
each training session was estimated at just 2-2.5, whereas the
intensity was designed based on participant age, ability to move
and any complications. All outpatients of the clinic were
informed of the availability of this exercise program, and were
free to participate and to continue free of charge.

Study patients

The study population included 49 adult type 2 diabetes outpa-
tients at the clinic that participated in the exercise program at
least once during the 4 years from September 2013 through
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August 2017. The beginning of the observation period was
defined as the most recent visit before the first participation in
the exercise program, and the end of the follow-up period was
deemed to be the most recent visit before the end of August
2017. Also monitored were 83 type 2 diabetes outpatients who
never participated in the exercise program during the same per-
iod as the controls, randomly matched at the beginning of the
follow-up period for age and body mass index (BMI). Patients
on dialysis, using steroid medication and/or insulin, and those
using glucagon-like peptide-1 analogs or taking sodium-glucose
cotransporter 2 inhibitors were excluded in advance. We
defined “improved HbA1lc” and “reduced BMI” as cases in
which the data at the beginning of the follow-up period sub-
tracted from those at the end were positive. The study protocol
was approved by the ethics committee of the Kawasaki Medical
School (No. 2803), and we released information to the public
about the study on the Internet.

Measurements

Data were extracted from patient information obtained at each
visit. We confirmed the total number of exercise program par-
ticipations, and determined the presence or absence of individ-
ualized medical nutritional therapy for caloric restriction based
on personal instruction by national registered dietitians before
the beginning of the exercise program or during the observa-
tion period.

Statistical analysis

The data are expressed as mean and standard deviation. Con-
tinuous variables were compared using an age-adjusted analysis
of variance (anova). The associations between the categorical
data were evaluated using the y’-test. To test the significance of
physical activity for improved HbAlc and reduced BMI, the
Cox proportional hazards model was used, adjusted for age,
sex, duration of diabetes and the dose(s) of oral hypoglycemic
agent(s) as potential confounders in addition to the presence of
individualized nutritional therapy. The patients were divided
into tertiles based on exercise program participation number, in
addition to the numerical count itself, as follows: 0 (n = 83),
1-2 (n = 27) and >3 times (n = 22).

Next, all participants were divided into four categories: with
nutritional therapy only (D; n = 17), exercise only (P; n = 32),
both (PD; n = 17) and neither (N; n = 66). To test the signifi-
cance of the combined treatments, the Cox proportional haz-
ards model adjusted with potential confounders as described
above was used. The statistical analyses were carried out using
the SAS software program (SAS Institute, Cary, NC, USA).

RESULTS

Table 1 shows the clinical characteristics at baseline. In the Cox
proportional hazards model used in analysis including tertiles
divided by the total number of participations in the exercise
program, the adjusted hazard ratios for improved HbAlc by
increasing tertiles were 1.0, 2.76 (95% confidence interval [CI]
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Table 1 | Clinical characteristics of patients at baseline

With physical ~ Without physical
training training
Male/female (n) 8/41 31/52*

Individualized nutritional therapy (n) 17 17

Age (years) 710+ 75 696+ 78
Duration of type 2 diabetes (years) 136+ 87 137 £ 61
Observation period (years) 143+ 033 152+ 0.12°
Bodyweight (kg) 554 £ 10.1 576+ 116
BMI (kg/m?) 240 + 4.1 240 + 44
HbA1c (%) 640 £ 039 642 + 061
Systolic BP (mmHg) 1209 + 122 1247 + 156
Diastolic BP (mmHg) 669 + 12.1 700 = 102
AST (UL 255+ 108 240 £ 82
ALT (U/L) 232+ 117 204 £ 97
BUN (mg/dL) 152 + 40 157 + 36
Creatinine (mg/dL) 058 £ 0.11 067 £ 024
HDL-C (mg/dL) 553+ 145 572+ 168
TG (mg/dL) 1422 £ 722 1302 + 67.7
LDL-C (mg/dL) 1127 £ 257 1065 £ 194
Microvascular complications (n)
Neuropathy (yes/no) 4/45 18/65*
Retinopathy (PR/SR/NR) 0/3/46 2/12/60
Nephropathy (4/3/2/1) 0/0/8/41 1/0/19/63
Macrovascular complications (n)
Coronary/brain/PAD 3/5/2 2/4/2
Treatment for type 2 diabetes, hypertension and dyslipidemia (n)
DPP4 inhibitors 29 48
Biguanides 12 28
Thiazolidinediones 1 5
Sulfonylureas 7 28
Glinides 7 14
a-Glucosidase inhibitors 12 19
ARB/CCB 16/10 27/22
Diuretic/a-blocker/-blocker 1/0/4 2/0/6
Statin/ezetimibe/fibrate 20/2/1 3711

Data are shown as mean =+ standard deviation. *P < 0.05; TP < 001.
Body mass index (BMI) was calculated as bodyweight in kilograms
divided by height in meters squared. The patients were diagnosed with
diabetic retinopathy by ophthalmologists. Diabetic nephropathy was
classified according to the classification of diabetic nephropathy 2014.
Diabetic neuropathy was assessed based on the abbreviated criteria by
the Diabetic Neuropathy Study Group in Japan. ALT, alanine transami-
nase; ARB, angiotensin Il receptor blocker; AST, aspartate transaminase;
BP, blood pressure; BUN, blood urea nitrogen; CCB, calcium channel
blocker; DPP4 inhibitors, dipeptidyl peptidase-4 inhibitors; HbA1c, gly-
cated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; NR, no retinopathy; PAD, peripheral
artery disease; PR, pre- or proliferative retinopathy; SR, simple retinopa-
thy; TG, triglyceride.

0.87-8.73), and 4.17 (95% CI 1.37-12.74), respectively, and
those for reduced BMI were 1.0, 1.60 (95% CI 0.86-2.98) and
0.95 (95% CI 0.44-2.07), respectively (Table 2). The adjusted
hazard ratio for improved HbAlc or reduced BMI by total
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Table 2 | Adjusted hazard ratios of improved glycated hemoglobin levels and reduced body mass index according to tertiles based on total
participation number in the physical exercise program as categorical data

Total participation number(s) 0 Tor2 >3 P for trend
Improved HbATc (95% Cl) 10 2.76 (087-873) 417 (1.37-12.74)* 0.009
Reduced BMI (95% Cl) 10 1.60 (0.86-2.98) 095 (044-2.07) 0.71

*P < 005 compared with the first tertile (0) after adjustment for age, sex, dose(s) of oral hypoglycemic agent, duration of diabetes and presence or
absence of individualized nutritional therapy. BMI, body mass index; Cl, confidence interval; HbATc, glycated hemoglobin.

Table 3 | Clinical characteristics of patients at baseline

N P D PD

Male/female (n) 23/43 4/28 8/9 4/13
Age (years) 700+ 72 710+ 78 680 £ 100 711271
Duration of type 2 diabetes (years) 143 £ 55 160 + 90 11.7+79 90 + 63*F
Observation period (years) 152+ 013 153+ 012 151+ 0m 125 + 050*"
Bodyweight (kg) 557 £108 526+ 88 648 £ 120 60.7 £ 104
BMI (kg/mz) 235140 229 £ 39 259 £ 41 261 £ 47
HbA1c (%) 6.35 = 062 6.37 £ 042 669 + 053 646 + 031
Systolic BP (mmHg) 1242 + 158 1202 £ 132 1264 £ 153 1224+ 103
Diastolic BP (mmHg) 693 £ 99 652 + 132 729+ 110 702 £ 92
AST (UL 242+ 81 243 £ 94 231187 278 £ 132
ALT (U/L) 198 + 85 230+ 122 226+ 135 235+ 112
BUN (mg/dL) 152 + 32 150 + 36 176 £ 47 155+ 48
Creatinine (mg/dL) 065 £ 0.19 058 £ 0.10 073 + 038" 059 £ 013
HDL-C (mg/dL) 577 =170 560 = 156 555+ 166 541+ 125
TG (mg/dL) 132.7 £ 696 1408 + 686 1206 + 608 144.7 + 80.7
LDL-C (mg/dL) 105.7 £ 186 1166 + 234 1095 £ 227 1055 + 288
Microvascular complications (n)

Neuropathy (yes/no) 16/50 1/31 2/6 3/14

Retinopathy (PR/SR/NR) 2/10/54 0/2/30 0/2/6 0/1/16

Nephropathy (4/3/2/1) 0/0/13/53 0/0/2/30 1/0/6/10 0/0/6/11
Macrovascular complications (n)

Coronary/brain/PAD 2/3/2 0/4/0 0/1/0 3/1/2
Treatment for type 2 diabetes, hypertension and dyslipidemia (n)

DPP4 inhibitors 37 21 1 8

Biguanides 18 7 10 5

Thiazolidinediones 4 1 1 0

Sulfonylureas 23 6 5 1

Glinides 9 6 5 1

a-glucosidase inhibitors 16 12 3 0

ARB/CCB 22/6 9/5 5/6 7/5

Diuretic/a-blocker/B-blocker 2/0/5 1/0/2 0/01 0/0/2

Statin/ezetimibe/fibrate 3011 14/0/1 7/0/0 6/2/0

Data are shown as mean * standard deviation. Based on the presence and absence of individualized nutritional therapy and physical exercise, all partic-
ipants were divided into four categories: with both (PD), nutritional therapy only (D), physical exercise only (P) and neither (N). *P < 005 vs category N;
P < 0,05 vs category P. Body mass index (BMI) was calculated as bodyweight in kilograms divided by height in meters squared. The patients were diag-
nosed with diabetic retinopathy by ophthalmologists. Diabetic nephropathy was classified according to the classification of diabetic nephropathy 2014.
Diabetic neuropathy was assessed based on the abbreviated criteria by the Diabetic Neuropathy Study Group in Japan. ALT, alanine transaminase; ARB,
angiotensin |l receptor blocker; AST, aspartate transaminase; BP, blood pressure; BUN, blood urea nitrogen; CCB, calcium channel blocker; DPP4 inhibi-
tors, dipeptidyl peptidase-4 inhibitors; HbATc, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein choles-
terol; NR, no retinopathy; PAD, peripheral artery disease; PR, pre- or proliferative retinopathy; SR, simple retinopathy; TG, triglyceride.

participation number in the exercise program was 1.03 (95% Table 3 shows the clinical characteristics at baseline accord-
CI 1.00-1.07; P=0.025) and 101 (95% CI 0.99-1.03; ing to four categories. In the Cox proportional hazards model
P = 0.44), respectively. used in analysis including the four categories (N, P, D and
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Table 4 | Adjusted hazard ratios of improved glycated hemoglobin and reduced body mass index divided into four categories

N P

D PD

Improved HbATc (95% Cl) 1.0
Reduced BMI (95% Cl) 10

340 (086-1347)
087 (046-167)

288 (0.74-11.21)
058 (0.25-1.30)

969 (2.59-36.00)*
2.17 (1.03-4.59)*

Based on the presence and absence of individualized nutritional therapy and physical exercise, all participants were divided into four categories:
with both (PD), nutritional therapy only (D), physical exercise only (P) and neither (N). *P < 0.05 compared with the category N after adjustment for
age, sex, dose(s) of oral hypoglycemic agent and duration of diabetes. BMI, body mass index; Cl, confidence interval; HbA1c, glycated hemoglobin.

PD), the adjusted hazard ratios for improved HbAlc were 1.0,
340 (95% CI 0.86-13.47), 2.88 (95% CI 0.74-11.21) and 9.69
(95% CI 2.59-36.00), respectively. Similarly, the adjusted hazard
ratios for reduced BMI were 1.0, 0.87 (95% CI 0.46-1.67), 0.58
(95% CI 0.25-1.30) and 2.17 (95% CI 1.03-4.59), respectively
(Table 4).

During observation, numbers of different types and doses of
oral hypoglycemic agents did not statistically change between
the beginning and the end in each group, or between the two

groups.

DISCUSSION

In the present observational retrospective study of Japanese type
2 diabetes patients, we found that mild exercise, even if its
interval was only once every 2 weeks, improved HbAlc not
BMI, but that both improvements were obtained when such
mild exercise was added to an individualized nutritional therapy
program.

We found that the adjusted hazard ratio for improved
HbAlc by total participation number was significant. In addi-
tion, categorized analysis showed that participation of three
times or more significantly improved HbAlc levels when com-
pared with the category of non-participation. The results might
indicate that patients who participated in the exercise program
even only a few times were motivated by the trainer’s instruc-
tion, and tried to adopt and continue such exercise in their
own daily lives despite a relatively low participation number in
the exercise program, but we did not evaluate patients’ daily
exercise or direct relationship between exercise and HbAlc or
BML

Combined with individualized nutritional therapy, the quality
and quantity of physical exercise in the present study might
have been sufficient for both outcomes. Several previous studies
showed the importance of diet therapy to enhance physical
therapy for glucose and bodyweight control>*. These results
support the idea that continuous lifestyle management regard-
ing both diet and exercise is recommended, even if the exercise
regimen is relatively mild.

The present study had several limitations. First, it was a ret-
rospective observational study with a limited study population,
leading to a selection bias, because participants of exercise or
nutritional therapy might have been interested in participation.
Second, the number of patients undergoing the individualized

nutritional therapy was also limited. Finally, we evaluated the
effect of exercise by comparing changes in HbAlc and BMI at
the beginning and end of the observation period only. In addi-
tion, patients attending the exercise program were predomi-
nantly women.

In conclusion, a combination of individualized nutritional
therapy and mild exercise exerted marked beneficial effects on
glycemic and bodyweight control in the present study,
although further prospective study is necessary to confirm
these findings.
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