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Abstract

To achieve excellent glycemic control in patients with type 2 dia-
betes, an adequate prescription of exercise therapy is required. The 
meta-analyses proposed that high-intensity training improves meta-
bolic parameters in patients with pre-diabetes or type 2 diabetes and 
low physical activity is associated with an increased risk of incident 
type 2 diabetes. Here, we would introduce literatures about effects of 
physical activity on mortality, cardiovascular events, and metabolic 
parameters, to encourage understanding of exercise therapy, and then 
describe how to prescribe exercise therapy for patients with type 2 di-
abetes. We also show the usefulness of non-exercise activity thermo-
genesis for diabetic patients who cannot perform volitional sporting-
like exercise because of diabetic complication and/or comorbidity, by 
presenting results of our previous studies.
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Introduction

To achieve good glycemic control in patients with type 2 
diabetes, an adequate exercise therapy is required. The me-
ta-analyses reported that high-intensity training ameliorates 
metabolic parameters in individuals at risk of or with type 2 
diabetes, and that low physical activity (PA) doubles an in-
creased risk of incident type 2 diabetes as compared with high 
PA [1, 2]. Here, we would introduce literatures about effects of 
PA on mortality, cardiovascular events, and metabolic param-
eters, to encourage understanding of exercise therapy, and then 
describe how to prescribe exercise therapy for patients with 

diabetes. We also present the effects of non-exercise activity 
thermogenesis (NEAT), which is the energy expenditure of all 
physical activities other than volitional sporting-like exercise 
[3], on metabolic parameters, in patients with diabetes and pre-
diabetes, by using our previous studies.

Types of Exercise

The American College of Sports Medicine (ACSM) defines 
aerobic exercise as any activity that uses large muscle groups, 
can be maintained continuously and is rhythmic in nature [4]. 
Muscles activated by aerobic exercise rely on aerobic metabo-
lism to extract energy in the form of adenosine triphosphate 
(ATP) from amino acids, carbohydrates and fatty acids. Aero-
bic exercises include cycling, dancing, jogging, swimming and 
walking. Resistance exercise is included in anaerobic exercise 
defined by the ACSM as intense PA of very short duration, 
fueled by the energy sources within the contracting muscles 
and independent of the use of inhaled oxygen as an energy 
source [5]. Without the use of oxygen, ATP is produced by 
anaerobic glycolysis. Resistance training causes the muscles 
to contract against an external resistance with the expecta-
tion of increases in strength, tone, mass, and/or endurance, 
and includes power-lifting, training using dumbbells and bar-
bells. The systematic review and meta-analysis showed that 
resistance training improved measures of balance and muscle 
strength/power even in older adults [6].

Effects of Exercise on Mortality and Cardiovas-
cular Events

Exercise increases cardiorespiratory fitness (CRF) [7]. Epi-
demiological studies have indicated an inverse association 
of CRF with the incidence of coronary heart disease (CHD), 
cardiovascular disease (CVD) or mortality, in healthy par-
ticipants. The systematic review including 33 eligible studies 
showed relative risk (RR) of all-cause mortality and CHD/
CVD events per 1 - metabolic equivalent (MET) higher level 
of maximal aerobic capacity were 0.87 (95% confidence inter-
val (CI), 0.84 - 0.90) and 0.85 (95% CI, 0.82 - 0.88), respec-
tively, suggesting that better CRF was associated with lower 
risk of all-cause mortality and CHD/CVD [8]. To understand 
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the association between walking and the risk for all-cause and 
CVD mortality among persons with diabetes (n = 2,896, age ≥ 
18 years), a prospective cohort study was performed [9]. Com-
pared with inactive individuals, those who walked at least 2 
h/week had a 39% lower all-cause mortality rate and a 34% 
lower CVD mortality rate [9]. The mortality rates were lowest 
for persons who walked 3 - 4 h/week (all-cause mortality haz-
ard ratio (HR), 0.46; 95% CI, 0.29 - 0.71; CVD mortality HR, 
0.47; 95% CI, 0.24 - 0.91) and for those who reported that their 
walking involved moderate increases in heart and breathing 
rates (all-cause mortality HR, 0.57; 95% CI, 0.41 - 0.80; CVD 
mortality HR, 0.69; 95% CI, 0.43 - 1.09) [9].

The meta-analysis which evaluated the CVD risk reduc-
tion in relation to PA, focusing on clarifying dose-response as-
sociations, was performed [10]. There were 17 eligible studies. 
The highest PA category had a lower RR for all-cause mortal-
ity (0.61 (0.52 - 0.70)) and CVD (0.71 (0.60 - 0.84)) than the 
lowest PA category. A one MET-h/day incrementally higher 
PA was associated with 9.5% and 7.9% reductions in all-cause 
mortality and CVD risk, respectively.

Effects of Exercise on Metabolic Parameters

Effects on glucose metabolism

A systematic review and meta-analysis of 47 randomized con-
trolled clinical trials (RCTs) assessing associations of struc-
tured exercise training regimens and PA advice on change in 
hemoglobin A1c (HbA1c) in type 2 diabetic patients was con-
ducted [11]. Structured exercise training was associated with 
a decline in HbA1c level (-0.67%) compared with control par-
ticipants. Structured aerobic exercise (-0.73%), structured re-
sistance training (RT) (-0.57%), and both combined (-0.51%) 
were associated with declines in HbA1c levels compared with 
control. Structured exercise durations of more than 150 min/
week were associated with HbA1c reduction of 0.89%, while 
structured exercise durations of 150 min or less per week were 
associated with HbA1c reduction of 0.36%. PA advice alone 
was not associated with the changes of HbA1c.

In a systematic review of 27 RCTs assessing the associa-
tion between intensity and volume of exercise training and 
HbA1c changes in patients with type 2 diabetes, aerobic ex-
ercise volume (frequency of sessions) was associated with 
changes in HbA1c [12]. In combined training, weekly volume 
of RT was associated with reduction in HbA1c levels.

Supervised RT improved glycemic control and insulin 
sensitivity; however, when supervision was removed com-
pliance and glycemic control decreased [13]. To examine the 
effect of RT combined with moderate weight loss (WL) on 
glycemic control and body composition in older patients with 
type 2 diabetes, sedentary, overweight men and women with 
type 2 diabetes, aged 60 - 80 years (n = 36), were randomized 
to RT plus WL or WL plus a control program for 6 months 
[14]. HbA1c fell significantly more in RT and WL than WL 
at 3 months (0.6±0.7 vs. 0.07±0.8%, P < 0.05) and 6 months 
(1.2±1.0 vs. 0.4±0.8%, P < 0.05). Similar reductions in body 
weight and fat mass were observed after 6 months. In contrast, 

lean body mass increased in the RT and WL group (0.5 ± 1.1 
kg) and decreased in the WL group (0.4 ± 1.0) after 6 months 
(P < 0.05).

In another RCT, among older adults with type 2 diabe-
tes, 16 weeks of RT (three times per week) resulted in reduced 
HbA1c (from 8.7±0.3 to 7.6±0.2%), and reduced the dose of 
prescribed anti-diabetic medication in 72% of exercisers com-
pared with the control group [15]. RT increased lean mass 
(+1.2 ± 0.2 vs. -0.1 ± 0.1 kg), reduced systolic blood pres-
sure (-9.7 ± 1.6 vs. +7.7 ± 1.9 mm Hg), and decreased trunk 
fat mass (-0.7 ± 0.1 vs. +0.8 ± 0.1 kg) as compared with the 
control group.

Using continuous glucose monitoring (CGM), Gillen et al 
examined the 24-h blood glucose response to one session of 
high-intensity interval training (HIT) consisting of 10 × 60 s 
cycling efforts at about 90% maximal heart rate, interspersed 
with 60 s rest [16]. HIT reduced hyperglycemia measured as 
proportion of time spent above 10 mmol/L (HIT: 4.5±4.4 vs. 
control: 15.2±12.3%, P = 0.04). Postprandial hyperglycemia, 
measured as the sum of post-meal areas under the glucose 
curve, was also lower after HIT as compared with control (728 
± 331 vs. 1,142 ± 556 mmol/L × 9 h, P = 0.01).

Eight patients with type 2 diabetes (63 ± 8 years, BMI 32 ± 
6 kg/m2, HbA1c 6.9±0.7%) performed six sessions of HIT (10 
× 60 s cycling bouts eliciting about 90% maximal heart rate, 
interspersed with 60 s rest) over 2 weeks [17]. Average 24-h 
blood glucose concentration was reduced after training from 
7.6 ± 1.0 to 6.6 ± 0.7 mmol/L.

In the systematic review which examined the effect of ex-
ercise as assessed by CGM in type 2 diabetes, exercise signifi-
cantly decreased average glucose concentrations (-0.8 mmol/L, 
P < 0.01) and daily time spent in hyperglycemia (-129 min, 
P < 0.01), but did not significantly affect daily time spent in hy-
poglycemia (-3 min, P = 0.47) or fasting glucose (-0.3 mmol/L, 
P = 0.13) [18].

Effects on adiposity, lipid metabolism, blood pressure and 
inflammatory cytokines

In a meta-analysis of 12 RCTs which examined the effects of 
8 weeks or more of aerobic exercise on lipids and lipoproteins 
in adults with type 2 diabetes, a statistically significant reduc-
tion of about 5% was found for low-density lipoprotein choles-
terol (LDL-C) [19]. The meta-analysis of 14 RCTs showed that 
exercise significantly improves glycemic control and reduces 
visceral adipose tissue and plasma triglycerides, but not plas-
ma cholesterol, in people with type 2 diabetes, even without 
weight loss [20].

In the meta-analysis of 42 RCTs, structured exercise was 
associated with a change in systolic blood pressure of -2.42 
mm Hg, diastolic blood pressure of -2.23 mm Hg, high-density 
lipoprotein cholesterol (HDL-C) of +0.04 mmol/L, and LDL-
C of -0.16 mmol/L [21]. In the meta-analysis of 14 RCTs, exer-
cise was associated with a significant C-reactive protein (CRP) 
of -0.66 mg/L and interleukin-6 (IL-6) of -0.88 pg/mL [22]. 
Aerobic exercise program was associated with a significant 
change in leptin of -3.72 ng/mL.
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The Differences in Effects on Metabolic Param-
eters Between Aerobic Exercise and Resistance 
Exercise

To determine whether aerobic plus resistance training (AT + 
RT) is more beneficial than aerobic training (AT) for metabolic 
parameters, a total of 139 obese adolescents were randomized 
into two groups: AT (n = 55), AT + RT (n = 61) [23]. The AT + 
RT group showed better results with regard to decreased body 
fat mass, LDL-C levels, subcutaneous and visceral fat and in-
creased body lean mass as compared with AT alone. A total 
of 30 adolescents (aged 15 - 19 years, BMI ≥ 95 percentile) 
were divided into two groups: AT (n = 15) and AT + RT (n = 
15) [24]. The AT + RT group had significantly higher changes 
throughout the intervention in body composition, total choles-
terol, waist circumference, glucose, and adiponectin than AT 
alone.

In the systematic review with meta-analysis (12 trials with 
555 youths), compared with AT alone, concurrent exercise plus 
RT resulted in greater reductions in body mass (-2.28 kg), fat 
mass (-3.49%) and LDL-C (-10.20 mg/dL), as well as greater 
increases in lean body mass (+2.20 kg) and adiponectin level 
(+2.59 µg/mL) [25].

Forty-eight patients with type 2 diabetes were randomly 
assigned to four groups of 12-week training: AT group (n = 
12), RT group (n = 12), combine group (n = 12), and control 
group (n = 12) [26]. All four groups displayed decreases in 
blood pressure, fasting plasma glucose, postprandial plasma 
glucose, lipid profile, and high-sensitivity CRP (P < 0.05), 
and there was no difference across the groups. Thirty obese 
women, aged between 35 and 45 years with BMI of above 30 
were grouped into control (n = 10), AT (n = 10) and RT (n = 
10) [27]. Significant differences were observed in very low-
density lipoprotein (VLDL) (from 28.1 ± 1.4 to 26.9 ± 0.8 mg/
dL) and HDL (from 45.4 ± 3.5 to 53.6 ± 3.1 mg/dL) levels in 
AT group with P < 0.001. A total of 60 obese women with se-
vere eating disorders were randomly divided into three groups: 
control group with no exercise (n = 20), AT group (n = 20), and 
RT group (n = 20) [28]. Reduced LDL-C level, fat mass, ho-
meostasis model assessment (HOMA-IR) measurements were 
observed only in AT.

In the meta-analysis including 15 trials enrolling 741 par-
ticipants, compared to RT, AT resulted in a significantly more 
pronounced reduction of body weight (-1.15 kg), waist cir-
cumference (-1.10 cm), and fat mass (-1.15 kg), respectively. 
RT was more effective than AT in improving lean body mass 
(+1.26 kg) [29].

How to Prescribe Exercise Therapy for Patients 
With Diabetes

When we prescribe exercise therapy for patients with diabetes, 
we have to present the following items: 1) kinds of exercise 
(aerobic exercise or anaerobic exercise including RT), 2) in-
tensity of exercise (METs, etc.), 3) frequency (how many times 
per week), and 4) duration (how long per day or week).

According to the recommendation by American Diabetes 
Association [30], adults with diabetes should be advised to per-
form at least 150 min/week of moderate-intensity aerobic PA 
(50-70% of maximum heart rate), spread over at least 3 days/
week with no more than 2 consecutive days without exercise. 
In the absence of contraindications, adults with type 2 diabetes 
should be encouraged to perform RT at least twice per week.

NEAT

The concept of NEAT was presented by Levine [3]. NEAT is 
the energy expenditure of all physical activities other than vo-
litional sporting-like exercise [3]. NEAT includes all the ac-
tivities that render us vibrant, unique, and independent beings 
such as working, playing and dancing.

We developed the original questionnaire to evaluate NEAT 
in Japanese people, based on 2011 Compendium of Physical 
Activities produced by American College of Sports Medicine 
[31], by considering Japanese life-style and culture [32]. The 
questionnaire consisted of 11 question items about locomotive 
activities and 25 question items about non-locomotive activi-
ties [32]. We evaluated each questionnaire item with a score of 
1 to 3 points in order of levels of daily PA and then added up 
the scores to determine the NEAT score.

The NEAT score was negatively correlated with serum in-
sulin levels (r = -0.42, P < 0.05) in all subjects [32]. The NEAT 
score was also negatively correlated with waist circumference 
(r = -0.509, P < 0.05) and positively correlated with HDL-C 
levels (r = 0.494, P < 0.05) in women, and was negatively as-
sociated with serum insulin levels (r = -0.732, P < 0.005), sys-
tolic (r = -0.482, P < 0.05) and diastolic blood pressure (r = 
-0.538, P < 0.05) in patients with abdominal obesity [32]. Our 
study demonstrated that NEAT is associated with amelioration 
in insulin sensitivity, waist circumference, HDL-C, blood pres-
sure, in patients with type 2 diabetes [32].

We examined the validity of our NEAT questionnaire by 
comparing with objectively measured daily PA by using the 
triaxial accelerometer [33]. The NEAT score was significantly 
and positively correlated with PA level (PAL) measured by the 
triaxial accelerometer (r = 0.604, P < 0.001). PAL was also sig-
nificantly and positively correlated with both the locomotive 
NEAT score and the non-locomotive NEAT score (r = 0.444, 
P = 0.001 and r = 0.526, P < 0.001, respectively). The NEAT 
score measured by the self-reported questionnaire was highly 
correlated with PAL measured by the triaxial accelerometer.

In type 2 diabetic women, the NEAT score was signifi-
cantly and negatively correlated with urinary albumin creati-
nine ratio (UACR) (r = -0.513, P < 0.05) and positively cor-
related with coefficient of variation of R-R intervals (CVRR) 
(r = 0.471, P < 0.05) [34]. Our study suggested that NEAT is 
associated with markers for diabetic nephropathy and neuropa-
thy in type 2 diabetic women.

Conclusion

We summarized and showed beneficial effects of PA includ-
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ing aerobic exercise, RT and NEAT in Table 1 [1, 2, 6-29, 32, 
34]. An increase of PA improves cardiorespiratory fitness and 
muscle strength, and insulin resistance, glucose and lipid me-
tabolism, and reduces body weight and fat, blood pressure, in-
flammatory cytokines and leptin. High PA is associated with 
lower incidence of type 2 diabetes, mortality and cardiovas-
cular events.
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