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Abstract
In recent years, the Westernization of dietary habits and increasingly sedentary lifestyle have contributed to a marked increase 
in the number of type 2 diabetes patients. Sedentary behavior may play a significant role in the development and aggravation 
of type 2 diabetes. The results of various follow-up studies have demonstrated that proper diet combined with physical exer-
cise is useful in the prevention and treatment of type 2 diabetes. A nationwide survey regarding exercise therapy for diabetes 
patients in Japan revealed that relatively few physicians provide patients with exercise guidance because of time constraints, 
that the physicians do not receive additional consultation fee, and that there is a lack of specialized physical exercise educa-
tors. Physical exercise promotes the utilization of glucose and free fatty acids in the muscles, and thus lowers blood glucose 
(BG) levels. Dietary restriction and physical exercise are effective in the prevention and treatment of type 2 diabetes by 
improving the in vivo sensitivity to insulin. Most adults with diabetes should engage in 150 min or more of moderate-to-
vigorous intensity aerobic activity per week, spread out over at least 3 days/week, with no more than two consecutive days 
without activity. Mild-intensity resistance training such as half squat and calf raise is recommended for elderly individuals 
who have decreased muscle strength and mass (sarcopenia). Prolonged sitting should be interrupted every 30 min for BG 
benefits, particularly in adults with type 2 diabetes. Individuals with type 2 diabetes are also encouraged to increase their 
total daily unstructured physical activity (daily movement).

Keywords  Diabetes mellitus · Exercise prescription · Sedentary behavior · Aerobic exercise · Resistance exercise · 
Nationwide survey

Introduction

Diabetes is a worldwide pandemic. According to the Inter-
national Diabetes Federation (IDF), diabetes is a growing 
global problem. The number of deaths due to diabetes is 
1.3 million and diabetes-related expenditure in adults 
(20–79 years) reaches 120.3 billion in the Western Pacific 
Region (2017). Furthermore, the number of diabetes patients 
has been predicted to increase from 163 million (2019) to 
212 million (2045) in the Western Pacific Region [13].

Diabetes mellitus can be classified into the following four 
categories: type 1 diabetes, type 2 diabetes, gestational dia-
betes, and specific types of diabetes due to other causes [1].

In Japan and China, most diabetes patients are type 2. 
Decreased insulin secretion and insulin resistance play 
important roles in the occurrence and progression of type 2 
diabetes. Insulin resistance is exacerbated by aspects of the 
modern, westernized lifestyle such as overeating (high-fat 
diet), sedentary state, and stressful daily life [27].

Several major randomized controlled trials, including the 
Diabetes Prevention Program (DPP) [16] and the Da Qing 
Diabetes Prevention Study (Da Qing Study) [21], have dem-
onstrated that weight loss brought about by dietary restric-
tion and physical exercise decreased the development of 
type 2 diabetes among obese people with impaired glucose 
tolerance (IGT).

Sedentary Behavior Increases Diabetes Risk

Waking sedentary behavior is characterized by an energy 
expenditure ≤ 1.5 metabolic equivalents (METs), while in a 
sitting, reclining or lying posture [38].
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A sedentary lifestyle indicated by TV watching is a 
directly-related risk for type 2 diabetes [11]. An extra hour 
of sedentary time was associated with a 22% increased odds 
ratio for type 2 diabetes. Sedentary behavior may, therefore, 
play a significant role in the development and aggravation of 
type 2 diabetes (Maastricht Study) [40].

Higher physical activity (PA) level and lower leisure 
sedentary behavior were inversely associated with the inci-
dence of type 2 diabetes [12]. A strong, inverse association 
between the overall volume of PA and all-cause mortality 
was observed. This association was primarily attributable 
to the strong, inverse association between moderate-to-vig-
orous activity and mortality [19]. Interrupting prolonged 
sitting with brief sessions of light-intensity walking (LW) 
and simple resistance activity (SRA) attenuated acute post-
prandial glucose and insulin responses in adults with type 
2 diabetes [7].

Therefore, recently, the American Diabetes Association 
(ADA) recommended [1] that all adults, and particularly 
those with type 2 diabetes, should decrease the amount of 
time spent in sedentary behavior (e.g., working on a com-
puter, watching TV) by breaking up sedentary periods 
(> 30 min) through briefly standing, walking, or perform-
ing other light physical activities.

It has been suggested that just sitting 2.5 h less each day 
would result in an extra energy expenditure of 350 kcal/day, 
which the authors assume could translate into preventing 
the gain of extra pounds. Therefore, NEAT (non-exercise 
activity thermogenesis) is important for the prevention of 
obesity [28].

The Beneficial Effect of Physical Activity 
on the Incidence of Type 2 Diabetes

The results of various follow-up epidemiological studies 
have revealed that proper diet combined with physical exer-
cise is not only useful in preventing type 2 diabetes and 
improving disease status, but is also effective in the preven-
tion and treatment of all other insulin-resistance-related dis-
eases (non-communicable diseases (NCD)/lifestyle-related 
diseases) by improving the in vivo sensitivity to insulin [8, 
16, 21, 27].

(1)	 The incidence of diabetes mellitus in impaired glu-
cose tolerance (IGT) patients during a 6-year period 
decreased by 31% when diet therapy alone was pre-
scribed, by 46% when exercise therapy alone was pre-
scribed, and by 42% when a combination of diet and 
exercise therapy was prescribed (Da Qing Study, China, 
1997) [21].

(2)	 A randomized controlled clinical trial, the Diabetes 
Prevention Program (DPP), demonstrated that inten-
sive lifestyle intervention reduced the incidence of 

type 2 diabetes by 58% compared with placebo inter-
vention, whereas metformin intervention reduced the 
incidence of type 2 diabetes by 31% (USA, 2002) [16]. 
The DPP Outcomes Study (DPPOS) is a long-term 
follow-up study of the DPP study participants, investi-
gating whether the delay in the development of diabetes 
observed during the DPP is sustained and assessing the 
long-term effects of the various interventions on the 
health of the subjects. Over an average 10-year follow-
up (3 years for the DPP, 7 years for the DPPOS), the 
incidence of diabetes after randomization was reduced 
by 34% and 18% in subjects initially randomized to life-
style and metformin interventions, respectively, com-
pared with placebo. The DPP research group concluded 
that the prevention or delay of diabetes using lifestyle 
or metformin interventions persists for at least 10 years 
(USA, 2009) [8].

(3)	 Minimal weight reduction in the intervention group 
(less than 3% on average) lowered the relative risk to 
53% over 3 years. The present lifestyle intervention 
program, which used existing health care resources, is 
beneficial in preventing diabetes in Japanese with IGT 
[29]. The effect of lifestyle intervention in patients with 
IGT on weight related to the β-3 adrenergic receptor 
(ADRB3) gene polymorphism Trp64Arg is illustrated 
in Fig. 1. The ADRB3, primarily expressed in adipose 
tissue, is involved in the regulation of energy metabo-
lism. The non-carriers (control group) showed signifi-
cantly greater bodyweight reduction than carriers in 
both the lifestyle intervention group and the usual care 
group, and a greater increase of high-density lipopro-
tein (HDL) cholesterol levels than the carriers only in 
the lifestyle intervention group. These findings suggest 
that ADRB3 polymorphisms could influence the effect 
of lifestyle interventions on body weight and lipid 
parameters in patients with IGT. This genetic infor-
mation could help to identify individuals who require 
intensive lifestyle intervention (i.e., carrier patients 
should undergo more severe dietary restriction) [Japan 
Diabetes Prevention Program (JDPP, Japan, 2011, 
2016)] [30].

(4)	 The relationship between long-term trends in 
fitness and the incidence of type 2 diabetes was 
investigated. Men in the lowest quartile of the 
distribution decreased in fitness over 7  years 
(median slope − 1.25 mL/kg/min), whereas men 
in the highest quartile increased in fitness (median 
slope 1.33 mL/kg/min). Use of the lowest quartile, 
the HRs (95% CI) for the second through fourth 
quartiles were 0.64 (0.46–0.89), 0.40 (0.27–0.58), 
and 0.33 (0.21–0.50), respectively (Ptrend < 0.001). 
These results indicated that the long-term trend 
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in fitness is a strong predictor of the incidence 
of type 2 diabetes in Japanese men (Tokyo Gas 
Study, Japan, 2010) [34].

(5)	 The association between leisure-time physical 
activity (LTPA) and cardiovascular events and 
total mortality in a nationwide cohort of Japanese 
diabetic patients was investigated. The 1702 eligi-
ble patients with type 2 diabetes from 59 institutes 
were followed for a median of 8 years. LTPA of 
15.4 MET h/week or more was associated with a 
significantly lower risk of stroke partly through 
ameliorating combinations of cardiovascular risk 
factors. It was also associated with significantly 
reduced total mortality, but independently of 
cardiovascular risk factor or events. These find-
ings, implying differences from Western diabetes 
populations, should be considered in the clinical 
management of East Asians with diabetes [Japan 
Diabetes Complications Study (JDCS, Japan, 
2013)] [36].

(6)	 The association between habitual physical activ-
ity (PA) and lowered risk of all-cause mortality 
(ACM) and cardiovascular disease (CVD) has 
been suggested in patients with diabetes. The 
meta-analysis conducted by Kodama et al. [17] 
summarized the risk reduction in relation to PA, 
focusing on clarifying dose–response associa-
tions. More PA was associated with a larger reduc-
tion in future ACM and CVD risk in patients with 
diabetes. Nevertheless, any amount of habitual PA 
was shown to be better than inactivity.

(7)	 Lifestyle interventions are the foundation of treat-
ment in newly diagnosed type 2 diabetes. The 
efficacy of the Telemedical Lifestyle interven-
tion Program (TeLiPro) in improving metabolic 
control in advanced-stage type 2 diabetes was 
evaluated. In advanced-stage type 2 diabetes, the 
TeLiPro can improve glycemic control and may 
offer new options to avoid pharmacological inten-
sification (Telemedical Lifestyle intervention Pro-
gram [Telemedical Lifestyle intervention Program 
(TeLiPro, Germany, 2017)] [14].

Effects of Physical Exercise

Acute Effects

① Insulin-stimulated blood glucose (BG) uptake into skeletal 
muscle predominates at rest and is impaired in type 2 dia-
betes, while muscular contractions stimulate BG transport 
via a separate, additive mechanism (AMPK) not impaired 
by insulin resistance or type 2 diabetes [6, 23].

During physical exercise, the glucose uptake by the work-
ing muscles rises 7–20 times over the basal level depending 
on the intensity of the work performed. Therefore, if diabe-
tes patients practice physical exercise after meals, the rapid 
increase of BG is prevented, resulting in favorable control 
of diabetes. However, intense exercise may cause hypergly-
cemia [41].

Fig. 1   Effect of lifestyle inter-
vention in patients with IGT on 
body weight related to β3AR 
gene polymorphism Trp64Arg 
(C/T) (JDPP)
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② Moderate aerobic exercise acutely improves BG and 
insulin action [6].

Mild-intensity post-meal walking for 15 min is effective 
for glucose homeostasis and easy to perform in the activi-
ties of the daily life of type 2 diabetes patients [9] (Fig. 2).

③ A combination of aerobic and resistance exercise train-
ing may be more effective in improving BG control than 
either alone [35].

④ PA can result in acute improvements in systemic insulin 
action, lasting from 2 to 72 h [3].

Chronic Effects

① Both aerobic and resistance training improve insulin 
action, BG control, and fat oxidation and storage in muscle 
[6, 13].

Even mild physical exercise that does not affect VO2max 
can lead to improvement in the in vivo insulin sensitivity, 
as estimated by the glucose clamp technique if continued 
for a prolonged period of time [25]. The implementation of 
dietary restriction and physical exercise in obese people and 
obese patients with type 2 diabetes will result in an elective 
decrease of body fat, leading to weight loss, and improve-
ment in the metabolic condition of obese type 2 diabetes 
while inducing no changes for lean body mass (Fig. 3). 
Thus, dietary restriction combined with physical exercise 
is more useful for improving insulin sensitivity than dietary 
restriction alone. In addition, increased glucose metabolic 
clearance rate (ΔMCR) shows a positive correlation with the 
number of steps performed per day determined by a pedome-
ter [43]. Visceral fat, rather than subcutaneous fat, promotes 
the formation of insulin-resistance-related atherosclerosis. 

The decrease in adipose tissue as a result of exercise is more 
striking in visceral than in subcutaneous adipose tissue [10].

② Resistance exercise enhances skeletal muscle mass [6, 
42].

Aerobic exercise such as jogging is more effective for 
improving in vivo insulin sensitivity than anaerobic exercise 
like weightlifting. However, mild intensity resistance train-
ing, if carried out in an aerobic manner, is also beneficial for 
elderly patients who have decreased muscular strength and 
mass (sarcopenia) [15, 37].

③ The implementation of exercise brings about a decrease 
in plasma triglyceride level, an increase in HDL cholesterol, 
and improvement of mild hypertension. Thus, physical exer-
cise exerts an inhibitory effect on the development and pro-
gression of atherosclerosis through a number of mechanisms 
[13, 27].

④ Greater level of PA and body fitness are associated with 
a lower risk of all-cause and CV mortality [17].

⑤ Increased PA and physical fitness can reduce symptoms 
of depression and improve health-related QOL in individuals 
with type 2 diabetes [47].

The effect of exercise manifested by improved insulin 
sensitivity decreases within 3 days after exercise and is 
almost no longer apparent after 1 week [24]. Therefore, dia-
betes patients should engage in physical exercise at least 
3 days per week, with no more than two consecutive days 
between bouts of PA [1].

High‑Intensity Interval Training (HIIT)

High-intensity interval training (HIIT) can be described 
as “brief intervals of vigorous activity interspersed with 

Fig. 2   The 24-h glycemic pro-
file of a representative case on 
non-exercise day (dotted line) 
and on exercise day (solid line)

(Drew from reference [12])
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periods of low activity or rest” [4]. Afternoon HIIT was 
more efficacious than morning HIIT at improving BG in men 
with type 2 diabetes. Strikingly, morning HIIT had an acute 
deleterious effect, evidenced by an increase in BG levels 
[33].

A brief summary of HIIT effects is as follows [4]:
① Leads to modest improvements in metabolic control, of 

similar magnitude to other forms of exercise training.
② Should not be overstated for its role in weight loss.
③ Has strong cardiovascular benefits.
④ Leads to large improvements in cardiorespiratory fit-

ness, often superior to other forms of exercise training.
Recommendations for HIIT prescription are as follows 

[4]:
Frequency: 3 HIIT sessions per week.
Intensity: Most easily measured by the rating of perceived 

exertion (although it may be variable in practice).
Time: Intervals should last between 1 and 4 min, with 

intervals at the shorter end being preferred by patients. The 
total time spent doing interval exercise should be 10–20 min 
per session.

Type: Activities involving a large muscle mass.

Present Condition Of Exercise Therapy For Diabetes Patients 
In Japan: A Nationwide Survey

At present, a large number of studies have focused on the 
utility of exercise intervention for preventing and treat-
ing type 2 diabetes [16, 21, 27]. However, the results of 
those studies are meaningless if the actual prescription of 
effective exercise therapy is not put into practice by medi-
cal institutions. Thus, a nationwide survey on the actual 

situation of exercise therapy in Japan was conducted by 
the Japan Diabetes Society to clarify the problems related 
with this practice (Chairperson: Yuzo Sato, M.D., Ph.D) 
[2, 32].

① Dietary guidance was performed to 70–80% of the 
diabetes patients at the initial visit, however, only 40% of 
the doctors provided exercise guidance to the patients on 
their initial visit.

② Problems related to the exercise therapy guidance for 
diabetes patients are as follows:

Lack of time to teach, no additional consultation fee, 
lack of exercise educators, and lack of guidebook on exer-
cise (Fig. 4).

③ Only half (52%) of the diabetes patients performed 
regular physical exercise.

④ Dieticians give dietary guidance. However, exercise 
specialists such as health fitness programmers and physi-
otherapists do not take care of exercise guidance and medi-
cal doctors instruct on exercise practice to the diabetes 
patients (Fig. 5).

⑤ Walking is the most popular type of exercise. Fol-
lowed by bicycle, and then resistance training.

⑥ Odds ratios of possible factors affecting the “exercise 
therapy group” in all diabetes patients were investigated 
by multiple logistic regression analysis. The odds ratio of 
patients who enjoy doing exercise was 4.9. It is important 
to maintain the motivation of the patients to participate in 
exercise therapies, to increase the frequency of guidance, 
and to provide more detailed exercise prescription such as 
frequency and duration of exercise (Table 1). Therefore, 
it is recommended that physical exercise education should 
be performed in such a way that diabetes patients enjoy 
doing exercise.

Fig. 3   Clinical course (r 5 m x y)
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Exercise Prescription

Treatment methods of diabetes mellitus are as follows: 1. 
diet, 2. exercise, 3. pharmacologic therapy (1) oral drugs, 
(2) treatment by injection (a) insulin, (b) GLP-1 receptor 
agonists [1, 15].

Among the indicators of glycemic control, HbA1c is 
very important and influences the main decisions about 
treatment. HbA1c is an indicator that reflects the mean 
BG level of the patient in the past 1–2 months. In the 
individual patient, this value shows little daily variation 
and, therefore, is the most important indicator of overall 
glycemic control. On the other hand, HbA1c does not give 
any information on the daily fluctuations of BG. Moreover, 

there is a number of factors other than BG that affect the 
level of HbA1c [15].

The BG level is an important metabolic indicator that 
complements the HbA1c value. For being relatively stable, 
the fasting BG is an indicator of metabolic state. On the 
other hand, the BG level 2 h after a meal is readily affected 
by the amount and type of food taken, as well as by the treat-
ment method. It is pointed out to be associated with the risk 
of cardiovascular disease [15].

When aiming to prevent complications, the HbA1c tar-
get value should be < 7.0%. When therapy intensification is 
considered difficult due to side effects such as hypoglycemia, 
the HbA1c level should be < 8.0% [15].

In type 2 diabetes, by the time of the first consultation 
retinopathy, nephropathy, neuropathy, or atherosclerotic 
disorders may already have come to light. Together with 
the BG control, it is necessary to check for and treat such 
complications of diabetes [15].

Diabetes is one of the typical lifestyle-related diseases 
[27]. Medical staff should educate patients about how diabe-
tes develops and progresses and how they can appropriately 
carry out diet therapy and exercise therapy on their own. 
HbA1c as well as BG levels and other metabolic indicators 
are measured and followed in the context of this treatment 
and results (improvement of metabolism) are discussed with 
the patient. According to need, the patient is given guidance 
for the reinforcement of either or both types of treatment.

If despite the continuation of these treatments for 2 
or 3 months, the target value of glycemic control is not 
achieved, drug treatment is used. This target value differs 
from patient to patient, but should generally be HbA1c 
below 7.0%, excepting aged diabetes patients [15].
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Pre‑Exercise Evaluation

Before undertaking any exercise with intensity greater than 
brisk walking, sedentary people with type 2 diabetes will 
likely benefit from an evaluation by a physician. Various 
medical examinations are needed to confirm that diabetes is 
well controlled and that the patients do not have progressive 
severe complications [35].

When exercise should be prohibited or restricted [15].
① When metabolic control is extremely poor (fasting BG 

level over 250 mg/dL, or urinary ketone bodies moderately 
positive or above).

② New hemorrhaging in the ocular fundus caused by pro-
liferative retinopathy (consult an ophthalmologist).

③ Previously, exercise has been restricted for patients 
with diabetic kidney diseases [15].

However, at present physical activity is understood not 
only a healthful lifestyle factor but also as a treatment 
method to decrease the incidence of chronic kidney disease 
in diabetes patients [22].

There is no evidence that vigorous-intensity exercise 
increases the progression rate of diabetic kidney disease, 
and there appears to be no need of specific exercise restric-
tions for people with diabetic kidney disease in general [1, 
5]. Exercise training increases physical function and QOL in 
individuals with kidney disease, and may even be undertaken 

during dialysis sessions. The presence of microalbuminuria 
per se does not necessitate exercise restriction [6].

④ Ischemic heart disease and cardiopulmonary disorders 
(seek advice from a specialist).

⑤ Presence of bone or joint disease (seek advice from a 
specialist).

⑥ Acute infectious disease.
⑦ Diabetic gangrene.
⑧ Severe autonomic neuropathy.

Recommended Physical Activity for People 
with Diabetes [1]

Most adults with type 1 and type 2 diabetes should engage in 
150 min or more of moderate-to-vigorous intensity aerobic 
activity per week, spread over at least 3 days/week, with no 
more than two consecutive days without activity. Shorter 
durations (minimum 75 min/week) of vigorous-intensity 
or interval training may be sufficient for younger and more 
physically fit individuals. Adults with type 1 and type 2 
diabetes should engage in 2–3 sessions/week of resistance 
exercise on nonconsecutive days (Table 2). Especially for 
elderly diabetes patients who tend to have muscle atrophy 
(sarcopenia), mild-intensity resistance training, such as half 
squats and calf raise should be performed in addition to aero-
bic exercise [15, 37]. Further, horseback riding equipment 

Table 1   Odds ratios of possible factors affecting the “exercise therapy group” in all participants by multiple logistic regression analysis

The patients who enjoyed doing exercise had higher odds ratios in the exercise therapy group. Physical exercise instruction should be provided 
so as to maintain patient motivation

Independent variable Odds ratios (95% Confidence 
interval)

P value

No insulin treatment (ref.: insulin treatment) 1.21 (1.00–1.47) 0.011
Frequency of exercise therapy guidance (ref.: no exercise guidance)
 Every medical consultation 1.79 (1.28–2.51) 0.001
 Once per 2–5 medical consultations 1.89 (1.40–2.56)  < 0.001
 Once per 6–10 medical consultations 1.24 (0.95–1.63) 0.118
 Once a year 1.23 (0.97–1.55) 0.086

Received exercise guidance including type (ref.: no exercise prescription) 1.32 (1.08–1.61) 0.008
Received exercise guidance including frequency (ref.: no exercise prescription) 1.60 (1.24–2.06)  < 0.001
Received exercise guidance including duration (ref.: no exercise prescription) 1.63 (1.32–2.01)  < 0.001
Patients who enjoy doing exercise (ref.: dislike physical exercise)
 Enjoy 4.87 (2.97–7.93)  < 0.001
 Somewhat enjoy 2.81 (1.72–4.61)  < 0.001
 Neither enjoy nor dislike 2.18 (1.33–3.58) 0.002
 Somewhat dislike 1.77 (1.07–2.93) 0.025

Work and housework of 3–5 Mets (ref.: no activity)
 30 min 1.50 (1.14–1.96) 0.003
 1 h 2.31 (1.77–3.03)  < 0.001
 More than 2 h 1.70 (1.29–2.25)  < 0.001
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(JobaⓇ; Panasonic) [18] and Core training chairⓇ (Panasonic) 
[38] are also useful for older patients and patients with knee 
or foot problems. Initial instruction and periodic supervision 
by qualified health fitness programmers and instructors are 
recommended for most patients with type 2 diabetes, par-
ticularly if they undertake resistance exercise training, to 
ensure optimal benefits in terms of BG control, BP, lipids, 
and cardiovascular risk, as well as to minimize the risk of 
injury [35].

All adults, and particularly those with type 2 diabetes, 
should decrease the amount of time spent in daily seden-
tary behavior. Prolonged sitting should be interrupted every 
30 min for obtaining BG benefits, particularly in adults with 
type 2 diabetes [1]. Flexibility training and balance train-
ing are recommended 2–3 times/week for older adults with 
diabetes. Yoga [7] and tai chi [20] may be included based 
on individual preferences to increase flexibility, muscular 
strength, and balance.

Precautions When Implementing Physical Exercise 
[35]

① If dietary changes are not implemented, it is unlikely that 
appropriate BG control will be achieved. Thus, patients 
should also be instructed regarding dietary restrictions.

② Generally, exercise should be performed after meals.
③ The insulin dose should be reduced prior to undertak-

ing physical exercise. If exercise extends over a prolonged 
period of time, dietary supplementation is necessary before, 
during, and after exercise.

④ If hypoglycemia occurs during exercise, patients should 
be advised to have a cola drink or glucose dissolved in luke-
warm water. Cookies and/or rice balls are suitable before 
and after exercise to prevent hypoglycemia. Patients should 
perform self-monitoring of BG before, during, and after 
exercise.

⑤ According to large-scale trials such as the DPP [8, 16] 
and a nationwide survey in Japan [2], successful lifestyle 

interventions, including the incorporation of goal setting, 
self-monitoring of training effects, frequent contact by teach-
ing staff, and stepped-care protocols, promote PA [35].

⑥ Patients should be instructed to wear appropriate sports 
shoes and should be provided with appropriate warm-up and 
cool-down exercises (stretching of the extremities).

⑦ These exercise interventions should be provided by a 
medical support team consisting of physicians, physiothera-
pists, health fitness programmers and instructors, registered 
dieticians, pharmacists, and nurses [27].

In conclusion, physical exercise plays a major role in 
the prevention and control of insulin resistance and type 2 
diabetes.

Diabetes patients should engage in 150 min or more of 
moderate-to-vigorous intensity aerobic activity per week, 
spread over at least 3 days/week, with no more than two con-
secutive days without activity. Persons with type 2 diabetes 
(especially the elderly) should undertake resistance training 
at least 2–3 times/week. Diabetes patients should decrease 
the amount of time spent on daily sedentary behavior.

Individuals with type 2 diabetes are encouraged to 
increase their total daily unstructured PA (daily movement).

An outline of this monograph was presented at the Inter-
national Forum on Exercise Prescription 2019, held in Xia-
men, China (Sponsored: China Sport Science Society and 
JiMei University; Organizer: College of Physical Education, 
JiMei University).
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Table 2   Exercise prescription (FITT Principle)

LT Lactate threshold

Frequency
Intensity

≥ 3–5 times/weeks
50% VO2max (LT levels)
(30–50 years old, heart rate 120 beats/min)
(60–70 years old, heart rate 100 beats/min)

Time 150 min or more/weeks
10–30 (60) min/days (after meals, 2–3 times/days)

Type Aerobic, walking, jogging, swimming, bicycling, 
resistance exercise half squat, calf raise (esp.elderly 
patients)

Make exercise enjoyable
Active life-style education
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