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Abstract
Physical activity improves glycemic control and reduces 
the risk of cardiovascular disease (CVD) and mortality 
in patients with type 2 diabetes (T2D). Moderate to 
vigorous physical activity is recommended to manage 
T2D; however, patients with T2D can be physically 

weak, making it difficult to engage in the recommended 
levels of physical activity. Daily physical activity includes 
various activities performed during both occupational and 
leisure time such as walking, gardening, and housework 
that type 2 diabetic patients should be able to perform 
without considerable physical burden. This review 
focuses on the association between daily physical activity 
and T2D. Walking was the most common form of daily 
physical activity, with numerous studies demonstrating 
its beneficial effects on reducing the risk of T2D, CVD, 
and mortality. Walking for at least 30 min per day was 
shown to reduce the risk of T2D by approximately 50%. 
Additionally, walking was associated with a reduction in 
mortality. In contrast, evidence was extremely limited 
regarding other daily physical activities such as gardening 
and housework in patients with T2D. Recent studies have 
suggested daily physical activity, including non-exercise 
activity thermogenesis, to be favorably associated with 
metabolic risks and mortality. However, well-designed 
longitudinal studies are warranted to elucidate its effects 
on overall health.

Key words: Type 2 diabetes; Daily physical activity; 
Walking; Non-exercise activity thermogenesis

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: In addition to moderate- to vigorous-intensity 
exercise, daily physical activity is also important for the 
prevention and management of type 2 diabetes (T2D). 
Of note, individuals can engage in daily physical activity 
without remarkable physical burden, anywhere and at any 
time. It is well known that exercise improves the outcomes 
of metabolic diseases and reduces cardiovascular disease 
risk and mortality. However, the literature pertaining to 
the effects of specific types of daily physical activity on 
health is sparse. It is necessary to accumulate evidence 
on the positive effects of daily physical activity on the 
management of T2D.
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INTRODUCTION
Exercise therapy is essential for the management of dia
betes. A sedentary lifestyle is known to be a major risk 
factor of cardiovascular disease (CVD)[1]. The American 
College of Sports Medicine and the American Diabetes 
Association have recommended at least 150 min/wk of 
moderate (50%70% of an individual’s maximum heart 
rate) to vigorous (> 70% of an individual’s maximum 
heart rate) physical activity for patients with type 2 
diabetes (T2D)[2]. As for patients with type 1 diabetes, 
regular physical activity has also shown beneficial effects 
on glycemic control and other healthrelated outcomes, 
although the evidence is limited[3].

However, the recommended intensity and duration 
of exercise could present a physical burden to diabetic 
patients and lead to cessation of exercise therapy because 
diabetic patients have a lower physical performance 
threshold than healthy individuals. Patients with T2D 
show a lower energy expenditure, number of steps, and 
duration of physical activity compared to subjects without 
diabetes[4], as well as low cardiorespiratory fitness[5,6]. 
Moreover, the muscle strength of individuals with T2D is 
significantly lower than those without[7,8]. In fact, upper 
and lower extremity muscle strength have been shown 
to be inversely associated with the degree of diabetic 
complications[9], suggesting that diabetes progression 
hinders engagement in physical activity. Indeed, the 
percentage of patients with diabetes found to engage in 
exercise therapy was approximately 40%[10], and only 
28.2% of diabetic patients in the United States achieved 
the recommended level of physical activity[11]. In a large
scale cohort study, individuals who performed low
volume physical activity, which was defined as 15 min/d 
or 90 min/wk, had a 14% reduced risk of allcause 
mortality and a life expectancy increase of 3 years[12]. 
Thus, it is important to note that in addition to moderate 
to vigorousintensity physical activity, light to moderate
intensity daily physical activity should also be considered 
an alternative and supportive exercise therapy regimen 
for diabetic individuals. 

The purpose of this review is to highlight the effects of 
daily physical activity on health in type 2 diabetic patients 
and to further suggest a strategy for the treatment of 
T2D by changing the amount of daily physical activity a 
patient performs. This review will help physical therapists, 
clinicians, and patients manage T2D.

DAILY PHYSICAL ACTIVITY
Daily physical activity is defined as continuous bodily 
movements via the contraction of skeletal muscle that 
results in an increase in energy expenditure in daily life[13]. 

This includes various activities that are conducted in both 
occupational and leisure time such as walking, working at 
a desk, washing, cooking, and sports. On the other hand, 
exercise is defined as planned, structured, and repetitive 
physical activity that has the objective of improving 
physical fitness[13]. Physical activity is usually classified by 
its intensity and duration. The metabolic equivalent (MET) 
is a useful measurement for representing the intensity of 
physical activity and is defined as the amount of oxygen 
uptake while sitting at rest. An oxygen uptake of 3.5 
mL/kg per minute is equal to the basal resting metabolic 
rate and is considered to be 1 MET[14]. Ainsworth et al[15] 
listed MET values for 821 specific physical activities that 
vary in their intensity of daily physical activity according to 
the situation in which they are performed. For example, 
walking inside is equal to only 2.0 METs (light intensity) 
whereas walking with children is the equivalent of 4.0 
METs (moderate intensity). Therefore, it should be noted 
that daily physical activity covers a wide range of intensity 
that at times are the same as structured exercise (Table 1).

SEDENTARY LIFESTYLE
Sedentary behavior refers to the tendency to sit during 
waking hours with low energy expenditures. The mean 
sitting time is estimated to be approximately 67 h/d in 
developed countries, and a decreased level of physical 
activity has been shown to be inversely associated with 
increased sitting time[16]. In today’s world, individuals 
are more prone to sit on a daily basis.

Whose lifestyle is healthier: A person who engages in 
the recommended amount of exercise during their leisure 
time but is extremely sedentary in their spare time, or 
a person who does not achieve the recommended level 
of physical activity but is quite physically active in the 
workplace? The answer: Exercise and sedentary behavior 
may be mutually contradictory[17]. Sedentary time has been 
recognized as an independent risk factor for CVD, T2D, and 
allcause mortality[1719]. The American Diabetes Association 
has recommended that patients with diabetes should be 
encouraged to reduce their sedentary time and to not sit for 
more than 90 min[20]. Changing one’s sedentary lifestyle to 
a more active lifestyle is key to the better management 
of T2D. In addition, sitting time may not affect allcause 
mortality if it is combined with walking time, suggesting 
that the positive association between sitting time and 
mortality is only evident in individuals who sit for very 
long periods of time[21]. This review focuses on clinical 
studies that have investigated the effects of walking on 
CVD risk factors and mortality.

WALKING
Walking is one of the most common physical activities 
of daily life[22,23]. However, 54.6% of patients with T2D 
have reported engaging in no weekly physical activity 
through walking[24], demonstrating that patients with 
T2D should walk more frequently. Epidemiological 
studies have suggested that walking is associated 

244 June 25, 2016|Volume 7|Issue 12|WJD|www.wjgnet.com

Hamasaki H. Daily physical activity and type 2 diabetes



with a reduced risk of T2D. Hu et al[25] examined the 
relationship between physical activity, based on the 
use of a questionnaire, and the incidence of T2D in 
individuals selected from the Nurses’ Health Study 
database. A total of 70102 women without diabetes were 
followed for 8 years. Overall, walking MET scores had a 
strong negative association with the risk of T2D. More 
specifically, a normal walking pace (3.2-4.8 km/h) was 
associated with an approximate 20%30% reduction 
in the risk of T2D in women who did not engage in 
vigorous physical activity, and a faster walking pace was 
independently associated with a reduced risk of T2D. 
Moreover, Tanasescu et al[26] examined the relationship 
of walking with CVD risk and mortality among 3058 
men with T2D. Frequent walking (≥ 16.1 METhours/
week) was associated with a nearly 40% reduced risk 
of mortality, and walking pace was inversely associated 
with CVD and total mortality independent of walking 
hours. Gregg et al[27] also investigated whether walking 
reduced mortality among 2896 United States adults 
with diabetes. Patients who walked at least 2 h/wk had 
a 39% lower allcause mortality rate and a 34% lower 
CVD mortality rate compared with sedentary patients. 
However, it is important to note that these studies 
were observational studies, and a causal relationship 
between walking and incidence of T2D and/or CVD 
cannot therefore be deduced. Moreover, physical activity, 
including the amount and speed of walking, might have 
been over or underestimated in these studies because 
physical activity was evaluated by questionnaires, and 
such subjective data are known to have poor validity[28], 
as eliminating bias is quite difficult. The Nateglinide 
and Valsartan in Impaired Glucose Tolerance Outcomes 
Research trial[2931] investigated whether changes in 
ambulatory activity, assessed objectively through the use 

of a pedometer, were associated with a reduced risk of 
cardiovascular events in individuals with impaired glucose 
tolerance. During a 45211 personyears followup, 
ambulatory activity was found to be inversely associated 
with the risk of a cardiovascular event. Specifically, an 
increase of 2000 steps/d at baseline was associated 
with a 10% reduction in having a cardiovascular event, 
and a 2000step increase in daily life from baseline to 
12 mo was associated with an 8% lower cardiovascular 
event rate[32]. On the other hand, the Nakanojo Study[33] 
suggested that not just walking but the combination of 
walking (> 800010000 steps/d) and physical activity 
at an intensity > 3 METs was necessary to prevent 
metabolic syndrome. Daily physical activity that reaches 
an intensity > 3 METs may need to be emphasized. A 
list of published articles that focused on the beneficial 
association of walking with the risk of T2D, CVD, and 
mortality is shown in Table 2.

The Diabetes Prevention Program randomly assigned 
3234 individuals with impaired glucose tolerance to one of 
three interventions: Standard lifestyle recommendations 
plus metformin treatment, standard lifestyle recom
mendations plus placebo, or an intensive program of 
lifestyle modification. The lifestyle intervention reduced 
the incidence of diabetes by 58% after a 2.8year 
followup. Brisk walking for at least 150 min/wk was a 
very effective way to prevent T2D[34]. The Da Qing IGT 
and Diabetes Study investigated the effects of walking 
for at least 30 min/d on individuals with impaired glucose 
tolerance. A total of 577 subjects were randomized to 
one of three groups: Diet only, walking only, or diet 
plus walking. Over a 6year followup, the incidence 
of diabetes was significantly reduced by 46% in 
the walking group[35]. Kosaka et al[36] showed that a 
lifestyle intervention for men with impaired glucose 
tolerance effectively reduced the risk of diabetes. They 
recommended the following activities to their subjects 
to increase their physical activity: Walking for 3040 
min/d, using a staircase instead of an elevator or an 
escalator, performing 30 min of cycling on weekends, 
and getting off a bus one stop before their destination. 
Their findings demonstrated that the physical activity 
intervention combined with diet therapy reduced the 
risk of diabetes by 67.4%. A list of published articles 
with a focus on the effects of walking on the risk of T2D 
is shown in Table 3. 

Several smallscale intervention studies have rev
ealed favorable effects of walking on CVD risk factors. 
A walking program of 1 h/d for 12 wk was shown to 
improve physical fitness, body composition, and glycemic 
control in postmenopausal women with T2D[37]. Similarly, 
walking at least 10000 steps/d combined with diet 
therapy in obese patients with T2D improved their insulin 
sensitivity[38]. Moreover, a metaanalysis of randomized 
controlled trials summarized the effects of walking on 
glycemic control and CVD risks; specifically, walking 
significantly decreased glycated hemoglobin levels 
by 0.50% (95%CI: 0.78% to 0.21%), body mass 
index by 0.91 kg/m2 (95%CI: 1.22 to 0.59 kg/m2), 
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Table 1  Excerpt of various daily physical activities and their 
associated metabolic equivalents

Daily physical activity METs

Walking
  Very slow, < 3.2 km/h 2
  Slow, 3.2-4.0 km/h 2.8-3.0
  For pleasure, moderate pace, 4.5-5.1 km/h 3.5
  Brisk, 5.6 km/h 4.3
  Very brisk, 6.4-7.2 km/h 5.0-7.0
  Stair climbing, slow pace 4
  Stair climbing, fast pace 8.8
Gardening 3.8
Yard work 3.0-6.0
Mowing lawn 5.5
Shoveling 5.3-7.5
Housework
  Washing dishes 1.8-2.5
  Cleaning 2.3-3.8
  Cooking 2.0-3.0
  Child care 2.0-3.0
  Elder care 2.3-4.0

Each activity is quoted from Ainsworth et al[15] (2011 Compendium 
Physical Activities). METs: Metabolic equivalents.
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glucose concentrations measured by the continuous 
glucose monitoring system significantly decreased by 8.5% 
in the intervalwalking group, whereas no changes were 
observed in the continuouswalking group. Their next 
study focused on determining whether intervalwalking 
improved postprandial glucose tolerance and freeliving 
glycemic control more than continuouswalking. Their 
findings revealed that a greater reduction in postprandial 
blood glucose levels was observed with a single interval
walking session than with an oxygen consumption and 
time durationmatched continuouswalking session[42]. 
The optimal exercise therapy for individuals with T2D 
and existing diabetic complications is still unknown. The 
amount, duration, and intensity of exercise has been 
emphasized in diabetes care; however, the mode of 
physical activity such as the variation in intensity and 
motion may also need to be emphasized.

GARDENING, HOUSEWORK, AND OTHER 

ACTIVITIES
Gardening is the most popular daily physical activity in 

and diastolic blood pressure by 1.97 mmHg (95%CI: 
3.94 to 0.0 mmHg)[39]. Recently, an interesting study 
investigating postprandial changes in glucose, insulin, 
and nonesterified fatty acids in postmenopausal 
women at high risk of T2D was published. In this study, 
22 participants were randomly assigned to one of six 
groups: Prolonged sitting (7.5 h) plus standing (total 
of 60 min), standing plus walking (total of 60 min), 
walking plus sitting, standing plus sitting, or walking plus 
standing. Both standing and walking significantly reduced 
postprandial glucose, insulin, and nonesterified fatty 
acids response compared with prolonged sitting[40]. Thus, 
diabetic patients may only need to stand to improve their 
metabolic profile. 

Additionally, the way in which one walks may also be 
of significance. Karstoft et al[41] investigated the effects 
of intervalwalking vs continuouswalking in patients 
with T2D. Four months of freeliving intervalwalking 
improved maximal oxygen consumption (VO2 max), body 
composition, and glycemic control. VO2 max significantly 
increased by 16.1%, fat mass and visceral fat significantly 
decreased by 10.8% and 10.6%, respectively, fasting 
insulin significantly decreased by 19.5%, and mean 

Table 2  Epidemiological studies investigating the associations of walking with the risk of type 2 diabetes, cardiovascular events, and mortality

Ref. Study design Subjects Physical activity measurement Outcome, results

Hu et al[25] Prospective cohort study 70102 female 
participants 
without diabetes, 
CVD, or cancer 

MET score and walking pace 
based on a questionnaire

Risk of type 2 diabetes, normal walking pace 
(3.2-4.8 km/h): RR = 0.72; 95%CI: 0.62-0.85
Brisk or very brisk walking pace (> 4.8 km/h): 
RR = 0.41; 95%CI: 0.33-0.52

Tanasescu et al[26] Prospective cohort study 3058 men with 
type 2 diabetes

MET-hour score measured by 
a questionnaire

Mortality, walking ≥ 16.1 MET-hours/week: RR 
= 0.60; 95%CI: 0.41-0.88
Very brisk walking pace (≥ 4 mph): RR = 0.42; 
95%CI: 0.19-0.97

Gregg et al[27] Prospective cohort study 2896 subjects with 
diabetes

Time spent walking measured 
by a questionnaire

Mortality, walking ≥ 2 h/wk, all-cause mortality: 
HRR = 0.61; 95%CI: 0.48-0.78; CVD mortality: 
HRR = 0.66; 95%CI: 0.45-0.96

Yates et al[32] Prospective data analysis 
from the NAVIGATOR trial 
(a multicenter, randomized, 
placebo controlled, 2 × 2 
factorial trial)

9306 individuals 
with impaired 
glucose tolerance

Number of steps assessed by 
a pedometer

Cardiovascular events, baseline ambulatory 
activity (2000 step/d increment): HR = 0.90; 
95%CI: 0.84-0.96
Change in ambulatory activity from baseline to 
12 mo (2000 step/d difference in change): HR = 
0.92; 95%CI: 0.86-0.99

MET: Metabolic equivalents; RR: Relative risk; HRR: Hazard rate ratio; CVD: Cardiovascular disease; HR: Hazard ratio; NAVIGATOR: Nateglinide and 
Valsartan in Impaired Glucose Tolerance Outcomes Research.

Table 3  Clinical trials investigating the effects of walking on the risk of type 2 diabetes

Ref. Study design Subjects, follow-up time Intervention Results

Knowler et 
al[34]

Randomized 
clinical trial

3234 individuals with 
impaired glucose 
tolerance, 2.8 yr

A minimum of 150 min of physical activity similar intensity to 
brisk walking and 7% weight loss

58% reduction in the 
incidence rate of type 2 
diabetes

Pan et al[35] Randomized 
clinical trial

577 individuals with 
impaired glucose 
tolerance, 6 yr

At least 30 min/d of walking 46% reduction in the risk of 
developing diabetes

Kosaka et al[36] Randomized 
clinical trial

458 men with impaired 
glucose tolerance, 4 yr

Recommendations for physical activity: walking 30-40 min/d, 
using staircase instead of an elevator or an escalator, 30-min 
cycling on weekends and getting off one bus stop before the 
destination

67.4% reduction in the risk 
of developing diabetes

Hamasaki H. Daily physical activity and type 2 diabetes
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older adults[43,44]; however, the current literature does 
not provide sufficient evidence of the health benefits 
of gardening[45]. The Evaluating Longterm Diabetes 
Selfmanagement Among Elder Rural Adults study, a 
populationbased crosssectional study, described the 
types of daily physical activities performed among rural 
older adults with diabetes. The most common physical 
activities reported by these individuals were walking 
(79.7%), housework (68.7%), and gardening (64.8%). 
Healthrelated quality of life, as measured by the 
short form 12item survey scale, has been found to be 
positively associated with physical activity, suggesting 
that participating in a greater amount of daily physical 
activity such as gardening and housework is beneficial 
for older adults[46]. As domestic physical activity, which 
includes gardening and housework, has been analyzed 
as a part of total daily physical activity in previous 
studies, it is difficult to determine its independent 
effects on health. However, it is important to investigate 
the effects of domestic physical activity on glycemic 
control, CVD risk, and mortality, as domestic chores 
are the main contributors to total daily physical activity 
in patients with T2D[47]. Stamatakis et al[48] examined 
the independent effects of domestic physical activity 
(e.g., cleaning windows, sweeping, digging, cycling, 
dancing) on mortality and CVD events in the Scottish 
Health Survey. Participation in intense domestic physical 
activity was associated with lower allcause mortality 
(men: RR = 0.68, 95%CI: 0.500.91; women: RR = 
0.70, 95%CI: 0.520.93). A recent study showed that 
heavy housework was associated with reduced mortality 
(HR = 0.71; 95%CI: 0.560.91) and reduced cancer 
deaths (HR = 0.52) in older Chinese men[49]. However, 
the associations between domestic physical activity 
and mortality or CVD risk in diabetic patients were not 
investigated in these studies. In contrast, Lawlor et 
al[50] found that participating in at least 2.5 h of heavy 
housework was not associated with an improvement 
in obesity among elderly British women. However, this 
study also lacked information concerning T2D. There is 
extremely little evidence to suggest that gardening and/
or housework have beneficial effects on mortality, CVD 
risk, or other metabolic disturbances in patients with 
T2D. Conversely, an observational study in healthy older 
adults objectively measured freeliving activity energy 
expenditure by using the doubly labeled water method 
and demonstrated its association with a lower risk of 
mortality[51]. There was an approximate 30% lower risk 
of mortality for every 287 kcal consumed per day by 
freeliving activity energy expenditure; however, self
reported highintensity exercise did not differ between 
the activity energy expenditure tertiles, suggesting that 
light to moderateintensity daily physical activity plays 
a key role in healthy living. Beddhu et al[52] analyzed 
data from the 20032004 National Health and Nutrition 
Examination Survey and showed that the duration of 
lightintensity physical activity (e.g., casual walking, 
light gardening, cleaning), objectively assessed by an 

accelerometer, was significantly associated with a lower 
mortality risk (HR = 0.59; 95%CI: 0.350.98) in the 
chronic kidney disease (CKD) population; however, an 
increase in moderate/vigorous activity duration did not 
result in a significantly lower hazard ratio in the CKD 
group. Approximately 20%30% of patients with CKD 
had diabetes in this study, which suggests that light
intensity daily physical activity can reduce mortality in 
diabetic patients with CKD. Thus, these findings suggest 
that in contrast to moderate to vigorousintensity 
exercise, lightintensity daily physical activity may have 
beneficial health effects on diabetic patients who have 
progressed complications. Moreover, Steeves et al[53] 
conducted a study analyzing data from the 20032006 
National Health and Nutrition Examination Survey and 
found that the total physical activity levels of patients 
with diabetes, as measured by an accelerometer, 
were significantly lower compared to participants with 
normal glucose tolerance and prediabetes. The diabetic 
participants were found to be inactive from 10:00 am 
to 8:00 pm when compared with participants with 
normal glucose tolerance, and their physical activity per 
hour declined rapidly after 12:00 pm, with the greatest 
difference occurring at 4:00 pm[53]. These findings 
suggest that clinicians should consider activity patterns 
in daily life as well as total physical activity to achieve 
optimal glycemic control in patients with T2D.

NON-EXERCISE ACTIVITY 
THERMOGENESIS 
Daily physical activity, with the exception of volitional 
sportslike activities, is defined as nonexercise activity 
thermogenesis (NEAT)[54]. NEAT is the main determinant 
of variability in total daily energy expenditure[55], which 
varies substantially from person to person by up to 
2000 kcal/d[56]. NEAT is influenced by various factors. 
For example, NEAT has been shown to increase by 
25% seven days after a single bout of highintensity 
walking exercise[57]. Moreover, regular exercise, especially 
moderate to vigorousintensity exercise, may increase 
NEAT; in contrast, living in an urban area populated 
with individuals who live a sedentary lifestyle will likely 
result in a decrease in NEAT. Indeed, the ambulation 
levels of rural Jamaicans was found to be more than 
60% of those of urban North Americans, suggesting that 
urbanization is associated with a decrease in NEAT[58]. 
However, the intensity, frequency, and duration of 
physical activity required to increase NEAT is unknown. 
Furthermore, Levine et al[59] examined whether 
weight gain was associated with a decrease in walking 
distance. The consumption of an additional 1000 kcal/d 
significantly decreased walking distance in both lean and 
obese individuals, suggesting that weight gain due to 
overeating may result in decreased walking. Schmidt et 
al[60] examined whether 23 obesityprone individuals and 
32 obesityresistant individuals had a different response 
to 3 d of overeating. They found that the walking time of 
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obesity-prone subjects decreased significantly (-2.0%), 
whereas obesityresistant subjects maintained their 
walking time. Taken together, these studies collectively 
suggest that daily diet, exercise, and living environment 
all influence the amount of NEAT. Furthermore, end
ocrine factors such as thyroid hormones[61], leptin[62], 
sex steroids[63], and orexin[64] have all been shown to 
affect changes in NEAT. Several biological studies have 
also demonstrated that genetic variations exist in the 
propensity for spontaneous physical activity. For example, 
polymorphisms in the dopamine D2 receptor gene and 
melanocortin4 receptor gene have been associated with 
physical activity variations in adults, and polymorphisms 
in the Nhlh2 gene have shown effects on the motivation 
to exercise[65]. NEAT is thus modulated by endocrine, 
genetic, and sociological factors (Figure 1).

Previous studies have shown that NEAT plays a 
crucial role in the management of obesity[66]. The Look 
AHEAD (Action for Health in Diabetes) study did not 
find a reduction in the rate of cardiovascular events in 
obese patients with T2D after implementation of an 
intensive lifestyle intervention that aimed to achieve at 
least 7% weight loss by a reduction in dietary intake and 
a minimum of 175 min of moderateintensity physical 
activity per week. This finding suggests that this lifestyle 
intervention should be conducted before an individual 
becomes obese[67]. Indeed, NEAT is a noteworthy factor 
in the management of obesity and other metabolic risks. 
The Shanghai Women’s Health Study, a prospective 
cohort study, investigated the effects of exercise, walking 
and cycling for transportation, as well as the effect 
of nonexercise physical activity, on mortality. A total 
of 67143 women without a history of heart disease, 
stroke, or cancer were followed for an average of 5.7 

years. That study found that women who reported 10 
or more METhours per day of nonexercise activity 
had a 25%50% lower risk of mortality compared with 
less active women[68]. Moreover, HaggerJohnson et 
al[69] analyzed data from the United Kingdom Women’s 
Cohort Study (19992002) to investigate the association 
between fidgeting behaviors and all-cause mortality. Data 
on sitting time and fidgeting behavior of 12778 women 
were analyzed. Among women in the low fidgeting 
group, sitting for ≥ 7 h/d (vs < 5 h/d) was associated 
with a 30% increase in risk of allcause mortality. Among 
women in the high fidgeting group, sitting for 5-6 h/d was 
associated with a decreased mortality risk (HR = 0.63, 
95%CI: 0.430.91)[69]. Fidgeting as a component of NEAT 
may reduce allcause mortality; however, little evidence 
is available regarding the associations between NEAT and 
T2D. Hamasaki et al[70,71] previously reported that NEAT 
was associated with a reduction in waist circumference, 
improvement in insulin sensitivity and dyslipidemia, 
and an increase in Btype natriuretic peptide[72] levels in 
patients with T2D. However, a causal relationship between 
NEAT and the incidence of T2D could not be deduced, as 
attempting to conduct a prospective study with a high level 
of evidence would be quite difficult because, by definition, 
intervention studies for NEAT would not be practical when 
the effect of NEAT on metabolic disease is also unknown. 
As physical activity is no longer an intervention for NEAT, 
the development of new intervention strategies to target 
NEAT will be an issue that should be addressed in the 
future.

CONCLUSION
The current literature provides evidence of the efficacy 
of walking in preventing T2D and reducing the risk of 
cardiovascular events and/or mortality. More specifically, 
previous studies have suggested that brisk walking for 
at least 30 min/d (e.g., ≥ 15 METhours per week) is 
needed to reduce the risk of T2D. Walking improves 
insulin sensitivity, glycemic control, and the incidence 
of obesity. However, there are few studies investigating 
the independent effects of other daily physical activities 
such as gardening and housework on health, especially 
in patients with T2D. The current literature lacks well
conducted controlled longitudinal studies investigating 
the effects of only daily physical activity on diabetes, 
dyslipidemia, hypertension, other CVD risks, and mor
tality. Daily physical activity, including NEAT, may be 
associated with a reduction in mortality. Although 
ensuring that patients with T2D engage in daily physical 
activity may be difficult, welldesigned longitudinal 
studies that focus on daily physical activity independent 
of structured exercise should be conducted in the future.
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