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A B S T R A C T   

Introduction: A protective role of leisure time physical activity with regard to non-communicable 
chronic diseases (NCDs) is well established. However, shapes of dose-response relationships and 
the extent of BMI mediation between physical activity and disease risk are not well known. 
Furthermore, the knowledge about risk reductions from active commuting is limited. 
Methods: Meta-analyses of prospective cohort studies published from January 1990 to June 2019 
were conducted, 1) to assess the effect of leisure time and commuting physical activity on car
diovascular disease (CVD), type 2 diabetes, breast cancer and colon cancer, and 2) to quantify the 
extent to which adjustment for BMI affect these relations. 
Results: Random effect meta-analyses of 59 prospective cohort studies estimated that individuals 
who engaged in 11.25 MET-hours/week of active commuting had a decreased risk of myocardial 
infarction (MI) by 18% (95% CI: 1–33%) and type 2 diabetes by 22% (95% CI: 4–37%) compared 
with non-commuters. Corresponding risk reductions for leisure-time physical activity (LTPA) 
were 22% for MI, 26% for CVD, 27% for heart failure, 23% for stroke, 22% for type 2 diabetes, 
15% for colon cancer and 7% for breast cancer. Except for breast cancer, adjustment for BMI 
reduced the benefit of physical activity. 
Conclusion: Both active commuting and LTPA are associated with lower risk for NCD. Currently, 
available data is insufficient to establish detail and reliable dose-response curves.   

1. Introduction 

Non-communicable chronic diseases (NCDs) are the leading cause of mortality and morbidity in world, accounting for 60% of all 
deaths (IHM, 2018). According to the world health organization (WHO), ischemic heart disease (IHD) contributed to 8% of the global 
burden of disease in 2016, stroke 5%, diabetes mellitus 2% and breast and colorectal cancer 1% (World Health Organisation, 2018). 

Physical inactivity is one of the most important modifiable risk factors of NCDs, estimated to be responsible for 1.6 million deaths 
annually (Forouzanfar et al., 2016). Approximately 25% of colon and breast cancers, 27% of diabetes and 30% of ischemic heart 
disease cases are caused by physical inactivity (Stevens, 2009). The protective role of leisure time physical activity (LTPA) on car
diovascular diseases (CVD), type 2 diabetes, breast cancer, colon cancer, and all-cause mortality is well documented (Harris et al., 
2009; Jeon et al., 2007; Woodcock J, 2011; Li et al., 2013; Wu et al., 2013). However, most of these studies are based on qualitative 
estimates such as comparing a high, moderate and low level of physical activity. Moreover, due to differences in categorization of 
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physical activity between studies, the knowledge of dose-response shapes is limited (Kesaniemi et al., 2001; Lee, 2013). 
Health benefits of active commuting (transport to work by walking and cycling) have been summarized in a systematic review of 

prospective observational studies and controlled trials concluding that active transport has significant effects on morbidity and 
mortality (Saunders et al., 2013). Three meta-analyses of the benefit of being an active commuter have also been conducted (Hamer 
and Chida, 2008; Dinu et al., 2019; Nordengren et al., 2019). But, to the best of our knowledge, this is the first meta-analysis of cohort 
studies on morbidity and quantitative amounts of active commuting. WHO has developed a health economic assessment tool (HEAT) 
based on a meta-analysis of mortality studies in relation to active commuting to estimate the expected reduction in mortality and the 
economic implication of an increased amount of cycling and walking in a population. The estimated risk reduction by performing the 
WHO recommended minimum amount of physical activity was 10% (95% CI 6–13%) for bicycling and 11% (95% CI: 4–17%) for 
walking. So far the tool does not account for morbidity (World Health Organization, 2014). These relative risks have been used in 
several health impact assessments (HIAs) of the benefit of current walking and cycling and within different transport scenarios with the 
aim of reducing the burden of disease, air pollution concentrations and greenhouse gas emissions. 

Low-grade systemic inflammation is a common denominator of most NCDs (Egger and Dixon, 2014). Physical activity has 
anti-inflammatory effects whereas physical inactivity and adiposity are positively associated with systemic low grade inflammation. 
Adiposity may therefore be an important mediator between physical inactivity and NCDs (Silverman and Deuster, 2014). However, 
much uncertainty still exist about the extent of this effect. Although BMI does not measure body fat directly, research has shown that 
BMI is moderately correlated with more direct measures of body fatness (Gallhager D et al., 1996, Freedman, D.S., Horlick, M. & 
Berenson, G.S., 2013 and Wohlfahrt-Veje, C. et al., 2014). Moreover, in an epidemiological context BMI is often the only available 
estimate of adiposity. 

The aims of this systematic review were to: 1) Estimate the association between leisure time and commuting physical activity and 
CVD, type 2 diabetes, breast cancer and colon cancer, and 2) assess to what extent adjusting for BMI affects these relations. 

2. Materials and methods 

2.1. Selection criteria 

We included studies that reported: 1) physical activity during leisure time or active commuting; 2) the amount of physical activity 
as MET (metabolic equivalent of task)-hours/week or day, or intensity and duration; 3) duration of commuting physical activity as 
min/day or week; 4) association with CVD, myocardial infarction (MI), heart failure (HF), type 2 diabetes, breast cancer or colon 
cancer; 5) risk estimates as relative risk (RR), hazard ratio (HR) or odds ratio (OR) from prospective cohort analyses; and 6) the quality 
score of included studies assessed by Newcastle–Ottawa Quality Assessment Scale should be greater than 5. 

We excluded studies in which type, nature or intensity of physical activities were not clearly stated or in which commuting or 
leisure time cycling activities were combined with other types of physical activities, e.g. occupational physical activity. 

2.2. Search strategy 

We conducted the meta-analysis according to guidelines created by the Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) (Moher et al., 2009) and Meta-analysis of Observational studies in Epidemiology (MOOSE) group (Stroup et al., 
2000). The literature search included studies published in English between year 1990 and 2019 and was performed using PubMed with 
the expression “(prospective[Title/Abstract] OR prospectively[Title/Abstract] OR incidence[Title/Abstract] OR incident[Title/Ab
stract] OR cohort[Title/Abstract] OR follow up[Title/Abstract]) AND (physical activity[Title/Abstract] OR leisure-time physical ac
tivity[Title/Abstract] OR LTPA[Title/Abstract] OR active transport[Title/Abstract] OR commuting [Title/Abstract] OR walking 
[Title/Abstract] OR cycling[Title/Abstract] OR exercise[Title/Abstract] OR exercising[Title/Abstract]) AND (cardiovascular disease 
[Title/Abstract] OR coronary heart disease[Title/Abstract] OR CHD[Title/Abstract] OR ischemic heart disease[Title/Abstract] OR 
IHD[Title/Abstract] OR CVD[Title/Abstract] OR MI[Title/Abstract] OR myocardial infarction [Title/Abstract] OR CHD[Title/Ab
stract] OR stroke[Title/Abstract] OR cerebrovascular disease[Title/Abstract] OR NIDD [Title/Abstract] OR type 2 diabetes 
[Title/Abstract] OR T2D[Title/Abstract] OR breast cancer[Title/Abstract] OR breast neoplasm[Title/Abstract] OR breast carcinoma 
[Title/Abstract] OR colon cancer[Title/Abstract] OR colon carcinoma[Title/Abstract] OR colon neoplasm [Title/Abstract] OR colo
rectal cancer[Title/Abstract] OR colorectal carcinoma[Title/Abstract] OR colorectal neoplasm [Title/Abstract] OR heart failure 
[Title/Abstract] OR HF[Title/Abstract]) AND English AND (1990/01/01[PDAT]:2019/06/30[PDAT])”. 

In addition, we also retrieved studies from reference lists of included articles. After removing duplicates, we reviewed articles on 
the bases of titles and abstracts before final full-text reviews. All records identified were reviewed independently by one reviewer 
(Author 1). If exclusion of an article was not evident, consensus was found by consulting a second reviewer (Author 4). 

2.3. Data extraction 

From each study that fulfilled the inclusion criteria, we recorded: author, study location, year of publication, number of partici
pants, age and sex characteristics, type of physical activity (e.g. leisure time totals, walking, cycling and active commuting) and 
amount (e.g. MET-hours/week, hours/week etc.), number of cases, duration of follow up, person years at risk and risk estimates for 
disease including 95% confidence intervals (CIs). We further retrieved the different covariates for which the analyses were adjusted 
(Appendix. A). 
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2.4. Quality assessment 

To assess the quality of included studies, we applied the Newcastle–Ottawa Quality Assessment Scale (Wells et al., 1993), consisting 
of 9 items group into 3 sections (Appendix. C.1). We evaluated the quality of each study as good, fair and poor by grouping quality 
scores as <5, 6–7 and 8–9 respectively (Table C2). 

Fig. 1. Flowchart of number of studies included in the meta-analysis. 
*Studies were excluded if the reference category contained the WHO recommended minimum amount of physical activity (11.25 MET-hours/week) 
or if BMI unadjusted relative risk estimates were not presented. 
**The total number of included studies does not add to the sum of disease specific studies since studies may include several disease outcomes and 
both LTPA and commuting physical activity assessments. 
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Table 1 
Characteristics of studies included in the meta-analysis.   

Age, sex Follow up 
(mean or 
range) 

Participants/ 
cases 

Physical activity categorization Adjustment 

CVD 
Manson JE et al., 

2002, USA 
50-79, 
Women 

5.9 73,743/1551 Total exercise during recreational 
physical activity (MET-hours/ 
week): 0–2.4, 2.5–7.2, 7.3–13.4, 
13.5–23.3, �23.4 

Model 1: Age 
Model 2: Model 1 þ BMI, smoking habit, 
age at menopause, family income, 
alcohol, waist-to-hip ratio, hormone 
replacement therapy, parental history of 
premature MI, race, education, percent
age of calories and dietary fiber intake 

Hoevenaar-Blom MP 
et al., 2011, The 
Netherlands 

20-65, Both 
men and 
women 

9.8 16,442/923 LTPA, duration of sports (hours/ 
week at �4 MET): 0, <3.5, �3.5 

Model 1: Age, sex, current smoking, 
alcohol consumption, educational level, 
occupation and other leisure time 
activities such as cycling, walking, and 
gardening 
Model 2: Model 1 þ BMI, cholesterol and 
systolic blood pressure 

Chomistek AK et al., 
2012, USA 

40-75, Men 22 44,551/4769 LTPA (MET-hours/week): 0 0.1–3.5, 
3.6–8.8, 8.9–21.0, �21 

Model 1: Age, low, moderate and vigorous 
activities simultaneously, Parental history 
of MI at or before the age of 60 years, 
parental history of cancer at or before the 
age of 60 years, smoking, aspirin, vitamin 
E supplement use, intake of 
polyunsaturated fat, trans fat, 
eicosapentaenoic acid and 
docosahexaenoic acid, and fiber intake, 
alcohol intake and pre-existing disease 
including a diagnosis of diabetes, hyper
tension and hypercholesterolemia 

Chomistek AK et al., 
2013, USA 

50-79, 
Women 

12.2 71,018/4235 LTPA (MET-hours/week): 0–1.7, 
1.8–8.3, 8.4–20, �20 

Model 1: Age, sedentary time, race 
education, income, marital status, 
smoking, family history of MI, depression, 
alcohol intake, hours of sleep, intake of 
total calories, saturated fat and fiber 
intake 
Model 2: Model 1 þ history of 
hypertension, diabetes, high cholesterol 
at baseline and BMI 

Bell EJ et al., 2013, 
USA 

45-64, Both 
men and 
women 

17 3707/560 Exercise duration with moderate 
intensity (minutes/day): 0, 1–149, 
�150, meeting the minimal physical 
activity recommendation 

Model 1: Age, sex, smoking, alcohol 
intake, hormone therapy use, education, 
and ‘Western’ and ‘Prudent’ dietary 
pattern scores  

Ferrario MM et al., 
2018, Italy 

25-64, Men 14 3574/174 Sport duration with moderate 
intensity (minutes/day): 0, 1–149, 
>150 

Model 1: Age, cohort, educational level, 
occupational and sport physical activity 
Model 2: Model 1 þ body mass index, 
total cholesterol, HDL cholesterol, systolic 
blood pressure, current smoking, diabetes 
and alcohol intake 

MI 
Folsom AR et al., 

1997, USA 
45-64, Both 
men and 
women 

5.5 14,040/320 Walk or bike to and from work or 
shopping (minutes/day): <30, �30 

Model 1: Age, race and centre-adjusted 
(multicentre-study) 

Manson JE et al., 
1999, USA 

40-65, 
Women 

8 72,448/645 Total LTPA (MET-hours/week): 
0–0.2, 2.1–4.6, 4.7–10.4, 10.5–21.7, 
>21.7 

Model 1: Age, study period, smoking 
status, menopausal status, parental 
history MI before 60 years, aspirin use 
multivitamin and vitamin E supplement 
use 
Model 2 (excluding first two years of 
follow up to avoid sub-clinical disease): 
Model 1 þ hypertension, diabetes, hy
percholesterolemia and BMI 

(continued on next page) 
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Table 1 (continued )  

Age, sex Follow up 
(mean or 
range) 

Participants/ 
cases 

Physical activity categorization Adjustment 

Stampfer MJ et al., 
2000, USA 

30-55, 
Women 

14 84,129/1128 Exercise duration (hours/week at 
�3 MET): <1.0, 1.0–2.2, 2.3–3.5, 
3.6–5.5, >5.5 

Model 1: Age, time periods, parental 
history of MI before age 60, menopausal 
status and use or non-use of post
menopausal hormones, history of hyper
tension and high cholesterol levels 

Lee IM et al., 2001, 
USA 

�45, 
Women 

5 39,372/244 Walking (minutes per week): Not 
regularly, 1–50, 60–90, �120 

Model 1: Age, smoking, alcohol, saturated 
fats, dietary fiber intake, consumption of 
fruits, vegetables, menopausal status, 
hormone replacement therapy, parental 
history of MI and randomized treatment 
assignment  

Tanasescu M et al., 
2002, USA 

40-75, Men 12 44,452/1700 LTPA (MET-hours/week): 0–6.32, 
6.33–14.49, 14.50–25.08, 
25.09–41.98, �41.99 

Model 1: Smoking, alcohol intake, family 
history of MI, nutrient intake, 
hypertension, diabetes and high 
cholesterol level at baseline 
Model 2: Model 1 þ BMI 

Li T Y et al., 2006, USA 34-59, 
Women 

20 88,393/2358 Moderate to vigorous LTPA 
duration (hours/week at �3 MET): 
<1, 1–3.49, �3.5 

Model 1: Age, smoking, parental history 
of coronary heart disease, alcohol 
consumption, postmenopausal status and 
hormone use 
Model 2: Model 1 þ BMI 

Hu G et al., 2007, 
Finland 

25-64, Both 
men and 
women 

18.9 47,840/4660 Commuting duration (minutes/ 
day): 0, 1–29, �30 

Model 1: Age, study area, education, 
alcohol consumption and smoking status 
Model 2: Model 1 þ BMI, systolic blood 
pressure, total cholesterol, diabetes and 
other types of physical activities 
(occupational and leisure) 

Weinstein SR et al., 
2008, USA 30 

�45, 
Women 

10.9 38,987/948 Walking (hours/week): None, <1, 
1–1.5, 2–3, �4 

Model 1: Age, randomized treatment 
assignment, parental history of MI, 
alcohol, smoking, hormone replacement 
therapy, dietary factors and kilocalories 
expended per week on activities other 
than walking 

Chomistek AK et al., 
2013, USA 

50-79, 
Women 

12.2 71,018/2411 LTPA (MET-hours/week): �1.7, 
1.8–8.3, 8.4–20, �20 

Model 1: Age, sedentary time, race 
education, income, marital status, 
smoking, family history of MI, depression, 
alcohol intake, hours of sleep, intake of 
total calories, saturated fat and fiber 
intake 
Model 2: Model 1 þ history of 
hypertension, diabetes, high cholesterol 
at baseline and BMI 

Patel K et al., 2013, 
USA 

�65, Both 
men and 
women 

13 5503/586 LTPA (MET-minutes/week): 0, 
1–499, 500–999, �1000 

Model 1: Age, sex and race 
Model 2: Model 1 þ education, income, 
alcohol, smoking, BMI, coronary artery 
disease, acute myocardial infarction, 
hypertension, diabetes, stroke, atrial 
fibrillation, left ventricular hypertrophy, 
left ventricular systolic dysfunction, 
systolic blood pressure, diastolic blood 
pressure, depression score, mini-mental 
state examination score, serum choles
terol, serum albumin, serum creatinine 
and serum C-reactive protein 

Bell EJ et al., 2013, 
USA 

45-64, Both 
men and 
women 

17 3707/271 Exercise duration with moderate 
intensity (minutes/day): 0, 1–149, 
�150 

Model 1: Age, sex, smoking, alcohol 
intake, hormone therapy use, education, 
and ‘Western’ and ‘Prudent’ dietary 
pattern scores  

(continued on next page) 
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Table 1 (continued )  

Age, sex Follow up 
(mean or 
range) 

Participants/ 
cases 

Physical activity categorization Adjustment 

Lacey et al., 2015, 
Australia 

65-83, Both 
men and 
women 

11 7564/833 Recreatuinal physical activity 
(MET-hours/week): 0, 1–14, 15–24, 
25–39, �40 

Model 1: Age at risk, education,smoking 
Model 2: Model 1 þ BMI 

Koolhaas CM et al., 
2016., Netherland 
1977–2001 

�55, 
Both men 
and women 

15 5901/642 Sports (MET-hours/week): 0, 
>0–7.6, �7.7 

Model 1: Age and sex, all other physical 
activity types, smoking, alcohol 
consumption, diet, and education 
Model 2: Model 1 þ BMI, total and HDL 
cholesterol, diabetes, lipid-reducing 
agents, systolic blood pressure, and 
hypertension 

Chomistek AK et al., 
2016., USA 

27-44, 
Women 

20 97,230/544 LTPA (MET-hours/week): <1, 
1–5.9, 6–14.9, 15–29.9, �30 

Model 1: Age (in months), time period, 
parental history of MI at or before age 60 
years, smoking, TV watching, oral 
contraceptive use, aspirin, AHEI-2010 
score, postmenopausal status, meno
pausal hormone therapy use, parity, pre- 
existing disease (diagnosis of hyperten
sion or hypercholesterolemia at baseline) 

Blond K et al., 2016, 
Denmark 

50-65, Both 
men and 
women 

20 53,723/2892 Lesiure cycling (hours/week): 0, 
>1–1.5, >1.5. Cycling to and from 
work (hours/week): 0, >0–1, >1- 
<2.5, �2.5 

Model 1: Age, gender, years of school, 
educational level, smoking, frequency of 
alcohol intake, coffee intake, total energy 
intake, cereal whole grain intake, fruit 
intake, vegetable intake, glycemic load, 
ratio of polyunsaturated to saturated fat, 
occupational physical activity, leisure 
time physical activity, and family history 
of CHD 
Model 2: Model 1 þ BMI, total and HDL 
cholesterol, diabetes, lipid-reducing 
agents, systolic blood pressure, and 
hypertension 

Ferrario MM et al., 
2018, Italy 

25-64, Men 14 3574/135 Sport duration with moderate 
intensity according to physical 
activity recommendation (minutes/ 
day): 0, 1–149, 
>150 

Model 1: Age, cohort, educational level, 
occupational and sport physical activity 
Model 2: Model 1 þ body mass index, 
total cholesterol, HDL cholesterol, systolic 
blood pressure, current smoking, diabetes 
and alcohol intake 

Stroke 
Hu FB et al., 2000, 

USA 
40-65, 
Women 

8 72,488/407 Total LTPA (MET-hours/week): 
0–2.0, 2.1–4.6, 4.7–10.4, 10.5–21.7, 
>21.7 

Model 1: Age 
Model 2: Model 1 þ time (4 times during 1 
year period used for validation of physical 
activity questionnaire) smoking, BMI, 
menopausal status, postmenopausal 
without hormone replacement therapy or 
with current hormone replacement 
therapy, parental history of MI before age 
60, alcohol consumption and history of 
hypertension, diabetes or 
hypocholesteraemia 

Sattelmair JR et al., 
2010, USA 

�45, 
Women 

11.9 39,315/579 Walking (minutes/day): not 
walking regularly, 1–59, 60–90, 
�120 

Model 1: Age, randomized treatment 
assignment, smoking, alcohol, saturated 
fat, fruit and vegetable and fiber intake, 
postmenopausal hormone therapy, 
menopausal status, parental history of MI 
and migraine aura 
Model 2: Model 1 þ BMI, history of 
diabetes, history of elevated cholesterol, 
and history of hypertension 

Chomistek AK et al., 
2013, USA 

50-79, 
Women 

12.2 71,018/2050 LTPA (MET-hours/week): �1.7, 
1.8–8.3, 8.4–20, �20 

Model 1: Age, sedentary time, race 
education, income, marital status, 
smoking, family history of MI, depression, 

(continued on next page) 
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Table 1 (continued )  

Age, sex Follow up 
(mean or 
range) 

Participants/ 
cases 

Physical activity categorization Adjustment 

alcohol intake, hours of sleep, intake of 
total calories, saturated fat and fiber 
intake 
Model 2: Model 1 þ history of 
hypertension, diabetes, high cholesterol 
at baseline and BMI 

Patel K et al., 2013, 
USA 

�65, Both 
men and 
women 

13 5503/722 LTPA (MET-minutes/week) 0, 
1–499, 500–999, �1000 

Model 1: Age, sex and race 
Model 2: Model 1 þ education, income, 
alcohol, smoking, BMI, coronary artery 
disease, acute MI, hypertension, diabetes, 
stroke, atrial fibrillation, left ventricular 
hypertrophy, left ventricular systolic 
dysfunction, systolic blood pressure, 
diastolic blood pressure, depression score, 
mini-mental state examination score, 
serum cholesterol, serum albumin, serum 
creatinine and serum C-reactive protein 

Bell EJ et al., 2013, 
USA 

45-64, Both 
men and 
women 

17 3707/188 Exercise duration with moderate 
intensity (minutes/day): 0, 1–149, 
�150 

Model 1: Age, sex, smoking, alcohol 
intake, hormone therapy use, education, 
and ‘Western’ and ‘Prudent’ dietary 
pattern scores 

Autenrieth CS et al., 
2013, USA 

45-64, Both 
menand 
women 

18.8 13,069/648 Exercise duration with moderate 
intensity (minutes/day): 0, 1–149, 
�150 

Model 1: age, sex, race-field center, 
cigarette-years, educational level, waist- 
to-hip ratio, systolic blood pressure, anti
hypertensive medication use, diabetes, 
left ventricular hypertrophy, HDL 
cholesterol, LDL cholesterol, lipoprotein 
(a),fibrinogen, van Willebrand Factor and 
white blood cell count  

Lacey B et al., 
2015, Australia 

65-83, 
Both men 
and women 

11 7564/551 Recreatuinal physical activity 
(MET-hours/week): 0, 1–14, 15–24, 
25–39, �40 

Model 1: Age at risk, education and 
smoking 
Model 2: Model 1 þ BMI 

HF 
Patel K et al., 2013, 

USA 
�65, Both 
Men and 
women 

13 5503/1137 LTPA (MET-minutes/week): 0, 
1–499, 500–999, �1000 

Model 1: Age, sex and race 
Model 2: Model 1 þ education, income, 
alcohol, smoking, BMI, coronary artery 
disease, acute MI, hypertension, diabetes, 
stroke, atrial fibrillation, left ventricular 
hypertrophy, left ventricular systolic 
dysfunction, systolic blood pressure, 
diastolic blood pressure, depression score, 
mini-mental state examination score, 
serum cholesterol, serum albumin, serum 
creatinine and serum C-reactive protein 

Andersen M E et al., 
2014, Sweden 

20-95, Both 
men and 
women 

13.3 39,805/1545 LTPA (MET-hours/day): <1.2, 
1.2–1.9, 1.9–3.0, 3.0–4.7, >4.7 

Model 1: Age, sex and education 
Model 2: Model 1 þ alcohol use, BMI, 
diabetes mellitus, hypertension, smoking, 
snuff use and waist-hip ratio 

Bell EJ et al., 2013, 
USA 

45-64, Both 
men and 
women 

17 3707/350 Exercise duration with moderate 
intensity (minutes/day): 0, 1–149, 
�150 

Model 1: Age, sex, smoking, alcohol 
intake, hormone therapy use, education, 
and ‘Western’ and ‘Prudent’ dietary 
pattern scores 

LaMonte MJ et al., 
2018, USA 

50-79, 
Women 

14 137,303/ 
2523 

Total recreational physical activity 
(MET-hours/week): 0, >0–7.2, 
7.3–17, >17 

Model 1: Age, race/ethnicity, education, 
income, smoking, alcohol use, hormone 
therapy use and history of hysterectomy 
Model 2: Model 1 þ treated diabetes, 
treated hypertension, systolic blood 
pressure, diastolic blood pressure, BMI, 
atrial fibrillation diagnosis, time-varying 
CHD (myocardial infarction, coronary 

(continued on next page) 
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Table 1 (continued )  

Age, sex Follow up 
(mean or 
range) 

Participants/ 
cases 

Physical activity categorization Adjustment 

artery bypass graft, percutaneous trans
luminal coronary angioplasty) diagnosis 

Diabetes type 2 
Hu FB et al., 1999, 

USA 
40-65, 
Women 

8 70,102/1419 LTPA (MET-hours/week): 0–2.0, 
2.1–4.6, 4.7–10.4, 10.5–21.7, �21.8 

Model 1: Age, time period (4 periods), 
smoking, menopausal status, parental 
history of diabetes, alcohol consumption, 
history of hypertension and history of 
high cholesterol level 
Model 2: Model 1þ BMI 

Hu FB et al., 2001, 
USA 

40-75, Men 10 37,918/1058 LTPA (MET-hours/week): 0–5.9, 
6.0–13.7, 13.8–24.2, 24.3–40.8, 
�40.9 

Model 1: Age, smoking, parental family 
history of diabetes, alcohol, vitamin E 
supplement 
Model 2: Model 1 þ BMI 

Hu G et al., 2003, 
Finland 

35-64, Both 
men and 
women 

12 14,390/373 Commuting (minutes/day): 0, 1–29, 
�30 

Model 1: Age, sex, study area, systolic 
blood pressure, smoking status, 
education, other two types of physical 
activities (occupational and leisure) 
Model 2: Model 1þ BMI 

Weinstein SR et al., 
2004, USA 

�45, 
Women 

6.9 37,878/1361 Time spent walking (hours/week): 
None, <1, 1–1.5, 2–3, �4 

Model 1: Age, family history of diabetes, 
alcohol use, smoking status, hormone 
therapy use, hypertension, high 
cholesterol, dietary factors, and 
randomized Women’s Health Study 
treatment groups 
Model 2: Model 1 þ BMI 

Villegas R et al., 2006, 
USA 

40-70, 
Women 

4.6 70,658/1973 LTPA (MET-hours/day): 0, 
0.01–0.79, 0.80–1.99, >1.99 
Commuting (MET-hours/day): 
<2.6, 2.6–5.5, >5.5 

Model 1: Age, kcal/day, education level, 
income level, smoking, alcohol and 
hypertension 

Krishnan S et al., 
2008, USA 

21-69, 
Women 

10 45,668/2988 Casual walking for exercise and 
transport (hours/week): No, <1, 
1–2, 3–4, �5 

Model 1: Age, time period, family history 
of diabetes, years of education, family 
income, marital status, cigarette use, 
alcohol use, total calorie intake, coffee 
consumption and television watching 

Fretts AM et al., 2009, 
USA 

45-74, 
Women 

10 1651/454 LTPA (MET-hours/week): No, <8, 
8–24, >24 

Model 1: Age, study site, sex, education, 
cigarette smoking, alcohol use, and family 
history of diabetes 
Model 2: Model 1 þ BMI 

Waller K et al., 2010, 
Finland 

24-60, 
Both men 
and women 

28 20,487/1082 LTPA (MET-hours/day): <0.59, 
�0.59 

Model 1: Age and sex 
Model 2: Model 1 þ BMI 

Lee DC et al., 2012, 
South Korea 

�18, Men 7.5 675,496/ 
52,995 

Exercise duration (minutes/week): 
0, 1–149, 150–299, �300 

Model 1: Age, smoking status, alcohol 
intake, hypertension, parental diabetes, 
and baseline glucose 
Model 2: Model 1 þ BMI 

Grøntved A et al., 
2012, USA 

40-75, Men 18 32,002/2278 LTPA (aerobic exercise) duration 
(minutes/week at �3 MET): 0, 
1–59, 60–149, �150 

Model 1: Age, smoking, alcohol 
consumption, race, family history of 
diabetes, intake of total energy, trans fat, 
polyunsaturated fat to saturated fat ratio, 
cereal fiber, wholegrain, glycemic load 
and weight training 
Model 2: Model 1 þ BMI 

Shi L et al., 2013, 
China 

40-74, Men 5.4 51,464/1304 LTPA (MET-hours/day): None, 
<1.2, 1.2–3.0, �3.0 
Commuting (MET-hours/day): 
<1.1, 1.1–2.67, �2.67 

Model 1: Age at interview, total calorie 
intake, smoking, alcohol consumption, 
education level, occupation, income level, 
hypertension, and family history of 
diabetes 
Model 2: Model 1 þ BMI and waist to hip 
ratio 

Grøntved A et al., 
2014, USA 

36-81, 
Women 

8 99,316/3491 Model 1: Age, smoking, alcohol 
consumption, coffee intake, race, family 

(continued on next page) 
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Table 1 (continued )  

Age, sex Follow up 
(mean or 
range) 

Participants/ 
cases 

Physical activity categorization Adjustment 

LTPA (aerobic activity) duration 
(minutes/week at �3 MET): 0, 
1–29, 30–59, 60–150, >150 

history of diabetes, post-menopausal 
hormone use, total calorie intake, trans 
fat, polyunsaturated fat to saturated fat 
ratio, cereal fiber, wholegrain and glyce
mic load, menopausal status (only NHSII), 
oral contraceptive use (only NHSII) 
resistance exercise and lower intensity 
muscular conditioning exercises 
Model 2: Model 1 þ BMI 

Honda T et al., 2015, 
Japan 

30-64, 
Both men 
and women 

6 26,628/1770 Leisure time exercise (MET-hours/ 
week): 0, 0.1-<7.5, 7.5-<15, �15 
Walking to work (minutes/day): 
<20, 20–39, �40 

Model 1: Age, sex, shift work, sleep 
duration,alcohol consumption, smoking, 
hypertension, a family history of diabetes, 
occupational activity, and walking for 
commuting to and from work 
Model 2: Model 1 þ BMI 

Joseph, J.J, 2016, USA 45-84, 
Both men 
and women 

11.1 5829/655 Leisure time exercise (MET-hours/ 
week): 0–2.63, 2.64–14.00, 
14.01–34.63, 34.64–621 

Model 1: Age, race, gender, education, 
current occupation status, study site, 
current smoking, systolic blood pressure, 
and current hypertension medication 
usage (except when stratified by race, 
where race is not included as a covariate) 

Rasmussen MG et al., 
2016, Denmark 

50-65, 
Both men 
and women 

14.2 52,513/6779 Commuter cycling (minutes/week): 
0, 1–60, 61–150, >150 

Model 1: Age, sex, years of basic school, 
years of higher education, alcohol intake, 
dietary energy intake, coffee 
consumption, polyunsaturated-saturated 
fat ratio, physical activity at work, 
smoking status, paternal diabetes, 
maternal diabetes, leisure-time physical 
activity other than commuter cycling, 
smoking status, paternal diabetes and 
maternal diabetes  

Medina C et al., 2018, 
Mexico 

35-64, 
Both men 
and women 

14.4 2282/342 LTPA (MET-minutes/week): <1, 
1–599.99, 600–1199, �1200 

Model 1: Age, sex, education levels, 
marital status, current smoking, alcohol 
intake, total energy intake, parent history 
of diabetes, sleeping hours and leisure 
physical activity 
Model 2: Model 1 þ BMI 

Martinez-Gomez D 
et al., 2018, 
Taiwan 

18-97, Both 
men and 
women 

6.0 � 4.5 198,919/ 
8548 

LTPA (MET-hours/week): 0, 
0.1–3.74, 3.75–7.49, 7.50–14.99, 
�15 

Model 1: Age and sex 
Model 2: Model 1 þ educational 
attainment, year of baseline examination, 
marital status, smoking, alcohol 
consumption, BMI, meal patterns and 
baseline value or values of each 
cardiovascular risk factor  

Breast Cancer 
Colditz GA et al., 

2003, USA 
25-42, 
Women 

10 114,068/849 LTPA (MET-hours/week): <3, 
3–8.9, 9–17.9, 18–26.9, >27 

Model 1: Age, height, alcohol intake, age 
at menarche, age at first birth, oral 
contraceptive use, history of benign 
breast disease, mother or sister with 
breast cancer, and MET-hours/week from 
other activities (running or jogging and 
walking) 
Model 2: Model 1 þ BMI 

Patel K et al., 2003, 
USA 

50-74, 
Women 

5 72,608/1520 LTPA (MET-hours/week): None, 
>0–7.0, >7.0–17.5, >17.5–31.5, 
>31.5 

Model 1: Age 
Model 2: Model 1 þ race, BMI, weight 
change from age 18 up to year 1992, 
family history of breast cancer, personal 
history of breast cysts, duration of oral 

(continued on next page) 
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Table 1 (continued )  

Age, sex Follow up 
(mean or 
range) 

Participants/ 
cases 

Physical activity categorization Adjustment 

contraceptive use, hormone replacement 
therapy, parity, age at menarche, age at 
menopause, smoking, alcohol intake, 
total calorie intake, education and 
mammography history 

Tehard B et al., 2006, 
France 

40-65, 
Women 

11.4 90,509/3424 Total recreational physical activity 
(MET-hours/week): Inactive, <16, 
16–22.3, 22.3–33.8, �33.8 

Model 1: Age 
Model 2: Model 1 þ BMI, menopausal 
status, hormone replacement therapy use, 
age at menarche, age at first full-term 
pregnancy, parity, marital status, use of 
oral contraceptives, first-degree family 
history of breast and personal history of 
benign breast disease, and employment 

Maruti SS et al., 2008, 
USA 

35-51, 
Women 

6 64,777/550 Walking (hours/week): <0.5, 
0.5–0.9, 1.0–1.4, 1.5–2.4, �2.5 

Model 1: Age (months), average 
childhood body shape, duration and 
frequency of oral contraceptive use, 
history of benign breast disease, mother 
or sister with breast cancer, parity and age 
at first birth, current alcohol consumption 
and height (inches) 

Howard RA et al., 
2009, USA 

20-99, 
Women 

8.9 45,631/864 LTPA walking/hiking for exercise 
(hours/week): <1, 1–3, 4–9, �10 

Model 1: Age 
Model 2: Model 1 þ BMI, age at 
menarche, parity, age at first birth, family 
history of breast cancer, personal history 
of breast disease, oral contraceptive use, 
race, smoking, alcohol consumption and 
other activity variables (strenuous 
exercise and walking at home or work) 

Eliassen AH et al., 
2010, USA 

30-55, 
Women 

20 95,396/4782 Total LTPA (MET-hours/week, 
cumulative average): <3, 3–9, 9–18, 
18–26, �27 

Model 1: Age 
Model 2: Age at menarche, BMI, height, 
parity and age at first birth, alcohol 
intake, postmenopausal hormone use, age 
at menopause, family history of breast 
cancer and history of benign breast 
disease 

Suzuki S et al., 2008, 
Japan 

40-69, 
Women 

12.4 30,157/207 Time spend exercising (hours/ 
week): Never or seldom, 1–2, �3 
Time spend walking (minutes/day): 
<30, 30–59, �60 

Model 1: Age 
Model 2: Model 1 þ BMI, alcohol 
drinking, age at menarche, education 
level, parity, age at birth of first child, use 
of exogenous female hormone, family 
history of breast cancer in a first-degree 
relative, menopausal status and meno
pausal age for postmenopausal women 

Pronk A et al., 2011 
China 

40-70, 
Women 

9 73,049/717 LTPA:(MET-hours/week): None, 
>0–4.5, 4.6–9.1, 9.2–17.5, �17.6 

Model 1: Age, education, family history of 
breast cancer, age at first birth, and 
number of pregnancies 
Model 2: Model 1 þ menopausal status, 
total caloric intake and BMI 

Hastert TA et al., 
2013, USA 

55-74, 
Women 

9.3 27,541/764 LTPA at least 10 MET-hours/week 
of walking or other strenuous or 
moderate activity: <10, �10 

Model 1: Age, education, race, 
mammography, family history of breast 
cancer, age at menarche, and age at first 
birth, energy intake and hormone therapy 
and meeting other recommendation. 

Hildebrand JS et al., 
2013, USA 

50-74, 
Women 

14.2 73,615/4760 Total recreational physical activity 
(MET-hours/week): None, >0–7.0, 
>7.0–17.5, >17.5–31.5, 
>31.5–42.0, 42.0 

Model 1: Age 
Model 2: Model 1 þ race, education, BMI, 
weight change, alcohol use, smoking 
status, use of postmenopausal hormones, 
number of live births, age at first live 
birth, age at menopause, family history of 
breast cancer, breast cysts, hysterectomy, 

(continued on next page) 

W. Raza et al.                                                                                                                                                                                                          



Journal of Transport & Health 18 (2020) 100873

11

Table 1 (continued )  

Age, sex Follow up 
(mean or 
range) 

Participants/ 
cases 

Physical activity categorization Adjustment 

oophorectomy and mammogram within 
the last year 

Harris HR et al., 2016, 
Sweden 

<50, 
Women 

15 31,514/1388 LTPA according to physical activity 
recommendations (minutes/week of 
moderate physical activity): <150, 
�150 

Model 1: Age, height, education, oral 
contraceptive use, hormone replacement 
therapy use, age at menarche, age at 
menopause, family history of breast 
cancer, history of benign breast disease 
and smoking, body fatness, energy intake, 
plant foods, animal foods, alcoholic 
drinks and dietary supplements 

Barberio A al., 2018, 
Canada 

35-69, 
Women 

15 15,887/433 Recreational physical activity 
(MET-hours/week): 0–7.4, 1.5–18, 
18.1–34.9, 35.0–255.3 

Model 1: Age 
Model 2: Model 1 þ sex, ethnicity, marital 
status, highest level of education, total 
household income, geographical area of 
residence, smoking status, pack-years of 
cigarettes, alcohol consumption, energy 
intake, fiber intake, colon cancer only, 
BMI, history of cardiovascular condition, 
history of respiratory condition, family 
history of cancer, menopausal status, 
history of breast cancer screening, quar
tiles of occupational physical activity, 
quartiles of household physical activity 
and groups of transportation physical 
activity 

Colon cancer 
Giovannucci GA et al., 

1995, USA 
40-75, Men 6 47,723/203 LTPA (median MET-hours/week): 

0.9, 4.8, 11.3, 22.6, 46.8 
Model 1: Age 
Model 2: Model 1 þ BMI, family history of 
colorectal cancer, previous endoscopy, 
total pack-years of cigarettes, aspirin use, 
and intake of animal fat, dietary fiber, 
alcohol, folate, and methionine 

Chao A et al., 2004, 
USA 53 

50-74, Both 
men and 
women 

7 151,174/940 Recreational physical activity 
(MET-hours/week): None, <7, 
7–13, 14–23, 24–29, �30 

Model 1: Age, sex, education, exercise 
level in 1982, cigarette smoking, alcohol, 
red meat, folate, dietary fiber, 
multivitamin use in 1982, and hormone 
replacement therapy (women) 

Wolin KY et al., 2007, 
USA 

40-65, 
Women 

16 79,295/547 LTPA (MET-hours/week): <2, 
2.1–4.5, 4.6–10.3, 10.4–21.4, �21.5 

Model 1: Age 
Model 2: Model 1 þ age, BMI, smoking, 
multivitamin, aspirin, alcohol intake, red 
meat intake, vitamin D, calcium, family 
history of colon cancer, history of 
endoscopy, and history of polyps 

Howard RA et al., 
2008, USA 

50-71, Both 
men and 
women 

6.9 488,720/ 
2052 

Total LTPA (median MET-hours/ 
week): 5.53, 16.52, 29.97, 45.43, 
66.08 (male), 8.07, 20.99, 35.72, 
53.43, 66.08 (female) 

Model 1: Age, smoking, alcohol 
consumption, education, race, family 
history of colon cancer, total energy and 
energy-adjusted intake of red meat, cal
cium, whole grains, fruit and vegetables. 
Models for women are adjusted for 
menopausal hormone therapy. Low in
tensity and moderate to vigorous intensity 
physical activity are mutually adjusted 
and sedentary behavior variables are 
adjusted for total physical activity 
Model 2: Model 1 þ BMI 

Gorczyca AM et al., 
2018, USA 

50-79, 
Women 

13 74,870/964 LTPA (MET-hours/week): �1.7, 
1.8–7.4, 7.5–20, >20 

Model 1: Race, education, total caloric 
intake, fiber intake, calcium intake, 
vitamin D intake, red meat intake, 
alcohol, hormone replacement therapy, 
income, marital status, smoking, family 

(continued on next page) 
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2.5. Analysis 

Based on the WHO recommended minimum amount of physical activity the RR of disease among individuals performing 11.25 
MET-hours/week of physical activity was extracted from each included study. Studies included in these analyses were therefore those 
where this level of physical activity was contained within an exposure category, but not included in the reference category. We 
calculated the MET-hours/week for the studies that did not quantify the physical activity in MET, by assigning 4 MET for walking, 6.8 
MET for cycling and (6.8 þ 4)/2 ¼ 5.4 MET for active commuting. Within studies reporting the duration of moderate intensity (�3 
MET), we assumed 4.5 MET as the intensity for moderate intensity LTPA as suggested by WHO (World Health Organization, 2014). 

Disease specific funnel plots were used to investigate possible publication bias by visually assessing the symmetry of individual 
study estimates (log RR) in relation to the random effect meta-estimate (Fig. B1 and Fig. B2). For disease outcomes where the meta- 
analysis was based on at least 10 studies the hypothesis of symmetry was also tested using the Eggers test (Egger et al., 1997). 

Meta analyses were performed using random effect models implemented in R (version 3.4.2) within the metafor package, using 
random effect models to account for between study heterogeneity. Dose-response modelling was performed using mixed effect models 
implemented in the R-package lme4. Candidate dose-response functions were linear, log-linear and non-linear fits with the amount of 
physical activity to the power of deciles between 0 and 1. The Akaike information criterion (AIC) was used to determine the best fit. 
The amount of physical activity corresponding to RRs was estimated as the mean of exposure category bounds, and for unbounded 
upper categories of physical activity as half the width of the adjacent category added to the lower bound of the highest category. 

In both analyses the RRs were weighted by the inverse of the variance. 

3. Results 

For this review we assessed full texts of 384 articles. Of these,100 papers (Appendix A) fulfilled our inclusion criteria and 59 studies 
contained sufficient data for inclusion in our meta-analysis (Fig. 1). On the effects of LTPA, we included 6 for CVD (Bell et al., 2013; 
Chomistek et al., 2012, 2013; Ferrario et al., 2018; Hoevenaar-Blom et al., 2011; Manson et al., 2002), 14 for MI (Bell et al., 2013; 
Blond et al., 2016; Chomistek et al., 2013, 2016; Ferrario et al., 2018; Koolhaas et al., 2016; Lacey et al., 2015; Lee et al., 2001; Li et al., 
2006; Manson et al., 1999; Patel et al., 2013; Stampfer et al., 2000; Tanasescu et al., 2002; Weinstein et al., 2008), 7 for stroke 
(Autenrieth et al., 2013; Bell et al., 2013; Chomistek et al., 2013; Hu et al., 2000; Lacey et al., 2015; Patel et al., 2013; Sattelmair et al., 
2010), 4 for HF (Andersen et al., 2014; Bell et al., 2013; LaMonte et al., 2018; Patel et al., 2013), 15 for type 2 diabetes (Fretts et al., 
2009; Grøntved et al., 2012, 2014; Honda et al., 2015; Hu et al., 1999, 2001; Joseph et al., 2016; Krishnan et al., 2008; Lee et al., 2012; 

Table 1 (continued )  

Age, sex Follow up 
(mean or 
range) 

Participants/ 
cases 

Physical activity categorization Adjustment 

history of colorectal carcinoma, 
colorectal carcinoma screening, aspirin, 
multivitamin use, and sitting time 

Barberio A al., 2018, 
Canada 

35-69, 
Women 

15 26,583/181 Recreational physical activity 
(MET-hours/week): 0–7.4, 1.5–18, 
18.1–34.9, 35.0–255.3 

Model 1: Age 
Model 2: Model 1 þ sex, ethnicity, marital 
status, highest level of education, total 
household income, geographical area of 
residence, smoking status, pack-years of 
cigarettes, alcohol consumption, energy 
intake, fiber intake, BMI, history of car
diovascular condition, history of respira
tory condition, family history of cancer, 
menopausal status, quartiles of occupa
tional physical activity, quartiles of 
household physical activity and groups of 
transportation physical activity 

Naunez C et al., 2018, 
Australia 

�45, 
Both men 
and women 

2.7 22,584/846 Moderate intensity physical activity 
duration according to physical 
activity recommendation (minutes/ 
week): 0, >0–149, �150 

Model 1: Age 
Model 2: Model 1 þ birth cohort, sex, 
education, BMI, sitting time, time spent 
on moderate and vigorous activity, 
smoking, alcohol, country of birth, 
guidelines of fruit and vegetables, weekly 
intake of processed food, red meat and 
fibre, aspirin, parental history of 
colorectal carcinoma and history of 
colorectal testing 

BMI, body mass index., MET, metabolic equivalent of task., LTPA, leisure time physical activity., MI, myocardial infarction., HDL, high density li
poprotein., LDL, low density lipoprotein., CHD, coronary heart disease., Model 1, BMI unadjusted., Model 2, BMI adjusted. 
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Martinez-Gomez et al., 2018; Medina et al., 2018; Shi et al., 2013; Villegas et al., 2006; Waller et al., 2010; Weinstein et al., 2004), 12 
for breast cancer (Barberio et al., 2018; Colditz et al., 2003; Eliassen et al., 2010; Harris et al., 2016; Hastert et al., 2013; Hildebrand 
et al., 2013; Howard et al., 2009; Maruti et al., 2008; Patel et al., 2003; Pronk et al., 2011; Suzuki et al., 2008; Tehard et al., 2006) and 7 
for colon cancer (Barberio A et al., 2018; Chao et al., 2004; Howard et al., 2008 Giovannucci et al., 1995; Gorczyca et al., 2018; Naunez 
C et al., 2018; Wolin et al., 2007). On active commuting we included 3 for MI (Blond et al., 2016; Folsom et al., 1997; Hu G, 2007) and 5 
for type 2 diabetes (Honda et al., 2015; Hu et al., 2003; Ramussen et al., 2016; Shi et al., 2013; Villegas et al., 2006). The number of 
included studies does not add to 59 because some studies investigated both types of physical activities and included multiple outcomes. 
Moreover, we identified one study each for stroke (Hu et al., 2005) and HF (Wang et al., 2010) whereas two studies for breast cancer 
(Luoto et al., 2000; Pronk et al., 2011) that estimated the association with active commuting (Table A). For CVD and colon cancer, no 
study on active commuting was identified. 

Forty-one studies were conducted in the USA, eleven in Europe, five in Asia and two in Australia. Fifty-one studies assessed the 
relation to LTPA, four assessed the relation to active commuting and four investigated both LTPA and active commuting. The size of the 
cohorts ranged from 3574 to 97,230 with a total of 20,317 cases and 13.5 years of mean follow up time for MI, 3707 to 72,488 with a 
total of 5145 cases and 13.1 years of mean follow up time for stroke, 3707 to 137,303 with a total of 5555 cases and 14.3 years of mean 
follow up time for HF, 3574 to 73,743 with a total of 12,352 cases and 13 years of mean follow up time for CVD, 1651 to 675,496 with a 
total of 88,870 cases and 11.2 years of mean follow up time for type 2 diabetes, 15,887 to 114,068 with a total of 20,258 cases and 11.4 
years of mean follow up time for breast cancer and 22,584 to 488,720 with a total of 3886 cases and 9.5 years of mean follow up time 
for colon cancer. Characteristics of the included studies for each outcome are shown in Table 1. 

Pooled relative risk estimates showed that those who engaged in LTPA corresponding to 11.25 MET-hours/week of physical activity 
had a risk reduction of MI by 22% (95% CI: 16–27%) compared to those with limited or no such activity. The corresponding risk 
reductions for CVD, HF, stroke, type 2 diabetes, breast cancer and colon cancer were 26% (95% CI: 17–34%), 27% (95% CI: 14–38%), 
23% (95% CI: 9–35%), 22% (95% CI: 11–32%), 7% (95% CI: 2–12%) and 15% (95% CI: 6–22%), respectively (Fig. 2a and Fig. 2b). In 
order to estimate the benefit of quantitative amounts of LTPA, we excluded studies that reported only duration of LTPA, but not the 
intensity. A sensitivity analysis including also these potential studies however estimated similar results. 

Fig. 2a. Forest plots containing pooled random effect meta-estimates of associations between LTPA and risk of MI, stroke, HF and CVD, for LTPA 
categories containing 11.25 MET-hours/week compared with the reference (lowest) category. The figures include study specific average amounts of 
physical activity within exposure and reference categories and resulting weighted mean amounts of physical activity of included studies. 

W. Raza et al.                                                                                                                                                                                                          



Journal of Transport & Health 18 (2020) 100873

14

Similarly, active commuting corresponding to 11.25 MET-hours/week associated with a risk reduction by 18% (95% CI: 1–33%) for 
MI compared with those commuting on average 0.5 MET-hours/week and by 22% (95% CI: 4–37%) for type 2 diabetes compared with 
those commuting on average 2.2 MET-hours/week (Fig. 3). 

Single studies estimating the association between active commuting and HF (Wang et al., 2010) and stroke (Hu et al., 2005) were 
identified, reporting 24% (95% CI: 17–30%) and 19% (95% CI: 11–27%) lower risk at 11.25 MET-hours/week of physical activity. Two 
studies investigating active commuting and breast could were also found (Luoto et al. (2000) and Pronk et al. (2011) reporting 13% 
decreased and 16% increased risk but could not be used for meta-analysis since BMI unadjusted relative risk estimates were not 
presented in Luoto et al. (2000). 

3.1. Dose-response 

Plots of dose-response relations between quantitative estimates of LTPA and active commuting in MET-hours/week and disease 
outcomes are presented in Fig. 4a-b and 5. The non-linear fit with the amount of physical activity to the power of between 0.1 and 0.9 
was the best fit for all disease outcomes except breast cancer for LTPA and type 2 diabetes for active commuting where the straight-line 
fit was the best fit. 

3.2. The effect of BMI adjustment 

In total 43 studies in this review presented RRs both with and without adjustment for BMI. However, usually also other covariates 
were added together with BMI in the more complex model. After addition of BMI and the other covariates, the leisure time physical 
activity associated risk reduction decreased by approximately 5–10 percentage points for MI, stroke, HF, CVD, type 2 diabetes and 
colon cancer, whereas no change was observed for breast cancer (Table 2). The estimated benefit of active commuting decreased by 11 
and 8 percentage points for MI and type 2 diabetes, respectively (Table 2). 

Fig. 2b. Forest plots containing pooled random effect meta-estimates of associations between LTPA and risk of type 2 diabetes, breast cancer and 
colon cancer, foe LTPA categories containing 11.25 MET-hours/week compared with the reference (lowest) category. The figures include study 
specific average amounts of physical activity within exposure and reference categories and resulting weighted mean amounts of physical activity of 
included studies. 
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3.3. Assessment of possible publication bias 

We found no evidence of publication bias based on symmetry assessments of funnel plots (Fig. B1 and Fig. B2). Egger’s test for 
publication was non-significant for type 2 diabetes, MI and breast cancer. 

4. Discussion 

Results from our meta-analysis of 59 cohort studies suggest an inverse dose-response relationship between both LTPA and active 
commuting and the included NCDs. Those who regularly engaged in active commuting corresponding to 11.25 MET-hours/week 
showed a decreased risk of MI by 18% (95% CI: 1–33%) and type 2 diabetes by 22% (95% CI: 4–37%). Risk reductions associated 

Fig. 3. Forest plots containing pooled random effect meta-estimates of associations between active commuting and risks of NCDs (a) MI and (b) type 
2 diabetes within physical activity categories containing 11.25 MET-hours/week compared with no or low amounts of active commuting phys
ical activity. 

Fig. 4a. Dose-response plots of the association between LTPA and MI, stroke, HF and CVD.  
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with LTPA were 22% (95% CI: 16–27%) for MI, 23% (95% CI: 9–35%) for stroke, 27% (95% CI: 14–38%) for HF, 26% (95% CI: 
17–34%) for CVD, 22% (95% CI: 11–32%) for type 2 diabetes, 7% (95% CI: 2–12%) for breast cancer and 15% (95% CI: 6–22%) for 
colon cancer. 

To the best of our knowledge this is the first meta-analysis on morbidity for a quantitative amount of commuting physical activity. 
Meta-analyses of the risk for CVD, comparing active with non-active commuters, have found 11% (95% CI: 2–19%), 9% (95% CI: 
1–17%), and 16% (CI: 12–20%) (Hamer and Chida, 2008; Dinu et al., 2019; Nordengen et al., 2019) lower risks among active 
commuters. Dinu et al. (2019) also reported negative but not statistically significant relationships between active commuting and 
incidence of diabetes and breast cancer (Dinu et al., 2019). No estimates of the amount of physical activity by active commuting was 

Fig. 4b. Dose-response plots of the association between LTPA and type 2 diabetes, breast cancer and colon cancer.  

Fig. 5. Dose-response plots of the association between active commuting and MI and type 2 diabetes.  
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however presented in these studies. 
The association between LTPA and CVD was assessed in a meta-analyses by Li et al., 2013, Comparing high and low levels of LTPA, 

the authors found a 34% (95% CI: 28–40%) lower risk of MI and overall CVD. Moderately active had a 28% (95% CI: 22–34%) lower 
risk of MI compared with low active. This study did not estimate the amount of the physical activity in terms of MET-hours/week, but 
the high activity level category within studies included in that meta-estimate was somewhat higher compared with our meta-estimate 
activity level of 11.25 MET-hours/week (Li et al., 2013). Using the same level of physical activity as in our study however, Sattelmair 
et al., 2011 reported a 14% (95% CI: 4–23%) risk reduction of coronary heart disease for 150 min/week of moderate physical activity 
in the range of 3–6 METs. Our corresponding estimate was 22% (95% CI: 16–27%). For an activity level of 300 min/week they found a 
20% (95% CI: 12–26%) risk reduction. This latter study also included studies reporting only energy expenditure/week assuming that 
550 kcal/week corresponded to 150 min/week of moderate physical activity (Sattelmair et al., 2011). 

In addition, Li et al. (2013) also reported a 21% (95% CI: 12–28%) lower risk of first ever stroke among those engaging in moderate 
amounts of LTPA compared with low amounts. Highly active had a 28% (95% CI: 10–42%) reduced risk, which is similar to our 
estimates (Li et al., 2013). However, these findings were based on only qualitative levels of physical activity (e.g. moderate vs low). For 
type 2 diabetes, Smith et al. (2016) reported an almost 26% (95% CI: 20–31%) decreased risk of type 2 diabetes among individuals who 
performed 11.25 MET-hours/week of LTPA equivalent to 150 min/week of moderate intensity physical activity, which is similar to our 
finding (Smith et al., 2016). For 11.25 MET-hours/week, corresponding to 4.5 MET during 150 min/week, our estimate was 22% (95% 
CI: 11–32%). 

Our estimates of breast cancer and colon cancer are also in line with previous meta-analyses by Chen et al. (2018) and Mahmood 
et al. (2017), respectively. Chen et al. (2018) found a 14% (95% CI: 10–19%) reduced risk of breast cancer comparing highest and 
lowest recreational physical activity categories (Chen et al., 2018). Our estimate was lower than this, 7% (95% CI: 1–12%). Mahmood 
et al. (2017) found a 20% (95% CI: 11–29%) lower risk of colon cancer comparing uppermost and lowest categories of LTPA (Mah
mood et al., 2017). Our estimate was 15% (95% CI: 6–22%). Again, some of the differences may be due to inclusion of studies reporting 
frequency and duration as the only measure of the amount of LTPA. 

Except for breast cancer, adjusting associations for BMI reduced estimated beneficial effects of physical activity suggesting that part 
of the effect on the incidence of NCD may be mediated through a lower BMI. This may however also be due to other potential in
termediates such as hypertension and diabetes. Even mechanisms independent of adiposity may explain the risk reduction found in 
these analyses as the models reported by the original studies also differed in terms of other variables than BMI. 

The relative protective effects of LTPA and active commuting were almost similar for both MI and type 2 diabetes, 22% (95% CI: 
16–27%) for LTPA and 18% (95% CI: 1–33%) for active commuting in relation to MI and 22% (95% CI: 11–32%) for type 2 diabetes in 
relation to LTPA and 22% (95% CI: 4–37%) in relation to active commuting. The benefits of 11.25 MET-hours/week of physical activity 
were however compared to risks at different reference levels of physical activity, since those that did not engage in active commuting 
or LTPA still may perform other different types of leisure activities and active commuting respectively. After BMI adjustment, the MI 
risk attenuation was slightly for active commuting (11%) than LTPA (5%).In contrast, it was similar for LTPA (8%) and active 
commuting (8%) for type 2 diabetes. 

4.1. Shape of dose-response 

Out of the previous meta-analyses of LTPA, Sattelmair et al. (2011) reported risk reductions for coronary heart disease of 14% (95% 
CI: 4–23%) at 550 kcal/week and 20% (95% CI: 12–26%) at 1100 kcal/week (Sattelmair et al., 2011). Mahmood et al. (2017) found a 
linear risk reduction for colon cancer by 18% among men and 12% among women for each 20 MET-hours/week increment in LTPA 
(Mahmood et al., 2017). Chen et al. (2018) reported a linearly decreasing risk for breast cancer by 3% (95% CI: 1–5%) for each 10 
MET-hours/week increase of LTPA (Chen et al., 2018). Similarly, Pandey et al. (2015) found a linear dose-response relationship 
between LTPA and HF: 19% (95% CI: 14–23%) risk reduction for 1000 MET-minutes/week and 35% (95% CI: 27–42%) risk reduction 
for 2000 MET-minutes/week (Pandey, A, 2015). An earlier meta-analysis by Smith et al. (2016) suggested a non-linear relationship 

Table 2 
BMI and non-BMI adjusted random effect meta-estimate. RRs within 11.25 MET-hours/week categories of LTPA and commuting physical activity 
compared with the reference (lowest) category.  

LTPA RR (95% CI) RR (95% CI) RR (95% CI) 

Without BMI adjustment Without BMI adjustment With BMI adjustment 

All included studies Among studies reporting both BMI adjusted and unadjusted RRs 

MI 0.78 (0.73, 0.84) 0.80 (0.73, 0.87) 0.85 (0.78, 0.91) 
Stroke 0.77 (0.65, 0.91) 0.76 (0.60, 0.96) 0.86 (0.72, 1.02) 
HF 0.73 (0.62, 0.86) 0.77 (0.67, 0.89) 0.85 (0.76, 0.95) 
CVD 0.74 (0.66, 0.83) 0.77 (0.72, 0.82) 0.82 (0.77, 0.88) 
Type 2 diabetes 0.78 (0.68, 0.89) 0.72 (0.63, 0.83) 0.80 (0.74, 0.88) 
Breast cancer 0.93 (0.88, 0.98) 0.94 (0.88, 1.00) 0.92 (0.87, 0.98) 
Colon cancer 0.85 (0.78, 0.94) 0.85 (0.77, 0.94) 0.93 (0.83, 1.03) 
Commuting physical activity 
MI 0.82 (0.67, 0.99) 0.77 (0.65, 0.91) 0.88 (0.78, 0.98) 
Type 2 diabetes 0.78 (0.63, 0.96) 0.74 (0.50, 1.08) 0.82 (0.61, 1.11)  
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with 26% (95% CI: 20–31%) and 36% (95% CI: 27–46%) risk reductions for type 2 diabetes among those who performed LTPA 
corresponding to 11.25 and 22.5 MET-hours/week, respectively (Smith et al., 2016). 

Recently, Kyu et al. (2016) reported a non-linear risk reduction for breast cancer, colon cancer, IHD, ischemic stroke and diabetes 
for increasing amounts of total physical activity. The study focused on physical activity levels above the minimum recommended 
amount of 150 min/week, where the greatest benefit per MET-hour/week was found at lower levels of physical activity (Kyu et al., 
2016). 

As in these previous studies our dose-response estimates for LTPA were also found to be non-linear for all health outcomes except 
for breast cancer, with decreasing additional benefits at higher levels of physical activity. For breast cancer, we found a linear as
sociation, with equal additional benefit for each additional MET-hour/week of physical activity. On the other hand, our dose-response 
estimate for active commuting was linear for type 2 diabetes but non-linear for MI. We found greater benefits between 0 and 10 MET- 
hours/week of physical activity for all disease outcomes except breast cancer in relation to LTPA and type 2 diabetes in relation to 
active commuting. 

From the dose-response models, we observed risk reductions of 23% for MI, 20% for stroke, 20% for CVD, 26% for HF, 18% for 
diabetes, 16% for colon and 2% for breast cancer at 11.25 MET-hours/week of LTPA extracted from Fig. 4A and Fig. 4B. The risk 
reduction for MI and type 2 diabetes associated with 11.25 MET-hours/week of active commuting was 16% and 15% respectively 
extracted from Fig. 5. Corresponding estimates at 22.5 MET-hours/week of LTPA were 25% for MI, 27% for CVD, 34% for HF, 27% for 
stroke, 31% for diabetes, 17% for colon cancer and 4% for breast cancer. Similarly, the risk reductions for MI and type 2 diabetes at 
22.5 MET-hours/week of active commuting were 19% and 30% respectively. 

4.2. Strengths and limitations 

The strengths of our study include the estimated risk reduction associated with quantitative amounts of physical activity. Such 
estimates are imperative to be able to assess the benefit of a quantitative amount of physical activity and for comparing risk reductions 
for different diseases. Additionally, risk reduction estimates were calculated both as meta-analyses of risk reductions associated with 
11.25 MET-hours/week of physical activity and by estimating dose-response curves using mixed effects models. All included studies in 
the meta-analyses were also of prospective design, reducing the possibility of reversed causation. Limitations include the information 
on the individual amount of physical activity which in the included studies was self-reported. An additional weakness related to 
assessing the amount of physical activity when estimating dose-response functions was the rather crude estimate of the median amount 
of physical activity within the highest activity categories. Only a few of the included studies had estimated the median amount of 
physical activity within the highest category of physical activity. Also, limiting the studies included to those reporting health benefits 
for a quantitative measure of physical activity reduced the number of eligible studies. Based on the difference in etiology between 
hemorrhagic and ischemic stroke, a difference in association with physical activity could be hypothesized. Our data were insufficient 
to evaluate such a differential effect, however, no such difference was found in a previous meta-analyses on LTPA and first ever stroke 
(Wendel-Vos et al., 2004). Furthermore, most of the included studies in our meta-analysis, are conducted in high income countries that 
may limit the generalizability of our findings. 

4.3. Implications of findings 

The results presented have implications for future health impact assessment studies related to physical activity since the study 
report health benefits related to a quantitative measure of physical activity. It further implies that promotion of active commuting 
could be an effective strategy to reduce NCDs in the general population. The meta-analyses estimates presented could also be 
implemented within the health economic assessment tool (HEAT) developed by WHO, which currently does not incorporate the 
benefits on morbidity. 

5. Conclusion 

RR-sizes in this meta-analysis demonstrate a potential for a substantial reduction of morbidity in NCD with higher levels of PA. Our 
results indicate a larger initial risk reduction from inactivity to low-level physical activity but exact thresholds for optimal health 
benefits remain to be established. 

5.1. Which are the knowledge gaps?  

� A protective effect of LTPA on various non-communicable chronic diseases (NCDs) is well established but there is lacking evidence 
for the association with active commuting  
� The majority of previous systematic reviews have estimated risk reductions for qualitative amounts (low, moderate and high) of 

physical activity to depict dose-response relations  
� The extent of BMI mediation between physical activity and disease risk is not well known 

5.2. What this study adds?  

� First study to report RR meta-estimates for morbidity outcomes for a quantitative amount of commuting physical activity 
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� Estimated dose-response relationships based on quantified amounts of physical activity  
� RR meta-estimates on morbidity that can be used for health impact and health economic assessments 
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Appendix A 

Table A 
Characteristics of prospective cohort studies that fulfilled the inclusion criteria  

Study Age, sex Follow up 
(mean or 
range) 

Participants/ 
cases 

Physical activity categorization Adjustment 

CVD 
Manson JE et al., 

2002, USA 
50-79, 
Women 

5.9 73,743/1551 Total exercise during recreational 
physical activity (MET-hours/week): 
0–2.4, 2.5–7.2, 7.3–13.4, 13.5–23.3, 
�23.4 

Model 1: Age 
Model 2: Model 1 þ BMI, smoking habit, age 
at menopause, family income, alcohol, 
waist-to-hip ratio, hormone replacement 
therapy, parental history of premature MI, 
race, education, percentage of calories and 
dietary fiber intake 

Hoevenaar-Blom MP 
et al., 2011, 
Netherland 

20-65, Both 
men and 
women 

9.8 16,442/923 LTPA, duration of sports (hours/ 
week at �4 MET): 0, <3.5, �3.5 

Model 1: Age, sex, current smoking, alcohol 
consumption, educational level, occupation 
and other leisure time activities such as 
cycling, walking, and gardening 
Model 2: Model 1 þ BMI, cholesterol and 
systolic blood pressure 

Chomistek AK et al., 
2012, USA 

40-75, Men 22 44,551/4769 LTPA (MET-hours/week): 0, 0.1–3.5, 
3.6–8.8, 8.9–21.0, �21 
Cycling (hours/week): 0, 0.1–0.9, 
1.0–1.9, 2.0–4.9, �5.0 

Model 1: Age, low, moderate and vigorous 
activities simultaneously, parental history of 
MI at or before the age of 60 years, parental 
history of cancer at or before the age of 60 
years, smoking, aspirin, vitamin E 
supplement use, intake of polyunsaturated 
fat, trans fat, eicosapentaenoic acid and 
docosahexaenoic acid, and fiber intake, 
alcohol intake and pre-existing disease 
including a diagnosis of diabetes, hyperten
sion and hypercholesterolemia 

Chomistek AK et al., 
2013, USA 

50-79, 
Women 

12.2 71,018/4235 LTPA (MET-hours/week): 0–1.7, 
1.8–8.3, 8.4–20, �20 

Model 1: Sedentary time, education, income, 
marital status, smoking, family history MI, 
depression, alcohol intake, hours of sleep, 
intake of total calories, saturated fat and 
fiber intake 
Model 2: Model 1 þ history of hypertension, 
diabetes, high cholesterol at baseline and 
BMI 

Bell EJ et al., 2013, 
USA 

45-64, Both 
men and 
women 

17 3707/1033 Exercise duration with moderate 
intensity (minutes/day): 0, 1–149, 
�150 

Model 1: Age, sex, smoking, alcohol intake, 
hormone therapy use, education, and 
‘Western’ and ‘Prudent’ dietary pattern 
scores. 

Hoevenaar-Blom 
et al., 2014, 
Netherland 

20-65, 
Both men 
and women 

10–14 15,887/607 LTPA, duration of sports (hours/ 
week at �4 MET): <3.5, �3.5 

Model 1: Age, sex, educational level diet, 
alcohol consumption, smoking and sleep 
duration 
Model 2: Model 1 þ BMI, total and high 
density lipoprotein cholesterol, and systolic 
blood pressure 

Gunnel AS et al., 
2014, Australia 

15 2352/682 Model 2: Age, gender, marital status, 
occupation, smoking, alcohol, BMI, systolic 

(continued on next page) 
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Table A (continued ) 

Study Age, sex Follow up 
(mean or 
range) 

Participants/ 
cases 

Physical activity categorization Adjustment 

45-84, Both 
men and 
women 

LTPA duration with moderate 
intensity (minutes/week): <150, 
�150 

blood pressure, history of hypertension 
treatment, cholesterol, HDL, log glucose, log 
c-reactive protein 

Ferrario MM et al., 
2018, Italy 

25-64, Men 14 3574/174 Sport duration of moderate intensity 
(minutes/day): 0, 1–149, 
>150 

Model 1: Age, cohort, educational level, 
occupational and sport physical activity 
Model 2: Model 1 þ body mass index, total 
cholesterol, HDL cholesterol, systolic blood 
pressure, current smoking, diabetes and 
alcohol intake 

Díaz-Guti�errez J et al., 
2018, Spain 

�34, 
Both men 
and women 

10.4 19,336/140 LTPA (MET-hours/week): <20, >20 Model 1: Age 
Model 2: Model 1 þ sex, year of 
questionnaire completion, diabetes, 
cardiovascular disease, hypertension, 
hypercholesterolemia, and 
hypertriglyceridemia, BMI, time spent 
watchong television, abstinence from 
smoking, mediterranean diet pattern, 
moderate alcohol consumptionc, time spent 
watching television, binge drinking, short 
afternoon nap, spending time with friends, 
and time spent working 

Alvarez-Alvarez I 
et al., 2018, Spain 

27-54, 
Both men 
and women 

10.4 19,536/140 LTPA (MET-minutes/week): <750, 
750–1500, >1500 

Model 1: Age, sex 
Model 2: Model 1 þ BMI, total cholesterol, 
HDL, systolic blood pressure, current 
smoking, diabetes and alcohol intake. 

MI 
Folsom AR et al., 

1997, USA 
45-64, 
Both men 
and women 

5.5 14,040/320 Walk or bike to and from work or 
shopping (minutes/day): No, �30 

Model 1: Age, race, and center-adjusted 
(multicenter study) 

Manson JE et al., 
1999, USA 

40-65, 
Women 

8 72,448/645 Total LTPA (MET-hours/week): 
0–0.2, 2.1–4.6, 4.7–10.4, 10.5–21.7, 
>21.7 
Walking (hours/week): �0.5, 
0.6–2.0, 2.1–3.8, 3.9–9.9, �10 

Model 1: Age, study period, smoking status, 
menopausal status, parental history MI 
before 60 years, aspirin use multivitamin 
and vitamin E supplement use 
Model 1 for walking: Age 
Model 2 (excluding first two years of follow 
up to avoid sub-clinical disease): Model 1 þ
hypertension, diabetes, hypercholesterole
mia and BMI 

Stampfer MJ et al., 
2000, USA 

30-55, 
Women 

14 84,129/1128 Exercise duration (hours/week at �3 
MET): <1.0, 1.0–2.2, 2.3–3.5, 
3.6–5.5, >5.5 

Model 1: Age, time periods (seven time 
periods), parental history of MI before age 
60, menopausal status and use or nonuse of 
postmenopausal hormones, history of 
hypertension and high cholesterol levels 

Lee IM et al., 2001, 
USA 

�45, 
Women 

5 39,372/244 Walking duration (minutes/week): 
Not regularly, 1–50, 60–90, �120 

Model 1: Age, smoking, alcohol, saturated 
fats, fiber, and fruit, vegetable, menopausal 
status, hormone replacement therapy, 
parental MI history and randomized 
treatment assignment 

Wagner A et al., 2002, 
UK & France 

50-59 Men 5 9758/167 LTPA (MET-hours/week): 0, 10 Model 1: Age, country, employment status, 
and tobacco and alcohol consumption 
Model 2: Model 1 þ education level and BMI 

Tanasescu M et al., 
2002, USA 

40-75, Men 12 44,452/1700 LTPA (MET-hours/week): 0–6.32, 
6.33-14.4914.50-25.08, 
25.09–41.98, �41.99 
Walking (MET-hours/week): 0–1.19, 
1.2–3.49, 3.5–6.99, 7–14.74, �14.75 

Model 1 (LTPA): Smoking, alcohol intake, 
family history of MI, nutrient intake, 
hypertension, diabetes and high cholesterol 
level at baseline 
Model 1 (walking): Covariates in Model 1 
(LTPA) þ walking volume in MET-hours/ 
week and walking space 
Model 2 (LTPA): Model 1 þ BMI 

Li T Y et al., 2006, 
USA 

34-59, 
Women 

20 88,393/2358 Moderate to vigorous LTPA duration 
(hours/week at �3 MET): <1, 
1–3.49, �3.5 

Model 1: Age, smoking, parental history of 
coronary heart disease, alcohol 
consumption, postmenopausal status and 
hormone use 
Model 2: Model 1 þ BMI 

Hu G et al., 2007, 
Finland 

25-64, Both 
men and 
women 

18.9 47,840/4660 Commuting (minutes/day): 0, 1–29, 
�30 

Model 1: Age, study area, education, alcohol 
consumption, and smoking status 
Model 2: Model 1 þ BMI, systolic blood 
pressure, total cholesterol, diabetes and 

(continued on next page) 
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Table A (continued ) 

Study Age, sex Follow up 
(mean or 
range) 

Participants/ 
cases 

Physical activity categorization Adjustment 

other types of physical activities 
(occupational and leisure) 

Hu G et al., 2007, 
Finland 

25-64, Both 
men and 
women 

10 41,053/2533 Commuting duration (minutes/day): 
0, 1–29, �30 

Model 1: Study year and age 
Model 2: Age, study year, education, BMI, 
alcohol consumption, family history of CHD, 
occupational, LTPA and Framingham risk 
score 

Weinstein SR et al., 
2008, USA 

�45, 
Women 

10.9 38,987/948 Walking (hours/week): No, 
<1,1–1.5, 2–3, �4 

Model 1: Age, randomized treatment 
assignment, parental history MI, alcohol, 
smoking, hormone therapy, dietary factors 
and kilocalories expended per week on 
activities other than walking 

Waller K et al., 2010, 
Finland 

24-60, Both 
men and 
women 

24 146/29 LTPA (MET-hours/day): <2, �2 Model 1: Social class, alcohol and smoking 

Chomistek AK et al., 
2013, USA [4] 

50-79, 
Women 

12.2 71,018/2411 LTPA (MET-hours/week): 0–1.7, 
1.8–8.3, 8.4–20, �20 

Model 1: Sedentary time, education, income, 
marital status, smoking, family history MI, 
depression, alcohol intake, hours of sleep, 
intake of total calories, saturated fat and 
fiber intake 
Model 2: Model 1 þ history of hypertension, 
diabetes, high cholesterol at baseline and 
BMI 

Bell EJ et al., 2013, 
USA 

45-64, Both 
men and 
Women 

17 3707/465 Exercise duration with moderate 
intensity (minutes/day): 0, 1–149, 
�150 

Model 1: Age, sex, smoking, alcohol intake, 
hormone therapy use, education, and 
‘Western’ and ‘Prudent’ dietary pattern 
scores. 

Williams PT et al., 
2013, USA 

Both men 
and women 

6.2 47,921/530 LTPA (MET-hours/day): 
<1.8,1.8–3.6, 3.6–5.4, �5.4 

Model 1: Age, sex, race, smoking, prior CHD, 
intakes of red meat, fruit, and alcohol 

Patel K et al., 2013, 
USA 

�65, Both 
men and 
women 

13 5503/586 LTPA duration (MET-minutes/ 
week): 0, 1–499, 500–999, �1000 

Model 1: Age, sex and race 
Model 2: Model 1 þ education, income, 
alcohol, smoking, BMI, coronary artery 
disease, acute myocardial infarction, 
hypertension, diabetes, stroke, atrial 
fibrillation, left ventricular hypertrophy, left 
ventricular systolic dysfunction, systolic 
blood pressure, diastolic blood pressure, 
depression score, mini-mental state exami
nation score, serum cholesterol, serum al
bumin, serum creatinine and serum C- 
reactive protein 

Chomistek AK et al., 
2015, USA 

27-44, 
Women 

20 8940/456 Moderate to vigorous exercise 
duration (hours/week at �3 MET): 
<0.2, �0.2–0.9, 1–2.4, 2.5–4.9, �5 

Model 1: Age 
Model 2: Model 1 þ, time period, parental 
history of MI before 60 years of age, aspirin 
use, menopausal status, postmenopausal 
hormone use, parity, and oral contraceptive 
use, Smoking, Alternative Healthy Eating 
Index, Body mass index, Alcohol, and 
television viewing time 

Armstrong M.E et al., 
2015, UK 

50–64 
Women 

9 1,119,239/ 
49,113 

Walking duration (hours/week): �1, 
>1–5, >5 

Model 2:BMI-by-age, smoking-by-age, 
alcohol-by-age, and stratified by socioeco
nomic status and region 

Lacey B et al. (2015) 65-83, Both 
men and 
women 

11 7564/833 Recreatuinal physical activity (MET- 
hours/week): 0, 1–14, 15–24, 25–39, 
�40 

Model 1: Age at risk, education and smoking 
Model 2: Model 1 þ BMI 

Koolhaas CM et al., 
2016., Netherland 
1977–2001 

�55, 
Both men 
and women 

15 5901/642 Sports (MET-hours/week): 0, 
>0–7.6, �7.7 

Model 1: Age and sex, all other physical 
activity types, smoking, alcohol 
consumption, diet, and education 
Model 2: Model 1 þ BMI, total and HDL 
cholesterol, diabetes, lipid-reducing agents, 
systolic blood pressure, and hypertension 

Chomistek AK et al., 
2016, USA 

27-44, 
Women 

20 97,230/544 LTPA (MET-hours/week): <1, 1–5.9, 
6–14.9, 15–29.9, �30 

Model 1: Age (in months), time period, 
parental history of MI at or before age 60 
years, smoking, T.V. watching, oral 
contraceptive use, aspirin, AHEI-2010 score, 
postmenopausal status, menopausal hor
mone therapy use, parity, pre-existing 
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Table A (continued ) 

Study Age, sex Follow up 
(mean or 
range) 

Participants/ 
cases 

Physical activity categorization Adjustment 

disease (diagnosis of hypertension or hy
percholesterolemia at baseline). 

Blond K et al., 2016, 
Denmark 

50-65, Both 
men and 
women 

20 53,723/2892 Lesiure cycling (hours/week): 0, 
>1–1.5, >1.5, Cycling to and from 
work (hours/week): 0, >0–1, >1- 
<2.5, �2.5 

Model 1: Age, gender, years of school, 
educational level, smoking, frequency of 
alcohol intake, coffee intake, total energy 
intake, cereal whole grain intake, fruit 
intake, vegetable intake, glycemic load, ratio 
of polyunsaturated to saturated fat, 
occupational physical activity, leisure time 
physical activity, and family history of CHD 
Model 2: Model 1 þ BMI, total and HDL 
cholesterol, diabetes, lipid-reducing agents, 
systolic blood pressure, and hypertension 

Ferrario MM et al., 
2018, Italy 

25-64, Men 14 3574/135 Sport duration of moderate intensity 
(minutes/day): 0, 1–149, 
>150 

Model 1: Age, cohort, educational level, 
occupational and sport physical activity 
Model 2: Model 1 þ body mass index, total 
cholesterol, HDL cholesterol, systolic blood 
pressure, current smoking, diabetes and 
alcohol intake 

Stroke 
Hu FB et al., 2000, 

USA 
40-65, 
Women 

8 72,488/407 Total LTPA (MET-hours/week): 
0–2.0, 2.1–4.6, 4.7–10.4, 10.5–21.7, 
>21.7 
Walking (hours/week): �0.5, 
0.6–2.0, 2.1–3.8, 3.9–9.9, �10 

Model 1: Age 
Model 2: Model 1 þ time (4 times during 1 
year period used for validation of physical 
activity questionnaire), smoking, BMI, 
menopausal status, hormone replacement 
therapy, postmenopausal without hormone 
replacement therapy or with current 
hormone replacement therapy, parental 
history of MI before age 60, alcohol 
consumption, and history of hypertension, 
diabetes, or hypocholesteraemia 

Hu G et al., 2005, 
Finland 

25-64, Both 
men and 
women 

19 47,721/2863 Commuting (minutes/day): 0, 1–29, 
�30 

Model 1: Age, area, and study year, Model 2: 
Model 1 þ sex, BMI, systolic blood pressure, 
cholesterol, education, smoking, alcohol 
consumption, and diabetes, other 2 types of 
physical activities (occupational and leisure) 

Sattelmair JR et al., 
2010, USA 

�45, 
Women 

11.9 39,315/579 Walking (minutes/day): not walking 
regularly, 1–59, 60–90, �120 

Model 1: Age, treatment, smoking, alcohol, 
saturated fat, fruit and vegetable and fiber 
intake, postmenopausal hormone therapy, 
menopausal status, parental history of MI 
and migraine aura 
Model 2: Model 1 þ BMI, history of diabetes, 
history of elevated cholesterol and history of 
hypertension 

Chomistek AK et al., 
2013, USA 

50-79, 
Women 

12.2 71,018/2050 LTPA (MET-hours/week): 0–1.7, 
1.8–8.3, 8.4–20, �20 

Model 1: Age, sedentary time, race 
education, income, marital status, smoking, 
family history of MI, depression, alcohol 
intake, hours of sleep, intake of total 
calories, saturated fat and fiber intake 
Model 2: Model 1 þ history of hypertension, 
diabetes, high cholesterol at baseline and 
BMI 

Bell EJ et al., 2013, 
USA 

45-64, Both 
men and 
Women 

17 3707/350 Exercise duration with moderate 
intensity (minutes/day): 0, 1–149, 
�150 

Model 1: Age, sex, smoking, alcohol intake, 
hormone therapy use, education, and 
‘Western’ and ‘Prudent’ dietary pattern 
scores 

Autenrieth CS et al., 
2013, USA 

45-64, Both 
men and 
Women 

18.8 13,069/648 Exercise duration with moderate 
intensity (minutes/day): 0, 1–149, 
�150 

Model 1: age, sex, race-field center, 
cigarette-years, educational level, waist-to- 
hip ratio, systolic blood pressure, antihy
pertensive medication use, diabetes, left 
ventricular hypertrophy, HDL cholesterol, 
LDL cholesterol, lipoprotein(a), fibrinogen, 
van Willebrand Factor and white blood cell 
count 

Huerta JM et al., 
2013, Spain 

29-69, Both 
men and 
women 

12.3 32,992/442 LTPA (MET-hours/week): 0–19.50, 
19.51–33.75, 33.76–54.75, >54.75 

Model 2: Age, center-adjusted, baseline 
educational level, self-reported hypertension 
or hyperlipidemia, diabetes mellitus, habit 
of smoking, age at start of smoking, alcohol 
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Table A (continued ) 

Study Age, sex Follow up 
(mean or 
range) 

Participants/ 
cases 

Physical activity categorization Adjustment 

consumption, total energy intake, BMI, waist 
circumference, consumption of protein, 
lipids, vegetables, red meat, fish, occupa
tional and household physical activity 

Patel K et al., 2013, 
USA 

�65, Both 
men and 
women 

13 5503/722 LTPA (MET-minutes/week) 0, 
1–499, 500–999, �1000 

Model 1: Age, sex and race 
Model 2: Model 1 þ education, income, 
alcohol, smoking, BMI, coronary artery 
disease, acute MI, hypertension, diabetes, 
stroke, atrial fibrillation, left ventricular 
hypertrophy, left ventricular systolic 
dysfunction, systolic blood pressure, 
diastolic blood pressure, depression score, 
mini-mental state examination score, serum 
cholesterol, serum albumin, serum creati
nine and serum C-reactive protein 

Jefferis JB et al., 2014, 
UK 

60-79, Men 11 3435/195 Walking duration (hours/week): 
0–3, 4–7, 8–14, 15–21, �22 

Model 1: Age and region 
Model 2: Model 1 þ alcohol intake, vigorous 
recreational or sporting activity, smoking 
history, social class, total cholesterol, SBP, 
taking blood pressure lowering medication, 
BMI, atrial fibrillation, left ventricular 
hypertrophy, walking pace, FEV1, C-reactive 
protein, D-dimer and NT-pro BNP 

Armstrong M.E et al., 
2015, UK 

50–64 
Women 

9 1,119,239/ 
17,822 

LTPA (MET-hours/week): 0–40, 
>40–80, >80 

Model 2: BMI-by-age, smoking-by-age, 
alcohol-by-age, and stratified by socioeco
nomic status and region 

Lacey B et al., 2015, 
Australia 

65-83, 
Both men 
and women 

11 7564/551 Recreational physical activity (MET- 
hours/week): 0, 1–14, 15–24, 25–39, 
�40 

Model 2: Age at risk, education,smoking and 
BMI 

Hall C et al., 2019, 
USA 

35-74, 
Women 

5.7 31,270/441 LTPA duration (with intesity 3-<6 
MET) (minutes/week): 0, �150 

Model 2: Age, occupational physical activity 
(current job), alcohol, smoking, body mass 
index, discrimination at work, night work, 
and rate pressure  

HF 
Wang Y et al., 2010, 

Finland [24] 
25-74, Both 
men and 
women 

18.4 58,208/3508 Commuting activities (minutes/ 
day): 0, 1–29, �30 

Model 1: Age and study years 
Model 2: Model 1 þ education, smoking, 
alcohol consumption, history of myocardial 
infarction, history of valvular heart disease, 
history of diabetes, systolic blood pressure, 
total cholesterol, history of using 
antihypertensive drugs, history of lung 
disease, BMI, occupational and LTPA 

Bell EJ et al., 2013, 
USA 

45-64, Both 
men and 
Women 

17 3707/633 Exercise duration with moderate 
intensity (minutes/day): 0, 1–149, 
�150 

Model 1: Age, sex, smoking, alcohol intake, 
hormone therapy use, education, and 
‘Western’ and ‘Prudent’ dietary pattern 
scores. 

Patel K et al., 2013, 
USA 

�65, Both 
men and 
women 

13 5503/1137 LTPA (MET-minutes/week): 0, 
1–499, 500–999, �1000 

Model 1: Age, sex and race 
Model 2: Model 1 þ education, income, 
alcohol, smoking, BMI, coronary artery 
disease, acute MI, hypertension, diabetes, 
stroke, atrial fibrillation, left ventricular 
hypertrophy, left ventricular systolic 
dysfunction, systolic blood pressure, 
diastolic blood pressure, depression score, 
mini-mental state examination score, serum 
cholesterol, serum albumin, serum creati
nine and serum C-reactive protein 

Andersen K et al., 
2014, Sweden 

20-95, Both 
men and 
women 

13.3 39,805/1540 LTPA (MET-hours/day): <1.2, 
1.2–1.9, 1.9–3.0, 3.0–4.7, >4.7 

Model 1: Age, sex and education 
Model 2: Model 1 þ alcohol use, BMI, 
diabetes mellitus, hypertension, smoking, 
snuff use, and waist hip ratio 

Saevereid K et al., 
2014, Denmark 

20-80, 
Both men 
and women 

30 18,209/1580 Walking duration (hours/day): 
0–0.5, 0.5–1, 1–2, >2 

Model 1: Age 
Model 2: Model 1 þ gender, smoking, 
alcohol consumption, education, household 
income, family history of CVD, atrial 
fibrillation, lung function and diabetes 
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Table A (continued ) 

Study Age, sex Follow up 
(mean or 
range) 

Participants/ 
cases 

Physical activity categorization Adjustment 

Systolic blood pressure, heart rate, total 
cholesterol, triglycerides, and BMI 

Pandey A et al., 2017, 
USA 

45-84, 
Both men 
and women 

645,515 
person- 
years 

51,451/3180 LTPA (MET-minutes/week): 0, 
1–499, 500–1000, >1000 

Model 2: Age, sex, ethnicity, income, 
education, study cohort, BMI, hypertension 
status, systolic blood pressure, diabetes 
status, smoking, and alcohol intake 

LaMonte MJ et al., 
2018, USA 

50-79, 
Women 

14 2523/ 
137,303 

Total recreational physical activity 
(MET-hours/week): 0, >0–7.2, 
7.3–17, >17 

Model 1: Age, race/ethnicity, education, 
income, smoking, alcohol use, hormone 
therapy use and history of hysterectomy 
Model 2: Model 1 þ treated diabetes, treated 
hypertension, systolic blood pressure, 
diastolic blood pressure, BMI, atrial 
fibrillation diagnosis, and time-varying CHD 
(myocardial infarction, coronary artery 
bypass graft, percutaneous transluminal 
coronary angioplasty) diagnosis 

Diabetes type 2 
Lynch J et al., 1996, 

Finland 
42-60, 
Men 

4  Moderate and vigorous LTPA: <5.5 
MET & � 2 h/week, �5.5 MET & 
�40 min/week 

Model 1: Age, baseline level of fasting blood 
glucose, serum triglyceride level, systolic 
blood pressure, parental history of diabetes, 
alcohol consumption 
Model 2: Model 1 þ BMI 

Hu FB et al., 1999, 
USA 

40-65, 
Women 

8 70,102/1419 LTPA (MET-hours/week):0–0.20, 
2.1–4.6, 4.7–10.4, 10.5–21.7, �21.8 
Walking (MET-hours/week): �0.5, 
0.6–2.0, 2.1–3.8, 3.9–9.9, �10.0 

Model 1: Age, smoking, time period, 
menopausal status, parental history of 
diabetes, alcohol consumption, history of 
hypertension and history of high cholesterol 
level 
Model 2: Model 1þ BMI 

Hu FB et al., 2001, 
USA 

40-75, Men 10 37,918/1058 LTPA (MET-hours/week): 0–5.9, 
6.0–13.7, 13.8–24.2, 24.3–40.8, 
�40.9 

Model 1: Age, smoking, parental family 
history of diabetes, alcohol, vitamin E 
supplement 
Model 2: Model 1 þ BMI 

Hu G et al., 2003, 
Finland 

35-64, Both 
men and 
women 

12 14,390/373 Commuting duration (minutes/day): 
0, 1–29, �30 

Model 1: Age, sex, study area, systolic blood 
pressure, smoking status, education, other 
two types of physical activities 
(occupational and leisure) 
Model 2: Model 1þ BMI 

Kriska AM et al., 2003, 
USA 

15-59, Both 
men and 
women 

6 1728/346 LTPA (MET-hours/week): Low 
(<16), High (�16) 

Model 1: Age 
Model 2: Model 1 þ BMI 

Weinstein AR et al., 
2004, USA 

�45, 
Women 

6.9 37,878/1361 Time spent walking (hours/week): 
None, <1, 1–1.5, 2–3, �4 

Model 1: Age, family history of diabetes, 
alcohol use, smoking status, hormone 
therapy use, hypertension, high cholesterol, 
dietary factors, and randomized Women’s 
Health Study treatment groups 
Model 2: Model 1 þ BMI 

Hsia J et al., 2005, 
USA 

60-70, 
Women 

5.1 87,907/3364 LTPA (MET-hours/week): 0–2.3, 
2.3–7.4, 7.5–13.9, 14.0–23.4, 
23.5–143.0 
Walking (MET-hours/week): 0, 
0.5–2.5, 2.6–5.0, 5.1–10.0, 
10.1–40.8 

Model 2: Alcohol, education, smoking, 
hypertension, hypocholesteremia, dietary 
fiber percent energy from carbohydrate, BMI 
and age 

Villegas R et al., 2006, 
USA 

40-70, 
Women 

4.6 70,658/1973 LTPA (MET-hours/day): 0, 0.01- 
<0.80, 0.80–1.99, >1.99 
Commuting (MET-hours/day): <2.6, 
2.6–5.5, >5.5 
Walking in non-employed (minutes/ 
day): <60, 60–90, 91–120, >120 

Model 1: Age, kcal/day, education level, 
income level, smoking, alcohol and 
hypertension 

Rana JS et al., 2007, 
USA 

30-55, 
Women 

16 68,907/4030 LTPA (MET-hours/week): <2.1, 
2.1–4.6, 4.7–10.4, 10.5–21.7, �21.8 

Model 2: Age, sex, work-related physical 
activity, social class, alcohol use and smok
ing, menopausal status and postmenopausal 
hormone use and family history of diabetes, 
BMI 

Soto KK et al., 2007, 
Japan 

40-55, Men 4 8576/878 Walking to work duration (minutes/ 
day): 0–10, 11–20, �21 

Model 2: Age, BMI, FPG level, daily alcohol 
consumption, smoking habits, leisure-time 
physical activity, and parental history of 
diabetes 

10 45,668/2988 
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Table A (continued ) 

Study Age, sex Follow up 
(mean or 
range) 

Participants/ 
cases 

Physical activity categorization Adjustment 

Krishnan S et al., 
2008, USA 

21-69, 
Women 

Casual walking for exercise or 
transport (hours/week): No, <1, 
1–2, 3–4, �5 

Model 1: Age, time period, family history of 
diabetes, years of education, family income, 
marital status, cigarette use, alcohol use, 
energy intake, coffee consumption, vigorous 
activity, television watching 

Fretts AM et al., 2009, 
USA 

45-74, 
Women 

10 1651/454 LTPA (MET-hours/week): No, <8, 
8–24, >24 

Model 1: Age, study site, sex, education, 
cigarette smoking, alcohol use and family 
history of diabetes 
Model 2: Model 1 þ systolic blood pressure, 
diastolic blood pressure, high density 
lipoprotein, low density lipoprotein 
cholesterol, plasma fibrinogen and BMI 

Waller K et al., 2010, 
Finland 

24-60, Both 
men and 
women 

24 29/146 LTPA (MET-hours/day): <2, �2 Model 1: Social class, alcohol and smoking 

Waller K et al., 2010, 
Finland 

24-60, Both 
men and 
women 

28 20,487/1082 LTPA (MET-hours/day): <0.59, 
�0.59 

Model 1: Age and sex 
Model 2: Model 1 þ BMI 

Lee DC et al., 2012, 
South Korea 

�18, Men 7.5 675,496/ 
52,995 

Exercise duration (minutes/week): 
0, 1–149, 150–299, �300 

Model 1: Age, smoking status, alcohol 
intake, hypertension, parental diabetes, and 
baseline glucose 
Model 2: Model 1 þ physical activity for 
body mass index or body mass index for 
physical activity 

Grøntved A et al., 
2012, USA 

40-75, Men 18 32,002/2278 LTPA (aerobic activity) duration 
(minutes/week at �3 MET): 0, 1–59, 
60–149, �150 

Model 1: Age, smoking, alcohol 
consumption, race, family history of 
diabetes, intake of total energy, trans fat, 
polyunsaturated fat to saturated fat ratio, 
cereal fiber, wholegrain, glycemic load and 
weight training 
Model 2: Model 1 þ BMI 

Williams PT, 2013, 
USA 

Both men 
and women 

6.2 48,116/647 LTPA (MET-hours/day): <1.8, 
1.8–3.6, 3.6–5.4 

Model 1: Age, sex, race, smoking, prior CHD, 
intakes of red meat, fruit and alcohol 

Shi L et al., 2013, 
China 

40-74, Men 5.4 51,464/1304 LTPA MET-hours/day): None, <1.2, 
1.2–3.0, �3.0 
Commuting (MET-hours/day): <1.1, 
1.1–2.67, �2.67 

Model 1: Age at interview, energy intake, 
smoking, alcohol consumption, education 
level, occupation, income level, 
hypertension and family history of diabetes 
Model 2: Model 1 þ BMI and waist hip ratio 

Grøntved A et al., 
2014, USA 

36-81, 
Women 

8 99,316/3491 LTPA (aerobic activity) duration 
(minutes/week at �3 MET): 0, 1–59, 
60–149, �150) 

Model 1: Age, smoking, alcohol 
consumption, coffee intake, race, family 
history of diabetes, post-menopausal hor
mone use, intake of total energy, trans fat, 
polyunsaturated fat to saturated fat ratio, 
cereal fiber, wholegrain, and glycemic load, 
oral contraceptive use, menopausal status, 
resistance exercise and lower intensity 
muscular conditioning exercises 
Model 2: Model 1 þ BMI 

Honda T et al., 2015, 
Japan 

30-64, 
Bothmen 
and women 

6 26,628/1770 Leisure time exercise (MET-hours/ 
week): 0, 0.1-<7.5, 7.5-<15, �15 
Walking to work (minutes/day): 
<20, 20–39, �40 

Model 1: Age, sex, shift work, sleep duration, 
alcohol consumption, smoking, 
hypertension, a family history of diabetes, 
occupational activity, and walking for 
commuting to and from work 
Model 2: Model 1 þ BMI 

Joseph, J.J, 2016 , 
USA 

45-84, 
Both men 
and women 

11.1 5829/655 Leisure time exercise (MET-hours/ 
week): 0–2.63, 2.64–14.00, 
14.01–34.63, 34.64–621 

Model 1: Age, race, gender, education, 
current occupation status, study site, current 
smoking, systolic blood pressure, and 
current hypertension medication usage 
(except when stratified by race, where race 
is not included as a covariate). 

Rasmussen MG et al., 
2016, Denmark 

50-65, 
Both men 
and women 

14.2 52,513/6779 Commuter cycling (minutes/week): 
0, 1–60, 61–150, >150 

Model 1: Age, sex, years of basic school, 
years of higher education, alcohol intake, 
dietary energy intake, coffee consumption, 
polyunsaturated:saturated fat ratio, physical 
activity at work, smoking status, paternal 
diabetes, maternal diabetes, leisure-time 
physical activity other than commuter 
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Table A (continued ) 

Study Age, sex Follow up 
(mean or 
range) 

Participants/ 
cases 

Physical activity categorization Adjustment 

cycling, smoking status, paternal diabetes 
and maternal diabetes 

Yokomichi et al., 
2017, Japan 

>20, 
Both men 
and women 

7.5 20,708/592 Walking amount 30 min per day in 
urban setting: <30, 30 

Model 2: age, weight change from the age of 
20, BMI, smoking habits, alcohol 
consumption and physical activity 

Medina C et al., 2018, 
Mexico 

35-64, 
Both men 
and women 

14.4 2282/342 LTPA (MET-minutes/week): <1, 
1–599.99, 600–1199, �1200 

Model 1: Age, sex, education levels, marital 
status, current smoking, alcohol intake, total 
energy intake, parent history of diabetes, 
sleeping hours and leisure physical activity 
Model 2: Model 1 þ BMI 

Ikehara S et al., 2019, 
Japan 

40-79, 
Both men 
and women 

5 25,240/778 Walking duration (hours/day), <0.5, 
0.5, 0.6–0.9. �1 

Model 1: Adjusted for age, sex, alcohol 
consumption, history of hypertension, 
smoking, hours of exercise, stress, 
educational level, unemployed and sleep 
duration and television viewing time 
Model 2: Model 1 þ BMI 

Martinez-Gomez D 
et al., 2018, 
Taiwan 

18-97, Both 
men and 
women 

6.0 � 4.5 198,919/ 
8548 

LTPA (MET-hours/week): 0, 
0.1–3.74, 3.75–7.49, 7.50–14.99, 
�15 

Model 1: Age, sex 
Model 2: Model 1 þ educational attainment, 
year of baseline examination, marital status, 
smoking, alcohol consumption, BMI, meal 
patterns and baseline value or values of each 
cardiovascular risk factor 

Breast Cancer 
Luoto R et al., 2000, 

Finland 
15-64, 
Women 

16 30,548/332 Commuting (minutes/day): No 
activity or by car, <30, �30 

Model 2: Age at survey, BMI, education, 
length of follow-up, parity and age at first 
birth and leisure time physical activity 

Colditz GA et al., 
2003, USA 

25-42, 
Women 

10 114,068/849 LTPA (MET-hours/week): <3, 3–8.9, 
9–17.9, 18–26.9, >27 Walking 
(minutes/week): <20, 20–59, 
60–119, �120 

Model 1 
For LTPA: Age, height, alcohol intake, age at 
menarche, age at first birth, oral 
contraceptive use, history of benign breast 
disease, mother or sister with breast cancer 
and MET-hours/week from other activities 
For walking: Age 
Model 2 for both LTPA and walking: Model 1 
for LTPA þ BMI 

Patel K et al., 2003, 
USA 

50-74, 
Women 

5 72,608/1520 LTPA (MET-hours/week): None, 
>0–7.0, >7.0–17.5, >17.5–31.5, 
>31.5 

Model 1: Age 
Model 2: Age, race, BMI, weight change from 
age 18 to year 1992, family history of breast 
cancer, personal history of breast cysts, 
duration of oral contraceptive use, use of 
hormone replacement therapy, parity, age at 
menarche, age at menopause, smoking, 
alcohol intake, caloric intake, education, 
and mammography history 

McTiernan A et al., 
2003, USA 

50-79, 
Women 

4.7 74,171/1780 Total current LTPA (MET-hours/ 
week): �5, 5.1–10, 10.1–20, 
20.1–40, >40 

Model 2: Age groups, alcohol intake, age at 
menarche, hormone therapy status, history 
of benign breast disease, and mother or sister 
with breast cancer, BMI, race, education, 
income, geographic region, ever breast fed, 
hysterectomy status, family history of breast 
cancer and smoking status 

Tehard et al., 2006, 
France 

40-65, 
Women 

12 90,509/3424 Total recreational PA (MET-hours/ 
week): Inactive, <16, 16–22.3, 
22.3–33.8, �33.8 Walking (minutes/ 
day): <500, 500–2000, �2000 

Model 1: Age 
Model 2: Model 1 þ BMI, menopausal status, 
use of hormone replacement therapy, age at 
menarche, age at first full-term pregnancy, 
parity, marital status, use of oral contracep
tives, first-degree family history of breast 
and personal history of benign breast disease 
and employment 

Lahmann PH et al., 
2007, 10 
European 
countries 

20-80, 
Women 

6.4 218,169/ 
3423 

LTPA (MET-hours/week): <14, 
14–24, 25–42, >42 

Model 1: Age at recruitment and study 
center 
Model 2: Model 1 þ educational attainment, 
smoking status, alcohol consumption, BMI, 
age at menarche, age at first pregnancy, 
current oral contraceptive use 
(premenopausal), and current hormone 
replacement therapy (postmenopausal) 

6 64,777/550 
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Study Age, sex Follow up 
(mean or 
range) 

Participants/ 
cases 

Physical activity categorization Adjustment 

Maruti SS et al., 2008, 
USA 

35-51, 
Women 

Total LTPA (MET-hours/week): 
<21.0, 21.0–29.9, 30.0–38.9, 
39.0–53.9, �54.0 Walking (hours/ 
week): <0.5, 0.5–0.9, 1.0–1.4, 
1.5–2.4, >2.5 

Model 1: Age, average childhood body 
shape, duration and frequency of oral 
contraceptive use, history of benign breast 
disease, mother or sister with breast cancer, 
parity and age at first birth, current alcohol 
consumption and height 

Howard RA et al., 
2009, USA 

20-99, 
Women 

8.9 45,631/864 LTPA walking/hiking for exercise 
(hours/week): <1, 1–3, 4–9, �10 

Model 1: Age 
Model 2: Model 1 þ BMI, age at menarche, 
parity, age at first birth, family history of 
breast cancer, personal history of breast 
disease, oral contraceptive use, race, 
smoking, alcohol consumption, strenuous 
exercise and walking art home or work 

Suzuki S et al., 2008, 
Japan 

40-69, 
Women 

12.4 30,157/207 Time spend exercising (hours/week): 
Never or seldom, 1–2, �3 
Time spend walking (minutes/day): 
<30, 30–59, �60 

Model 1: Age 
Model 2: Model 1 þ BMI, alcohol drinking, 
age at menarche, education level, parity, age 
at birth of first child, use of exogenous 
female hormone, family history of breast 
cancer in a first-degree relative, menopausal 
status and menopausal age for post
menopausal women 

Eliassen AH et al., 
2010, USA 

30-55, 
Women 

20 95,396/4782 Total LTPA (MET-hours/week 
cumulative average): <3, 3–9, 9–18, 
18–27, �27 

Model 1: Age 
Model 2: Model 1 þ age at menarche, BMI, 
height, parity and age at first birth, alcohol 
intake, postmenopausal hormone use, age at 
menopause, family history of breast cancer 
and history of benign breast disease 

Wen CP et al., 2011, 
Taiwan 

�20, 
Women 

8.05 416,175/ 
1364 

LTPA (MET-hours/week): <3.75, 
>3.75–7.49, 7⋅50–16⋅49, 
16⋅50–25⋅49, �25.50 

Model 2: Age, sex, education, activity at 
work, smoking, drinking, fasting blood 
glucose, systolic blood pressure, BMI, history 
of diabetes and hypertension 

Pronk A et al., 2011, 
China 

40-70, 
Women 

9 73,049/717 LTPA: Adult exercise (MET-hours/ 
week): None, >0–4.5, 4.6–9.1, 
9.2–17.5, �17.6 

Model 1: Age, education, family history of 
breast cancer, age at first birth and number 
of pregnancies 
Model 2: Model 1 þmenopausal status, total 
caloric intake and BMI 

Steindorf K et al., 
2012, EPIC 

35-70, 
Women 

11.7 283,827/ 
1059 

Recreation physical activity: (MET- 
hours/week): �12, >12–24, 
>24–42, >42 

Model 1: Age center and other activities 
Model 2: Model 1 þ BMI, age at first period, 
age at first full-term pregnancy, number of 
full-term pregnancies, breastfeeding, ever 
oral contraceptive, menopausal status, age 
at menopause, use of hormone replacement 
therapy, alcohol consumption, smoking sta
tus, level of school attained, mutually 
adjusted for other types of physical activities 
(occupational, housework etc.) 

Steindorf K et al., 
2013, EPIC 

35-70, 
Women 

11.6 257,805/ 
8034 

Recreation physical activity (MET- 
hours/week): �13.5, >13.5–24, 
>24–42, >42 

Model 2: Stratified by age and center and 
adjusted by body BMI, age at first period, age 
at first full term pregnancy, number of full 
term pregnancies, breast feeding, oral 
contraceptive use, menopausal status, age at 
menopause, use of hormone replacement 
therapy, alcohol consumption, smoking 
status, level of school attained and mutually 
adjusted for other types of physical activities 
(occupational, housework etc.) 

Hastert TA et al., 
2013, USA 

55-74, 
Women 

9.3 27,541/764 LTPA (at least 10 MET-hours/week 
of walking or other strenuous or 
moderate activity): <10, �10 

Model 1: Age, education, race, 
mammography, family history of breast 
cancer, age at menarche, and age at first 
birth, energy intake and hormone therapy 

Hildebrand JS et al., 
2013, USA 

50-74, 
Women 

14.2 73,615/4760 Total recreational physical activity 
(MET-hours/week): None, >0–7.0, 
>7.0–17.5, >17.5–31.5, 
>31.5–42.0, >42.0 Walking only 
(hours/week): None, 3, 4–6, 7 
Duration of walking and other 
recreation physical activities 

Model 1: Age 
Model 2: Model 1 þ race, education, BMI, 
weight change, alcohol use, smoking status, 
postmenstrual hormones use, number of live 
births, age at first live birth, age at 
menopause, family history of breast cancer, 
breast cysts, hysterectomy, oophorectomy 
and mammogram within last year 
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Table A (continued ) 

Study Age, sex Follow up 
(mean or 
range) 

Participants/ 
cases 

Physical activity categorization Adjustment 

duration (hours/week): None, 3, 
4–6, 7 

Boeke CE et al., 2014, 
USA 

25-42, 
Women 

12 75,669/2697 LTPA (MET-hours/week): <21, 
21–35, 36–47, 48–71, �72 

Model 1: Family history of breast cancer, 
height, age at menarche, adolescent body 
size and adolescent alcohol consumption, 
adult factors, adult cumulative average 
physical activity, history of benign breast 
disease, parity and age at first birth, age at 
menopause and hormonal replacement 
therapy 

Catsburg C et al., 
2014, Canada 

44-68, 
Women 

14 39,532/1097 Total LTPA (MET-hours/week): <3, 
3–8.5, 8.5–16.8, 16.8–30.9, >30.9 

Model 2: Age at menarche, use of oral 
contraceptives, use of hormone, number of 
live births, age at first live birth, family 
history of breast cancer, menopausal status 
at baseline, alcohol intake and BMI 

Rosenberg L et al., 
2014, USA 

�30, 
Women 

16 44,708/1364 Time spend brisk walking (hours/ 
week): <1, 1, 2, 3–4, 5–6, �7 

Model 2: Age, time period, BMI, years of 
education parity, vegetable/fruit dietary 
pattern, meat/fried foods dietary pattern, 
and vigorous exercise 

Fournier A et al., 
2014, France 

�30, 
Women 

8.5 59,308/2155 LTPA (MET-hours/week): <12, 
12–23, 24–35, �36 
Walking and cycling and other sport 
activities (MET-hours/week): <6, 
6–11, 12–23, �24 

Model 2: Age, family history of breast cancer 
in first-degree relatives, age at menarche, 
parity and age at first full-term pregnancy, 
BMI, history of benign breast disease, age at 
menopause, use of menopausal hormone 
therapy, total energy intake excluding 
alcohol and alcohol intake 

Harris HR et al., 2016, 
Sweden 

<50, 
Women 

15 31,514/1388 LTPA: <150, �150 Model 1: Age, height, education, oral 
contraceptive use, hormone replacement 
therapy use, age at menarche, age at 
menopause, family history of breast cancer, 
history of benign breast disease and 
smoking, body fatness, energy intake, plant 
foods, animal foods, alcoholic drinks and 
dietary supplements 

Liu Y et al., 2016, USA 24-44, 
Women 

12.4 65,576/2069 LTPA between menarche and first 
pregnancy (MET-hours/week): <24, 
24-<38, 38-<58, �58 

Model 1: Age and questionnaire year, 
average childhood, body size, alcohol 
intake, history of benign breast biopsy, 
family history of breast cancer, height, total 
duration of breastfeeding, duration and 
recency of oral contraceptive use, 
menopausal status, postmenopausal 
hormone use, birth index, physical activity 
after first pregnancy. 

Barberio A et al., 
2018, Canada 

35-69, 
Women 

15 15,887/433 Recreational physical activity (MET- 
hours/week): 0–7.4, 1.5–18, 
18.1–34.9, 35.0–255.3 

Model 1: Age 
Model 2: Model 1 þ sex, ethnicity, marital 
status, highest level of education, total 
household income, geographical area of 
residence, smoking status, pack-years of 
cigarettes, alcohol consumption, energy 
intake, fiber intake, colon cancer only), BMI, 
history of cardiovascular condition, history 
of respiratory condition, family history of 
cancer, menopausal status, history of breast 
cancer screening, quartiles of occupational 
physical activity, quartiles of household 
physical activity and groups of trans
portation physical activity 

Rangul V et al., 2018, 
Norway 

25-50, 
Women 

16 19,039/513 LTPA (MET-hours/week): <8.3, 
8.4–16.6, �16.6 

Model 1: age 
Model 2: age, education, smoking, alcohol, 
BMI 

Colon Cancer 
Giovannucci GA et al., 

1995, USA 
40-75, Men 6 47,723/203 LTPA (median MET-hours/week): 

0.9, 4.8, 11.3, 22.6, 46.8 
Model 1: Age 
Model 2: Model 1 þ BMI, family history of 
colorectal cancer, previous endoscopy, total 
pack-years of cigarettes, aspirin use, intake 
of animal fat, dietary fiber, alcohol, folate 
and methionine 

12 89,448/396 
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Table A (continued ) 

Study Age, sex Follow up 
(mean or 
range) 

Participants/ 
cases 

Physical activity categorization Adjustment 

Martínez ME et al., 
1997, USA 

30-55, 
Women 

Recreational physical activity (MET- 
hours/week): <2, 2–4, 5–10, 11–21, 
>21 

Model 2: Age, cigarette smoking, family 
history of colorectal cancer, BMI, 
postmenopausal hormone use, aspirin use, 
intake of red meat and alcohol consumption 

Chao A et al., 2004, 
USA 

50-74, Both 
men and 
women 

7 151,174/940 Recreational physical activity (MET- 
hours/week): None, <7, 7–13, 
14–23, 24–29, �30 
Walking duration (hours/week): 0, 
<4, 4–6, �7 

Model 1: Age, sex, education, exercise level 
in 1982, cigarette smoking, alcohol, red 
meat, folate, fiber, multivitamin use in 1982 
and hormone replacement therapy (women) 

Friedenreich C et al., 
2006, EPIC 

35-70, Both 
men and 
women 

6.38 413,044/ 
1094 

Recreation physical activity (MET- 
hours/week): <12, 12–24.7, 
24.8–42.7, �42.8 

Model 1: Age, energy (kilocalories per day in 
quartiles), education, smoking, height, 
weight and fiber intake 

Wolin KY et al., 2007, 
USA 

40-65, 
Women 

16 79,295/547 LTPA (MET-hours/week): <2, 
2.1–4.5, 4.6–10.3, 10.4–21.4, �21.5 
Walking (hours/week): 0, <1, 1–1.9, 
2–3.9, �4 

Model 1: Age 
Model 2: Model 1 þ BMI, smoking, 
multivitamin, aspirin, alcohol intake, red 
meat intake, vitamin D, calcium, family 
history of colon cancer, history of endoscopy 
and history of polyps 

Takahashi H et al., 
2007, Japan 

40-64, Both 
men and 
women 

7 41,988/151 Walking (hours/day): <0.5, 0.5–1, 
>1 

Model 1: Age 
Model 2: Model 1 þ cigarette smoking, 
alcohol consumption, BMI, family history of 
colorectal cancer, education, sports or 
exercise, consumption frequencies of meat, 
green or yellow vegetables and oranges and 
menopausal status for women 

Larsson CS et al., 
2006, Sweden 

45-79, Men 7.1 45,906/496 LTPA (median MET-hours/week): 
0.5, 1.4, 3.0, 6.3 

Model 2: Education, family history of 
colorectal cancer, history of diabetes, 
smoking, aspirin use, BMI, home/housework 
and work/occupation 

Howard RA et al., 
2008, USA 

50-71, Both 
men and 
women 

6.9 488,720/ 
2052 

Total LTPA (median MET-hours/ 
week): 5.53, 16.52, 29.97, 45.43, 
66.08 (male), 8.07, 20.99, 35.72, 
53.43, 66.08 (female) 

Model 1: Age, smoking, alcohol 
consumption, education, race, family history 
of colon cancer, total energy and energy- 
adjusted intake of red meat, calcium, whole 
grains, fruit and vegetables. Models for 
women are adjusted for menopausal hor
mone therapy. Low intensity and moderate 
to vigorous intensity physical activity are 
mutually adjusted and sedentary behavior 
variables are adjusted for total physical 
activity 
Model 2: Model 1 þ BMI 

Simons CC et al., 
2013, Netherland 

55-59, Both 
men and 
women 

16 4416/2714 Recreational walking and cycling 
duration (hours/week): 0, <1, 1–2, 
>2 

Model 2: Age, family history of colorectal 
cancer, smoking status, alcohol intake, BMI, 
meat intake, processed meat intake and total 
energy intake. 

Gorczyca AM et al., 
2018, USA 

50-79, 
Women 

13 74,870/964 LTPA (MET-hours/week): �1.7, 
1.8–7.4, 7.5–20, >20 

Model 1: Race, education, total caloric 
intake, fiber intake, calcium intake, vitamin 
D intake, red meat intake, alcohol, hormone 
replacement therapy, income, marital status, 
smoking, family history of colorectal 
carcinoma, colorectal carcinoma screening, 
aspirin, multivitamin use, and sitting time 

Barberio A et al., 
2018, Canada 

35-69, 
Women 

15 26,583/181 Recreational physical activity (MET- 
hours/week): 0–7.4, 1.5–18, 
18.1–34.9, 35.0–255.3 

Model 1: Age 
Model 2: Model 1 þ sex, ethnicity, marital 
status, highest level of education, total 
household income, geographical area of 
residence, smoking status, pack-years of 
cigarettes, alcohol consumption, energy 
intake, fiber intake, BMI, history of cardio
vascular condition, history of respiratory 
condition, family history of cancer, meno
pausal status, quartiles of occupational 
physical activity, quartiles of household 
physical activity and groups of trans
portation physical activity 

Naunez C et al., 2018, 
Australia 

�45, 
Both men 
and women 

2.7 22,584/846 Moderate intensity physical activity 
duration (minutes/week): 0, 
>0–149, �150 

Model 1: Age 
Model 2: Model 1 þ birth cohort, sex, 
education, BMI, sitting time, time spent on 
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Table A (continued ) 

Study Age, sex Follow up 
(mean or 
range) 

Participants/ 
cases 

Physical activity categorization Adjustment 

moderate and vigorous activity, smoking, 
alcohol, country of birth, guidelines of fruit 
and vegetables, weekly intake of processed 
food, red meat and fibre, aspirin, parental 
history of colorectal carcinoma and history 
of colorectal testing 

BMI, body mass index., MET, metabolic equivalent of task., LTPA, leisure time physical activity., MI, myocardial infarction., CHD, coronary heart 
disease., NT-pro BNP, “B" type natriuretic peptide., FEV1, forced expiratory volume in 1 s, Model 1, BMI unadjusted., Model 2, BMI adjusted. 

Appendix B 

Fig. B1. Funnel plots of risk estimates associated with LTPA for (a) MI, (b) stroke, (c) HF, (d) CVD, (e) type 2 diabetes, (f) breast cancer and (g) 
colon cancer.  

Fig. B2. Funnel plots of risk estimates associated with active commuting for MI and type 2 diabetes.  
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Appendix C 

AppendixC.1. NEWCASTLE–OTTAWA QUALITY ASSESSMENT SCALE AND STUDY SCORES 

We assessed the following items for each included study.  

� Selection  
○ True representativeness of the exposed cohort in the community  
○ Non-exposed cohort drawn from the same community  
○ Ascertainment of exposure  
○ Demonstration that outcome of interest was not present at start of study.  
� Comparability of cohorts  

○ Adjusted for age  
○ Adjusted for other potential confounding factors  
� Outcome  

○ Assessment of outcome  
○ Follow-up was long enough for outcomes to occur (at least five years)  
○ Adequacy of follow-up of cohorts (loss to follow-up <20%) 

A study can be awarded a maximum of 1 star for each item within the Selection and Outcome categories. A maximum of 2 stars can 
be given for Comparability. A study can have a maximum possible quality score of 9.  

Table. C.2 
Quality scores of the studies included in Meta-analysis  

Study Outcome Quality score Quality Assessment 

Giovannucci GM et al., 1995, USA Colon cancer 7 Fair 
Folsom AR et al., 1997, USA MI 7 Fair 
Manson JE et al., 1999, USA MI 6 Fair 
Hu FB et al., 1999, USA Type 2 diabetes 6 Fair 
Stampfer MJ et al., 2000, USA MI 6 Fair 
Hu FB et al., 2000, USA Stroke 7 Fair 
Lee IM et al., 2001, USA MI 6 Fair 
Hu FB et al., 2001, USA Type 2 diabetes 7 Fair 
Manson JE et al., 2002, USA CVD 6 Fair 
Tanasescu M et al., 2002, USA MI 7 Fair 
Colditz GA et al., 2003, USA Breast cancer 7 Fair 
Patel K et al., 2003, USA Breast cancer 7 Fair 
Weinstein AR et al., 2004, USA Type 2 diabetes 7 Fair 
Chao A et al., 2004, USA Colon cancer 6 Fair 
Villegas R et al., 2006, USA Type 2 diabetes 7 Fair 
Li T Y et al., 2006, USA MI 7 Fair 
Tehard B et al., 2006, France Breast cancer 8 Good 
Hu G et al., 2007., Finland MI 7 Fair 
Wolin KY et al., 2007; USA Colon cancer 7 Fair 
Howard RA et al., 2008., Colon cancer 7 Fair 
Weinstein SR et al., 2008, USA MI 7 Fair 
Maruti SS et al., 2008, USA Breast cancer 6 Fair 
Suzuki S et al., 2008, Japan Breastcancer 8 Good 
Howard RA et al., 2008, USA Breast cancer 6 Fair 
Krishnan et al., 2008, USA Type 2 diabetes 6 Fair 
Fretts AM et al., 2009, USA Type 2 diabetes 7 Fair 
Waller K et al., 2010, Finland Type 2 diabetes 7 Fair 
Sattelmair JR et al., 2010, USA Stroke 7 Fair 
Eliassen AH et al., 2010, USA Breast cancer 7 Fair 
Pronk A et al., 2011, China Breast cancer 8 Good 
Hoevenaar-Blom MP et al., 2011, Netherland CVD 6 Fair 
Chomistek AK et al., 2012, USA CVD 7 Fair 
Grøntved A et al., 2012, USA Type 2 diabetes 6 Fair 
Lee DC et al., 2012, South Korea Type 2 diabetes 6 Fair 
Chomistek AK et al., 2013, USA CVD, MI and stroke 7 Fair 
Shi L et al. (2013) Type 2 diabetes 8 Good 
Patel K et al., 2013, USA CVD, MI and HF 6 Fair 
Hastert TA et al., 2013, USA Breast cancer 7 Fair 
Hildebrand JS et al., 2013, USA Breast cancer 7 Fair 
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Table. C.2 (continued ) 

Study Outcome Quality score Quality Assessment 

Bell EJ et al., 2013, USA CVD, Stroke, CHD and HF 6 Fair 
Autenrieth CS et al. (2013) Stroke 7 Fair 
Andesrsen K et al., 2014, Sweden HF 7 Fair 
Grøntved A et al., 2014, USA Type 2 diabetes 6 Fair 
Honda T et al., 2015, Japan, Type 2 diabetes 6 Fair 
Lacey B et al., 2015, UK MI and Stroke 7 Fair 
Koolhaas CM et al., 2016, Netherland MI 7 Fair 
Chomestik AK et al., 2016, USA MI 7 Fair 
Blond K et al., 2016, Denmark MI 7 Fair 
Joseph, J.J, 2016, USA Type 2 diabetes 8 Good 
Rasmussen MG et al., 2016, Denmark Type 2 diabetes 7 Fair 
Ferrario MM et al., 2018, Italy MI 7 Fair 
Gorczyca AM et al., 2018, USA Colon cancer 7 Fair 
Martinez-Gomez D et al. (2018) Type 2 diabetes 6 Fair 
Medina C et al., 2018, Mexico Type 2 diabetes 6 Fair 
LaMonte MJ et al., 2018., USA HF 7 Fair 
Harris HR et al., 2016, Sweden Breast cancer 7 Fair 
Liu Y et al., 2016, USA Breast cancer 6 Fair 
Barberio A et al., 2018, Canada Breast cancer and colon cancer 7 Fair 
Nunez C et al., 2018, Australia Colon cancer 7 Fair 

MI, myocardial infarction., CVD, cardiovascular disease., HF, heart failure. 

Appendix D. Supplementary data 

Supplementary data to this article can be found online at https://doi.org/10.1016/j.jth.2020.100873. 
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