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ABSTRACT
Active commuting may hold a potential for preventing 
adverse health outcomes. However, evidence of the 
association of active commuting and the risk of health 
outcomes remains debatable. The current study 
systematically and quantitatively summarised research 
findings on the association between active commuting 
and the risk of the mentioned health outcomes. We 
comprehensively searched four databases (PubMed, 
EMBASE, Web of Science and Open Grey) from inception 
to 2 August 2020 for observational studies investigating 
the associations among adult population. Summary 
relative risks (RRs) and 95% CIs were estimated for 
the association. Heterogeneity was investigated using 
Cochran’s Q test and the I2 statistic. Restricted cubic 
splines were used to evaluate linear and nonlinear 
relations. The search yielded 7581 initial references. We 
included 28 articles in the meta- analysis. Compared with 
inactive commuting, active commuting reduced the risk 
of obesity (RR=0.88, 95% CI 0.83 to 0.94, I2=69.1%), 
hypertension (RR=0.95, 95% CI 0.87 to 1.04, I2=82.2%) 
and diabetes (RR=0.82, 95% CI 0.76 to 0.90, I2=44.5%). 
Restricted cubic splines showed linear associations 
between active commuting and obesity, hypertension 
and diabetes (P

nonlinearity=0.640; Pnonlinearity=0.886; 
Pnonlinearity=0.099). As compared with the lowest active 
commuting group, the risk of obesity, hypertension and 
diabetes in the highest active commuting group were 
reduced by 13% (95% CI 0.82 to 0.93, I2=65.2%); 6% 
(95% CI 0.86 to 1.02, I2=75.2%) and 19% (95% CI 0.73 to 
0.91, I2=49.8%) respectively. Active commuting seemed 
to be associated with lower risk of obesity, hypertension 
and diabetes. However, the results should be interpreted 
cautiously because this meta- analysis was based solely on 
observational studies.
PROSPERO registration number
CRD42020202723.

INTRODUCTION
While the world is in rapid epidemiological 
and demographic transitions, noncommuni-
cable diseases (NCDs) continues to be one of 
the leading causes of deaths, contributing to 

73.4% of mortality in the year 2017.1 More-
over, NCDs have been reported to increasingly 
cause morbidity, disability and hence reduces 
the quality of lives.2–4 NCDs including obesity, 
hypertension and diabetes are expanding 
threats to global health despite the fact that 
some of their behavioural risk factors can be 
substantially avoidable.5 This increased preva-
lence of NCDs may be attributed primarily to 
changes in people’s lifestyles as well as tech-
nological advancements.6 Therefore, multi-
sectoral, innovative and targeted interven-
tions are urgently needed to manage the high 
burden and the vast impact of NCDs.

Although large and consistent evidences 
suggested that physical activity is vital for 
the health and well- being of the public,7–11 
the prevalence of physical activity continues 
declines in worldwide with the massive 
adoption of private motorised transport in 

Key questions

What is already known?
 ► The results of previous systematic review disclosed 
that active commuting might reduce the risk of 
diabetes.

What are the new findings?
 ► Active commuting seemed to be associated with 
lower risk of obesity, hypertension, and diabetes.

 ► Linear associations between active commuting and 
obesity, hypertension, and diabetes.

 ► Different types of active commuting such as com-
mute on foot or by bicycle are related to reduced 
obesity, hypertension, and diabetes.

What do the new findings imply?
 ► Health professionals, stakeholders and policy plan-
ners are called to improve infrastructure in such a 
way that it supports a healthy lifestyle, promotes 
active commuting as a part of national and global 
strategies for the prevention of these adverse health.
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addition to an increasing rate of sedentary occupations 
and busy life schedules.12 Commuting actively on foot or 
by bicycle in general offers a comparatively more effec-
tive way of integrating physical activity into a sedentary 
lifestyle.13 Laverty et al suggested that active commuting 
decreased the risk of obesity, hypertension and diabetes14 
whereas Hu et al revealed contradicting findings.15 To 
the best of our knowledge, there are no meta- analyses 
conducted on the association of active commuting and 
risk of obesity and hypertension to date. There is only 
one recent systematic review that included four studies to 
evaluate the association between active commuting and 
diabetes incidence.16 However, up to eight more observa-
tional studies14 17–25 have been published on the associa-
tions of active commuting and risk of diabetes, showing 
inconsistent results. Moreover, the dose–response meta- 
analyses on the association of active commuting and 
obesity, hypertension and diabetes are also underex-
plored in the existing scientific literature. In addition, it 
is not clear whether other types of active commuting such 
as commute on foot or by bicycle are related to reduced 
obesity, hypertension and diabetes.

We, therefore, conducted a comprehensive meta- 
analysis to examine whether active commuting is inde-
pendently associated with the reduced risk of obesity, 
hypertension and diabetes, based on observational 
studies.

METHODS
Search strategy
We reported our meta- analysis in accordance to the meta- 
analysis of observational studies in epidemiology) state-
ment26 and registered our protocol on 30 August 2020. 
We systematically searched through PubMed, EMBASE, 
Web of Science and Open Grey databases from incep-
tion to 2 August 2020, without language restrictions, with 
terms related to active commuting, obesity, hypertension 
and diabetes. The summary of search strategy and results 
are shown in online supplemental table 1. In addition, 
the reference lists of eligible studies for additional arti-
cles were also reviewed to avoid missing any relevant 
publication.

Patient and public involvement
Patients were not involved in this study.

Study selection
Two researchers (QL and YM) independently screened, 
titles and abstracts of identified citations from EndNote 
library and, subsequently, the full texts of potentially 
eligible studies. Any disagreement was resolved through 
discussion and consensus with the principal investigator 
(JW). Studies were included if (1) they were population- 
based studies, (2) the study participants were adults 
(aged ≥18 years), (3) the exposure was active commuting 
(including walking and bicycling, bicycling and walking), 
and the outcome was obesity (defined by body mass 
index (BMI), or waist circumstance (WC)), hypertension 

or diabetes, (4) they reported ORs, relative risks (RRs) or 
HRs with 95% CIs, (5) for dose–response meta- analysis, 
at least three levels of active commuting at baseline were 
provided, active commuting level- specific obesity, hyper-
tension or diabetes, and enough participants or sufficient 
data to derive these data. If multiple articles based on the 
same study were published, we chose the most informa-
tive one or with the largest sample size or the longest time 
of follow- up. We excluded letters, comments, reviews, 
meta- analyses and ecological studies. We also excluded 
studies performed on children or adolescents. In addi-
tion, studies that considered other obesity index, as waist- 
to- height ratio and those that considered visceral fat as 
the exposure, rather than BMI or WC, were excluded. 
Moreover, studies with insufficient data were excluded.

Data extraction
Two researchers (QL and YM) independently conducted 
eligibility and quality assessment and extracted data 
from eligible studies by using standard data extraction 
form. Any disagreement was resolved via discussion and 
consensus with the principal investigator (JW). From 
each eligible article, we extracted the first author, publi-
cation year, study site, the study title, study design, sample 
size, number of cases, duration of follow- up, sex, mean 
or median age range of study participants, exposure 
variables, method used for assessing exposure, defini-
tion and assessment of interested outcomes, comparison 
categories and relevant effect sizes of comparison cate-
gories together with 95% CIs and confounding variables 
adjusted for the statistical analysis. When the data were 
reported for men and women separately, we considered 
each part as a distinct study. If an included study reported 
several risk estimates, we extracted the fully adjusted 
effect sizes.

Quality assessment
The methodological quality of the cross- sectional 
studies included was assessed using an 11- item checklist 
recommended by Agency for Healthcare Research and 
Quality.27 An item would be scored ‘0’ if it was answered 
‘no’ or ‘unclear’. When an item was answered ‘yes’, then 
it scored ‘1’. Scores of 0–3, 4–7 and 8–11 were categorised 
as low, moderate and high quality, respectively (online 
supplemental table 3). We used the Newcastle- Ottawa 
Scale (NOS)28 to assess the quality of the included cohort 
studies, in which a study is judged based on section (four 
items), comparability (two items) and outcome (three 
items). The score of NOS was ranging from 0 to 9. Arti-
cles’ quality was assessed as follows: poor quality=0–3; 
fair quality=4–6; good quality=7–9 (online supplemental 
table 4).

Data synthesis and analysis
The units of active commuting reported as min/day 
were converted to min/week for the dose−response 
meta- analyses. For studies reporting risk estimates rela-
tive to the active commuting, the risk estimates were 

https://dx.doi.org/10.1136/bmjgh-2021-005838
https://dx.doi.org/10.1136/bmjgh-2021-005838
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recalculated by setting the inactive commuting as the 
reference. We assumed that the HRs/ORs were approx-
imately equal to the RRs for studies reporting HRs/ORs 
for active commuting.29 The missing number of cases in 
each category was calculated by using the reported RRs 
and number of total cases.30 If the number of exposed 
participants was not reported for each category, catego-
ries were assumed to be equal size.30 For each study, the 
median or mean active commuting in each category was 
assigned to the corresponding RRs.30 If the median or 
mean active commuting per category was not provided, 
the midpoint of the lower and upper boundaries in each 
category was used as the mean active commuting expo-
sure.30 The interval width was assumed to be the same as 
the closest category if the highest or lowest category for 
active commuting was open ended.31

If an article reported data separately for different 
categories of active commuting, we used the random- 
effects model to calculate article- specific RRs, then used 
the calculated article- specific RRs in the meta- analysis 
for the association of active commuting versus inactive 
commuting. Summary RRs and 95% CIs for obesity, hyper-
tension or diabetes for the highest versus lowest level of 
active commuting were estimated by using a random- 
effects model.32 We used the generalised least squares 
regression to estimate study- specific dose–response 
associations33 and the random- effects model to pool the 
study- specific dose–response RRs.32 Study- specific RRs 
estimates were calculated for per 60 min/week increase 
in active commuting. Moreover, we included studies 
reporting risk estimates for at least three exposure levels 
and obesity, hypertension, diabetes or to examine possible 
linear or nonlinear dose–response associations by model-
ling active commuting with restricted cubic splines, with 
three knots at the 25th, 50th and 75th percentiles of the 
distribution. The p value for nonlinearity (Pnonlinearity) was 
calculated by testing the null hypothesis that the coeffi-
cient of the second spline is equal to 0.29

Cochran’s Q test and the I2 statistic34 were used to test 
for heterogeneity. p<0.1 was considered statistically signif-
icant for the Q statistic while I2 values of approximately 
25%, 50% and 75% were considered low, moderate and 
high heterogeneity, respectively. Subgroup analyses were 
stratified by sex, region (Asia, Africa, Europe, America and 
Oceania), study design (cross- sectional study and cohort 
study), active commuting (walking and bicycling, bicy-
cling and walking), outcome assessment (self- reported, 
measured and doctor diagnosis) and adjustments (eg, 
age, sex, smoking, alcohol consumption, energy intake 
and physical activity). We performed a sensitivity analysis 
by excluding one study at a time to evaluate whether the 
removal of studies with weak internal validity, high selec-
tion bias, inappropriate consideration for confounders 
and inappropriate data collection methods influenced 
the pooled effect size. Publication bias (small study 
effect) was evaluated by the funnel plots for asymmetry 
and formally used Egger’s linear regression test.35 
Trim and fill method used to correct the publication 

bias if publication bias was detected. All analyses were 
performed with Stata V.12.1 (Stata Corp, College Station, 
Texas, USA). All tests were two sided, p<0.05 was consid-
ered statistically significant.

RESULTS
Characteristics of included studies
Of 7581 initial references, we retrieved 28 full- text arti-
cles for meta- analysis (figure 1). A total of 21 articles (128 
331 participants) reported the association between active 
commuting and obesity; 13 articles (251 948 participants) 
provided the association between active commuting and 
hypertension; 13 articles (176 229 participants) reported 
the association between active commuting and diabetes. 
Details of the characteristics of the included studies are 
presented in online supplemental table 2. All studies 
were graded as having good quality. Details of the quality 
assessment of the cross- sectional studies are presented 
in online supplemental table 3 and the cohort studies in 
online supplemental table 4.

Association of active commuting and obesity
We included 16 articles (39 studies) that provided the 
association between active commuting and obesity. 
Compared with inactive commuting, active commuting 
reduced the risk of obesity (RR=0.88, 95% CI 0.83 
to 0.94, I2=69.1%) (figures 2 and 3). Sensitivity anal-
ysis suggested that the pooled risk was substantially 
unchanged after excluding one study at a time (data 
not shown). Both Eegg’s test (p=0.292) and funnel plots 
(online supplemental figure 1) indicated no evidence 
of publication bias. For subgroup analyses, the size or 
direction of the pooled estimates was robust in most 
results. However, the RR of the association between active 
commuting and obesity for Oceania was 1.02 (95% CI 
0.55 to 1.89) (table 1). A total of 21 articles (49 studies) 
were included to explore the association of highest versus 
lowest active commuting and obesity. As compared with 
the lowest active commuting group, with the highest 
active commuting, the risk of obesity was reduced by 13% 
(95% CI 0.82 to 0.93, I2=65.2%) (figures 2 and 3). The 
pooled risk was substantially unchanged by sensitivity 
analysis (data not shown). There is no evidence of asym-
metry by funnel plots hence suggesting no publication 
bias (online supplemental figure 2). Publication bias 
was not found by Eegg’s test too (p=0.928). Moreover, 
we pooled four articles (11 studies) to analyse the dose–
response association. For each 60 min/week increase 
in active commuting, the risk of obesity was reduced by 
1% (RR=0.99, 95% CI 0.94 to 1.03, I2=70.6%) (figures 2 
and 3). Sensitivity analysis suggested that the pooled risk 
was substantially unchanged after excluding one study 
at a time (data not shown). Publication bias was inves-
tigated by the Egger’s test (p=0.039) and funnel plot 
indicated that the publication bias might underestimate 
the effect of active commuting on obesity (online supple-
mental figure 3). The trim and fill method showed that 

https://dx.doi.org/10.1136/bmjgh-2021-005838
https://dx.doi.org/10.1136/bmjgh-2021-005838
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https://dx.doi.org/10.1136/bmjgh-2021-005838
https://dx.doi.org/10.1136/bmjgh-2021-005838
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the main result was altered (RR=0.92, 95% C: 0.87 to 
0.97). For subgroup analyses, the size or direction of the 
pooled estimates was robust in most results. However, 
the RR of the association between active commuting and 
obesity for Asia was 1.05 (95% CI 0.99 to 1.12) and for 
study without adjustment for alcohol consumption was 
1.02 (95% CI 0.87 to 1.19) (table 2). Furthermore, we 
included four articles (11 studies) in the restricted cubic 
splines model to indicate a linear association between 
active commuting and obesity (Pnonlinearity=0.640) (online 
supplemental figure 4).

Association between active commuting and hypertension
We included nine articles (15 studies) that provided the 
association between active commuting and hypertension. 
Compared with inactive commuting, active commuting 

reduced the risk of hypertension (RR=0.95, 95% CI 
0.87 to 1.04, I2=82.2%) (figures 2 and 4). Sensitivity 
analysis suggested that the pooled risk was substantially 
unchanged after excluding one study at a time (data 
not shown). Both Eegg’s test (p=0.189) and funnel plots 
(online supplemental figure 5) indicated no evidence 
of publication bias. For subgroup analyses, the size or 
direction of the pooled estimates was robust in most 
results. However, the RR of the association between active 
commuting and hypertension was 1.13 for women (95% 
CI 1.07 to 1.20) and 1.08 for men without adjusted for sex 
(95% CI 1.02 to 1.15) (table 1). To explore the association 
of highest versus lowest active commuting and hyperten-
sion, 13 articles (19 studies) were included. As compared 
with the lowest active commuting group, with the highest 

Figure 1 Flowchart of study selection.

https://dx.doi.org/10.1136/bmjgh-2021-005838
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active commuting, the risk of hypertension was reduced 
by 6% (95% CI 0.86 to 1.02, I2=75.2%) (figures 2 and 
4). The pooled risk was substantially unchanged by sensi-
tivity analysis (data not shown). Publication bias was not 
found by Eegg’s test (p=0.702) and funnel plots (online 
supplemental figure 6). Moreover, we pooled five articles 
(six studies) to analyse the dose–response association. 
For each 60 min/week increase in active commuting, 
the risk of hypertension was reduced by 1% (RR=0.99, 
95% CI 0.96 to 1.03, I2=76.5%) (figures 2 and 4). Sensi-
tivity analysis suggested that the pooled risk was substan-
tially unchanged after excluding one study at a time 
(data not shown). Publication bias was not investigated 
by the Egger’s test (p=0.435) and funnel plots (online 
supplemental figure 7). For subgroup analyses, the size 
or direction of the pooled estimates was robust in most 
results. However, the RR of the association between active 
commuting and hypertension for women was 1.03 (95% 
CI 1.01 to 1.06) (table 2). Furthermore, we included 
five articles (six studies) in the restricted cubic splines 
model to indicate a linear association between active 
commuting and hypertension (Pnonlinearity=0.886) (online 
supplemental figure 8).

Association between active commuting and diabetes
We included nine articles (16 studies) that provided the 
association between active commuting and diabetes. 
Compared with inactive commuting, active commuting 
was found to reduce the risk of diabetes (RR=0.82, 95% 
CI 0.76 to 0.90, I2=44.5%) (figures 2 and 5). Sensitivity 
analysis suggested that the pooled risk was substantially 

Figure 2 Association between active commuting and 
obesity, hypertension, and diabetes. (A) active/inactive; (B) 
high/low; (C) per 60 min/week increase.

Figure 3 Forest plot summary of associations between 
active commuting and obesity. (A) active/inactive; (B) high/
low; (C) per 60 min/week increase.

https://dx.doi.org/10.1136/bmjgh-2021-005838
https://dx.doi.org/10.1136/bmjgh-2021-005838
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unchanged after excluding one study at a time (data 
not shown). Both Eegg’s test (p=0.564) and funnel plots 
(online supplemental figure 9) indicated no evidence of 
publication bias. For subgroup analyses, the RR of the 
association between active commuting and diabetes was 
0.97 for men (95% CI 0.82 to 1.14), 0.91 for Asia (95% 
CI 0.80 to 1.03), 0.89 for walking and bicycling (95% 
0.76–1.04) and 0.88 for measured diabetes (95% CI 0.77 
to 1.01) (table 1). A total of 13 articles (24 studies) were 
included to explore the association of highest versus 
lowest active commuting and diabetes. As compared with 
the lowest active commuting group, with the highest 
active commuting, the risk of diabetes was reduced by 
19% (95% CI 0.73 to 0.91, I2=49.8%) (figures 2 and 5). 
The pooled risk was substantially unchanged by sensitivity 
analysis (data not shown). Publication bias was not found 
by Eegg’s test (p=0.488) and funnel plots (online supple-
mental figure 10). Moreover, we pooled seven articles 
(13 studies) to analyse the dose–response association. 
For each 60 min/week increase in active commuting, 
the risk of diabetes was reduced by 4% (RR=0.96, 95% 
CI 0.90 to 1.02, I2=79.3%) (figures 2 and 5). Sensitivity 
analysis suggested that the pooled risk was substantially 
unchanged after excluding one study at a time (data 
not shown). Publication bias was not investigated by the 
Egger’s test (p=0.181) and funnel plots (online supple-
mental figure 11). For subgroup analyses, the size or 
direction of the pooled estimates was robust in most 
results (table 2). Furthermore, we included seven articles 
(13 studies) in the restricted cubic splines model to indi-
cate a linear association between active commuting and 
diabetes (Pnonlinearity=0.099) (online supplemental figure 
12).

DISCUSSION
Based on 28 original articles, we conducted this meta- 
analysis to assess the association between active commuting 
and obesity, hypertension and diabetes by comparing active 
commuting to inactive commuting. We also compared 
the highest to lowest categories and conducted linear or 
nonlinear dose–response analyses. The risk of obesity, 
hypertension and diabetes decreased by 12%, 5% and 18%, 
respectively, for active commuting group compared with 
inactive commuting. Linear associations were found in the 
association between active commuting and the risk of above 
health outcomes.

Previous review36 described the association between active 
transport and obesity. We systematically and quantitatively 
summarised earlier investigations on the association between 
active commuting and obesity. Our results suggest that 
people who were engaged in active commuting had a signifi-
cantly reduced risk of obesity. Similar findings were observed 
in a cross- sectional survey from UK Biobank which revealed 
an independent association between active commuting and 
reduced BMI in mid- life.37 An online survey involving 1450 
participants also described that three bicycling trips per week 
were associated with 31% less risk of obesity.38 Furthermore, S
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we discovered that, when compared with the lowest active 
commuting category, the highest active commuting cate-
gory reduced the risk of obesity by 13%. Furthermore, we 
discovered that the active commuting–obesity relation-
ship was linear. Obese condition is typically accumulated 
over a long period of time, resulting from a chronic posi-
tive energy balance due to daily caloric intake that exceeds 
energy expenditure. However, the overall caloric intake has S
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Figure 4 Forest plot summary of associations between 
active commuting and hypertension. (A) active/inactive; (B) 
high/low; (C) per 60 min/week increase.
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not changed as dramatically over the years,39 suggesting 
that other factors responsible for the overall reduction of 
energy expenditure may be playing a significant role and in 

fact may be the major contributors, for the current obesity 
epidemic. In support to this concept, occupation- related 
physical activity has declined significantly over the past 50 
years,40 providing evidence that reduced occupation- related 
physical activity including commuting may play a major role 
in determining a chronic positive energy balance. Previous 
research has established that socioeconomic status is an 
independent predictor of the mode of commuting, resulting 
in disparities in its accessibility and use.14 Furthermore, the 
choice of commute mode is related to gender status, possibly 
because men are more likely than women to walk or cycle 
further to reach railway stations, which are typically more 
dispersed spatially.37 Further research using longitudinal 
data and quasiexperimental study designs are warranted in 
order to closely understand causal pathways and processes. 
Our findings warrant more interventions to promote active 
commuting as a population- level policy response for preven-
tion of obesity.

The association of active commuting with hypertension 
we found in the pooled analysis suggested a protective 
effect, but the result was not statistically significant. This 
result was not a surprise given that this analysis might have 
been underpowered to detect an effect given the limited 
number of studies available or the low prevalence of walking 
and cycling to work in the general population, which even-
tually may have reduced the statistical power for analysis. 
In addition, there were a very limited number of studies, 
which included energy intake and socioeconomic status as 
confounding variables in the multivariable models14which 
may have introduced a possible limitation in the interpreta-
tion of the results. Furthermore, other unmeasured or unob-
served confounding factors (eg, early life conditions) may 
have played a potential role,41 of which the included studies 
did not account for. More researches should be conducted 
to investigate the association between active commuting and 
hypertension. Whereas, in our analyses, both commuting by 
bicycling and walking showed a statistically significant effect 
on hypertension. The definition of active commuting was 
not consistent across studies. For instance, inability to differ-
entiate between the different types of public transport taken 
and the public transport category also including people 
who reported mixed modes of motorised travel and active 
commuting, a situation which might lead to unstable results. 
Future studies need a better definition of active commuting 
in terms of type, duration, intensity, frequency as well as 
better standardisation of the methods used to evaluate active 
commuting.

Our results support those of a previous meta- analysis of 
including four studies—that cycling to work was significant 
reduction in diabetes risk.16 This may deduce that cycling to 
work, independent of the type of commuting, had a lower 
risk of diabetes. Our findings also suggest that walking to work 
reduced the risk of diabetes. With fast economic develop-
ment and transition, the building of motor- vehicle- oriented 
transport infrastructure allocated increasingly more financial 
and material resources. However, this consistently reduces 
space left for pedestrians and riders. It is also supposed 
that active commuting practices could be discouraged due 

Figure 5 Forest plot summary of associations between 
active commuting and diabetes. (A) active/inactive; (B) high/
low; (C) per 60 min/week increase.
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to stress, tension from unsafe road condition and fear of 
inhaling polluted air. Even so, we found a substantial asso-
ciation between active commuting and diabetes. We believe 
that active commuting reduces sedentary time42 and hence 
impacting insulin resistance.43 Other mechanisms should be 
tested in future studies.

The findings suggested that more efforts should be 
invested in strategizing ways to improve active commuting 
practices. Various approaches such as publicity 
programmes to encourage active commuting, improve 
infrastructure to make roads safer, reduce air pollution, 
extending cycling networks and financial incentives and 
behavioural change should be emphasised and adopted 
worldwide. Meanwhile, policymakers must concentrate 
on how to integrate active commuting into urban life.16 
Companies should consider offering bonuses or incen-
tives to employees who actively commute to and from 
work in order to encourage this practice and create 
healthier and more productive employees. In addition, 
supporting infrastructure such as showers, changing 
rooms, lockers, bicycles and others should be installed to 
encourage active commuting.

This meta- analysis has several strengths. First, it 
included a large number of participants and cases that 
allowed us to quantitatively assess the association between 
active commuting and risk of obesity, hypertension and 
diabetes, thus making it more statistically powerful than 
any single study. Second, we employed a dose–response 
analysis to evaluate the linear and nonlinear associa-
tions. In addition, we considered categories of active 
commuting, including bicycle cycling and walking on 
foot to the working place. These data provide a compre-
hensive insight into the association between active 
commuting and risk of the selected health outcomes 
based on the current evidence.

Our study also had several potential limitations. First, 
the active commuting practice was self- reported by partic-
ipants, an event which might had invited recall bias and 
social desirability bias during data collection. This may 
have overestimated the true association between active 
commuting and obesity, hypertension and diabetes. 
Second, information on the severity of reported chronic 
conditions was not available. Our results should be inter-
preted with caution as it is likely that these conditions 
might be less severe in most participants in the study 
sample who were able to meet the guidelines. Third, 
there was a possibility of publication bias in the meta- 
analysis that looked at the associations between active 
commuting for 60 min per week and the risk of obesity. 
Fourth, although we adjusted our analyses with a number 
of potential confounders, there may be other unmea-
sured confounding factors that were not captured and 
could have affected the magnitude of the association 
between active commuting and the selected chronic 
diseases. Some studies did take dietary consumption into 
account and others did not consider total physical activity 
as covariates, which could affect the independent asso-
ciation of active commuting and obesity, hypertension 

and diabetes. Fifth, some studies in this review did not 
report sufficient information to be included in the dose–
response meta- analysis, which might limit the statistical 
power to detect an association. Sixth, our findings should 
be interpreted with caution because they are based 
entirely on observational studies, which are prone to 
reverse causality bias. Seventh, we discovered significant 
heterogeneity across studies in our meta- analysis, but 
we failed to find the source of heterogeneity using the 
subgroup analysis. Finally, it is noteworthy that the associ-
ation is not significant for 60 min/week increase in active 
commuting, but it is significant in the highest versus 
lowest meta- analysis. We assumed that a small number of 
studies were included to examine the dose–response rela-
tionship, and that moderate to high heterogeneity was 
observed, which could lead to results that are not robust. 
Furthermore, we believe that the threshold for active 
commuting has yet to be discovered in future studies.

CONCLUSIONS
Our meta- analysis indicates that active commuting may 
decrease the risk of obesity, hypertension and diabetes. 
Health professionals, stakeholders and policy planners are 
called to improve infrastructure in such a way that it supports 
a healthy lifestyle, promotes active commuting as a part of 
national and global strategies for the prevention of these 
adverse health outcomes.

Author affiliations
1Department of Epidemiology and Health Statistics, College of Public Health, 
Zhengzhou University, Zhengzhou, Henan, People's Republic of China
2Department of Social Medicine and Health Service Management, College of Public 
Health, Zhengzhou University, Zhengzhou, Henan, People's Republic of China
3Edward J. Bloustein School of Planning and Public Policy, Rutgers University New 
Brunswick, New Brunswick, New Jersey, USA
4Department of Science and Laboratory Technology, Dar es salaam Institute of 
Technology, P.O. Box 2958, Dar es Salaam, Tanzania
5School of Politics and Public Administration, Zhengzhou University, Zhengzhou, 
Henan, People's Republic of China

Twitter Clifford Silver Tarimo @clifford_silver

Contributors All authors were involved and approved the final version of the 
manuscript.

Funding This study was supported by National Key R&D Program of China 
(grant number 2018YFC0114501) ; 2021 Postgraduate Education Reform and 
Quality Improvement Project of Henan Province（grant number YJS2021KC07; 
Zhengzhou University 2020 Key Project of Discipline Construction (grant number 
XKZDQY202007); Use Internet medical technology to help build an interconnected 
intelligent health service system (grant number SB201901072).

Competing interests None declared.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon request.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 

https://twitter.com/clifford_silver


12 Wu J, et al. BMJ Global Health 2021;6:e005838. doi:10.1136/bmjgh-2021-005838

BMJ Global Health

terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCID iDs
Soumitra S Bhuyan http:// orcid. org/ 0000- 0002- 7247- 4438
Clifford Silver Tarimo http:// orcid. org/ 0000- 0002- 0672- 9471

REFERENCES
 1 GBD 2017 Causes of Death Collaborators. Global, regional, and 

national age- sex- specific mortality for 282 causes of death in 195 
countries and territories, 1980-2017: a systematic analysis for the 
global burden of disease study 2017. Lancet 2018;392:1736–88.

 2 Martinez R, Lloyd- Sherlock P, Soliz P, et al. Trends in premature 
avertable mortality from non- communicable diseases for 195 
countries and territories, 1990-2017: a population- based study. 
Lancet Glob Health 2020;8:e511–23.

 3 Reddy KS. Measuring mortality from non- communicable diseases: 
broadening the band. Lancet Glob Health 2020;8:e456–7.

 4 The Lancet Global Health. Getting to the heart of non- communicable 
diseases. Lancet Glob Health 2018;6:e933.

 5 Chowdhury R, Lawrence R, van Daalen K, et al. Reducing NCDS 
globally: the under- recognised role of environmental risk factors. 
Lancet 2018;392:212.

 6 Nishtar S, Niinistö S, Sirisena M, et al. Time to deliver: report of 
the who independent high- level Commission on NCDS. Lancet 
2018;392:245–52.

 7 Baumeister SE, Schlesinger S, Aleksandrova K, et al. Association 
between physical activity and risk of hepatobiliary cancers: a 
multinational cohort study. J Hepatol 2019;70:885–92.

 8 Cauley JA, Giangregorio L. Physical activity and skeletal health in 
adults. Lancet Diabetes Endocrinol 2020;8:150–62.

 9 Keum N, Bao Y, Smith- Warner SA, et al. Association of physical 
activity by type and intensity with digestive system cancer risk. 
JAMA Oncol 2016;2:1146–53.

 10 Kyu HH, Bachman VF, Alexander LT, et al. Physical activity and risk 
of breast cancer, colon cancer, diabetes, ischemic heart disease, 
and ischemic stroke events: systematic review and dose- response 
meta- analysis for the global burden of disease study 2013. BMJ 
2016;354:i3857.

 11 Pandey A, Garg S, Khunger M, et al. Dose–response relationship 
between physical activity and risk of heart failure: a meta- analysis. 
Circulation 2015;132:1786–94.

 12 Guthold R, Stevens GA, Riley LM, et al. Worldwide trends in 
insufficient physical activity from 2001 to 2016: a pooled analysis of 
358 population- based surveys with 1·9 million participants. Lancet 
Glob Health 2018;6:e1077–86.

 13 Shephard RJ. Is active commuting the answer to population health? 
Sports Med 2008;38:751–8.

 14 Laverty AA, Mindell JS, Webb EA, et al. Active travel to work and 
cardiovascular risk factors in the United Kingdom. Am J Prev Med 
2013;45:282–8.

 15 Hu G, Pekkarinen H, Hänninen O, et al. Commuting, leisure- time 
physical activity, and cardiovascular risk factors in China. Med Sci 
Sports Exerc 2002;34:234–8.

 16 Dinu M, Pagliai G, Macchi C, et al. Active commuting and multiple 
health outcomes: a systematic review and meta- analysis. Sports 
Med 2019;49:437–52.

 17 Xiao J, Wu C, Xu G, et al. Association of physical activity with 
risk of metabolic syndrome: findings from a cross- sectional 
study conducted in rural area, Nantong, China. J Sports Sci 
2016;34:1839–48.

 18 Zwald ML, Fakhouri THI, Fryar CD, et al. Trends in active 
transportation and associations with cardiovascular disease risk 
factors among U.S. adults, 2007-2016. Prev Med 2018;116:150–6.

 19 Kwaśniewska M, Kaczmarczyk- Chałas K, Pikala M, et al. Commuting 
physical activity and prevalence of metabolic disorders in Poland. 
Prev Med 2010;51:482–7.

 20 Lu S- rong, Su J, Xiang Q- yong, et al. Active transport and health 
outcomes: findings from a population study in Jiangsu, China. J 
Environ Public Health 2013;2013:624194.

 21 Millett C, Agrawal S, Sullivan R, et al. Associations between active 
travel to work and overweight, hypertension, and diabetes in India: a 
cross- sectional study. PLoS Med 2013;10:e1001459.

 22 Honda T, Kuwahara K, Nakagawa T, et al. Leisure- time, 
occupational, and commuting physical activity and risk of type 2 
diabetes in Japanese workers: a cohort study. BMC Public Health 
2015;15:1004.

 23 Laverty AA, Palladino R, Lee JT, et al. Associations between active 
travel and weight, blood pressure and diabetes in six middle income 
countries: a cross- sectional study in older adults. Int J Behav Nutr 
Phys Act 2015;12:65.

 24 Lerssrimongkol C, Wisetborisut A, Angkurawaranon C, et al. Active 
commuting and cardiovascular risk among health care workers. 
Occup Med 2016;66:483–7.

 25 Huang J- H, Li R- H, Huang S- L, et al. Relationships between different 
types of physical activity and metabolic syndrome among Taiwanese 
workers. Sci Rep 2017;7:13735.

 26 Stroup DF, Berlin JA, Morton SC, et al. Meta- Analysis of 
observational studies in epidemiology: a proposal for reporting. 
meta- analysis of observational studies in epidemiology (moose) 
group. JAMA 2000;283:2008–12.

 27 Rostom ADC, Cranney A. Celiac disease. Rockville (MD): agency for 
healthcare research and quality (US); 2004 Sep. (evidence Reports/
Technology assessments, no. 104.) appendix D. quality assessment 
forms, 2004. Available: https://wwwncbinlmnihgov/books/
NBK35156/

 28 Peterson J, Welch V. The Newcastle–Ottawa Scale (NOS) for 
assessing the quality of non- randomized studies in meta- analysis. 
Ottawa (Canada): Ottawa Health Research Institute. Pediatrics [serial 
online] 2005, 2005. Available: http//www. ohri. ca/ programs/ clinical_ 
epidemiolgy/ oxford

 29 Orsini N, Li R, Wolk A, et al. Meta- analysis for linear and nonlinear 
dose- response relations: examples, an evaluation of approximations, 
and software. Am J Epidemiol 2012;175:66–73.

 30 Bekkering GE, Harris RJ, Thomas S, et al. How much of the data 
published in observational studies of the association between diet 
and prostate or bladder cancer is usable for meta- analysis? Am J 
Epidemiol 2008;167:1017–26.

 31 Tamakoshi A, Lin Y, Kawado M, et al. Effect of coffee consumption 
on all- cause and total cancer mortality: findings from the JACC 
study. Eur J Epidemiol 2011;26:285–93.

 32 DerSimonian R, Laird N. Meta- analysis in clinical trials revisited. 
Contemp Clin Trials 2015;45:139–45.

 33 Greenland S, Longnecker MP. Methods for trend estimation from 
summarized dose- response data, with applications to meta- analysis. 
Am J Epidemiol 1992;135:1301–9.

 34 Higgins JPT, Thompson SG, Deeks JJ, et al. Measuring 
inconsistency in meta- analyses. BMJ 2003;327:557–60.

 35 Begg CB, Mazumdar M. Operating characteristics of a RANK 
correlation test for publication bias. Biometrics 1994;50:1088–101.

 36 Brown V, Moodie M, Mantilla Herrera AM, et al. Active transport 
and obesity prevention - A transportation sector obesity impact 
scoping review and assessment for Melbourne, Australia. Prev Med 
2017;96:49–66.

 37 Flint E, Cummins S. Active commuting and obesity in mid- life: cross- 
sectional, observational evidence from UK Biobank. Lancet Diabetes 
Endocrinol 2016;4:420–35.

 38 Berger AT, Qian XL, Pereira MA. Associations between Bicycling for 
transportation and cardiometabolic risk factors among Minneapolis- 
Saint Paul area Commuters: a cross- sectional study in working- age 
adults. Am J Health Promot 2018;32:631–7.

 39 Rehm CD, Peñalvo JL, Afshin A, et al. Dietary intake among US 
adults, 1999-2012. JAMA 2016;315:2542–53.

 40 Church TS, Thomas DM, Tudor- Locke C, et al. Trends over 5 
decades in U.S. occupation- related physical activity and their 
associations with obesity. PLoS One 2011;6:e19657.

 41 Xin X, Yao J, Yang F, et al. Famine exposure during early life and risk 
of hypertension in adulthood: a meta- analysis. Crit Rev Food Sci 
Nutr 2018;58:2306–13.

 42 Lim MS, Park B, Kong IG, et al. Leisure sedentary time is 
differentially associated with hypertension, diabetes mellitus, and 
hyperlipidemia depending on occupation. BMC Public Health 
2017;17:278.

 43 Kim KS, Kim SJ, Kim S, et al. Association of self- reported sedentary 
time with insulin resistance among Korean adults without diabetes 
mellitus: a cross- sectional study. BMC Public Health 2018;18:1335.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-7247-4438
http://orcid.org/0000-0002-0672-9471
http://dx.doi.org/10.1016/S0140-6736(18)32203-7
http://dx.doi.org/10.1016/S2214-109X(20)30035-8
http://dx.doi.org/10.1016/S2214-109X(20)30064-4
http://dx.doi.org/10.1016/S2214-109X(18)30362-0
http://dx.doi.org/10.1016/S0140-6736(18)31473-9
http://dx.doi.org/10.1016/S0140-6736(18)31258-3
http://dx.doi.org/10.1016/j.jhep.2018.12.014
http://dx.doi.org/10.1016/S2213-8587(19)30351-1
http://dx.doi.org/10.1001/jamaoncol.2016.0740
http://dx.doi.org/10.1136/bmj.i3857
http://dx.doi.org/10.1161/CIRCULATIONAHA.115.015853
http://dx.doi.org/10.1016/S2214-109X(18)30357-7
http://dx.doi.org/10.1016/S2214-109X(18)30357-7
http://dx.doi.org/10.2165/00007256-200838090-00004
http://dx.doi.org/10.1016/j.amepre.2013.04.012
http://dx.doi.org/10.1097/00005768-200202000-00009
http://dx.doi.org/10.1097/00005768-200202000-00009
http://dx.doi.org/10.1007/s40279-018-1023-0
http://dx.doi.org/10.1007/s40279-018-1023-0
http://dx.doi.org/10.1080/02640414.2016.1140221
http://dx.doi.org/10.1016/j.ypmed.2018.09.008
http://dx.doi.org/10.1016/j.ypmed.2010.09.003
http://dx.doi.org/10.1155/2013/624194
http://dx.doi.org/10.1155/2013/624194
http://dx.doi.org/10.1371/journal.pmed.1001459
http://dx.doi.org/10.1186/s12889-015-2362-5
http://dx.doi.org/10.1186/s12966-015-0223-3
http://dx.doi.org/10.1186/s12966-015-0223-3
http://dx.doi.org/10.1093/occmed/kqw029
http://dx.doi.org/10.1038/s41598-017-13872-5
http://dx.doi.org/10.1001/jama.283.15.2008
https://wwwncbinlmnihgov/books/NBK35156/
https://wwwncbinlmnihgov/books/NBK35156/
http//www.ohri.ca/programs/clinical_epidemiolgy/oxford
http//www.ohri.ca/programs/clinical_epidemiolgy/oxford
http://dx.doi.org/10.1093/aje/kwr265
http://dx.doi.org/10.1093/aje/kwn005
http://dx.doi.org/10.1093/aje/kwn005
http://dx.doi.org/10.1007/s10654-011-9548-7
http://dx.doi.org/10.1016/j.cct.2015.09.002
http://dx.doi.org/10.1093/oxfordjournals.aje.a116237
http://dx.doi.org/10.1136/bmj.327.7414.557
http://dx.doi.org/10.2307/2533446
http://dx.doi.org/10.1016/j.ypmed.2016.12.020
http://dx.doi.org/10.1016/S2213-8587(16)00053-X
http://dx.doi.org/10.1016/S2213-8587(16)00053-X
http://dx.doi.org/10.1177/0890117117710735
http://dx.doi.org/10.1001/jama.2016.7491
http://dx.doi.org/10.1371/journal.pone.0019657
http://dx.doi.org/10.1080/10408398.2017.1322551
http://dx.doi.org/10.1080/10408398.2017.1322551
http://dx.doi.org/10.1186/s12889-017-4192-0
http://dx.doi.org/10.1186/s12889-018-6237-4

	Active commuting and the risk of obesity, hypertension and diabetes: a systematic review and meta-analysis of observational studies
	Abstract
	Introduction
	Methods
	Search strategy
	Patient and public involvement
	Study selection
	Data extraction
	Quality assessment
	Data synthesis and analysis

	Results
	Characteristics of included studies
	Association of active commuting and obesity
	Association between active commuting and hypertension
	Association between active commuting and diabetes

	Discussion
	Conclusions
	References


