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ABSTRACT

Objectives Physical inactivity is a risk factor for
cardiovascular disease (CVD). Cycling as a physical
activity holds great potential to prevent CVD. We aimed
to determine whether cycling reduces the risk of CVD
and CVD risk factors and to investigate potential dose-
response relationships.

Design Systematic review and meta-analysis of
quantitative studies.

Eligibility criteria for selecting studies We
searched four databases (Web of Science, MEDLINE,
SPORTDiscus and Scopus). All quantitative studies,
published until August 2017, were included when

a general population was investigated, cycling was
assessed either in total or as a transportation mode, and
CVD incidence, mortality or risk factors were reported.
Studies were excluded when they reported continuous
outcomes or when cycling and walking were combined
in them. We pooled adjusted relative risks (RR) and OR.
Heterogeneity was investigated using |.

Results The search yielded 5174 studies; 21 studies
which included 1,069,034 individuals. We found

a significantly lower association in combined CVD
incidence, mortality and physiological risk factors with
total effect estimate 0.78 (95% ClI (Cl): 0.74-0.82;
P<0.001; 1’=58%). Separate analyses for CVD incidence,
mortality and risk factors showed estimates of RR 0.84
(C1, 0.80 to 0.88; P<0.001; 1>=29%), RR 0.83 (Cl, 0.76
t0 0.90; P<0.001; 1°=0%), and OR 0.75 (Cl, 0.69 to
0.82; P<0.001; 1’=66%), respectively. We found no
dose-response relationship or sex-specific difference.
Conclusions Any form of cycling seems to be
associated with lower CVD risk, and thus, we recommend
cycling as a health-enhancing physical activity.
Systematic review registration Prospero
CRD42016052421.

INTRODUCTION

The rise in non-communicable diseases (NCDs) is
a growing challenge worldwide.' * In 2016, cardio-
vascular disease (CVD) was one of the five leading
causes of years of life lost.> Physical inactivity is
associated with CVD and CVD risk factors,* °
and the WHO has declared physical inactivity the
fourth leading risk factor for global mortality.®
Approximately a quarter of the world’s adults are
physically inactive.” Globally, the level of physical
activity has decreased over previous decades® and
is still decreasing.” Multi-sectorial and multidisci-
plinary public health actions are needed to tackle
the problem of physical inactivity.”

What is already known?

» The rise of non-communicable diseases is a
growing challenge worldwide.

» Physical inactivity is associated with CVD as
well as its risk factors.

» Thus, it is necessary to increase physical
activity levels by means of multi-sectorial and
multidisciplinary public health actions.

> Active transport may be a promising approach
to increase levels of physical activity and reduce
CVD risk.

What are the new findings?
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» Cycling was associated with 22% lower risk of
combined CVD risk than using passiv transport.

» There was no sex-difference or dose-response
relationship of cycling and risk of CV

» Politicians, stakeholders and city planners may
promote cycling as public health action.

Changes in the built environment are likely
to increase the activity level among children and
adults."” Walking and cycling separately, adjusted
for other physical activity, may reduce the all-cause
mortality at a population level."! Active transpor-
tation may also reduce the incidence of NCDs,
including CVD.? Therefore, active transportation
may be a promising approach to increase phys-
ical activity levels and reduce CVD risk. In addi-
tion, cycling as transportation may appeal to many
people who are not interested in participating in
sport as a means of being physically active.

One limitation of research studies investigating
active transportation is that they often combine
walking and cycling.'” This is a problem since
cycling often is performed at a higher exercise
intensity than walking,'® and higher exercise inten-
sity is associated with a further reduction in risk
of coronary heart disease.'* Therefore, cycling
may be more effective than walking in preventing
CVD." To our knowledge, there has not been a
meta-analysis examining prevention of CVD and
cycling. Nevertheless, there are two meta-anal-
yses examining CVD and active transport™ ' and
one literature review of cycling.'” Therefore, this
systematic review with meta-analysis of cycling and
CVD adds increased power to investigate the asso-
ciation, as data are pooled, and accounts better for

BM)

Nordengen S, et al. Br J Sports Med 2019;0:1-10. doi:10.1136/bjsports-2018-099099 = 1

BASem


http://www.basem.co.uk/
http://bjsm.bmj.com/
http://orcid.org/0000-0002-5288-160X
http://crossmark.crossref.org/dialog/?doi=10.1136/bjsports-2018-099099&domain=pdf&date_stamp=2019-06-01
http://dx.doi.org/10.1136/bjsports-2018-099778 
http://dx.doi.org/10.1136/bjsports-2018-099778 
http://bjsm.bmj.com/

Review

the observed heterogeneity than when walking and cycling are
combined.

We aimed to assess the strength of association between cycling
and (1) CVD and (2) CVD risk factors. We hypothesised there
would be similar associations for men and women, and a dose-re-
sponse relationship between cycling and health.

METHODS

We conducted a systematic review with meta-analysis. The
protocol was registered with the PROSPERO database on 6
December 2016 (PROSPERO ID: CRD42016052421) (http://
www.crd.york.ac.uk/PROSPERO/display_record.php?ID=
CRD42016052421) and complied with Preferred Reporting
Items for Systematic Reviews and Meta-Analyses 2009
guidelines.!”

Literature search

We searched for published quantitative studies (prospec-
tive, retrospective, cohort, longitudinal design and cross-sec-
tional studies or randomised controlled trials) that examined
the association of cycling with CVD or CVD risk factors to
8 August 2017. The first author (SN), in cooperation with a
librarian, performed the search. Published and peer-reviewed
articles in English were identified from four electronic data-
bases: Web of Science, MEDLINE, SPORTDiscus and Scopus.
The search strategy consisted of the terms ‘cycling’” OR ‘bicy-
cling’ OR ‘biking’ OR ‘commuter cycling’ AND ‘CVD’ OR

‘CVD risk factors’ OR ‘CVD risk factor’ OR ‘cardiovascular
disease risk factors’ OR ‘cardiovascular disease’ OR ‘cardio-
vascular diseases’ OR ‘cardiovascular disease*.” In total, 5174
records were identified: Web of Science (3525), MEDLINE (via
EBSCO) (522), SPORTDiscus (41)and Scopus (1086). After
elimination of duplicates, 4785 records remained (figure 1).'”
See online supplementary table 1, for example, of full search
strategy run in MEDLINE via EBSCO. We searched the refer-
ence lists of included studies and contacted experts in the field
to identify any studies that may have been missed in our elec-
tronic database search.

Inclusion criteria and selection process

Studies were excluded if they measured domains other than
cycling, such as stationary cycling, or if cycling was a part of
a rehabilitation programme/intervention or investigated an
unhealthy population. We had no criteria for sample size.

We included studies that (1) employed a quantitative design
and studied a general population; (2) assessed cycling exposure
either as a mode of transportation, or as a recreational activity;
(3) measured CVD, CVD mortality or physiological CVD risk
factors as an outcome and (4) reported dichotomous outcome
measures.

Two reviewers (SN and AR) independently assessed the studies
for eligibility with subsequent consensus by discussion.

Records identified through
database searching
(n=5174)

Additional records identified

through other sources
(n=21)
Other sources (n=16)
Updated search (n=5)

(n = 4806)

Records after duplicates removed

A 4

(n = 4806)

Records screened

Records excluded
(n = 4695)
Title (n=4363)

A 4

A 4

Abstract (n=332)

for eligibility
(n= 111)

Full-text articles assessed

Full-text articles excluded,
with reasons
(n=90)

A4

e Not cycling for transport as

(n=21)

Studies included in
qualitative synthesis

separate exposure (n=45)
e Wrong format (n=19)
e Not English language (n=1)
e Duplicate study or cohort

A 4

(n=7)
e Compared to low intensity

cycling (n=1)

Figure 1

Studies included in
quantitative synthesis
(meta-analysis)
(n=21)

Continuous variable (=17)

Flow chart of included studies as proposed by Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement 2009."
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Table 1  Quality assessments of included studies based on the Quality Assessment Tool of Quantitative Studies'®

Confounding Withdraws and
Study Selection bias  Study design factors Blinding Data collection drop-outs Global rating*
Hoevenaar-Blom et a/' Weak Moderate Strong NA Moderate Strong Moderate
Koolhaas et al*® Weak Moderate Strong NA Moderate Moderate Moderate
Armstrong et a/*' Moderate Moderate Moderate NA Strong Weak Moderate
Blond et a/ Weak Moderate Strong NA Moderate Moderate Moderate
Andersen et al 2 Weak Moderate Strong NA Moderate Strong Moderate
Celis-Morales et al 2 Weak Moderate Strong NA Moderate Strong Moderate
Matthews et al*® Strong Moderate Strong NA Moderate Strong Strong
Besson et a/*® Weak Moderate Moderate NA Moderate Weak Weak
Oja et al”’ Moderate Moderate Strong NA Moderate Strong Strong
Sahlquist et al”® Moderate Moderate Strong NA Moderate Moderate Strong
Grontved et al* Moderate Moderate Strong NA Moderate Moderate Strong
Laverty et al*° Weak Weak Strong NA Moderate NA Weak
Wen et af' Moderate Weak Strong NA Moderate NA Moderate
Ostergaard et al Moderate Weak Moderate NA Weak NA Weak
Bere et af*® Weak Moderate Moderate NA Moderate Weak Weak
Sahlquist et al ** Weak Weak Strong NA Moderate NA Weak
Millett et a*® Moderate Weak Strong NA Moderate NA Moderate
Berger®® Weak Weak Moderate NA Weak NA Weak
Evenson et al >’ Moderate Weak Strong NA Moderate NA Moderate
Hu et al® Strong Weak Moderate NA Moderate NA Moderate
Ramirez-Velez et al*® Strong Weak Moderate NA Moderate NA Moderate

*Weak, moderate and strong indicated poor, moderate and high study quality, respectively.

NA, not applicable.

Risk of bias assessment

The included studies were assessed according to the Quality
Assessment Tool of Quantitative Studies.'”® SN and AR inde-
pendently assessed each study. Any case of disagreement was
resolved by discussion. The tool consists of six components:
representativeness of the target group, study design, confounding
factors, blinding of both assessors and participants, reliability
and validity of measures and number of withdrawals and drop-
outs. Each component was rated ‘weak’, ‘moderate’ or ‘strong’
following a standardised rating system, where ‘weak’ and ‘strong’
indicates poor and high quality, respectively. Studies with no
weak components were rated as ‘strong’, studies with one weak
component were rated as ‘moderate’ and studies with more than
one weak component were rated as ‘weak’. For detailed informa-
tion of distribution of study quality, se table 1 .1*=

Contact with authors
We (SN or LBA) contacted the corresponding author when

there was a lack of clarity or when additional information was
needed.”

Data extraction and main analysis
Data extraction was conducted by SN based on the main estimate
exposure, which was defined in accordance with the protocol
as any cycling. Main outcomes were defined a priori as CVD
mortality, CVD incidence and CVD risk factors. CVD and coro-
nary heart disease were treated as CVD for both CVD mortality
and CVD incidence. In studies where relative risk (RR) was
presented with more than one model of adjustment, the most
conservative estimate was included. If both CVD mortality and
CVD incidence were reported,”* CVD incidence was included
due to higher numbers of cases.

For single risk factors, each risk factor was included in the
main estimate, but not when both ‘overweight or obese’ and

‘obesity’ were reported in a single study. In this case, only ‘over-
weight or obese’ was included due to higher numbers of cases.
If studies only reported high and low dose or reported men and
women separately or reported more than one level of dose, we
meta-analysed each study and included the combined estimate
(online supplementary table 2).

Among those 10 studies reporting either CVD mortality or
CVD incidence only, the following was analysed: (1) CVD inci-
dence and total cycling,** (2) CVD incidence and estimated total
cycling,?** (3) CVD mortality and estimated total cycling,”® (4)
CVD mortality and estimated commuter cycling,” % (5) CVD
mortality and total cycling” *” and (6) CVD incidence and esti-
mated commuter cycling."” We included only the estimate of
highest statistical power from each study. This was important to
ensure that individuals were included in the meta-analysis only
once.

Data extraction subgroup analysis

Due to a wide range in reporting of exposure and outcomes,
we classified exposure as total cycling or commuter cycling.
Outcomes were classified by subgroups for CVD mortality,
CVD incidence, grouped CVD risk factors, and single CVD risk
factors. CVD risk factors were only analysed when reported
by =2 studies (online supplementary table 4). This resulted in
subgroup analyses of (1) overweight or obese, (2) obesity, (3)
hypertension, (4) HDL-cholesterol level and (5) triglyceride
level. See table 2 for details of classifications of risk factors. We
analysed hypertensive versus not hypertensive. All subgroups
were analysed for men, women and men and women combined.

Dose-response

Each study was individually recoded into low-dose and high-
dose cycling when possible. Low dose was defined as the lowest
amount of cycling reported, and high dose was defined as
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the highest dose reported (table 2, characteristics of included
studies). For the study by Blond et al,?* low dose was generated
after meta-analysis of low (>0-1h/week) and moderately low
(1-2.5 h/week) cycling. The dose-response relationship was anal-
ysed for total cycling and commuter cycling. When both CVD
incidence and CVD mortality were reported,” CVD incidence
was included in the dose-response analysis.

We reanalysed the dose-response relationship in post-hoc anal-
ysis by redefining the criteria for low and high dose. First, we
redefined the cut-off for high dose as >1h/week, then as >2h/
week and finally we analysed at three dosage levels.”'

Statistics

In all analyses, we ensured that individuals were not analysed
more than once for the same outcome, that is, ‘overweight or
obese’ and ‘obesity.” Due to this, studies were only included
once for CVD incidence and CVD mortality but may have been
included in different subgroup analyses or for equivalent CVD
risk factors. For analyses of CVD incidence or CVD mortality,
we calculated pooled RR or pooled HR. For analyses of each
CVD risk factor, we calculated adjusted OR.

All analyses were performed in Stata v.12.1 (StataCorp LP,
USA), using user-written commands described by Egger et al.*’
The estimates are presented as multivariate adjusted RR (CVD
incidence and CVD mortality) or OR (CVD risk factors) with
95% ClIs.

We used random effect models.*® Dose-response relationships
and differences between sexes were analysed using meta-regres-
sion and presented as B-coefficients and P values. Heterogeneity

Hoevenaar-Blom, 2011
Koolhas, 2016
Armstrong, 2015
Blond, 2016

Andersen ZJ, 2015
Celis-Morales, 2017

was assessed using the I statistic, Q (Cochran’s heterogeneity
test) and P value. The I* statistic was calculated using Stata based
on Q and df.

*=100% x (Q—df)/Q

As proposed by Higgins et al,*' I* describes the percentage of
total variance across studies, with values between 0% and 100%,
where 0% indicates no heterogeneity. Negative values were set
equal to zero.*' Heterogeneity was tested in all analyses, but
should be interpreted with caution when few studies were anal-
ysed due to the possibility of false homogeneity.*!

Following the rule of thumb described by Sterne et al,** the
test for funnel plot asymmetry was only used when there were
more than nine studies in the meta-analysis (figure 2). Sensitivity
analyses, tests for heterogeneity and regression analyses are
presented in online supplementary table 5a-12b.

Small-study effect

The small-study effect was investigated for the total estimate
CVD using the ‘metabias’ and ‘metainf’ commands as described
by Egger et al.** We also performed subgroup analyses for study
quality and for CVD incidence compared with CVD mortality.

Role of the funding source
There was no funding source for this systematic review.

RESULTS
In total, 38 studies fulfilled the primary inclusion criteria. As the
present meta-analysis comprises dichotomous outcomes only, 17

Matthews, 2007

Besson, 2008

Oja, 2017

Sahlqvist, 2013

Grentved_obesity, 2016
Grentved_hypertension, 2016
Grentved_triglyserides, 2016
Laverty_overweight_or_obese, 2013
Laverty_hypertension, 2013
@stergaard_overweight_or_obese, 2012
Sahlqvist_overweight_or_obese, 2012
Millett_overweight_or_obese, 2013
Millett_hypertension, 2013
Berger_obesity, 2017
Berger_hypertension, 2017
Berger_triglycerides, 2017
Bere_overweight, 2011

el

I

Wen_obesity, 2008

Hu_HDL, 2001
Hu_triglycerides, 2001
Ramirez-Velez_triglycerides, 2017]
Evenson_all, 2003|
Ramirez-Velez_HDL, 2017
Berger_HDL, 2017

Combined* —]

]

[
.25

[ [ [ [
5 75 1 25

Effect estimate of CVD incidence, CVD mortality, and CVD risk factors

Figure 2 Forest plot of the main analysis of cycling on CVD incidence (risk ratio), CVD mortality (risk ratio), and CVD risk factors (OR). *The
combined random effect estimate was 0.783 (Cl: 0.744 to 0.824) for CVD incidence, CVD mortality and CVD risk factors combined, indicated by the
diamond in the bottom of the diagram. The combined estimate was statistically significant, but were moderately heterogeneous (I*>=58%). From
the top, the first ten studies are either CVD incidence or CVD mortality estimates, and the latter studies are CVD risk factors. See table 2 details of

included studies.
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Figure 3  Forest plot of sensitivity analysis of main analysis on CVD incidence and CVD mortality. Total cycling is indicated by blue colour, and
commuter cycling is indicated by red colour. *The combined random RR was 0.840 (CI: 0.812 to 0.868, 1’=0%) for CVD Incidence and CVD mortality,
indicated by the diamond in the bottom of the diagram. For CVD incidence the combined RR was 0.837 (0.797-0.880, I°’=30%), and for mortality the
combined RR was 0.827 (0.761-0.899, I’=0%). The inconsistent result of homogeneity is most likely due to few studies in the separate analysis.

studies with outcomes presented only as continuous variables
were excluded. Thus, the present meta-analysis included 21
studies (figure 1). Data were reanalysed of high-density lipopro-
tein (HDL)-cholesterol and triglyceride levels from the study of
Ramirez-Vélez et al*® due to lack of clarity.

In total, 1,069,034 individuals from eight different cohorts
and four different countries were included in the analysis of
CVD incidence and CVD mortality. The estimates were based
on 12,382 incidents and 5950 deaths during a follow-up time
of 9.8+4.9 years. Further, 72,648 individuals from 10 coun-
tries were analysed for one or more CVD risk factors. figure 1
presents detailed information regarding the review process and
exclusions. table 2 summarises the characteristics of the 21
included studies.'*™’

Main analysis of outcome

For the overall analysis of CVD incidence, CVD mortality and
CVD risk factors, there was a significant total effect estimate of
0.78 (95% CI: 0.74 to 0.82, P<0.001; *=58%, Q P<0.001)
(figure 2). The RR for CVD incidence was 0.84 (0.80-0.88,
P<0.001; I*’=30%, Q P=0.22). The RR for CVD mortality was
0.83 (0.76-0.90; P<0.001; I* <0%, Q P=0.58). The OR for
CVD risk factors was 0.75 (0.68-0.82; P<0.001; [*=64%, Q
P<0.001).

Sensitivity analysis of total cycling and commuter cycling in
the main analysis

For total cycling, there was a RR of 0.80 (0.71-0.90, P<0.001;
*=45%, Q P=0.16) for CVD incidence and a RR of 0.84
(0.71-0.99, P=0.037; [*=53%, Q P=0.14) for CVD mortality
(figure 3). For commuter cycling, there was a RR of 0.86

(0.85-0.91, P<0.001; I> <0%, Q P=0.33) for CVD incidence, a
RR of 0.84 (0.74-0.97, P=0.014; I* <0%, Q P=0.73) for CVD
mortality and an OR of 0.75 (0.69-0.82, P<0.001; ’=66%, Q
P<0.001) for CVD risk factors (figure 3).

Subgroup analysis of total cycling

CVD incidence and CVD mortality

When performing subgroup analysis of total cycling, we found a
RR of 0.806 (0.741-0.877, P<0.001; [*=41%, Q P=0.132) for
combined CVD incidence and CVD mortality. Subgroup analysis
showed similar results when CVD incidence was analysed sepa-
rately, with a RR of 0.800 (0.712-0.899, P<0.001; *=45%,
Q P=0.162). Matthews et al**analysed women only, and no
studies analysed men separately. No studies reported results for
combined or single risk factors of total cycling, and thus, all anal-
yses of risk factors were derived from commuter cycling; see
online supplementary table 10a-12b for sex differences.

CVD risk factors only
No study reported total cycling and CVD risk factors.

Subgroup analysis of commuter cycling

CVD incidence, CVD mortality and CVD risk factors

A total of 46 different estimates were reported for commuter
cycling. When CVD incidence, CVD mortality and CVD risk
factors were combined, there was a RR of 0.77 (0.73-0.82,
P<0.001; *=53%, Q P<0.001). Subgroup analysis including
only CVD incidence gave a RR of 0.859 (0.814-0.907,P<0.001;
I* <0%, Q P=0.465); see online supplementary table 12a-b.
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Figure 4 Forest plot of sensitivity analysis of CVD risk factors for commuter cycling. *Combined OR was 0.749 (0.689-0.815, I’=54%) indicated
by the diamond in the bottom. Red boxes indicates overweight or obese, blue box indicates hypertension, green box indicates triglycerides and
yellow box indicates HDL. All risk factors independently beside HDL were significant. For detailed information of each outcome see table 6a-b in

online supplementary tables.

CVD risk factors only
CVD risk factors were reported for commuter cycling. Over-
weight and obesity were the most commonly reported risk
factors (figure 4), and were classified according to WHO.* In
total, ‘overweight or obese’ or ‘obesity’ were reported 14 times.
When analysing ‘overweight or obese’ and ‘obesity,” there was
an OR of 0.633 (0.574-0.669, P<0.001; I> <0%, Q P=0.814)
and OR 0.722 (0.631-0.826, P<0.001; 2=29%, Q P=0.204),
respectively. There was an OR of 0.714 (0.566-0.900, P=0.004;
*=72%, Q P=0.014) for hypertension, 0.827 (0.712-0.961,
P=0.013; I’=52%, Q P=0.098) for triglyceride level and 0.983
(0.822-1.176, P=0.855; I* <0%, Q P=0.502) for HDL-cho-
lesterol level. Triglyceride level remained significant only when
analysing men and women combined. HDL-cholesterol was the
only risk factor not significant for men, women, or combined.
There was no dose-response relationship for total cycling,
commuter cycling or combined total and commuter cycling
(online supplementary table 7a-9b). All post-hoc anal-
yses remained nonsignificant (coefficient = —0.010-0.002,
P=0.648-0.909).

Small study effects
There was a significant small study effect, indicating possible
publication bias (online supplementary figure 1-2).

DISCUSSION

Cycling was associated with a 16% lower risk of CVD incidence,
17% lower risk of CVD mortality and a 25% lower risk of CVD
risk factors. When CVD incidence and mortality were combined,
cycling was associated with a 22% lower risk. However, the
main analysis was heterogeneous (I*=589%), possibly because

we included cross-sectional and prospective studies of popu-
lations of children and adults. To assess CVD incidence and
CVD mortality, we analysed prospective cohort studies of adult
populations.

Our results support those of a previous study of approximately
173,000 adults — that active transportation, especially cycling,
reduces CVD risk." We analysed an almost 10-fold larger popu-
lation and included only cycling as an activity. Our results were
slightly more consistent, and we found a stronger association for
cycling compared with studies combining walking and cycling.
Our results should be of interest for policy-makers and poli-
ticians, since they provide evidence of the protective effect of
cycling on CVD.

CVD risk factors

In our systematic review, the most commonly reported and
most frequently reduced risk factor was overweight or obesity.
In a scoping review, Brown et al'® found a small but significant
reduction in body mass index with active transportation, but
concluded that the effect might be smaller than indicated in the
literature. However, in contrast, we found a 36% lower risk in
cyclists for both overweight and obesity (OR 0.64, CI: 0.58 to
0.70, I*=0%) combined, and a 27% lower risk for obesity (OR
0.73, CI: 0.57 to 0.94, ’=66%). The relatively low heteroge-
neity could be erroneous, due to a smaller number of studies.*!
Therefore, it is possible that our results overestimate the risk
reduction associated with cycling. However, our main analysis
is supported by our subgroup analysis of commuter cycling and
CVD risk factors (online supplementary table 12a-b), adding
strength to our conclusions.
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Hypertension was the second most reduced risk factor (OR
0.71, CI: 0.57 to 0.90). Two studies® *® defined hypertension
based on a self-reported diagnosis by a physician, while Grontved
et al® used systolic and diastolic blood pressure of >140and
>90mm Hg, respectively, or usage of antihypertensive medica-
tions. Further, risk of high triglyceride level was reduced by 18%
for commuter cycling compared with that of passive commuters.
Finally, HDL-cholesterol level was the only non-significant,
homogeneous risk factor. Cycling therefore seems to be associ-
ated with an enhanced CVD profile and thus cycling may be able
to prevent CVD incidence or CVD mortality.

Sex differences

In contrast to a previous meta-analysis,”* we found no evidence
that women experienced a greater effect from cycling compared
with that of men. In our systematic review, CVD incidence and
CVD mortality results were mainly presented in both sexes
combined, whereas CVD risk factor results more often included
a sex-specific analysis. There was a tendency for women to have
greater risk reduction for both high triglyceride and HDL-cho-
lesterol levels compared with men (online supplementary table
10a-12b).

Dose-response relationship

In contrast to previous suggestions, we found no difference
between low-dose and high-dose cycling. Increased cycling dose
was associated with lower CVD risk, especially for commuter
cycling and CVD mortality. This is in accordance with the
finding of Kelly et al,'"' where the steepest risk reduction for
all-cause mortality was for 0-101 min per week of cycling, but
with further reduction in risk among those cycling >101 min per
week.

When analysing the dose-response relationship, there were
several challenges. First, we divided each study individually into
either high or low doses based on the amount of cycling reported
in each study. This resulted in heterogeneity of the definition of
low and high dose: high dose in some studies*® ?® was similar
to low dose in other studies (See table 2 for details). Second,
there were few individuals in high-dose groups compared with
those in low-dose groups; this was due to the low prevalence of
cycling in general and a lower prevalence of high-dose cycling.
Therefore, the results regarding the dose-response relationship
should be interpreted with caution. We encourage researchers
to be more consistent when creating categories for cycling doses
and to report data, including that of low prevalence, in each
category.

1112

Strength and limitations
One of the greatest challenges of analysing cycling behaviour
is that cycling is not a singular behaviour — often individuals
engage in multiple physical activities. This means that people
engaged in other forms of activities may be more likely to choose
active transport as well. Even though 15 of 21 included studies
adjusted for other physical activities, there may be residual
confounding from leisure-time physical activity. In addition, in
included studies with a low prevalence of cycling, cyclists may
be a select group of individuals with superior health (and lower
CVD risk profile). However, the majority of included studies
adjusted for smoking status, alcohol consumption and level
of education (see online supplementary Table 13 for details of
adjustments).

Cycling and walking have different benefits such as an
increased amount of vigorous activity'’; therefore, cycling

might be more protective than walking. Forty five studies were
excluded due to merged groups of walking and cycling. This
might be because few of the included studies were designed to
evaluate the effect of cycling but rather aimed to register activity
levels in large populations. If studies were not primarily designed
to investigate the independent association of cycling and CVD,
this may explain the publication bias we found in our funnel
plot.

All studies used self-reported measurements of cycling and
aimed to register physical activity levels. Self-report measure-
ments may have recall bias, and social desirability bias by over-re-
porting of activity and underestimation of body weight. There
was evidence for a small-study effect, and studies of negative
results were less likely to be published.* This may have influ-
enced our results by increasing the possibility that we overes-
timated the true association between cycling and CVD. On the
other hand, the main analysis was primarily based on high-quality
studies that consistently reported positive associations between
cycling and reduction in CVD incidence and mortality. However,
the results were less certain for the association between cycling
and CVD risk factors since the studies included in those analyses
were of moderate and low quality.

CONCLUSION

Cyclists had lower risk of CVD incidence, CVD mortality and
some CVD risk factors. Similar lower risk of CVD were observed
for men and women. Health professionals, city planners and
stakeholders can recommend cycling to prevent CVD and should
aim to increase the amount of any cycling.
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