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Abstract Background: Cardiorespiratory fitness is a strong predictor of all-cause morbidity

and mortality; nevertheless, the association between cardiorespiratory fitness and the risk of

cancer remains unclear. Thus, the aim of this study was to synthetize the evidence on the rela-

tionship between cardiorespiratory fitness and the risk of several sites of cancer in men.

Methods: A computerised search in MEDLINE, EMBASE and Web of Science databases

from their inception to 13th February 2019 was performed. Both fixed and random-effects

models were used to calculate the pooled hazard ratio (HR) estimates and their 95% confi-

dence intervals (CIs) to examine the effect of high and moderate versus low cardiorespiratory

fitness on site-specific cancer (lung, colon/rectum, prostate) and all-sites cancer.

Results: Ten studies were included in the qualitative review, and seven of them were included

in the meta-analysis. Using low cardiorespiratory fitness as the reference group, moderate and

high levels of cardiorespiratory fitness were associated with a lower risk (HRs) of lung cancer,

0.53 (95% confidence interval [CI], 0.39 to 0.68) and 0.52 (95% CI, 0.42 to 0.61); colorectal

cancer, 0.74 (95% CI, 0.55 to 0.93) and 0.77 (95% CI, 0.62 to 0.92) and all cancer sites, 0.86

(95% CI, 0.79 to 0.93) and 0.81 (95% CI, 0.75 to 0.87), respectively.

Conclusions: Among men, cardiorespiratory fitness plays an important role in protecting

against the risk of lung and colorectal cancer. Additionally, this protective effect was observed

for all-sites cancer risk. These results show the importance of good cardiorespiratory fitness as

a potential factor in cancer prevention.

ª 2019 Elsevier Ltd. All rights reserved.
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1. Introduction
Cancer is one of the leading causes of morbidity and

mortality worldwide, and it is the second cause of death

globally. In Europe, it has been estimated that in 2018,

there were over 3.9 million new cancer cases diagnosed

and 1.93 million cancer-related deaths [1,2].
Although genetic factors play an important role in

the aetiology of cancer, some environmental and life-

style risk factors, such as obesity, tobacco use, diet, and

physical activity, are associated with the incidence of

cancer [3]. Physical activity along with dietary intake

and tobacco smoking are among the main modifiable

risk factors for cancer through lifestyle changes [4]. In

fact, regular physical activity has been associated with
the prevention of cancer at various sites [5].

Until recently, cancer epidemiological research has

mostly focused on the influence of physical activity on

the risk of cancer; nevertheless, evidence for the rela-

tionship between cardiorespiratory fitness and cancer

incidence has been growing in such a way that it has

been established that cardiorespiratory fitness is as

strong a predictor of all-cause morbidity and mortality
as physical activity is [6]. The preventive role of

cardiorespiratory fitness is partially explained by its

attenuating role in the relationship between adiposity

and cancer mortality [7]; furthermore, higher cardiore-

spiratory fitness is related to a lower incidence of car-

diovascular diseases, diabetes and chronic obstructive

pulmonary disease, among others, and people suffering

from these diseases have a worse prognosis in the
development of cancer [8e10].

A recent umbrella review including 19 reviews

addressed the relationship between higher levels of

physical activity and a lower risk of cancer at various

sites, especially colon and breast cancers [11]; however,

the association between cardiorespiratory fitness and the

risk of cancer remains unclear. A meta-analysis sup-

ported the relationship between higher cardiorespiratory
fitness levels and a decrease in total cancer mortality risk

[12]; nevertheless, not all cancer cases are fatal. There-

fore, this systematic review and meta-analysis aims to

synthetize the evidence regarding the relationship be-

tween cardiorespiratory fitness and the risk of cancer at

several sites.

2. Methods

This meta-analysis was performed in accordance with

the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses [13] and Meta-Analysis of Obser-

vational Studies in Epidemiology [14], and following the
recommendations of the Cochrane Handbook for Sys-

tematic Reviews of Interventions [15]. This systematic

review and meta-analysis were registered through

PROSPERO (CRD42018088733).
2.1. Search strategy

The MEDLINE (via PubMed), EMBASE and Web of
Science databases were searched from their inception to

13th February 2019. The search strategy applied

included “cardiorespiratory fitness” OR “CRF” OR

“maximal oxygen uptake” OR “physical fitness” OR

“exercise testing” OR “aerobic capacity” OR “exercise

capacity” OR “VO2max”) AND (“cancer” OR “carci-

noma” OR “neoplasm” OR “site-specific cancer” OR

“cancer morbidity”) AND (risk OR incide* OR “follow
up study” OR cohort). Articles included were prospec-

tive studies that analysed the risk of different site-

specific cancers. Additionally, the reference lists of the

full texts retrieved and pertinent systematic reviews were

screened for relevant studies.

2.2. Selection criteria

Two reviewers (D.P.P.-C. and C.A.-B.) independently

conducted a systematic literature search, and disagree-

ments were solved by consensus or involving a third

researcher (V.M.-V.) when necessary. Reviewers were

not blinded to authors, journals, or institutions. The

criteria for the exclusion of studies were as follows: (i)

papers not written in English, French, Portuguese or

Spanish; (ii) studies including subjects who had been
diagnosed with cancer; (iii) studies not reporting the risk

of cancer and/or the level of cardiorespiratory fitness;

and (iv) nonprospective studies, such as review articles,

editorials, comments, guidelines, or case reports. For the

meta-analysis, when a study had multiple published re-

ports, the study providing more detailed data and with

the largest sample size was used. Nevertheless, any of the

reports could be used to obtain information on the study
characteristics.

2.3. Search and data extraction

Data extraction was performed independently by two

authors (D.P.P.-C. and C.A.-B.) using a standardised

data collection form. The following data were collected

from each included study: (i) the name of the first author
and year of publication; (ii) country; (iii) study name;

(iv) period of data collection; (v) sample size; (vi) mean

age and (vii) data concerning cardiorespiratory fitness

(test used and cardiorespiratory fitness values) and

cancer (site, number of events, and hazard ratio [HR]

and the respective 95% confidence intervals [95% CIs]).

2.4. Risk of bias assessment

The validated NewcastleeOttawa scale [16] was used for

cohort studies to assess the quality of the included

studies. In this scale, four points are assigned for the

quality of selection, two points for comparability and



Fig. 1. Literature search: Preferred Reporting Items for Systematic Reviews and Meta-Analyses consort diagram. CRF, cardiorespiratory

fitness; WOS, Web of Science.
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three points for the quality of outcome and the ade-

quacy of follow-up, for a maximum of nine points. Since

no explicit guidelines exist [12,17], for these scores, each

study was rated as “good”, “fair” or “poor” quality

according to whether it scored six or more points, five or

less than five, respectively.

2.5. Statistical analysis

The highest, medium, and lowest categories of cardio-

respiratory fitness reported in the included studies as

“high”, “moderate” and “low” cardiorespiratory fitness

equivalents, respectively, and calculated the HR for each

study separately by comparing the risk of cancer be-
tween the high or moderate cardiorespiratory fitness

category and the lowest one. The estimated HR was

calculated by comparing risk or protective factors to a

reference value.
The Mantel-Haenszel fixed-effects model [18] and the

DerSimonian and Laird random-effects model [19] were

used to calculate the pooled HR estimates and the cor-

responding 95% CIs, which were used to examine the

effect of high and moderate cardiorespiratory fitness on

site-specific cancer (lung, colorectal, prostate) and all-

site cancer, using low cardiorespiratory fitness as the

reference category. Heterogeneity was assessed by the I2

statistic [20], using the following values for its interpre-

tation: low (0%e40%), moderate (30%e60%), substan-

tial (50%e90%) and considerable (75%e100%). The

corresponding p-values were also considered [15].

The sensitivity analysis was conducted by calculating

the pooled estimates after removing studies one by one

to assess the influence of each study on the overall HR.

Statistical analyses were performed using STATA�

SE software, version 14 (StataCorp, College Station,

TX, USA).
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3. Results

As shown in Fig. 1, of the 3388 potentially eligible refer-

ences retrieved in the searches, after removing duplicates

and screening by the title and abstract, ten studies were

ultimately selected. All these studies were included in the

qualitative review [21e30], and because some studies re-
ported data from the same sample, only seven studies were

included in the meta-analysis [21e25,28,30].

The percentage of agreement between reviewers esti-

mated by the kappa statistic during the title-abstract

stage was 91%, and during the full-text stage, the per-

centage agreement was 90%, and any discrepancies be-

tween reviewers in either stage were solved by consensus.

3.1. Studies retrieved and characteristics

The ten studies in this systematic review included 62,899

participants, with sample sizes varying between 2268

and 13,949 participants (Table 1). The mean age of

participants ranged from 40.2 to 59.2 years. No studies
included women. The length of follow-up ranged from

five to 40 years. Studies were conducted in the United

States of America [22,25,27,29], Finland [23,26,28],

Denmark [30] and Norway [21,24].

Seven studies reported the relationship between

cardiorespiratory fitness and the incidence of prostate

cancer [21,24,25,27e30], six studies reported the rela-

tionship between cardiorespiratory fitness and the inci-
dence of lung cancer [21e23,25,26,28], and five studies

described the association between cardiorespiratory

fitness and gastrointestinal tract [28,30] or colon cancer

[21,22,25]. Finally, two studies reported the relationship

between cardiorespiratory fitness and skin cancer

[21,22], oral/digestive cancer [21,30] and cancer of other

sites such as the liver/bile duct/pancreas or kidney

[21,22]; however, the data necessary to calculate the
HRs were not available; thus, it was not possible to

include these in the meta-analysis.

Regarding the test used for assessing cardiorespiratory

fitness levels, four studies used a treadmill for maximal

exercise tests [22,25,27,29], two used cycloergometer

maximal exercise tests [21,24], one used the submaximal

cycloergometer work test [30] and the other three used the

maximal treadmill test but limited the tests by symptoms
because patients had ischaemic heart disease [23,26,28].

Regarding the primary outcome, the incidence of site-

specific cancer was as follows: for prostate cancer, the

incidence ranged from 0.7% to 26.6%, for a total of 3012

prostate cancer cases; for skin cancer, a total of 416

cases were diagnosed, and the incidence ranged from 4.1

to 23.1%; 538 cases of lung cancer occurred, ranging in

incidence from 1.8% to 4.2% and for colon cancer, 873
cases occurred with the incidence varying from 1.3% to

16.9%. The incidence of kidney cancer ranged from 1.5%

to 2.5%, and that of liver/bile duct/pancreas

cancer ranged from 1.8% to 3.8%.
3.2. Meta-analysis

Among the seven studies included in the meta-analysis,
four reported a relationship between cardiorespiratory

fitness and the risk of prostate cancer [21,22,25,30], four

studies reported a relationship with the risk of lung

cancer [21,23,25,30] and four studies reported a rela-

tionship with colon cancer [21,22,25,30]. Additionally,

five studies reported data on cardiorespiratory fitness

levels and overall cancer risk [22,24,25,28,30]. The study

of Nunez et al. [30] provided the necessary data to
calculate the HR of cancer risk for individuals with high

versus low cardiorespiratory fitness but not for moder-

ate versus low cardiorespiratory fitness.

The data extracted from the studies included in the

meta-analysis were adjusted for several covariates (see

Table 1).

3.3. Risk of bias assessment

All studies included received more than six points based

on the NewcastleeOttawa scale; thus, these studies were
of high quality (see online Supplemental Table S1).

3.4. Pooled estimates

Fig. 2 shows a forest plot of cancer risk comparing in-

dividuals with moderate versus low cardiorespiratory

fitness. A moderate cardiorespiratory fitness level was

associated with a lower risk of lung cancer (HRMantel-

Haenszel(MþH) Z 0.53; 95% CI, 0.39 to 0.68; I2 Z 53.5%),

colorectal cancer (HRMþH Z 0.74; 95% CI, 0.55 to 0.93;

I2 Z 48.7%) and all cancer sites (HRMþH Z 0.86; 95%
CI, 0.79 to 0.93; I2 Z 0.0%). A moderate cardiorespi-

ratory fitness level was not associated with the risk of

prostate cancer (HRMþH Z 1.07; 95% CI, 0.92 to 1.21;

I2 Z 0.0%). Also, because only two studies reported

data on skin cancer, it was not possible to calculate

pooled estimates for this site [21,22].

Fig. 3 shows the pooled estimates of cancer risk for

individuals with high versus low cardiorespiratory
fitness. High cardiorespiratory fitness was associated

with a lower risk of lung cancer (HRMþH Z 0.52; 95%

CI, 0.42 to 0.61; I2 Z 62.3%), colorectal cancer

(HRMþH Z 0.77; 95% CI, 0.62 to 0.92; I2 Z 49%) and

all cancer sites (HRMþH Z 0.81; 95% CI, 0.75 to 0.87;

I2 Z 0.0%). No association was found between high

cardiorespiratory fitness and prostate cancer

(HRMþH Z 1.15; 95% CI, 1.0 to 1.30; I2 Z 0.0%).
Pooled HR estimates for skin, genitourinary and oral/

digestive cancers were not calculated because of the

scarcity of studies.

3.5. Publication bias and sensitivity analysis

Publication bias was not assessed because fewer than 10

articles were included in each site-specific cancer



Table 1
Characteristics of studies included in the meta-analysis.

Reference Country/

Study name

Period of

data

collection

Sample

size

Age

mean � SD

CRF assessment/

values

Site and

incidence of

Cancer

Covariates Risk of bias

assessment scoreb

Nunez et al.

2018 [30]

Denmark/

Copenhagen

Male Study

1970e2017 5128 48.8 (range

39e61)
Submaximal

bicycle work

High: 36e78 ml/

kg/min

Moderate: 30

e35 ml/kg/min

Low: 15e29 ml/

kg/min

Prostate: 7.6%

Colorectal:

5.8%

Oral/digestive:

10.6%

Respiratory/

intrathoracic:

8.9%

Genitourinary:

11.1%

Other cancers:

6.3%

All-cancers:

31.9%

Birth decades, smoking,

grams of tobacco a day,

alcohol, socioeconomic

status, systolic blood

pressure, diastolic

blood pressure,

previous acute

myocardial infarction,

diabetes, physical

activity, BMI and

interaction between

BMI-CRF

6 points

Robsahm

et al. 2016

[24] and

2017 [21]

Norway/Oslo

Ischemia

Cohort

1972e2012 1997 <118.9 kJ/

kg:

52.4 � 5.2

119

e161.4 kJ/

kg:

49.9 � 5.0

>161.4 kJ/

kg:

46.9 � 4.8

Total work by

bicycle test

T1: <118.9 kJ/kg

T2: 119

e161.4 kJ/kg

T3: >161.4 kJ/kg

All sites: 44.9%

Mouth/

pharynx: 1.0%

Oesophagus/

stomach: 1.8%

Colon: 3.7%

Rectum: 1.9%

Liver/

gallbladder/bile

duct: 0.6%

Pancreas: 1.2%

Lung: 4.7%

Prostate: 9.1%

Kidney: 1.5%

Bladder: 3.2%

Skin: 4.1%

Lymphoma:

1.3%

Leukaemia:

1.6%

Central

nervous system:

0.8%

Age, BMI and smoking 9 points (both)

Vainshelboim

et al. 2017

[22]

USA/

Veterans

Exercise

Testing Study

1987e2012 4920 59.2 � 11.4 Maximal

treadmill exercise

test

Low: <5.0 METs

Moderate: 5.0

e10.0 METs

High: >10.0

METs

All sites: 25.8%

Skin: 23.1%

Prostate: 26.6%

Colon/rectum:

16.9%

Lung: 8.2%

Head/neck:

4.3%

Liver/bile duct/

pancreas: 3.8%

Kidney: 2.5%

Age, smoking status,

history of drug and

alcohol abuse, presence

of diabetes and BMI

7 points

Pletnikoff

et al.

201526

anda2016

[23]

Finland/

Kuopio

Ischemic

Heart Disease

(KIHD)

1984e1989 2276 Without

cancer:

52.8 � 5.1

Lung

cancer:

54.3 � 4.5

Maximal

symptom-limited

exercise tolerance

test

Q1: 5.8 (1.8e7.2)
Q2: 7.9 (7.2e8.6)

Q3: 9.3 (8.6

e10.0)

Q4: 11.6 (10.0

e18.7)

Lung: 3.2% Age, date of

examination year,

cancer in family,

smoking (cig/years),

education and alcohol

and fruits and

vegetables intake

9 points (both)

Lakoski et al.

2015 [25]

USA/Cooper

Center

Longitudinal

Study

1971e2009 13949 Low fit:

46.0 � 8.0

Moderate

fit:

Maximal

treadmill exercise

test

Low: 8.4 � 1.2

All sites: 12.1%

Lung: 1.4%

Colon: 1.3%

Prostate: 9.4%

Age, visit date, BMI,

smoking, systolic blood

pressure, cholesterol,

diabetes and fasting

8 points
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Table 1 (continued )

Reference Country/

Study name

Period of

data

collection

Sample

size

Age

mean � SD

CRF assessment/

values

Site and

incidence of

Cancer

Covariates Risk of bias

assessment scoreb

(CCLS) 49.0 � 8.0

High fit:

51.0 � 8.0

METs

Moderate:

10.4 � 1.2 METs

High: 13.0 � 1.8

METs

glucose

aByun et al.

2011 [27]

USA/

Aerobics

Center

Longitudinal

Study

(ACLS)

1976e2003 19042 Low fit:

44.4 � 9.3

Moderate

fit:

45.4 � 9.5

High fit:

45.9 � 9.9

Maximal

treadmill exercise

test

Low: 8.6 � 1.2

METs

Moderate:

10.7 � 1.2 METs

High: 13.6 � 2.0

METs

Prostate: 3.3% Age, examination year,

physical activity,

current smoking,

alcohol intake, family

history of prostate

cancer, diabetes,

hypertension,

hypercholesterolaemia,

waist circumference and

BMI

7 points

Laukkanen

et al. 2010

[28]

Finland/

Kuopio

Ischemic

Heart Disease

(KIHD)

1984e1989 2268 Low fit:

52.8 � 5.1

Moderate

fit:

55.0 � 4.1

High fit:

52.7 � 4.8

Maximal

symptom-limited

exercise tolerance

test

Low: <8.3 METs

Moderate: 8.3

e9.5 METs

High: >9.5

METs

All sites: 17.1%

Lung: 2.3%

GI tract: 4.1%

Prostate: 5.6%

Age, examination year,

cigarette smoking,

alcohol consumption,

waist-to-hip ratio,

socioeconomic status

and total caloric, fibre

and fat intake

9 points

aOliveria

et al. 1996

[29]

USA/Cooper

Clinic

1971e1989 12975 <13.7 min:

50.0 � 10.0

13.7

e17.0 min:

44.9 � 9.4

17.0

e21.0 min:

42.5 � 8.9

>21.0 min:

40.2 � 8.6

Maximal

treadmill exercise

test

Q1: <13.7 min

Q2: 13.7

e17.0 min

Q3: 17.0

e21.0 min

Q4: >21.0 min

Prostate: 0.7% Age, BMI and smoking

status

7 points

SD, standard deviation; CRF, cardiorespiratory fitness; METs, metabolic equivalents; BMI, body mass index.
a Study not included in the meta-analysis.
b Scores obtained based on the NewcastleeOttawa scale [16]. According to these scores, each study was rated as “good”, “fair” or “poor”

quality based on whether it scored six or more points, five or less than five, respectively.
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subgroup [31]. In the sensitivity analysis, when the
impact of individual studies was examined by removing

studies from the analysis one at a time, none of these

studies modified the pooled HR estimate.

4. Discussion

To date, no study has synthesised the relationship

between cardiorespiratory fitness and the risk of site-

specific cancer. Our meta-analysis showed a significant

reduction in the risk of lung cancer (47%), colorectal

cancer (26%) and all cancer sites (14%) when comparing

males with moderate versus low cardiorespiratory fitness

levels. Additionally, a decrease in the risk of lung cancer

(48%), colorectal cancer (23%) and all cancer sites (19%)
was observed among males with high versus low

cardiorespiratory fitness levels.

A previous meta-analysis reported an inverse rela-

tionship between cardiorespiratory fitness and all cancer
sites mortality [12]. Because not all cancer cases are
fatal, the ability of cardiorespiratory fitness to prevent

the incidence of cancer was examined in this review. As

reported with mortality, our study demonstrates that

aerobic capacity represents a strong negative predictor

for the risk of developing cancer. Since each cancer site

could have several etiological mechanisms, the influence

of cardiorespiratory fitness on the risk of a specific-site

of cancer may substantially differ for each cancer.
However, to a greater or lesser extent, the preventive

impact of cardiorespiratory fitness on cancer risk is

conveyed through several potential mechanisms such as

chronic inflammation [32], innate immunity [33], DNA

repair ability [34], apoptosis and cell proliferation [35]

and steroid hormone levels [36].

Most lung cancer cases are attributable to tobacco

smoking [37,38], even with secondhand smoke exposure
[39]. To a lesser extent, the relationship between

cardiorespiratory fitness and lung cancer has been



Fig. 2. Forest plot of site-specific risk of cancer for individuals with moderate versus low cardiorespiratory fitness. HR, hazard ratio; CI,

confidence interval; M þ H, Mantel-Haenszel method; D þ L, DerSimonian and Laird method.
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suggested by previous studies [40,41]. In the same way,

smoking poses an additional risk for lung cancer

because of its negative effect on cardiorespiratory fitness

[42]. Our findings support that both moderate and high

cardiorespiratory fitness play a protective role in lung

cancer risk, even after controlling for smoking habits,

since in all the included studies, this behaviour was
adjusted for. Several of the mechanisms mentioned

previously have been argued to link cardiorespiratory

fitness and cancer; among them, the ability of cardio-

respiratory fitness to inhibit tumour initiation and pro-

gression by decreasing circulating steroid hormone

levels [36] plays a pivotal role. In addition, high aerobic

capacity improves immune system function by

increasing the number of natural killer cells [43], as well
as the anti-inflammatory effect [36].
Higher levels of physical activity are inversely

related to the risk of colon cancer [44,45]; however,

although cardiorespiratory fitness reflects the func-

tional consequences of the physical activity habits of

the person [44], there are few studies assessing the

relationship between cardiorespiratory fitness and the

risk of colon cancer. Our study showed a lower risk of
colorectal cancer in men with moderate and high

versus low cardiorespiratory fitness. However, these

results should be interpreted cautiously because infor-

mation on alcohol consumption and dietary factors is

lacking, and these are important risk factors associated

with both exercise-related behaviours and colon cancer

[46,47].

Surprisingly, our meta-analysis did not find any as-
sociation between cardiorespiratory fitness and prostate



Fig. 3. Forest plot of site-specific risk of cancer for individuals with high versus low cardiorespiratory fitness. HR, hazard ratio; CI,

confidence interval; M þ H, Mantel-Haenszel method; D þ L, DerSimonian and Laird method.
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cancer risk. This could be because the included studies

involved white (Caucasian) and high socioeconomic

status men, and it has been argued that people with high

socioeconomic level are usually more physically active

and aware of their health status. As a consequence, a
possible selection bias due to a higher number of small

prostate tumours diagnosed could be the reason behind

this lack of association [21].

A pooled HR was not calculated for the results be-

tween cardiorespiratory fitness level and risk of skin

cancer because only two studies [21,22] provided data on
this cancer. They reported conflicting results; in one

study, a direct relationship between cardiorespiratory

fitness and skin cancer incidence was found [21], and in

the other, there was an inverse relationship between

higher categories of cardiorespiratory fitness and skin
cancer incidence, and this association was statistically

significant for moderate versus low cardiorespiratory

fitness [22]. A potential explanation behind the former

positive association could be that physically active

people spend more time outdoors than sedentary people,

and therefore, the former are more exposed to
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ultraviolet radiation from the sun, which is the main risk

factor for skin cancer [48].

Likewise, a pooled HR was not calculated for the

results between cardiorespiratory fitness level and risk of

genitourinary [24,30] and oral/digestive [21,30] cancers

because only two studies provided data on these cancers.

Finally, when site-specific cancer was not taken into

account, our study revealed that individuals with mod-
erate and/or high levels of cardiorespiratory fitness levels

had a lower risk of cancer (all-cancers combined)

compared those with low levels of cardiorespiratory

fitness.
4.1. Strengths and limitations

This meta-analysis has several limitations that should be

highlighted. First, a limited number of studies were

included because the relationship between cardiorespi-

ratory fitness and the risk of cancer has not been

frequently studied. Second, all participants in the

included studies were white and high socioeconomic

status men, which limits the generalisability and the

external validity of these results. Also related to this
gender limitation, it is surprising that although a nega-

tive relationship has been found between cardiorespi-

ratory fitness and breast cancer mortality [49], no studies

have established the relationship between cardiorespi-

ratory fitness and the risk of breast cancer since, fortu-

nately, most of these cancers are not lethal. Third,

cancer risk is related to several lifestyle habits such as

smoking, physical activity and a healthy diet [50];
although the studies included adjustments for many of

these risk factors, it would have been interesting to

analyse the influence of these risk factors on the rela-

tionship between cardiorespiratory fitness and cancer

risk.

The first strength of our study is that it is the first

quantitative synthesis of the relationship between

cardiorespiratory fitness and cancer risk. Additionally,
this meta-analysis included high-quality studies, with a

large number of participants and long periods of follow-

up. Another important strength is that cardiorespiratory

fitness was measured with objective, validated and

reproducible tests.
5. Conclusions

In conclusion, our findings suggest that cardiorespira-

tory fitness in men may be associated with a lower risk

of lung and colorectal cancer but not prostate cancer.

Because exercise programs have demonstrated their
ability to increase cardiorespiratory fitness in no more

than 12e14 weeks [51,52]; our results, along with those

previous studies relating cardiorespiratory fitness with

cancer mortality, provided evidence to encourage people

to engage in exercise programs to prevent lung and
colorectal cancer. However, these findings are based on

a limited number of studies carried out in white and high

socioeconomic status men; further high-quality studies

including both men and women and other cancer sites

are needed.

Conflict of interest statement

None declared.

Funding source

Diana P. Pozuelo-Carrascosa (FPU14/01370) is sup-

ported by a grant from the Spanish Ministry of Edu-

cation, Culture and Sport (FPU13/03137). Iván Cavero-

Redondo is supported by a grant from the Universidad

de Castilla-La Mancha (FPU13/01582). Samantha
Morais is supported by FEDER through the Opera-

tional Programme Competitiveness and Internationali-

zation and national funding from the Foundation for

Science and Technology e FCT (Portuguese Ministry of

Science, Technology and Higher Education) under the

Unidade de Investigação em Epidemiologia and Insti-
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