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Abstract
Objective: Adopting a healthy lifestyle, including regular physical activity, is
widely believed to decrease cancer risk. This study aimed to quantitatively estab-
lish the dose-response relationships between total physical activity and the risk
of breast, colon, lung, gastric, and liver cancers.
Methods:Asystematic review and dose-response analysiswere conducted using
PubMed and Embase from January 1, 1980 to March 20, 2023. Prospective cohort
studies that examined the association between physical activity and the risks
of any of the 5 outcomes were included. The search was confined to publica-
tions in the English language with a specific focus on human studies. Physical
activity is standardized by using the data from US National Health and Nutri-
tion Examination Surveys (NHANES) and the Global Burden of Disease 2019
database.
Results:A total of 98 studies, involving a combined population of 16,418,361 indi-
viduals, were included in the analysis. Among the included studies, 57 focused
on breast cancer, 17 on lung cancer, 23 on colon cancer, 5 on gastric cancer,

List of abbreviations: WHO, World Health Organization; MET, metabolic equivalent; GBD, Global Burden of Disease; PRISMA, Reporting Items for
Systematic Reviews and Meta-Analyses; PROSPERO, international prospective register of systematic reviews; MOOSE, Meta-analysis of Observational
Studies in Epidemiology; RR, relative risk; HR, hazard ratio; OR, odds ratio; CI, confidence interval; SE, standard error; BMI, body mass index; NOS,
Newcastle-Ottawa Scale; NHANES, National Health and Nutrition Examination Surveys; GPAQ, Global Physical Activity Questionnaire; IPAQ,
International Physical Activity Questionnaire; RCS, restricted cubic spline.
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and 7 on liver cancer. Overall, elevated levels of physical activity exhibited an
inverse correlation with the risk of cancer. The dose-response curve for lung
cancer exhibited a non-linear pattern, with the greatest benefit risk reduction
observed at 13,200 MET-minutes/week of physical activity, resulting in a 14.7%
reduction in risk (relative risk 0.853, uncertainty interval 0.798 to 0.912) com-
pared to the inactive population. In contrast, the dose-response curves for colon,
gastric, breast, and liver cancers showed linear associations, indicating that
heightened levels of total physical activity were consistently associated with
reduced cancer risks. However, the increase in physical activity yielded a smaller
risk reduction for colon and gastric cancers compared to breast and liver can-
cers. Compared to individuals with insufficient activity (total activity level <
600 MET-minutes/week), individuals with high levels of activity (≥ 8,000 MET-
minutes/week) experienced a 10.3% (0.897, 0.860 to 0.934) risk reduction for
breast cancer; 5.9% (0.941, 0.884 to 1.001) for lung cancer; 7.1% (0.929, 0.909 to
0.949) for colon cancer; 5.1% (0.949, 0.908 to 0.992) for gastric cancer; 17.1% (0.829,
0.760 to 0.903) for liver cancer.
Conclusions: This study demonstrated a significant inverse relationship
between total physical activity and the risk of breast, gastric, liver, colon, and
lung cancers.

KEYWORDS
cancer risk, dose-response analysis, Global Burden of Disease, physical activity

1 BACKGROUND

Cancer is widely recognized as a major contributor to
global morbidity and mortality [1]. However, adopting a
healthy lifestyle has the potential to prevent a significant
portion of cancer cases, and addressing modifiable risk
factors presents a financially feasible approach to cancer
control [2]. Despite the well-documented protective effect
of physical activity on various types of cancers, only a lim-
ited number of studies have systematically examined the
dose-response relationships between physical activity and
cancer endpoints. Existing systematic reviews that inves-
tigated the dose-response relationships between physical
activity and specific cancers, such as breast cancer, gas-
tric cancer, liver cancer, colon cancer, and lung cancer,
mostly concentrated on a narrow range of activities, such
as recreational physical activities [3–5]. However, relying
solely on a single category of physical activity fails to pro-
vide a complete understanding as it represents only a small
fraction of daily physical activity [6, 7]. It is worth noting
that all forms of physical activities are beneficial to health
and are recommended by the World Health Organization
(WHO) [8]. By solely considering one aspect of physical
activity, previous studiesmay have produced biased results
and overlooked the potential insights from other domains.

Therefore, it is critical to improve our knowledge regarding
the association between physical activity and cancer risk,
and to present a comprehensive perspective encompassing
various cancer types and locations.
The precise quantification and examination of the dose-

response relationship between overall physical activity and
its impact on health outcomes are crucial. However, the
current absence of a standardized method to measure
this relationship poses a challenge. There is significant
diversity in how physical activity is qualitatively or quan-
titatively assessed and classified in individual studies. As a
result, most meta-analyses fail to thoroughly evaluate the
dose-response correlation between physical activity and
various diseases. To address this pressing issue and gain
comprehensive insights into the effects of different activity
levels on disease outcomes, the standardization of physical
activity assessment across studies is urgently needed.
Metabolic equivalent (MET) refers to the amount of oxy-

gen consumption necessary for sustaining basal metabolic
functions at rest [9]. TheWHOrecommends aminimumof
600MET-minutes/week of total activity across all domains
to attain health benefits [9]. For instance, this could be
achieved by engaging in 133 minutes/week of household
work. Despite the established association between phys-
ical exercise and specific diseases, such as breast cancer,
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gastric cancer, liver cancer, colon cancer, and lung cancer,
the extent to which the risk diminishes with increasing
overall activity remains poorly understood [10, 11]. To date,
no study has examined the specific quantitative relation-
ship between the risks of these diseases and total physical
activity using a dose-response approach.
In this study, we conducted a dose-response analysis to

determine the relationship between total physical activity,
standardized on a continuous scale (MET-minutes/week),
and the aforementioned 5 outcomes (breast cancer, gastric
cancer, liver cancer, colon cancer, and lung cancer) within
the context of the Global Burden of Disease (GBD) 2019.

2 MATERIALS ANDMETHODS

2.1 Literature search

This systematic analysiswas conducted in accordancewith
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [12] andMeta-analysis of Obser-
vational Studies in Epidemiology (MOOSE) guidelines
[13]. The protocol (Supplementary Materials) outlined the
methods employed in this study. We conducted a com-
prehensive search of PubMed (https://pubmed.ncbi.nlm.
nih.gov/) and Embase databases (https://www.embase.
com/) from January 1, 1980 to March 20, 2023, aiming to
identify studies that investigated the association between
physical activity and the risks of any of the 5 outcomes
(breast cancer, colon cancer, lung cancer, gastric cancer,
and liver cancer). Our search was limited to English-
language publications and studies conducted on human
subjects. Details of the search strategies were summarized
in Supplementary Materials.

2.2 Study selection

To identify eligible studies for further dose-response anal-
ysis, the following inclusion criteria were applied based
on the evaluation of titles and abstracts: (1) the expo-
sure variable must pertain to the level of physical activity,
encompassing either total activity or domain-specific activ-
ity that allows conversion to total activity; (2) the outcome
indicator must focus on the incidence of at least one of the
5 selected diseases; (3) the study design must be a prospec-
tive cohort study; (4) the risk estimates (relative risk [RR],
hazard ratio [HR], or odds ratio [OR]) with correspond-
ing 95% confidence intervals (CI) or standard errors (SE)
should be provided, or the necessary information should
be available to calculate them. Prospective cohort studies
were specifically included to minimize common biases,
such as recall and selection biases commonly observed in

case-control studies. For studies that qualitatively catego-
rize physical activity levels (e.g., low, moderate, and high)
without specifying MET values, the reported number of
individuals or person-years within each activity category
must also be provided.

2.3 Data extraction

Three authors (Xiayao Diao, Yutong Ling, and Yi Zeng)
extracted data independently using a standardized data
extraction form. Differences were adjudicated by a fourth
investigator until a consensus was reached on each
item. The following variables were extracted from each
study included in the analysis: authors, publication year,
country of study, follow-up time, gender, baseline age,
types of physical activity (leisure-time/recreation, house-
hold, occupational, and/or transportation-related activi-
ties), method used to measure physical activity, duration,
frequency, and/or intensity of physical activity, quan-
tification of physical activity (e.g., minutes/week, MET-
hours/week), sample size, response rate, number of cases
and individuals in each category, risk estimates with cor-
responding 95% CI, and confounding factors adjusted in
multivariable analysis.
The studies on breast cancer included only the female

population. In cases where multiple RRs were presented,
we extracted the RRs derived from the multivariate model
that offered the most comprehensive adjustment for con-
founding variables. Among studies reporting identical
data and study duration, we prioritized inclusion of the
study that provided more detailed information on physical
activity levels and demonstrated better control for con-
founding variables. Key confounding factors commonly
considered in these studies encompassed age, body mass
index (BMI), smoking history, family history of relevant
outcomes, estrogen and progesterone exposure (for breast
cancer), and lifestyle factors.

2.4 Assessment of quality of included
studies

Two researchers evaluated the methodological quality of
the included studies using the Newcastle-Ottawa Scale
(NOS) [14]. The assessment covered several key areas: (1)
representativeness of the cohort; (2) determining whether
the unexposed groupwas drawn from the same population
as the exposed group; (3) ascertainment of exposure; (4)
establishing whether the outcome of interest was absent at
the beginning of the study; (5) comparability of the exposed
and unexposed group (i.e., adjustment for potential con-
founding variables); (6) ascertainment of the outcome; (7)
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evaluating whether the length of the follow-up period was
sufficiently long (≥ 5 years) for the occurrence of the out-
come; and (8) assessing the completeness of the follow-up
(loss to followup< 20%). Formost items, amaximumscore
of 1 could be given, while comparability allowed for a max-
imum score of 2. The score range was 0 to 9, with a score
of ≥ 6 indicating high quality for a particular study.

2.5 Preparation of data for
dose-response analysis

In order to ensure consistency across studies encompass-
ing various categories of physical activities, we need to
standardize the measurement of domain-specific physical
activity. We used total MET-minutes/week as the metric
for assessing domain-specific physical activity. Domain-
specific physical activity refers to the activities performed
in different domains of an individual’s life, such as
recreational, household, transportation-related, and occu-
pational activities. To clarify, the term MET stands for
Metabolic Equivalent of Task, which signifies the ratio of
the working metabolic rate to the resting metabolic rate.
Specifically, one MET is defined as the quantity of oxygen
consumed while an individual is in a state of quiet sitting,
amounting to about 3.5 mL of oxygen per kilogram (O2/kg)
of body weight/min [15].
In light of the fact that the majority of cohort studies

are conducted in developed countries, we employed data
derived from the US National Health and Nutrition Exam-
ination Surveys (NHANES) from 2017 to 2020. This dataset
was utilized to perform logarithmic-logarithmic ordinary
least squares regression analysis to determine the associ-
ation between total activity and domain-specific activities
[16].
NHANES, a comprehensive survey administered on a

national scale, employs the Global Physical Activity Ques-
tionnaire (GPAQ) as a means to measure leisure, trans-
portation, and occupational activities [17]. This particular
instrument enables the establishment of a framework for
relating domain-specific metrics to overall activity levels
spanning all domains.
One limitation arises from the NHANES survey’s lack of

explicit inclusion of household physical activities, which
stands in contrast to the International Physical Activ-
ity Questionnaire (IPAQ) that encompasses various types
of physical activities, including those performed within
the household. However, previous studies comparing the
assessment of physical activity levels between men and
women in developed countries using the GPAQ and IPAQ
have revealed no statistically significant differences [18].
The regression coefficients were applied to determine

the MET-minutes/week thresholds for domain-specific

activity categories in the included studies. These thresh-
olds were either reported as MET-minutes/week or con-
verted directly to MET-minutes/week. By applying these
coefficients, we derived an estimated total weekly activity
level corresponding to each RR level.
In cases where physical activity was measured quantita-

tively, but not in METs, we calculated MET-minutes/week
by utilizing the reported duration and intensity of the activ-
ities. We assigned a value of 3.3 METs to the time spent
on walking, 4 METs to activities of moderate intensity,
and 8 METs to vigorous activities, in accordance with the
guidelines provided by the WHO [9].
For studies that employed qualitative assessments of

physical activity (e.g., low, moderate, and high) without
additional information on activity duration and intensity,
we calculated the percentiles of activity distribution and
mapped them to the exposure distribution in the GBD 2019
(in MET-minutes/week) to generate estimates of overall
physical activity [19]. Specifically, we assigned a percentile
to each reported activity category based on the percent-
age of the study population belonging to that activity
category. Additionally, percentiles were assigned to each
GBD 2019MET-minute cutoff points (600, 3,999, and 8,000
MET-minutes/week) based on the estimated exposure dis-
tribution from GBD 2019. Within each activity category,
we assumed a uniform distribution of exposure. By map-
ping the percentiles from the studies to those assigned in
the GBD 2019 distribution of physical activity exposure,
we determined the corresponding MET-minute values to
serve as cutoff points for each activity category reported by
a study.

2.6 Data analysis

All statistical analyses were conducted using R software
(version: 4.3.0), and all testswere two-sided. In caseswhere
a study provided separate HR or RR estimates for differ-
ent subgroups (e.g., male vs. female, premenopausal vs.
postmenopausal), we treated each subgroups as a distinct
study entity [20]. In epidemiological studies, 3 poten-
tial dose-response relationships are commonly observed:
linear, non-linear, and categorical dose-response relation-
ships [21]. To establish dose-response relationships, we
employed a regression analysis, treating total physical
activity (expressed inMET-minutes/week) as the indepen-
dent continuous variable, while the dependent variable
was the estimation of cancer incidence risk. Initially,
we assumed all outcomes to be non-linear and used a
restricted cubic spline (RCS) function to fit the dose-
response curve [22, 23]. The Wald test was used to assess
non-linearity with the null hypothesis assuming that the
coefficients of the non-linear terms are 0 [24]. A P < 0.05
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for the Wald test indicated a non-linear model, prompt-
ing further curve fitting using a restricted three-sample
model. Three nodes were set at the 10%, 50%, and 90% per-
centiles of the total physical activity distribution, selecting
the appropriate node according to the actual situation [23,
24]. For results with a Wald test P > 0.05, a linear model
was employed. Statistical heterogeneity among studieswas
assessed using the Q and 𝐼2 statistics [25], with P < 0.1 or
𝐼
2
> 50% indicating heterogeneity [26]. A random effects

model (maximum likelihood estimation) was employed
for studies exhibiting heterogeneity, while a fixed effects
model was used for those without heterogeneity. Studies
with missing data on the numbers of participants or cases
were excluded from the analysis process.

2.7 Sensitivity analysis and publication
bias

To assess the influence of the quality of the included
studies on the overall findings, a sensitivity analysis was
conducted to evaluate the impact of study quality on the
pooled RR by excluding studies with NOS scores < 6. To
further assess the influence of imprecise exposure mea-
surement, additional sensitivity analyses were performed.
These analyses were conducted separately for studies that
measured physical activity quantitatively and those that
assessed it qualitatively. For studies employing qualita-
tively measurement, MET-minutes were estimated using
the GBD 2019 exposure data. To examine the potential
for publication bias, funnel plots and the Egger test were
employed [27]. These methods allowed for the assessment
of any systematic biases in the published studies that could
impact the overall findings.

3 RESULTS

3.1 Overall analysis

We identified a total of 5,625 citations through the litera-
ture search (Figure 1). After removing duplicate citations,
3,448 studies remained to be screened by reading titles
and abstracts. Among these, 180 studies required full-text
reading. We excluded 82 articles that either used the same
dataset as other included studies or had insufficient data
(e.g., lack of information on the number of individuals or
person-years per activity category needed to convert from
qualitative activity levels to MET).
Our dose-response analysis included a total of 98 stud-

ies, encompassing multiple outcomes and involving a total
of 16,418,361 individuals. Specifically, there were 57 stud-
ies for breast cancer (4,529,980 individuals), 17 studies for

lung cancer (2,561,055 individuals), 23 studies for colon
cancer (4,123,457 individuals), 5 studies for gastric can-
cer (3,129,454 individuals), and 7 studies for liver cancer
(2,074,415 individuals). To facilitate the analysis of the
collected data, we organized the information obtained
from the literature into data tables that fulfilled the
requirements for dose-response relationship analysis. For
a detailed overview of each included study, please refer to
Supplementary Tables S1-S6.

3.2 Continuous dose-response relations

The scatter plots and dose-response curves illustrating the
incidence of the 5 cancers with respect to total physical
activity levels are shown in Figures 2-7. The Wald test for
lung cancer risk yielded a P < 0.05, indicating a statisti-
cally significant non-linear relationship. Consequently, an
RCS model was selected for further analysis. Conversely,
for the remaining 4 cancer types, linear models were
chosen as their P values exceeded 0.1. Notably, 3 of the
disease risk models (colon cancer, gastric cancer, and liver
cancer) demonstrated no heterogeneity, as evidenced by
an 𝐼2 of 0%. Thus, these 3 models were combined using a
fixed-effects model. In contrast, the 2 remaining models
(breast cancer and lung cancer) exhibited heterogeneity
with 𝐼2 values of 37.1% and 45.9%, respectively. Therefore,
a random-effects models was employed to combine the
findings of these 2 models. The parameters of these 5
dose-response risk models are included in Supplementary
Table S7.
As shown in Figure 7, there exists an inverse relation-

ship between the risk of cancer and the level of physical
activity in the context of lung cancer (more detailed data
are provided in Supplementary Table S6). The risk of devel-
oping lung cancer demonstrated a decreasing trend as
the total activity level increased from 0 to 13,200 MET-
minutes/week, resulting in a 14.7% reduction in risk (rela-
tive risk 0.853, uncertainty interval 0.798 to 0.912). Notably,
individuals engaging in theminimum activity level recom-
mended by the WHO (600 MET-minutes/week) exhibited
a 1.5% lower risk of lung cancer compared to those who
are physically inactive. Furthermore, increasing the activ-
ity level from 600 to 4,000 MET-minutes/week yielded
a risk reduction of 7.1%. Moreover, an additional reduc-
tion of 6.1% in the risk of lung cancer was observed when
the activity level was further increased from 4,000 to
13,200MET-minutes/week. However, beyond 13,200MET-
minutes/week, the extent of cancer risk reduction gradu-
ally diminished, but the risk remained lower than that of
the inactive population. Notably, individuals with a total
activity level of 30,000 MET-minutes/week experienced a
9.2% reduction in the risk of lung cancer.
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6 DIAO et al.

Records identified
through PubMed

searching (n = 3,314)

Records screened after duplicates removed (n = 3,448)

Full text articles assessed for eligibility (n = 180)

Full text articles excluded (n = 82):
using same datasets or Insufficient data

Studies included in meta-analysis (n = 98*):
Breast cancer (n = 57) 
Lung cancer (n = 17)
Colon cancer (n = 23)
Gastric cancer (n = 5)
Liver cancer (n = 7)

Excluded by reading the titles and abstracts
(n = 3,268)

Records identified
through Embase

searching (n = 2,311)

F IGURE 1 Flow chart of selecting studies for inclusion in dose-response analysis. *, number of included studies for each outcome adds
up to more than 98 because some studies include multiple outcomes.

The dose-response curves for the remaining 4 types of
cancer exhibited a linear pattern, wherein higher levels
of total physical activity were associated with a decreased
cancer risk. Specifically, increasing overall physical activ-
ity levels from 0 to 4,000 minutes/week resulted in risk
reductions of 1.6% for breast cancer, 0.9% for colon can-
cer, 0.9% for gastric cancer, and 2.7% for liver cancer.
Furthermore, elevating the activity level from 4,000 to
13,200 MET-minutes/week yielded additional risk reduc-
tions of 3.7%, 2.1%, 2.0%, and 5.9% for breast cancer,
colon cancer, gastric cancer, and liver cancer, respec-
tively. Notably, the impact of the same increase in physical
activity on colon and gastric cancers was comparatively
smaller when compared to breast cancer and liver can-
cer. More detailed data are presented in Supplementary
Table S6.

3.3 Categorical dose-response relations

Table 1 shows the RR and CI for the association between
physical activity and the 5 studied outcomes. The results of
the categorical dose-response analysis revealed significant
heterogeneity for breast cancer (P< 0.001) and lung cancer
(P = 0.009).

Women classified under different activity levels exhib-
ited varying risks of breast cancer. Those with low activity
levels (600-3,999 MET-minutes/week), moderate activity
levels (4,000-7,999 MET-minutes/week), and high activ-
ity levels (≥8,000 MET-minutes/week) experienced risk
reductions of 5.3%, 9.5%, and 10.3%, respectively, com-
pared to women with insufficient activity levels (<600
MET-minutes /week).
The incidence of lung cancer demonstrated risk reduc-

tions of 5.5%, 8.5%, and 5.9% among individuals classified
as low-, moderate-, and high-activity populations, respec-
tively, as compared to those who exhibited insufficient
levels of physical activity (both men and women). Sim-
ilarly, for colon cancer, corresponding risk reductions of
6.5%, 8.3%, and 7.1% were observed in the same activity
populations.
In the results for gastric cancer and liver cancer, the 95%

CI of 3 groups overlapped with 1, indicating that there was
no statistically significant difference in cancer incidence
risk between the comparable groups. However, when com-
paring individuals with insufficient physical activity levels
to those with moderate and high levels of activity, a risk
reduction of 6.6% and 5.1% for gastric cancer was observed,
respectively. For liver cancer, individuals with high activity
levels exhibited a risk reduction of 17.1% compared to those
with insufficient activity levels.

 25233548, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cac2.12488 by C

ochraneC
hina, W

iley O
nline L

ibrary on [24/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



DIAO et al. 7

F IGURE 2 Scatter plot between total physical activity in MET-minutes/week and the RR of breast cancer. Different colors indicate
different studies. Each point represents the average exposure level of individual. The horizontal axis indicates the total physical activity
interval in MET-minutes/week, and the vertical axis indicates the RR. Abbreviations: MET, metabolic equivalent; RR, relative risk.
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8 DIAO et al.

F IGURE 3 Scatter plot between total physical activity in MET-minutes/week and the RR of colon cancers. Different colors indicate
different studies. Each point represents the average exposure level of individual. The horizontal axis indicates the total physical activity
interval in MET-minutes/week, and the vertical axis indicates the RR. Abbreviations: MET, metabolic equivalent; RR, relative risk.

3.4 Sensitivity and publication bias

A sensitivity analysis was conducted to evaluate the influ-
ence of study quality on the summary RR values by
excluding studies with NOS scores lower than 6. Following
the exclusion of such studies, the findings from the categor-
ical dose-response analysis remained largely consistent.
However, it is worth noting that the adjusted association
between the risk of breast cancer incidence and phys-
ical activity was somewhat diminished. The results are
summarized in Table 2.
Publication bias in the included studies was evaluated

using funnel plots and Egger’s test. The analysis revealed
evidence of publication bias in breast cancer (P = 0.038)

and gastric cancer (P = 0.004). However, no significant
publication bias was found in lung cancer (P = 0.922),
colon cancer (P= 0.613), and liver cancer (P= 0.478) (refer
to Supplementary Table S7).

4 DISCUSSION

This analysis attempted to quantify the dose-response rela-
tionship between overall physical activity across various
domains and the risk of specific cancers. Our investigation
involved data from 98 cohort studies, allowing us to calcu-
late the RRs of cancers for different levels of total physical
activity measured in MET-minutes/week. The findings
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DIAO et al. 9

F IGURE 4 Scatter plot between total physical activity in MET-minutes/week and the RR of liver cancer. Different colors indicate
different studies. Each point represents the average exposure level of individual. The horizontal axis indicates the total physical activity
interval in MET-minutes/week, and the vertical axis indicates the RR. Abbreviations: MET, metabolic equivalent; RR, relative risk.

from our dose-response analysis indicated a consistent
trend: as overall levels of physical activity increased, the
risk of cancers decreased. While a non-linear association
was observed between lung cancer risk and overall physi-
cal activity, the remaining 4 cancer types exhibited linear
relationships with physical activity. Notably, the lowest
risk of lung cancer was observed at a level of 13,200 MET-
minutes/week of physical activity. Our results showed that
the impact of physical activity on breast cancer and liver
cancer was stronger than that on colon cancer and gastric
cancer, indicating that higher levels of physical activity are
associated with greater risk reduction for breast and liver
cancers. Additionally, our study suggests that meeting the
international physical activity recommendations may not

lead to a substantial reduction in the incidence of specific
cancers.
This study offers notable extensions and unveils novel

insights in comparison to previous meta-analyses. Firstly,
our analysis encompassed a larger pool of studies, surpass-
ing the scope of previous quantitative dose-response anal-
yses. To ensure comprehensive coverage, we conducted
a meticulous literature search published from January 1,
1980 to March 20, 2023 in PubMed and Embase databases.
Secondly, while previous systematic reviews predomi-
nantly focused on specific areas of the dose-response
relationship between physical activity and cancer [3, 5],
our study took a broader perspective by quantifying total
physical activity across all domains. This approach allowed
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10 DIAO et al.

F IGURE 5 Scatter plot between total physical activity in MET-minutes/week and the RR of lung cancer. Different colors indicate
different studies. Each point represents the average exposure level of individual. The horizontal axis indicates the total physical activity
interval in MET-minutes/week, and the vertical axis indicates the RR. Abbreviations: MET, metabolic equivalent; RR, relative risk.

us to explore the relationship between physical activity
and 5 specific cancers comprehensively. Lastly, by evaluat-
ing the dose-response correlation between physical activity
and these 5 specific cancers, our study contributed to the
enhanced significance and applicability of our findings in
real-world contexts.
Previous dose-response analyses exploring the relation-

ship between physical activity and cancer have identified a
linear association in various cancer types [18, 28, 29]. Our
study aligns with these previous findings, demonstrating
that increased levels of physical activity are associatedwith
a reduced incidence of breast, gastric, and colon cancers.
However, in contrast to Lin et al. [30], which reported no
significant relationship between physical activity and liver
cancer, our study found that as physical activity increased,
the probability of developing liver cancer decreased.
Our study provided novel insights into the relation-

ship between physical activity and cancer risk. Contrary to

the assumption of a linear inverse association, we found
a non-linear relationship between total physical activ-
ity and lung cancer risk. Beyond a threshold of 13,200
MET-minutes/week, the reduction in lung cancer risk
gradually diminishes; however, the risk remains lower
than that of the inactive population. On the other hand, the
dose-response curves for the remaining four cancer types
demonstrated a linear pattern, indicating that higher levels
of overall physical activity are associated with a decreased
risk of cancer. A distinguishing factor of our study is the
coverage of a broader range of physical activities. This
differs from most prior studies that focus on a specific
type of physical activity, which constitutes a small frac-
tion of total activity. As a result, our findings hold greater
practical relevance in real-world scenarios. Additionally,
our study employs a novel methodology, which provides
fresh perspectives for dose-response analysis studies utiliz-
ing different exposure classifications. Overall, our research
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DIAO et al. 11

F IGURE 6 Scatter plot between total physical activity in MET-minutes/week and the RR of gastric cancer. Different colors indicate
different studies. Each point represents the average exposure level of individual. The horizontal axis indicates the total physical activity
interval in MET-minutes/week, and the vertical axis indicates the RR. Abbreviations: MET, metabolic equivalent; RR, relative risk.

contributes valuable insights to the field, shedding light
on the nuanced relationship between physical activity and
cancer risk.
Our study presents several notable advantages. Firstly,

in comparison to previous dose-response analyses on
breast cancer, gastric cancer, liver cancer, colon can-
cer, and lung cancer, our study boasts a significantly
broader scope of data coverage. This expanded dataset
enhances the robustness and generalizability of our find-
ings. Secondly, we employed a standardized assessment
of physical activity, improving comparability across stud-
ies. Rather than employing a qualitative classification
approach, our methodology ensured a more precise and
consistent measurement of physical activity. Thirdly, our
study encompassed a diverse range of physical activ-
ity categories, capturing a comprehensive overview of
the association between physical activity and cancer
risk.

Despite the above strengths, our study still has sev-
eral limitations that should be acknowledged. Firstly, the
search process limited to two databases and English publi-
cations may have resulted in the omission of relevant arti-
cles. While language-unrestricted systematic reviews have
reported limited non-English researches, the combination
of Embase and Medline databases provides substantial
coverage. Secondly, unmeasured variables and/or poten-
tial effect modifiers may have influenced the observed
relationship between physical activity and cancer risk. As
our analysis relied on data derived from cohort studies,
we were unable to account for recurrent confounding or
effectmodification. In order to explore potential confound-
ing factors, we conducted a stratified analysis using the
publication periods of the studies (1982-2000, 2001-2010,
2011-2023) and the geographic regions of the study pop-
ulations (North America, Europe, Asia) as stratification
variables. Gastric and liver cancers were not involved in
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12 DIAO et al.

F IGURE 7 Continuous risk curve for association between physical activity and 5 cancers (breast cancer, colon cancer, liver cancer,
gastric cancer, and lung cancer). The RR is represented by the blue solid line and the 95% CI by the black dashed lines on either side of the
solid line. The red dashed line represents the linear model in lung cancer. The horizontal axis indicates the total physical activity interval in
MET-minutes/week, and the vertical axis indicates the RR. Abbreviations: MET, metabolic equivalent; RR, relative risk; CI, confidence
interval.
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the analysis because fewer than 10 studies were included.
After stratification, we recalculated the point estimates
and interval estimates of the model coefficients, and the
results showed that the directions of themodel coefficients
were consistent in breast, colon, and lung cancers. It can be
assumed that the stratification factor did not have much
effect on the results. Table 1 and Table 2 show significant
heterogeneity in the results of categorical dose-response
analysis for breast and lung cancers. We recalculated het-
erogeneity after stratifying by the above 2 factors, and
no significant heterogeneity was detected, the heterogene-
ity in breast and lung cancers needs to be investigated
further. Thirdly, the test for publication bias indicated
significant findings for breast and gastric cancers, sug-
gesting the possibility of selective reporting. Finally, we
used NHANES survey from 2017 to 2020 to estimate total
activity across all domains, which may introduce some
degree of imprecision, particularly for countries not rep-
resented in the survey. Additionally, the relatively short
time period covered by the NHANES survey warrants con-
sideration. Acknowledging these limitations, our study
provides valuable insights into the association between
physical activity and cancer risk, but further research is
warranted to address these shortcomings and expand upon
our findings.

5 CONCLUSIONS

Our study highlighted a significant association between
higher level of total physical activity and a reduced risk
of breast cancer, gastric cancer, liver cancer, colon cancer,
and lung cancer. However, the role of physical activities in
reducing the incidence of specific cancers may vary. Par-
ticularly, we observed that individuals engaging in 13,200
MET-minutes/week of physical activity had the lowest risk
of lung cancer. Further research focusing on the detailed
quantification of total physical activity is warranted in
order to provide more precise estimates regarding the rela-
tionship between different levels of physical activity and
the probability of developing various cancers. Such inves-
tigations will contribute to a better understanding of the
role of physical activity in cancer prevention.
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