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ABSTRACT 

Background 

Physical inactivity is an established risk factor for several cancers of the digestive system 

and female reproductive organs but the evidence for liver cancers is less conclusive. The 

aim of this study was to synthesize prospective observational studies on the 

association of physical activity and liver cancer risk by means of a systematic review 

and meta-analysis.   

Methods 

We searched Medline, Embase and Scopus from inception to January 2019 for 

prospective studies investigating the association of physical activity and liver cancer 

risk. We calculated mean hazard ratios (HR) and 95% confidence intervals (CI) using 

a random-effects model. We quantified the extent to which an unmeasured 

confounder or an unaccounted selection variable could shift the mean HR to the null.  

Results 

Fourteen prospective studies, including 2,738 liver cancers, were included in the 

systematic review and meta-analysis. The mean HR for high compared to low 

physical activity was 0.75 (95% CI = 0.63 to 0.89; 95% prediction interval = 0.52 to 

1.07; I² = 64.2%). We estimated that 67.6% (95% CI = 56.6 to 78.5) of all true effect 

estimates would have a HR <0.8. Bias analysis suggested than an unobserved 

confounder would have to be associated with a 1.99-fold increase in the risk of 

physical activity or liver cancer to explain away the observed mean HR. An 

unaccounted for selection variable would have to be related to exposure and 

endpoint with a relative risk of 1.58 to explain away the mean HR.  

Conclusion 
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Physical activity is inversely related to the risk of liver cancer. Further studies with 

objectively measured physical activity and quasi-experimental designs addressing 

confounding are needed. 

 

Keywords: Physical activity, liver cancer, hepatocellular carcinoma 
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 Worldwide, liver cancer was the fourth leading cause of cancer death in 2015 

after lung, colorectal, and stomach cancer [1]. The most common type of primary 

liver cancer is hepatocellular carcinoma. The burden of liver cancer varies markedly 

by sex and geographic region [2]. Major risk factors include infections (hepatitis B 

virus, hepatitis C virus), aflatoxins, metabolic factors (diabetes, excess body fatness) 

and behavioral factors (alcohol consumption, tobacco) [3, 4]. In the past several 

decades, we have witnessed an increase in the incidence of liver cancers in Western 

countries [1, 5]. Obesity and physical inactivity have emerged as risk factors for a 

number of cancers of the digestive system and female reproductive organs [6, 7]. 

Based on current knowledge, factors related to energy balance, encompassed by 

physical activity and obesogenic effects of diet, are estimated to account for 10-15% 

of the overall cancer burden [8]. A previous systematic review and meta-analysis 

found an inverse association between total physical activity and liver cancer risk [9]. 

However, that systematic review and meta-analysis [9] was not comprehensive, as it 

did not include a recent multinational cohort study [10].  

 Nonetheless, as stated by the World Cancer Research Fund International [7] 

and an umbrella review [6], the existing evidence is inconclusive to support a 

beneficial effect of physical activity for lowering the risk of liver cancer. Moreover, 

meta-analysis of observational studies might exaggerate bias due to confounding by 

increasing statistical power and reducing random variability [11-15]. In particular, few 

existing prospective studies on the association between physical activity and liver 

cancer risk were adjusted for all relevant confounding factors, including hepatitis 

infection [10, 16]. In addition, observational studies can be subject to selection bias, 

whereby the parameter being estimated differs from a causal effect in the total 

population, due to differential restriction of the study population [17]. Therefore, bias 

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/advance-article-abstract/doi/10.1093/jnci/djz111/5511823 by G

SF Forschungszentrum
 user on 12 June 2019



5 
 

analysis is particularly important in meta-analyses of observational studies, where a 

central role is to assess the current quality of evidence. We conducted a systematic 

review of the literature and summarized eligible prospective studies on the 

association of physical activity and liver cancer risk, and performed bias analyses to 

examine the robustness to unobserved confounding and selection bias. 

 

Methods 

Literature search 

We conducted this systematic review and meta-analysis following the Meta-analysis 

of Observational Studies in Epidemiology [18] guideline. Two investigators (SEB, 

SS) searched Medline, Embase and Scopus from database inception to January 23, 

2019 for studies that investigated the association between physical activity and the 

risk of liver cancer. We tailored search strategies to each database and used 

controlled vocabulary and search filters where available, or Boolean search methods 

and free text terms. Full search terms are provided in the Supplementary Materials 

(Supplementary Boxes 1-3). We restricted the search to human studies. No date or 

language restrictions were used. References of relevant publications were hand-

searched for additional articles. 

 

Study selection 

Two authors (SEB, SS) independently performed the search, read the full texts of all 

identified articles to determine whether each study met the eligibility criteria; and 

resolved discrepancies by discussion. Included studies fulfilled the following criteria: 

(1) prospective design (i.e., cohort, nested case-control, case-cohort, follow-up of 

randomized controlled trial), (2) physical activity used as an exposure variable, (3) 
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liver cancer incidence or liver cancer mortality as outcome; (4) performed among 

general (healthy) populations > 18 years without prevalent cancers at baseline; (5) 

provided hazard ratios (HRs) or relative risks (RRs) estimates with 95% confidence 

intervals (CI). Studies were excluded if they measured muscle strength, physical 

fitness or cardiorespiratory fitness but not physical activity. If multiple studies 

reported on the same dataset, we included the one with the largest number of cases 

or longer duration of follow-up, more detailed report of physical activity and better 

control of confounding variables. We considered the following to represent a minimal 

set of adjustment variables: age, sex, educational attainment, smoking, alcohol 

consumption, and coffee intake [10, 16, 19]. 

 

Data extraction and evaluation of study quality 

Data were extracted using a standardized data extraction form. SB and SS 

independently checked the data. For each of the eligible studies, the following 

information was extracted: first author’s name; publication year; study name; 

population; country; age at baseline; sex; number of participants and cases; cancer 

site; type and intensity of physical activity; comparisons made; HRs or RRs and 95% 

CI from multivariable adjusted models; confounding factors (Table 1). Because liver 

cancer is relatively rare by the end of follow-up, HRs were treated as estimators of 

RRs [20-22]. The HR and 95% CI was inverted for one study [23] that used the most 

active group as the reference category. A within‐study inverse-variance weighted 

fixed‐effect model was performed to obtain an overall estimate when HR were 

separately reported for men and women [23, 24]. 

We used the Newcastle Ottawa Scale (NOS) [25] to assess the quality of 

included studies including representativeness of the cohort, whether the non-
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exposed participants were drawn from the same population as the exposed, 

ascertainment of the exposure, whether the outcome of interest was absent at the 

study onset, comparability (conditional exchangeability) of the exposed and 

unexposed (that is, if adjustment for the minimal adjustment set, as defined above, 

was made), ascertainment of the outcome, whether the length of the follow-up was 

long enough (at least five years) for the outcome to occur, and the completeness of 

the follow-up (loss to follow-up <20%). A minimum score of 2 can be awarded for 

comparability and a maximum of 1 can be given for each of the remaining items. A 

study can achieve a maximum possible quality score of 9. 

 

Statistical analysis 

We used the Hartung-Knapp/Sidik-Jonkman random-effects meta-analysis approach 

(whose advantages were demonstrated previously [26, 27]) to combined study-

specific log HR, with the empirical Bayes estimator for the between-study variance 

(τ²) [26], for estimation of a mean HR, with corresponding 95% confidence intervals 

and 95% prediction intervals [28]. The 95% CI from a random-effects model contains 

highly probable values for the mean HR [28, 29]. The 95% prediction interval 

estimates where the true HR is to be expected for 95% of studies in similar settings 

in the future [28, 29]. We reported the percentage of total variation due to 

heterogeneity (I²); values greater than 50% to 75% are considered moderate to large 

[29]. Cochran’s Q statistic was used to test for between-study heterogeneity. 

Heterogeneity was further examined by estimating the proportion of studies in the 

population with evidence for a clinically meaningful effect (using thresholds for a 

mean HR of ≤0.7, ≤0.8, ≤0.9) and the estimated proportion of studies with harmful 

effects (i.e., HR>1) [14, 28]. Random-effects meta-analysis was additionally stratified 
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by study quality (NOS [25] < 6 vs ≥6 points), endpoint (incident liver cancer vs. liver 

cancer mortality), type of physical activity (total physical activity, leisure-time physical 

activity, vigorous physical activity, sports participation), sex (as some studies only 

included male or female participants), and geographic region (Asia, Europe, United 

States). Since there were few studies in these strata, we did not perform meta-

regression to identify sources of heterogeneity. All statistical tests were two-sided 

and P values < 0.05 were considered as statistically significant. 

 

Bias analysis 

We performed bias analysis to examine possible effects due to inclusion of small 

studies, selective publication of positive findings, and sensitivity to unobserved 

confounding and selection bias. We evaluated publication bias and small study 

effects (funnel plot asymmetry) using the regression-based tests proposed by Egger 

and Debray [30], the trim-and-fill method [31], and the Copas selection model [31]. 

We conducted adjustment for small study bias using the Rücker’s regression-based 

shrinkage estimator [31]. Random-effects meta-analysis of observational studies can 

produce biased estimates of pooled effect sizes if the synthesized individual studies 

are subject to unmeasured confounding or selection bias [11-13]. We used sensitivity 

analyses for unmeasured confounding in a random-effects meta-analysis. Specially, 

we quantified the magnitude of unmeasured confounding capable of reducing the 

mean HR to the null [15]. This approach to sensitivity analysis is a meta-analytic 

extension of the E-Value, a popular metric that quantifies the minimum strength of 

association than an unmeasured confounder would need to have with the exposure 

and the outcome on the RR scale to fully account for an observed exposure-outcome 

association, above and beyond the measured covariates [20]. Given the 

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/advance-article-abstract/doi/10.1093/jnci/djz111/5511823 by G

SF Forschungszentrum
 user on 12 June 2019



9 
 

heterogeneity of the random-effects model estimate, we additionally reported the 

unobserved confounding strength required to nullify 10% to 50% of studies with true 

HR larger than a meaningful scientific threshold (i.e., HR<0.9) [15]. We used an 

upper bounding factor approach to selection bias to determine the strength of 

selection on the RR scale that would be necessary to explain away the mean HR 

[17]. The statistical software R (version 3.5.1, Foundation for Statistical Computing, 

Vienna, Austria; packages EValue [15], meta, metafor, metamisc [30], and metasens 

[31]) was used. 

 

Results  

Systematic Review 

Our literature search identified a total of 400 publications (Figure 1). After removal of 

duplicate publications, 172 studies remained for title and abstract screening, of which 

22 were potentially relevant for full text review. Among the 22 reviewed publications, 

studies (with possible overlap) were excluded from the primary meta-analysis on 

physical activity and liver cancer if the exposure variable was not physical activity (n 

= 6) [32-37], or if the outcome was not liver cancer (n = 1) [19]; or the effect 

estimates for physical activity were not shown (n= 4) [32, 33, 37, 38]. Additionally, 

studies were excluded, if the study design was not prospective (n=5) [39-43], or if the 

article had a shorter follow-up or fewer events than another publication from the 

same study (n=5) [16, 37, 44-46]. 

This left a total of 14 eligible studies, from 6 publications [10, 23, 24, 47-49]. 

Taken together, those studies included 2.39 million individuals and 2,738 liver cancer 

events or deaths. Characteristics of included studies are shown in Table 1. Self-

reported physical activity, measured at baseline, served as exposure variable in all 
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studies. The mean follow-up time was 11.6 years (range = 6 to 20). The age of 

included participants ranged from 20 to 93 years (median = 45) at baseline 

examination. Among the 14 included studies, eight were conducted in the U.S., two 

in Europe, and four in Asian countries. The quality of the studies was moderate to 

high for eleven studies and low for three studies.  

 

Meta-analysis for the association between physical activity and liver cancer 

risk 

The random-effects meta-analysis showed that physical activity is inversely 

associated with liver cancer risk. The mean HR for liver cancer risk, comparing high 

and low levels of physical activity, was 0.75 (95% CI = 0.63; 0.89) (Figure 2). There 

was moderate heterogeneity between studies (Cochran’s Q P value = 0.001; I² = 

64.2%). Based on the point and τ² estimates from the random-effects model, we 

estimated that 30.7% (95% CI = 19.0; 42.4%), 67.6% (95% CI = 56.6; 78.5%) and 

90.3% (95% CI = 76.0; 99.1%) of all true effect estimates will have mean HRs below 

0.7, 0.8, and 0.9, respectively. We further estimated that 2% (95% CI = 0.13; 8.3%) 

of all studies have HRs larger than 1.0. The 95% prediction interval for the mean HR 

of 0.75 was 0.52 to 1.07; this additionally suggests that, with high probability, a new 

HR drawn from the population will be below 1. When the meta-analysis was stratified 

by study quality, endpoint (incidence, mortality), type of physical activity, sex, and 

region, we found difference with regard to type of physical activity (Cochran’s Q P 

value <0.001) (Table 2). Studies using total physical activity as the exposure 

variable revealed the largest HR and a study that used the participation in sports as 

the exposure revealed the smallest HR. 
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Bias analysis 

There was little evidence for publication bias using analyses of funnel plot 

asymmetry, as indicated by Egger’s test (P value = 0.46) and Debray’s test (P value 

= 0.23) (Supplementary Table 1, Supplementary Figure 1). We used the trim- 

and-fill method, Copas selection model, Rücker’s shrinkage procedure, and the 

leave-one-out procedure to examine small study bias (Supplementary Table 2, 

Supplementary Figure 2). The trim-and-fill method mirrored one of the cohorts 

included in a pooled analysis of nine U.S. and European cohorts [47]. The mean 

HRs and 95% CIs from these bias analyses were in agreement with our primary 

finding. Of note, when the NIH-AARP Diet and Health Study was excluded in leave-

one-out analysis, heterogeneity was substantially reduced (I² = 37.2%, τ² = 0.006), 

and the mean HR was 0.81 (95% CI = 0.71; 0.92; prediction interval = 0.66; 0.98). 

In the bias analysis for unobserved confounding, for an unmeasured 

confounder to explain the mean HR of 0.75, an unobserved confounder would have 

to be associated with a 1.99-fold increase in the risk of physical activity or liver 

cancer, above and beyond the measured confounders. For an unmeasured 

confounder to bring the upper confidence limit of 0.89 for this mean HR above 1.0, 

the unmeasured confounder would have to be related to physical activity and liver 

cancer risk with a RR of 1.49 above and beyond the measured confounders. 

Unobserved confounder strengths with RRs of 2.22, 2.03, 1.90, 1.78, and 1.68, 

respectively, would be necessary to shift 10%, 20%, 30%, 40%, and 50% of all true 

studies with HR<0.9 to 1.0 (Supplementary Figure 3). By calculating the upper 

bounding factor √1 0.75⁄ +  √1 0.75⁄ − √1 0.75⁄  = 1.58, we come to the conclusion 

that unaccounted for selection variables would have to be related to physical activity 
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and liver cancer with a RR of 1.58 to produce an observed HR of 0.75 if the true HR 

= 1.0. 

 

Discussion 

The results of this meta-analysis, including 2,738 liver cancer cases from 14 

prospective observational studies, indicated that high versus low physical activity 

reduces the risk of liver cancer by 25%. There was moderate heterogeneity between 

studies but we estimated that 90% of all true HR would be smaller than 0.9 and 68% 

of all true HR would be smaller than 0.8.  

To our knowledge, one previous systematic review and meta-analysis [9] has 

summarized available prospective cohorts on the association of physical activity and 

liver cancer risk. This meta-analysis produced a mean RR of 0.75 (95% CI = 0.66; 

0.86; I² = 0%) for the association of high versus low total physical activity and liver 

cancer risk, though differences in the evaluation of individual studies exist. By 

comparison, a pooled analysis from ten cohorts reported a mean HR of 0.73 (95% CI 

= 0.55; 0.98; I² = 55%) [47]. Of note, the meta-analysis [9] and the pooled analysis 

[47] did not include the most recent pan-European cohort study on physical activity 

and liver cancer risk [10]. 

A concern of our meta-analysis includes the potential for uncontrolled 

confounding. Although most estimates in the individual studies were adjusted for 

relevant confounders, meta-analysis of observational associations can be biased 

due to residual confounding. Most notably, chronic infections with hepatitis virus B 

and C are strong liver cancer risk factors and account for >70% of liver cancers 

worldwide [3, 4]. Very little data from prospective settings are available from 

populations with high hepatocellular carcinoma incidence and a greater contribution 
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of chronic hepatitis infection [10]. Accordingly, due to the potential for residual 

confounding by unmeasured confounders in several of the individual studies, we 

performed sensitivity analysis to quantify the extent to which associations across 

studies were robust to unmeasured confounding. We found that a modestly strong 

unobserved confounder, with a 1.99-fold increase of the risk of the exposure or 

outcome, would suffice to explain away the mean HR of 0.75. A confounder strength 

of a 1.49-fold increased risk of exposure and outcome would suffice to render the 

estimate statistically non-significant. Individuals with HBV and HCV infections show a 

15- to 20-fold increase in the risk of HCC compared to sero-negative individuals [51], 

indicating the potential for unobserved confounding by hepatitis virus infection to 

account for the observed association between physical activity and liver cancer risk. 

Selection bias with a 1.58-fold increased risk for unaccounted for selection variables, 

would be sufficient to shift the observed HR to the null. Thus, a potential role for 

chronic hepatitis infection and other unobserved confounders and selection factors 

(such as lack of access to medical care or adverse socioeconomic conditions 

association with cohort participation) remains to bias the observed association of 

physical activity and liver cancer risk. 

Limitations of our meta-analysis include that individual studies relied on self-

reported measures of physical activity, which may introduce measurement error and 

potentially biased effect estimates. Self-reported measures of activity may be 

affected by mood states, social desirability or cognitive biases that also may affect 

liver cancer liability. However, a majority of the studies used physical activity 

questionnaires that underwent rigorous validation against objective measures of 

energy expenditure and cardiorespiratory fitness. A further concern is that 

assessments of type, duration and intensity of physical activity differed somewhat by 
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study. In addition, not all studies assessed moderate and vigorous physical activities 

separately. Since the majority of the included studies reported risk estimates for high 

versus low levels of physical activity, we could not examine intensities of physical 

activity required to reduce liver cancer risk using dose-response meta-analysis. 

Finally, only one included study [10] reported effect estimates on types of 

hepatobiliary cancers, which precluded analyses by cancer subtype. 

A large number of experimental and observational studies suggest that the 

most important mechanism by which physical activity affects gastrointestinal cancer 

occurrence is by lowering body weight (visceral fatness in particular) [52, 53]. The 

exact biologic mechanisms underlying the association between adiposity and liver 

cancer are not fully established, but main mechanisms include dysregulation of 

adipose tissue-derived inflammation (immune-related and other), alterations in 

insulin signaling, growth hormone pathways, and sex hormone metabolism [53-55]. 

In conclusion, this quantitative synthesis of all available prospective studies suggests 

that physical activity reduces the risk of liver cancer. This study leveraged 

quantitative bias analysis to test how much unobserved confounding and selection 

bias would suffice to bias effect estimates. Moderately strong unobserved 

confounding and selection bias suffice to explain away the observed inverse 

association between physical activity and liver cancer risk. Studies with more 

detailed and objectively measured physical activity assessed at multiple time points 

throughout the life course, and adjustment for hepatitis infection, are needed to 

provide additional evidence on this association. Recent developments in quasi-

experimental designs [56, 57] offer the opportunity to further reduce potential 

confounding bias. Stronger evidence for causal associations is of great importance 

because few modifiable factors for preventing liver cancer are known. 
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Tables 

 

Table 1.  Characteristics of prospective studies of physical activity and liver cancer 

Author, Year 
(Reference) 

Study, Age 
range at 
baseline, 
Follow-up 

Study 
population 
(Country) 

Outcome, 
No. cases 

Definition of 
physical 
activity 

Comparison 
Study 
quality 
score* 

HR or RR 
(95% CI) 

Controlled 
covariates 

Included in 
primary or 
subgroup 
analyses 

Baumeister, et al., 
2019 [10] 

European 
Prospective 
Investigation 
into Cancer 
and Nutrition 

Study, 
438,948 men 
and women, 
25-70 years, 

Median follow-
up: 14.9 years 

General 
population 
(Denmark, 

France, 
Germany, 

Greece, Italy, the 
Netherlands, 

Norway, Spain, 
Sweden, and the 
United Kingdom) 

Incident liver 
cancer, 

275 

Total physical 
activity 

Active vs 
inactive 

9 0.55  
(0.38 to 0.80) 

Sex, age, 
education, 

smoking, baseline 
alcohol, lifetime 
alcohol, coffee 

intake 

Primary 
analysis 

Moore, et al., 2016 
[47] 

National 
Institutes of 

Health–AARP 
Diet and 

Health Study, 
507,826 men 
and women, 
50-71 years, 
Mean follow-

up: 11.0 years 

American 
Association of 

Retired Persons 
members (United 

States) 

Incident liver 
cancer, 

619 

Moderate and 
vigorous leisure 

time physical 
activity 

90th to 10th 
percentile of 

study-specific 
physical 
activity 

measure 

9 0.52  
(0.42 to 0.65) 

Age, sex, 
smoking, alcohol, 
education, race 

Primary 
analysis 

 Breast Cancer 
Detection 

Demonstration 
Project, 
37,228 
women, 

39-93 years, 

Participants of 
screening 

program (United 
States) 

Incident liver 
cancer, 

28 

Moderate and 
vigorous leisure 

time physical 
activity 

90th to 10th 
percentile of 

study-specific 
physical 
activity 

measure 

6 1.58  
(0.55 to 4.57) 

Age, sex, 
smoking, alcohol, 
education, race 

Primary 
analysis 
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Median-follow 
up: 9 years 

 Cohort of 
Swedish Men, 
40,919 men, 
45-80 years, 

Median follow-
up: 10 years 

General 
population 
(Sweden) 

Incident liver 
cancer, 

51 

Moderate and 
vigorous leisure 

time physical 
activity 

90th to 10th 
percentile of 

study-specific 
physical 
activity 

measure 

8 0.42 
(0.19 to 0.94) 

Age, sex, 
smoking, alcohol, 
education, race 

Primary 
analysis 

 Cancer 
Prevention 
Study II, 

154,425 men 
and women, 
50-74 years, 

Median follow-
up: 14.2 years 

General 
population 

(Unites States) 

Incident liver 
cancer, 

181 

Moderate and 
vigorous leisure 

time physical 
activity 

90th to 10th 
percentile of 

study-specific 
physical 
activity 

measure 

9 1.03 
(0.68 to 1.54) 

Age, sex, 
smoking, alcohol, 
education, race 

Primary 
analysis 

 Iowa Women’s 
Health Study, 

37,584 women 
52-70 years, 

Median follow-
up: 20 years 

General 
population (Unites 

States) 

Incident 
liver 

cancer, 
50 

Moderate and 
vigorous leisure 

time physical 
activity 

90th to 10th 
percentile of 

study-specific 
physical 
activity 

measure 

6 1.19 
(0.54 to 2.63) 

Age, sex, 
smoking, alcohol, 
education, race 

Primary 
analysis 

 Physician’s 
Health Study I 

and II, 
27,890 men 
40-87 years, 

Median-follow: 
20 years 

Health 
professionals 

(United States) 

Incident 
liver 

cancer, 
43 

Moderate and 
vigorous leisure 

time physical 
activity 

90th to 10th 
percentile of 

study-specific 
physical 
activity 

measure 

8 0.76 
(0.33 to 1.78) 

Age, sex, 
smoking, alcohol, 
education, race 

Primary 
analysis 

 Prostate, 
Lung, 

Colorectal and 
Ovarian 
Cancer 

Screening 
Trial, 

60,200 men 
and women, 
52-77 years, 

Patients at 
medical centers 
(United States) 

Incident 
liver 

cancer, 
71 

Moderate and 
vigorous leisure 

time physical 
activity 

90th to 10th 
percentile of 

study-specific 
physical 
activity 

measure 

5 0.63 
(0.33 to 1.22) 

Age, sex, 
smoking, alcohol, 
education, race 

Primary 
analysis 
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Mean follow-
up: 10 years 

 Swedish 
Mammography 

Cohort, 
33,006 
women, 

48-83 years, 
Mean follow-
up: 10 years 

General 
population 
(Sweden) 

Incident 
liver 

cancer, 
21 

Moderate and 
vigorous leisure 

time physical 
activity 

90th to 10th 
percentile of 

study-specific 
physical 
activity 

measure 

8 2.45 
(0.69 to 8.73) 

Age, sex, 
smoking, alcohol, 
education, race 

Primary 
analysis 

 Women’s 
Health Study, 

39,414 
women, 

45-74 years, 
Median follow-
up: 10.1 years 

Health 
Professionals 

(United States) 

Incident 
liver 

cancer, 
21 

Moderate and 
vigorous leisure 

time physical 
activity 

90th to 10th 
percentile of 

study-specific 
physical 
activity 

measure 

8 0.64 
(0.19 to 2.13) 

Age, sex, 
smoking, alcohol, 
education, race 

Primary 
analysis 

Arem, et al., 2014 
[58]  

National 
Institutes of 

Health–AARP 
Diet and 

Health Study, 
293,511 men 
and women, 
50 -71 years, 

Median follow-
up: 12.1 years 

American 
Association of 

Retired Persons 
members (United 

States) 

Liver 
cancer 

mortality, 
397 

Moderate and 
vigorous leisure 

time physical 
activity 

>7 hours/week 
vs never/rare 

9 0.71 
(0.52 to 0.98) 

Sex, age, body 
mass index, 

education, race, 
alcohol, healthy 

eating score, 
calories, marriage 
status, diabetes, 

smoking 

Subgroup 
analysis by 
endpoint 

Wen, et al., 2011 
[48] 

MJ Health 
Management 

Institution 
416,175 men 
and women 
20-79 years 
Mean follow-
up: 8.4 years 

Health check-up 
population 
(Taiwan) 

Incident 
liver 

cancer, 
481 

Leisure time 
physical activity 

≥16.5 vs ≤3.75 
metabolic 

equivalents-
hours/week 

5 0.81 
(0.71 to 0.92) 

Age, sex, 
smoking, alcohol, 

fasting blood 
glucose, systolic 
blood pressure, 
total cholesterol, 
body mass index, 

diabetes. 

Primary 
analysis 

Inoue, et al., 2008 
[24] 

Japanese 
Public Health 
Center-based 
Prospective 

Population-based 
and participants 
health check-up 

programs (Japan) 

Incident 
liver 

cancer, 
263 

Total physical 
activity 

Highest vs 
lowest quartile 
of metabolic 

equivalents/da

6 0.60 
(0.41 to 0.89) 

Sex, age, area, 
energy intake, 

diabetes, 
smoking, alcohol, 

Primary 
analysis 
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Study 
79,771 men 
and women 
45-74 years, 
Mean follow-
up: 7.5 years 

y body mass index 

Yun, et al., 2008 
[49] 

National 
Health 

Insurance 
Corporation 

444,963 men 
>40 years 

Mean follow-
up: 

6 years 

Health check-up 
population 

(Korea) 

Incident 
liver 

cancer, 
169 

Vigorous 
physical activity 

≥5 times/week 
at ≥30 

minutes/sessio
n vs ≤4 

times/week at 
< 30 

minutes/sessio
n 

6 0.88 
(0.81 to 0.95) 

Age, sex, dietary 
preference, 

alcohol, body 
mass index, 
employment, 
fasting blood 

glucose 

Primary 
analysis 

Suzuki, et al., 
2007 [23] 

Japanese 
Collaborative 
Cohort Study 
for Evaluation 

of Cancer 
Risk, 

69,752 men 
and women 
40-79 years 

Median follow-
up: 12 years 

Health check-up 
population 

(Japan) 

Liver 
cancer 

mortality, 
465 

Sports 
participation 

>3 vs <1 hour 
per week 

5 0.81 
(0.71 to 0.92) 

Age, sex, area Primary 
analysis 

* Study quality score: Newcastle-Ottawa Scale. CI = confidence interval; HR = hazard ratio; RR = relative risk.  
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Table 2.  Subgroup meta-analyses of physical activity and liver cancer* 

Subgroup n HR (95% CI)† I², % 𝝉² Ph1‡ 

Study Quality     0.42 

NOS ≥6 11 0.73 (0.57; 0.94) 72.0 0.032  

NOS <6 3 0.80 (0.70; 0.92) 0 0  

Endpoint     0.78 

Incident liver cancer 13 0.74 (0.61; 0.90) 67.0 0.023  

Liver cancer mortality 2 0.76 (0.62; 0.94) 0 0  

Type of physical activity      

Total physical activity 2 0.57 (0.44; 0.75) 0 0 <0.001 

Leisure-time physical 

activity 

10 0.75 (0.67; 0.83) 61.5 0.0364  

Vigorous physical activity 1 0.88 (0.81, 0.95) 0 0  

Sports participation 1 0.81 (0.61; 1.07) 0 0  

Sex     0.26 

Men§ 5 0.86 (0.74; 1.00) 29.0 <0.001  

Women|| 6 0.87 (0.50; 1.52) 28.6 0.031  

Men and Women¶ 5 0.68 (0.48; 0.97) 76.2 0.032  

Geographic region     0.56 

Asia 4 0.85 (0.80; 0.91) 31.1 <0.001  

Europe 3 0.62 (0.43; 0.88) 79.6 0.096  

United States 7 0.64 (0.54; 0.75) 53.5 0.052  

*Liver cancer was defined as HCC (hepatocellular carcinoma, C22.0) and/or IHBC 
(intrahepatic bile duct cancer, C22.1). HR, hazard ratio. CI, confidence interval. n 

denotes the number of studies. NOS: Newcastle-Ottawa Scale. 𝜏²: between-study 

variance. I²: Percentage of total variance explained by 𝜏2. 
† Hazard ratios were combined using a Hartung-Knapp/Sidik-Jonkman random 
effects model. 
‡ Two-sided P value was calculated using Q test for subgroup differences.  
§ Primary study only included men or reported HR for men.  

|| Primary study included only women or reported HR for women.  

¶ Primary study included men and women and reported one HR for men and 
women. 
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Figure Titles and Legends 

 

 

Figure 1.  Flow Chart of Systematic Review and Meta-Analysis Selection 

 

Figure 2.  Forest plot from random-effects meta-analysis of prospective studies 

on the risk of liver cancer comparing high and low levels of physical activity.   

Liver cancer was defined as HCC (hepatocellular carcinoma, C22.0) and/or IHBC 

(intrahepatic bile duct cancer, C22.1). Study-specific hazard ratios (HR) are 

represented by black diamonds (with their 95% confidence interval (CI) as error 

bars). HR were combined using a Hartung-Knapp/Sidik-Jonkman random effects 

model, yielding a mean HR and its 95% CI and 95% prediction interval. The dotted 

line represents the mean HR. Two-sided P value for between-study heterogeneity 

based on Cochran’s Q statistic. 

Abbreviations: AARP, National Institutes of Health–AARP Diet and Health Study; 

BCDDP, Breast Cancer Detection Demonstration Project; COSM, Cohort of Swedish 

Men; CPSII, Cancer Prevention Study II; EPIC: European Prospective Investigation 

into Cancer and Nutrition Study; IWHS, Iowa Women’s Health Study; JCCSECR, 

Japanese Collaborative Cohort Study for Evaluation of Cancer Risk JPHCPS, 

Japanese Public Health Center-based Prospective Study; MJHMI, MJ Health 

Management Institution; NHIC, National Health Insurance Corporation; PHS, 

Physician’s Health Study I and II; PLCO, Prostate, Lung, Colorectal and Ovarian 

Cancer Screening Trial. 
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Articles retrieved (N=400) 
MEDLINE (N = 126) 
EMBASE (N = 190) 
SCOPUS (N= 84) 

Included in the primary systematic review 

and meta-analysis (14 studies from 6 

publications) 

Included in the subgroup meta-analysis 

for liver cancer endpoint (15 studies from 

7 publications) 

Excluded based on title and 
abstract 
(n = 150) 

 (n=118) 

Excluded based on full text 
Reasons (with possible overlap): 
Exposure was not physical activity (n=6) 
Outcome was not liver cancer (n=1) 
Effect estimates for physical activity not 
shown (n = 4) 
Study design not prospective cohort (n = 5) 
Publication with longer follow-up or more 
events from the same study available (n = 5) 

Full text reviewed 
(n = 22 publications) 

Excluded duplicates (n = 185) 

Articles after 
exclusion of 
duplicates 
(n = 172 publications) 

Figure 1  
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