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Abstract
Aims: Epidemiological evidence has revealed varying degrees of relationship between physical activity and risk of 
most cancers, but the association between physical activity and risk for primary liver cancer in Chinese has seldom 
been reported. This study aims to characterize the associations between different physical activity types and liver 
cancer risk in Chinese women.

Methods: We collected physical activity information through the physical activity questionnaire (PAQ) and 
assigned a corresponding metabolic equivalent value according to the physical activity compendium. Multivariable-
adjusted Cox regression models were utilized to estimate the hazard ratios (HRs) and 95% confidence intervals 
(CIs) for the relationships between physical activity and liver cancer.

Results: A total of 72,674 females were enrolled in the cohort, with a median follow-up time of 18.12 years. By the 
end of 2016, 255 females were identified as incident cases of liver cancer. In Multivariable-adjusted Cox regression 
analysis, total physical activity (TPA), daily living physical activity (DPA) and leisure-time physical activity (LTPA) 
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were not associated with the liver cancer risk in women. The highest tertile vs. none of HRs (95%CIs) were 0.82 
(0.58, 1.17) for TPA, 0.80 (0.56, 1.15) for DPA, and 1.15 (0.82, 1.61) for adult LTPA in terms of measures as the 
METs-hour/week. For each activity, we found that the HRs (95%CIs) were 0.77 (0.55, 1.08) for stair climbing and 
0.78 (0.53, 1.15) for participation in housework after further adjusting for body mass index and type 2 diabetes.

Conclusion: Null significant results were found in the association between physical activity and female liver cancer 
risk in China.

Keywords: Liver cancer, physical activity, lifestyle, prospective study, female

INTRODUCTION
Causes of cancer are complex and are mostly related to genetic, environmental and lifestyle factors, as well 
as their interactions[1]. In recent years, there has been a growing awareness that lifestyle changes can 
contribute to cancer prevention; thus, there exists a significant imperative and opportunity to underscore 
the relevance of lifestyle choices in tumor progression[2]. The evidence implied that, in general, the more 
physical activity people have, the lower their risk of some cancers. Strong evidence showed that physical 
activity can decrease the risk of colorectal[3], breast (post-menopause)[4], and endometrial cancers[5] and 
prevent excessive weight gain as well. Vigorous physical activity, such as running or fast cycling, decreases 
the risk of breast cancer[6]. The evidence on physical activity and other cancers was limited, either in amount 
or by methodological flaws, but was suggestive of a decreased risk of esophagus, lung and liver cancers.

It is well known that liver cancer is the sixth most common cancer in both sexes worldwide. The age-
standardized incidence rate stands at 14.1 per 100,000 population(ASIR) for males and 5.2 per 100,000 
population for females[7]. In most countries, the incidence rate and mortality rate in men are 2 to 3 times 
higher than in women. This difference is associated with risk factors for liver cancer. In addition to chronic 
infection with hepatitis B virus (HBV) or hepatitis C virus (HCV) and aflatoxin contamination, the main 
risk factors also include heavy alcohol intake and smoking, which are more common in men. However, 
excess body weight and type 2 diabetes have become more major risk factors than the hepatitis virus, with 
the changing prevalence in women. An incidence analysis of cancer registration data showed that liver 
cancer became one of the leading five cancer types in Chinese women, with 103,025 incidences and 107,440 
new cases in 2020[8]. With the increasing cases of liver cancer, research is being conducted constantly on the 
findings of risk or protective factors of liver cancer, including exercise and physical activity. National 
Institutes of Health-American Association of Retired Persons (NIH-AARP) study in America revealed that 
vigorous physical activity was significantly related to liver cancer risk, and the physically active group had a 
36% risk reduction compared to the participants with the lowest level of physical activity[9]. The results of 
several Japanese studies suggest that higher levels of physical activity were associated with a lower risk of 
liver cancer, although the association is more pronounced in men and needs further investigation in 
women[10-12]. European and American cohort studies also found similar associations that increasing levels of 
physical activity can decrease the risk of liver cancer[9,13-17]. However, few studies have focused on the 
Chinese population, and the results of these prospective studies did not yet indicate an obvious relationship 
between physical activity and liver cancer risk in Chinese[18,19].

Epidemiological evidence on the relationship between physical activity and liver cancer has not been 
quantitatively summarized, with previous studies mostly focusing on mortality rather than morbidity or 
concentrating on European and American populations. Therefore, we referred to previous definitions of 
physical activity and included several particular types of physical activity to better assess the association 
between physical activity and liver cancer risk. Considering the differences in occupation, diet and lifestyles 
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between China and other regions, as well as variations in exercise habits in both sexes, we conducted this 
study based on the Shanghai Women's Health Study (SWHS). With the aim of understanding the causes 
and prevention of liver cancer, it is important to characterize the relationships between physical activity and 
the risk of female liver cancer in the Chinese population.

METHODS
Study population
SWHS is a population-based, prospective cohort study conducted in an urban district of Shanghai between 
1997 and 2000. The design and detailed implementation of SWHS can be found in the previous report[20]. 
Study participants consisted of female residents aged 40-70 years who were registered as households in 
Shanghai. Of the eligible women approached for the study, 74,940 completed a baseline interview, with a 
response rate of 92.3%. A uniformly designed questionnaire was used to collect information by trained staff 
in face-to-face interviews and by subjects completed the self-administered & structured questionnaire. We 
included the baseline information of sociodemographic characteristics, medical history, personal habits and 
lifestyles, dietary habits, physical activity, self-reported family history of cancer, occupational history, and 
reproductive history.

In the current study, participants who met the following criteria were excluded: (1) diagnosis of cancer in 
situ during follow-up (n = 135); (2) deaths from unconfirmed diagnosis of cancer (n = 310); (3) cancer at 
baseline (n = 1595); (4) loss to follow-up shortly after enrollment (n = 3); (5) extreme values for total energy 
intake (< 500 kcal/day or > 3500 kcal/day) (n = 125); (6) with missing data for any covariates of interest (n = 
98). After these exclusions, a total of 72,674 participants were finally included in the study. The flow 
diagram for participant inclusion is attached in Figure 1.

Exposure assessment
We asked each participant about their smoking and drinking habits, with smoking defined as at least one 
cigarette per day for more than six months continuously and drinking defined as at least three times per 
week for more than six months continuously[20]. The total energy intake (kcal/day) of subjects was examined 
by the food frequency questionnaire (FFQ), which was tested for reliability and validity[21], and its 
calculation depended on the Chinese food composition table.

The PAQ, which was also tested for reproducibility and validity, was used to assess the physical activity of 
the study participants[22]. In our questionnaire, TPA was classified into two main categories: LTPA in the 
past 5 years and non-exercise DPA in the past 1 year. In the LTPA section, we recorded the frequency 
(hours/week) and duration (years) of up to 3 types of exercise/sports in the past 5 years. We also 
investigated the exercise participation of the study participants during their adolescence (13-19 years old). 
DPA includes stair climbing, housework participation, walking, and cycling. Housework mainly includes 
cooking, childcare, laundry, shopping and cleaning.

We used the standard metabolic equivalent values (MET) to estimate the intensity and the energy 
expenditure of physical activities. Energy expenditure of LTPA was estimated by using a weighted average 
of energy expended in all types of exercise reported in the past 5 years (MET-hour/week). The total energy 
expended in DPA was calculated by summing up the energy expended in each of the daily activities. The 
following MET values were used according to the physical activity compendium: stair climbing, 9.0 METs; 
housework, 2.0 METs; walking, 3.3 METs; and cycling, 4.0 METs[23].
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Figure 1. The flow chart of the study design.

Considering the distribution of different exposure variables, we used three categorization methods to best
characterize their distribution. For example, TPA and DPA were categorized by quartiles; LTPA and stair
climbing were categorized as “none + tertiles” because some of the study participants reported that they did
not participate in these activities; housework and walking were manually categorized into four groups
according to their distribution.

Follow-up and identification of outcome
All cohort participants were followed up to identify the outcome of incident liver cancer through in-person
surveys every 3-4 years. In addition to the active follow-up surveys, the cohort members were regularly
linked to incidence data from the Shanghai Cancer Registry and death data from the Vital Statistics
Department to supplement data on new cancer cases and all deaths[24]. Cancers are coded according to the
International Classification of Diseases, Ninth Revision (ICD-9). Primary liver cancer is a malignant tumor
that originates in the liver and coded as 155 in the ICD-9.

Statistical analyses
Baseline characteristics were described as numbers with frequencies for categorical variables and median
(IQR) for continuous variables. The characteristics of participants with and without liver cancer were
compared using χ2 tests for categorical variables and Mann-Whitney tests for continuous variables. Person-
years for every participant were calculated as the time interval between study entry and exit. We defined age
at study enrollment as entry time, and the exit time was defined as age at liver cancer diagnosis or age at
censoring due to death, loss to follow-up, or December 31, 2016, whichever came first[25].

The associations between physical activity and liver cancer risk were examined using the Cox regression
models. Chronological age was taken as the underlying time scale and models were stratified by birth
cohorts (1926-1935, 1936-1945, 1946-1960)[26]. The proportional hazard assumption was examined by
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checking the correlations of Schoenfeld residuals of each covariate with three functions of follow-up time (t, 
log(t), and t2)[27]. No evidence of a departure from the assumption was detected in our study. HRs and their 
95%CIs were calculated in two multivariable-adjusted models[25]. Potential confounders were determined 
based on the literature review and the findings from our previous studies. Model 1 was adjusted for 
education (elementary school or less, secondary school, college or above), income (low, middle, high), 
postmenopausal (yes, no), employment status (employed, retired), cigarette smoking (ever, never), alcohol 
drinking (ever, never), history of chronic hepatitis (yes, no), history of cholelithiasis (yes, no), family history 
of liver cancer (yes, no) and total energy intake (kcal/day, continuous). Model 2 was further adjusted for 
body mass index (BMI) (kg/m2, continuous) and history of type 2 diabetes mellitus (T2DM) (yes, no). 
Linear trends across categories were evaluated by assigning a series of ordinal scores to each category (0 for 
the reference category and 1, 2, and 3 for each of the three exposure categories) and entering that score into 
the model as a continuous variable. Considering the possible changes in physical activity following the 
diagnosis of chronic diseases, sensitivity analyses were conducted by excluding participants with pre-
existing chronic conditions (T2DM, hypertension, coronary heart disease, myocardial infarction and stroke) 
at baseline to examine the robustness of our main results.

A two-sided P value of less than 0.05 was considered statistically significant. Analyses of data were 
performed in SAS 9.4 (SAS Inc., Cary, N.C., USA).

RESULTS
A total of 255 new cases of primary liver cancer in our cohort were identified during over 1.26 million 
person-years from 1997 to the end of 2016, with a median follow-up time of 18.12 years. The incidence 
density of female liver cancer was 20.12/100,000 person-years during the follow-up time.

Table 1 shows the baseline characteristics relevant to this study and the specifics of physical activity by liver 
cancer status. Older cohort members who had a medical history of chronic hepatitis, cholelithiasis, and type 
2 diabetes, and a family history of liver cancer were more likely to develop liver cancer. We observed the 
differences in education background and family income in two groups of non-cases and liver cancer cases. 
In addition, compared to study participants who were not diagnosed with liver cancer, women diagnosed 
with liver cancer tended to have a higher BMI and engage in less exercise and sports tournaments in 
adolescence, with more exercise and less cycling in adulthood. Null associations were detected in the rest of 
the variables [Table 1].

The results of two multivariable-adjusted Cox regression models for the relationship between physical 
activity and the risk of liver cancer are presented in Table 2. Null associations were found in the 
relationships between TPA, LTPA, DPA and liver cancer risks in both multivariable-adjusted regression 
models. The highest vs. lowest quartile of HRs (95%CIs) were 0.82 (0.58, 1.17) for TPA, and 0.80 (0.56, 1.15) 
for DPA after further adjusting for multiple confounders, respectively. Taking the adult LTPA (MET-hour/
week), adult LTPA (hour/week), adolescent LTPA and stair climbing into consideration, no significance 
was observed in both multivariable-adjusted models; the highest tertile vs. none of HRs (95%CIs) were 1.15 
(0.82, 1.61) for adult LTPA (MET-hour/week), 1.15 (0.82, 1.61) for adult LTPA (hour/week), 0.99 (0.60, 
1.62) for adolescent LTPA and 0.77 (0.55, 1.08) for stair climbing after further adjustment for confounders. 
Notably, after adjusting for confounding factors, the risk of liver cancer was reduced by 3%, 28%, and 25% 
among study participants who climbed stairs less than or equal to 8, 14 and greater than14 times per week, 
respectively, compared to those without participation in stairs climbing (Ptrend = 0.042). It suggests that the 
liver cancer risk of participants may have decreased gradually with increasing stair climbing, although this 
trend was not statistically significant. Furthermore, null associations were found in relation to the DPA. The 
highest vs. lowest levels of HRs (95% CIs) were 0.78 (0.53, 1.15) for housework and 0.87 (0.59, 1.30) for  
walking [Table 2].
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Table 1. Baseline characteristics and physical activity habits by liver cancer status (SWHS,1996-2016)

Characteristicsa All 
(n = 72674)

Without liver cancer 
(n = 72419)

With liver cancer 
(n = 255) P valueb

Age at baseline (years old) 50.27 (16.44) 50.24 (16.42) 60.84 (14.66) < 0.001

Education < 0.001

    Elementary school or less 15496 (21.32) 15389 (21.25) 107 (41.96)

    Middle school 4736 (65.18) 47241 (65.23) 124 (48.63)

    College or above 9813 (13.50) 9789 (13.52) 24 (9.41)

Incomec
0.008

    Low 39458 (54.29) 39305 (54.27) 153 (60.00)

    Middle 20440 (28.13) 20364 (28.12) 76 (29.80)

    High 12776 (17.58) 12750 (17.61) 26 (10.20)

Employed at baseline 35912 (49.42) 35854 (49.51) 58 (22.75) < 0.001

Ever cigarette smoking 2008 (2.76) 1997 (2.76) 11 (4.31) 0.130

Ever alcohol drinking 1630 (2.24) 1626 (2.25) 4(1.57) 0.466

Postmenopausal 35494 (48.84) 35298 (48.74) 196 (76.86) < 0.001

History of chronic hepatitis 1865 (2.57) 1829 (2.53) 36 (14.12) < 0.001

History of cholelithiasis 8089 (11.13) 8037 (11.10) 52 (20.39) < 0.001

History of chronic diseased 20794 (28.61) 20699 (28.58) 95 (37.25) 0.002

History of type 2 diabetes 3118 (4.29) 3093 (4.27) 25 (9.80) < 0.001

Family history of liver cancer 2383 (3.279) 2357 (3.25) 26 (10.20) < 0.001

Adult exercise participation 25467 (35.04) 25341 (34.99) 126 (49.41) < 0.001

Adolescent exercise participation 56525 (77.78) 56372 (77.84) 153 (60.0) < 0.001

Adolescent sports tournament participation 19100 (26.28) 19053 (26.31) 47 (18.43) 0.004

Adolescent sports team participation 8889 (12.23) 8865 (12.24) 24 (9.41) 0.169

Housework 71912 (98.95) 71662 (98.95) 250 (98.04) 0.152

Cycling 16787 (23.10) 16764 (23.15) 23 (9.02) < 0.001

Total physical activity (MET-hour/week) 100.45 (57.05) 100.45 (57.05) 102.58 (55.30) 0.909

Daily living physical activity (MET-hour/week) 94.96 (55.13) 94.97 (55.13) 93.45 (52.50) 0.205

Total energy intake (kcal/day) 1634.08 (494.43) 1634.29 (494.36) 1586.44 (470.37) 0.084

Body mass index (kg/m2) 23.73 (4.44) 23.72 (4.43) 24.72 (5.33) < 0.001

a: Continuous variables were presented as median (IQR); Categorical variables were presented as number (percentage); b: Continuous variables 
were compared using Wilcoxon-Mann-Whitney tests and categorical variables were compared using χ2 tests; c: Defined as low: < ¥ 20,000 per 
family per year; middle: ¥ 20,000-29,999 per family per year; high: ≥ ¥ 30,000 per family per year; d: Chronic diseases including diabetes, 
hypertension, coronary heart disease, myocardial infarction and stroke.

Finally, we made sensitivity analyses by excluding participants with pre-existing chronic conditions at 
baseline. We found results similar to the main analysis: the relationship between physical activity and liver 
cancer risk was not observed except for the presence or absence of housework participation. Compared to 
the study participants who did not participate in housework (n = 3), the HR (95%CI) of the women who 
participated in housework (n = 157) was 0.28 (0.09, 0.88) after further adjusting for BMI and T2DM. 
Statistical significance was not found in the results for other types of physical activity [Table 3].
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Table 2. Associations between physical activities and liver cancer risk in all participants (SWHS,1996-2016)

Cases Person-years Incidence density 
(/100,000 person-years) HRa HRb

Total physical activity (TPA, MET-hour/week)c

  ≤ 74.53 66 316104.92 20.88 1.00 1.00

  ≤ 100.45 54 317251.32 17.02 0.74 (0.52, 1.07) 0.75 (0.52, 1.08)

  ≤ 131.58 75 315953.18 23.74 0.98 (0.70, 1.36) 0.98 (0.70, 1.37)

  > 131.58 60 318181.44 18.86 0.81 (0.57, 1.16) 0.82 (0.58, 1.17)

  P for trend 0.550 0.597

Leisure time physical activity (LTPA)

Adult LTPA participation

  No 129 830148.13 15.54 1.00 1.00

  Yes 126 437342.73 28.81 1.16 (0.90, 1.51) 1.16 (0.90, 1.50)

Adult LTPA (MET-hour/week)d

  None 129 830148.13 15.54 1.00 1.00

  ≤ 5.58 23 130008.31 17.69 0.97 (0.62, 1.51) 0.97 (0.62, 1.51)

  ≤ 14.00 50 153831.63 32.50 1.30 (0.93, 1.82) 1.30 (0.93, 1.81)

  > 14.00 53 153502.79 34.53 1.16 (0.83, 1.62) 1.15 (0.82, 1.61)

  P for trend 0.205 0.227

Adult LTPA (hour/week)d

  None 129 830148.13 15.54 1.00 1.00

  ≤ 1.38 23 130966.90 17.56 0.97 (0.62, 1.51) 0.97 (0.62, 1.52)

  ≤ 3.50 51 158091.21 32.26 1.30 (0.93, 1.81) 1.29 (0.92, 1.80)

  > 3.50 52 148284.62 35.07 1.16 (0.83, 1.63) 1.15 (0.82, 1.61)

  P for trend 0.207 0.229

Adolescent LTPA participation

  No 102 262589.53 38.84 1.00 1.00

  Yes 153 1004901.33 15.23 1.21 (0.81, 1.81) 1.22 (0.82, 1.83)

Adolescent LTPA (hour/week)d

  None 102 262683.74 38.83 1.00 1.00

  ≤ 1.15 54 363459.00 14.86 1.21 (0.77, 1.89) 1.21 (0.77, 1.90)

  ≤ 2.14 60 311993.67 19.23 1.42 (0.90, 2.26) 1.45 (0.92, 2.30)

  > 2.14 39 329354.45 11.84 0.98 (0.60, 1.61) 0.99 (0.60, 1.62)

  P for trend 0.949 0.994

Adolescent sports tournament participation

  No 208 927449.47 22.43 1.00 1.00

  Yes 47 340041.39 13.82 0.96 (0.68, 1.36) 0.96 (0.68, 1.36)

Adolescent sports team participation

  No 231 1108215.16 20.84 1.00 1.00

  Yes 24 159275.70 15.07 1.11 (0.71, 1.73) 1.11 (0.71, 1.72)

Daily living physical activity (DPA)

DPA (MET-hour/week)c

  ≤ 70.52 72 314018.02 22.93 1.00 1.00

  ≤ 94.95 58 318236.99 18.23 0.78 (0.55, 1.11) 0.79 (0.56, 1.11)

  ≤ 125.65 71 317129.94 22.39 0.93 (0.67, 1.30) 0.94 (0.68, 1.31)

  > 125.65 54 318105.91 16.98 0.79 (0.55, 1.13) 0.80 (0.56, 1.15)

  P for trend 0.353 0.396

Housework participation

  No 5 11608.59 43.07 1.00 1.00

  Yes 250 1255882.26 19.91 0.46 (0.19, 1.11) 0.48 (0.20, 1.16)

Housework (hour/week)
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    ≤ 7 45 232491.12 19.36 1.00 1.00

    ≤ 14 68 412626.48 16.48 0.75 (0.52, 1.10) 0.76(0.52, 1.12)

    ≤ 21 69 318048.78 21.69 0.86 (0.58, 1.26) 0.87 (0.59, 1.27)

    > 21 73 304324.48 23.99 0.76 (0.52, 1.12) 0.78 (0.53, 1.15)

    P for trend 0.366 0.423

Cycling

    No 232 965430.39 24.03 1.00 1.00

    Yes 23 302060.46 7.61 0.71 (0.44, 1.13) 0.72 (0.45, 1.15)

Stair climbing (flight of stair/day)d

    None 65 225623.93 28.81 1.00 1.00

    ≤ 8 68 302120.26 22.51 0.97 (0.69, 1.37) 0.97 (0.69, 1.37)

    ≤ 14 53 319514.88 16.59 0.72 (0.50, 1.03) 0.72 (0.50, 1.04)

    > 14 69 420231.78 16.42 0.75 (0.54, 1.06) 0.77 (0.55, 1.08)

    P for trend 0.042 0.056

Walking (hour/week)

    ≤ 7 66 262006.69 25.19 1.00 1.00

    ≤ 14 93 451261.63 20.61 0.92 (0.67, 1.26) 0.91 (0.67, 1.26)

    ≤ 21 51 262002.20 19.47 0.92 (0.63, 1.33) 0.91 (0.63, 1.32)

    > 21 45 292220.34 15.40 0.87 (0.59, 1.29) 0.87 (0.59, 1.30)

    P for trend 0.517 0.522

a: adjusted for education, income, employment status, menopause status, ever cigarette smoking, ever alcohol drinking, history of chronic 
hepatitis, history of cholelithiasis, family history of liver cancer and total energy intake; b: adjusted for education, income, employment status, 
menopause status, ever cigarette smoking, ever alcohol drinking, history of chronic hepatitis, history of cholelithiasis, family history of liver cancer 
and total energy intake, history of T2DM and BMI; c: categorized by quartiles; d: “none” referred to subjects who did not participate in this physical 
activity, and those who did participate in the activity were categorized by tertiles. BMI: body mass index; T2DM: type 2 diabetes mellitus.

DISCUSSION
We assessed the relationship between physical activity and female liver cancer incidence in this prospective 
population-based cohort study. Among 72,674 participants with 1.26 million person-years of follow-up, 255 
women were newly diagnosed with primary liver cancer. No significant association between physical 
activity and risks of female liver cancer was detected, and even similar results were observed in the 
sensitivity analyses. However, there was a statistically significant relationship between participation in 
housework and the reduced risk of liver cancer, and the results of the trend test partly suggested a possible 
association between increased activity in stair climbing and reduced risk of liver cancer.

The role of physical activity in relation to the risk of cancer has received much speculation and found 
inconsistent results. Strong evidence reveals that higher levels of physical activity reduce the risks of bladder, 
breast, colon, endometrial, esophageal adenocarcinoma, and gastric cancers by 10%-25%[28,29]. Moderate 
evidence exists that higher levels of physical activity could reduce the incidence of renal, ovarian, pancreatic 
and lung cancers[28]. Nevertheless, there is insufficient evidence for the association between physical activity 
and liver cancer, particularly in women. Previous studies in the NIH-AARP and European prospective 
investigation into cancer and nutrition (EPIC) cohort showed that compared to inactive people, those who 
maintained activity levels over time had a decreased risk of liver cancer of about 25%-45%[14,15], and a 
statistically significant 36% lower liver cancer risk comparing high to a low frequency of vigorous physical 
activity[9]. However, our study did not find a significant association between high levels of physical activity 
and liver cancer risk (HR = 0.82, 95%CI = 0.58-1.17), which is essentially inconsistent with the results of 
previous studies. In addition, our study also found that activities related to housework were negatively 
associated with reduced liver cancer risk after adjustment for chronic medical history at baseline (HR = 0.28, 
95%CI = 0.09-0.88).
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Table 3. Associations between physical activities and liver cancer risk in participants without chronic diseasesa at 

baseline(SWHS,1996-2016)

Cases Person-years Incidence density 
(/100,000 person-years) HRb HRc

Total physical activity (TPA, MET-hour/week)d

    ≤ 74.53 42 230841.04 18.19 1.00 1.00

    ≤ 100.45 40 230557.70 17.35 0.85 (0.55, 1.31) 0.85 (0.55, 1.31)

    ≤ 131.58 46 229118.72 20.08 0.91 (0.59, 1.38) 0.90 (0.59, 1.38)

    > 131.58 32 228875.55 13.98 0.70 (0.44, 1.11) 0.69 (0.43, 1.10)

    P for trend 0.187 0.171

Leisure time physical activity (LTPA)

Adult LTPA participation

    No 88 641722.33 13.71 1.00 1.00

    Yes 72 277670.68 25.93 1.22 (0.88, 1.69) 1.21 (0.88, 1.68)

Adult LTPA (MET-hour/week)e

    None 88 641722.33 13.71 1.00 1.00

    ≤ 5.58 16 91155.16 17.55 1.13 (0.66, 1.93) 1.13 (0.66, 1.93)

    ≤ 14.00 27 92830.43 29.09 1.32 (0.85, 2.06) 1.32 (0.85, 2.05)

    > 14.00 29 93685.10 30.95 1.18 (0.76, 1.84) 1.18 (0.76, 1.83)

    P for trend 0.282 0.292

Adult LTPA (hour/week)e

    None 88 641722.33 13.71 1.00 1.00

    ≤ 1.38 16 92124.93 17.37 1.13 (0.66, 1.93) 1.13 (0.66, 1.93)

    ≤ 3.50 27 90158.80 29.95 1.36 (0.88, 2.12) 1.36 (0.87, 2.11)

    > 3.50 29 95386.95 30.40 1.15 (0.74, 1.79) 1.15 (0.74, 1.78)

    P for trend 0.307 0.319

Adolescent LTPA participation

    No 56 146197.13 38.30 1.00 1.00

    Yes 104 773195.88 13.45 0.95 (0.55, 1.65) 0.97 (0.56, 1.68)

Adolescent LTPA (hour/week)e

    None 56 146291.34 38.28 1.00 1.00

    ≤ 1.15 36 287367.91 12.53 0.90 (0.49, 1.65) 0.92 (0.50, 1.68)

    ≤ 2.14 44 234921.89 18.73 1.23 (0.67, 2.24) 1.26 (0.69, 2.29)

    > 2.14 24 250811.87 9.57 0.72 (0.37, 1.39) 0.73 (0.38, 1.42)

    P for trend 0.494 0.529

Adolescent sports tournament participation

    No 126 659090.53 19.12 1.00 1.00

    Yes 34 260302.48 13.06 1.01 (0.67, 1.52) 1.01 (0.67, 1.52)

Adolescent sports team participation

    No 143 798705.73 17.90 1.00 1.00

    Yes 17 120687.29 14.09 1.15 (0.68, 1.95) 1.16 (0.68, 1.96)

Daily living physical activity (DPA)

DPA (MET-hour/week)d

    ≤ 70.52 45 229756.63 19.59 1.00 1.00

    ≤ 94.95 44 231715.77 18.99 0.91 (0.60, 1.38) 0.91 (0.60, 1.38)

    ≤ 125.65 41 228499.63 17.94 0.84 (0.55, 1.28) 0.83 (0.54, 1.28)

    > 125.65 30 229420.99 13.08 0.70 (0.44, 1.11) 0.69 (0.43, 1.11)

    P for trend 0.124 0.115

Housework participation

    No 3 7321.40 40.98 1.00 1.00

    Yes 157 912071.61 17.21 0.28 (0.09,0.90) 0.28 (0.09, 0.88)
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Housework (hour/week)

    ≤ 7 26 172668.73 15.06 1.00 1.00

    ≤ 14 50 306732.12 16.30 0.93 (0.57, 1.49) 0.93(0.58, 1.50)

    ≤ 21 44 229251.20 19.19 0.91 (0.55, 1.50) 0.91 (0.55, 1.50)

    > 21 40 210740.97 18.98 0.70 (0.42, 1.18) 0.70 (0.42, 1.17)

    P for trend 0.157 0.150

Cycling

    No 142 662614.06 21.43 1.00 1.00

    Yes 18 256778.95 7.01 0.66 (0.39, 1.12) 0.66 (0.39, 1.13)

Stair climbing (flight of stair/day)e

    None 42 154464.49 27.19 1.00 1.00

    ≤ 8 42 252154.06 16.66 0.80 (0.52, 1.23) 0.80 (0.52, 1.23)

    ≤ 14 40 245453.14 16.30 0.74(0.48, 1.14) 0.75 (0.48, 1.15)

    > 14 36 267321.33 13.47 0.68 (0.43, 1.06) 0.68 (0.44, 1.07)

    P for trend 0.089 0.096

Walking(hour/week)

    ≤ 7 41 180773.39 22.68 1.00 1.00

    ≤ 14 62 324151.58 19.13 0.95 (0.64, 1.41) 0.95 (0.64, 1.41)

    ≤ 21 28 190295.37 14.71 0.77 (0.47, 1.26) 0.77 (0.47, 1.25)

    > 21 29 224172.67 12.94 0.82 (0.50, 1.36) 0.82 (0.50, 1.34)

    P for trend 0.304 0.284

a: Chronic diseases including diabetes, hypertension, coronary heart disease, myocardial infarction and stroke; b: adjusted for education, income, 
employment status, menopause status, ever cigarette smoking, ever alcohol drinking, history of chronic hepatitis, history of cholelithiasis, family 
history of liver cancer and total energy intake; c: adjusted for education, income, employment status, menopause status, ever cigarette smoking, 
ever alcohol drinking, history of chronic hepatitis, history of cholelithiasis, family history of liver cancer, total energy intake, history of T2DM and 
BMI; d: categorized by quartiles; e: “none” referred to subjects who did not participate in this physical activity, and those who did participate in the 
activity were categorized by tertiles. BMI: body mass index; T2DM: type 2 diabetes mellitus.

The association was not significant in the results of our study, which indicated that the effect of physical 
activity might not be enough or a different pattern from that in other study populations. One explanation is 
the gender difference, because the previous studies are mostly male-dominated, both in European and 
American cohorts and Asian countries, with few reports among women[10,30]. Another possible explanation is 
the ethnic difference. Most previous studies are from European and American populations, while only few 
studies in Chinese populations were also male-dominated, and the study outcome was cancer mortality 
rather than incidence, thus contradicting the results of the present study[18,19]. Differences in the adjusted 
confounding factors and disease outcome could also lead to different results. We also took into account the 
differences between the methods for measuring and categorizing physical activity levels across 
epidemiologic studies, as well as changes in physical activity over the life course that may influence the 
results of the study. Additionally, the finding of significant association in the housework suggests that 
different physical activity types may have a different effect on the risk of liver cancer.

Excess body fatness might be a mediating factor linked to physical activity. The accumulation of ectopic fat 
tissue can interfere with normal function in tissue and organs, and then increase the risk of chronic diseases, 
especially cancer[31,32]. Previous studies showed that excess body fat was positively correlated with insulin 
resistance and excess insulin increases circulating estrogens and androgens, thus promoting 
tumorigenesis[33]. It is well known that chronic low-grade inflammation is crucial for cancer development. In 
some previous studies, adipocytes were also involved in inflammatory processes in the body by releasing 
pro-inflammatory adipokines and cytokines, which in turn lead to tumorigenesis[34,35]. Based on the above 
physiological mechanisms, physical activity was associated with the reduction of liver cancer risk by acting 
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on body fat and reducing the accumulation of excess fat, which in turn reduces systemic inflammatory 
markers and lowers insulin and insulin growth factor-1 (IGF-1) levels[36,37], along with the secretion of anti-
inflammatory muscle factors by skeletal muscle[38]. In addition to indirect, excess fat-dependent mechanisms 
(described above), there is a growing appreciation that physical activity may also reduce the risk of cancer 
development in part through biological mechanisms other than body fat-related pathways (e.g., distribution 
of actin, distribution of key immune cell populations, etc.)[39]. Significant differences were observed in the 
types of physical activity that women in China and Western countries engaged in decades ago, with the 
Western population participating in more varied and specialized physical activities, which may have 
affected the risk of liver cancer[40]. Differences in dietary habits due to economic and cultural differences 
between regions could also explain the differences between the findings of previous and current studies[41,42].

Our study is one of the few population-based cohort studies in China that comprehensively examines 
multiple types of physical activity and the risk of liver cancer in women who were from a large and ongoing 
population-based cohort study in urban Shanghai. The study, in contrast to most previously published 
studies, took physical activity and sports competition during adolescence into consideration and assessed 
common forms of daily activity such as housework, cycling, stair climbing and walking separately. In 
addition, all potential confounders were adjusted in this study, such as ever cigarette smoking and alcohol 
drinking, personal medical histories of chronic hepatitis, cholelithiasis, type 2 diabetes and family history of 
liver cancer. However, some additional limitations still exist in this study. Firstly, we did not consider 
physical activity alteration during follow-up, and the measurement bias of physical activity from the 
baseline PAQ surveys adopted for the analyses may lead to biased results. Secondly, the information on 
physical activity in adolescents depended on the self-report of participants at study enrollment, thus 
resulting in recall bias of results. Thirdly, a small number of cases in the reference group of housework led 
to limited statistical power and imprecise results; thus, we need a larger sample for further statistical 
analysis. Furthermore, we lacked the record of HBV or HCV assays as the major causes of liver cancer. 
However, we adjusted the self-reported history of chronic hepatitis in the multivariable model, which could 
reduce this bias to some extent.

CONCLUSIONS
In conclusion, our findings showed no significant associations between TPA, DPA and LTPA and the risk 
of liver cancer in Chinese women, though a negative association was observed in the activities related to 
housework and stair climbing. Due to the limited number of observational studies, more epidemiological 
evidence or a large number of liver cancer cases in the cohort design are warranted to further evaluate the 
role of physical activity in female liver cancer.
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