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Abstract 1 

Background: Physical activity has been hypothesized to reduce the risk of gallbladder 2 

disease (gallstones, cholecystitis, cholecystectomy), however, results from epidemiological 3 

studies have not always shown statistically significant associations. We conducted a 4 

systematic review and meta-analysis to clarify the presence and strength of an association 5 

between physical activity and gallbladder disease risk.  6 

 7 

Methods: PubMed and Embase databases were searched for studies of physical activity and 8 

gallbladder disease up to 9
th

 of January 2015. Prospective studies reporting relative risk (RR) 9 

estimates and 95% confidence intervals (CIs) of gallbladder disease associated with physical 10 

activity were included. Summary RRs were estimated using a random effects model.  11 

 12 

Results: Eight studies including 6958 cases and 218204 participants were included. The 13 

summary RR for the highest versus the lowest level of physical activity was 0.75 (95% CI: 14 

0.69-0.81, n=8) and there was no evidence of heterogeneity, I
2
=0%). In the dose-response 15 

analysis the summary relative risk per 20 MET-hours of activity was 0.85 (95% CI: 0.80-16 

0.90, I
2
=0%, n=2) for leisure-time physical activity, 0.83 (95% CI: 0.76-0.90, I

2
=0%, n=2) 17 

for vigorous physical activity, and 0.86 (95% CI: 0.76-0.98, I
2
=0%, n=2) for non-vigorous 18 

physical activity.  19 

 20 

Conclusion: Our analysis confirms a protective effect of physical activity on risk of 21 

gallbladder disease.  22 

 23 
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Introduction 1 

Gallbladder disease (including gallstones and cholecystitis) is an important cause of 2 

morbidity in European and North-American populations. Of digestive diseases that require 3 

hospitalization gallstones are the most frequent and costly; the economic costs of hospital 4 

treatment of gallstones is over 5 billion US dollar per year.
1
 In the United Kingdom 49 000 5 

cholecystectomies are conducted every year.
2
 The prevalence of gallstones varies 6 

substantially in sonographic surveys around the world, with prevalence rates ranging from 3-7 

6% in Asian countries, 5-10% in African countries, and 10-30% in most European and North-8 

American populations.
3
 In addition, secular trend studies suggest an increase in gallstone 9 

prevalence over time in Asian countries parallel to changes in lifestyle.
4
 These observations 10 

suggest that modifiable risk factors are important in the etiology of gallstones or gallbladder 11 

disease.  12 

Several studies have shown that greater body fat is a strong risk factor for gallbladder 13 

disease with 2-5 fold increases in risk among obese compared to lean subjects.
5-7

 Physical 14 

activity is known to reduce the risk of metabolic abnormalities such as insulin resistance,
8,9

 15 

elevated triglycerides,
10

 low levels of high-density lipoprotein cholesterol,
10

 diabetes,
11

 and 16 

general and abdominal obesity,
12-14

 which are important risk factors for gallbladder disease.
15-

17 

19
 Several epidemiological studies have shown inverse associations between physical activity 18 

and gallbladder disease,
20-23

 although some showed statistically non-significant 19 

associations,
19,24-26

 but it is not known what level of physical activity is needed to 20 

significantly reduce the risk. We conducted a systematic review and meta-analysis of cohort 21 

studies of physical activity and risk of gallbladder disease with the aim of clarifying the 22 

presence and strength of an association, the dose-response relationship and how much of the 23 

association may be explained by reductions in body fatness.   24 
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Methods  1 

 2 

Search strategy  3 

We searched the Pubmed and Embase databases from inception (1966 and 1947, 4 

respectively) up to 9
th

 of January 2015 for eligible studies. As part of a larger project on risk 5 

factors for gallbladder disease we used broad search terms in the PubMed search: (body mass 6 

index OR BMI OR overweight OR obesity OR anthropometry OR fatness OR body fatness 7 

OR abdominal fatness OR abdominal obesity OR waist circumference OR waist-to-hip ratio 8 

OR physical activity OR exercise OR sports OR walking OR biking OR running OR fitness 9 

OR exercise test OR inactivity OR  diabetes OR smoking OR tobacco OR risk factor OR risk 10 

factors) AND (gallstones OR gallbladder disease OR cholelithiasis OR cholecystectomy OR 11 

cholecystitis). This search strategy was modified and adapted for the Embase search 12 

(Supplementary text). We followed standard criteria for conducting and reporting meta-13 

analyses.
27

 In addition, we searched the reference lists of the identified publications for 14 

further studies. Study quality was assessed using the Newcastle-Ottawa scale.
28

 15 

 16 

Inclusion criteria and study selection 17 

We included published prospective cohort studies (which are less prone to biases than case-18 

control and cross-sectional studies) that investigated the association between physical activity 19 

and the risk of gallstones, gallbladder disease or cholecystectomies. Estimates of the relative 20 

risk with the 95% CIs had to be available in the publication. For the dose-response meta-21 

analysis a quantitative measure of the physical activity level had to be provided. Cross-22 

sectional and case-control studies, reviews, meta-analyses, comments, editorials, letters, news 23 

articles, studies in pregnant women, and abstract and grey literature was excluded. 24 
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Supplementary Table 1 shows the excluded studies and reasons for exclusions. One of the 1 

included articles
23

 reported results from two studies, but we only included results from one of 2 

these (Study of Osteoporotic Fractures) because we considered the risk estimates from the 3 

other study (Walking Women Follow-up Study) to be unreliable given the low number of 4 

cases and participants, with RRs of 1.00 (reference, 0 cases/42 participants), 1.08 (95% CI: 5 

0.96-1.22, 3 cases/41 participants), and 1.13 (95% CI: 1.01-1.28, 6 cases/41 participants) for 6 

tertiles 3, 2, and 1, respectively.  7 

 8 

Data extraction 9 

The following data were extracted from each study: The first author’s last name, publication 10 

year, country where the study was conducted, study period, sample size, number of 11 

cases/participants, physical activity type, level of activity, relative risks and 95% confidence 12 

intervals for the highest versus the lowest level of physical activity and variables adjusted for 13 

in the analysis.  14 

 15 

Statistical methods  16 

We calculated summary relative risks for the highest versus the lowest level of physical 17 

activity using the random-effects model by DerSimonian and Laird,
29

 which takes into 18 

account both within and between study variation (heterogeneity). The average of the natural 19 

logarithm of the relative risks was estimated and the relative risk from each study was 20 

weighted by the inverse of its variance. For one study
26

 which only reported a continuous 21 

estimate per km running (a different measure than the other studies which were reported in 22 

MET-hours per week) and which therefore could not be included in the dose-response 23 

analysis, we converted the continuous estimate to an estimate that could be used for the high 24 

vs. low meta-analysis by multiplying the ln(RR) and ln(CI) by 9, and back-transforming the 25 
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risk estimate to non-logarithmic scale. We chose to multiply by 9 because the cut-offs for 1 

increasing quintiles were <2, 2-4, 4-6, 6-8, ≥8 km/day (these were provided in a figure, but 2 

categorical risk estimates were not reported), which would give midpoints in the lowest 3 

category and the highest category of 1 and 9 km/day, respectively, assuming the open-ended 4 

intervals to have the same distance as the adjacent intervals.  5 

To investigate whether specific levels of physical activity were associated with 6 

gallbladder disease, we used the method described by Greenland and Longnecker
30

 to 7 

conduct dose-response analyses by computing study-specific slopes (linear trends) and 95% 8 

confidence intervals from the natural log of the relative risks and confidence intervals across 9 

categories of physical activity level. The median or mean level of physical activity in each 10 

category of physical activity was assigned to the corresponding relative risk for each study. 11 

For studies that reported the physical activity level by ranges of activity, we estimated the 12 

midpoint for each category by calculating the average of the upper and lower boundaries. We 13 

conducted separate dose-response analyses for studies that reported amounts of physical 14 

activity in metabolic equivalent task (MET)-hours or kcal of energy expenditure. The MET is 15 

an index of the intensity of physical activity and is defined as the caloric expenditure per 16 

kilogram of body weight per hour of activity divided by the equivalent per hour at rest. One 17 

MET is considered equal to the energy cost of a person during quiet sitting, while walking at 18 

a slow pace has a MET value of 2, and jogging and bicycling have MET values of 7-8. MET-19 

hours are the number of hours engaged in each activity multiplied with the MET value of that 20 

activity, which are summed across different types of activities. Studies that did not quantify 21 

the physical activity level were excluded from the dose-response analysis. We assessed a 22 

potential nonlinear dose-response relationship between physical activity and gallbladder 23 

disease using fractional polynomial models.
31

 We determined the best fitting second order 24 

fractional polynomial regression model, defined as the one with the lowest deviance. A 25 
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likelihood ratio test was used to assess the difference between the nonlinear and linear models 1 

to test for nonlinearity.
32

  2 

Heterogeneity between studies was evaluated using Q and I
2
 statistics.

33
 I

2
 is the 3 

proportion of total variation contributed by between-study variation rather than chance. I
2
-4 

values of 25%, 50% and 75% indicate low, moderate and high heterogeneity, respectively. 5 

We conducted main analyses and subgroup analyses by study characteristics such as gender, 6 

type of outcome (gallstones, gallbladder disease and cholecystectomy), number of cases, 7 

geographic location and adjustment for confounding factors. Study quality was assessed 8 

using the Newcastle-Ottawa scale which rates the studies from 0 to 9 by assessing the 9 

selection, comparability and outcome of each study.
28

 10 

Publication bias was assessed using Egger’s test
34

 and Begg-Mazumdar’s test
35

 and 11 

by inspection of funnel plots. The statistical analyses were conducted using the software 12 

package Stata, version 10.1 software (StataCorp, Texas, US).  13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 
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Results 1 

 2 

We identified 8 cohort studies that could be included in the analysis of physical activity and 3 

gallbladder disease
19-26

, with a total of 6958 cases and 218204 participants (Figure 1, Table 4 

1). Seven of the studies were from North-America and one was from Europe.  5 

 6 

High versus low analysis 7 

Eight cohort studies
19-26

 investigated the association between physical activity and 8 

gallbladder disease risk (Table 1). The summary relative risk for high versus low physical 9 

activity was 0.75 (95% CI: 0.69-0.81) with no evidence of heterogeneity, I
2
=0%, 10 

pheterogeneity=0.94 (Figure 2). There was some evidence of publication bias with Egger’s test, 11 

p=0.02, but not with Begg’s test, p=0.90 (Supplementary Figure 1), but this disappeared 12 

when we restricted the analysis to studies with ≥500 cases, p=0.14, and the results were 13 

similar, showing a summary RR of 0.76 (95% CI: 0.69-0.84, I
2
=0%, pheterogeneity=0.62).  14 

 15 

Dose-response analyses 16 

Only two cohort studies could be included in the dose-response analysis of leisure-time 17 

physical activity in MET-hours per week.
21,22

 The summary relative risk was 0.85 (95% CI: 18 

0.80-0.90, I
2
=0%, pheterogeneity=0.84) per 20 MET-hours per week (Supplementary Figure 2a). 19 

When BMI was omitted from the multivariate adjustment the summary RR was 0.78 (95% 20 

CI: 0.73-0.83, I
2
=0%, pheterogeneity=0.54) (Figure 2a). There was no evidence of a nonlinear 21 

association between leisure-time physical activity and gallbladder disease, pnonlinearity=0.28 22 

(Figure 2b, Supplementary Table 2). Two cohort studies
23,24

 could be included in the dose-23 

response analysis of energy expended on physical activity per week (kcal per week). The 24 
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summary relative risk per 1000 kcal/week was 0.93 (95% CI: 0.74-1.16, I
2
=88.7%, 1 

pheterogeneity=0.003) (Supplementary Figure 3).  2 

 3 

Vigorous and non-vigorous physical activity 4 

Only two cohort studies could be included in the dose-response analysis of vigorous (defined 5 

as activity that required 6 or more METs per hour) and non-vigorous (defined as activity that 6 

required less than 6 METs per hour, including light and moderate activity) physical 7 

activity.
21,22

 The summary RR per 20 MET-hours per week was 0.83 (95% CI: 0.76-0.90, 8 

I
2
=0%, pheterogeneity=0.85) for vigorous physical activity and it was 0.86 (95% CI: 0.76-0.98, 9 

I
2
=0%, pheterogeneity=0.45) for non-vigorous physical activity (Supplementary Figure 4a, 10 

Supplementary Figure 5a). When BMI was omitted from the multivariate adjustment the 11 

respective summary RRs were 0.76 (95% CI: 0.70-0.83, I
2
=0%, pheterogeneity=0.94) and 0.78 12 

(95% CI: 0.65-0.93, I
2
=36%, pheterogeneity=0.21) (Supplementary Figure 4a, Supplementary 13 

Figure 5a). There was evidence of a nonlinear association between vigorous and non-14 

vigorous physical activity and gallbladder disease, pnonlinearity=0.009 and pnonlinearity=<0.0001, 15 

respectively, with a steeper inverse association at higher levels of vigorous physical activity, 16 

while the association for non-vigorous physical activity was less pronounced at higher levels 17 

of activity (Supplementary Figure 4b, Supplementary Figure 5b, Supplementary Table 2). 18 

 19 

Subgroup and sensitivity analyses 20 

Relations of physical activity to gallbladder disease were inverse in all strata of subgroup 21 

analyses, defined by gender, duration of follow-up, geographic location, type of outcome, 22 

number of cases, study quality and adjustment for confounding factors (Table 2). With meta-23 

regression analyses there was no evidence that the results differed between these subgroups 24 

(Table 2). Mean and median study quality scores were 6.13 and 6.5, respectively. When we 25 
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conducted sensitivity analyses removing one study at a time, the size of the summary RR 1 

ranged from 0.71 (95% CI: 0.63-0.80) when excluding the study by Leitzmann et al
22

 to 0.76 2 

(95% CI: 0.70-0.82) when excluding the study by Storti et al.
23

  3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 
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Discussion  1 

To our knowledge this is the first meta-analysis of observational studies of physical 2 

activity and risk of gallbladder disease. Our results confirm an inverse association between 3 

higher levels of physical activity and gallbladder disease. There was a 25% relative risk 4 

reduction for participants with the highest versus the lowest physical activity level. Both 5 

vigorous and non-vigorous physical activity was associated with reduced risk.   6 

The present systematic review and meta-analysis has some limitations that need to be 7 

discussed. The number of studies included was modest and few studies could be included in 8 

the dose-response analysis because the physical activity level was not quantified or it was 9 

quantified in a manner that was not possible to combine with the remaining studies. Further 10 

studies should aim to report results in a manner that can be included in future updated dose-11 

response meta-analyses (for example in MET-hrs per week). Our analysis suggests that both 12 

vigorous and non-vigorous physical activity reduces risk of gallbladder disease, although the 13 

dose-response relationship appeared to be stronger for vigorous physical activity than for 14 

non-vigorous physical activity. This might at least partly be due to the greater range of 15 

vigorous physical activity than of non-vigorous activity. However, further studies are needed 16 

as the number of studies on subtypes of physical activity was low. Many of the included 17 

studies adjusted for important confounding factors and in subgroup analyses, we did not find 18 

evidence that the results differed when stratified by adjustment for confounding factors. We 19 

cannot, however, exclude the possibility that residual confounding by other unidentified risk 20 

factors could have partly affected the results. Physical activity was assessed using self-21 

reported questionnaires and therefore measurement error in the exposure variable is likely to 22 

have occurred. Two studies made corrections for measurement error using data from their 23 

validation studies.
21,22

 One of the studies reported a RR of 0.81 (95% CI: 0.73-0.89) per 25 24 

MET-hours per week of moderate intensity exercise in an uncorrected model, and 0.64 (95% 25 
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CI: 0.49-0.86) in a model corrected for measurement error,
21

 and another study reported a RR 1 

of 0.85 (95% CI: 0.80-0.90) per 25 MET-hours per week in an uncorrected model and 0.58 2 

(95% CI: 0.43-0.77) in a model corrected for measurement error,
22

 suggesting substantial 3 

underestimation of the RR due to measurement errors. In addition, because of the limited 4 

number of studies we chose to analyse leisure-time physical activity together with total 5 

physical activity. However, the magnitude of the risk estimates were similar in stratified 6 

analyses, and there was no heterogeneity between these subgroups. There were some 7 

differences in the definition of the outcome as well. Some studies investigated only 8 

gallstones, while others investigated gallbladder disease which included both gallstones and 9 

inflammation of the gallbladder (cholecystitis), and in one study the outcome was surgical 10 

removal of the gallbladder (cholecystectomy), while no cohort studies reported on 11 

cholecystitis only. However, risk estimates where similar when stratified by type of outcome 12 

and there was no evidence of heterogeneity between these subgroups. Because most of the 13 

studies were from North America and included mainly Caucasian subjects, further studies 14 

among other ethnicities and in other geographic locations are needed to clarify if the findings 15 

also apply to other populations. One last limitation is that the study selection was done by one 16 

author and not in duplicate.  17 

 Several biological mechanisms could explain a protective effect of physical activity 18 

on risk of gallbladder disease. Physical activity has been established to protect against general 19 

and abdominal overweight and obesity
12-14

 and diabetes
36

 which are strongly associated with 20 

risk of gallbladder disease.
5,7,16,17

 However, in this meta-analysis most studies adjusted for 21 

BMI and several studies also adjusted for diabetes and the results persisted in these subgroup 22 

analyses. In two studies
21,22

 that provided risk estimates both adjusted and not adjusted for 23 

BMI the inverse association was slightly more pronounced when BMI was omitted from the 24 

multivariable models compared to when adjusted for BMI (RR of 0.78 vs. 0.85 per 25 MET-25 
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hours/week for leisure-time activity), suggesting that reduced adiposity may explain 1 

approximately 30-35% of the reduction in risk observed with physical activity. However, a 2 

clinically relevant reduction in risk was observed even with adjustment for BMI and other 3 

mechanisms are therefore likely to be involved in explaining the beneficial effects of physical 4 

activity on gallbladder disease. Physical activity has been shown to reduce levels of total 5 

cholesterol,
10

 triglycerides,
10

 and insulin resistance
8,9

 and this may further contribute to 6 

reduced gallbladder disease risk. In addition, physical activity may influence gallbladder 7 

disease risk by modulating gallbladder motility.
37

 Hypomotility of the gallbladder leads to 8 

incomplete emptying of the gallbladder which promotes bile stasis and crystal formation 9 

leading to gallstones.
38

 Physical activity may also increase vagal tone which can stimulate 10 

gallbladder emptying.
39

 11 

 Strengths of this analysis include the large sample size which provides sufficient 12 

statistical power to detect modest associations, and comprehensive subgroup, sensitivity and 13 

dose-response analyses, as well as moderate to high study quality. Because this analysis only 14 

included cohort studies recall bias is not likely to explain the findings and there is less 15 

possibility for selection bias. When stratified by gender, similar reductions in risk were 16 

observed for men and women.  17 

 In conclusion, the results from this systematic review and meta-analysis confirm that 18 

a high level of physical activity reduces the risk of gallbladder disease. This adds to the many 19 

health benefits that have already been documented for physical activity. Future studies should 20 

attempt to further define the dose-response relationship between physical activity and specific 21 

types of physical activity and gallbladder disease risk and additional studies in non-American 22 

populations are warranted.  23 

 24 
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Table 1. Prospective studies of physical activity and gallbladder disease 

First 

author, 

publication 

year, 

country 

Number of 

participants, 

number of 

cases 

Study 

period, 

duration of 

follow-up 

Study 

quality 

score 

Physical activity exposure Quantity of physical activity Relative risk 

(95% 

confidence 

interval) 

Adjustment for confounders 

Kato I, 

1992, 

USA 

7831 Japanese 

men, age ≥45-

65: 471 

gallbladder 

disease 

1965-68 - 

1990 

8 Physical activity index (TPA) ≥35.5 vs. <29.5 METs/d 

 

0.7 (0.6-1.0) Age, pack-years of cigarettes, 

alcohol, serum TG, serum uric 

acid, serum glucose, DBP, height, 

BMI, total calories 

Sahi T et 

al, 1998, 

USA 

16414 men, 

age 32-74 

years: 268 

gallbladder 

disease cases 

1962-1966-

1977, up to 

15 years 

follow-up 

7 Physical activity index (LTPA) ≥3500 vs. <500 kcal/wk 

 

0.72 (0.46-1.13) Age, calendar year, BMI, BMI 

change between college and 

1962/66, smoking habit 

Leitzmann 

MF, 1998, 

USA 

45813 men, 

age 40-75 

years: 828 

symptomatic 

gallstone 

cases 

 

1986-1994, 

8 years 

follow-up 

7 Total physical activity (LTPA) 

Total physical activity (LTPA) 

Total physical activity (LTPA), BMI adj. 

Vigorous activity 

Vigorous activity 

Vigorous activity, BMI adj. 

Nonvigorous activity 

Nonvigorous activity 

Nonvigorous activity, BMI adj. 

≥32.6 vs. 0-2.7 MET-hrs/wk 

Per 25 MET-hrs/wk 

≥32.6 vs. 0-2.7 MET-hrs/wk 

≥25.1 vs. 0 MET-hrs/wk 

Per 25 MET-hrs/wk 

≥25.1 vs. 0 MET-hrs/wk 

≥11.4 vs. 0-0.8 MET-hrs/wk 

Per 25 MET-hrs/wk  

≥11.4 vs. 0-0.8 MET-hrs/wk 

0.63 (0.51-0.79)  

0.81 (0.73-0.89) 

0.72 (0.59-0.90)  

0.58 (0.45-0.75)  

0.77 (0.67-0.88) 

0.65 (0.50-0.85)  

0.93 (0.75-1.15)  

0.87 (0.73-1.03) 

0.97 (0.78-1.19)  

Age, diabetes mellitus, smoking, 

cholesterol-lowering drugs, 

thiazide use, NSAIDS, alcohol, 

dietary fiber, carbohydrates 

Leitzmann 

MF et al, 

1999, 

USA 

60290 

women, age 

40-65 years: 

3257 

cholecystec-

tomies 

 

1986-1996, 

10 years 

follow-up 

7 Physical activity (LTPA) 

Physical activity, BMI/weight change-adj. 

Physical activity, BMI/weight change-adj. 

Vigorous physical activity 

Vigorous physical activity, BMI/weight 

change-adj. 

Vigorous physical activity, BMI/weight 

change-adj. 

Nonvigorous physical activity 

Nonvigorous physical activity, BMI/weight 

≥22.1 vs. 0-1.6 MET-hrs/wk 

≥22.1 vs. 0-1.6 MET-hrs/wk 

Per 25 MET-hrs/wk 

≥16 vs. 0 MET-hrs/wk 

≥16 vs. 0 MET-hrs/wk 

 

Per 10 MET-hrs/wk 

 

≥10.8 vs. 0-0.8 MET-hrs/wk 

≥10.8 vs. 0-0.8 MET-hrs/wk 

0.69 (0.61-0.78)  

0.79 (0.71-0.89)  

0.85 (0.80-0.90) 

0.75 (0.66-0.85)  

0.82 (0.73-0.93)  

 

0.89 (0.86-0.94) 

 

0.86 (0.77-0.98)  

0.95 (0.84-1.06) 

Age, parity, OC use, use of HRT, 

diabetes mellitus, pack-years of 

smoking, use of cholesterol-

lowering drugs, thiazide use, 

NSAIDS, dietary fiber, 

carbohydrates, alcohol, coffee 
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change-adj.  

Nonvigorous physical activity, BMI/weight 

change-adj. 

 

Per 10 MET-hrs/wk 

 

 

0.91 (0.87-0.96) 

 

Boland LL 

et al, 

2002, 

USA 

12773 men 

and women, 

age 45-64 

years: 397 

gallbladder 

disease 

1987-1989 – 

1996, 8.2 

years 

follow-up 

6 Sport index (LTPA), men 

Sport index (LTPA), women 

 

≥3.25 vs. ≤1.75 

≥3.25 vs. ≤1.75 

0.81 (0.5-1.3) 

0.72 (0.5-1.1) 

Age 

Storti KL 

et al, 2005, 

USA 

8010 women, 

age ≥65 years: 

1281 gallstone 

disease cases 

1989-90 – 

1992-1994, 

~3.5 years 

follow-up 

5 Physical activity (LTPA) 

Physical activity (LTPA) 

 

Per 500 kcal/wk 

>2244 vs. <512 kcal/wk 

 

0.94 (0.90-0.98) 

0.63 (0.44-0.90) 

Age, BMI, education, hormone use, 

diabetes prevalence, smoking 

status, alcohol use, parity 

 

Williams 

PT et al, 

2008, 

USA 

29110 male 

and 11953 

female 

runners, mean 

age 45/39 

years: 166 

gallbladder 

disease cases 

1991-94 – 

2002, 7.6 

years 

follow-up 

4 Physical activity (LTPA), men 

Physical activity (LTPA), men, BMI adj. 

Physical activity (LTPA), women 

Physical activity (LTPA), women, BMI adj. 

 

Per km/d 

Per km/d 

Per km/d 

Per km/d 

0.93 (0.87-0.98) 

0.97 (0.91-1.02) 

0.91 (0.84-0.97) 

0.96 (0.89-1.03) 

Age, race, education, pack-yrs of 

cigarette use, weekly intakes of 

meat, fish, fruit, alcohol, parity 

Banim PJR 

et al, 2010, 

United 

Kingdom 

25639 men 

and women, 

age 40-74 

years: 290 

gallstone 

cases  

1993-1997 

– 2007, 14 

years 

follow-up 

8 Physical activity (TPA), all 

Physical activity (TPA), men 

Physical activity (TPA), women 

Active vs. inactive 

Active vs. inactive 

Active vs. inactive 

 

0.75 (0.50-1.12) 

0.81 (0.43-1.51) 

0.66 (0.38-1.13) 

Age, alcohol, BMI, sex 

Women: also adjusted for parity 

and HRT  

 

BMI =Body mass index, DM=diabetes mellitus, HRT=hormone replacement therapy, LTPA=leisure-time physical activity, MUFA=monounsaturated fatty 

acids, NA= not available, NSAID=non-steroidal anti-inflammatory drugs, OC use=oral contraceptive use, SFA=saturated fatty acids, TPA=total physical 

activity (leisure + occupational activity) 
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Table 2. Subgroup analyses of physical activity and gallbladder disease 

 Physical activity and gallbladder disease 

 n Relative risk (95% CI) I
2
 (%) Ph

1 
Ph

2
 

All studies 8 0.75 (0.69-0.81) 0 0.94  

Gender       

    Men  6 0.73 (0.63-0.84) 0 0.99 0.60
 

    Women  5 0.76 (0.69-0.85) 0 0.75 

Outcome       

    Gallstones  3 0.70 (0.59-0.82) 0 0.82 0.24 

    Gallbladder disease 4 0.73 (0.62-0.85) 0 0.98 

    Cholecystectomy  1 0.79 (0.71-0.88)   

Type of physical activity      

    Leisure-time physical activity 6 0.76 (0.70-0.83) 0 0.87 0.51 

    Total physical activity 2 0.70 (0.57-0.86) 0 1.00 

Geographic location       

    Europe 1 0.70 (0.48-1.02)   0.72 

    America 7 0.75 (0.69-0.82) 0 0.90 

Number of cases      

    Cases <500 4 0.72 (0.62-0.85) 0 0.98 0.43 

    Cases 500-<1000 2 0.72 (0.59-0.88) 28.4 0.24 

    Cases ≥1000 2 0.72 (0.59-0.88) 0 1.00 

Study quality      

     0-3 stars 0    0.16 

     4-6 stars 4 0.71 (0.59-0.85) 0 0.88 

     7-9 stars 4 0.76 (0.69-0.83) 0 0.74 

Adjustment for confounding factors
3 

Age  Yes  8 0.75 (0.69-0.81) 0 0.94 NC 

No  0    
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Education Yes 2 0.67 (0.52-0.88) 0 0.58 0.45 

No 6 0.76 (0.70-0.83) 0 0.93 

Alcohol  

 

Yes  6 0.75 (0.69-0.82) 0 0.81 0.87 

No  2 0.75 (0.58-0.96) 0 0.84 

Smoking Yes  6 0.75 (0.69-0.82) 0 0.83 0.78 

No  2 0.74 (0.58-0.93) 0 0.74 

BMI Yes  7 0.75 (0.69-0.82) 0 0.89 NC 

No  1 0.76 (0.56-1.02)   

Diabetes mellitus 

 

Yes  3 0.76 (0.69-0.84) 0 0.42 0.52 

No  5 0.72 (0.62-0.84) 0 1.00 

NSAIDs Yes  2 0.77 (0.70-0.86) 0 0.46 0.31 

No  6 0.71 (0.62-0.81) 0 0.99 

Thiazide use  Yes 2 0.77 (0.70-0.86) 0 0.46 0.31 

No 6 0.71 (0.62-0.81) 0 0.99 

Cholesterol-lowering 

drugs 

Yes  2 0.77 (0.70-0.86) 0 0.46 0.31 

No  6 0.71 (0.62-0.81) 0 0.99 

Dietary fiber Yes  2 0.77 (0.70-0.86) 0 0.46 0.31 

No  6 0.71 (0.62-0.81) 0 0.99 

Coffee Yes 1 0.79 (0.71-0.89)   0.24 

No 7 0.71 (0.63-0.80) 0 1.00 

Carbohydrates  Yes  2 0.77 (0.70-0.86) 0 0.46 0.31 

No  6 0.71 (0.62-0.81) 0 0.99 

n denotes the number of studies, 1P for heterogeneity within each subgroup,  

2
 P for heterogeneity between subgroups with meta-regression analysis  

NC, not calculable because no studies were present in one of the subgroups.  
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Figure 1. Flow-chart of study selection 

 

12747 records identified in total:
7799 records identified in PubMed
4948 records identified in Embase

51 records reporting on 

physical activity and 

gallbladder disease and 

given detailed assessment

12696 excluded based on title 
or abstract

2 cohorts excluded:
1 only continuous estimate 
which could not be combined 
with the other studies)

1 unreliable risk estimates

8 cohort studies 

(8 publications) included

42 publications excluded:
15 cross-sectional studies
12 reviews/meta-analyses
7 comment, editorial, letter, 

news
4 case-control studies
3 pregnant women
1 abstract

9 potentially relevant 

publications (10 cohort 

studies)
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Figure 2. Physical activity and gallbladder disease, highest versus lowest comparison 

  Relative Risk
 .25  .5  .75  1  2

 Study

 Relative Risk

 (95% CI)

 Banim, 2010   0.70 ( 0.48, 1.01)

 Williams, 2008   0.73 ( 0.49, 1.10)

 Storti, 2005   0.63 ( 0.44, 0.90)

 Boland, 2002   0.76 ( 0.56, 1.02)

 Leitzmann, 1999   0.79 ( 0.71, 0.89)

 Leitzmann, 1998   0.72 ( 0.58, 0.90)

 Sahi, 1998   0.72 ( 0.46, 1.13)

 Kato, 1992   0.70 ( 0.60, 1.00)

 Overall   0.75 ( 0.69, 0.81)
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Physical activity and the risk of gallbladder disease: a 1 

systematic review and meta-analysis of cohort studies.  2 

 3 

Short title: Physical activity and gallbladder disease 4 

Manuscript type: Review 5 

Keywords: Exercise, gallstones, cohort studies. 6 

Word count abstract: 200 7 

Word count text: 2721 8 

 9 

 10 
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 12 

 13 

 14 

 15 

 16 

 17 
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Abstract 1 

Background: Physical activity has been hypothesized to reduce the risk of gallbladder 2 

disease (gallstones, cholecystitis, cholecystectomy), however, results from epidemiological 3 

studies have not always shown statistically significant associations. We conducted a 4 

systematic review and meta-analysis to clarify the presence and strength of an association 5 

between physical activity and gallbladder disease risk.  6 

 7 

Methods: PubMed and Embase databases were searched for studies of physical activity and 8 

gallbladder disease up to 9
th

 of January 2015. Prospective studies reporting relative risk (RR) 9 

estimates and 95% confidence intervals (CIs) of gallbladder disease associated with physical 10 

activity were included. Summary RRs were estimated using a random effects model.  11 

 12 

Results: Eight studies including 6958 cases and 218204 participants were included. The 13 

summary RR for the highest versus the lowest level of physical activity was 0.75 (95% CI: 14 

0.69-0.81, n=8) and there was no evidence of heterogeneity, I
2
=0%). In the dose-response 15 

analysis the summary relative risk per 20 MET-hours of activity was 0.85 (95% CI: 0.80-16 

0.90, I
2
=0%, n=2) for leisure-time physical activity, 0.83 (95% CI: 0.76-0.90, I

2
=0%, n=2) 17 

for vigorous physical activity, and 0.86 (95% CI: 0.76-0.98, I
2
=0%, n=2) for non-vigorous 18 

physical activity.  19 

 20 

Conclusion: Our analysis confirms a protective effect of physical activity on risk of 21 

gallbladder disease.  22 

 23 
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Introduction 1 

Gallbladder disease (including gallstones and cholecystitis) is an important cause of 2 

morbidity in European and North-American populations. Of digestive diseases that require 3 

hospitalization gallstones are the most frequent and costly; the economic costs of hospital 4 

treatment of gallstones is over 5 billion US dollar per year.
1
 In the United Kingdom 49 000 5 

cholecystectomies are conducted every year.
2
 The prevalence of gallstones varies 6 

substantially in sonographic surveys around the world, with prevalence rates ranging from 3-7 

6% in Asian countries, 5-10% in African countries, and 10-30% in most European and North-8 

American populations.
3
 In addition, secular trend studies suggest an increase in gallstone 9 

prevalence over time in Asian countries parallel to changes in lifestyle.
4
 These observations 10 

suggest that modifiable risk factors are important in the etiology of gallstones or gallbladder 11 

disease.  12 

Several studies have shown that greater body fat is a strong risk factor for gallbladder 13 

disease with 2-5 fold increases in risk among obese compared to lean subjects.
5-7

 Physical 14 

activity is known to reduce the risk of metabolic abnormalities such as insulin resistance,
8,9

 15 

elevated triglycerides,
10

 low levels of high-density lipoprotein cholesterol,
10

 diabetes,
11

 and 16 

general and abdominal obesity,
12-14

 which are important risk factors for gallbladder disease.
15-

17 

19
 Several epidemiological studies have shown inverse associations between physical activity 18 

and gallbladder disease,
20-23

 although some showed statistically non-significant 19 

associations,
19,24-26

 but it is not known what level of physical activity is needed to 20 

significantly reduce the risk. We conducted a systematic review and meta-analysis of cohort 21 

studies of physical activity and risk of gallbladder disease with the aim of clarifying the 22 

presence and strength of the association, the dose-response relationship and how much of the 23 

association may be explained by reductions in body fatness.   24 
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Methods  1 

 2 

Search strategy  3 

We searched the Pubmed and Embase databases from inception (1966 and 1947, 4 

respectively) up to 9
th

 of January 2015 for eligible studies. As part of a larger project on risk 5 

factors for gallbladder disease we used broad search terms in the PubMed search: (body mass 6 

index OR BMI OR overweight OR obesity OR anthropometry OR fatness OR body fatness 7 

OR abdominal fatness OR abdominal obesity OR waist circumference OR waist-to-hip ratio 8 

OR physical activity OR exercise OR sports OR walking OR biking OR running OR fitness 9 

OR exercise test OR inactivity OR  diabetes OR smoking OR tobacco OR risk factor OR risk 10 

factors) AND (gallstones OR gallbladder disease OR cholelithiasis OR cholecystectomy OR 11 

cholecystitis). This search strategy was modified and adapted for the Embase search 12 

(Supplementary text). We followed standard criteria for conducting and reporting meta-13 

analyses.
27

 In addition, we searched the reference lists of the identified publications for 14 

further studies. Study quality was assessed using the Newcastle-Ottawa scale.
28

 15 

 16 

Inclusion criteria and study selection 17 

We included published prospective cohort studies (which are less prone to biases than case-18 

control and cross-sectional studies) that investigated the association between physical activity 19 

and the risk of gallstones, gallbladder disease or cholecystectomies. Estimates of the relative 20 

risk with the 95% CIs had to be available in the publication. For the dose-response meta-21 

analysis a quantitative measure of the physical activity level had to be provided. Cross-22 

sectional and case-control studies, reviews, meta-analyses, comments, editorials, letters, news 23 

articles, studies in pregnant women, and abstract and grey literature was excluded. 24 
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Supplementary Table 1 shows the excluded studies and reasons for exclusions. One of the 1 

included articles
23

 reported results from two studies, but we only included results from one of 2 

these (Study of Osteoporotic Fractures) because we considered the risk estimates from the 3 

other study (Walking Women Follow-up Study) to be unreliable given the low number of 4 

cases and participants, with RRs of 1.00 (reference, 0 cases/42 participants), 1.08 (95% CI: 5 

0.96-1.22, 3 cases/41 participants), and 1.13 (95% CI: 1.01-1.28, 6 cases/41 participants) for 6 

tertiles 3, 2, and 1, respectively.  7 

 8 

Data extraction 9 

The following data were extracted from each study: The first author’s last name, publication 10 

year, country where the study was conducted, study period, sample size, number of 11 

cases/participants, physical activity type, level of activity, relative risks and 95% confidence 12 

intervals for the highest versus the lowest level of physical activity and variables adjusted for 13 

in the analysis.  14 

 15 

Statistical methods  16 

We calculated summary relative risks for the highest versus the lowest level of physical 17 

activity using the random-effects model by DerSimonian and Laird,
29

 which takes into 18 

account both within and between study variation (heterogeneity). The average of the natural 19 

logarithm of the relative risks was estimated and the relative risk from each study was 20 

weighted by the inverse of its variance. For one study
26

 which only reported a continuous 21 

estimate per km running (a different measure than the other studies which were reported in 22 

MET-hours per week) and which therefore could not be included in the dose-response 23 

analysis, we converted the continuous estimate to an estimate that could be used for the high 24 

vs. low meta-analysis by multiplying the ln(RR) and ln(CI) by 9, and back-transforming the 25 
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risk estimate to non-logarithmic scale. We chose to multiply by 9 because the cut-offs for 1 

increasing quintiles were <2, 2-4, 4-6, 6-8, ≥8 km/day (these were provided in a figure, but 2 

categorical risk estimates were not reported), which would give midpoints in the lowest 3 

category and the highest category of 1 and 9 km/day, respectively, assuming the open-ended 4 

intervals to have the same distance as the adjacent intervals.  5 

To investigate whether specific levels of physical activity were associated with 6 

gallbladder disease, we used the method described by Greenland and Longnecker
30

 to 7 

conduct dose-response analyses by computing study-specific slopes (linear trends) and 95% 8 

confidence intervals from the natural log of the relative risks and confidence intervals across 9 

categories of physical activity level. The median or mean level of physical activity in each 10 

category of physical activity was assigned to the corresponding relative risk for each study. 11 

For studies that reported the physical activity level by ranges of activity, we estimated the 12 

midpoint for each category by calculating the average of the upper and lower boundaries. We 13 

conducted separate dose-response analyses for studies that reported amounts of physical 14 

activity in metabolic equivalent task (MET)-hours or kcal of energy expenditure. The MET is 15 

an index of the intensity of physical activity and is defined as the caloric expenditure per 16 

kilogram of body weight per hour of activity divided by the equivalent per hour at rest. One 17 

MET is considered equal to the energy cost of a person during quiet sitting, while walking at 18 

a slow pace has a MET value of 2, and jogging and bicycling have MET values of 7-8. MET-19 

hours are the number of hours engaged in each activity multiplied with the MET value of that 20 

activity, which are summed across different types of activities. Studies that did not quantify 21 

the physical activity level were excluded from the dose-response analysis. We assessed a 22 

potential nonlinear dose-response relationship between physical activity and gallbladder 23 

disease using fractional polynomial models.
31

 We determined the best fitting second order 24 

fractional polynomial regression model, defined as the one with the lowest deviance. A 25 
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likelihood ratio test was used to assess the difference between the nonlinear and linear models 1 

to test for nonlinearity.
32

  2 

Heterogeneity between studies was evaluated using Q and I
2
 statistics.

33
 I

2
 is the 3 

proportion of total variation contributed by between-study variation rather than chance. I
2
-4 

values of 25%, 50% and 75% indicate low, moderate and high heterogeneity, respectively. 5 

We conducted main analyses and subgroup analyses by study characteristics such as gender, 6 

type of outcome (gallstones, gallbladder disease and cholecystectomy), number of cases, 7 

geographic location and adjustment for confounding factors. Study quality was assessed 8 

using the Newcastle-Ottawa scale which rates the studies from 0 to 9 by assessing the 9 

selection, comparability and outcome of each study.
28

 10 

Publication bias was assessed using Egger’s test
34

 and Begg-Mazumdar’s test
35

 and 11 

by inspection of funnel plots. The statistical analyses were conducted using the software 12 

package Stata, version 10.1 software (StataCorp, Texas, US).  13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 
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Results 1 

 2 

We identified 8 cohort studies that could be included in the analysis of physical activity and 3 

gallbladder disease
19-26

, with a total of 6958 cases and 218204 participants (Figure 1, Table 4 

1). Seven of the studies were from North-America and one was from Europe.  5 

 6 

High versus low analysis 7 

Eight cohort studies
19-26

 investigated the association between physical activity and 8 

gallbladder disease risk (Table 1). The summary relative risk for high versus low physical 9 

activity was 0.75 (95% CI: 0.69-0.81) with no evidence of heterogeneity, I
2
=0%, 10 

pheterogeneity=0.94 (Figure 2). There was some evidence of publication bias with Egger’s test, 11 

p=0.02, but not with Begg’s test, p=0.90 (Supplementary Figure 1), but this disappeared 12 

when we restricted the analysis to studies with ≥500 cases, p=0.14, and the results were 13 

similar, showing a summary RR of 0.76 (95% CI: 0.69-0.84, I
2
=0%, pheterogeneity=0.62).  14 

 15 

Dose-response analyses 16 

Only two cohort studies could be included in the dose-response analysis of leisure-time 17 

physical activity in MET-hours per week.
21,22

 The summary relative risk was 0.85 (95% CI: 18 

0.80-0.90, I
2
=0%, pheterogeneity=0.84) per 20 MET-hours per week (Supplementary Figure 2a). 19 

When BMI was omitted from the multivariate adjustment the summary RR was 0.78 (95% 20 

CI: 0.73-0.83, I
2
=0%, pheterogeneity=0.54) (Figure 2a). There was no evidence of a nonlinear 21 

association between leisure-time physical activity and gallbladder disease, pnonlinearity=0.28 22 

(Figure 2b, Supplementary Table 2). Two cohort studies
23,24

 could be included in the dose-23 

response analysis of energy expended on physical activity per week (kcal per week). The 24 
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summary relative risk per 1000 kcal/week was 0.93 (95% CI: 0.74-1.16, I
2
=88.7%, 1 

pheterogeneity=0.003) (Supplementary Figure 3).  2 

 3 

Vigorous and non-vigorous physical activity 4 

Only two cohort studies could be included in the dose-response analysis of vigorous (defined 5 

as activity that required 6 or more METs per hour) and non-vigorous (defined as activity that 6 

required less than 6 METs per hour, including light and moderate activity) physical 7 

activity.
21,22

 The summary RR per 20 MET-hours per week was 0.83 (95% CI: 0.76-0.90, 8 

I
2
=0%, pheterogeneity=0.85) for vigorous physical activity and it was 0.86 (95% CI: 0.76-0.98, 9 

I
2
=0%, pheterogeneity=0.45) for non-vigorous physical activity (Supplementary Figure 4a, 10 

Supplementary Figure 5a). When BMI was omitted from the multivariate adjustment the 11 

respective summary RRs were 0.76 (95% CI: 0.70-0.83, I
2
=0%, pheterogeneity=0.94) and 0.78 12 

(95% CI: 0.65-0.93, I
2
=36%, pheterogeneity=0.21) (Supplementary Figure 4a, Supplementary 13 

Figure 5a). There was evidence of a nonlinear association between vigorous and non-14 

vigorous physical activity and gallbladder disease, pnonlinearity=0.009 and pnonlinearity=<0.0001, 15 

respectively, with a steeper inverse association at higher levels of vigorous physical activity, 16 

while the association for non-vigorous physical activity was less pronounced at higher levels 17 

of activity (Supplementary Figure 4b, Supplementary Figure 5b, Supplementary Table 2). 18 

 19 

Subgroup and sensitivity analyses 20 

Relations of physical activity to gallbladder disease were inverse in all strata of subgroup 21 

analyses, defined by gender, duration of follow-up, geographic location, type of outcome, 22 

number of cases, study quality and adjustment for confounding factors (Table 2). With meta-23 

regression analyses there was no evidence that the results differed between these subgroups 24 

(Table 2). Mean and median study quality scores were 6.13 and 6.5, respectively. When we 25 
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conducted sensitivity analyses removing one study at a time, the size of the summary RR 1 

ranged from 0.71 (95% CI: 0.63-0.80) when excluding the study by Leitzmann et al
22

 to 0.76 2 

(95% CI: 0.70-0.82) when excluding the study by Storti et al.
23

  3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 
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Discussion  1 

To our knowledge this is the first meta-analysis of observational studies of physical 2 

activity and risk of gallbladder disease. Our results confirm an inverse association between 3 

higher levels of physical activity and gallbladder disease. There was a 25% relative risk 4 

reduction for participants with the highest versus the lowest physical activity level. Both 5 

vigorous and non-vigorous physical activity was associated with reduced risk.   6 

The present systematic review and meta-analysis has some limitations that need to be 7 

discussed. The number of studies included was modest and few studies could be included in 8 

the dose-response analysis because the physical activity level was not quantified or it was 9 

quantified in a manner that was not possible to combine with the remaining studies. Further 10 

studies should aim to report results in a manner that can be included in future updated dose-11 

response meta-analyses (for example in MET-hrs per week). Our analysis suggests that both 12 

vigorous and non-vigorous physical activity reduces risk of gallbladder disease, although the 13 

dose-response relationship appeared to be stronger for vigorous physical activity than for 14 

non-vigorous physical activity. This might at least partly be due to the greater range of 15 

vigorous physical activity than of non-vigorous activity. However, further studies are needed 16 

as the number of studies on subtypes of physical activity was low. Many of the included 17 

studies adjusted for important confounding factors and in subgroup analyses, we did not find 18 

evidence that the results differed when stratified by adjustment for confounding factors. We 19 

cannot, however, exclude the possibility that residual confounding by other unidentified risk 20 

factors could have partly affected the results. Physical activity was assessed using self-21 

reported questionnaires and therefore measurement error in the exposure variable is likely to 22 

have occurred. Two studies made corrections for measurement error using data from their 23 

validation studies.
21,22

 One of the studies reported a RR of 0.81 (95% CI: 0.73-0.89) per 25 24 

MET-hours per week of moderate intensity exercise in an uncorrected model, and 0.64 (95% 25 
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CI: 0.49-0.86) in a model corrected for measurement error,
21

 and another study reported a RR 1 

of 0.85 (95% CI: 0.80-0.90) per 25 MET-hours per week in an uncorrected model and 0.58 2 

(95% CI: 0.43-0.77) in a model corrected for measurement error,
22

 suggesting substantial 3 

underestimation of the RR due to measurement errors. In addition, because of the limited 4 

number of studies we chose to analyse leisure-time physical activity together with total 5 

physical activity. However, the magnitude of the risk estimates were similar in stratified 6 

analyses, and there was no heterogeneity between these subgroups. There were some 7 

differences in the definition of the outcome as well. Some studies investigated only 8 

gallstones, while others investigated gallbladder disease which included both gallstones and 9 

inflammation of the gallbladder (cholecystitis), and in one study the outcome was surgical 10 

removal of the gallbladder (cholecystectomy), while no cohort studies reported on 11 

cholecystitis only. However, risk estimates where similar when stratified by type of outcome 12 

and there was no evidence of heterogeneity between these subgroups. Because most of the 13 

studies were from North America and included mainly Caucasian subjects, further studies 14 

among other ethnicities and in other geographic locations are needed to clarify if the findings 15 

also apply to other populations. One last limitation is that the study selection was done by one 16 

author and not in duplicate.  17 

 Several biological mechanisms could explain a protective effect of physical activity 18 

on risk of gallbladder disease. Physical activity has been established to protect against general 19 

and abdominal overweight and obesity
12-14

 and diabetes
36

 which are strongly associated with 20 

risk of gallbladder disease.
5,7,16,17

 However, in this meta-analysis most studies adjusted for 21 

BMI and several studies also adjusted for diabetes and the results persisted in these subgroup 22 

analyses. In two studies
21,22

 that provided risk estimates both adjusted and not adjusted for 23 

BMI the inverse association was slightly more pronounced when BMI was omitted from the 24 

multivariable models compared to when adjusted for BMI (RR of 0.78 vs. 0.85 per 25 MET-25 
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hours/week for leisure-time activity), suggesting that reduced adiposity may explain 1 

approximately 30-35% of the reduction in risk observed with physical activity. However, a 2 

clinically relevant reduction in risk was observed even with adjustment for BMI and other 3 

mechanisms are therefore likely to be involved in explaining the beneficial effects of physical 4 

activity on gallbladder disease. Physical activity has been shown to reduce levels of total 5 

cholesterol,
10

 triglycerides,
10

 and insulin resistance
8,9

 and this may further contribute to 6 

reduced gallbladder disease risk. In addition, physical activity may influence gallbladder 7 

disease risk by modulating gallbladder motility.
37

 Hypomotility of the gallbladder leads to 8 

incomplete emptying of the gallbladder which promotes bile stasis and crystal formation 9 

leading to gallstones.
38

 Physical activity may also increase vagal tone which can stimulate 10 

gallbladder emptying.
39

 11 

 Strengths of this analysis include the large sample size which provides sufficient 12 

statistical power to detect modest associations, and comprehensive subgroup, sensitivity and 13 

dose-response analyses, as well as moderate to high study quality. Because this analysis only 14 

included cohort studies recall bias is not likely to explain the findings and there is less 15 

possibility for selection bias. When stratified by gender, similar reductions in risk were 16 

observed for men and women.  17 

 In conclusion, the results from this systematic review and meta-analysis confirm that 18 

a high level of physical activity reduces the risk of gallbladder disease. This adds to the many 19 

health benefits that have already been documented for physical activity. Future studies should 20 

attempt to further define the dose-response relationship between physical activity and specific 21 

types of physical activity and gallbladder disease risk and additional studies in non-American 22 

populations are warranted.  23 

 24 
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Table 1. Prospective studies of physical activity and gallbladder disease 

First 

author, 

publication 

year, 

country 

Number of 

participants, 

number of 

cases 

Study 

period, 

duration of 

follow-up 

Study 

quality 

score 

Physical activity exposure Quantity of physical activity Relative risk 

(95% 

confidence 

interval) 

Adjustment for confounders 

Kato I, 

1992, 

USA 

7831 Japanese 

men, age ≥45-

65: 471 

gallbladder 

disease 

1965-68 - 

1990 

8 Physical activity index (TPA) ≥35.5 vs. <29.5 METs/d 

 

0.7 (0.6-1.0) Age, pack-years of cigarettes, 

alcohol, serum TG, serum uric 

acid, serum glucose, DBP, height, 

BMI, total calories 

Sahi T et 

al, 1998, 

USA 

16414 men, 

age 32-74 

years: 268 

gallbladder 

disease cases 

1962-1966-

1977, up to 

15 years 

follow-up 

7 Physical activity index (LTPA) ≥3500 vs. <500 kcal/wk 

 

0.72 (0.46-1.13) Age, calendar year, BMI, BMI 

change between college and 

1962/66, smoking habit 

Leitzmann 

MF, 1998, 

USA 

45813 men, 

age 40-75 

years: 828 

symptomatic 

gallstone 

cases 

 

1986-1994, 

8 years 

follow-up 

7 Total physical activity (LTPA) 

Total physical activity (LTPA) 

Total physical activity (LTPA), BMI adj. 

Vigorous activity 

Vigorous activity 

Vigorous activity, BMI adj. 

Nonvigorous activity 

Nonvigorous activity 

Nonvigorous activity, BMI adj. 

≥32.6 vs. 0-2.7 MET-hrs/wk 

Per 25 MET-hrs/wk 

≥32.6 vs. 0-2.7 MET-hrs/wk 

≥25.1 vs. 0 MET-hrs/wk 

Per 25 MET-hrs/wk 

≥25.1 vs. 0 MET-hrs/wk 

≥11.4 vs. 0-0.8 MET-hrs/wk 

Per 25 MET-hrs/wk  

≥11.4 vs. 0-0.8 MET-hrs/wk 

0.63 (0.51-0.79)  

0.81 (0.73-0.89) 

0.72 (0.59-0.90)  

0.58 (0.45-0.75)  

0.77 (0.67-0.88) 

0.65 (0.50-0.85)  

0.93 (0.75-1.15)  

0.87 (0.73-1.03) 

0.97 (0.78-1.19)  

Age, diabetes mellitus, smoking, 

cholesterol-lowering drugs, 

thiazide use, NSAIDS, alcohol, 

dietary fiber, carbohydrates 

Leitzmann 

MF et al, 

1999, 

USA 

60290 

women, age 

40-65 years: 

3257 

cholecystec-

tomies 

 

1986-1996, 

10 years 

follow-up 

7 Physical activity (LTPA) 

Physical activity, BMI/weight change-adj. 

Physical activity, BMI/weight change-adj. 

Vigorous physical activity 

Vigorous physical activity, BMI/weight 

change-adj. 

Vigorous physical activity, BMI/weight 

change-adj. 

Nonvigorous physical activity 

Nonvigorous physical activity, BMI/weight 

≥22.1 vs. 0-1.6 MET-hrs/wk 

≥22.1 vs. 0-1.6 MET-hrs/wk 

Per 25 MET-hrs/wk 

≥16 vs. 0 MET-hrs/wk 

≥16 vs. 0 MET-hrs/wk 

 

Per 10 MET-hrs/wk 

 

≥10.8 vs. 0-0.8 MET-hrs/wk 

≥10.8 vs. 0-0.8 MET-hrs/wk 

0.69 (0.61-0.78)  

0.79 (0.71-0.89)  

0.85 (0.80-0.90) 

0.75 (0.66-0.85)  

0.82 (0.73-0.93)  

 

0.89 (0.86-0.94) 

 

0.86 (0.77-0.98)  

0.95 (0.84-1.06) 

Age, parity, OC use, use of HRT, 

diabetes mellitus, pack-years of 

smoking, use of cholesterol-

lowering drugs, thiazide use, 

NSAIDS, dietary fiber, 

carbohydrates, alcohol, coffee 

 

Page 47 of 66

Human Kinetics, 1607 N Market St, Champaign, IL 61825

Journal of Physical Activity and Health

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

  Physical activity and gallbladder disease 

 

22 

 

 

change-adj.  

Nonvigorous physical activity, BMI/weight 

change-adj. 

 

Per 10 MET-hrs/wk 

 

 

0.91 (0.87-0.96) 

 

Boland LL 

et al, 

2002, 

USA 

12773 men 

and women, 

age 45-64 

years: 397 

gallbladder 

disease 

1987-1989 – 

1996, 8.2 

years 

follow-up 

6 Sport index (LTPA), men 

Sport index (LTPA), women 

 

≥3.25 vs. ≤1.75 

≥3.25 vs. ≤1.75 

0.81 (0.5-1.3) 

0.72 (0.5-1.1) 

Age 

Storti KL 

et al, 2005, 

USA 

8010 women, 

age ≥65 years: 

1281 gallstone 

disease cases 

1989-90 – 

1992-1994, 

~3.5 years 

follow-up 

5 Physical activity (LTPA) 

Physical activity (LTPA) 

 

Per 500 kcal/wk 

>2244 vs. <512 kcal/wk 

 

0.94 (0.90-0.98) 

0.63 (0.44-0.90) 

Age, BMI, education, hormone use, 

diabetes prevalence, smoking 

status, alcohol use, parity 

 

Williams 

PT et al, 

2008, 

USA 

29110 male 

and 11953 

female 

runners, mean 

age 45/39 

years: 166 

gallbladder 

disease cases 

1991-94 – 

2002, 7.6 

years 

follow-up 

4 Physical activity (LTPA), men 

Physical activity (LTPA), men, BMI adj. 

Physical activity (LTPA), women 

Physical activity (LTPA), women, BMI adj. 

 

Per km/d 

Per km/d 

Per km/d 

Per km/d 

0.93 (0.87-0.98) 

0.97 (0.91-1.02) 

0.91 (0.84-0.97) 

0.96 (0.89-1.03) 

Age, race, education, pack-yrs of 

cigarette use, weekly intakes of 

meat, fish, fruit, alcohol, parity 

Banim PJR 

et al, 2010, 

United 

Kingdom 

25639 men 

and women, 

age 40-74 

years: 290 

gallstone 

cases  

1993-1997 

– 2007, 14 

years 

follow-up 

8 Physical activity (TPA), all 

Physical activity (TPA), men 

Physical activity (TPA), women 

Active vs. inactive 

Active vs. inactive 

Active vs. inactive 

 

0.75 (0.50-1.12) 

0.81 (0.43-1.51) 

0.66 (0.38-1.13) 

Age, alcohol, BMI, sex 

Women: also adjusted for parity 

and HRT  

 

BMI =Body mass index, DM=diabetes mellitus, HRT=hormone replacement therapy, LTPA=leisure-time physical activity, MUFA=monounsaturated fatty 

acids, NA= not available, NSAID=non-steroidal anti-inflammatory drugs, OC use=oral contraceptive use, SFA=saturated fatty acids, TPA=total physical 

activity (leisure + occupational activity) 
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Table 2. Subgroup analyses of physical activity and gallbladder disease 

 Physical activity and gallbladder disease 

 n Relative risk (95% CI) I
2
 (%) Ph

1 
Ph

2
 

All studies 8 0.75 (0.69-0.81) 0 0.94  

Gender       

    Men  6 0.73 (0.63-0.84) 0 0.99 0.60
 

    Women  5 0.76 (0.69-0.85) 0 0.75 

Outcome       

    Gallstones  3 0.70 (0.59-0.82) 0 0.82 0.24 

    Gallbladder disease 4 0.73 (0.62-0.85) 0 0.98 

    Cholecystectomy  1 0.79 (0.71-0.88)   

Type of physical activity      

    Leisure-time physical activity 6 0.76 (0.70-0.83) 0 0.87 0.51 

    Total physical activity 2 0.70 (0.57-0.86) 0 1.00 

Geographic location       

    Europe 1 0.70 (0.48-1.02)   0.72 

    America 7 0.75 (0.69-0.82) 0 0.90 

Number of cases      

    Cases <500 4 0.72 (0.62-0.85) 0 0.98 0.43 

    Cases 500-<1000 2 0.72 (0.59-0.88) 28.4 0.24 

    Cases ≥1000 2 0.72 (0.59-0.88) 0 1.00 

Study quality      

     0-3 stars 0    0.16 

     4-6 stars 4 0.71 (0.59-0.85) 0 0.88 

     7-9 stars 4 0.76 (0.69-0.83) 0 0.74 

Adjustment for confounding factors
3 

Age  Yes  8 0.75 (0.69-0.81) 0 0.94 NC 

No  0    
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Education Yes 2 0.67 (0.52-0.88) 0 0.58 0.45 

No 6 0.76 (0.70-0.83) 0 0.93 

Alcohol  

 

Yes  6 0.75 (0.69-0.82) 0 0.81 0.87 

No  2 0.75 (0.58-0.96) 0 0.84 

Smoking Yes  6 0.75 (0.69-0.82) 0 0.83 0.78 

No  2 0.74 (0.58-0.93) 0 0.74 

BMI Yes  7 0.75 (0.69-0.82) 0 0.89 NC 

No  1 0.76 (0.56-1.02)   

Diabetes mellitus 

 

Yes  3 0.76 (0.69-0.84) 0 0.42 0.52 

No  5 0.72 (0.62-0.84) 0 1.00 

NSAIDs Yes  2 0.77 (0.70-0.86) 0 0.46 0.31 

No  6 0.71 (0.62-0.81) 0 0.99 

Thiazide use  Yes 2 0.77 (0.70-0.86) 0 0.46 0.31 

No 6 0.71 (0.62-0.81) 0 0.99 

Cholesterol-lowering 

drugs 

Yes  2 0.77 (0.70-0.86) 0 0.46 0.31 

No  6 0.71 (0.62-0.81) 0 0.99 

Dietary fiber Yes  2 0.77 (0.70-0.86) 0 0.46 0.31 

No  6 0.71 (0.62-0.81) 0 0.99 

Coffee Yes 1 0.79 (0.71-0.89)   0.24 

No 7 0.71 (0.63-0.80) 0 1.00 

Carbohydrates  Yes  2 0.77 (0.70-0.86) 0 0.46 0.31 

No  6 0.71 (0.62-0.81) 0 0.99 

n denotes the number of studies, 1P for heterogeneity within each subgroup,  

2
 P for heterogeneity between subgroups with meta-regression analysis  

NC, not calculable because no studies were present in one of the subgroups.  

  

 

 

Page 50 of 66

Human Kinetics, 1607 N Market St, Champaign, IL 61825

Journal of Physical Activity and Health

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

25 

 

25 

 

 

Figure 1. Flow-chart of study selection 

 

12747 records identified in total:
7799 records identified in PubMed
4948 records identified in Embase

51 records reporting on 

physical activity and 

gallbladder disease and 

given detailed assessment

12696 excluded based on title 
or abstract

2 cohorts excluded:
1 only continuous estimate 
which could not be combined 
with the other studies)

1 unreliable risk estimates

8 cohort studies 

(8 publications) included

42 publications excluded:
15 cross-sectional studies
12 reviews/meta-analyses
7 comment, editorial, letter, 

news
4 case-control studies
3 pregnant women
1 abstract

9 potentially relevant 

publications (10 cohort 

studies)
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Figure 2. Physical activity and gallbladder disease, highest versus lowest comparison 

  Relative Risk
 .25  .5  .75  1  2

 Study

 Relative Risk

 (95% CI)

 Banim, 2010   0.70 ( 0.48, 1.01)

 Williams, 2008   0.73 ( 0.49, 1.10)

 Storti, 2005   0.63 ( 0.44, 0.90)

 Boland, 2002   0.76 ( 0.56, 1.02)

 Leitzmann, 1999   0.79 ( 0.71, 0.89)

 Leitzmann, 1998   0.72 ( 0.58, 0.90)

 Sahi, 1998   0.72 ( 0.46, 1.13)

 Kato, 1992   0.70 ( 0.60, 1.00)

 Overall   0.75 ( 0.69, 0.81)
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Embase search terms 

1) (body mass index OR BMI OR overweight OR obesity OR anthropometry OR fatness OR 

body fatness OR abdominal fatness OR abdominal obesity OR waist circumference OR waist-

to-hip ratioORphysical activity OR exercise OR sports OR walking OR biking OR running 

OR fitness OR exercise test OR inactivityOR diabetesOR smoking OR tobaccoOR risk factor 

OR risk factors).ti,ab. 

2) body mass index/ OR BMI/ OR overweight/ OR obesity/ OR anthropometry/ OR fatness/ 

OR body fatness/ OR abdominal fatness/ OR abdominal obesity/ OR waist circumference/ OR 

waist-to-hip ratio/ ORphysical activity/ OR exercise/ OR sports/ OR walking/ OR biking/ OR 

running/ OR fitness/ OR exercise test/ OR inactivity/ OR diabetes/ OR smoking/ OR tobacco/ 

OR risk factor/ OR risk factors/ 

3) (gallstones OR gallbladder disease OR cholelithiasis OR cholecystectomy 

ORcholecystitis).ti,ab. 

4) gallstones/ OR gallbladder disease/ OR cholelithiasis/ OR cholecystectomy/ OR 

cholecystitis/ 

5) (case-control or retrospective or cohort or cohorts or prospective or longitudinal or follow-

up or cross-sectional or trial or relative risk or risk or hazard ratio or odds ratio or 

regression).ti.ab. 

6) 1 OR 2 

7) 3 OR 4 

8) 5 AND 6 AND 7 

9) limit 8 to human 
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Abstract  (1) 

Case-control study (2-5) 

Cross-sectional study (6-20) 

Gallstones in pregnancy (21-23) 

Letter/editorial/news/note/comment (24-30) 

Meta-analysis  (31) 

Review (32-42) 

Not usable result, only continuous 

estimate (square root of the physical 

activity level was used).  We were not 

able to obtain supplementary 

(categorical) data from the authors.  
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Supplementary Table 2. Leisure-time physical activity and gallstones, nonlinear dose-response 

 Leisure-time physical activity Vigorous physical activity Non-vigorous physical activity 

 Not BMI adjusted BMI adjusted Not BMI adjusted BMI adjusted Not BMI adjusted BMI adjusted 

MET-hrs per week RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) 

1 1.00 1.00 1.00 1.00 1.00 1.00 

5 0.89 (0.83-0.96) 0.93 (0.87-1.00) 0.92 (0.84-1.00) 0.95 (0.89-1.03) 0.91 (0.85-0.99) 0.92 (0.88-0.97) 

10 0.83 (0.76-0.91) 0.89 (0.81-0.97) 0.89 (0.81-0.97) 0.93 (0.87-1.00) 0.86 (0.79-0.93) 0.84 (0.76-0.94) 

15 0.78 (0.72-0.86) 0.85 (0.78-0.93) 0.84 (0.77-0.91) 0.89 (0.84-0.95) 0.84 (0.77-0.91) 0.97 (0.87-1.08) 

20 0.75 (0.68-0.81) 0.82 (0.76-0.90) 0.78 (0.71-0.86) 0.84 (0.78-0.91)   

25 0.71 (0.65-0.78) 0.80 (0.73-0.87) 0.71 (0.63-0.80) 0.78 (0.70-0.87)   

30 0.68 (0.62-0.74) 0.77 (0.71-0.84) 0.63 (0.54-0.75) 0.71 (0.61-0.84)   

35 0.65 (0.59-0.72) 0.75 (0.68-0.83)     

40 0.62 (0.55-0.70) 0.73 (0.65-0.81)     
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Supplementary Figure 1. Funnel plot 
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Supplementary Figure 2. Leisure-time physical activity and gallbladder disease, with and 

without BMI adjustment 

B

Leisure-time physical activity and gallbladder cisease, per 20 MET-hrs/wk

Leisure-time physical activity and gallbladder cisease, non-linear dose-response
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Supplementary Figure 3. Leisure-time physical activity and gallbladder disease, per 1000 

kcal/week 

 
 Relative Risk

 .5  .75  1  1.5

 Study

 Relative Risk

 (95% CI)

 Storti, 2005   0.82 ( 0.72, 0.94)

 Sahi, 1998   1.04 ( 0.97, 1.11)

 Overall   0.93 ( 0.74, 1.16)

 

 

 

 

 

 

 

 

 

 

 

 

 

Page 61 of 66

Human Kinetics, 1607 N Market St, Champaign, IL 61825

Journal of Physical Activity and Health

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

10 

 

Supplementary Figure 4. Vigorous physical activity and gallbladder disease, with and without 

BMI adjustment 

B

Vigorous physical activity and gallbladder cisease, per 20 MET-hrs/wk

Vigorous physical activity and gallbladder cisease, non-linear dose-response
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Supplementary Figure 5. Nonvigorous physical activity and gallbladder disease, with and 

without BMI adjustment 

B

Non-vigorous physical activity and gallbladder cisease, per 20 MET-hrs/wk

Non-vigorous physical activity and gallbladder cisease, non-linear dose-response
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exclusions at each stage, ideally with a flow diagram.  

8, Figure 1, 
supplementary 
Table 1 

Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) 
and provide the citations.  

Table 1 

Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  Table 2 

Results of individual studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  

Table 1 

Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  Figure 2, 
Supplementary 
Figure 2-5 

Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  8-10, 
Supplementary 
figure 1 

Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 
16]).  

9-10, Table 2 

DISCUSSION   

Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their 
relevance to key groups (e.g., healthcare providers, users, and policy makers).  

11-13 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval 
of identified research, reporting bias).  

11-12 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future 
research.  

13 
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For Peer Review

PRISMAPRISMAPRISMAPRISMA    2009 Checklist2009 Checklist2009 Checklist2009 Checklist 

FUNDING   

Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders 
for the systematic review.  

14 

 
From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. 
doi:10.1371/journal.pmed1000097  

For more information, visit: www.prisma-statement.org.  
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