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Diet, physical activity, and gallstones—a population-based, case-
control study in southern Italy* 2
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ABSTRACT thermore, the association of the diet could be with symptoms
Background: Gallstones are a highly prevalent condition; how- and not with disease.
ever, the nutritional and lifestyle risk factors of this disease are A smaller number of case-control studies used cholecysto-
not well understood. graphic or echographic methods to evaluate the presence of gall-
Objective: We evaluated the association between diet, physicastones (12, 17, 20, 21, 30); however, these studies all considered
activity, and incident cases of gallstones diagnosed by ultrasourtevalent disease and therefore the temporal relation betwegg
in a population-based, case-control study. exposure and disease could not be evaluated with certainty. 8
Design: One hundred patients with newly diagnosed gallstoneseries of cohort studies (2, 22, 23, 26, 28, 29, 31) were also corg
and 290 randomly selected control subjects without gallstoneducted; however, they also had shortcomings, both with regard t§.
were enrolled in the study. The presence of gallstones was detehe assessment of exposure (ie, the diet was poorly assessed) g&hd
mined by ultrasonography. Both patients and control subjectsutcome (ie, in all but one study, outcome was assessed on t@
completed a questionnaire about their usual diet and physicélasis of symptoms and not disease). Only 2 dietary trials withy
activity for the 12 mo before the ultrasonography. The associgeostmortem findings of gallstones are available in the literatureS
tion between diet and physical activity and risk of gallstone for-and their results are contrasting (6, 7).
mation was analyzed by using multiple logistic regression. The present study addressed several methodologic shortcona
Results: Body mass index and intake of refined sugars werangs and biases: it is a population-based, case-control study og
directly associated with risk of gallstone formation, whereaspatients with new cases of symptomatic and asymptomatic galls
physical activity, dietary monounsaturated fats, dietary cholesstones; dietary intakes were assessed with a semiquantitativ@
terol, and dietary fibers from cellulose were inversely associatetbod-frequency questionnaire.
with risk of gallstone formation. Saturated fats were a risk factor
for gallstone formation and the association appeared to be
stronger for men than for women. SUBJECTS AND METHODS
Conclusion: These findings suggest that a sedentary lifestyle
and a diet rich in animal fats and refined sugars and poor in vegtudy area
etable fats and fibers are significant risk factors for gallstone for- This case-control study was carried out in a small town inQ
mation. Am J Clin Nutr1999;69:120-6. southern ltaly (Castellana, province of Bari, in the Apulia ©
region) with 18000 inhabitants at the 1991 census. The main
KEY WORDS Diet, physical activity, gallstones, case-con- occupation in the town (30% of the people at the 1991 census)
trol study, Mediterranean diet, southern Italy, monounsaturatedvas agriculture related.
fats, saturated fats, fiber, cholesterol, adults, humans
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Case and control subjects

Between May 1985 and June 1986, 3500 individuals (2000

INTRODUCTION men and 1500 women aged 30—69 y) were randomly selected
Numerous epidemiologic studies have examined the role ¢
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from the electoral register of Castellana, and 70.6% (1429 meResidual time (time not accounted for by the listed activities) was
and 1043 women) of them participated in a survey about gallassumed to be spent in light-to-moderate activities. Daily energy
stones. As part of the survey, the participants had an ultrasonogxpenditures were calculated from these items according to the
raphy of the gallbladder and a blood sample taken by venipungrocedures described by James and Schofield (37). Briefly, each
ture. The subjects who showed mobile echoes in the gallbladderctivity was assigned a physical activity ratio (PAR) based on the
lumen at ultrasonography, those cholecystectomized with namount of energy (kJ/min) expended and the estimated basal meta-
visualization of the gallbladder, and those with an abdominabolic rate. These PARs were then converted into integrated energy
scar at physical examination were considered to have a prevaleimdexes (IEls), which take into account the amount of time spent in
case of gallstones: 226 (9.2%) of 2472 subjects (92 men and 134auses during the performance of these activities. Finally, the activ-
women). Of the remaining 2246 subjects, 11 had an uncertaiity-specific IEIs were converted to kilojoules by multiplying by the
diagnosis of gallstones, even after cholecystography, and wet@me spent in the activity (hours and minutes) and the average basal
excluded from the cohort study (32). metabolic rate.

Between May 1992 and June 1993, 2235 subjects free of gall- The reproducibility of the physical activity portion of the
stones at the baseline examination were reexamined. Ultrasoumgiestionnaire was assessed in a subsample of the cohort: the intr-
evaluation of gallstones was carried out by trained echographisteclass correlation for the 10 items ranged from 0.45 (energy
according to a standardized protocol (33). The same echogragxpenditure during bicycling) to 0.93 (energy expenditure during
[a real time machine, Aloka SSD-202, with a 3.5-MHz (87.7%)sleeping). Overall, the intraclass correlation for total energy
linear transducer; Aloka Co, Ltd, Tokyo] was used in both theexpenditure, calculated with data from the 2 physical activity
1985-1986 and 1992-1993 examinations. Respondents comuestionnaires in the cohort sample, was 0.77.
pleted a questionnaire, pertaining to the year before the stud
with 4 areas of interest: sociodemographic status, medical hi
tory, dietary habits, and physical activity. A blood sample was All respondents were included in the analysis of diet becaus
also taken at the reexamination. Respondents were consideredald questionnaires were90% complete. Total energy and
have diabetes if it had been diagnosed by a physician and wasacro- and micronutrient intakes were calculated by using Ital
reported in the medical history portion of the questionnaire.  ian food-composition tables (38, 39). Energy-adjusted nutrien

One hundred four (55 men and 49 women) of 1962 responintakes were computed as the residuals from the regressi
dents had developed gallstones. The overall incidence rate wasodel, with total energy intake as the independent variable an
7.9/1000 person-years (the number of persons at risk of the digbsolute nutrient intake as the dependent variable (40). Subjec%
ease multiplied by the number of years of follow-up). Only 5 ofwere classified by quartiles of energy-adjusted nutrient |ntake:
104 (5%) subjects (4 men and 1 woman) had been operated and by quartiles of total energy expenditure.
for gallstones (32). Ninety-nine subjects with gallstones and a The odds ratios and 95% Cls for the risk of gallstone formatlorP
gallbladder were offered a direct X-ray of the abdomen and &y quartiles of nutrient intake [adjusted for age, sex, body mass:
cholecystography. Of the 79 subjects who agreed to have an Xadex (BMI; in kg/n?), and all other nutrients] were calculated by £
ray, 70 had radiotransparent or mixed gallstones and 9 hadsing unconditional multiple logistic regression (41). The Iinear‘%
radioopaque gallstones. Thus, 88.6% of the gallstones in thieend of the associations was assessed by assigning a score (122,
population were composed of cholesterol. 3, etc) to each of the percentiles (tertiles or quartiles) of the nutriS

Three control subjects, frequency-matched by sex and seas@mt of interest. The reportéivalues were always two sided. §
to each patient, were selected from the gallstone-free population. The backward multiple logistic regression method was used QR
Completed questionnaires from 100 patients with new cases aklect dietary and nondietary factors significantly associated:
gallstones and from 290 control subjects were analyzed. Fowrith gallstones (the statistical level of significance determinedX
patients and 22 control subjects refused to fill in the semiquantiwith the log-likelihood ratio test was setR 0.10) after forc- <
tative food-frequency questionnaire. Control subjects whadng age and sex in the model. Finally, the first-order interactions
refused to fill out the questionnaire were excluded from dataf nutrients with sex and age were evaluated. All statistical com-
analysis and were not replaced. putations were made by using STATA 4.0 statistical software

(Stata Corporation, College Station, TX).

Statistical analysis
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Dietary and physical activity measurements

The reproducibility and accuracy of the food-frequency por-
tion of the questionnaire (96 food items) was documented in RESULTS
validation study in which the questionnaire was compared with Selected nondietary characteristics of cases and control subjects
two 7-d dietary records completed over 6 mo (34). The list ofare shown ifmable 1. Age, BMI, prevalence of diabetes, and stool
foods and beverages were grouped into 12 separate sectiofiequency < 1/d were higher, whereas physical activity was lower
according to principal food groups (35). in patients with gallstones than in control subjects. Dieting, coffee
Physical activity was ascertained with the use of 10 questionsonsumption, and smoking habits did not seem to be associated
designed to measure both leisure time and work activities. Theith the disease. Sex distribution was similar in patients and con-
items were selected on the basis of a previous report on activity pdtel subjects as a result of the matching procedure. Average dietary
terns of elderly populations in rural areas (36) and from a local sunutrient intakes by patients with gallstones and control subjects are
vey of individuals attending the outpatient department in our hosshown inTable 2 Only mean alcohol consumption tended to be
pital. These questions aimed to quantify the time (hours andignificantly lower in patients with gallstones than in control sub-
minutes) spent in bed (sleeping and resting), performing househojdcts.
activities (cooking and cleaning), and performing discretionary The ORs of gallstone risk for various energy-adjusted nutrient
activities (eg, gardening, walking, bicycling, and exercising).quartiles (with the lowest quartile used as the reference category)
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TABLE 1
Main nondietary characteristics of patients with gallstones and control

than men at all intakes of saturated fat, except for the highest
quartile, for which men displayed a greater risk than women.

subjects

Patients with Control subjects

gallstonesif = 100) (h=290) P! DISCUSSION

Men (%) 54.0 53.4 0.92 Qgr results |nd|cat.e that many ngtrltlonal.factors and physical
Age () 59.4 +10.8 571+ 102  0.06 activity may play an important role in the etiology of gallstones.
Body mass index (kg/ 295+ 5.9 27.4+ 4.1 0.0001 In particular, a high intake of saturated fats and refined sugars
Dieting (%) 12.0 9.3 0.44 may increase the risk of gallstone formation, whereas a high
Stool frequency <1/d (%) 19.0 10.7 0.03 intake of monounsaturated fats, fiber from cellulose, and dietary
Coffee consumption (%) 72.0 78.6 0.17 cholesterol and high levels of physical activity may protect
Smokers (%) 23.0 19.7 047  against gallstone formation. Evidence on the relation between
Physical activity (MJ/d) ~ 7.05+3.16 773303 006  gjet and gallstone formation, however, is somewhat conflicting.
Diabetes (%) 14.0 6.6 0.02

After the first report by Malhotra in 1968 suggesting a possible
*t Test for continuous variables; chi-square test for categoric variablesassociation between gallstone formation and saturated fat intakes
ifa“e”ts and control subjects were sex-matched. (42), a series of case-control and clinical investigations have
4x * SD. ) shown contrasting results; however, they all focused on sympto-

Energy expenditure. matic gallstones (1, 3, 8). An exception is the study by Jgrgensen
and Jgrgensen (21), which found a positive, nonsignificant asso-
and the results of the linear trend analysis are showabie 3. ciation between total fat intake (mostly saturated fats) and preva-

The results of 2 separate models are presented: model 1, whitént gallstones (determined by ultrasound) in a cross-sectional,

includes both age, sex, BMI, and energy, and model 2, whiclsurvey of a population-based sample in Denmark. Of potentiag

includes age, sex, BMI, energy, and all other nutrients. Energymportance was the observed significant interaction in our studyg
and monounsaturated fat intakes were inversely related whereagtween sex and saturated fat intakes with regard to gallstonié
intake of refined sugars was directly related to the risk of gallformation, indicating that the association between saturated fag&

stone formation in both models. Saturated fat intake appeared tntake and gallstone formation may be weaker in women than i@

increase the risk of gallstones whereas intake of dietary cholesaen and that men in the highest quartile of saturated fat intake.

terol had an apparent protective effect after adjustment for thmay be at greater risk than women. These findings seem to su&

intake of other nutrients. Alcohol intake appeared to be signifigest that for women there may be factors other than saturated f&t

cantly inversely related to risk only when model 1 was usedintake (eg, hormonal or metabolic) that are more powerful risk%:

Results of the final logistic regression model with both dietaryfactors for gallstone formation. 2

and nondietary variables included are summarizedaiple 4. The potential etiologic role of other fats has not been investi<

BMI and refined sugar and saturated fat intakes were associategted thoroughly. Our study found no evidence of a link betweef®

with an increase in the risk of gallstones, whereas physical actiypolyunsaturated fats and risk of gallstone formation. The Iimited%

ity and monounsaturated fat intake were associated with a reduavailable evidence on the relation between these fats and gallstorfe
tion in the risk of gallstone formation. There was a significantformation is conflicting (6, 7). The link between monounsaturatedS
negative interaction between sex and saturated fat inEageré fats and risk of gallstone formation has not been investigatecE

1). Women appeared to have a greater risk of gallstone formatioMonounsaturated fats, as all fats, have been shown to have a po@-

910¢

TABLE 2
Daily intake of nutrients in patients with gallstones and control subjects, and upper cutoff points for quartiles of intake based on the distribution of nutri-
ents in both groups

Upper cutoff point for quartilés

Patients with Control subjects

Nutrient gallstonesif = 100) t =290) Q Q, Q;
Energy (MJ) 9.08 +3.09% 9.53+ 341 6.95 8.83 11.20
Protein (g) 69.3 27.4 71.7£29.0 50.9 66.9 86.5
Saturated fat (g) 20.6+9.5 20.4+9.2 14.0 18.6 24.6
Monounsaturated fat (g) 38.5+11.6 40.3+12.6 31.2 39.0 49.2
Polyunsaturated fat (g) 8.2+29 8.6+3.1 6.5 7.9 10.0
Cholesterol (mg) 179.9+104.1 187.8+ 105.1 120.1 163.3 231.8
Glycogen (g) 150.5+ 73.9 159.6+ 82.9 93.3 134.5 213.3
Refined sugar (g) 117.4+70.6 115.3+71.6 64.9 96.7 149.2
Fiber from cellulose (g) 8.2+49 8.2+4.8 4.8 6.9 10.5
Fiber from noncellulose (g) 19.9+9.6 20.4+10.2 12.9 18.5 255
Alcohol (g) 19.3 £26.3 25.2+ 27.6* 0.0 15.6 38.5
Calcium (mg) 855.2+ 440.9 836.6+ 458.2 510.3 764.3 1061.6

1Q,, Q,, and Q, quartiles 1, 2, and 3.

2X + SD.

3Median intakes: patients, 10.4 g/d; control subjects, 15.6 g/d.

4Significantly different from patient® < 0.10 ( test).

SReference category was “no drinking alcohol” and drinking quantities in tertiles.
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TABLE 3
Odds ratios (ORs) and 95% Cls of the risk of gallstone formation, by quartiles 1-pof@wutrient intake’s
OR (95% ClI)
Nutrients Q, Q, Q, p2
Protein
Model 1 1.25 (0.64, 2.48) 1.54 (0.78, 3.06) 1.24 (0.62, 2.49) 0.45
Model 2 1.55 (0.66, 3.64) 2.29 (0.82, 6.41) 2.43 (0.73, 8.08) 0.13
Saturated fat
Model 1 0.99 (0.50, 1.97) 1.37 (0.70, 2.64) 1.25 (0.64, 2.44) 0.37
Model 2 1.11 (0.43, 2.84) 2.65 (0.87, 8.06) 3.79 (0.86, 16.82) 0.03
Monounsaturated fat
Model 1 0.89 (0.46, 1.72) 0.96 (0.50, 1.86) 0.47 (0.23, 0.96) 0.06
Model 2 0.73 (0.31, 1.70) 0.85 (0.31, 2.31) 0.30 (0.09, 1.04) 0.09
Polyunsaturated fat
Model 1 0.77 (0.39, 1.50) 0.81 (0.42, 1.56) 0.68 (0.34, 1.33) 0.30
Model 2 0.68 (0.29, 1.62) 0.72 (0.26, 1.99) 0.77 (0.24, 2.52) 0.75
Cholesterol
Model 1 0.96 (0.50, 1.83) 0.94 (0.48, 1.83) 0.75 (0.38, 1.49) 0.43
Model 2 0.53 (0.22, 1.25) 0.36 (0.13, 1.01) 0.24 (0.07, 0.82) 0.02
Refined sugar
Model 1 1.34 (0.66, 2.71) 1.61 (0.80, 3.25) 2.10 (1.06, 4.16) 0.03
Model 2 1.91 (0.77, 4.74) 3.13 (1.05, 9.28) 6.34 (1.55, 25.98) 001 g
Glycogen g
Model 1 0.52 (0.26, 1.04) 0.83 (0.44, 1.59) 0.78 (0.41, 1.48) 0.73 E_’—)
Model 2 0.41 (0.18, 0.92) 0.71 (0.28, 1.84) 0.76 (0.21, 2.78) 062 3
Fiber from cellulose 8
Model 1 1.03 (0.53, 2.0) 0.66 (0.33, 1.33) 1.2 (0.63, 2.32) 086 T
Model 2 0.85 (0.34, 2.10) 0.54 (0.16, 1.84) 0.76 (0.14, 4.02) 0.56 3
Fiber from noncellulose %-
Model 1 0.69 (0.34, 1.36) 0.78 (0.40, 1.52) 1.14 (0.60, 2.17) 0.60 g
Model 2 0.42 (0.16, 1.09) 0.28 (0.08, 0.97) 0.33 (0.06, 1.85) 012 &
Calcium 2
Model 1 1.17 (0.60, 2.27) 1.02 (0.52, 2.01) 1.35 (0.69, 2.63) 0.48 g
Model 2 0.77 (0.33, 1.80) 0.51 (0.20, 1.30) 0.40 (0.11, 1.43) 011 S
AlcohoP g
Model 1 0.66 (0.35, 1.25) 0.59 (0.31, 1.13) 0.38 (0.18, 0.78) 0.008 e
Model 2 0.83(0.39, 1.78) 0.74 (0.32, 1.67) 0.42 (0.14, 1.28) 0.17 2
Energy ]
Model ¥ 0.92 (0.49, 1.73) 0.48 (0.24, 0.96) 0.58 (0.29, 1.16) 0.04 =
Model 22 0.97 (0.44, 2.15) 0.33(0.13, 0.81) 0.46 (0.18, 1.19) 0.03 2

1Quartile 1 (low) is the reference category. In model 1, age, sex, BMI, and energy were controlled; in model 2, age, sex, BMI, energy, and all otha’flnutri-

ents were controlled for.

2Chi-square test for trend.

3Reference category was “no drinking alcohol” and drinking quantities in tertiles.
4Controlled for age, sex, and BMI.

N

970

5Controlled for age, sex, BMI, and all other nutrients.

erful effect on the rate of gallbladder emptying (43). However, thahe risk of gallstone formation. A high intake of refined sugars
effect is different from that of saturated fats because monounsatmay increase the risk of gallstone formation because of the resul-
rated fats increase the ratio of HDL to LDL cholesterol (44) andant increase in the synthesis of cholesterol in the liver secondary
therefore may have important protective effects against gallston® an increase in insulin (45—-48), whereas low fiber intakes have
formation. been associated with an increase in the risk of gallstone forma-
A positive association between intake of refined sugars antion because of the resultant increase in secondary bile acid
risk of gallstone formation has been reported consistently (13secretions due to decreased colonic motility (49, 50).
14, 21, 29). However, a diet rich in refined sugars is usually poor Our finding that BMIs were higher in patients with gallstones
in complex carbohydrates and fiber; therefore, whether refinedhan in control subjects confirms the results from previous epi-
sugars and fiber have independent effects on gallstone risikemiologic investigations (51). There have been fewer studies of
remains to be fully clarified (13, 14, 21, 26, 29). Our findings the relation between physical activity and risk of gallstone for-
suggest that refined sugars and fiber from cellulose may hawmation; however, our finding of a negative relation confirms the
independent effects. findings of previous studies by Williams and Johnston (12) and
The statistical independent association found in our study i&ato et al (28). Other studies, which focused mainly on sympto-
supported by physiologic evidence suggesting possible differemhatic disease, found no association with physical activity (1, 3,
mechanisms through which refined sugars and fibers may affe®, 20). Several mechanisms might account for the association
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TABLE 4

Final multiple logistic regression model of all dietary and nondietary risk factors for gallstone fotmation

Variables Coefficient $3) Standard errorf) P (Wald test) Odds ratio 95% Cls for odds ratio
Sex (male: 0, female: 1) 1.33 0.64 0.04 3.78 (1.08, 13.2)
Age (y) 0.01 0.01 0.31 1.01 (0.99, 1.04)
BMI (kg/m?) 0.13 0.03 0.00 1.13 (1.07, 1.20)
Physical activity (MJ) -0.30 0.13 0.02 0.74 (0.58, 0.96)
Saturated fat (g) 0.69 0.20 0.00 2.01 (1.35, 2.97)
Saturated fak sex interaction —0.59 0.23 0.01 0.55 (0.35, 0.87)
Monounsaturated fat (g) -0.34 0.14 0.01 0.71 (0.55, 0.93)
Cholesterol (mg) -0.31 0.16 0.05 0.73 (0.54, 1.00)
Refined sugar (g) 0.47 0.18 0.01 1.60 (1.13, 2.25)
Fiber from cellulose (g) -0.33 0.17 0.05 0.72 (0.51, 1.00)

1Backward method, age and sex forced in the model; first order interaction of all risk factors with age and sex explored; all nutrients and physical activ

ity in quartiles coded as 1, 2, 3, and 4.

between high physical activity levels and the reduced risk ofn study design, particularly the reliance on symptoms as a meas-
gallstone formation, including a direct effect on colonic motility ure of gallstone disease and the inclusion of prevalent cases of
(52); possible secondary mechanisms are a reduction in insuligallstones. The possibility exists that gastrointestinal symptoms
and insulin resistance (53). may affect dietary recall and that dietary recall after symptoms
In the present study, it is of interest that diabetes ceased to bave developed may reflect changes in the diet secondary to tl"@
a significant risk factor for gallstone risk when BMI and physi- peripheral symptomatology. E
cal activity were included in the model, suggesting that some of Our study had many strengths however. In particular, wez
the mechanisms linking diabetes to gallstone risk may be théocused on new cases of gallstones only and we ascertained t@e
metabolic abnormalities associated with overweight, obesity angresence of gallstones through echography. Our ascertainment &f
physical inactivity (eg, insulin and insulin resistance) (54, 55). diet was, however, performed at the time of diagnosis; thereforeg
Finally, in the present study, alcohol appeared to be a signifiwe cannot exclude the possibility that symptoms may haves
cant risk factor for gallstone formation only before the inclusionaffected dietary intakes. However, only 6 of 100 patients and B
of other nutrients in the model. Therefore, our findings suggesof 290 control subjects reported biliary pain. Furthermore, Wheré’
that alcohol may not be an independent risk factor for gallstonenodels 1 and 2 were tested in asymptomatic individuals only, th%
formation; however, the problems due to collinearity amongresults did not change (data not shown).
nutritional factors does not exclude the possibility that alcohol In conclusion, our study indicated that nutritional factors may@
may still play an important physiologic role in gallstone forma- play an important role in the etiology of gallstones and that mos€
tion. The findings from previous studies of the effects of alcoholbf these factors have been shown to play an important role in th‘%
intake on the gallbladder are conflicting (2, 3, 14, 17, 21, 23, 24¢tiology of other chronic diseases, such as cardiovascular diseage
56, 57); however, several potential mechanisms have been ide(69) and cancer (60). Thus, gallstone disease is one of a clust&r
tified to explain the potential protective effect of alcohol againstof diseases that characterize affluent societies and that mo§
gallstone formation. These mechanisms include the well-knowtikely share common pathophysiologic links and mechanisms o
HDL cholesterol-raising effect of alcohol and the associatedreventive strategies aimed at improving nutrition and energy:

reduction in bile cholesterol saturation (58). imbalance may have a powerful effect on a series of pathologi®

As already indicated, previous studies on nutritional factorsconditions that represent a major source of morbidity and mor
and risk of gallstone formation have provided conflicting resultstality in our society. ]
These discrepancies, however, may have been due to weaknesses
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