
ABSTRACT
Background: Gallstones are a highly prevalent condition; how-
ever, the nutritional and lifestyle risk factors of this disease are
not well understood.
Objective: We evaluated the association between diet, physical
activity, and incident cases of gallstones diagnosed by ultrasound
in a population-based, case-control study.
Design: One hundred patients with newly diagnosed gallstones
and 290 randomly selected control subjects without gallstones
were enrolled in the study. The presence of gallstones was deter-
mined by ultrasonography. Both patients and control subjects
completed a questionnaire about their usual diet and physical
activity for the 12 mo before the ultrasonography. The associa-
tion between diet and physical activity and risk of gallstone for-
mation was analyzed by using multiple logistic regression.
Results: Body mass index and intake of refined sugars were
directly associated with risk of gallstone formation, whereas
physical activity, dietary monounsaturated fats, dietary choles-
terol, and dietary fibers from cellulose were inversely associated
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.
Conclusion: These findings suggest that a sedentary lifestyle
and a diet rich in animal fats and refined sugars and poor in veg-
etable fats and fibers are significant risk factors for gallstone for-
mation. Am J Clin Nutr1999;69:120–6.
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INTRODUCTION

Numerous epidemiologic studies have examined the role of
diet as a potential risk factor for gallstone formation (1–31),
but their findings are controversial, probably because of differ-
ences in study designs, methods of dietary exposure assess-
ment, and methods used to determine the presence of gall-
stones. Most of the epidemiologic studies conducted to date on
diet and gallstones consist of case-control studies performed on
symptomatic patients with gallstones (1, 3, 4, 5, 8, 10, 11, 13,
14, 18, 19, 24, 25, 27); the assessment of dietary intake with
this design could be influenced by changes in the diet sec-
ondary to the painful symptoms associated with gallstones; fur-

thermore, the association of the diet could be with symptoms
and not with disease.

A smaller number of case-control studies used cholecysto-
graphic or echographic methods to evaluate the presence of gall-
stones (12, 17, 20, 21, 30); however, these studies all considered
prevalent disease and therefore the temporal relation between
exposure and disease could not be evaluated with certainty. A
series of cohort studies (2, 22, 23, 26, 28, 29, 31) were also con-
ducted; however, they also had shortcomings, both with regard to
the assessment of exposure (ie, the diet was poorly assessed) and
outcome (ie, in all but one study, outcome was assessed on the
basis of symptoms and not disease). Only 2 dietary trials with
postmortem findings of gallstones are available in the literature,
and their results are contrasting (6, 7).

The present study addressed several methodologic shortcom-
ings and biases: it is a population-based, case-control study of
patients with new cases of symptomatic and asymptomatic gall-
stones; dietary intakes were assessed with a semiquantitative
food-frequency questionnaire.

SUBJECTS AND METHODS

Study area

This case-control study was carried out in a small town in
southern Italy (Castellana, province of Bari, in the Apulia
region) with 18000 inhabitants at the 1991 census. The main
occupation in the town (30% of the people at the 1991 census)
was agriculture related.

Case and control subjects

Between May 1985 and June 1986, 3500 individuals (2000
men and 1500 women aged 30–69 y) were randomly selected
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from the electoral register of Castellana, and 70.6% (1429 men
and 1043 women) of them participated in a survey about gall-
stones. As part of the survey, the participants had an ultrasonog-
raphy of the gallbladder and a blood sample taken by venipunc-
ture. The subjects who showed mobile echoes in the gallbladder
lumen at ultrasonography, those cholecystectomized with no
visualization of the gallbladder, and those with an abdominal
scar at physical examination were considered to have a prevalent
case of gallstones: 226 (9.2%) of 2472 subjects (92 men and 134
women). Of the remaining 2246 subjects, 11 had an uncertain
diagnosis of gallstones, even after cholecystography, and were
excluded from the cohort study (32).

Between May 1992 and June 1993, 2235 subjects free of gall-
stones at the baseline examination were reexamined. Ultrasound
evaluation of gallstones was carried out by trained echographists
according to a standardized protocol (33). The same echograph
[a real time machine, Aloka SSD-202, with a 3.5-MHz (87.7%)
linear transducer; Aloka Co, Ltd, Tokyo] was used in both the
1985–1986 and 1992–1993 examinations. Respondents com-
pleted a questionnaire, pertaining to the year before the study,
with 4 areas of interest: sociodemographic status, medical his-
tory, dietary habits, and physical activity. A blood sample was
also taken at the reexamination. Respondents were considered to
have diabetes if it had been diagnosed by a physician and was
reported in the medical history portion of the questionnaire.

One hundred four (55 men and 49 women) of 1962 respon-
dents had developed gallstones. The overall incidence rate was
7.9/1000 person-years (the number of persons at risk of the dis-
ease multiplied by the number of years of follow-up). Only 5 of
104 (5%) subjects (4 men and 1 woman) had been operated on
for gallstones (32). Ninety-nine subjects with gallstones and a
gallbladder were offered a direct X-ray of the abdomen and a
cholecystography. Of the 79 subjects who agreed to have an X-
ray, 70 had radiotransparent or mixed gallstones and 9 had
radioopaque gallstones. Thus, 88.6% of the gallstones in the
population were composed of cholesterol.

Three control subjects, frequency-matched by sex and season
to each patient, were selected from the gallstone-free population.
Completed questionnaires from 100 patients with new cases of
gallstones and from 290 control subjects were analyzed. Four
patients and 22 control subjects refused to fill in the semiquanti-
tative food-frequency questionnaire. Control subjects who
refused to fill out the questionnaire were excluded from data
analysis and were not replaced.

Dietary and physical activity measurements

The reproducibility and accuracy of the food-frequency por-
tion of the questionnaire (96 food items) was documented in a
validation study in which the questionnaire was compared with
two 7-d dietary records completed over 6 mo (34). The list of
foods and beverages were grouped into 12 separate sections,
according to principal food groups (35).

Physical activity was ascertained with the use of 10 questions
designed to measure both leisure time and work activities. The
items were selected on the basis of a previous report on activity pat-
terns of elderly populations in rural areas (36) and from a local sur-
vey of individuals attending the outpatient department in our hos-
pital. These questions aimed to quantify the time (hours and
minutes) spent in bed (sleeping and resting), performing household
activities (cooking and cleaning), and performing discretionary
activities (eg, gardening, walking, bicycling, and exercising).

Residual time (time not accounted for by the listed activities) was
assumed to be spent in light-to-moderate activities. Daily energy
expenditures were calculated from these items according to the
procedures described by James and Schofield (37). Briefly, each
activity was assigned a physical activity ratio (PAR) based on the
amount of energy (kJ/min) expended and the estimated basal meta-
bolic rate. These PARs were then converted into integrated energy
indexes (IEIs), which take into account the amount of time spent in
pauses during the performance of these activities. Finally, the activ-
ity-specific IEIs were converted to kilojoules by multiplying by the
time spent in the activity (hours and minutes) and the average basal
metabolic rate.

The reproducibility of the physical activity portion of the
questionnaire was assessed in a subsample of the cohort: the intr-
aclass correlation for the 10 items ranged from 0.45 (energy
expenditure during bicycling) to 0.93 (energy expenditure during
sleeping). Overall, the intraclass correlation for total energy
expenditure, calculated with data from the 2 physical activity
questionnaires in the cohort sample, was 0.77.

Statistical analysis

All respondents were included in the analysis of diet because
all questionnaires were ≥90% complete. Total energy and
macro- and micronutrient intakes were calculated by using Ital-
ian food-composition tables (38, 39). Energy-adjusted nutrient
intakes were computed as the residuals from the regression
model, with total energy intake as the independent variable and
absolute nutrient intake as the dependent variable (40). Subjects
were classified by quartiles of energy-adjusted nutrient intake
and by quartiles of total energy expenditure.

The odds ratios and 95% CIs for the risk of gallstone formation
by quartiles of nutrient intake [adjusted for age, sex, body mass
index (BMI; in kg/m2), and all other nutrients] were calculated by
using unconditional multiple logistic regression (41). The linear
trend of the associations was assessed by assigning a score (1, 2,
3, etc) to each of the percentiles (tertiles or quartiles) of the nutri-
ent of interest. The reported P values were always two sided.

The backward multiple logistic regression method was used to
select dietary and nondietary factors significantly associated
with gallstones (the statistical level of significance determined
with the log-likelihood ratio test was set at P < 0.10) after forc-
ing age and sex in the model. Finally, the first-order interactions
of nutrients with sex and age were evaluated. All statistical com-
putations were made by using STATA 4.0 statistical software
(Stata Corporation, College Station, TX).

RESULTS

Selected nondietary characteristics of cases and control subjects
are shown in Table 1. Age, BMI, prevalence of diabetes, and stool
frequency < 1/d were higher, whereas physical activity was lower
in patients with gallstones than in control subjects. Dieting, coffee
consumption, and smoking habits did not seem to be associated
with the disease. Sex distribution was similar in patients and con-
trol subjects as a result of the matching procedure. Average dietary
nutrient intakes by patients with gallstones and control subjects are
shown in Table 2. Only mean alcohol consumption tended to be
significantly lower in patients with gallstones than in control sub-
jects.

The ORs of gallstone risk for various energy-adjusted nutrient
quartiles (with the lowest quartile used as the reference category)
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and the results of the linear trend analysis are shown inTable 3.
The results of 2 separate models are presented: model 1, which
includes both age, sex, BMI, and energy, and model 2, which
includes age, sex, BMI, energy, and all other nutrients. Energy
and monounsaturated fat intakes were inversely related whereas
intake of refined sugars was directly related to the risk of gall-
stone formation in both models. Saturated fat intake appeared to
increase the risk of gallstones whereas intake of dietary choles-
terol had an apparent protective effect after adjustment for the
intake of other nutrients. Alcohol intake appeared to be signifi-
cantly inversely related to risk only when model 1 was used.
Results of the final logistic regression model with both dietary
and nondietary variables included are summarized in Table 4.
BMI and refined sugar and saturated fat intakes were associated
with an increase in the risk of gallstones, whereas physical activ-
ity and monounsaturated fat intake were associated with a reduc-
tion in the risk of gallstone formation. There was a significant
negative interaction between sex and saturated fat intake (Figure
1). Women appeared to have a greater risk of gallstone formation

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

DISCUSSION

Our results indicate that many nutritional factors and physical
activity may play an important role in the etiology of gallstones.
In particular, a high intake of saturated fats and refined sugars
may increase the risk of gallstone formation, whereas a high
intake of monounsaturated fats, fiber from cellulose, and dietary
cholesterol and high levels of physical activity may protect
against gallstone formation. Evidence on the relation between
diet and gallstone formation, however, is somewhat conflicting.
After the first report by Malhotra in 1968 suggesting a possible
association between gallstone formation and saturated fat intakes
(42), a series of case-control and clinical investigations have
shown contrasting results; however, they all focused on sympto-
matic gallstones (1, 3, 8). An exception is the study by Jørgensen
and Jørgensen (21), which found a positive, nonsignificant asso-
ciation between total fat intake (mostly saturated fats) and preva-
lent gallstones (determined by ultrasound) in a cross-sectional
survey of a population-based sample in Denmark. Of potential
importance was the observed significant interaction in our study
between sex and saturated fat intakes with regard to gallstone
formation, indicating that the association between saturated fat
intake and gallstone formation may be weaker in women than in
men and that men in the highest quartile of saturated fat intake
may be at greater risk than women. These findings seem to sug-
gest that for women there may be factors other than saturated fat
intake (eg, hormonal or metabolic) that are more powerful risk
factors for gallstone formation.

The potential etiologic role of other fats has not been investi-
gated thoroughly. Our study found no evidence of a link between
polyunsaturated fats and risk of gallstone formation. The limited
available evidence on the relation between these fats and gallstone
formation is conflicting (6, 7). The link between monounsaturated
fats and risk of gallstone formation has not been investigated.
Monounsaturated fats, as all fats, have been shown to have a pow-
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TABLE 1
Main nondietary characteristics of patients with gallstones and control
subjects

Patients with Control subjects 
gallstones (n = 100) (n = 290) P1

Men (%)2 54.0 53.4 0.92
Age (y) 59.4 ±10.83 57.1 ± 10.2 0.06
Body mass index (kg/m2) 29.5 ± 5.9 27.4 ± 4.1 0.0001
Dieting (%) 12.0 9.3 0.44
Stool frequency <1/d (%) 19.0 10.7 0.03
Coffee consumption (%) 72.0 78.6 0.17
Smokers (%) 23.0 19.7 0.47
Physical activity (MJ/d)4 7.05 ± 3.16 7.73 ± 3.03 0.06
Diabetes (%) 14.0 6.6 0.02

1t Test for continuous variables; chi-square test for categoric variables.
2Patients and control subjects were sex-matched.
3x– ± SD.
4Energy expenditure.

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

Patients with Control subjects Upper cutoff point for quartiles1

Nutrient gallstones (n = 100) (n = 290) Q1 Q2 Q3

Energy (MJ) 9.08 ±3.092 9.53 ± 3.41 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 ± 2.9 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 ± 4.9 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 25.5
Alcohol (g) 19.3 ±26.3 25.2 ± 27.63,4 0.0 15.6 38.55

Calcium (mg) 855.2 ± 440.9 836.6 ± 458.2 510.3 764.3 1061.6
1Q1, Q2, and Q3, quartiles 1, 2, and 3.
2x– ± SD.
3Median intakes: patients, 10.4 g/d; control subjects, 15.6 g/d.
4Significantly different from patients,P < 0.10 (t test).
5Reference category was “no drinking alcohol” and drinking quantities in tertiles.
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erful effect on the rate of gallbladder emptying (43). However, the
effect is different from that of saturated fats because monounsatu-
rated fats increase the ratio of HDL to LDL cholesterol (44) and
therefore may have important protective effects against gallstone
formation.

A positive association between intake of refined sugars and
risk of gallstone formation has been reported consistently (13,
14, 21, 29). However, a diet rich in refined sugars is usually poor
in complex carbohydrates and fiber; therefore, whether refined
sugars and fiber have independent effects on gallstone risk
remains to be fully clarified (13, 14, 21, 26, 29). Our findings
suggest that refined sugars and fiber from cellulose may have
independent effects.

The statistical independent association found in our study is
supported by physiologic evidence suggesting possible different
mechanisms through which refined sugars and fibers may affect

the risk of gallstone formation. A high intake of refined sugars
may increase the risk of gallstone formation because of the resul-
tant increase in the synthesis of cholesterol in the liver secondary
to an increase in insulin (45–48), whereas low fiber intakes have
been associated with an increase in the risk of gallstone forma-
tion because of the resultant increase in secondary bile acid
secretions due to decreased colonic motility (49, 50).

Our finding that BMIs were higher in patients with gallstones
than in control subjects confirms the results from previous epi-
demiologic investigations (51). There have been fewer studies of
the relation between physical activity and risk of gallstone for-
mation; however, our finding of a negative relation confirms the
findings of previous studies by Williams and Johnston (12) and
Kato et al (28). Other studies, which focused mainly on sympto-
matic disease, found no association with physical activity (1, 3,
8, 20). Several mechanisms might account for the association
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TABLE 3
Odds ratios (ORs) and 95% CIs of the risk of gallstone formation, by quartiles 1–4 (Q1–4) of nutrient intakes1

OR (95% CI)

Nutrients Q2 Q3 Q4 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) 0.01

Glycogen
Model 1 0.52 (0.26, 1.04) 0.83 (0.44, 1.59) 0.78 (0.41, 1.48) 0.73
Model 2 0.41 (0.18, 0.92) 0.71 (0.28, 1.84) 0.76 (0.21, 2.78) 0.62

Fiber from cellulose
Model 1 1.03 (0.53, 2.0) 0.66 (0.33, 1.33) 1.2 (0.63, 2.32) 0.86
Model 2 0.85 (0.34, 2.10) 0.54 (0.16, 1.84) 0.76 (0.14, 4.02) 0.56

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
Model 2 0.42 (0.16, 1.09) 0.28 (0.08, 0.97) 0.33 (0.06, 1.85) 0.12

Calcium
Model 1 1.17 (0.60, 2.27) 1.02 (0.52, 2.01) 1.35 (0.69, 2.63) 0.48
Model 2 0.77 (0.33, 1.80) 0.51 (0.20, 1.30) 0.40 (0.11, 1.43) 0.11

Alcohol3

Model 1 0.66 (0.35, 1.25) 0.59 (0.31, 1.13) 0.38 (0.18, 0.78) 0.008
Model 2 0.83 (0.39, 1.78) 0.74 (0.32, 1.67) 0.42 (0.14, 1.28) 0.17

Energy
Model 14 0.92 (0.49, 1.73) 0.48 (0.24, 0.96) 0.58 (0.29, 1.16) 0.04
Model 25 0.97 (0.44, 2.15) 0.33 (0.13, 0.81) 0.46 (0.18, 1.19) 0.03

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 other nutri-
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.
5Controlled for age, sex, BMI, and all other nutrients.
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between high physical activity levels and the reduced risk of
gallstone formation, including a direct effect on colonic motility
(52); possible secondary mechanisms are a reduction in insulin
and insulin resistance (53).

In the present study, it is of interest that diabetes ceased to be
a significant risk factor for gallstone risk when BMI and physi-
cal activity were included in the model, suggesting that some of
the mechanisms linking diabetes to gallstone risk may be the
metabolic abnormalities associated with overweight, obesity and
physical inactivity (eg, insulin and insulin resistance) (54, 55).

Finally, in the present study, alcohol appeared to be a signifi-
cant risk factor for gallstone formation only before the inclusion
of other nutrients in the model. Therefore, our findings suggest
that alcohol may not be an independent risk factor for gallstone
formation; however, the problems due to collinearity among
nutritional factors does not exclude the possibility that alcohol
may still play an important physiologic role in gallstone forma-
tion. The findings from previous studies of the effects of alcohol
intake on the gallbladder are conflicting (2, 3, 14, 17, 21, 23, 24,
56, 57); however, several potential mechanisms have been iden-
tified to explain the potential protective effect of alcohol against
gallstone formation. These mechanisms include the well-known
HDL cholesterol–raising effect of alcohol and the associated
reduction in bile cholesterol saturation (58).

As already indicated, previous studies on nutritional factors
and risk of gallstone formation have provided conflicting results.
These discrepancies, however, may have been due to weaknesses

in study design, particularly the reliance on symptoms as a meas-
ure of gallstone disease and the inclusion of prevalent cases of
gallstones. The possibility exists that gastrointestinal symptoms
may affect dietary recall and that dietary recall after symptoms
have developed may reflect changes in the diet secondary to the
peripheral symptomatology.

Our study had many strengths however. In particular, we
focused on new cases of gallstones only and we ascertained the
presence of gallstones through echography. Our ascertainment of
diet was, however, performed at the time of diagnosis; therefore,
we cannot exclude the possibility that symptoms may have
affected dietary intakes. However, only 6 of 100 patients and 7
of 290 control subjects reported biliary pain. Furthermore, when
models 1 and 2 were tested in asymptomatic individuals only, the
results did not change (data not shown).

In conclusion, our study indicated that nutritional factors may
play an important role in the etiology of gallstones and that most
of these factors have been shown to play an important role in the
etiology of other chronic diseases, such as cardiovascular disease
(59) and cancer (60). Thus, gallstone disease is one of a cluster
of diseases that characterize affluent societies and that most
likely share common pathophysiologic links and mechanisms.
Preventive strategies aimed at improving nutrition and energy
imbalance may have a powerful effect on a series of pathologic
conditions that represent a major source of morbidity and mor-
tality in our society.

REFERENCES
1. Sarles H, Chalvet M. Etude statistique des facteurs diététiques dans

la pathogénie de la lithiase biliare humaine. (Statistical studies of
dietary risk factors in the pathogenesis of human cholelithiasis.)
Sem Hop Paris 1957;58:3424–8 (in French).

2. Friedman GD, Kannel WB, Dawber TR. The epidemiology of gall-
bladder disease: observations in the Framingham Study. J Chronic
Dis 1966;19:273–92.

3. Sarles H, Chabert C, Pommeau Y, Save E, Mouret H, Gerolami A.
Diet and cholesterol gallstones. A study of 101 patients with
cholelithiasis compared to 101 matched controls. Am J Dig Dis
1969;14:531–7.

4. Wheeler M, Hills LL, Laby B. Cholelithiasis: a clinical and dietary
survey. Gut 1970;11:430–7.

5. Reid JM, Fullmer SD, Pettigrew KD, et al. Nutrient intake of Pima
Indian women: relationships to diabetes mellitus and gallbladder
disease. Am J Clin Nutr 1971;24:1281–9.

6. Sturdevant RAL, Pearce ML, Dayton S. Increased prevalence of
cholelithiasis in men ingesting a serum-cholesterol-lowering diet. N
Engl J Med 1973;288:24–7.

124 MISCIAGNA ET AL

TABLE 4
Final multiple logistic regression model of all dietary and nondietary risk factors for gallstone formation1

Variables Coefficient (b) Standard error (b) P (Wald test) Odds ratio 95% CIs 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/m2) 0.13 0.03 0.00 1.13 (1.07, 1.20)
Physical activity (MJ) 20.30 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 fat 3 sex interaction 20.59 0.23 0.01 0.55 (0.35, 0.87)
Monounsaturated fat (g) 20.34 0.14 0.01 0.71 (0.55, 0.93)
Cholesterol (mg) 20.31 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) 20.33 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.

FIGURE 1. Odds ratios for risk of gallstone formation by quartiles
of saturated fat intake in men and women separately.

 by guest on M
ay 27, 2016

ajcn.nutrition.org
D

ow
nloaded from

 

http://ajcn.nutrition.org/


7. Miettinen M, Turpeinen O, Karvonen E, Paavilainen E, Elosuo R.
Prevalence of cholelithiasis in men and women ingesting a serum-
cholesterol-lowering diet. Ann Clin Res 1976;8:117–23.

8. Sarles H, Gerolami A, Bord A. Diet and cholesterol gallstones. A
further study. Digestion 1978;17:128–34.

9. Sarles H, Gerolami A, Cros RC. Diet and cholesterol gallstones. A
multicenter study. Digestion 1978;17:121–7.

10. Coste T, Karsenti P, Berta JL, Cubeau J, Guilloud-Bataille M. Fac-
teurs diététiques de la lithiase biliaire: comparaison de l’alimenta-
tion d’un groupe de lithiasiques a l’alimentation d’un groupe
témoin. (Dietary risk factors of gallstones: a case-control study.)
Gastroenterol Clin Biol 1979;3:417–24 (in French).

11. Smith DA, Gee MI. A dietary survey to determine the relationship
between diet and cholelithiasis. Am J Clin Nutr 1979;32:1519–26.

12. Williams CN, Johnston JL. Prevalence of gallstones and risk factors
in Caucasian women in a rural Canadian community. Can Med
Assoc J 1980;120:664–8.

13. Alessandrini A, Fusco MA, Gatti E, Rossi PA. Dietary fibers and
cholesterol gallstones: a case control study. Ital J Gastroenterol
1982;14:156–8.

14. Scragg RKR, McMichael AJ, Baghurst PA. Diet, alcohol, and rela-
tive weight in gallstone disease: a case-control study. Br Med J
1984;288:1113–9.

15. Pixley F, Wilson D, Mcpherson K, Mann J. Effect of vegetarianism
on development of gallstones in women. Br Med J 1985;291:11–2.

16. Gilat T, Horwitz C, Halpern Z, Itzhak AB, Feldman C. Gallstones
and diet in Tel Aviv and Gaza. Am J Clin Nutr 1985;41:336–42.

17. Pixley F, Mann J. Dietary factors in the aetiology of gallstones: a
case-control study. Gut 1988;29:1511–5.

18. Diehl AK, Haffner SM, Knapp JA, Hazuda HP, Stern MP. Dietary
intake and prevalence of gallbladder disease in Mexican Americans.
Gastroenterology 1989;97:1527–33.

19. Rico C, López G, Polo C, et al. Estudio de la dieta y hábitos ali-
menticios en dos gropes de personas que conviven con pacientes
con y sin litiasis biliar. (A study of diet and dietary habits of sub-
jects living with patients with and without gallstones.) Rev Esp
Enferm Apar Dig 1988;74:25–8 (in Spanish).

20. Jørgensen T. Gallstones in a Danish population. Relation to weight,
physical activity, smoking, coffee consumption, and diabetes melli-
tus. Gut 1989;30:528–34.

21. Jørgensen T, Jørgensen LM. Gallstones and diet in a Danish popu-
lation. Scand J Gastroenterol 1989;24:821–6.

22. Maclure MK, Hayes KC, Colditz GA, Stampfer MJ, Speizer FE,
Willett WC. Weight, diet, and the risk of symptomatic gallstones in
middle-age women. N Engl J Med 1989;321:563–9.

23. Maclure HK, Hayes KC, Colditz GA, Stampfer MJ, Willett WC.
Dietary predictors of symptom-associated gallstones in middle-aged
women. Am J Clin Nutr 1990;52:916–22.

24. Pastides H, Tzonou A, Trichopoulos D, et al. A case-control study
of the relationship between smoking, diet, and gallbladder disease.
Arch Intern Med 1990;150:1409–12.

25. Thijs C, Knipschild P. Legume intake and gallstone risk: results
from a case-control study. Int J Epidemiol 1990;19:660–3.

26. Sichieri R, Everhart JE, Roth H. A prospective study of hospitaliza-
tion with gallstone disease among women: role of dietary factors,
fasting period, and dieting. Am J Public Health 1991;81:880–4.

27. Thijs C, Knipschild P, Leffers P. Does alcohol protect against the
formation of gallstones? A demonstration of protopathic bias. J Clin
Epidemiol 1991;44:941–6.

28. Kato I, Nomura A, Stemmermann GN, Chyou PH. Prospective study
of clinical gallbladder disease and its association with obesity, phys-
ical activity, and other factors. Dig Dis Sci 1992;37:784–90.

29. Moerman CJ, Smeets FWM, Kromhout D. Dietary risk factors for
clinically diagnosed gallstones in middle-aged men. A 25-year fol-
low-up study (the Zutphen study). Ann Epidemiol 1994;4:248–54.

30. Kono S, Shinchi K, Todoroski I, et al. Gallstone disease among
Japanese men in relation to obesity, glucose intolerance, exercise,
alcohol use, and smoking. Scand J Gastroenterol 1995;30:372–6.

31. Misciagna G, Leoci C, Guerra V, et al. Epidemiology of cholelithi-
asis in southern Italy. II: risk factors. Eur J Gastroenterol Hepatol
1996;8:585–93.

32. Misciagna G, Leoci C, Elba S. The epidemiology of cholelithiasis in
southern Italy. Eur J Gastroenterol Hepatol 1994;6:937–41.

33. Festi D, Lalloni L, Taroni F, Menotti A, Ricci G, the MICOL Group.
Inter- and intra-observer variation in ultrasonographic detection of
gallstones: the Multi-centre Italian Study on Epidemiology of
Cholelithiasis (MICOL). Eur J Epidemiol 1989;5:51–7.

34. Leoci C, Centonze S, Guerra V, Cisternino AM, Misciagna G. Vali-
dazione e riproducibilità di un questionario di frequenza alimentare
semi-quantitativo autosomministrato. (Reliability and validity of a
self administered semi-quantitative food frequency questionnaire.)
G Ital Nutr Clin Prev 1993;2:58–9 (in Italian).

35. Passmore R, Eastwood M. Human nutrition and dietetics. 8th ed.
Edinburgh: Churchill Livingstone, 1986.

36. Ferro-Luzzi A. Time allocation and activity pattern of the elderly.
Rome: National Institute of Nutrition, 1987.

37. James WPT, Schofield EC. Human energy requirements. Oxford,
United Kingdom: Oxford University Press, 1990.

38. Carnovale E, Miuccio F, eds. Tabelle di Composizione degli Ali-
menti. (Food composition tables.) Rome: National Institute of
Nutrition, 1987 (in Italian).

39. Fidanza F, Liguori G, eds. Nutrizione Umana. (Human nutrition.)
Naples: Idelson, 1988 (in Italian).

40. Willett W. Implications of total energy intake for epidemiologic
analyses. In: Willett W, ed. Nutritional epidemiology. New York:
Oxford University Press, 1990:261–3.

41. Kleinbaum D. Applied logistic regression. New York: Springer,
1994.

42. Malhotra SL. Epidemiological study of cholelithiasis among rail-
road workers in India with special reference to causation. Gut
1968;9:290–5.

43. Froehlich F, Gonvers JJ, Fried M. Role of nutrient fat and cholecys-
tokinin in regulation of gallbladder emptying in men. Dig Dis Sci
1995;40:528–33.

44. Mensink RP, Katan MB. Effect of dietary fatty acids on serum lipids
and lipoproteins. A meta-analysis of 27 trials. Arterioscler Thromb
1992;12:911–9.

45. Daly ME, Vale C, Welker M, Alberti KGMM, Mathers JC. Dietary
carbohydrates and insulin sensitivity: a review of the evidence and
clinical implications. Am J Clin Nutr 1997;66:1072–85.

46. Bennion LJ, Grundy SM. Effect of diabetes mellitus on cholesterol
metabolism in man. N Engl J Med 1997;296:1365–71.

47. Ponz DeLeon M, Ferenderes R, Carulli N. Bile lipid composition
and bile acid pool size in diabetes. Dig Dis Sci 1978;23:710–6.

48. Scragg RKR, Calvert GD, Oliver JR. Plasma lipids and insulin in
gallstone disease: a case-control study. Br Med J 1986;289:521–5.

49. Heaton KW, Emmett PM, Symes CL, Braddon FM. An explanation
for gallstones in normal weight women: slow intestinal transit.
Lancet 1993;341:8–10.

50. Marcus SN, Heaton KW. Intestinal transit, deoxycholic acid and
cholesterol saturation of bile: three interrelated factors. Gut
1986;27:550–8.

51. Capron JP. Qui forme des calculus de cholesterol? (Who gets gall-
stones?) Gastroenterol Clin Biol 1994;18:988–95 (in French).

52. Liu F, Kondo T, Toda Y. Brief physical inactivity prolongs colonic
transit time in elderly active men. Int J Sports Med 1993;14:465–7.

53. Eriksson J, Toimela S, Koivisto VA. Exercise and the metabolic syn-
drome. Diabetologia 1997;40:125–35.

54. Sigal RJ, Rich-Edwards JW, Solomon CG, et al. A prospective study
of physical activity and risk of non-insulin-dependent diabetes mel-
litus (NIDDM) in women. Am J Epidemiol 1996;11:S73 (abstr).

55. O’Rahilly S. Non-insulin dependent diabetes mellitus: the gathering
storm. Br Med J 1997;314:955–9.

56. GREPCO. The epidemiology of gallstone disease in Rome, Italy.
Part II. Factors associated with the disease. Hepatology 1988;8:
907–13.

DIET, PHYSICAL ACTIVITY, AND GALLSTONES IN SOUTHERN ITALY 125

 by guest on M
ay 27, 2016

ajcn.nutrition.org
D

ow
nloaded from

 

http://ajcn.nutrition.org/


126 MISCIAGNA ET AL

57. Barbara L, Sama C, Morselli Labbate AM, et al. A population study
on the prevalence of gallstone disease: the Sirmione Study. Hepa-
tology 1987;7:913–7.

58. Diehl AK, Haffner SM, Hazuda HP, Stern M. Coronary risk factors
and clinical gallbladder disease: an approach to the prevention of
gallstones? Am J Public Health 1987;77:841–5.

59. Thornton J, Symes C, Heston K. Moderate alcohol intake reduces
bile cholesterol saturation and raises HDL cholesterol. Lancet
1983;2:819–22.

60. Kune G. Diet. In: Kune G, ed. Causes and control of colorectal can-
cer. A model for cancer prevention. Boston: Kluwer Academic Pub-
lisher, 1996.

 by guest on M
ay 27, 2016

ajcn.nutrition.org
D

ow
nloaded from

 

http://ajcn.nutrition.org/

