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Introduction

Abstract

Background: Gallstone disease (GD) incidence and prevalence rates differ
between populations. Diet and lifestyle may be involved in GD develop-
ment. To our knowledge, no study to date has evaluated quantitative data
on diet when studying the relationship between fat consumption levels and
GD in an Argentinean population. The present study aimed to assess the
association between dietary fat intake and GD.

Methods: A nested case—control study design was applied. Data were taken
from subjects who participated in a previous cross-sectional study carried
out in a random sample of asymptomatic people in Rosario, Argentina. Par-
ticipants underwent a personal interview, and current weight and height,
ancestor’s ethnicity, and socio-economic status were recorded. Applying a
food-frequency questionnaire and a food photography atlas, quantitative
dietary data were estimated by combining the intake frequency, portion size
and food composition. Logistic regression analysis was used to compute
odds ratios and 95% confidence intervals adjusted by age, sex, ancestor’s
ethnicity, body mass index and daily total energy intake as potential con-
founders.

Results: In total, 114 patients were studied (49 cases and 65 controls), with-
out any statistically significant differences for age, sex, socio-economic sta-
tus, body mass index and ancestry. The mean energy intake was higher in
cases than in controls, and significant differences were found for dietary fat
consumption. Obese or overweight people have a higher GD risk than sub-
jects with normal weight. Increased GD risks were associated with high
intakes of energy, total fat, and saturated and monounsaturated fatty acids.
Conclusions: According to our results, total fat, saturated and monounsatu-
rated fatty acids high intakes are associated with increased GD risk.

play a major role in their differences *>®. However, in a
study reporting GD prevalence in different ethnic groups

Gallstone disease (GD) is an important cause of morbid-
ity around the world. Epidemiological studies have been
carried out in different countries to assess GD prevalence,
showing that its rates differ among populations .
These differences are stronger when comparing Eastern
and Western populations, suggesting that ethnicity may
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living in the USA, GD rates were high for American Indi-
ans, followed by Hispanic and non-Hispanic whites, and
were lower for non-Hispanic black women. Moreover,
GD prevalence was similar between Hispanic and non-
Hispanic white men but was lower for all other ethnic
male groups 7). In a study carried out in New Zealand ),
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the ethnic groups with the highest GD prevalence rates
were Europeans (51%), followed by Asians (23%) and
Maori/Pacific individuals (18%).

In Argentina, there are no epidemiological studies
showing the actual prevalence of GD on its population,
with a high proportion of European immigrant descen-
dants, until a cross-sectional study with a representative
sample population was conducted in the city of Rosario
) GD was diagnosed in 20.5% of the population and
was more frequent in females. It was positively associated
with age and body mass index (BMI) in both sexes, and
with hypertriglyceridaemia and the number of pregnan-
cies in women. Prevalence rates were also compared
among subjects with different ethnic origins regarding
ancestors’ nationalities, and with rates reported in Euro-
pean populations. Patients with Italian or Spanish ances-
tors have higher GD prevalence rates than those described
in studies carried out in Italy and Spain, for all age
groups . For young people (20-39 years old), it was
found that GD prevalence rates were lower either for Ital-
ian or Spanish groups than those from the other groups.
These differences disappeared when considering groups of
older subjects. This may be because, over time, immi-
grants behaviours may become more alike the population
in the country where they live %,

Some external factors (i.e. diet and lifestyle) are proba-
bly involved in GD development V. Some studies sug-
gest that obesity and diets high in energy, cholesterol,
fatty acids or carbohydrates, which are characteristic of
the Western diet, increase GD risk. By contrast, diets with
high levels of fibre, ascorbic acid, unsaturated fat, vegeta-
bles, protein, nuts and calcium intake appear to reduce
GD risk "'"'2), After the Second World War, the Western
diet was spread throughout the world, leading to changes
in the traditional diets of countries where GD is currently
a prevalent disease. For example, a shift from pigment to
cholesterol stones was observed in Asian countries after
this dietary change .
increasingly prevalent in Saudi Arabia after the acquisi-

Gallstones have also become

tion of a Western-type diet '®. In Japan, gallstone inci-
dence has risen significantly in the last 50 years,
representing a period in which there was an increase in
fat intake and a decrease in carbohydrate and crude fibre
consumption 7). In a cross-sectional study carried out in
Iran, a low GD prevalence was found. It may be because
the Iranian population has a diet characterised by vegeta-
bles, cereals, flour, fruit and dairy products (8,19

By considering the Argentinean diet characteristics, the
food pattern consumption of GD patients was analysed in
a previous study ?°. It was found that total energy;
cholesterol and protein mean intakes are higher than the
respective National Recommendations (RDAs). When
analysing the percentage contributed by macronutrients
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to total energy value, protein accounted for 18%, fat
accounted for 41% and carbohydrate accounted for 41%.
If these results are compared with the RDAs, it is
observed that the contribution of fat to the total energy
intake is excessive.

The present study aimed to assess the influence of diet-
ary fat consumption levels on GD risk in Rosario, Argen-
tina.

Materials and methods

A nested case—control study was carried out among par-
ticipants from a cross-sectional study aiming to investi-
gate GD prevalence in randomly selected adults living in
Rosario City. Rosario is the third largest city in Argen-
tina. Almost all of its inhabitants descend from immi-
grants, mainly from Italy, Spain, other European
countries and the Middle East. The studied sample from
which the cases and controls were selected is described

()

elsewhere ‘”’. Data collection was carried out between

January and December 2014.

Diagnostic method

Ultrasound in the right upper quadrant is the best
method to diagnose GD. This non-invasive, safe and
widely available, low cost practice has more than 95%
sensitivity and specificity to detect gallbladder stones
(521 " At the health centre, all fasting subjects were studied
by an ultrasound examination of the upper abdomen
(liver, gallbladder, biliary duct, pancreas, spleen and kid-
neys). Subjects were examined in the supine, prone, left
decubitus, and standing positions.

Case subject definition and identification

Cases of GD were defined as those subjects whose
cholelithiases were diagnosed at the time of the previous
study, or had evidence of cholecystectomy for gallstones.
Gallstones were defined as the presence of one or more
echogenic movable structures within the gallbladder in
the ultrasound study. Cases of cholecystectomy were
defined as those subjects with a cholecystectomy back-
ground, absence of a gallbladder in the ultrasound study
and the presence of a surgical scar.

Control subject selection for the nested case—control
study

Control subjects were randomly selected from all subjects
without GD diagnostic in the previous cross-sectional
study. A new ultrasound examination was carried out in
these subjects (23 controls went on to become cases after
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the new ultrasound study), generating a disproportion
between numbers of cases and controls.

The interview

Cases and controls were interviewed using a personal
structured questionnaire. The interview was designed to
collect information about the subject demographic vari-
ables, ethnicity of their ancestors, socio-economic status,
physical activity, smoking habit, current weight and
height, and usual diet. BMI was calculated as weight (kg)
divided by squared height (m). Healthy weight was
defined as a BMI between 18.5 and 24.9 kg/m’ over-
weight was defined as a weight between 25 and 30 kg/m®
and a weight >30 kg/m” was defined as obese.

Dietary measurements

Food intake was measured with a 210-item Food-Fre-
quency Questionnaire (FFQ) that has been developed and
validated for estimating essential nutrients in Argentina
(22) A standardised photographic atlas was used to deter-
mine food portions **. The reference period of the diet-
ary intake was five years before diagnosis for cases and
usual diet before interview for controls. On average, each
interview lasted 45 min.

The FFQ is one of the best methods of quantifying
dietary intake in epidemiological studies, providing valid
and representative information on the usual frequency of
food intake. It allows the classification of people based on
their food or nutrient intake levels. It is a low cost instru-
ment and is structured to facilitate data analysis ** 2.

All the information provided by the FFQ was analysed
with NUTRIO, version 2, comprising software developed by
an Argentinean research group *”. It determines each
participant’s macro and micronutrient intake through
food composition tables and using a seasonality factor to
adjust the intake frequencies of seasonal foods. It also
allows total energy intake to be obtained. The dietary
information thus calculated included each person’s usual
daily intake of energy, total fat, saturated fatty acids,
monounsaturated fatty acids and polyunsaturated fatty
acids.

Ethical considerations

The project was reviewed and approved by the Ethics
Committee of the School of Medicine, National Univer-
sity of Rosario. The investigation was performed in accor-
dance with the ethical standards laid down in the 1964
Declaration of Helsinki and its later amendments. Prior
to their inclusion in the study, written informed consent
was obtained from all of the participants.
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Statistical analysis

Descriptive data are presented as the Mean £ Standard
deviation (SD) or proportions, as appropriate. Continuous
measures were compared between groups using an inde-
pendent sample Student’s t-test. The normal distribution
of data was analysed using a Shapiro—Wilk test, with an
accepted significance level >0.05. Categorical variables were
analysed using chi-squared or Fisher’s exact test, where
appropriate. Nutrients were analysed both as continuous
variables and as categorical variables. The daily Mean +
Standard deviation (SD) values for total energy intake and
macro- and micronutrient intakes were calculated. Statisti-
cal differences in daily macro- and micronutrient average
intakes between cases and controls were evaluated using
linear models, adjusting for total energy consumption.

Unconditional logistic regression adjusting for potential
confounders was used to estimate specific nutrient con-
sumption effects on GD risk by quantifying odds ratios
(OR) and corresponding 95% confidence intervals (CI).
Subjects were stratified according to their dietary fat con-
sumption levels (lower or higher than the median of the
control group) and the group of subjects with low con-
sumption was established as reference value for the OR
calculation. Possible confounders were evaluated based on
changes in estimates of association, and likelihood ratio
tests of nested models. Characteristics previously associ-
ated with GD in the former cross-sectional study, sex, age
and BMI, were included in the models as covariates. Total
energy intake was also included. Other potential con-
founders were evaluated but not included in the final
models because they had little or no impact on ORs (i.e.
inclusion of these factors in the final models changed
point estimates for ethnicity by <10%). To test for inter-
action between two risk factors, a cross-product term was
added to the logistic model and a likelihood ratio test
between the model with and without the cross-product
term was conducted.

P < 0.05 (two-sided) was considered statistically signifi-
cant. Statistical analyses were performed using STATA,
version 9.1 (Stata Corp., College Station, TX, USA).

Results

A total of 114 patients (49 cases and 65 controls) were
included in the present study. The distribution of selected
demographic and potential confounding factors by disease
status is summarised in Table 1. There were no between-
group differences in age, sex, socio-economic status, BMI
and ancestry.

No differences were found between cases and controls
according to socio-economic status. Furthermore, when
analysing the ethnicity group, no differences were found
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Table 1 Basic demographic data and characteristics of cases and
controls
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Table 3 Daily cholesterol and fat mean consumption [mean (SD)] in
cases and controls, adjusted for total energy intake

Cases (n = 49) Controls (n = 65) P

Characteristic Cases (n = 49) Controls (n = 65) P
Age (years), 50.5 (14.0) 52.5 (15.6) 0.478
mean (SD)
Body mass 27.8 (5.5) 26.9 (6.4) 0.459
index (kg m2),
mean (SD)
Sex, n (%)
Male 17 (34.7%) 24 (36.9%) 0.806
Female 32 (65.3%) 41 (63.1%)
Socio-economic status, n (%)
Low 25 (51.0%) 24 (36.9%) 0.142
Middle 14 (28.6%) 17 (26.2%)
High 10 (20.4%) 24 (36.9%)
Ancestor’s ethnicity, n (%)
[talian 11 (22.4%) 14 (21.5%) 0.854
Spanish 6 (9.2%) 6 (12.2%)
Others 32 (65.3%) 45 (69.2%)

between Italian or Spanish descendents, or those of any
other country.

Nutrient consumption is shown in Table 2. Overall,
energy intake was higher in the cases. Significant statisti-
cal differences were found for all nutrients that were
studied.

When means were adjusted for total energy intake, no
significant differences were found for daily cholesterol
and polyunsaturated fatty acid consumption (Table 3).

No differences were found between cases and controls
regarding sex, ethnic group and socio-economic status.
Regarding BMI, obese (BMI > 30 kg/mz) or overweight
(BMI = 25-30 kg/m?) people have a higher GD risk
(OR = 2.20; 95% CI = 1.03-4.72; P = 0.044) than those
with a normal weight (BMI < 25 kg/m?).

When subjects were stratified according to their con-
sumption levels with respect to energy consumption, a
significant increase in the risk for individuals with high
energy consumption was found (OR =222; 95%
CI = 1.0420-4.7392; P = 0.039).

Table 2 Crude daily energy, cholesterol and fat consumption
[mean (SD)] in cases and controls

Cases (n = 49) Controls (n = 65) P

Total energy (MJ) 13.51 (4.57) 11.30 (3.42) 0.004
Cholesterol (mg) 516.3 (225.7) 423.0 (190.1) 0.019

Total fat (g) 142.9 (57.8) 107.5 (46.9) <0.0001
Monounsaturated 56.6 (24.0) 41.4 (21.0) <0.0001
fatty acids (g)

Polyunsaturated 21.6 (9.2) 15.9 (8.6) 0.001
fatty acids (g)

Saturated fatty 59.7 (26.1) 44.1 (21.2) 0.001
acids (g)

4

Cholesterol (mg) 468.0 (143.5) 459.3 (141.6) 0.931
Total fats (g) 127.6 (20.3) 118.9 (20.0) 0.001
Monounsaturated 50.3 (11.2) 46.1 (10.4) 0.001
fatty acids (g)

Polyunsaturated 19.6 (6.3) 17.4 (6.4) 0.165
fatty acids (g)

Saturated fatty 53.1(11.2) 49.0 (11.2) 0.001

acids (g)

Table 4 presents the ORs for GD risk by level of intake
of fat from foods. After adjusting for possible confound-
ing variables, a significantly increased risk for GD was
found with respect to those with a low intake of the fol-
lowing micronutrients: total fat, monounsaturated fatty
acids and saturated fatty acids. Trends without signifi-
cance were observed for high cholesterol and polyunsatu-
rated fatty acid consumption.

The chance of effect modification in the associations
between GD and dietary constituents by sex, BMI and
total energy intake was also investigated. No statistically
significant interactions were observed for the above
potential effect modifiers with respect to the relation
between GD and fat intake.

Discussion

Gallstone disease is multifactorial. Environmental risk fac-
tors have been identified in many studies, although the
influence of diet is still unclear. The identification and
control of modifiable risk factors may possibly provide a
chance for cholelithiasis prevention.

Nested case—control studies are generally used when
disease outcome has been obtained for all cohort subjects,
although it is too expensive or difficult to collect and/or
process information on covariates of interest for the
entire cohort. By sampling a small proportion of the
nondiseased subjects, there is high cost efficiency for
assessing associations between exposures and disease *%.
In the present study, each total assessment lasted 60 min,
on average. The advantages of applying a nested case—
control design include convenience, cost-efficiency, high
validity and analytic flexibility. By only measuring the
covariate in as many participants as necessary, the cost
and effort of exposure assessment is reduced. Generally,
the only disadvantages of nested case—control studies are
the reduced precision and power as a result of the sam-
pling of controls, and the possibility of errors in the sam-
pling design or its implementation **’. However, the use
of this design reduces selection bias because cases and
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Table 4 Adjusted odds ratio (OR) and 95% confidence interval (Cl) for high cholesterol and fat consumption levels

OR adjusted for total energy intake

OR adjusted for total energy intake, sex
and body mass index

OR P 95% Cl OR 2 95% Cl
Cholesterol (>420 mq) 1.984 0.149 0.782-5.036 1.989 0.156 0.7690-5.147
Total fat (>108 g) 4.447 0.006 1.527-12.954 4.947 0.006 1.566-15.633
Monounsaturated fatty acids (>42 g) 4.410 0.006 1.524-12.765 4.431 0.010 1.429-13.748
Polyunsaturated fatty acids (>17 g) 1.982 0.151 0.779-5.040 1.905 0.191 0.725-5.008
Saturated fatty acids (>44.5 g) 4313 0.006 1.519-12.247 4913 0.005 1.606-15.031

controls are sampled from the same population. In the
present study, participant and nonparticipant characteris-
tics did not show significant differences, reducing the
possibility of the occurrence of selection bias. Further-
more, nutritional information was assessed by an investi-
gator who was blind to case status, aiming to avoid
information bias.

Diet may play a role in GD aetiology and may account
for some of the worldwide and ethnic variations in GD
prevalence rates. A Japanese study conducted between
1971 and 1999 found that the prevalence of GD was cor-
related with daily energy intake ©”. The association
between GD and dietary fat is controversial. However, a
high intake of polyunsaturated and monounsaturated fats
appears to reduce gallstone disease in the context of an
energy-balanced diet ", In Argentina, no previous stud-
ies analysing diet as a GD risk factor have been carried
out. The present nested case—control study conducted
within a cross-sectional representative sample in Rosario
shows that a high intake of total fat, monounsaturated
fatty acids and saturated fatty acids is associated with an
increased risk for GD. These results are consistent with
reports from other studies conducted in developed coun-
tries in the 1990s. A case—control study carried out in
Spain found that patients with GD had a higher energy
intake and saturated and monounsaturated fat consump-
tion, and a lower consumption of fibre, magnesium and
folate, than controls. Particularly, the same study showed
that women with GD had a higher consumption of total
fat, monounsaturated, saturated and cholesterol than con-
trols ©?. Another case—control study carried out in
France found significant differences for energy intake, car-
bohydrate and saturated fat consumption. When per-
forming risk analysis by stratifying the intake into
categories, significant results were obtained for the highest
level of total fat intake. In the univariate analysis, total
energy intake, total fat and saturated fat intake were con-
sidered as GD risk factors, whereas the multivariate analy-
sis showed a significant risk only for total energy intake
(3 Two studies carried out in Italy evaluated diet as a
risk factor for cholelitiasis. In a case—control study that

© 2015 The British Dietetic Association Ltd.

considered both diet and physical activity in relation to
GD risk, a high consumption of either monounsaturated
fat or cholesterol was found to be a protective factor
against GD. Moreover, the multiple logistic regression
analysis considering both dietary and nondietary variables
found that a high saturated fat intake was a risk factor,
whereas a high consumption of monounsaturated fat was
a protective factor for GD ©%. The MICOL study, an
Italian large cross-sectional study, detected a significant
negative association between energy intake and risk of
cholelithiasis in men, although no significant statistical
associations were found for total cholesterol, total fat and
saturated and monounsaturated fats when considering
both sexes ®*. In men from the Nurse’s Health study,
the association between fatty acid consumption and GD
was also studied. It was found that men in the highest
quintile of trans-fatty acid intake have a 24% increased
risk compared to men in the lowest quintile, after adjust-
ing for multiple potential confounding factors ®®. When
the effect of cis unsaturated fat intake on GD risk in men
was analysed, the relative risk was 0.85 for the group in
the highest quintile consumption level compared to men
in the lowest quintile, after adjusting for multiple poten-
tial confounding variables *"). Unfortunately, in the pre-
sent study, we were unable to search for these types of
fat.

Many studies have also been carried out in developing
countries. In a study from Saudi Arabia in the 1990s, it
was found that cases of cholecystectomies have increased
by a 978% in the last 30 years. It was proposed that this
increase could not be explained by the increase in inhabi-
tants, suggesting that it may be a result of the increment
in energy and fat consumption '®. In a case-control
study conducted in India, total energy intake was higher
in cases than in controls and the same observation was
made for fat consumption, although only in men ©”. In
a recent case—control study conducted in India, multivari-
ate analysis shows that total fat intake was a risk factor
for GD, although unsaturated fat did not show to be a
protective factor for GD ©®®. Moreover, an experimental
study carried out with patients who received a modified
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diet 30 days before cholecystectomies (one group with
sunflower oil and other with olive oil) showed that con-
trolling the dietary fat intake did not affect the saturation
of cholesterol or the bile acid profile in the gallbladder.
However, the cholesterol saturation index decreased sig-
nificantly in patients receiving the olive oil diet. By con-
trast, for patients in the sunflower group, their bile was
oversaturated °?. In Argentina, sunflower oil is the most
widely used oil type.

In the present study, the increased ORs associated with
high dietary fat intake were significant for total, saturated
and monounsaturated fats, although there was no evi-
dence that total polyunsaturated fatty acid consumption
was associated with an increased risk. A possible explana-
tion for these findings might be the dietary pattern of the
Argentinean population. In a previous study investigating
the dietary pattern in a sample of patients with GD, it
was found that the consumption of total fat and dietary
cholesterol significantly exceeded recommendations %,
Our results should be compared with those of studies car-
ried out in Italy and/or Spain, two countries from which
most of our ancestors originate. However, no significant
differences were found among the different ethnic groups,
leading to the conclusion that the genesis of GD is more
likely associated with environmental factors.
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