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OBJECTIVE: Dieting obese subjects are at risk of developing gallstones. A gallbladder motor dysfunction could have a
pathogenetic role. The principal aim of this study was to evaluate the long term effects of two very low calorie diets
differing in fat content on gallbladder emptying and gallstone formation in obese subjects.
DESIGN AND SUBJECTS: Gallbladder emptying in response to meals (breakfast, lunch and dinner) in two different
diet regimens (3.0 vs 12.2 g of fat/d) was evaluated by ultrasonography in 32 gallstone-free obese patients on different
days, before and during (at 45 d intervals) one or two 6-month weight reduction diets (for the ®rst three months:
2.24 MJ (535.2 kcal), 3.0 g fat/d vs 2.415 MJ (577.0 kcal), 12.2 g fat/d; for the second three months, the same low calorie
diet of 4.194 MJ (1002 kcal)/d for both groups). In 10 subjects, bile analysis was also performed.
RESULTS: Twenty-two (69%) subjects concluded the study, eleven in each group, and a signi®cant weight loss was
achieved by all subjects. Gallstones (asymptomatic) developed in 6/11 (54.5%) (P< 0.01) of subjects following the
lower fat diet, but in none with the higher fat regimen. In the dieters during the ®rst three months (very low calorie
phase) the higher fat meals always induced a signi®cantly greater gallbladder emptying than the lower fat meals. The
cholesterol saturation index initially increased signi®cantly and then decreased, without difference between the two
groups.
CONCLUSION: In the obese during rapid weight loss from a very low calorie diet, a relatively high fat intake could
prevent gallstone formation, probably by maintaining an adequate gallbladder emptying, which could counterbalance
lithogenic mechanisms acting during weight loss.
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Introduction

Clinical1±3 and epidemiological4±6 data show that
obesity is signi®cantly associated with cholesterol
gallstone disease; this risk is even higher during
rapid weight loss, whether achieved by bariatric
surgery7±11 or adherence to a very-low-calorie diet
(VLCD).12,13 This increase in risk has been attributed
to several pathogenetic mechanisms, including
increased biliary cholesterol output, increased gall-
bladder secretion of mucin and calcium, as well as
increased presence of E2 prostaglandins and arachi-
donic acid.14 ±18

A pathogenetic role for gallbladder stasis, as a
consequence of reduced gallbladder stimulation by
the low fat content of VLCDs, has also been sug-
gested.19,20

We explored this possibility in a preliminary21

study on obese subjects during weight reduction,
using a VLCD similar to those12,13 associated with
increased gallstone formation in terms of energy
(2.176 MJ or 520 kcal), but differing in relation to
fat content (12.2 g/d vs 1 g/d) and food type (liquid
formula plus conventional foods vs liquid formula),
but we found no alterations in gallbladder emptying or
gallstone formation. These results and those of a more
recent paper 22 support the hypothesis that low fat
intake, and consequent gallbladder stasis, in some
measure favors the increased risk for gallstones in
dieting obese subjects.

The principal aim of the present work was to verify
this hypothesis by comparing the effects of two
VLCDs of different fat content (3 g vs 12.2 g/d) on
gallstone formation and gallbladder emptying in the
dieting obese.

As a secondary aim, in a subgroup of subjects we
comparatively evaluated the effects of the two VLCDs
on biliary lipid composition and cholesterol saturation
index. Finally, in an adjunctive pre-diet study, we
compared the effects of meals of different fat content
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on gallbladder emptying in healthy controls vs obese
subjects.

Methods

Patients

Thirty-two obese (body mass index, BMI:
41.6� 1.4 kg/m2) patients (12 male, 20 female; mean
age 40.5 y, range 17±54 y) and 32 normal weight,
healthy control subjects, matched for gender and age
were studied. The controls participated only in the
pre-diet baseline study of gallbladder emptying. All
patients and controls were determined to be gallstone-
free by ultrasonography (US); none of the obese
subjects had cardiovascular, gastrointestinal or hepa-
tobiliary diseases, diabetes, hypothyroidism or Cush-
ing's syndrome. None of the patients were taking
medications that could potentially in¯uence gallstone
formation, such as sex hormones, nonsteroidal anti-
in¯ammatory drugs, lipid-lowering agents, anticholi-
nergics or cholelitholytic bile acids. After they were
informed about the possible risk of developing gall-
stones by adherence to a VLCD,19 all patients gave
written informed consent to participate in the study,
which was carried out according to the Helsinki
Declaration and was approved by the Ethics Commit-
tees of our Institutions.

Experimental design

The weight reduction diet commonly used at our
Institutions is characterized by an initial three month
period in which patients follow a VLCD of about
2.093 MJ (500 kcal/d) with 12 g/d of fat, consisting of
liquid formula plus conventional foods (to facilitate
patient compliance), and by a subsequent phase of
another three months duration in which a low calorie
diet (LCD) of about 4.186 MJ (1000 kcal=d) consist-
ing of conventional foods is followed. This latter
phase is aimed at maintaining the weight reduction
obtained during the initial phase.

In the present study, for the initial three-month
phase, obese subjects were randomized into one of
two VLCDs (a low-fat VLCD or a high-fat VLCD) of
similar total caloric intake but differing mainly in fat
content, while for the second phase the same LCD was
used for both groups of subjects.

As a pre-diet assessment, a three-day study of
gallbladder emptying was performed in all obese
subjects, before being randomized, and in 32 matched
controls as follows: on day 1, gallbladder emptying
was evaluated three times in response to each of the
three daily meals (breakfast, lunch and dinner) com-
prising low-fat VLCD (low-fat VLCD test meals); on
day 2, emptying was measured in response to each of
the three daily meals comprising high-fat VLCD
(high-fat VLCD test meals); and, on day 3, after the
standard liquid test meal that we routinely use to

induce maximal gallbladder emptying.23 In obese
subjects only, the same three-day study of gallbladder
emptying was repeated during the weight reduction
starting on day 45 and day 90 of the VLCDs, to
investigate the long term effect of these diets and
resultant weight loss on gallbladder emptying, and to
exclude an adaptive gallbladder response to either of
the VLCDs. This full gallbladder kinetics evaluation
was also performed during this phase of the weight
loss programs, since it has been demonstrated that the
highest risk for gallstone formation occurs early in the
course of a VLCD weight loss program.19 Finally on
day 135 and day 180 (during the LCD phase), gall-
bladder emptying was studied in response to the liquid
test meal only. This complex experimental design was
adopted in order to obtain a more complete picture of
the differences in gallbladder emptying in response to
the different VLCDs.

Throughout the six months, at each 45 day US
examination, the presence of biliary sludge or gall-
stones was also sought. In addition, samples of gall-
bladder bile from 10 obese subjects were collected by
duodenal intubation at day 0, day 45 and day 90 of the
weight reduction diets.

Experimental procedure

Weight reduction diets. Phase One (VLCD). Obese
patients were randomly assigned to one of two 90-day
weight reduction dietary regimens, 1) Low-fat pro-
gram or 2) High-fat program.

1) Low-fat program: In this program, subjects
followed low-fat VLCD (2.24 MJ (535.2 kcal),
obtained from 3.0 g fat, 44.4 g protein and 82.2 g
carbohydrate), with the addition of vitamins, trace
elements and mineral supplements, plus at least 2 l/d
of non-caloric liquids. Low-fat VLCD was consumed
in three meals per day as follows: for breakfast
(08.00 h), 2 rusk toasts and a cup of unsweetened
tea; lunch (13.00 h), half a unit dose of a powdered
supplement (Precision BR, Sandoz Nutrition Com-
pany, Minneapolis, MN, USA) dissolved in 100 ml of
water and 120 g of turkey breast and for dinner
(18.00 h), half a unit dose of Precision BR and two
helpings of lettuce.

2) High-fat program: In this program, subjects
followed high-fat VLCD (2.415 MJ (577 kcal),
obtained from 12.2 g fat, 55.0 g protein and 61.7 g
carbohydrate), with the addition of vitamins, trace
elements and mineral supplements, plus at least 2 l/d
of non-caloric liquids. High-fat VLCD was consumed
in three meals per day as follows: for breakfast
(08.00 h), 2 rusk toasts and a cup of unsweetened
tea; lunch (13.00 h), half a unit dose of a powdered
supplement (Precision N, Sandoz Nutrition Company)
dissolved in 100 ml water and 120 g turkey breast; and
dinner (18.00 h), half a unit dose of precision N and
two helpings of lettuce.
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Phase two (LCD). After the ®rst 90 d of the study,
both groups of obese subjects (Low-fat and
High-fat programs) followed a LCD of 4.194 MJ
(1.002 kcal)/d, identical for both groups, for the
remaining 90 d of the study. The regimen consisted
of 50 g mixed proteins, 30 g fats and 133 g complex
carbohydrates, supplied by conventional foods (no
liquid formula meals); vitamins, trace elements and
mineral supplements at least 2 l/d of non-caloric
liquids were also given. All studied subjects were
instructed to consume their food allowances in no
more than three meals per day.

For both phases, no medications were allowed,
while moderate physical activity was recommended.
Clinical assessment and biochemical tests (liver
function tests; serum total protein, lipid pattern,
iron and electrolytes; red and white blood cell
counts and urinary nitrogen excretion) were per-
formed every 10 d during phase one and every 15 d
during phase two. Subject compliance to the diet
regimen was veri®ed by monitoring urinary ketone
bodies24 using the Keto-Diabur Test 5000 (Boerhinger
Mannheim, Mannheim, Germany). At the end of the
study, a maintenance diet was established for each
patient, based on the weight reduction achieved with
the previous programs and on the speci®c metabolic
requirements of each patient.

Gallbladder emptying before and during weight
loss. In all obese patients (prior to starting the
weight reduction program), and in a matched set of
control subjects, gallbladder emptying was evaluated
for three consecutive days, as described above. The
same three-day study was subsequently performed in
obese subjects starting on day 45 and day 90 of the
VLCDs; whereas, on day 135 and day 180 (day 45 and
day 90 of the LCD), gallbladder emptying was eval-
uated only in response to the ingestion of the standard
liquid meal.

The standard liquid meal (Colecystotest, IMS,
Milano, Italy) contains 1.57 MJ (375 kcal) derived
from 17 g fats, 10.4 g proteins and 45 g carbohydrates.

Gallbladder volumes were measured as previously
described,23 using the ellipsoid method,25 by which
volume is given as 0.52 (WxHxL), where W is
gallbladder width; H, height and L, axial length.
Measurements were performed before, and every
10 min after, ingestion of the meals until 80% gall-
bladder re®lling was reached. Results were expressed
as: fasting gallbladder volume (FV, in ml), given as
the mean of the four measurements obtained before
meal ingestion; and percent gallbladder emptying
(%E), given by (1.0, postprandial gallbladder
volume/fasting gallbladder volume)� 100%. US was
performed using a real-time instrument (Toshiba SS
90A, Tokyo, Japan) with 3.75 MHz linear and sector
transducers. All of the measurements were obtained
by three sonographers (DF, AC and MO) and inter and

intraobserver variations of less than 8% were docu-
mented.

In the obese patients, the presence of biliary sludge
or gallstones was also sought by US at the same 45 d
intervals for the entire 6 months of the study.

The sonographers were blinded to the dieting status
of the subjects.

Bile analysis. In 10 obese patients (®ve following
Low-fat program, ®ve High-fat program), biliary lipid
composition, cholesterol saturation index and choles-
terol crystals were evaluated in bile collected by
duodenal intubation just before initiating the weight
reduction diets, and on day 45 and day 90 of the
programs.

Bile samples were collected after fasting, through a
polyvinyl nasoduodenal tube positioned under ¯uoro-
scopic control in the second portion of the duodenum.
To obtain gallbladder contraction, caerulein (2 ng/kg
bw/min for 5 min) (Takus, Farmitalia-Carlo Erba,
Milan, Italy) was slowly infused intravenously. One
milliliter of dark duodenal juice was diluted 1:9 (vol./
vol.) with isopropanol and the remainder was ana-
lyzed for cholesterol crystals. Each sample of diluted
bile was analyzed for cholesterol,26 phospholipids27

and total bile acids (Sterognost 3 alpha, Nyegard and
Co-Ass, Oslo, Norway) utilizing enzymatic spectro-
calorimetric assays.

Statistics

The results were expressed as mean� s.e.m. Student's
t test was used to assess whether there was a statis-
tically signi®cant difference between the two groups
for continuous variables. Fisher's exact test provided a
statistical assessment of whether there was an associa-
tion between two dichotomous variables.28 Repeated-
measurement Analysis of Variance was used. When
interaction terms were signi®cant, Fisher's least sig-
ni®cant difference was used to simultaneously test
valid simple effects.29 Statistical signi®cance was
assigned if P was < 0.05. Statistical analysis was
performed using the Statistical Analysis System
(SAS) version of 6.04.30

Results

Weight reduction program

Patient compliance. Twenty-two of 32 patients
(69%) concluded the study. Adherence to the diet
program was con®rmed for all subjects by verifying
expected weight loss, and by detection of ketone
bodies in the urine (during the ®rst 90 d). The re-
maining 10 subjects (®ve each in the Low-fat and
High-fat programs) stopped the diet, either because of
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excessive initial weight loss (two patients) or inability
to adhere to the diet (eight patients). The drop-out
group showed no differences in gender or age with
respect to the group completing the study.

No clinical or biochemical abnormalities were
observed in any patient during the six months of the
study.

Weight loss. BMI and body weight signi®cantly
decreased throughout the six-month weight reduction
diet in each group (Low-fat and High-fat programs,
see Figure 1). Values for these parameters were
statistically different from baseline at each timepoint;
however, there was no difference between the two
groups in this respect. Moreover, no difference in
weight reduction rate was observed between the two
groups of patients, nor was any difference found
between subjects who formed gallstones and those
who did not.

Six months after stopping the diet, the mean weight
gain was 3.8� 1.9 kg for subjects who followed Low-
fat program and 3.1� 1.5 kg for those in High-fat
program.

Gallstones. Six (4 female and 2 male) of the 11
patients (54.5%) who followed the Low-fat program,
but none from High-fat program, developed gallstones
during phase one (the ®rst 90 days) of the weight

reduction program (P< 0.01 by Fisher's exact test).
All six patients were asymptomatic. No further gall-
stone development was apparent in either group of
patients during phase two (LCD), but all six patients
still had gallstones, detected by US, at the end of the
study period.

No difference in initial BMI, weight reduction rate
or pre-diet serum levels of triglycerides were docu-
mented between subjects who developed gallstones
and those who remained gallstone-free throughout the
six months.

At an additional follow-up US examination per-
formed six months after the end of the study, no
additional gallstones were detected in any subject.

Biliary lipid composition and cholesterol saturation
index. The biliary lipid composition and cholesterol
saturation index of both groups of dieters during the
®rst three-month study period are shown in Figure 2.
In both groups, cholesterol molar percentage was
signi®cantly increased on day 45, but was signi®-
cantly decreased with respect to basal values on day
90.

No differences were observed in either bile acid or
phospholipid molar percentages during phase one of
the diet. The cholesterol saturation index initially
increased signi®cantly and later decreased with
respect to basal values. No differences were observed

Figure 1 Body mass index (BMI) (on the left) and body weight (on the right) during weight reduction diets in obese subjects following
Low-fat program (j, n�11) and High-fat program (u, n� 11). Mean� s.e.m., §P<0.05 vs Day 0, *P<0.05 vs Day 0.

Figure 2 Biliary lipid composition (on the left) and cholesterol saturation index (on the right) in obese subjects following weight
reduction Low-fat program (j, n�5) and High-fat program (u, n� 5). Mean� s.e.m., §P< 0.05 vs Day 0, *P< 0.05 vs Day 0.
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between the two groups of dieters in terms of biliary
lipid composition or cholesterol saturation index.
Cholesterol crystals were found in the bile of
four patients at the beginning of the diet, two
each from the Low-fat and High-fat programs, and
these were still present at day 45 and day 90; a third
patient following the Low-fat program showed cho-
lesterol crystals on day 45 that were still present on
day 90.

Gallbladder motility

Pre-diet study. The response of gallbladder volume
to low-fat VLCD test meals on day 1, high-fat VLCD
test meals on day 2 and the standard liquid meal on
day 3 for both obese and control subjects is shown in
Table 1. Signi®cantly greater gallbladder emptying
(%E) occurred at both lunch and dinner for the high-
fat VLCD test meal with respect to low-fat VLCD
test meal. At breakfast, which was identical for both
VLCDs, no difference in %E was noted.

Comparison between obese and control subjects
showed that obese subjects had a signi®cantly larger
FV and reduced %E, and this was true for both low-
fat and high-fat VLCD test meals, as well as for the
standard liquid meal (Table 1).

During weight reduction. The results of the gall-
bladder motility studies performed on day 45 and day
90 of both programs in obese subjects, indicated that
a signi®cant reduction in FV occurred during both
dietary regimens (Figure 3). A signi®cant increase in
%E was only present in subjects given the high-fat
VLCD test meals (Figure 4). Furthermore, when
VLCD test meals were comparatively tested within
each group of subjects, the high-fat VLCD test meal
always induced a signi®cantly greater %E than the
low-fat VLCD test meal for both lunch and dinner
(Figure 4). At breakfast, which was identical for both
VLCDs, no difference was found between VLCD test
meals, or between programs. (In subjects on the Low-
fat program, %E in response to breakfast on the low-
fat VLCD test meal day was 26� 2.2% at pre-diet
evaluation, 28.9� 1.9% at day 45, 27.2� 1.5% at day
90 and in response to breakfast on the high-fat VLCD
test meal day, 27.1� 2.3% at pre-diet evaluation,
28� 2.5% at day 45 and 27.4� 1.8% at day 90. In
subjects on the High-fat program %E in response to
breakfast on the high-fat VLCD test meal day was
24.2� 1.2% at pre-diet evaluation, 26.3� 1.8% at
day 45 and 25.8� 1.3% at day 90 and in response
to breakfast on the low-fat VLCD test meal day
25� 2.3% at pre-diet evaluation, 27� 1.3% at day
45 and 24.6� 1.1% at day 90.)

The results of gallbladder motility evaluations, in
response to the administration of the standard liquid
meal, performed during the entire six month study
period in the two groups of subjects, are shown in T
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Figure 3 Fasting gallbladder volumes in obese subjects during weight reduction induced by Low-fat program (n�11) (top) and High-
fat program (n� 11) (bottom). A signi®cant reduction in fasting volumes was documented at breakfast, lunch and dinner of day 45 and
day 90 in both groups of patients when either low-fat very low calorie diet (VLCD) test meals and high-fat VLCD test meals were tested
as stimuli to evaluate gallbladder motility. Mean� s.e.m. #P<0.01 vs Day 0, *P< 0.01 vs Day 0, §P< 0.01 vs Day 0.

Figure 4 Percent gallbladder emptying in response to low-fat very low calorie diet (VLCD) test meals (j) and to high-fat VLCD test
meals (u) tested as stimuli to evaluate gallbladder motility in the obese subjects who followed the Low-fat program (top) (n�11) and in
those who followed the High-fat program (bottom) (n� 11) for weight reduction. When the high-fat VLCD test meals were tested in
subjects following the Low-fat program, a greater percentage emptying was obtained at both lunch and dinner, in relation to that
induced by the low-fat VLCD test meals. The same trend was present in subjects following the High-fat program, in which a lower
percentage emptying was observed when the low fat VLCD test meals were tested against the high-fat VLCD test meals. Mean� s.e.m.,
*P< 0.05 vs high-fat VLCD; #P<0.01 vs Day 0.
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Figure 5. A signi®cant reduction in FV was observed
at each repeated study until day 135 in both Low-fat
and High-fat programs. %E increased in both groups
of subjects, but this increase was signi®cant only until
day 90 in subjects who followed the Low-fat program
and until day 135 in those who followed the High-fat
program (Figure 5). There were no differences at any
time between Low-fat and High-fat programs as far as
FV and %E responses to the standard meal were
concerned.

In phase one and phase two of both programs, no
correlation was found between FV and indices of
body size, BMI, body surface area, weight or height.

Furthermore, no signi®cant differences were found
in FV and %E between subjects who developed
gallstones and those who remained gallstone-free.

Discussion

Bile cholesterol supersaturation, cholesterol crystal
nucleation and gallbladder motor dysfunction are
considered the main pathogenetic mechanisms
involved in gallstone formation.31 There is general
agreement that, in the obese, supersaturation of bile
due to an absolute increase in biliary cholesterol
secretion is likely to be present,14±16 and so may
explain some of their propensity for forming gall-
stones.19 Whether an impairment of motor activity is
present in this population, however, remains contro-
versial. Both reduced32 ±34 and unmodi®ed35±37 gall-
bladder emptying have been reported and, regarding
fasting gallbladder volume, although there is wide
accord that obese subjects have enlarged fasting
volumes, for some authors this increase is correlated
with body size,34,38 but for others it is not.33

In our study, the obese subjects showed a larger FV
and reduced %E with respect to controls, supporting
the proposition that at least some of the increased risk
for gallstone formation in the obese, as for gallstone
patients in general,23,39,40 can be attributed to defec-
tive gallbladder tone and emptying.

In recent decades, many efforts have been made to
develop therapeutic strategies, based mainly on sur-
gery or dietary regimens, for safe and effective weight
reduction in obese patients.41,42 An unexpected pro-
blem that has arisen with rapid weight loss in this
group, is that the already elevated risk of gallstone
formation is further increased, indeed, it has been
reported that 11±36% of obese subjects who lose
weight rapidly, form gallstones, 6% of whom undergo
cholecystectomies for acutely symptomatic calculi.19

Up to now, the only proven means of preventing
gallstone formation during rapid weight loss induced
by VLCDs43,44 or surgical procedures45,46 has been the
administration of ursodeoxycholic acid, an agent
known to reduce biliary cholesterol supersaturation.47

The present results con®rm our previous ®ndings,21 as
well as those recently published by Gebhard et al22

showing that modi®cation of VLCD fat content,
through an effect on gallbladder emptying, may be an
effective alternative. In fact, in the present study, the
%E was signi®cantly lower in response to stimulation
by the low-fat VLCD test meals with respect to those of
the high-fat VLCD, at the initial pre-diet evaluation as
well as during the diet; this was also demonstrated by
Gebhard et al,22 albeit with a different study design
since these authors compared two liquid meals differ-
ing in calories and fat content (2.18 MJ (520 Kcal),
< 2 g fat/d vs 3.77 MJ (900 kcal), 30 g fat/d). In our
study, in addition to the persistence of a signi®cant
difference in %E between the two groups of obese
subjects, we also saw an initial improved motor func-
tion within each group: indeed, a signi®cant reduction
from baseline values in FV in both groups and a
signi®cantly increased %E (only in the higher fat
group) were still present after 45 and 90 days of dieting.
Although these values tended to return towards base-
line by the third month, they did not reach pre-diet size.
It may be speculated that the reduction in FV could be
related to the temporary decrease in bile acid pool size
and secretion known to occur during weight loss.14,15,48

As far as %E is concerned, the reduction in the bile acid
pool could enhance cholecystokinin (CCK) release49

and, hence increase gallbladder emptying, by a
mechanism similar to that demonstrated during cho-
lestyramine administration.50

Figure 5 Fasting gallbladder volume (on the left) and percent gallbladder emptying (on the right) in response to a standard liquid
meal evaluated for the entire six month study period in the obese subjects who followed the Low-fat program (j, n�11) and in those
who followed the High-fat program (u, n� 11) for weight reduction. Mean� s.e.m., §P< 0.05 vs Day 0; *P<0.01 vs Day 0.
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Further con®rmation of the key role played by the
diet composition in stimulating gallbladder contrac-
tion, is provided by the repeated evaluations per-
formed starting on day 45 and day 90 of the study,
when the patients who had been following the low-fat
VLCD (Low-fat program) were given the high-fat
VLCD test meal, a higher %E resulted. On the
contrary, when patients who had been following the
high-fat VLCD (High-fat program) were given the
low-fat VLCD test meals, a lower %E was seen.
These comparisons also allowed indirect exclusion
of a possible adaptive response of the gallbladder to
a given diet.

In the present study, the two dieting groups (higher vs
lower daily fat allowances) showed similar changes in
biliary lipid composition, during the weight loss pro-
gram. In both groups biliary cholesterol and cholesterol
saturation index increased in phase one of the diet and
then later decreased to levels signi®cantly below base-
line. These results accord with those of previous
studies12,14±17 showing increased cholesterol biliary
output in patients following a weight reduction diet,
particularly during the initial stages of weight loss.

Thus, the most likely explanation for the fact that
gallstones tended to form in those who followed the
lower fat diet but not in those adhering to the higher
fat regimen is that, the former had chronic inadequate
gallbladder stimulation, in addition to other pathoge-
netic factors, whereas in the latter, the effects of the
other lithogenic mechanisms were at least partially
counterbalanced by adequate gallbladder emptying.

Conclusion

Our results do not accord with those of Weinsier et
al51 who found that the risk of gallstone formation
was correlated with the rate of weight loss or energy
intake rather than with fat content of the diet. Our
patients lost an average of 2.0 kg/week for the ®rst
four weeks of the diet and 1.4 kg/week for the remain-
ing weeks; however, there was no difference in the
rate of weight loss between those who did and those
who did not develop gallstones. Thus, while we do not
necessarily disagree with these authors' assertion that
1.5 kg/week represents the upper limit for medically
safe weight loss, we do believe that adequate dietary
fat content is essential for gallstone prevention.

Furthermore, the risk factors that have been
reported for gallstone formation during rapid weight
reduction in the obese,52 (high absolute rate of weight
loss, high initial BMI and elevated serum triglyceride
concentrations) were not present in our subjects who
developed gallstones.

Further studies are obviously needed to gain a more
complete understanding of the pathogenetic mechan-
isms involved in the development of gallstones in
obese subjects during weight loss. In our Departments
we are currently studying the in¯uence of manipula-

tions of VLCD dietary content on other possible
lithogenic factors such as nucleating agents, release
of regulating hormones and intestinal transit time.

In conclusion, in obese subjects following a VLCD
for rapid weight reduction, adequate fat content of the
diet appears to have an important role in preventing
gallstone formation, probably by maintaining ade-
quate gallbladder motility. Assuring adequate fat
intake may be a more physiological and economical
approach to gallstone prevention than administration
of a pharmacological agent.

Acknowledgements

The authors wish to thank Mrs Janice Capan for her
editorial assistance; Dr Anna Larocca and Dr Roberta
Angelucci for their helpful suggestions in the prepara-
tion of this text.

References
1 Amaral JF, Thompson WR. Gallbladder disease in the mor-

bidly obese. Am J Surg 1985; 149: 551±557.
2 Freeman JB, Meyer PD, Printen KJ, Mason EE, Den Besten L.

Analysis of gallbladder bile in morbid obesity. Am J Surg
1975; 129: 163±166.

3 Mabee TM, Meyer PD, Den Besten L, Mason EE. The
mechanism of increased gallstone formation in obese human
subjects. Surgery 1976; 79: 460±468.

4 Barbara L, Sama C, Morselli Labate AM, Taroni F, Rusticali
AG, Festi D, Sapio C, Roda E, Banterle C, Puci A, Formentini
F, Colasanti S, Nardin F. A population study of the prevalence
of gallstone disease: the Sirmione study. Hepatology 1987; 7:
913±917.

5 The Rome Group for the Epidemiology and Prevention of
Cholelithiasis (GREPCO). The epidemiology of gallstone
disease in Rome, Italy. Part II. Factors associated with the
disease. Hepatology 1988; 8: 907±913.

6 Maclure MK, Hayes KC, Colditz GA, Stampfer MJ, Speizer
FE, Willett WC. Weight, diet and the risk of symptomatic
gallstone in middle-aged women. N Engl J Med 1989; 321:
563±569.

7 Andersen T, Backer OG, Stokholm KH, Quaade F. Rando-
mized trial of diet and gastroplasty compared with diet alone
in morbid obesity. N Engl J Med 1984; 310: 352±356.

8 Bray GA, Barry RE, Ben®eld JR, Castelnuovo-Tedesco P,
Drenick EJ, Passaro E. Intestinal by-pass operation as a
treatment of obesity. Ann Intern Med 1976; 85: 97±109.

9 Wattchow DA, Hall JC, Whiting MJ, Bradley B, Iannos J,
Mckwatts J. Prevalence and treatment of gallstones after
gastric bypass surgery for morbid obesity. BMJ 1983; 286:
763.

10 Schmidt JH, Hocking MP, Rout WR. The case for prophylac-
tic cholecystectomy concomitant with gastric restriction for
morbid obesity. Am Surg 1988; 54: 296±272.

11 Deitel M, Petrov I. Incidence of symptomatic gallstones after
bariatric operations. Surg Gynecol Obstetr 1987; 164:
549±552.

12 Broom®eld PH, Chopra R, Sheinbaum RC, Bonorris GG,
Silverman A, Schoen®eld LJ, Marks JM. Effects of ursodeoxy-
cholic acid and aspirin on the formation of lithogenic bile and
gallstones during loss of weight. N Engl J Med 1988; 319:
1567±1572.

13 Liddle RA, Goldstein RB, Saxton J. Gallstone formation
during weight reduction dieting. Arch Intern Med 1989; 149:
1750±1753.

14 Bennion LJ, Grundy SM. Effects of obesity and caloric intake
on biliary lipid metabolism in man. J Clin Invest 1975; 56:
996±1011.

Obesity, gallbladder motility and weight loss
D Festi et al

599



15 Mok HJI, Von Bergmann K, Crouse JR, Grundy SM. Biliary lipid
metabolism in obesity. Effects of bile acid feeding before and
during weight reduction. Gastroenterology 1979; 76: 556±567.

16 Mazzella G, Bazzoli F, Festi D, Ronchi M, Aldini R, Roda A,
Grigolo B, Simoni P, Villanova N, Roda E. Comparative
evaluation of chenodeoxycholic and ursodeoxycholic acids
in obese patients. Effects on biliary lipid metabolism during
weight maintenance and weight reduction. Gastroenterology
1991; 101: 490±496.

17 Shiffman ML, Sugerman HJ, Kellum JM, Moore EW.
Changes in gallbladder bile composition following gallstone
formation and weight reduction. Gastroenterology 1992; 103:
214±221.

18 Marks JW, Bonorris GG, Albers G, Schoen®eld LJ. The
sequence of biliary events preceding the formation of gall-
stones in humans. Gastroenterology 1992; 103: 566±570.

19 Everhart J. Contribution of obesity and weight loss to gall-
stone disease. Ann Intern Med 1993; 119: 1029±1035.

20 Heshka S, Spitz A, Nunez C, Fittante AM, Heyms®eld SB, Pi-
Sunyer FX. Obesity and risk of gallstone development on a
1200 kcal/d (5025 Kj/d) regular food diet. Int J Obes 1996; 20:
450±454.

21 Festi D, Orsini M, LiBassi S, Cerre' C, Sangermano A, Parenti
M, Babini AC, Mazzella G, Bazzoli F, Aldini R, Roda E. Risk
of gallstone formation during rapid weight loss: protective
effect of gallbladder motility. Gastroenterology 1992; 102:
A311 [Abstract].

22 Gebhard RL, Prigge WF, Ansel HJ, Schlasner L, Ketover SR,
Sande D, Holtmeier K, Peterson FJ. The role of gallbladder
emptying in gallstone formation during diet-induced rapid
weight loss. Hepatology 1996; 24: 544±548.

23 Festi D, Frabboni R, Bazzoli F, Sangermano A, Ronchi M,
Rossi L, Parini P, Orsini M, Primerano AMM, Mazzella G,
Aldini R, Roda E. Gallbladder motility in cholesterol gallstone
disease. Effect of ursodeoxycholic acid administration and
gallstone dissolution. Gastroenterology 1990; 99: 1779±1785.

24 Ohno M, Miura J, Arai K, Tsukahara S, Ikeda Y. The ef®cacy
and metabolic effects of two different regimens of very low
calorie diet. Int J Obes 1989; 13 (Suppl. 2): 79±85.

25 Dodds W, Groh WJ, Darweesh RMA, Lawson TL, Kishk
SMS, Kern MK. Sonographic measurement of gallbladder
volume. AJR 1985; 145: 1009±1011.

26 Roda A, Festi D, Sama C, Mazzella G, Aldini R, Roda E,
Barbara L. Enzymatic determination of cholesterol in bile.
Clin Chim Acta 1975; 64: 337±341.

27 Roda A, Geminiani S, Rossi RM, Festi D, Roda E, Barbara L.
Enzymatic determination of phospholipids in bile. Lab J Res
Med 1981; 2: 119±122.

28 Stanton A, Glantz SA. Primer of biostatistics. McGraw-Hill:
New York, 1987.

29 Winer BJ. Statistical principles in experimental design.
McGraw-Hill: New York, 1962.

30 SAS Institute Inc. SAS User's Guide: Statistics, Version 5
Edition. SAS Institute Inc.: Cary NC, 1985.

31 Sauerbruch T, Paumgartner G. Gallstones: pathogenesis.
Lancet 1991; 338: 1121±1124.

32 Vezina BG, Paradis RL, Grace DM, Zimmer RA, Lamont DD,
Rycroft KM, King ME. Increased volume and decreased
emptying of the gallbladder in large (morbidly obese, tall
normal, and muscular normal) people. Gastroenterology 1990;
98: 1000±1007.

33 Marzio L, Capone F, Neri M, Mezzetti A, De Angelis C,
Cuccurullo F. Gallbladder kinetics in obese patients: effect of
regular meal and low-calorie meal. Dig Dis Sci 1988; 33: 4±9.

34 Palasciano G, Portincasa P, Bel®ore A, Baldassarre G, Cignar-
elli M, Paternostro A, Giorgino R. Gallbladder volume and
emptying in diabetics: the role of neuropathy and obesity.
J Intern Med 1992; 231: 123±127.

35 Stone BG, Ansel HJ, Peterson FJ, Gebhard RL. Gallbladder
emptying stimuli in obese and normal weight subjects. Hepa-
tology 1990; 12: 795±798.

36 Kucio C, Besser P, Jonderko K. Gallbladder motor function in
obese versus lean females. Eur J Clin Nutr 1988; 42: 121±124.

37 Acalovschi M, Badea R. Ultrasonographic study of
gallbladder emptying in obese patients. Int J Obes 1992; 16:
313±315.

38 Stone BG, Gavaler JS, Belle SH, Shreiner DP, Peleman RR,
Sarva RP, Yingvorapant N. Impairment of gallbladder
emptying in diabetes mellitus. Gastroenterology 1988; 95:
170±176.

39 Paulewski J, Cicala M, Holl J, Sauerbruch T, Schafmayer A,
Paumgartner G. Correlation between gallbladder fasting
volume and postprandial emptying in patients with gallstones
and healthy controls. Gut 1993; 34: 1443±1447.

40 Van Erpecum KJ, van Berge Henegouwen GP, Stolk MFJ,
Hopman WPM, Jansen JBMJ, Lamers CBHW. Fasting gall-
bladder volume, postprandial emptying and cholecystokinin
release in gallstone patients and normal subjects. J Hepatol
1992; 14: 194±202.

41 Andersen T, Backer OG, Stokholm KM, Quaade F.
Randomized trial of diet and gastroplasty compared with
diet alone in morbid obesity. N Engl J Med 1984; 310:
352±356.

42 Council on Scienti®c Affairs. Treatment of obesity in adults.
JAMA 1988; 260: 2547±2551.

43 Shiffman ML, Kaplan GD, Brinkman-Kaplan V, Vickers FF.
Prophylaxis against gallstone formation with ursodeoxycholic
acid in patients participating in a very-low-calorie diet pro-
gram. Ann Intern Med 1995; 122: 899±905.

44 Marks JW, Bonorris GG, Schoen®eld LJ. Effects of ursodiol
or ibuprofen on contraction of gallbladder and bile among
obese patients during weight loss. Dig Dis Sci 1996; 41:
242±249.

45 Worobetz LJ, Inglis FG, Shaffer EA. The effect of ursodeoxy-
cholic acid therapy on gallstone formation in the morbid obese
during rapid weight loss. Am J Gastroenterol 1993; 88:
1705±1710.

46 Sugerman HJ, Brewer WH, Shiffman ML, Brolin RE, Fobi
MAL, Linner JH, MacDonald KG, MacGregor AM, Martin
LF, Oram-Smith JC, Popoola D, Schirmer BD, Vickers FF. A
multicenter, placebo-controlled, randomized, double-blind,
prospective trial of prophylactic ursodiol for the prevention
of gallstone formation following gastric-bypass-induced rapid
weight loss. Am J Surg 1995; 169: 91±97.

47 Roda E, Bazzoli F, Labate Morselli AM, Mazzella G, Roda A,
Sama C, Festi D, Aldini R, Taroni F, Barbara L. Ursodeoxy-
cholic acid versus chenodeoxycholic acid as cholesterol dis-
solving agents: a comparative randomized study. Hepatology
1982; 2: 804±810.

48 Everson GT, McKinley C, Millis M, Cipolla T, Showalter
R, Peterson F. Weight loss in obese women markedly inhibits
bile acid synthesis: the metabolic basis for cholesterol gall-
stone formation? Gastroenterology 1994; 106: A889.
[Abstract].

49 Gomez G, Upp JR, Lius F, Alexander RW, Poston GJ, Greeley
GH, Thompson JC. Regulation of the release of cholecystoki-
nin by bile salts in dogs and humans. Gastroenterology 1988;
94: 1036±1046.

50 Portincasa P, Di Ciaula A, Palmieri VO, van Berge Henegou-
wen GP, Palasciano G. Effects of cholestyramine on gallblad-
der and gastric emptying in obese and lean subjects. Eur J Clin
Invest 1995; 25: 746±753.

51 Weinsier RL, Wilson LJ, Lee J. Medically safe rate of
weight loss for the treatment of obesity: a guideline
based on risk of gallstone formation. Am J Med 1995; 98:
115±117.

52 Yang H, Petersen GM, Roth MP, Schoen®eld LJ, Marks JW.
Risk factors for gallstone formation during rapid loss of
weight. Dig Dis Sci 1992; 37: 912±918.

Obesity, gallbladder motility and weight loss
D Festi et al

600


