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nized factors in cholesterol gallstone formation; bile which isObese persons are at risk for cholesterol gallstones
saturated with cholesterol is essential for crystals to form,because their bile is saturated with cholesterol. The risk
nucleation factors can influence whether crystals form in sat-increases during rapid weight loss by means of certain
urated bile, and gallbladder stasis can allow crystal growth.very-low-calorie diets or gastric bypass surgery. Gall-

Obesity is associated with increased bile cholesterol secre-stone risk factors during rapid weight loss include in-
tion and saturation index.6 Several studies suggest that bilecreased bile cholesterol saturation index and gallblad-
saturation index increases further during rapid weightder stasis. Obese subjects were randomized to one of two
loss.1,6,7 In one study, 10 subjects losing weight on a 1,000-low-calorie liquid diets for rapid weight loss: a 520-kcal
kcal diet showed reduced output of all bile lipids, but 6 of thediet with less than 2 g fat/d, and a 900-kcal diet with 30
10 increased their bile saturation index.6 On the other hand,g fat/d (including one 10-g fat meal to stimulate maximal
several studies have reported decreased bile saturation indexgallbladder emptying). Bile and blood lipids, saturation
after 6 to 20 days of fasting.8,9 Cholesterol may be mobilizedindex, leukocyte 3-hydroxy-3-methylglutaryl coenzyme
from tissue stores to be secreted into bile during rapid weightA (HMG CoA) reductase activity, and ultrasonographic
loss.6 Decreased bile acid synthesis has also been detectedgallbladder emptying were measured repeatedly during
during diet-induced weight loss and fasting.6,9,10 Thus, rapiddietary treatment. Both diets produced comparable
weight loss may alter secretion of cholesterol and bile acidsweight loss of 22%. Bile cholesterol saturation index in-
in a manner conducive to gallstone formation.creased during both diets (26%), but fell to 15% below

Pro- and antinucleating proteins and mucins are describedprediet level after weight loss. Compared with subjects’
in gallbladder bile, and may predispose to gallstones. Thesemaximal gallbladder emptying fraction of 66%, the 520-
factors could change during rapid weight loss. Shortenedkcal diet provided poor gallbladder emptying (35%),
crystal nucleation time has been observed during very-low-whereas the 10-g fat meal of the 900-kcal diet provided
calorie liquid diets.7 Mucin and calcium increased in gallblad-maximal emptying. Gallstones developed in four of six
der bile of obese subjects forming gallstones after gastric by-520-kcal subjects and none of seven 900-kcal subjects (P
pass.11,12Å .021), an unanticipated difference that resulted in pre-

Gallbladder emptying may also participate in gallstone for-mature study termination for ethical reasons. Blood lip-
mation.13 Studies of meal-stimulated gallbladder emptying inids and HMG CoA reductase activity in mononuclear leu-
obese subjects have given variable results.14-17 We and otherskocytes fell at week 8 during both diets, but recovered
have shown that typical very-low-calorie liquid diets are poorwhile weight was still being lost. The findings suggest
stimuli for gallbladder emptying in both obese and normal-that gallstone risk during rapid weight loss may be re-
weight individuals.14,17 Impaired gallbladder emptying hasduced by maintenance of gallbladder emptying with a
also been reported after gastric bypass surgery.18small amount of dietary fat. Ultimately, weight loss re-

The current study was planned to evaluate and compareduced bile cholesterol saturation and improved high-
biliary physiology in subjects given two different low-caloriedensity lipoprotein (HDL) levels. (HEPATOLOGY 1996;
liquid diets. Bile and blood lipids, bile cholesterol saturation24:544-548.)
index, and gallbladder contraction were serially measured
during treatment with a formula that has been associatedRapid weight loss in obese subjects may lead to cholesterol
with gallstone formation and a formula that was designed togallstones. Gallstones developed in 11% to 26% of obese sub-
promote normal gallbladder emptying. The study was prema-jects rapidly losing body weight on very-low-calorie liquid
turely terminated when a high incidence of gallstones devel-diets, containing less than 2 g of fat per day.1-4 New gallstones
oped in one diet group.formed in 36% of obese subjects losing weight after gastric

bypass surgery.5 The mechanism(s) for gallstone formation PATIENTS AND METHODS
during rapid weight loss is not clear. There are three recog-

Subjects. Healthy, obese individuals were recruited from a medi-
cal clinic weight loss program, informed of the study protocol and
offered a monetary incentive to participate. Twenty-three subjects
were screened; 13 volunteers were entered into the study. VolunteersAbbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; HMG CoA,
had normal gallbladder ultrasonography, underwent preliminary3-hydroxy-3-methylglutaryl coenzyme A.
gallbladder and bile testing, and were randomized to one of twoFrom the Departments of Medicine1 and Radiology,2 Minneapolis VA Medical Center,

and University of Minnesota, Minneapolis, MN. formulae. One subject was taking a stable dose of thyroid replace-
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TABLE 1. Subjects’ Characteristics Before and Afterand periodic evaluation by a physician. The treatment protocol in-
volved consuming one of two liquid formula diets for 12 weeks. Diets Dietary Treatment
were prepared by mixing one (or two) packets of powdered formula

2 g Fat 30 g Fatin 8 to 12 oz of a noncaloric beverage for consumption five times
daily. Packets contained no nutritional information or labeling, to Sex 5F/1M 5F/2M
blind both subjects and staff to dietary conditions. Compliance was Age (yr) 40 { 5 40 { 8
enhanced by weekly behavior modification sessions. Following 12 Weight (kg) 105 { 21 114 { 29
weeks of liquid formula only, conventional foods were reintroduced BMI (kg/m2) 37 { 4 36 { 6
and liquid formula reduced. By week 18, subjects consumed 1,000 Lowest BMI 29 { 3 28 { 3
kcal of solid food. Caloric intake was gradually increased to 1,200 to Weight loss (kg) 23 { 6 25 { 13
1,500 kcal over the next 6 weeks. Several large male subjects (one (% initial weight) (22) (22)
in each group) were initially allowed six formula meals per day. Gallbladder

The first liquid formula (‘‘2 g fat’’) contained 520 kcal per day: 50 Fasting volume (cc) 25 { 9 29 { 6
g protein, less than 2 g fat, and 30 mg cholesterol. Each meal of the Residual volume (cc)* 8 { 3 10 { 4
formula (Health Management Resources, Boston, MA) contains less Blood cholesterol (mg/dL) 205 { 35 220 { 23
than 1 g fat. The diet has previously been associated with gallstone Nadir blood cholesterol (mg/dL) 151 { 32 165 { 30
formation.1,3,4 The second formula (‘‘30 g fat’’) contained 900 kcal per Blood triglyceride (mg/dL) 147 { 104 164 { 48
day: 90 g protein, 30 g fat, and 90 mg cholesterol. Each packet of
this noncommercial diet (prepared by Sandoz Nutrition, Minneapo- NOTE. Values are means { SD.
lis, MN) contained 5 g fat. One daily meal consisted of two packets Abbreviation: BMI, body mass index.
in 12 oz of fluid, to provide one 10-g fat meal daily to stimulate * Residual gallbladder volume for this value was measured after a 20-g fat
maximal gallbladder emptying.14 Both diets were casein-based and liquid meal.
equally supplemented with at least 100% of the United States recom-
mended daily allowance for vitamins and minerals. The fat source

RESULTSfor the 30-g fat diet was canola oil. Lab technicians and ultrasonogra-
phers were blinded to diet allocation throughout. Three subjects were excluded for silent gallstones, 7 sub-

Measurements. Before dietary treatment, fasting subjects under- jects declined entry, and 13 subjects were randomized. Sub-went gallbladder ultrasonography to exclude stones and to measure
jects in both diet groups had similar characteristics at entrymaximal emptying response to a 20-g fat liquid meal, as previously
(Table 1). Both formulas produced equivalent loss of 22%described and validated.14,19 Volunteers were then randomized to one
body mass, in spite of differences in caloric content. Incentiveof the liquid formulas, and gallbladder emptying response to their
and supervision resulted in compliance judged to be very goodassigned liquid meal (õ1-g fat meal or 10-g fat meal) was measured

by a second prediet test. To assess the effect of substantial weight for both groups.
loss on maximal gallbladder emptying, the 20-g fat stimulus was As shown in Fig. 1, 12 of 13 subjects’ gallbladder bile was
retested following weight loss (week 24). To ascertain whether an saturated with cholesterol (index ú1.0) before beginning di-
adaptive response to study diets occurred during liquid formula use, etary protocol. Although cholesterol saturation index at week
gallbladder emptying response to each subject’s assigned liquid for- 8 rose to a numerically higher value for 30-g fat diet subjects,
mula meal was also retested at weeks 2, 4, and 8 of treatment. ANOVA showed no significant diet-specific effect on satura-Gallbladder volumes were calculated by sum-of-cylinders method.19

tion index (F1,9 Å 1.333, P Å .278). However, Fig. 1 showsBefore dietary treatment, fasting gallbladder bile was sampled via
that bile saturation index did increase for most subjects byduodenal intubation with a weighted plastic tube, gravity drainage
week 8 of respective liquid diets and fell below initial valuesof secretions, and induction of gallbladder contraction with 0.02 mg/
at week 24. At week 24, saturation index was °1.0 in 7 ofkg Kinevac IV (Squibb Diagnostics, Princeton, NJ) over 10 minutes,

as described.20 Gallbladder bile was also obtained at week 8 of liquid the 13 subjects. When all subjects were considered, ANOVA
formula and after week 24. Bile was collected on ice, diluted with showed a highly significant main effect of time on bile satura-
methanol, assayed for bile lipids, and saturation index was calcu- tion index (F2,18 Å 9.087, P Å .0019). Thus, compared with
lated using the formula of Carey and Small for 10 g solids per decali- prediet values, saturation index increased 26 { 11% at week
ter.20,21

8 during weight loss (P õ .05) and decreased 15 { 6% at
Serum cholesterol fractions (total, very-low-density lipoprotein, week 24 after weight loss (P õ .05).high-density lipoprotein (HDL), and low-density lipoprotein (LDL)

Bile lipid secretion rates were not measured. However, bileby subtraction) were measured in fasting blood pretreatment and at
phospholipid molar ratio fell during rapid weight loss (22.0weeks 8 and 24. HDL was measured using a precipitation method22

{ 1.3% to 16.3 { 0.6%, P õ .01), bile acid molar ratio roseand very low density lipoprotein was derived from triglyceride mea-
(68.9 { 1.7% to 74.4 { 1.1%, P õ .01) and bile cholesterolsurement.23 Cholesterol was quantitated as described24 and triglycer-

ides were measured using Sigma Kit 405 (Sigma, St. Louis, MO). did not change. At week 24, the only bile lipid change from
At the same intervals, mononuclear leukocytes were isolated from prediet was decreased molar ratio of cholesterol (9.4 { 0.6%
heparinized blood to measure microsomal 3-hydroxy-3-methylglu- to 7.4 { 0.6%, P õ .01).
taryl coenzyme A (HMG CoA) reductase activity as described.25 HMG Also shown in Table 1, both groups had comparable initial
CoA reductase is feedback regulated by cholesterol and is generally gallbladder fasting volumes and comparable residual vol-
the rate-determining step in cholesterogenesis.26 Its activity in mono- umes after a 20-g fat liquid meal. Subjects’ maximal mealnuclear leukocytes may reflect total body cholesterol synthesis.25 To-

gallbladder emptying fraction of 66% to 70% is similar total blood cholesterol was also measured at 2-week intervals during
values that we and others have reported for normal sub-liquid diet and then at 4-week intervals. Fatty acid composition of
jects.14,16,17,28 After weight loss (week 24), fasting gallbladderbile and serum phospholipids was measured as previously de-
volumes and maximal emptying fractions to 20 g fat werescribed,27 using a Model 5890 GLC fitted with a 30-m 1 0.25-mm

HP-INNOWAX capillary column (Hewlett-Packard, Palo Alto, CA). not significantly changed from prediet (22 { 4 mL and 66 {
Statistics. Values are mean { SE unless noted. Based on pre- 6% for all subjects).

viously observed changes in bile cholesterol saturation index and As expected (Fig. 2), the 10-g fat meal stimulated normal
gallbladder emptying, we calculated that 10 subjects in each group gallbladder emptying, whereas the õ1 g fat meal produced
would be sufficient to detect a 22% difference in gallbladder emptying very poor emptying pretreatment and throughout the weight
and a 30% change in saturation index between the two diet treat- loss. Both meals were tested in two subjects (64% and 95%ments at a statistical power greater than 0.80. Data involving multi-

for 10 g vs. 0% and 13% for õ1 g), confirming that mealple measurements were analyzed by repeated ANOVA and means
content accounted for the differences. Significant formula-were compared with the Fisher’s least significant difference test.
specific gallbladder emptying differences persisted at weeksStudent’s paired t test was used for comparisons involving only two
2, 4, and 8. No significant changes in fasting gallbladdergroups, where ANOVA was not appropriate. Fisher’s exact test was

used to evaluate gallstone formation. volumes occurred during diet.
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TABLE 2. Time Course of Blood Lipid Values and Activity
of HMG CoA Reductase in Mononuclear Leukocytes

(A Reflection of Cholesterol Synthesis) for all Subjects

Prediet Week 8 Week 24

Total cholesterol (mg/dL) 213 { 8 159 { 8* 210 { 8
LDL cholesterol (mg/dL) 136 { 7 93 { 7* 124 { 6
HDL cholesterol (mg/dL) 46 { 4 44 { 4 61 { 5*
Triglycerides (mg/dL) 156 { 21 117 { 14 125 { 17
HMG CoA reductase

(pmol/mg protein/min) 1.4 { 0.2 0.9 { 0.1* 1.0 { 0.2
FIG. 1. Bile cholesterol saturation index before treatment, week 8 during

NOTE. Values are mean { SE.liquid formula, and after weight loss. Individual 520-kcal (2-g fat) subjects
* P õ .05 versus prediet.shown as crosses (two subjects, n and s, had only two measurements). Individ-

ual 900-kcal (30-g fat) subjects shown (●). Bars represent means.

0.202, P Å .6616). However, Table 2 shows that there was a
highly significant main effect of time of diet on blood choles-The protocol was intended to study bile and gallbladder
terol when all subjects were considered (F2,22 Å 23.18, P Åphysiology and chemistry during liquid formula consump-
.0001). Thus, total and LDL cholesterol fell markedly by weektion, rather than gallstone formation. Surprisingly, four sub-
8 of liquid formula, but returned toward baseline by weekjects developed echogenic foci with acoustic shadowing (indic-
24. Total blood cholesterol rose during the final 4 weeks ofative of gallstones) during the liquid-formula phase: by week
very low cholesterol formulas. The only significant change4 in two subjects, week 8 in one, and between weeks 8 and
after weight loss was increased HDL; the LDL decrease was13 in one symptomatic subject. One of these subjects showed
.2 ú P ú .1.‘‘sludge’’ (echogenicity without acoustic shadowing) at week

Mononuclear leukocyte HMG CoA reductase activity also2, a clean gallbladder at week 4, and gallstones at week 8.
did not differ by dietary group (F1,9 Å 1.096, P Å .3224).All four gallstone subjects were found to have been on the 2-
Shown in Table 2, there was a significant main effect of dietg fat formula. This difference between diets was significant
time on reductase activity (F2,18 Å 4.78, P Å .0216). Surpris-at P Å .021 by Fisher’s exact test. Because two subjects were
ingly, reductase activity fell at week 8 of liquid formula, insymptomatic, the Human Subjects Subcommittee encouraged
spite of the very low dietary cholesterol and the low levels ofcessation of enrollment.
blood cholesterol. Reductase activity after week 24 was lessSubjects developing gallstones remained on diet therapy.
than pretreatment, but the difference was not statisticallyThey were given one 10-g fat meal per day to provide gallblad-
significant.der emptying,24 and treated with 300 mg ursodeoxycholic acid

No significant changes in fatty acid composition of serumtwice daily for 4 to 6 weeks. All gallstones disappeared within
phospholipids were found in either group (data not shown).6 weeks of drug and diet modification. Serum and bile lipid
For both groups, bile phospholipid fatty acids changed mod-data were not gathered during ursodeoxycholic acid treat-
estly at week 8 of liquid formula compared with pretreat-ment.
ment. Arachidonic acid content rose from 7.1% to 9.7% (P õIn Table 1, ANOVA showed no significant diet-specific ef-
.01), palmitic acid rose from 35.4% to 38.7% (P õ .01), andfect on blood lipid levels before or during weight loss (F1,11 Å
stearic acid fell from 5.6% to 3.8% (P õ .01). Composition
returned to pretreatment at week 24.

DISCUSSION

Obesity is a risk factor for cholesterol gallstones. This study
and others indicate that certain weight loss methods may
increase gallstone risk, at least during rapid weight loss. Elu-
cidation of the mechanism(s) underlying the increased risk
may enable risk reduction strategies. One such strategy has
been concurrent use of ursodeoxycholic acid during diet-in-
duced rapid weight loss.1,4 The current study was intended
to evaluate bile lipids and gallbladder emptying as risk fac-
tors for cholesterol gallstones, with diet composition as a vari-
able.

Subjects receiving the two dietary treatments, 520 kcal
versus 900 kcal, showed very similar maximal and percent
weight loss. This observation is consistent with a recent re-
port which found no significant differences in weight loss
between very-low-calorie diets supplying 420 kcal, 660 kcal,
or 800 kcal.29 The result could be explained by differences in
diet compliance by subjects at the two calorie levels. However,
the 22% loss of body mass by the subjects receiving 520 kcal/FIG. 2. Gallbladder emptying fraction expressed as:
d was identical to that of other reports for this diet,1,3,4 and
the study dietitian reported equivalent compliance by the two(fasting volume-low post meal volume)

fasting volume
1 100%

groups.
Our data confirm that increased bile cholesterol saturationgallbladder emptying from subjects’ specific diet meals (õ1-g fat meal for

the 520-kcal group, 10-g fat meal for the 900-kcal group) before treatment and index can occur during rapid weight loss.1,6,7 The reason for
at weeks 2, 4, and 8 during weight loss formula. Values are mean{ SE. Broken the increase could not be ascertained from our study. Dietaryline represents the mean maximal emptying response to a 20-g fat meal (66%)

cholesterol was not a factor, and cholesterol synthesis, whichfor all subjects. *P õ .01 versus the same subject’s maximal emptying and
versus 10-g fat meal of the 900-kcal group. decreased in mononuclear leukocytes during dieting, did not

AID Hepa 0001 / 5p12$$$$$2 08-07-96 13:18:33 hpta WBS: Hepatology

 15273350, 1996, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hep.510240313, W

iley O
nline L

ibrary on [17/02/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

620 Kcal Diet 900 Kcal Diet 

200 

" .. ., 
.5 200 

C: 
.!! ; 1.50 

rn 1.00 

.!! 
iii 

0.,0 

WEEK O WEEK 8 WEEK 24 WEEK O WEEK 8 WEEK 14 

~ 520 Cal Diet k<''d 900 Cal Diet 
1g Fat Meal 10g Fat Meal 

100 
C: * * * * 0 
+: 80 () 
tU .. 
LL 

60 
Cl 
C: 
':., .... 40 C. 
E 
w 
al 20 
C, 

0 
PRE DIET WEEK 2 WEEK 4 WEEK 8 



HEPATOLOGY Vol. 24, No. 3, 1996 GEBHARD ET AL. 547

REFERENCESappear to play a role. Bennion and Grundy suggested that
mobilization of tissue cholesterol into bile may occur.6 De-

1. Broomfield PH, Chopra R, Sheinbaum RC, Bonorris GO, Silverman A,creased bile acid synthesis and secretion have been observed Schoenfield LJ, Marks JW. Effects of ursodeoxycholic acid and aspirin on
during weight loss dieting,6,10 and also noted during fasting.9 the formation of lithogenic bile and gallstones during loss of weight. N

Engl J Med 1988;319:1567-1572.Our finding of reduced bile phospholipid molar ratio at week
2. Liddle RA, Goldstein RB, Saxton J. Gallstone formation during weight-8 could be a result of decreased phospholipid secretion during

reduction dieting. Arch Intern Med 1989;149:1750-1753.rapid weight loss. Reduced secretion of all bile lipids by 40% 3. Yang H, Petersen GM, Roth M-P, Schoenfield LJ, Marks JW. Risk factors
to 50% during weight loss has been reported.6 Increasing for gallstone formation during rapid loss of weight. Dig Dis Sci 1992;37:

912-918.phospholipid content of bile by as little as 10% has also been
4. Shiffman ML, Kaplan GD, Brinkman-Kaplan V, Vickers FV. Prophylaxisreported to prolong nucleation time.30 Thus, decreased bile

against gallstone formation with ursodeoxycholic acid in patients partici-phospholipid content to the extent seen here might shorten pating in a very-low-calorie diet program. Ann Intern Med 1995;122:899-
crystal nucleation time in addition to raising saturation in- 905.

5. Shiffman ML, Sugarman HJ, Kellum JM, Brewer WH, Moore EW. Gall-dex.
stone formation after rapid weight loss: a prospective study in patientsOnce weight was lost and normal eating resumed, bile satu-
undergoing gastric bypass surgery for treatment of morbid obesity. Am Jration index and cholesterol molar ratio fell in comparison Gastroenterol 1991;86:1000-1005.

with the obese state. Bile became unsaturated in 7 of 13 6. Bennion LJ, Grundy SM. Effects of obesity and calorie intake on biliary
lipid metabolism in man. J Clin Invest 1975;56:996-1011.subjects. This confirms an overall benefit of weight reduc-

7. Marks JW, Broomfield P, Bonorris GG, Schoenfield LJ. Factors affectingtion.6
the measurement of cholesterol nucleation in human gallbladder and duo-Cholesterol crystal nucleation factors were not specifically denal bile. Gastroenterology 1991;101:214-219.

studied, but arachidonic acid content of bile phospholipids 8. Schlierf G, Schellenberg B, Stiehl A, Czygan P, Oster P. Biliary cholesterol
saturation and weight reduction: effects of fasting and low calorie diet.increased in all subjects at week 8. As a prostaglandin precur-
Digestion 1981;21:44-49.sor, arachidonic acid could influence mucin production and

9. Duane WC, Ginsberg RL, Bennion LJ. Effects of fasting on bile acid metab-facilitate crystal nucleation.31
olism and biliary lipid composition in man. J Lipid Res 1976;17:211-9.

Although weight loss was identical for the two diets and 10. Everson GT, McKinley C, Mills M, Cippola T, Showalter R, Peterson F.
Weight loss in obese women markedly inhibits bile acid synthesis: thecholesterol saturation index increased in most subjects, with
metabolic basis for cholesterol gallstone formation [abstr]? Gastroenterol-highest levels occurring on 30 g fat, gallstones only developed
ogy 1994;106:A889.in the 2-g fat subjects. This suggests that poor gallbladder 11. Shiffman ML, Sugarman HJ, Kellum JM, Moore EW. Changes in gallblad-

emptying played an important role in the cholelithiasis. der bile composition following gallstone formation and weight reduction.
Gastroenterology 1992;103:214-221.Other diet variables such as calorie or protein content may

12. Shiffman ML, Shamburek RD, Schwartz CC, Sugarman HJ, Kellum JM,have been involved, but consistent and significant differences
Moore EW. Gallbladder mucin, arachidonic acid, and bile lipids in patientsin gallbladder contraction were found. Poor gallbladder emp- who develop gallstones during weight reduction. Gastroenterology 1993;

tying is implicated in gallstone formation during total paren- 105:1200-1208.
13. Paumgartner G, Sauerbruch T. Gallstones: pathogenesis. Lancet 1991;teral nutrition and somatostatin therapy.32-34 Gallstones have

338:1117-1121.been prevented by cholecystokinin injections during paren-
14. Stone BG, Ansel HJ, Peterson FJ, Gebhard RL. Gallbladder emptyingteral nutrition.33 Dietary fat may have provided a protective stimuli in obese and normal-weight subjects. HEPATOLOGY 1992;15:795-

emptying function in our study. 798.
15. Acalovschi M, Badea R. Ultrasonographic study of gall-bladder emptyingThe incidence of gallstone formation in our 2-g fat group

in obese patients. Int J Obesity 1992;16:313-315.was higher than reported for similar diets.1-4 This may be
16. Vezina WC, Paradis RL, Grace DM, Zimmer RA, LaMont DD, Ryrcroftexplained by our frequent ultrasonographic surveillance dur- KM, King ME, et al. Increased volume and decreased emptying of the

ing the most rapid weight loss. Shiffman et al. observed a gallbladder in large (morbidly obese, tall normal, and muscular normal)
people. Gastroenterology 1990;98:1000-1007.65% incidence of gallstones in subjects losing 15 to 20 pounds

17. Marzio L, Capone F, Neri M, Mezzetti A, De Angelis C, Cuccurullo F.per month on this same 520-kcal diet4; our subjects averaged
Gallbladder kinetics in obese patients: effect of a regular meal and low-50 pounds lost over 3 months. calorie meal. Dig Dis Sci 1988;33:4-9.

Total and LDL blood cholesterol levels initially fell during 18. Inoue KI, Fuchigami A, Higashide S, Sumi S, Kogire M, Suzuki T, Tobe
T. Gallbladder sludge and stone formation in relation to contractile func-rapid weight loss, then rebounded during continued low cho-
tion after gastrectomy: a prospective study. Ann Surg 1992;215:19-26.lesterol formula to return to prediet values after weight loss.

19. Everson GT, Braverman DZ, Johnson ML, Kern F. A critical evaluationOnly HDL levels improved after weight loss. Other studies of real-time ultrasonography for the study of gallbladder volume and con-
have also reported the transient nature of fall in blood choles- traction. Gastroenterology 1980;79:40-46.

20. Duane WC, Hunninghake DB, Freeman ML, Pooler PA, Schlasner LA,terol during diet-induced rapid weight loss.35,36

Gebhard RL. Simvastatin, a competitive inhibitor of HMG CoA reductase,Mononuclear leukocyte HMG CoA reductase activity was
lowers cholesterol saturation index of gallbladder bile. HEPATOLOGY 1988;measured to possibly reflect cholesterol synthesis. Reductase 8:1147-1150.

activity decreased in the face of very low dietary cholesterol 21. Carey MC, Small DM. The physical chemistry of cholesterol solubility in
bile: relationship to gallstone formation and dissolution in man. J Clincontent and low blood cholesterol levels. Although actual cho-
Invest 1978;61:998-1026.lesterol synthesis may not be adequately reflected by leuko-

22. Fredrickson DS, Levy RI, Lindgren FT. A comparison of heritable abnor-cyte reductase in this setting, decreased cholesterol synthesis mal lipoprotein patterns as defined by two different techniques. J Clin
has been reported during fasting in the rat.26 Altered levels Invest 1968;47:2446-2456.
of hormones (e.g., glucagon) could mediate depressed choles- 23. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration

of low density lipoprotein cholesterol in plasma, without use of the prepara-terol synthesis during weight loss or fasting.26

tive ultracentrifuge. Clin Chem 1972;18:499-502.In conclusion, gallstones are a significant risk for obese
24. Day R, Gebhard RL, Schwartz HL, Strait KA, Duane WC, Stone BG,individuals because their bile is saturated with cholesterol. Oppenheimer JH. Time course of hepatic 3-hydroxy-3-methylglutaryl co-

Saturation can increase during rapid weight loss. Once a enzyme A reductase activity and messenger ribonucleic acid, biliary lipid
secretion, and hepatic cholesterol content in methimazole-treated hypothy-reduced weight is obtained, however, saturation index and
roid and hypophysectomized rats after triiodothyronine administration:gallstone risks diminish. Ursodeoxycholic acid has been re-
possible linkage of cholesterol synthesis to biliary secretion. Endocrinologyported to decrease stone formation if taken during dieting,1,4
1989;125:459-468.

but the drug adds expense. The current study suggests that 25. Stone BG, Evans CD, Prigge WF, Duane WC, Gebhard RL. Lovastatin
treatment inhibits sterol synthesis and induces HMG CoA reductase activ-maintenance of gallbladder emptying, with a modest quan-
ity in mononuclear leukocytes of normal subjects. J Lipid Res 1989;30:tity of dietary fat, may also reduce gallstone risk during low-
1943-1952.calorie rapid weight loss. In fact, an abstract has reported no 26. Linn TC. The effect of cholesterol feeding and fasting upon b-hydroxy-b-

gallstone formation during a very-low-calorie diet with fat, methylglutaryl coenzyme A reductase. J Biol Chem 1967;242:990-993.
27. Andreini JP, Prigge WF, Ma C, Gebhard RL. Vesicles and mixed micelleswhich maintained gallbladder emptying.37

AID Hepa 0001 / 5p12$$$$$2 08-07-96 13:18:33 hpta WBS: Hepatology

 15273350, 1996, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hep.510240313, W

iley O
nline L

ibrary on [17/02/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



548 GEBHARD ET AL. HEPATOLOGY September 1996

peralimentation and risk factor of cholelithiasis. Gastroenterology 1983;in hypothyroid rat bile before and after thyroid hormone treatment: evi-
84:1055-1058.dence for a vesicle transport system for biliary cholesterol secretion. J

33. Sitzmann JV, Pitt HA, Steinborn PA, Pasha ZR, Sanders RC. Cholecystoki-Lipid Res 1994;35:1405-1412.
nin prevents parenteral nutrition induced biliary sludge in humans. Surg28. Pauletzki J, Cicala M, Holl J, Sauerbruch T, Schafmayer A, Paumgartner
Gynecol Obstet 1990;170:25-31.G. Correlation between gall bladder fasting volume and postprandial emp-

34. Lembcke B, Creutzfeldt W, Schleser S, Ebert R, Shaw C, Koop I. Effect oftying in patients with gall stones and healthy controls. Gut 1993;34:1443-
somatostatin analogue Sandostatin (SMS 201-995) on gastrointestinal,1447.
pancreatic and biliary function and hormone release in normal man. Diges-29. Foster GD, Wadden TA, Peterson FJ, Letizia KA, Bartlett SJ, Conill AM.
tion 1987;36:108-24.A controlled comparison of three very-low-calorie diets: effects on weight,

35. Ellis RW, Darga LL, Lucas CP. The short- and long-term effects of low-body composition, and symptoms. Am J Clin Nutr 1992;55:811-817. fat, cholesterol-free, hypocaloric diet on serum triglyceride and cholesterol30. Jungst D, Lang T, Huber P, Lange V, Paumgartner G. Effect of phospholip- distribution in severely obese humans [abstr]. Int J Obesity 1987;11:29-
ids and bile acids on cholesterol nucleation time and vesicular/micellar 40.
cholesterol in gallbladder bile of patients with cholesterol stones. J Lipid 36. Phinney SD, Tang AB, Waggoner CR, Tezanos-Pinto RG, Davis PA. The
Res 1993;34:1457-1464. transient hypercholesterolemia of major weight loss. Am J Clin Nutr 1991;

31. LaMorte WW, LaMont JT, Hale W, Booker ML, Scott TE, Turner B. Gall- 53:1404-1410.
bladder prostaglandins and lysophospholipids as mediators of mucin secre- 37. Festi D, Orsini M, LiBassi S, Ceré C, Sangermane A, Parenti M, Babini
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