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patients at base line and after 3-mo therapy, on 45% at
12 mo, and on 36% at 24 mo. Among these specimens,
20% were inadequate for analysis. For analysis of data,
available values during therapy were averaged up to time
of dissolution, study exit, or study termination. In the
high-dose group, percent chenodiol (molar percent of all
bile acids) increased markedly and remained high during
the 2 yr of follow-up. Also, molar percent cholesterol
decreased significantly and remained low during the 2 yr
of follow-up. In the low-dose group, percent chenodiol
increased and remained significantly increased. Percent
cholesterol saturation decreased at 3 mo, but at 24 mo
it was not different from that in the placebo group,
suggesting a physiological adaptation to the low dose
by 2 yr.

79% of patients on high dose had greater than 70%
chenodiol. Among these, half showed unsaturated bile
(<100% cholesterol saturation) while the remainder were
supersaturated; in the former group with unsaturated bile,
23% had complete dissolution and 51% had partial (>50%
reduction in stone size) or complete dissolution. In con-
trast, those with over 70% chenodiol and supersaturated
bile had only 5% complete dissolution. Thus, development
of unsaturated bile was a major factor associated with



Table 1. Numbers of Patients with Adequate Bile Specimens Available for Analysis

Follow-up Total White Bile specimen

Bile specimen adequate at base line and follow-up

Bile specimen

month sample patients available adequate* (High, low, placebo) (Male, female)
Evaluation 916 870 431 357 3261 (110, 112, 104) (184, 142)
Month 3 890 845 424 321 249 (86, 79, 84) (139, 110)
Month 12 787 746 339 270 213 (76, 65, 72) (122, 91)
Month 24 673 636 231 187 150 (46, 49, 55) (86, 64)

* A bile specimen is considered inadequate if: (a) at least one of the lipids is unmeasurable, or (b) bile acid is <5 mm, or (¢) bile acid is <60
molar percent, or (d) contains <0.6 mm of cholesterol. i Bile specimen available at base line and follow-up.

gallstone dissolution. The data also indicate that values
for percent cholesterol saturation were a better predictor
of gallstone dissolution than molar percent chenodiol,
although a high percent chenodiol usually was required
to obtain unsaturation.

Introduction

Several studies have shown that oral administration of the pri-
mary bile acid chenodiol (chenodeoxycholic acid) will dissolve
cholesterol gallstones in some patients (1-8). The probable
mechanism of dissolution is to decrease the saturation of bile
with respect to cholesterol (9). Recently, the results of a large
clinical trial of chenodiol for dissolution of gallstones, the Na-
tional Cooperative Gallstone Study (NCGS)', were reported
(10-15). This trial evaluated the efficacy and safety of two doses
of chenodiol (750 and 375 mg/d) in patients with radiolucent
gallstones. Among 305 patients who were randomly assigned
to receive the high dose for 2 yr, confirmed complete dissolution
occurred in 14% of patients; partial (over 50%) or complete
dissolution were observed in 41%. In 306 patients on the low
dose, partial or complete dissolution occurred in 24%, but com-
plete dissolution in only 5%. Of the remaining 305 patients who
received placebo, only 10% and 1% had partial and complete
dissolution, respectively. Dissolution was more common in
women, thin patients, those with small or floating gallstones,
and patients with high serum cholesterol within the normal
range.

A substantial portion of the patients in this trial underwent
duodenal intubation for collection of gallbladder bile at base
line and during the study. Bile specimens were analyzed in a
Central Bile Laboratory for biliary lipid composition and for
individual bile acids. The purpose of this report is to summarize
the results of these analyses; particular attention will be given
to the effects of chenodiol administration on biliary lipid com-
position and dissolution of radiolucent gallstones.

Methods

Study design. The NCGS was a double-masked, controlled trial conducted
to evaluate the efficacy and safety of randomly allocated high-dose (750

mg/d) or low-dose (350 mg/d) chenodiol or placebo administered for
2 yr to 916 patients for dissolution of radiolucent gallstones in 10 clinical
centers (10). Patients were of any race or sex; they were 21 to 79 yr of
age and weighed <200% of ideal body weight. They had radiolucent
gallstones discernible on oral cholecystogram (OCG) with no radiopacity
on a plain film or minimal opacification (<3 mm nidus) on OCG. Only
women unable to bear children were studied. Concurrent use of drugs
suspected of interacting with chenodiol was proscribed. Further details
of experimental design have been presented previously (10, 11).

Each patient underwent an initial screening for eligibility (the eval-
uation visit), and then, initiated a 30-d trial period to assess compliance.
If eligible and consenting, the patient was randomized (the randomization
visit), and thereafter, was evaluated at 1, 2, 3, 6, 9, 12, 16, 20, and 24
mo of follow-up. At each visit, a medical history was obtained and
serum specimens collected for analysis locally and by a Central Serum
Laboratory which performed assays of the serum aminotransferases (as
serum glutamic-oxaloacetic transaminase [SGOT) and serum glutamic-
pyruvic transaminase [SGPT]) and lipids (cholesterol and triglycerides).
A roentogenographic evaluation was conducted at the evaluation visit,
and at months 9, 16, and 24 thereafter. Patients also were requested to
undergo duodenal intubation for bile collection, but bile collection was
not a requirement for enrollment in the study. Patients gave informed
consent before intubation. Bile collection was carried out at either the
evaluation visit usually within a month before randomization or at the
randomization visit, and thereafter at months 3, 12, and 24. The 3-mo
sample followed 1 mo at full dose of chenodiol, a period sufficient for
observing pharmacological changes in saturation and lipid composition.

Study sample. A total of 916 patients were randomized into the
NCGS; and bile specimens were collected at base line and during follow-
up from consenting patients (Table I). Of these, 97% were still under
study at month 3, 86% at month 12, and 73% at month 24. Since 95%
of the patients were white, and because of possible racial differences in
biliary lipids, only white patients are included in this report; they ac-
counted for 91% of all patients with bile samples at base line and 95%
at each follow-up visit. Among the specimens, 20% were inadequate for
inclusion in the analysis; the criteria for adequacy are described below
under Bile Analysis. All total, 326 white patients (110 high-dose, 112
low-dose, and 104 placebo) had adequate specimens both at base line

1. Abbreviations used in this paper: GLC, gas-liquid chromatography;
NCGS, National Cooperative Gallstone Study; OCG, oral cholecysto-
gram; SGOT, serum glutamic-oxaloacetic transaminase; SGPT, serum
glutamic-pyruvic transaminase.
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and any follow-up visit. These patients (37% of total NCGS population)
constitute the study sample for this paper. This percentage dropped to
29% at months 3 and 12, and to 24% at month 24.

Characteristics of the biliary lipid study sample were compared with
all white patients of the NCGS. The few factors on which they differed
are presented in Table II. The characteristics of the total study group
were presented previously (10).

Laboratory methods. Bile samples were collected at the Treatment
Centers, and the specimens were then stored in a refrigerator until ship-
ment to the Central Bile Laboratory at the Veterans Administration
Medical Center, San Diego, CA. In a previous report on pretreatment
biliary lipid composition (12), detailed laboratory procedures were de-
scribed for collection of bile samples, analysis of bile for lipids and
individual bile acids, calculation of percentage saturation, collection and
analysis of serum lipids and liver tests, and quality control of serum
and bile analysis. All of these procedures were used in the present study.

When the bile acids contained >2% lithocholic acid by gas-liquid
chromatography (GLC), the fraction of lithocholic present as its sulfate
was measured. The sulfated and unsulfated bile acids, along with internal
radioactive recovery standards, were first separated on columns of Se-

Table II. Characteristics of All White Patients of the NCGS Study
Population and White Patients with Adequate Bile Specimens

Total* Bile study
Demography
Nt 870 326
Men (%) 46.8 56.4§
Ideal body weight (%) (Mean+SEM) 120.89 122.95§
+0.85 +1.32
Current smokers||
Women (%) 17.1 11.3§
Roentogenographic characteristics
Floating stones (%) 17.5 12.3§
Single gallstone (%) 294 34.1§
Small countable stones 343 29.8§
(< 2.65 cm®) (%)
Nt 516 193
With < 3 countable stones 24.2 19.2§
Nt 826 321
Biliary lipids
Cholesterol saturation
(Hegardt and Dam) (%+SEM) 144.59 139.17§
+2.37 +2.33
Nt 513 326

* Characteristics of total white population of NCGS.

1 No. of patients in the total white population and those with ade-
quate bile specimens for the characteristic shown. When a character-
istic was not measurable on the whole population, the no. of patients
included is given under the characteristic.

§ Overall P < 0.05 comparing white patients with adequate bile spec-
imens for base line and follow-up to the remaining patients without
adequate bile specimens.

|| Smoked at least six cigarettes, two cigars, or two pipefuls of tobacco
daily.
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phadex LD-20 (16). They were then subjected to solvolysis and quan-
titated by GLC using an SE-30 column. Losses during the procedure
were corrected by using radioactive recovery standards of ['*C]sul-
folithocholyltaurine and [*H]lithocholylglycine.

The results for cholesterol, total bile acids, and phospholipids were
calculated as millimoles per liter of bile and converted to molar per-
centages for each. The percent saturation was calculated according to
the criteria of Hegardt and Dam (17), using the polynomial equations
proposed by Thomas and Hofmann (18), assuming that bile contained
10% lipids by weight. Values for the percent saturation calculated by
this method are essentially identical to those calculated using the critical
tables of Carey (19), which are based on experimental data of Carey
and Small (20), as described previously (12).

When samples were extremely dilute, they were considered inadequate
for accurate analysis. Samples containing <5 mm bile acids, or 0.6 mm
cholesterol, or 60 molar percent bile acids were considered inadequate
and have been excluded from the data base reported here.

Data management and statistical methods. All data management
and statistical analyses were performed by using the Statistical Analysis
System (SAS) (21). To confirm the accuracy of the GLC analysis for
biliary bile acid composition, the 244 samples lying below the fifth or
above the ninety-fifth percentile for percent of chenodiol, percent of
cholic, or percent of deoxycholic acids were verified individually.

To compare characteristics between two groups, the chi-square sta-
tistic was used for proportions, and the ¢ statistic was employed for
means. The method of weighted least squares analysis for contingency
tables (22) was used to examine multidimensional categorical data and
to test the significance of an effect (e.g., treatment), adjusting for the
influence of covariates (e.g., sex). To examine the interrelationships
among continuous variables, correlation coefficients were obtained.
Multiple regression analyses were applied to investigate the proportion
of variation in biliary lipids attributable to various combinations of
patient characteristics. The coefficient of multiple determination (R2)
was used to represent the proportion of variation explained by the vari-
ables in the regression model. The “Extra R?’ was used to indicate the
improvement of the prediction by the addition of a variable or set of
variables after controlling for other variables (23). Logistic regression
analysis (24) was used to generate predictive models for binary variables.
Univariate analysis and trial models were used for the initial screening
of possible predictors.

To depict changes in biliary lipids over time, the value of each
component was adjusted by covariance for the base-line value and the
mean adjusted values were plotted against time. The analysis of covariance
adjusts the follow-up values as though each patient started out with the
same base-line value (in fact, the group mean) based upon the regression
equation of the follow-up values on the base-line values. A ¢ test or F
test using the covariance adjusted values has greater statistical power to
detect differences between groups than will a ¢ test or F test based on
simple changes from base line.

A P value < 0.05 was required for statistical significance, except for
correlation coefficients which due to their multiplicity of testing were
required to reach P < 0.01. For pairwise comparisons among the three
dose groups, a nominal P < 0.017 was required for significance at the
0.05 significance level based on the Bonferoni inequality (25) to adjust
for the effects of multiple testing.

Results

Values during follow-up. Mean levels for molar percent of each
bile acid, adjusted for base-line values, are presented for men
in Fig. 1 and women in Fig. 2. In both sexes, chenodiol feeding
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Figure 1. Bile acid composition: white males. Sample size 181, 137,
119, and 84, respectively, for base line; month 3, 12, and 24. P, pla-
cebo, H, high dose, L, low dose. ST or !: P < 0.017 high vs. low dose;
S: P <0.017 vs. placebo.

markedly increased percent chenodiol in both high-dose and
low-dose groups; however, the increase was significantly greater
in the high-dose than in the low-dose group. The increase in
percent chenodiol was slightly greater in females than in males
in both dosage groups. Although there appeared to be a slight
drop in percent chenodiol at month 24 at both dose levels in
men and women, the high percentages of chenodiol generally
were maintained throughout the study. The percent chenodiol
in the placebo group was unchanged.

Reciprocal changes were noted for both percentage of cholic
acid and deoxycholic acid in all patients of both groups. Per-
centage of ursodeoxycholic acid appeared to be increased slightly
during chenodiol feeding in men, whereas the differences between
the groups were not significant; for women, the percentage of
ursodeoxycholic acid was significantly increased in the treatment
groups above that for placebo at months 3 and 12 (but not
month 24). The high-dose group had a significant increase in
percent lithocholic acid for men at all time points; for women,
the increase was significant only at month 24. On low dose,
men did not have a significant increase in percent lithocholic
acid, and women had a significant increase only at month 24.

Mean levels for biliary lipids, adjusted for base-line values,
are shown for men in Fig. 3 and for women in Fig. 4. For both
sexes, percent cholesterol saturation fell markedly in the high-
dose group, and remained low throughout the study. The re-

duction in percent saturation was paralleled closely by a fall in
molar percent cholesterol.

For men in the low-dose group, percent saturation was re-
duced as much in the high-dose group over the first 3 mo, but
at month 24 saturation rebounded back to levels approaching
those of the placebo group. Women on low dose showed a
somewhat less reduction in saturation in the first 3 mo, and the
same rebound at month 24 also was noted. Thus, low-dose
chenodiol appeared to lose its effectiveness in both sexes by
month 24. As described for the major trial (10), among all
patients, on average 92% of the intended dosage was actually
received and these fluctuations in biliary lipids could not be
explained by a progressive reduction in adherence. The same
results were observed in analyses adjusting for fluctuations in
body weight, and in analyses among the cohort of patients ac-
tually followed for 24 mo. Thus, the rebound in the low-dose
group also was not influenced by weight change or the exit of
patients from the study. For the placebo group, no consistent
change in bile saturation was noted throughout the study in
either men or women.

Correlations among biliary measures. Follow-up values for
molar percent chenodiol at 12 and 24 mo were not correlated
with base-line values in the high-dose group, but they were
correlated highly with previous follow-up values (Table III). In
the low-dose, 3-mo values were significantly correlated with
base line, and the 12-mo value was correlated with the 3-mo
percentage. However, a significant correlation with previous
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Figure 2. Bile acid composition: white females. Sample size 141, 108,
90, and 64, respectively, for base line; month 3, 12, and 24. See Fig.
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Figure 3. Bile lipid composition: white males. Sample size 181, 139,
119, and 86, respectively, for base line; month 3, 12, and 24. See Fig.
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values was lost at month 24; this latter may partially explain
the rebound in percent saturation noted at month 24 in the
low-dose group. For the placebo group, follow-up values gen-
erally were correlated with previous determinations. For percent
saturation, correlations with previous values were less strong
than for percent chenodiol.
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Table II1. Correlation Matrices among Measurements at Base
Line and at Follow-up Visits, for Chenodiol, and for Percent
Cholesterol Saturation

Month 3 Month 12 Month 24
Chenodiol
High dose
Base line —0.10 0.17 0.16
Month 3 1.00 0.51* 0.57*
Month 12 1.00 0.75*
Month 24 1.00
Low dose
Base line 0.30* 0.24 0.33
Month 3 1.00 0.65* 0.41
Month 12 1.00 0.24
Month 24 1.00
Placebo
Base line 0.28 0.51* 0.54*
Month 3 1.00 0.40* 0.46*
Month 12 1.00 0.59*
Month 24 1.00
Percent cholesterol saturation
High dose
Base line 0.34* 0.07 0.19
Month 3 1.00 0.26 0.13
Month 12 1.00 0.33
Month 24 1.00
Low dose
Base line 0.46* 0.09 0.01
Month 3 1.00 0.51* 0.32
Month 12 1.00 0.07
Month 24 1.00
Placebo
Base line 0.13 0.31* 0.39*
Month 3 1.00 0.27 0.50*
Month 12 1.00 0.30
Month 24 1.00
* Significant P < 0.01.

The slopes of percent chenodiol in bile versus total body
weight in the high-dose group are plotted separately for each
visit in Fig. 5. During treatment, there was a significant inverse
correlation between percent chenodiol and body weight at each
visit. The reverse was noted for percent cholesterol saturation
(Fig. 6).

The correlations between percent chenodiol and percent
cholesterol saturation at each follow-up visit are presented in
Table IV. There was a weak, but significant inverse correlation
between percent chenodiol and percent saturation at base line
(r = 0.14, P < 0.01). For the high-dose group, during follow-
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Figure 5. For high-dose group only. r between body weight and per-
cent chenodiol in bile, and regression (+SE, 95% confidence band) of
percent chenodiol in bile (y) on body weight (x). (X, ) represents the
mean values for x and y. *, P < 0.05.

up a consistent and significant inverse correlation was found at
all visits. In the low-dose group, the relation was consistently
inverse but not statistically significant throughout chenodiol
therapy. In the placebo group, the inverse relationship held but
was significant only at month 24. Noteworthy was the consistency
of inverse correlations at all visits.

When considering changes from base line (Table IV), the
high-dose group showed a significant inverse correlation at
month 3 between changes in percent chenodiol and percent
cholesterol saturation (r = 0.130, P < 0.01), but not at month
12 nor month 24. The correlations for low-dose and placebo
groups showed largely inverse relationships, but none were sta-
tistically significant.

Relation between biliary lipid composition and gallstone dis-
solution. Table V examines the rates of gallstone dissolution as
a function of percent chenodiol (70% vs. less) and biliary cho-
lesterol unsaturation (100% saturation vs. more) during follow-
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Figure 6. For high-dose group only. 7 between body weight and per-
cent cholesterol saturation, and regression (+SE, 95% confidence
band) of percent cholesterol saturation (y) on body weight (x). (x, y)
represents the mean values for x and y. *, P < 0.05.

up; values were calculated as the mean of all follow-up values
up to the time of dissolution or study exit or termination at
month 24. In the high-dose group, 79% of patients had an average
chenodiol level of >70 molar percent. Among these, half showed
unsaturation of bile; and of these, 23% had complete dissolution
compared with 5% among those with saturated bile. All those
with complete dissolution reached an average chenodiol level
of >70 molar percent. Likewise, among those with >70% chen-
odiol, 51% of patients with unsaturated bile experienced partial
or complete dissolution compared with only 23% of those with
saturated bile. For the 23 patients with <70% chenodiol, most
did not have unsaturated bile, none achieved complete disso-
lution, and only 16% experienced partial dissolution.

In the low-dose group, only 42% had >70% chenodiol, and
of these, 50% had unsaturated bile. Among the latter, none had
complete dissolution, but 39% had partial dissolution. Among
those with saturated bile, only 9% had complete dissolution,
and only 17% showed partial or complete dissolution. Among
those with <70% chenodiol, 80% had saturated bile, and of
these only one patient had complete dissolution. For the placebo
group, none reached 70% chenodiol; most were saturated, and
complete dissolution was not observed.

The above data were analyzed by weighted least squares
methods for contingency tables to determine whether >70%
chenodiol or unsaturation were related to partial or complete
dissolution. For the high-dose group, the effect of unsaturation
was significant (P < 0.05) whereas percent chenodiol was not
significant. Neither of these two effects were significant for the
low-dose nor the placebo group.

Sample size in these analyses was limited (Table I). However,
examination of the individual patient data revealed that complete
dissolution did not occur with chenodiol below 65 molar percent;
and of the 15 patients achieving complete dissolution, 13 had
a percent chenodiol >80%. Also, complete dissolution did not
occur in any patient with an average cholesterol saturation
> 125%, and two-thirds of those achieving complete dissolution
had unsaturated bile.

Influence of weight. An association was found between weight
and percent chenodiol and percent cholesterol saturation in the
high-dose group, as shown in Figs. 5 and 6. For higher body
weights, the percent chenodiol in bile declined; also, lighter
body weights were associated with a greater degree of unsatu-
ration. For these measurements, the sex effect as well as the
interaction effect between sex and weight are not significant.
Thus, the two sex groups are combined.

Predicting average percent cholesterol saturation during
treatment with chenodiol. Multiple regression analyses were
conducted to explore the possibility of predicting the average
percent cholesterol saturation during follow-up. The variables
that were of primary interest were weight, sex, average percent
chenodiol, and percent cholesterol saturation at base line. Four
sets of other variables were also considered: (a) background
variables: age, marital status, smoking status, and drinking status;
(b) clinical variables: history of biliary pain, dyspepsia, and nau-
sea within the past year; (c) serum chemistries: serum GOT,
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Table 1V. Correlation between Value and Change from Base Line of Percent Chenodiol with Value and Change from Base Line of
Percent Cholesterol Saturation

At base line At month 3 At month 12 At month 24 Average during follow-up

Correlations between values

High dose —0.036 —0.335* —0.398* —0.40* -0.377*

Low dose —0.265 —-0.197 -0.232 —0.126 —0.248*

Placebo —0.203 —0.042 —-0.104 —-0.328 -0.123
Correlations between changes from base line

High dose —0.310* —0.148 —0.039

Low dose —0.154 —0.142 -0.197

Placebo —0.028 0.033 —0.146
* Significant P < 0.01.
serum GPT, triglyceride, and cholesterol; (d) radiologic variables: Table VI presents the coefficients of multiple determination

successful cholecystogram with single dose OCG, single stone, (R?) of the regression models within each treatment group. The
stone noncountability floating stones, volume of stones, number contribution of a single variable or set of variables to the pre-
of stones, and whether the stones were small and countable. diction of average percent saturation was evaluated by either

Table V. Gallstone Dissolution by Average Percent Chenodiol and Average Cholesterol Satuation

Average at follow-up Complete dissolution Partial or complete dissolution
Total n % P* n % P*
High dose 110 12 1091 36 32.73
Chenodiol > 70% 87 12 13.8 32 36.8
Unsaturated 43 10 233 P < 0.001 22 51.2 P <0.05
Saturated 44 2 45 10 22.7
Chenodiol < 70% 23 0 — 4 17.4
Unsaturated 4 0 — NA 1 25.0 NS
Saturated 19 0 — 3 15.8
Low dose 112 3 2.68 25 22.32
Chenodiol > 70% 47 2 4.26 13 27.66
Unsaturated 23 0 0 NS 9 39.13 NS
Saturated 24 2 8.70 4 16.67
Chenodiol < 70% 65 1 1.54 12 18.46
Unsaturated 13 0 0 NS 3 23.08 NS
Saturated 52 1 7.69 9 17.31
Placebo 103 0 0 11 10.68
Chenodiol > 70% 0 0 — —
Unsaturated 0 0 — NA 0 —_ NA
Saturated 0 0 — 0 —
Chenodiol < 70% 103 0 — 11 10.68
Unsaturated 14 0 — NA 2 14.29 NS
Saturated 89 0 —_ 9 10.11

Based on weighted least squares contingency table analysis for the high-dose group, the effect of “unsaturation™ was statistically significant
(P < 0.05), but the effect of “Chenodiol > 70%” was not. Neither of these two effects were statistically significant for the low-dose nor the
placebo group. * P of x? on 1 df, or where appropriate, of Fisher’s exact test.
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entering that variable or the set in the model alone (model R?)
or by considering its partial effects when added to the variables
previously entered in the model (Extra R?). The regression model
with all of the above variables explained 43% of the variation
in the average percent saturation within the high-dose and the
low-dose group and 26% within the placebo group.

Within the high-dose group, all the variables of primary
interest were significant (P < 0.05) either entered individually
or entered additively; together they accounted for 30% of the
variation in average percent saturation. Background variables
were significant when entered as the first set of variables to be
considered, but were not significant after controlling for the
primary variables. None of the clinical, laboratory, or radiology
factors reached statistical significance. Within the low-dose group,
the primary variables other than sex were significant, either
when entered individually or additively, but sex was not. The
primary variables accounted for only 13% of the variation in
average percent cholesterol saturation. The significance in the
background variables was primarily due to the finding that those
not married (n = 13) showed lower average percent cholesterol
saturation (mean*SE: 97.34+5.14 for not married vs.
120.09+3.72 for those married). The significance in the labo-
ratory tests was due to a moderate but significant correlation
(r = 0.27) between SGPT and average percent cholesterol sat-
uration. None of the clinical or radiologic variables were sig-
nificant. Within the placebo group, the only significant factor
was the percent saturation at base line.

Estimating the probability of gallstone dissolution. Based
on the complete sample of patients in the high-dose group
(n = 305), logistic regression models were previously developed

(10) for the estimation of the probability of gallstone dissolution
by using the most predictive variables among those obtained
at base line. Among patients on high dose in this study (n
= 110), the following logistic models were obtained from the
estimation of the probability of dissolution when average percent
chenodiol and average percent cholesterol saturation during fol-
low-up were added to these models. (The variable “Race” was
not included because nonwhites were excluded from the bile
study sample.) (a) Probability for complete dissolution = e*/(1
+ eY) where €’ is the antilog of y and y = —5.444 — 0.011
X percent ideal body weight + 0.925 (if cholesterol is 227 mg/
dl or above) + 1.192 (if volume of countable stones is <2.65
cm®) + 0.105 X average follow-up percent chenodiol — 0.054
X average follow-up percent cholesterol saturation. (b) Proba-
bility for partial or complete dissolution = e*/(1 + €*) where €’
is the antilog of y and y = 0.888 + 1.170 (if floating stones)
+ 1.589 (if a woman) — 0.364 (if stones not countable) + 0.764
(if volume of countable stones is <2.65 cm?) — 0.005 X percent
ideal body weight + 0.012 X average follow-up percent chenodiol
— 0.031 X average follow-up percent cholesterol saturation.

The only variable that reached significance at the 0.05 level
in the model for complete dissolution was average percent sat-
uration; those in the model for partial or complete dissolution
were sex and average percent saturation. The other variables
had been significant in the analyses of the complete study sample,
but did not reach significance levels in this study due to the
reduction of sample size.

Based on the finding in the whole study that 13.5% of patients
showed complete dissolution, the above models had an estimated
sensitivity of 67% and a specificity of 77% in predicting complete

Table VI. Coefficients of Multiple Determination (R?): Proportions of Variation in the Average Percent Cholesterol Saturation during

Follow-up within Each Group Explained by Base-line Measurements

High dose Low dose Placebo
Model R2* Extra R** Model R* Extra R* Model R* Extra R?*
% % % % % %
All variablest — 43.33§ — 43.01§ — 25.75
Primary variables
Weight 11.68§ 11.18§ 491§ 5.288 0.59 0.80
Sex 12.46§ 4.26§ 0.29 22 0.27 0.82
Average percent chenodiol 14.20§ 6.63§ 6.16§ 3.86§ 1.51 1.07
Base-line percent saturation 5.87§ 8.52§ 4.40§ 3.27§ 8.10§ 6.48§
Background variables 10.39§ 3.90 8.13 8.92§ 2.88 3.60
Clinical variables 3.44 1.14 2.74 2.87 2.51 5.58
Laboratory measurements 4.75 3.40 17.08§ 10.97§ 3.81 3.72
Radiology variables 2.45 3.99 5.95 7.92 6.12 3.69

* Model R? is the proportion of variation in cholesterol saturation explanable by the set of variables alone. Extra R? is the additional proportion
explained by the set after controlling for proceeding sets. 1 See text for specific variables included in the model. § Significant at 0.05 level.
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dissolution. (Sensitivity is the proportion predicted to show dis-
solution among those with dissolution. Specificity is the pro-
portion predicted not to show dissolution among those without
dissolution.) Based on the finding that 40.8% of patients showed
partial or complete dissolution, the above model had an esti-
mated sensitivity of 69% and a specificity of 81%.

Unsulfated lithocholic. For bile specimens with a lithocholic
level > 2% (26% of specimens), the percents of sulfated and
unsulfated lithocholic acids were determined. In these samples,
the percent unsulfated lithocholic ranged from 6.5 to 93.3%
with a mean+SE of 61.7+1.02%. The effect of unsulfated lith-
ocholic o liver function was examined by comparing the highest
percent unsulfated lithocholic among those with vs. those without
SGOT elevation, or SGPT elevation, or bilirubin elevation, or
alkaline phosphatase elevation during the 24-mo study period.
No association was found between percent unsulfated lithocholic
acid and these liver function tests.

Adverse effects of chenodiol therapy. Table VII considers the
relationship of percent chenodiol and percent cholesterol sat-
uration with the principal adverse effects: SGPT elevations,
serum cholesterol elevations, and diarrhea. Based on weighted
least squares analysis, the percent chenodiol was significantly
associated with SGPT elevations and diarrhea, but not with
serum cholesterol elevations; it was also not significantly as-
sociated with SGOT elevations and rates of cholecystectomy
(data not shown). Percent cholesterol saturation was not sig-
nificantly associated with any of these outcomes.

Discussion

Determinants of bile saturation. This study (Figs. 1-4) showed
that an intake of 750 mg/d chenodiol increased molar percent

chenodiol in bile more than did 375 mg/d. At both doses, the
percent of chenodiol during treatment was greater in women
than in men. Percent chenodiol declined slightly by 24 mo from
the peak month 3 values in both sexes and at both doses. In-
creases in percent chenodiol generally were associated with re-
ductions in percent cholesterol saturation. In men, the reduction
in percent saturation was essentially the same in both doses in
the first 12 mo; however, at month 24, the low-dose group
showed a rebound in percent saturation to the placebo level.
In contrast, the response in women to the high dose was con-
sistently greater than to low dose; in fact, on the average, the
bile was unsaturated in women on the high dose. This was the
only group in which, on the average, bile was unsaturated on
chenodiol therapy. In both sexes on high dose, no rebound in
percent saturation occurred at 24 mo as was observed for the
low dose.

There might be several reasons for the rebound in percent
saturation observed in both sexes on the low dose, but analyses
which accounted for adherence, weight change, and exit from
the study before 24 mo produced similar results, i.e., all showed
the rebound effect. Thus, the rebound most likely is a biological
effect. This may be related to the decrease in percent chenodiol
in bile as the study progressed, which may have been due to a
loss of feedback control on bile acid synthesis towards the end
of the 2-yr period.

Previous studies (26, 27) have suggested that, during chen-
odiol therapy, the percent chenodiol in bile is a major factor
associated with a decrease in bile saturation. In this study, dif-
ference in the percent cholesterol saturation between high-dose
and low-dose groups support these findings (Figs. 1-4). Fur-
thermore, for both groups, there was an inverse correlation be-

Table VII. Adverse Effects by Average Percent Chenodiol and Average Cholesterol Saturation During Follow-up

Serum cholesterol elevation SGPT elevation Diarrhea
Total n % n % n %
Chenodiol > 70% 134 106 79.1 35 26.1 90 67.2
Desaturated 68 53 779 16 235 40 58.8
Saturated 66 53 80.3 19 28.8 50 75.8
Chenodiol < 70% 191 140 73.3 18 9.4 101 529
Desaturated 31 27 87.1 2 6.5 20 64.5
Saturated 160 113 70.6 16 10.0 81 50.6
Parameter Parameter Parameter
estimate Xdf=1) estimate Xdf=1) estimate Xdf=1)
Test of Effect*
Intercept -1.25 66.79% 1.70 94.75¢ —0.40 10.02%
Chenodiol 0.89 0.36 0.65 14.67% 0.31 5.57%
Saturation -0.23 1.89 0.13 0.51 0.03 0.05

* Based on weighted least squares contingency table analysis.
1 Significant at 0.05 level.
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tween percent chenodiol and percent saturation; however, this
was statistically significant only for the high-dose group
(Table 1V).

Weight was one of the factors, as observed in the major
NCGS report (10), to influence the rate of dissolution with
chenodiol feeding. The inverse relationship of weight to percent
chenodiol (Fig. 5) and the direct relationship to percent cho-
lesterol saturation (Fig. 6) probably can be explained by a positive
correlation between body weight and synthesis (and biliary se-
cretion) of cholesterol (28-31). Since more cholesterol is secreted
in bile in obese patients, a given amount of oral chenodiol
should produce less reduction in percent cholesterol saturation,
as shown previously (32, 33). Unfortunately, because the NCGS
was a fixed-dose trial, it was not possible to determine whether
higher doses of chenodiol would override this effect of weight.
Limited studies by other workers suggest that the obesity effect
on percent saturation may be partially overcome by higher doses.

Determinants of gallstone dissolution. As reported in the
major NCGS report (10), gallstone dissolution occurred signif-
icantly more frequently on the high dose than on low dose.
Since dissolution was almost nonexistent in the placebo group,
an appreciable increase in percent chenodiol probably was nec-
essary to induce dissolution. In accord, the present study showed
that in the high-dose group very few patients achieved partial
dissolution and none had complete dissolution when percent
chenodiol was 70% (Table V). The number of partial and com-
plete dissolutions increased substantially when the level of chen-
odiol exceeded 70%; and indeed, complete dissolution usually
required >80% chenodiol in bile. However, since the majority
of patients receiving this high level of chenodiol did not show
dissolution, the percentage of chenodiol alone was not sufficient
to explain rates of dissolution. In none of the groups was a
significant correlation obtained between percent chenodiol alone
and dissolution rate.

A more important factor contributing to dissolution appears
to be percent saturation. In fact, the greatest likelihood of dis-
solution was for those who achieved not only 70% chenodiol
in bile but also unsaturated bile. Therefore, it would appear
that the factor most responsible for gallstone dissolution was
not the amount of chenodiol per se, but the presence of a low
level of cholesterol saturation. From this study, it was not possible
to determine whether desaturation of bile (i.c., saturation <100%)
is required for gallstone dissolution. Many patients showed at
least partial dissolution in the presence of saturated bile. How-
ever, since the analysis was based on a maximum of only three
collections, it is unlikely that these could precisely reflect the
average degree of saturation over a 2-yr period. Thus, the mea-
surement of bile composition from a single specimen during
chenodiol therapy probably would not be an adequate predictor
for gallstone dissolution in individual patients.

Determinants of adverse events. In relation to the adverse
events of chenodiol therapy described (10), an association was
observed only between percent during follow-up (<70% vs.
>70%) and the incidence of SGPT elevations and diarrhea.
Percent unsulfated lithocholic acid, however, was not associated

with signs of hepatotoxicity. Such an association was demon-
strated by Marks et al. (34). In their study (34), however, percent
unsulfated lithocholate was measured on all consenting patients,
whereas in this paper, percent unsulfated lithocholate mea-
surements were obtained only for those specimens with a percent
total lithocholate >2%.

Limitations of the study. This study is based on the 326
white patients who had adequate bile specimens both at base
line and at any follow-up visit. This is approximately one-third
of the total NCGS study sample. Also, there were a greater
percent men and less floating stones in the present study sample
than in the total NCGS sample. Therefore, the results of this
study cannot necessarily be generalized to the total NCGS study.
Another limitation of the study was the small number of samples
taken on each patient. The composition of bile is known to
vary from one day to another, and many more measurements
might have provided a better prediction of gallstone dissolution.
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