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ABSTRACT

Studies were conducted, to compére the -dietary intakes of
subjects with’and without cholelithiasis and tdlexaﬁiné_the
relationship between dietary intake, bile composition and

bile lithogenicity.

Dietary' intake data (48-hour recall method) of 91 chole-
lithiasis subjects (15 males and 76 females) and 86 control
subjects (13 males and 73 femdles) were compared., The male
éontrol group conshmegdsignificantly mofe protein per day than
the male cholelithi;sis group. These groups were similar in
age, weight and~héight. When subjects with modified intakes
(eg. Calorie restricted) were excluded from the sample, this
difference in protein intake between the male groups ceased
to be significant. The femaie control group consumed sig-
nificantly more ehergy, protein, fat, carbohydrate and crud!‘
fibre than the female\cholelithiasis‘group. Al;hough‘the
tw? female groups were similar in age, the female cholelith-
iasis group was significantly heavier and shorter than the
female control group. When subjects with'modified_intakes
were excluded from the sample, the dijﬁerences in intake
between the two female.groups were still significant.
Nutrient intakes/1000 Calories were similar fo; the male

, /- :
cholelithiasis and control groups and for the female chole-

iv
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lithiasis and control groups.

When total weekly intakes and fo?d.sourbes of crude
fibre were examined, no'significant differences were' detected
between the ma}e cholelithiasis and control groups. However,
the total weekly intake'df crude fibre and the intake of
crude fibre épecifié;lly from bréad and bakér§ products was
signlflcantly higher for the female control group thaﬁ for

the female cholellthiasis group.

. Bile composition and lithogenicity were compared be-
tween choielithiasis (5 males and 10 females) and control
(8 males and 5 feméles) subgroups; For both sexes, the
cholelithiasis and ddntrol subgroﬁps were similar in age,
weight, and height. The percentage of cholegterél in bile
was significantly higher for the male cholefithiasié sub~
group than fo; the male control subgroup. The lithogenic
index of bile from the male cholelithiasis group exceeded
1.0 (1.17 ¢ 0.36), which indicated lithogenic bile. This
was significantly higher'ghan the lithogenic -index Sf\the
male control subgroup. No significant differences'in gilg
composition or lithogenicity were noted between ‘the femalé\
cholelithigsis and control subgroup. ~However, for the fe-
male‘subgroups a significant negative cofrelation was n&ied
between weight and the percentage of bile salt in bile,
while a significant ﬁgsitive correlaticn wag noted between

weight and both the percentage of cholesterol in bile and

lithogenic index.
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An examination of the relationship between bile comp-
osition, bilé lithogenicity, and dietary intake revealed a
significant positive correlation between protein intake and

the percentage of bile salt in bile for the female subgroups;

' . . >
- This was.noted when the analysis was performed #hile con-

3
trolling for -.age, weight, height and oral contraceptive use,

“ -

The results of these studies suggest a possible relation-
ship between cholelithiasis and a low intake‘of energy, pro-
tein, fat or crude fibre, but more than one of these nutrients;
could be involved. The positive correlation between protein

intake and the percentage of bile salt in bile suggests a

v‘possible effect of protein intake on the solubility of

cholest%iol in bile.

: )
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INTRODUCTION

Although cholelithiasis (gallstones) is 4 major health
problem, little is known about its ctiology. It has, how-
ever, been suggested that éiet may be a factor since the
incidence of the disease varies from region to Yegion. This
theory 1s supported by the fact that diet affects the comp-

osition of the bile, which in turn is believed to affect

gallstone formation.

‘ $

Although several surveys have been conducted to deter-
mine the relationship between diet and gallstone formation,
results have beenh conflicting and no conclusions‘ﬁave been
reached. Furthermore, none of these surveys have considered
crude fibre intake; although the high incidence of gallstones
in developed countries, where fibre intake is low, as com-
pared to that in developing countries where fibre intake is

»

high,(wQuld seem to 1indicate that this may be a factor.

’

It seemjyglear that more researcﬁJis needed to determine
the effect of diet on gallstone formation. ‘Therefore the
following studies were conducted £o compare the dietary in-
takes of groups of subjects with and without cholelithiasis.
In addition, the relationsnip between dietary intake, bile

composition and its lithogenicity was studied.



LITERATURE REVIEW

Cholelithiasis (gallstones) is a major health problem
in North America as indicated,by the fact that 89,338
Cholecystectomies were performed in canada alone, in 1972
(Information Canada, 1975). Although statistics on chole-
Cystectomies give some indication of‘the problem, it is
actually greater than these aould indicate if one takes
into account the large number of 'silent' gallston?s. The
result is a major loss to the economy, both through medical
cxnenses and through docreased productivity.

Gallstones usually produce inflammation in the form of

« &

acute or chronic cholecystitis. Frequéntly gallstones be-
come lodged in the bile ducts, blocking them. (Anderson and .
Scott, 1972) There is also some evidence that the incidence
Of cancer of the gallbladder is higher in patients with
gallétones. Therefore a search for the causecs of gallstone

formation is needed.

Since gallstones arc composed primarily of cholesterol
(Bogren, 1964, Sutor and Wooley, 1970, WOmack, 1973) con-
siderable attention has been focused on those factors which
affect the solubility of cholesterol in bile . - Bile is
composed of water (84%), bile salts (11v5%), phospholipids
(3%), cholesterol (.5%) and smalier quantities of bile pig-

'
f 2
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ment, protein and electrolytes (1%) (Holzbach, 1973)

While cholesterol is normally highly inscluble in water, it
is readily dissolved in bike throug® the formatlon of mi-
celles with bil® salts and phosphollplds (90% lecithin).

The precise micellar arrangement is unknown, but the con-
Centration of bile salts and phospholipid Present is critical
to the solubilizatlon of cholesterol in bile (Wheeler, 1973).
Isaksson - (1954) was the first ihvestlgator to recognize the
importance of the’ ratio of cholesterol to both bile salts

and lec1th1n when determining the}solubility of cholesterol
n bile. This relatlonshlp was illustrated by the con-
structlon of a triangular phase diagram which allowed the
representation of relative quantities of‘cholesterol, phospho-
lipid and bile salts as percenrages of their total sum.
Following early work on lipid phase diaérams by Bourges and
co-workers (1968), Admirand and Suall (1968) established the
boundaryzonevﬁuch'indicated the limit ef cholesterol sol-
ubility in human bile. This was accomplished by the 'in
vitro' evaluation of cho}esterol solubility in various mix-—
tures of Cholesterol, bile salts and phospholipid and~the»
construction of g cholesterol Ssolubility line. These re-
searchers noted that this soldbil%ty line on the triangular
phase diagram clearly Separated chOlellth1a51s and control
subjects. The control group had bile whlch was unsaturated
with cholesterol and therefore fell below the cholesterol
solubility line, while the cholelithiasis group exhlblted

6,
bile whlch was saturated or supersaturated with cholesterol
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and fell on or above the cholesterol solubility line. Bile

from this latter group was classified as lithogenic. Other
res‘ch has confirmed the findings of Admn:and and Small
(Small and Rapof 1970) and some investigators have estab-
lished that even after cholecystectomy, bihe remains lith-

ogenic (Almond et al., 1973, Boyer et el.,\%974).

However, whether this method of determining bile 1lith-
ogenicity is a useful method of distinguishing subjects with
and without cholelithiasis is a matter of controverSy.
Several investigators have established that bile may be
transiently lithogenic in all'healthy sﬁbjects (Holzbach
et al., 1973, MacRai’y-etal., 1972, Smallwood et al., 1972)
particularly after an errnight fast (Metzger et al., 1573,
Northfield and Hoffman, 1975). Discrepancies in the results
of theee studies have been attributed to variations in the
methods used for bile analyS1s (Strasberg, 1975) and the-
accuracy of. the cholesterol solubility line determined by

Admirand and Small (Holzbach et al., 1973).

Metzger and co-workers (1972) have suggested that the
lithogenic index provides a mofe useful quantitative method
of comparing andﬁcontrasting the lithogenic tendency of
multiple bile samples. Lithogenic index is.the ratio of the
actual amount of cholesterol in bile to the maximum amount
of cholesterol which could be solubilized by the amounts of

phospholipid and bile salts present.

The biochemical and physiological basis of cholesterol

2
— i,y



gallstone formation has been the subject of many excellent
review articles (Redinger et al,, 1972, Brandt and Bernstein,
1976, Swell et al., 1974, Wheeler et al., 1973). Many
workers suggest that lithogenic bile formation precedes
gallstone formation regardless of the fact that bile may

be transiently lithogenic in all individuals. Increased
cholesterol saturation of bile, followed by precipitation

of cholesterol in the gallbladder, has been attributed

to meﬁabplically deranged liver cell function (Small and
Rapo, l9y0) re%ulting inzan impaired bile salt feedback
mechanism and decreased bile salt pool (Bell et al., 1973).
.Contradictory results have been reported by others (Pomare
andeeaton, 1973a, Northfield and Hofm;nn, i973, Northfiéld
and Hofmann, l975).’ Grundy et al. (1972) observed that
increased liver seccretion of chblesterol'and decr®sed secre-
tion of bile salts appeared to contribute to lithogenic bile
forﬁation in American Indian women. On the other hand, im-
paired-gallbladder function may also,contfibute siénifican£ly
to kithogenic bile formation as some researchers have report-
ed that bile appears to become less lithogenic éfter |

cholecystectomy (Shaffer et al., 1972, Simmons et al., 1972).

It is apparent that the pre ~°  “iochemical basis of
cholesterol gallstone formatic- i remains to be eluci-
dated.- It will first be necessarv solve the inconsist-

encies present in many of the .tud.i = - orter to date.

1



Epidemiological surveys have identified many varlables
which appear to' be a55001ated with lithogenic bile and/or
cholelithiasis. It is well known that the incidence of ‘
cholelithiasis increases with age (Hinkel, 1957, Friedman et-
al., 1966) however, the incidence appears to peak in the
Canadian population between the ages of 35-44 years for the
female and 45—64 Years for the male (Information Canada, 1975).
There is some evidence to suggest that the peak ages may
have decreased somewhat in recent years since cholelithia-
Sis appears to have become more common among younger‘people
(Brownrigg, 1969, Goodman, 1976). Better detection proced-
ures may accdunt for the apparent increase however. The
predominance of the disease in the female sector ef the pop-
ulation is also well—documentedj(Hinkelg 1957, "Lieber, 1952).
The cholecystectomy rate per 100,000 population for Canada
in 1972 was 190 for males and 629 for feﬁales (Information
Canada, 1975); Within the female sector, cholelithiasis
appears td be related to parity Comess and co-workers
(1967) studied epldemlologlcal data for the Pima Indians
" of Arizona in comparlson to data from the Framingham Heart
Disease Study and observed that there was a relationship
between a hlghér mean numk -r of pregnancies and a hlstory of
gallbladder dlsease particularly in the Indian group.

There is also strong evidence to suggest that oral con-
traceptive use may contribute:to lithogenic bile forma-
tion and gallstone pathogenesis. Greenblatt and co-
workers (1973) noted an association between oral con-

traceptive use and surgicallyvproven gallbladder disease
t .



among participants of the Boston Collabor&tive Drug Sur-
veillance Program. Bennion ét al., (1976) fecently studied
the effect of oral contraceptives on the lipid composition
of gallbladder bile. They found gallbladder bile to be
significantly more saturated with cholesterol during oral
contracéptive therapy than dur}ng normal cycling,although
gallstones were not found in any of the study participants.
Lithogenic bile also appears to be more common in obese
individuals regardless of the presenge or absence of gall-
stones. Freeman et al. (1975i fouhd bile samples from nor-
mal obese subjects to fall outside the micellar zone of
Admirand and Small. Grundy and colleagues (l974)ﬁoted a
significant correlation betwéen body weight and cholesterol
output when sfudyiﬁé a group of cholelithiasis‘subjects and
healthy-controls.u Recent work by Mabee apd co-workers (19763
rebealed that the biliary cholesterol secretion of obese
subjects was three times that of normal subjects and twice

that of gallstone subjects

he prevalence of cholelithiasis appears to be signifiQ
cantly higher in developed countries than in developing
counfries. For example,.the high prevalence of cholelith-
- 1asis in North America contrasts markedly with the Masai
tribe of East Africa which exhibits virtually a zero incid-
ence 6f the disease (Biss et al., 1971). Burkitt (1976)'
observéd»that during a recent two year period, only 15 of 84

hospitals in 13 African Countries reported a single case of

gallstones. Cholelithiasis appears to b€ associated with



urbanization and a westornized lifestyle rather than any racial

factors since the prevalence of the disease among black North

Americans is roughly equal to that of whites (Burkitt, 1976).
Cholesterol gallstones were once rare among the Japanese
(Mivake and Johnston, 1968), but with the increased in-
dustrialization and westcrnization of Japan in the past
thirty years, a dramatic increase in the prevalence of this
disease has béen observed (Nakayama and.Miyake, 1970). The
Eskimo of Canada has been Similarly affected by westerniza-
tion (Schaefer, 1971). The association between cholelithiasis
and a western lifestyle has raised the question as to whether
dietary factors may be involved with the pathogenesis of the
disease. Although obvious differenées in dietary intake

exist between peoples .of developed and developing countries,
differences within specific population groups are less

4

apparent.

-~

Several investigators have examined the J&etary intake
of groups with and without cholelithiasis within specific
populations and also the effect of diet upon bile metabolism

and bile lithogenicity.

Sarles and co-workers (1969) compared the dietary intake
of a group of 101 French female cholelithiasis subjects to a
group of age and sex matched controls. Anebcholelithiasis-
group was found to Q?ve a significantly greater intake of
Calories, irrespective of dietary composition. Body weight,

working conditions and pPhysical exercise were not found to



differ between the two groups. Sarles et al., (1970) also ex-~
amined the effect of.varioﬁs protein, fat, carbohydrate gnd
Calorie intakes upon biliary 1lipid composition. They reported
increases in biliary cholesterol concentration in response to
increases in daily protein intakes aﬁd also to increases in
caloric intake, regardless of dietary composition. This work
appeared to be supported by that of Murray et al., (1974) who
reported that gallstone patients with supersaturated hepatic
bile consumed more calories, ﬁrotein and fat when compared to
a@ group of gallstone patients who secreted unsaturated bile.
It is interesting to note, however, that éhe group with sat-
urated bile was significantly heavier than the group with un-
saturated bile and tﬂerefore the differences between the
groups, may have been due to Obesity rather than dietary dif-
ferences. Contrary to these findings, an Australian dietary
Survey of 386 cholelithiasis patients and 397.controls re-
vealed no significant differences in caloric intake although
cholelithiasis patients were found to be fatter than controls
as shown by anthrdpometric data (Wheeler et al., 1970). Also,
there were ng significant differences between the two éroups
with respect to mean daily intakes of total protein, fat and

o
3
carbohydrate ./

Cholelithiasis is highly prevalent with the Pima Indiag
population of the United States (Sampliner, 1970). Early in-
vestigations by Hesse (1959) using the dietary recall method
revealed that Pima Indians consﬁme a diet which is relatively
low in fat and animal protein and consists mainly of beans,

tortillas, chili peppers and coffee. Reid and co-workers
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/
(1971) used a modification Oof the dietary interview technique

of Burke to compare the dietary intake of a group of Pima

Indian women with and without cholelithiasis. No significant
dif ferences in nutrient intake (energy, protein, fat, carbo-
hydrate and several vitamins and minerals) were found between

the two groups,

Friedman et a1, (1966) examined the previously collected
diectary intake data of 4469 subjects (age 30-59) who had
participated in the Framinghaﬁ Heart Diseasc Study and found
no relationship between gallbladder discase ‘and the intake
of fat, cholesterol and protein. A significant percentage of
the intakes examined, however, were of subjects who had radio-
logically confirmed gallstones but who Bad not underqgone
cholecystectomies. The observation of these researchers that
cholesterol intake does not appear to be related to chole-
lithia;is has been supported by the bile studies of Sarles
and co-workers (1970a, 1970b) . They found the cholesterol
content of the diet to have no effect on the cholesterol

.
concentration of T-tube bile collected from a group of
patients having cholecystectomy for cholelithiasis and a
group of patients having cholecystectomy for other reasons.
Contrary to these findings, however, Denbesten and Connor
(1971) reported that.increasing the cholesterol content of a
liquid diet fed to normal subjects resulted in a significant
increasg in the molar percentage of cholesterol and lecithin,

and a significant.decrease in the molar percentage of bile

salts. Prolonged'feeding of a formula diet which contained
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1000 mg chalesterol per day for a three month period result-
ed 12 progressive increases in the molar percentages of
cholesterol eventually producing a bjle which was super-
saturated with cholesterol. Discrepanc&es in the results of
the studices concerning the effect of cholestcrollfeeding
upon bile composition are POssibly due to the method of bile

collection employed (T-tube vy duodenal bijn sample) and

also differences in the length of the study periods used.
®

Malhotrau(1968) observed that the incidence rate of
cholelithiasis among railway workers of the northern portion
of India was seven times higher than the incidence réte among
workers in the southern portion. He also noted that the
northern Indians consumed 8§-19 times more fat than the south-
ern Indians and that which was consumed was primarily of the
Saturated type. Somewhat contradictory' to these findings,
Sturdevant and co-workers (1973) found that a diet high iﬁ
unsaturated fat, low in saturated fat (P:S ratio > 2), low in
cholesterol and high in plant sterols appeared to pre:isvose
to cholelithiasis in man. In tﬁis study, thé'autopsy records
of individuals who participated in the Los Angeles Veterans
Administration controlled clinical trial of the dietary pre-
vention of complications of atherosclerosis were examined,
It was found that autopsied men who ate more than 33% of éhe

experimental meals served from trial entry until death were

more likely to have gallstones than control subjects,

The finding that the type of fat ingested appears to be

related to cholelithiasis has not been supported by bile
"



studies.  Dham and co-workers - (1967) compared the offects of
feeding dicts high and low 1 unsaturated tat on human bile
composition 1n a group of normal subjects. The lithogenici ty
of dugdonal bile samples collected was not found to vary
according to the type of fat fed but the percentage of lino-
leic acid an th total fatty acids of lLecithin was found to
be proportional to the linoleic acid content of the diet.
There are no reports sn the literature which explain the sig-

nificance of this latter finding.
[

Burkitt (1973) has suggested that a decrease in the
crude fibre content of the diet and a decrease in the consump-
tion ot foods rich in fibrce has contributed to the high pre-
valence of cholelithiasis in developed countries. He bases
this suggestion upon the observation that Africans, who
rarely suffer from gallstones, consume a highly unrefined
diet which is significantly higher in fibre than the typi. ..
North American diet. There are no published reports which
indicatc-thdt the intake of crude fibre has been compared
between cholelithiasis and control subjects within a specific
population. However, Pomare and co-workers (1976) recently
ﬁuund that feeding a diet high in fibre (bran) to choleli_h-
1asls subjects for a four to six week period, significantly

decreased the cholesterol saturation of bile.

There ar«< .o published reports in the literature to
suggest that human cholesterol gallstones can be produced
through dietary manipalation. It is likely that none have

been attempted for ethical reasons. Several studies have



13

shown however, that gallstones can be produced by altering
the normal food intake of several species of SIliJna.]S such
as the hamstoer (bam, 1971), rabbit (Kyd and Bouchicer, 1972),
dog (Enqlcrt c} al., 1969), Squirrel monkey (Osuga, et al.,
1974) and prairie dog (benbesten et al., 1974), Generally,
the lithogenic response to diets of various composition
appears to be dopendent upon the species of animal under
tnvestigation, so extrapolation of the results to the human

v

would not ho valiad.,

In conclusion, no definite conclusions have been reached
on the cffect o: diet on gallstone formation. The studies
which® have been conducted on the subject are inadequate and
thelr results are contradictory. The following studies were
desianed to provide more information on the relationship be-

o

tween dietary intake and gallstone formation.

Y



METHODOLOGY

1. Seloection of Subjects
— - 2upjects

1.1 Cholo]ith}asis group
The cholelithiesis group was selected from the medical
files of the University of Alberta and Royal Alexandra Hos- ‘
pitqls, Edmonton, Alberta according to the following criteria:
(a) Caucasian, aged~60 years or less
(b) Rcsident’of‘the greater Edmonton area
(c) English speaking
(d) No known history of*otheg metabolic disease
(e) Cholecystectomy due to cholesterol gallstones
performed from three months to two years pre-
viously or current hospitalizat;on for chole-
Cyste~tomy.
Each subject wasg itacted by telephone or while hospltallzed.
and informed of the study. 1t was requested that a dietitian
visit the home to conduct a dietary interview. A total of 91
cholelithiasis subjects (15 males and 76 females) agreed to

be interviewed.

1.2 Cholelithiasis subgroup
.The cholelithiasis subgroup con51sted of 15 hospitalized
subjects (5 males and 10 females) from the cholellth1a51s

group who consented to have bile samples taken pPrior to

14
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cholecystectomy. They also conformed to the following add-
itional criteria:

(a)'Functioning gallbladder

(b) No clinical evidence of cholecyétitis
A minimum of three months time passed before‘these subjects

were contacted again and interviewed.

1.3 Control group

The criteria for the selection of control sﬁbjects were
similar to those used for the selection of choleIithiasix
subjects, except for criterion (e) which was deleted. These
subjects also were to have no medical history of gallstones
or gallbladder. disease. Control ;ubjccts were obtained from

¥

two sources:
(a) the gynecology files of the University of Alberta
Hospital and
(b) volunteers.
Contact procedures were the same as those used for the chole-
-lithiasis group. A total of 86 control subjects (13 ﬁalesﬂ

and 73 females) agréed to be interviewed. ,

1.4 Control subgroup

The control subgroup consisted of 13 subjects (8 males

and 5 females) from the control group who agreed to have

bile samples taken by duodenal intubation. j
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2. Dietary Survey

2.1 Interviewers

Twenty-one dietary interviewers collected the diétary
data used in the present study. The author was trained in
the Nutrition Canada techniqueS(ofdietary intéfview by two
nutr¥tionists who had been trained for the Nutrition Canada
-National Survey (Canada, 1973). 'Additional technigugs'weré
developed by the author. Interviewers, trained by the author,
were eigh;een dietetic interns from three city hospitals with
B.Sc. (H.Ec.) degrees in Foods and Nutrition, and two reg-
istered dietitians who volunteered to assist with the study.
Intensive two day training sessions were heid by the author
at‘each of the three city hdspi;als. Each session consisted
of a brief outline of'study design and methodology, an ex-
planation of the standardizea interview techniques to be used,
and  the demonstration of these techniques (details fqllow).ﬂ_‘
The techniques of each interviewer were evaluated at the end
of each session, and a three-hour refresher session was held

Kd

just before the study comménced.

2.2 Dietary intake data collection

The dietary survey took place between February and August,
1976. The trained_interviewerslcollected dietary intake data
and other pertinent data a£ the home of each.subject. Each
interview, which took about two hours to complete, consisted

of three parts.
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2.2.1 Forty-eight hour re;all of food ‘intake

The daily intakes of energy, protein, fat, carbohydrate
and crude fibre for each subject were based on a forty-eight
hour recall of food intake. This technique was a modiﬁica-.
E}sn of the twenty-four hour recall used in the Nutrition
Canada National Shrvey (Canada, 1973). Each squect was
askea to recall all foods and beverages consumed during the
forty-eight hour period which commenced at midqigﬁ;ffhree
days previously and ended at midnight the day befare. The
form used for recording appears in Appendix 1. For each
food item recalled by the subject, the interviewe£ recorded
the time of consumption, ;n exact description 6f the food
item and the amount consumed. Description of food items in-
cluded such information as brand name, cost, ingredients and

method of food preparation. . A

Serving sizes were estimate. by the use of food portion
models, constructed according to Nutrition Canada specifica-
tions (Canada, 1973). The models used were:

(a) several sizes of bowls and glasses, etched at
. various volume levels,
(b) papier maché-filled spoons and mounds,
(c) wooden.discs and squares in several sizes, and
(d) special models which were designed to represent
sprecific foods (e.g. pie, cake, fish).
Each food model was .coded with a letter whichK%epresentedna
spéc;fic amount or valume of food gr beverage. Therefore,

a letter of the alphabet, representativé of a food model, was
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]

usually entered in the 'Amount' column of the recording form

(see Appendix 1).

For some food items, the intake was recorded in grams.
The densities of some foods (grams/cu. in.) which were sup-

plied by Nutrition Canada (Canada, 1973), made the calcula-

tion of iqfiii’in grams possible.

b}

One ‘advantage of the home interview was that the dimen- -
sions of dishes, uteasils and foods could be measured and

portion sizes estimated more accurately as a result.

v F

Additional information about food intake was also obtained”
€.9. whether it was typical of the subject's usual intake,
whether it had been modified in any special way and whether

any significant changes in food habits had occurred during

their lifetime.

The interview techniques used, including communicétion
skills and food model use;were similar to those‘used for the
Nutrition Canada National Survey (Canada, 1973). An puéline
of the techniques appears in Appendix 2. Attention was paid
to standardizing thé interview techniques since it was :éc;
ognized that the intervréwer.requires considerable skill to

obtain and interpret the necessary information..

After the interview{ the 'Food Code' column of the'food
recall form (see Appendix 1) was completed by entering the’
food code which represented the food or beverage which had

been recorded in the 'Food or Drink' column. The food code
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numbers used were the item numbers from Composition of Foods

Agricultural Handbook, No. 8 (Watt andg Merrill, 1963) and
additional codes which were created by Nutrition Canada
(Canada, 1973) and by the author to Tepresent Canadian foods
and new products. The nutrient composition of additional

foods appears in Appendix 3.

The food intake data were keypunched, transferred to
computer tape and assessed for energy, protein, fat, caroo—
hydfate and orude fibre. Nutrienuintakes/lOOO<:alories were
also calculated. Due to theﬂlack of information available
regarding the cholesterol, un;aturated fat and saturated fat

content of foods, the intake of these nutrients was not

-assessed.

2.2.2 Weokly intake of crude fibre

A crude fibre weekly intake questionnaire was developed
to provide a more detailed picture of crude fibre intake,
than that provided by the two day recall of food intake. The
recording form used for this purpose appears in Appendlx 4. )
The foods which cohtrlbute significant amounts.of crude fibre
to the diet were llégsd under six major categories: cereal,
fruit, bread and bakery \gfoducts, Soups, nuts, and vegetables.
For each food l;sted, the(subject recalled the amount consumed
during the previous seven day perlod M'Food models were again
used to aid in estlmatlhg portion sizes. Addltlonal items not
1ncluded on the questlonnalre could also be listed, Gulde—

lines concerning the recording of addltlonal food items appear

in Appendix 4.

j
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Although the fibre questionnaire was designed to de-
termine crude fibre intake during a seven day period, it
also served as a valuable cross-check to verify the infor-

mation given in the forty-eight hour recall,

The crude fibre intake was calculated using the crude

fibre values which appear in Composition of Foods (Watt and

Merrill, 1963) and in Food values of Portions Commonly Used

'(Church and Church, 1975) Crude fibre values for some

foods not listed in the two food tables appear in Appendlx 3.

2.2.3 General guestionnaire
Informatlon about vital stathtlcs (age, weight and
helght), recent illness Oor surgery, oral confraceptive use,
parity and gravida were obtained from subjects. The

questionnaire used appears in Appendix 5.

3. Bile Stud'x .

3.1 Bile collection procedures

3.1.1 Cholelithiasis subgroup
Bile samples were obtained from the cholelithiasis sub-
group by needle aspiration of the gallbladder prior to ex-
cision; The total aspirate was transferred to a stoppered

~test tube, labelled and packed in ice.
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.

3.1.2 Control sgbgroup

Radiologically controlled duodenal intubation of fasting
subgroup control subjects was performed. The duodenal con-
tents weré aspirated until a clear aspirate was obtained.

Bile was then collected 'using one of the following methods:
(a) cholecystokinin - pancreozymin (CCK-PZ)

Forty units (4 cc of reconstituted solution) of chole-
cystokinin - pancreozymin (Boots Co. Ltd., Nottingham, England)
were injected intravenously. Cholecysﬁokinin - pancreozymin
is a horméne which is normally secreted by the cells of the
duodenal mucosa in response to the prodﬁcts of fat and pro-
tein digestion. CCK-PZ causes contraction of the gallbladde:
resulting in the release and flow of bile to the duodenum.
Intravenous administrétion of this hormone produces a physio-
lqgical response which is identical to that produced by food
stimulation. Appr0ximately two minutes after injection of
the CCK-PZ, the duodenal contents Qere éspirated conpinuously
until clear bile was noted. A 10 ml sample‘was-then:drawn,
transferréd to a stoppered test tube, labelled and packed in
ice.
‘ (b) amino acid penfusioﬁ
Forty mls of a 10% solution of Travasol (Baxter Labora-

tories of Canadgr was introduced into the duodenpm via naso-
~rgastric tube. The amino acids present in this solution stim-
" ulate the release of endégenous cholecystokinin - pancreozy-
min which produces gallbladder contraction and emptying.

Bile was aspirated and handled as described under method (a).
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3.2 Bile ahalysis

Bile samples were immediately transferred to the bio-
chemistry laboratbry of the Department of Laboratory Medicine,
University of Alberta Hospital, Edmonton. Duplicate aliquots
of each bile sample were immediately analyzed for concentra-
tions oficholesterol and‘éhospholipid in order to minimize
enzymatic degradation of th% phospholipid fraction and pre-
vent cholesterol precipitation from solution. The remainder
of the samples were stored at --10°C and analyzed later for
bile salt concentration. The methods of bile analysis employ-

ed were as follows:

3.2.1 Cholesterol

The cholesterol cogcentrétion of each bile sample was
measured by the method of Abell, Levy, Brodie and Kendall
(1952). Duplicate aliquots of each bile sample were treated
with alcoholic potassium hydroxide to liberate cholesterol
from lipoprotein complexes and to saponify cholesterol ester§.
After dilution of the alcoholic solution with water, the free
cholesterol was extracted into petroleﬁm ether. The ether
was then evaporated off and the amount of cholestérol present
was determinedcolorimetricallytw the Liebermann - Burchard
reaction. Standards were also preparéd fo; inclusion in each
series of,deﬁerminations. The concentration of cholesteroi

in mg per 100 mls bf bile was converted to millimoles (mM)

of cholesterol (1mM cholesterol = 387 mg) per 100 ml.



3.2.2 Phospholipid

The method of Bragdon (1960) was used to e#tract lipids
from bile aliquots. The concentration of lipid phosphorus in
the extract was then determined according to the method de-
scribed by Sunderman and Sunderman (1950). Phosphorus was
released from the phospholipid~complexes by digestion with
sulphuric acid and hydrogen peroxide. Standard samples of
phosphatce were similarly treated. An acid nolybdate solution
which reacts with the phosphorus to form phosphomolybdic
acid, was added to the digested extract. ﬁhosphémdlybdic
~acid was then reduced by amino-napthol sulfonic acid to form
a blue color. The concentration of lipid phosphorus preseént
in the aliquots was then detérmined colorimetrically according
to a standard curve. This method gave the concentration of
phosphofus in mg per 100 ml of bile. These values were con-
verted to phospholipid concenﬁration (primarily lecithin in
bile) by multiplying the values by 25, an average value
which describes the amount of phospholipid present per mg of
phosphorus. .Thg values were converted to millimoles (mM) of
phospholipid (I mM phbspholipid [lecithin] = 7§3 mg) per lbO

ml of bile.
4

4
3.2.3 Bile acids (salts)
The total bile acid concentration of cach bile sample

was determi%ed according to Engert and Turner's (1973) modifica-

; R
tion of the¢ enzymatic method of Talalay (1960). The bile

acids present in bile, (chenodeoxycholate, choiate{ deoxycho-

late and lithoc@olate)'aré 3a hydroxysteroids. Duplicate

’
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aliquots of each bile sample were incubated with a mixture of the

enzyme, 3a hydroxysteroid dehydrogenase, isolated from Pseudomonas

testostercni, and nicotinamide adenine dinucleotide (NAD) .

The bile acids were oxidized to steroid ketones and the
NAD reduced to NADH in this enzyme system. Hydrazine sulfate
was used as the ketone trapping agent. Chenodeoxycholate
standards were also prepared for inclusion in each series of
determinations. NADH is a colored product at 340 yM, the
intensity of which is broportional to the concentration of
the compound present. 1In this reaction, one mole of NADH is
formed per mole of bile acid oxidized and therefore the molar
concentration of bile acids present of each bile sample could
be readily determined. Total bile acid (sélt) concentrations

were expressed as mM per 100 ml of bile.

3.3 Gallstone analysis

'Gallstones were collected from the cholelithiasis sub-
group at the time of operation. Stone samples were air dried
at room temperature, weighed and ground into a fine powder.
Using .5 gm of the powdered ston;, the cholesterol content
of the séﬁple was determined according to the method of Abell,
Levy, Brodie énq Kendall (}952{. On~the basis of this deter-

mination, the percentage of cholesterol in the whole stone

was calculated.

3.4 Determination of bile lithogenicity
3.4.1 Triangular phase diagram

Percentage of each bile constituent present in each bile

‘/?
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sample Qas calculated by dividing the concentration (MM/100
ml) of cach bile constjituent (ﬁi acid, phospholipid or ‘
cholesterol) by the sum of the ‘concentrations of all three
constituents. These percentage: were plotted simultaneously
on a ‘triangular phase diagram to represent single points.

The position of each bile saméle on the triangular diagram,

in relation-to the cholesterol solubility line of Admirand

and Small (1968), was noted. Bile samples which fell on or
above this line were lithogenic or supersaturated with
chblesterol and those Lbelow the line were non-lithogenic or
unéaturated.

3.4.2 Lithogenic index
The lithogenic index of each bile sample was calculated

according to the method described by Metzger et al. (1972).

- The lithogenic index is the ratio of the actual amount of

chplesterol in the bile sample to the maximum amount of
cholesterol which could be dissolved by the amounts of phds—
pholipid and bile acid present. The point of maximum
cholestercl solubility was determined by drawing a straight
line from the apex of the triangular diagram to the base,
through the point which represented a particular bile sample.
The point at which this line intersected the cholesterol sol-
ubility line gave the maximum amount of cholesterol which
could be dissolved; Lithogenic indices g}eater than or equal
to 1.0 represent lithogenic bile and those below l.O:represent
non-lithogenic bile.

. ‘

~

N
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4. Data Analysis

Dietaryiintakc, bile analysis and other data collected
were keypunched and transferred to computer tape. for analysis.
Descriptive statistics for cach variable were compared be-
tween cholelithiasis (CH) and control (CO) groups and sub-
groups using Student's t-test., Typical day food intakes,
weekend day food intakes and ‘questions related to foéd intake
were tested for association by use of the Chi-Square test.

For cach sex, dictary intake data were compared between CH

and CO groups using the analysis of covariance (ANACOVA) ad-
justing for age, weilght and other variables when nec--ssary.
This method of analysis was also used to compare bile analysis

data between the CH and CO subgroups.

For the Su%g;oups, Pearson correlation coefficients were
calculated between dietary intake data and bile analysis data.
Partial correlation coefficients were determined between'the
dietary intake data and bile analysis data, controlling for

age, weight, height and oral contraceptive use when necessary.



RESULTS

1. Description of the Groups and Subgroups

1.1 'Characteristics

Table 1 shows the characteristics of the cholelithiasis
(CH) and control (CO) groups. Statistical analysis (Student's
t-test) revealed that the mean age, weight and ﬁeight of the
male CH and CO groups were not significantly different. The
age of the female CH and CO group was not significantly
different but the female CH group was significantly (P<0.05)

.heavier and shorter.

Table 2 shows the characteristics of the cholelithiasis
and control subgroups. No significant differences were de-
tected in the ages, weights or heights of the male subgroups

or female subgroups.

M
i

1.2 oOral contraceptivé'use, parity and gfavida

Table 3 shows thagrmore female subjects in the CO group
than the CQ had used oralﬁcdntracepti&es. The reverse waé
true for the subgroup, b&é:there wefe only a few subjects
considered. Oral contraceptives were used for longer periods

of time by subjects in the coO group than by those in the CH

group (35.0 = 43.%5 weeks for controls versus 15.9 *+ 25.8 weeks

for cholelithiasis). The values for the subgroups did not

27
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differ significantly.

As shown in T:hle 3, the number of female subjects who
k4
had conceived children was slightly greater in the CH group
than in the CO groups, but none of the groups or subgroups

differed significantly in terms of number of children (parity)

or number of pregnancies’ (gravida). ' v

2. Description of Dietary Intake

Table 4 summarizes the number of typical day and weekend
day food intakes recalled by the groups. Analysis of these
data (Chi-square) revealed that for both sexes, there were
no 51gn1f1cant dlfferences between the CH and CO groups.

Slmllar data for the subgroups appear in Appendlx 7.

\

; Table 5 describes the’food intake data of each group in
terms of various dietary int#&ke classifications or whether

dietary intake was modified in some way, e.g. restricted in

‘Calories. . The male groups were fairly similar w1th respcct

to various diet cla551f1catlons, but more females in the CH
group than in’ the CO group stated that they were restrlctlng
the intake of Calorles at the time of interview, Slmilar

data for the subgroups appear in Appendix 7.

.

Table 6 indicates the number of subjects reporting sié—

nif;cant changes in food habits during their life. The CH

and CO groups did not differ-in this respect. Some differ-.

ences between the groups emerged when the reasons for changing

ﬁfood-habits were categorized. It is interesting to note that

P T ORISR TN O (N

only ten percent of the subjects in the CH group reported a




32

Table 4: Number of typical days and weekend days for the

cholelithiasis and control groups

Group' No. of No. of No, of 2
) Subjects Typical Days - Weekend Days
Male
Cholelithiasis ‘15 1.93:3 .32
Control 13 2.’0a .Sa
Female
Cholelithiasis 76 1.5 .52
Control 73 1.5 .52

1
typical days.

Number of days out of the two days recalled that were

2Number of days out of the two days recalled that were

weekend days.

3 :
Values are means.
given parameter,

Values for males or females, for a

without a common letter in thelr

superscript are significantly different (P<0.05).
Statistical test used was Chi-square.

” 7
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Table 5: Classification of dietary intake for the cholelith-
“iasis and control groups

k] B . _J
Classification of Dietary Intake:
Group No.. of No. and (Percent) of Subjects
Subjects T > 3 7
U [ CR SR MF
Male
Cholelithiasis 15 14(93.3) 1(6.7) 0 0
Control 13 12(92.3) 1(7.7) 0 0-
Female |
Cholelithiasis 76 59(77.6) 16(21.0) ’1(1.3) 0
Control 73 65(89.0) 6(8.2) 1(1.4) 1(1.4)
A
1 . o
U = unmodified
2CR= Calorie-restricted
Y .
3SRf sodium-restricted N
4

“MF= modified fat
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change in food habits as a result of gallbladder trouble,

3. Nutrient Intake

3.1 Cholelithiasis and control groups

"The mean daily intakes of energy, protein, fat, carbohyd-
rate and crude fibre are tabulated in Table 7. The intake of
each of these nutrients was higher for the male CO group than
for the‘$ale CH group. However, analysis of covariance
(ANACOVA), adjusting for age and weight indicated that this

difference was significant for protein intake only. .

The intakes of energy, protein, fat, carbohydrate and
crude fibre were also higher for the female CO group than
for the female CH group. Anaiysis‘of covariance, adjusting
for age, weight, height and oral contraceptive uéé indicated
that the difference was significant for each of these nutrients.
Analysis of'the nutrient intake values for the female group in-
cluded adjustment for height and oral contraceptive use as
well as age and weight because. these variables were signifi-
cantly different as noted in Tables 1 and 3. Nutrient intake

14

data for the subgroups appear in Appendix 8.
!

3.2 Subjects whose intake was unmodified at the time
;) of interview
When the diet interviews werc carried out, some subjects
indicated that their food intake was modified in some way
(Table 5). 1In particular, more females in the CH group than

- the CO group stated that they were following a Calorie re-

stricted diet. It was therefore desirable to consider only
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the data from subjects whose intake was unmodified at the
time of interview. Table 8 shows that the intakes of all
nutrients were higher than those reporged for the total
qroup .(Table 7)., Analysis of Covariance, adjusting ‘the
values for the male qgroups for age and weight indicated that
these groups were similar with respect tq:f?e intake of all
nutrients. 1In comparison, the data for the total male group
(Table 7) indicated thaﬁ ﬁhe pProtein intake of the male con-

trol group was significantly higher,

protein, fat, carbohydrate and crude fibre per day than the
female CH group. These results dre comparable tc "hose observed

for the total female group (Table 7).

4. Weekly Crude Fibre Intake

Data illustrating the weekly intake of crude fibre for
the groups appear in Table 9. 1In addition, Table 9 also
shows the food sources contributing to the total weekly in-
take of crude fibre, The control groups, both male and fe-
male, consumed more fibre per week than the corresponding CH
groups. ‘~reals, bread and bakery products, fruit and vege-
tables were found to be the foods which contributed to this
difference, ‘Analysis of covariance, adjusting the values for
the males for age and weight and the values for the femalés

for age, weight, height and oral contraceptive use was

-
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performed on these data.  Comparison of the fibre intakes for

the male CH and €O groups revealed no stgnificant differences,

However, the differences in the total weekly intake of crude
9

fibre and the intake of crude fibre from bread and bakery

products between the female CH and O groups were found to be

significant ,

5. NutfigﬂﬁVIpEakQQJLOOO”Calories

The data presented in Table 10 indicate the intake of
nutrients per 1000 Calories for the CH and CO groups.
Analysis of covariance, adjusting the values for the malc

3
group for -age and weight and female values for age, welght
and oral contraceptive use indicated that the intakes of
pProtein, fat, carbohydrate and crude fibre per 1000 Calories

were similar for the male CH and CO groups and for the fe-

male CH and CO grougs.

6. Bile Composition and Lithogenicity

Table 11 indicates the composition of gallbladder bile
and lithogenic indices for . subgroups. The millimolar
concentrations of bile salt, phospholipid and cholesterol
in the bile samples appeared to be much lower for the CO
Subgroup than for .the CH subgroup. Howeverz bile samples
we: collected from the CH subjects by means of gallbladder
aspiration and as a result, these samples were more concen-

trated. The difference between CH and CO subjects disappeared

when bile composition was expressed as relative percentages
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of biliary lipids (% millimoles of bile constituent per total
millimoles of bile salt, phospholipid and cholesterol). When
the composition‘of bile for the male CH and CO subgroups were
compared it was found that for the CO subgroups, the percent-
ages of bile salt and phospholipid were higher while the per-
centage of cholesterol was lower. The 1ithogenié index of

the male CH subgroup exceeded 1.0 and was higher than the CO
subgroup. Statistical analysis (ANACOVA) revealéd tha£ the

differences. in the percentages of cholesterol and lithogenic

index were significant (P<0.05).

Comparing the composition of biie samples of the female
CH and CO subgroups fevealed'that for the CO subgroup, the
percentage of bile salt was higher whi;e the percentages of
phospholipid and cholesterol wére lower. The lithogenic in-
dex of the female CH subgroup did not exceed 1.0, but if was

higher than the female CO group. Analysis of covariance re-

%

vealed that these differendes were not significant. Gallstone
samples from males and females were composed primarily (75.8%)

of cholesterol (see Appendix 9).

Figure 1 shqws the relative percentages of biliary lipids
in the bile of each subject in the male subgroups as plotted
on a triangular phase diagram.. As the diagram illustrates,
three out of five subjects in the male CH subgroup had bile
which fell on or above the cholesterol solubility line estab-
lished by Admirand and Small (1968). In contrast, only one’

out of eight bile samples from the male CO subgroup fell on

dr above the cholesterol solubility line. Theréfore, a
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A CHOLELITHIASIS MALES

56 CONTROL MALES

100 A O

CHOLESTEROL
SOLUBILITY LINE
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PERCENT BILE SALT

Figure 1. Qomposition of gailbladder bile from male cholelithiasis and control

e subjects plotted on the triangular phase diagram of Admirand and
Smail (1968)
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Figure 2. Composition of gallibladder bile from female cholelithiasis and control

subjects plotted on the triangular phase diagram of Admirand and
Small (1968)
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higher proportion of male CH subjecté compared to male CO
subjects had lithogenic bile at the time of sampling. A
similar diagram for the female subgroups appears in.Figure 2,
Only three out of ten female CH subjects (30%) had bile which
fell on or above the cholesterol solubiiity line. In compar-
ison, one out of five subjects (20%) in the female CO sub-
jects had bile which fell an or above the cho{ssterol sol-
‘ubility line. This indicated considerable overlap between

female CH and CO subjects with respect to bile lithogenicity,

althoudh very few subjects were considered,

]

7. Bile Composition and Lithogenicity as Related to Dietary

Intake

Presented in Table 12 are Pearson correlation coefficients .
comparing bile composition data with the following data for
the male subgroups: age, weight, height, and nutrient intake.

\

No significant correlations were noted between these variables.

The data of Table 13 indicate the partial correlation
coefficients for the male subgroup calculated by controlling
for age, weight and height. Again, no significant correla-
tions were noted between the bile parameters and the dietary

factors.

Table 14 indicates the Pearson correlation coefficients
comparing bile composition daig with the following data for
‘the female subgroup: age; weight, height, oral contraceptive
use and nutrient intake. A significant negative correlation

was noted between weight and the percentage of bile salt in
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bile. A significant'positivo correlation was noted between
weight and both the bpercentage of cholesterol in bile and

lithogenic index.

ing for age, welght, height and oral contraceptlve use. A
significant positive correlation was noted between protein

intake and the percentage of bile salt in bile.
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DISCUSSION

[}

1. Validity of the Dietary Survey Techniques

A consideration of the validity of the 48 hour fecall
methéd used in the pgesent study is necessary. Several fac-
tors influenced the choice of this method including:

(a) the relatively large numbers of subjects
to be interviewed,

(b) the time and money limitatichs of the study,
(c) the types of nutrients_whiqﬁ wéré to be
evaluated (i.e, Qithmin and mineral intake
was not a concern), # |
(d) the decision to comduct home interviews, and .
(e) the need to compare the mean nutrient intake

(- of two groups rather than to evaluate the

actual nutrient intakes of individuals.

Several reports in the literature support the use of the
food reééll method in these circumstances. Most of these
studies deal with thevvalidity‘of the 24 hour recall method,
but it is‘felt that the results of these studies may be
extrapolated to the 48 hour recall method. . Young and co-
workers (1952) compared the 24 hour recall method to the

: 3 . )
seven day record and the dietary history and concluded that

a»
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when an cstimate of {he mean intake of fifty persons or more

was desired and when efrors of ten percent or more Could be
tolerated, the 24 hour recall.method could be used. Madden
et al. (197@‘ recently investigated the internal validity of
the 24 hou; recall method by cémparinq the nutrient intake

values derived from welighed dietary intakes to thos&idérived

from the 24 hour recall in a group of 7¢ elderly subjects.

- Although the recalled intakes were lower, the means of actual

intakes and recalled intakes were not's;qhificantly different
except for Calories. Howevcr, the authors noted the tendency
of subjects to overestimate actual intake when conSUMptlon

was low and underost:mate 1ntake when consumptlon was high.

Therefore, the actual dlfference between the two growups would
be greater than Lhe recalled difference and given the smaller
Varlange for the actual intake, thlS difference would b more
likely to be significant. It was concluded_thap the recall ™
would be unlikely to yield false poéitiyg results but might

%n@icate false negative, especially for‘cémparisons of Calor-

les, protein and Vitamin A intakes. ' \
e

. In view of the results of these studles, one can be

fairly certaln that the dlfference in the mean dally Lntakes

¥

of energy“ protein, fat, cargphydrate and crude fibre observed
between the female cholelithiasis and control groups in the
present study, éctually does exist.” leferences observed be-

tween the male cholellth1a51s and pontrol groups (eg protein

intake) are less certain however due to the small sample size.

s
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5’in the sample."The use @{ a 48 hour recall taxed the memory

.7}

It should be noted that the accuracy of the present study

was made more likely by throoe factors:

(a) home visits were performed for data collection,

(b) an age restriction was placed on study part-
1cipants, and

(¢) a 48 hour rather than a 24 hour recall of’

food intake was used.

Real (]967) has emphu 1zed th value of the home visit
for collecting dictary intake data. Although transportation
time and cost are disadvantages, thesc are offset by the
fact that homoe VJsifs allow for the measurement of glasses
and serving sizes, . the ¢ ncking of food products and gecipes
and the evaluatioh'of the home environment. Home visits also
reduce the failure rate among sggjects since no responsibility

is placed on them to travel to an interview site.

~One of the shortcomings of the dietary recall is that’
the vaUlblthn og rellablc and accuratc data is dependent

upon the memogygpf ghe respo ient., However, as Campbell and

- o 17,

Dodds (&967&‘7 havo vL'

years of a e)"w emember significantly less about food in-
9 Y

2

. take" than g@undgg squS;FS Therefore, in the present study,

A
é 1qﬁ1wrduals aged 60 years and less were included

”;ofathevsnbject ‘more than if the 24 hour recall had been used.
I ']

Bowever, the 48 hour recall method was used since it improved



the chance of obtaining at least one typical days intake from

cach subject .
o~

Little study has been done on the number of days of food
intake which most be recalled in orfler to estimate mean daiiy
intake values representative of typical intake. Young and co-
workers (1953) compared the seven dey,intake of a group of
adults to a twenty eight day food record and found the seven
day intake to be representative of’ the twenty~eight day period
when the average intake of the groups were examined The
authors also noted that the pattern of daily means for the
group was so stable that less than a week's record we = have

‘provided an cstimate of intake with little loss . pre. .sion,

i

&
One of the major limitations of the present tudv was

the need to use several dietary interviewers for the collection
of :dietary inta -+ dara. Sample size and-time limitations made
this necessary. ilLc interview techniques were standardized,
and the‘interviewers trained as welivas'possible; h&wever,

the error due to interviewer variation was yncertain.

2. Dietary Survey

Thﬁ popuLQ;;on sampie surveyed in this study consisted
;’

predomlnant;y of females, and as 1nd1cated previously, the. "
hY

results “for” thqs qroup are probably more valid, Therefqre,

dietary 1nt§%; comparlsons made between the female cholellth—

iasis and control groups have received more attention in the

following discussions than the comparisons made between the

¢

1
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male groups.

The most striking finding of the present study was that

the femalce

protein, f

control group consumed significantly more eneray,

at, carbohydrate, 'and crude fibre per day than th

female cholelithiasis yroup (Table 7). These differences

were not dﬁo to differences in the number of typical days and/

o -

Bt

. ’ e
ggz weekﬂnd
b

weekly int

wy

V'.It 1s inte

expressed

‘days recalled by .u'b*]ects in each group. ’ﬁ'he

ake of Crude flhre (Table 9) also showed that the

R

female chuleiith1a31q gﬂbup Consumed significantly less fibre.

restinq %o note that when nutrient intakes were

3

& v
per 1000 Caioiles (Table 10), the $§lues for the two

groups were remar%ebly slmllar, indlcatlng that they consumed

foods of ¢

apparent d
that the c

same foods

These

those of §

group of 1

more Calor

ssentially the same nutrient composition. The only
ifference in dictary intake between the groups was

ontrol group consumed significantly more of the

results for the female group contrast markedly with
arles and co-workers (1969) who reported that a
01 cholelithiasis females consumed significantly

; 3 .
ies (energy) than a group of 101 age-matched con-

trols. The results of this latter study should be approached’

cautiously however, ‘since these tesearchérs disclose few de-

tails about the type of dietary interviews performed. They

’

do indicate however, that subjects were questioned about their

\

diet prior to the onset of cholelithiasis symptoms, unlike the

present st

tectomy.

udy where patients werée’ interviewed after cholecys—

It is therefofe possib®e that the surgery may have

L2
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contributed to a drop in caloric intake, but few subjects

(10%) claimed to have changed their food habits as a result

of recurrent gallbladder problems (See Table 6).' Wheeler et
al. (1970) performed a dietary survev «n. 'h was similar to
- that of Sarles * al. (1969), but th - ¥ .d no significant

difference in caloric intake or in the .utake of other major
nu£rients between female cholelithiasis and control groups.
These researchers investigateé the dietary intake of a much
smaller q;oup (36 cholelithiasis versus 44 controis) than
that.used in the present study. Reid et al. (1971) reached
conclusions which were similar to those of Wheeler et al.
(1970) in their dietary survey of female Pima Indians.
Although the sti .y was well stigned and executed, again only
smal. numbers of subjects were investigated (48 cholelithiasis

versus 16 controls).

The. male control group in the present study also consumed

" .
. more energy, pro’ a, fat, carbohydrate and crude fi}*e than

the male cholelitniasis group, but this difference was signif-_ .

icant for protein intake only (Table 7). Significant difs

ferehcés might have been shown had thesé-groups beer. larger.

~
A survey of the.literature sﬁggests that the results of
the dietary survey may indicate three possible reiationships
between dietary‘intake and cholelithiasis. The pathogenesis
of cholesterol gallstones could be related to:
(a) a low energy'intake irrespective of nutrient

intake, .

(b) a low prqtein and/or fat intake as a result of

-
4

]
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} the low energy intake or,
. (c) a low intake of crude fibre as a resulr of a
low energy intake.
The basis of these h§potheses will be considered in detail.
It'is difficult to separate points (a) and (b) on the basis
of the knowledge available on the effect of diet on bile lith-
ogenicity and gallstone formation, so they will be considered

S

together.

2.1 Cholelithiasis as related to a low energy intake

"

[}

' and/or low fat and protein intake
Somewhat like the sample surveyed by Wheeler et al.
(1970) but unlike that of Sarles et al. (1969), the female
cholelithiasis group in the present study.was significantly
heavier and shorter than the female control group (Table 1).

The recommended desirable weights for medlum frame women agedd

25 years and over with a height of 65.4 inches  (as for the D o™

cholelithiasis group with 2-inch ngls), is approximately 116
to 130 pounds (MetropolitaniLife insurance Co., 1959). ‘Phere-
fore, the female éholélithiésis group was approximately 14 to
28 pounds overweight. The recommended desirable weight for
medium frame women aged 25 yfars and over with'a height of
66.7 inches (as for the femaie control group with 2-inch
heels) is approﬁimatélyUIZ4 ﬁo 139 pounds.” This indicates’
th;t the female control group was approx1mately 0 to 10 pounds
overwelght These data show that although both groups were

overwei~ t, the female cholelithiasis grouﬁ_was'conurderably

more overweight that the female control group.
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It is a paradox that despite their larger size,'the female
cholelithiasis group consumed significantly less energy (Cal-
ories) than;the controls. However, it is well documented
that overweight or even obese subjects tend to report lower
caloric intakes than do lighter or normal weight subjects.
Beaudoin and Mayer (1955) in an early investigation, reported
that on the basis of a three-day recall of food intake, obese
women consumed 51qn1f1cantly fewer CalorleafryaQ non-obese
women.  Similarly, Hampton and co—workers (1967) studied the
s.ven-day food intake diaries of a group of teenagers and -
observed that calorie intake was not cofrelated with height,
lean body weight or total body weight. The trend tdWards
frequent dieting among heavier individuals could result in
the reporting of lower caloric intakes by heavier subjects.

In an attempt to eliming}e this factor in the present study,
the intaké of subjects Whoee diet wes unmodified was examined |
(Table 8). It was found that the difference in energy intake

between the female cholelithiasis and control groups w7s still

significant.

It is posslblc that several females in the cholellth1a51s

group may have adopted a Calorie restricted diet several years,

‘prev1ously and may not have con51dered it a special dietary

.

modification. ThlS éroup mayFaLso experlence a greater day
RN

to day fluctuation' 1n fo?d intake but thlS was not noted over

the two -day perlod'surveyed in the pfesent study (see Appendlx

6). It should be noted that the exercnse level of the subjects

was not evaluated. It may be that energy expenditure was
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higher for the female control group than for the female
cholelithiasis group due to a higher exercise level. This
 would permit the control group to maintain weight on a

greater food intake.

How could a low energy intake affect the pathogenesis
of cholesterol gallstones? Clues to this relationship lie
in a consideration of those studies which have examined the
effect on food intake in bile sal£ metabolism and the con-

centration of biliary lipids in bile.

L

Several reseafchers have investigated the effect of a
controlled food intake on biliary lipid concentration and
bile kinetics. La Russo and co-workers (1974) obserQéd an
increase in serum bile acid concentration representing an
increase in bile salt secfetion info bile, follo‘lng the
administration of a liguid test meal. They noté@f%hat
following the meal;‘foﬁr hours passed before serum bile
acids returned to basal levels. ¥hen Soloway et al. (1975)
gave 30% of individual d&aily energy requirements tb subjécts
at breakfast, they noted a significant increase in bile_flow,
an increase in bile salt secretion and an increase in the
‘bile salt and\phospholipid/cholestérol ratio in bile. A
significant finding of this study wéé that bile salt output
peaked 1-2 ‘hours afﬁer the meal and remained high for 2 - 4
.hours. This implies that bile remaiﬁs less saturated with
‘cholesterol while food is entering thg‘duodenum, when bile
flow and secretion as well as gallbladder contraction is ‘

stimulated. Many investigators have madg similar observations
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(Metzger et al., 1973, Northfield and Hofman, 1975).

It appears that during periods of fasting, the bile salt
pool is sequeétered in the gallbladder, resulting in a sig-
nificant decrcasc in bile salt secretion from the liver.
Animal studi: have shown that at high bile salt secretion
rates, a linear”relationship.exists between bile salt
secretion and phospholipié and cholesterol secretion
(Dowling et al., 1971,“Strasberg et al., 1976). However,
when bile salt'secretion approaches zero, this relationship
hetween bile salt and cholesterol secretion no lon?er
exists and a fr;gtion of cholesterol is secreted indeéend—

- ently. Therefore, the concentration of cholesterol in bile
relative to the concentratlon of bile salt and phosphollpld
i1s higher during these periods. These observatlons have been
found to be similar for both cholelithiasis and healthy
control groups }yorthfield and Hofman,ll975), indicating that

the liver functions normally in cholelithiasis subjects,

Although some investigators have postulated that bile
salt secretron rates may be depressed in cholelithiasis
eubjects (Grundy et al., 1972) due to a diminished bile salt
pool (Bell et al., 1973), there 1s‘more conv1nc1ng evidence "
“that pool size and bile selt secretion rates do not dlffer

between/pormal subjects and those with'chelelithiasis

(Northfield and Hofman, 1973, Northfield and Hofman, 1975).

In the studies cited thus far, dietary intake has been ' 5

carefully controlled. Unfortunately, few sStudies have
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examined the respdnse of biliary 1lipid concentrations to

variations in caloric intake. Sarles et al. (1969) examined

'

“the response of T-tube bile to changes in energy (caloric)

intake. They noted an increase in biliary cholesterol con-

- centration in response to increases in caloric intake

rrrespegtive of dietary composition and also to increases
in protein intake. However, these researchers interrupted

the enterohepatic circulation of bile salts several times

each day while collecting T-tube bile'sémples, which prob-

ably accounts for their results,

Althouqh little research has been performed in the area,
it is conceivable that the length of time that bile is sat- .
urated each day is closely related to fooad 1ntake or more
precisely to the quantlty of energy, fat and proteln con-
sumed. The flow rate of chyme through the gastr01ntest1nal

tract is not well documéented, but it is known that a contin-

uous flow through the duodenum may occur for up to fifteen

hours per day (Luckey, 1974). The flow of the products of
fat and prorein digestion particularly, stimulates the re-
lease of several gastrointestinal hormohes‘ihcluding sec-
retin and cholecystokinin - pPancreozymin, which have signifs
icant effects on bile flow and gallbladder contraction.

The effects of gastrointestinal hormones on bile flow and
composition has been the subject of some limited research.
Using the rhesus monkey as the experimental animal, Gardiner
and Small (1972) found that increasing doses of cholecys—
tokinin and secretln produced a decrease in cholesterol and

4
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Phospholipid secretion and an increase in bile salt secre-
tion. 1In other words, gastrointestinal hormones improve

the solubility of cholesterol in bile thereby making it

less lithogenic. The authors note that the increased sec-
retion of bile salts was due to a decrease in the circulation
time of the bile salt pool rather than to an increase in

pool sizé or aynthatic rate of bile salts. Other research-

ers (Jabionski.et al., 1975) have reported similar results.

Thére d4r¢ no reports in the literature to suggest that
the hormonal response to diets of various composition, has
been measured in‘man. Howe&er, Thompson et al, (1975)
recently measured the cholecystokinin responae (by radioim~
munoassay) to a high energy, high protein, liquid meal
(59 g protein, 166 g carbohydrate and 9 g fat). They noted
that serum levels of cholecystoklnln remained elevated above
base line qaguas from 30 -~ 240 minutes after the test meal
It is possible that the solubility of cholesterol in bile
was 1mproved-dur1ng this time period. These investigations
provide donv1nc1nq evidencé that blle 11thogen1c1ty may be

controlled by various gastrointestinal hormones.

In the present study, it appears.that the reduced energy
intake of the female cholelithiasis group, perhaps as a tre-
sult of dieting, contributed to .a decrease in the length of
time per day that chyme was flowing through the gastroin-
te;tinal tract and stimulating the»release of hormones. This

would have favored the sequestratlon of blle salts in the

gallbladder and contributed to the secretlon of lithogenic

M
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3

bile and gallstone formation. Much research is required

to confirm or negate this theory.

2.2 Cholelithiasis as felated to a low crude fibre
intake
The low energy intake of the female cholelithiasis

group as compared to the female control group resulted in a

low intake of crude fibre (Tables 7 and 9). Crude fibre in-

take was also lower in the male choielithiasis group as com-
pared to the male control group but the difference was not

significant (Tables 7 and 9). In view of the fact that the

‘decreased consumption of fibre has been suggested as an

important factor in the pathbgenésis of cholelithiasis
(Burkitt, 1976), this observation deserves careful consid-

eration, , ot

Crude fibre is that portion of ra food stuff which ré—
mains after acid and alkali dlgestlon and consists prlmarlly
of ;ellulose and llgnln (Cummlngs, 1973). Unfortunately,
crude fibre values do not giQe an acc&géte estimate of the
paEF of plaﬁt material in the diet which ‘s resistant to
digestion'in the-human gastrointestinal tract. This latter
material is dietary fibre which includes hemicellulose and
pectic substances as well as Gellulose and lignin. Tables of
dietary fibre content of food stuffs are nc%savailable,so
in the bpresent study, the crude fibre content ofvthe d}et

was calculated.

Most researchers have cq;siaered the dietary fibre,gontent

- ' &
)
%

D
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of the diet in relation to bile salt metabdlism and biliary
constituent conoentrations. This work is applicable to ehe
resultgs of the present study, but it should be kept in mind
that the dietary fibre content of the diet may be five to
ten times higher than the crude fibre eontent which was

calculated in the present study (Southgate, 1973).

Several investigators have studied the effect of.the
fibre content of the diet on bile salt and cholesterol met-
abolism. In an earlf study, Portman. (1960), observed the}
rats fed a high fibre commercial diet excreted eignificantly

&
more total bile acfds in their feces than rats fed a low

fibre purified diet. Gustafsson (1969) reported simiiar

findings.
A §

Unfortunately, few studies have examined the effects of
dietary fibre on bile salt metabolism ahd the concentrations .
of biliary lipids in the human. Antonis and Bersohn (1962)
reported that increasing the fibre content of the dlet of
éouth_African White and Bantu subjects, resulted in bulkier
stools which contained appreciably greater amouﬁts of fatty
acids, bile acids and sterols. Similarly, Jenkins et al,
(1975) noted that the addition of dietary fibre in the form
of wheat bran, to the eontrolled diets of six young males,
resulted in ihereased stool -weights and the increased fecal
excretien of bile acids and neutral steroids. Contrary to
these findings, Eastwood et al, (1973) did not observe any

increase in bile acid excretlon in subjects consumlng a ;

normal diet to which wheat bran was added They did note

. L ‘ )
. IRy
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however, that fecal bile acid excretion incrcased during
the control period fbllowing the consumption of the high.

fibre diet.

In the studies . cited thus far, the response of biliary
lipid concentrations,gb the dietary fibre content of the
diet was not exgmined.\ It appears that only.one group of
researchers hagqexamined the effect of increasing dietary
fibre on bile lithogenicity. Pomare ¢t al. (1976) noted that
the solubilityyof cholesterol in'bile was improved by feed-
ing wheat bran ad libitum to six subjects for a four to six
week period. Fecal bile salt excretion was not increased
by bran feeding sinte the half lives of_ﬁhe primary bile

salts were not affected. One would expect the half live

to increase if bile salt.loss was increased,

With few exceptions, most investigators have deduced .

that dietary fibre binds bile salts in the gastrointestinal
traét, pfevents their absorption .and increases their ex-

cfotion. After reviewing the litérature, Story (1976)

speculated tﬁat £his effect might result in the prevention

of micclle formation and the reduced absorptién of cholestefgztx\
thus promoting the loss of this latter compolnd in the feces.
Also, the increade in bilé salt loss in the feces would

reduce the return of bile salts. to the liver, thus stimula~‘

-ting the converéion of chglesterol to bile saits_in order to
replacc fecal losses. .The.increased synthesis of bile salts

from cholesterol could possibly cause é\\éduction in the

WA
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total body pool of cholqgtoro] which could conceivably - &
affect the sccoretion of cholesterol into bile. This last
effect was actually noted by Pomare and co;workers (1976),
but as noted earlier they did not cite it as a résult of
increased fecal bile sélt loss. Théx cite the increase in
the érimary bile éait pool (chenodeoxycholate) and decrease
in the secondary bile salt pool (deoxycholate) as factors
which influence the synthesis of cholesterol. ‘grevious \
studies by Pomare and Heaton (1973p).showed thaﬁ deoxycholate
feeding favored the fo?%ation o; a lithogenic bile. \The

biochemical mechanisms operating here are not clear due to.

‘a lack of research in the ar?a." \'

The .resu?of many of these investigations should be
approached ca‘ iéuély since wheatlbran was favored as the
extra sourée of dietary fibre to be added to the diet.
Recent studies havé)showv that the physical properties of
dietary fibre may vary according to source (anatomy of the
food) ‘and age, especially in the case of fruit and vegetableé
(Eastwood, 1973). Eastwood and Hamilton (1968) studied the
'in vitro' adsorption of bile sélts to fractions of dietary
fibre and found that bile salts were more avidly bound by
lignin than Ly hemicelluldsc or pectic substanceé. Simil;
arly, Story and co-workers (1976) found that lign;n bound
b%le salts ﬁOre than alfalfa, bran or cellulose, with cell-
uiose binding only negligible amoﬁnts. Research of this
nature sﬁggests that not'oniy the‘érésence of fibre in the

"

diet . put also the source and type of fibre affects bile salt
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metabolism,
3

In the present study, it was found that the female con-
. . -
trol group consumed signiticantly more total fibre and more

crude tibre trom bread and bakery products than did the fe-
male chioylelithiasis group (Tables 7 and 9) . Theﬁmale control
gJroup @@SQ consumed mor- total fibre than the male cholelith-

" iasis grdup bug this diffcerence was not significané (qules 7
and 9) . Thercltore, the mdjor‘diffcrcncc in crude fibreb}h-
take bétween the two female groups would appear to be the
consumption of whole whe;t‘flour.

isner (1973) reports that 93% of the crude fibre in

S | . '
whole wheat or whole grain flour is ohtained from the bran
»

portion of the wheat kerncl. Bran is composed of 22% (by
welght) cellulose and lignin, 25% hemicellulose and a variety
_of other éonstituents (Fishé:, 19?3). These fiéures_yary
aggording to reference source however (Southgate et al.,

1976) . It ‘is tempting to speculate‘that a4 low fibre intake,

particularly from bread and bakery .ources (whole wheat
|

. flour) may have contributed do gallstone formation in the

rd

cholelithiasis group. Also, it is possible that a higher
intake of crude fibre by the control group may have promoted
a high turnover of bile salts. This may have favored re-

duced cho” terol secretion into bile, thus protecting these

individuals from gallstones.

; ) ,
\
\

Studies cited earlier would suggest that it is perhaps

the lignin fraction of wheat bran which has the most signif-



lithogenic index of the cholelithiasis subgrouﬁs was higher
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icant ¢ffect. It should be emphasized that the praoportion of

crude ﬁibre in relation to total energy intake was the same
for both\the control group and the cholelithiasis.group. The
control subjects merely consumed more of all nutriehts in-
cluding crude fibré. It the hypothesis is true it would
probably take a long time fof gallstones to develop since
: e . .

tﬁé diffcrohéc in crude fibre intake between the two groups

. _ %

was not great although it was significant for the females.

Much more rescarch is needed in this area before the role of

fibre in the pathogenesis of gallstones can be elucidated.

Y

"3. Bile composition and Lithogenicity

The bile analysis indicated that, afthough the mea.
. . , ..

. . T A

than that of the cQ&trQJ subgroup, this differenqe was sig-

nificant only for' the.males (Téble ll).v»Thé"reasoﬁ\fof this

. . . - R
~discrepancy is unknown, but it may Muesbeen 'due to the small

" female control group and cholelithiaéﬁs grogp'howevéﬁ; ana

k)

. > R
size of the subgroups. There was a diffe¥ence hetween the

v . - .
the lithogenic index for the cholelithiasis group was very
close to 1.0 (0.95 + .26). Metzges ~t al. (1972) have de-
scribed lithogenic indices greater than or equal to one as

representative of ' lithogenic bile.

In the case of Qiie samples from the male cholelithiasis
subgroup; the mean lithogenic index was actually greater than

one kl.lf * -.36), whereas the mean lithogenic index for bile

kg B
ﬁrom the male control group less than one (.74 * .26).
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mechanism.of gallstone formation in these 1nd1v1%pals may

indgx {(sce Appendix 9 and lO).ﬁmThls overlap was also noted ] -

when the relat¥e percentales of hile salt, phosphollpld and
oholestorpl\@gre‘plotte.b @ ihgle pOlntS on a trlangular
phase diagrﬁé (Eiguree]j ) 2). It is interesting to note.
that proportionately more male than female cholelithiasis ‘

’ L]

subjects hadllitnﬁbéézzéloile at the time of -sampling. This

was somewhat S5urprising considering the\hlgher prevalence'

-

. Ty - 3
of gallstones in females. Ao overlap between chOlQQ1th1a51s T

and control§ubjocts Wltg respect to blle llthogenlcﬁ%y h '
k\ L3 r"ey L,
Dy , ﬂ L

been shown in séveral studies, . _ . ‘ A AT
Y / .

o . . s PR i ‘
3 O

. b . e e
Smallwood et al-. (1972) Observed that onfy 55% of cnble;, g4

R

lithiasd¥ «.atients. examiried in thelr study had llthogenlc S

. 'bile. Simuiarly, Metzger et al (1973) noted tpat in 30 ‘to

-

Eaa
40% .of pauﬁonts w1th gallstones blLe wa& notkﬁg%nd to be
J .

;llthogeﬁlc upqp % 51ngle samglrng In fact&J /has been

leScussed.previously, lithogenic.bile appears to‘be secreteg/

n

intermittently, the length of time of lithogenic blle secre- -
tion being dependent upon fastlng and feedlng The observa-
tion.by others (Bell et al. , 1975) that a clear separation
exists between cholellth1a51s and control subjects w1th Tre-
spect to bile llthogen1c1ty may haVe been due to the fact thab

Indian women were used as the experlmental Subjects. The
vary somewhat from that of the general populatlon due to

observed dlfferences in bile salt and cholesterol metabollsm

"



& ‘.

(Grundy et al., 1972). - .

\' ‘ . .
It is doubtful that th bile sampllng Lechnlques employ-

ed in the present study influenogd the composition of the'

bile sanmﬂkﬁmcollected. Although, samples from the cholelith-

lasis group were collected froﬁ.the gallbladder,‘whereas

samples from the control group were collected ftoﬁ the duo-

. denum, they differed only in their %oniﬁntratibn. The rela-
4 .

tive ~percentages of cach blle'constltuent woutd not differ

dccording to sample source as 1ohg as the co

jtuenf! are

sepérated.immedia%elyaafter co%lectibn. T s
e b ) e “."

mfirmed by Dam et al. (1967). There is also little differ-

& ;‘

ence between Lho'contra@tion response of mpe gallbladder to

& By ‘
cholecystoklmxn ‘ggncreozymln or amine aC1d perfuﬁgon -
(Ertan et’ al., 1971) o .

T M, . SR Ao
‘:‘d\l . ’
4. Bile Compdsition and thhogé%1c1ty as’ Related to Dletary §
)
.ot i FI - b
Intakg i : L e
. ' o )

J}n the present'study for thg female subgr up,<é Signif—
iggpt nega@&bé>c rélatﬂggcwas noted betweenvweight and the

percentage of bile salt in bile, whlle a 51gn1f1cant p051r

tlvec

correlatlon between welght and both the percentage of:choles—

-

terol in'bile and lithogeqﬁc index (Tag%g 14) . Thisélattér
\Ehservation 1s in agreement with thdqe of others (Grundy et
al., 1974), who noted a siénificant correlatibn between body
weight and cholesterol output in bile. In- light. of the
results of the present study, it would be 1nterest1ng o w

establish whether this- correlatlon was a result of the dietary

W

&

Wbl oo,
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habits of obese individuals oria result of their body

,composition. Presently it appears that obesity itself

v

favors the secretion .of ¢ .cess . cholesterol into bile:

(Mabee, 1976), but cons aerably more resear
. ,i..‘

this area. ' .
‘ »
' §

| . &
It was disappoincing 'hat few significant correlations

‘were observed hetwéen the dietary;intake of the subgroup and
the fodr_pileﬁparametérs examined., This was probably a re-
sult{of the small grodp:size. One\rnteresting finding, how-
ever, was the significant positive\correlation between pro-

tein intake and the percentage ©f the salt in brle,for the

female gubgroup (Table,15). This observationvperhags‘cén be

( explained by the influence that amino acids have,on the re-

.

@ . .
1 . NP

lease —%astrointestinal hormones (eg. CCK~PZ) as dlscussed

*S?rliér. It may- be that higher protein intakes favor the
release of gagtro;ntebtlnal hormongs in concentrations avae
-”

4"')‘
A Y

basal levels for a prolonged period qfter esch meal. The

r

. , . . | . .

influence oi gastrointestinal hormonos on bile salt secretion
» ' . . \

&d bile lithegenieity has been dischsed previously.

o w

It was not parﬁicularlﬁ3surprisimg that significant cor-
relatlons were nq& notaﬂ between nutrlent 1ntakes and lith=
'ogéplc index. The resplts of rhe‘pre%ent study 1ndlcgtéd 2

possible . relatiqzships bethed low ene%gy, fat, protein or

crude fibre intake and cholelithijasis. 1’%owever, it shduld be
- recognlzed that -the two- day recall of %ood 1ntake which formed

thé basls of the mean dally intake results did not immediately

precede the bile collection period, therefore, one would not

’
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necessarily eXpect a relationship between these variables.
Some relatibnship may have been evident had a larger group
been 'investigated. Thus far, there are no reports in the
literature to suggest that a study of this nature has been

attempted.
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3.

“iptake of protein was significantly higher for the male

‘The ddiiy Hntakes of e;eréxﬁ,/:

SUMMARY
L] . ‘%
The results of the dietary survey showed that the daily
" .
control group (13 subjects) than for the male cholelith~ * !
iasis group (15 subjects), althoﬁgh the two groups were

similar in age, weight and height. This difference in
& i

~Protein intake was not sdgnificant when 'male subjetts’ |

ax
Lo o) . '

with modified intakes (eg. Calorie réstricted) were ex-

cluded from the sample,

in, fat, carpthdrater
and crﬁdé fibré were significantly higher'ﬁ!ﬂféﬁe female
= Nt RSl
control group (73 subjects).than for the female chole-~
litﬁiasis group (76 subjects), although rhe cholelith~

lasis group was significanply heavier and shorfer than
. /

/

the control group. ‘ ; .

_ o +
Nutrient intakes/1000 calories were similar for the male
\ .

cholelithiasis ;dd control groups ahd'for4%£e female
cholelithiqsis and control groups, indicating éhat the
diets consumed by chole}ithiasis and cohtgol suéigéts
were of similargtompésition. h ) !
Total v Y crﬁde gibré intakes and the food: sources of
ey ¥ N 2 :

” 3 . - ) . : ;\"",\‘7 . .
crude fibre were sfﬁilar for the maleicholeiithiasis and

control groups. However, the total weekly intake of

‘crude fibre and the ;htéﬁe of cgpde‘fibre specifically

A\
L3

74 -
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from bread and bakery products was sig:}ficantly higher

for the female control group than for the female chole-

lithiasis group.

The percentage of cholesterol in Cle v g significantly

hlgher for the male cholellth1a51s Stubwivoup (5 Subjects)

than for the male control subgroup (8 Subjects), aithough

the two subgroups were 51m11ar in age, welqht ;and helght.

oL "
No 51gn1f1canih§1fference in blle composition was de-~ "

tecteg between the female cholellthlasis subgroup (10

subjects)and the female control. subgroup (5 subjects)

“

. g
lithiasis and control subgroups

Cholelithiasis and control subjects (espe01ally females)

L
were not clearly d;fferentlated by Admlrand and all's

cholesterol solublllty line..

For the female subgroups, a 51gn1f1cant n&gative
correlatlon wasg noted between weight and the percentage
of bile salt in bile, whilc a significant positive
correlation was noted between weight and, both the per-
centage oﬁlcholesterdl in bile andolﬁthogenic index. )

A significéant pos{tive correlation was noted between pro-

teinfintakerand the percentage of bile salt in b11e for

“the female subgroup when the analy51s was perfdrmed con~

Cw

trolling for age, weight, height ang oral contraceptive use.'

’

-~

8

n.-

N
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) "
CONCLUSIONS

| | ‘o

The reeults of these studies indicate a possible re-~

lationship between a low intake of energy, protein, fat or

crude fibre and cholelithiasis, but more than one of these - .
nutrients coyld be involved. The 81gp1f;cant p051tive

correlation between protein intake and the percentage of

bile salt in bile suggests that protein intake particularly
&

may influence the solublllty of cholesterol in bile. Other
A
%

reldtionships may ex1st, however,‘

evident had the subgroups been larggyg

-

. }‘f e "
o
/ N Akt 2 -

-

e b,
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Appendix 2: Insgructions to dietary interviewers

* CONDUCTING THE DIETARY I 1IEW - oo
S .

General Information

The techniques of dletary interview employed will deter-

“mine greatly the accuracy of the relults obtained. It is

essential that all interviewers utilize 31m11ar techniques to

‘minimize bias. Thls i8 not to .say that every 1nterv1ew should

be exactly the same. Interviews may be modified qccording to
the individual who is being interviewed. The interviewer

‘ . ) B ,
should be able to judge the intelligence of the .respondent and

also how apprehensive he is about the interview itself.

The interview should be approached in a calm manner.
Don't be in a hurry to pick up information.becagse chances are
some important food items will be missed.
1: Greet the resﬁondent warmly at the door. Identify
yourself, -
2. Establish rapport with the respondgnt befq%e begin-
ning the intérview. ~E§plain why you are thére; how

A Vi

long you will be there, and the type of information;
yéu are seeking, D&n't givé too much inforéation
about the exact nature of ﬁhe‘study however.
3. Arrange yourself in a seat beside the respohdent a;d
place the food model kit on the tablé beside yoh.
It may be appropriate to have'§9e suitcase on a small.
chair and food models can be éxﬁracted and placed on

the table as required.

wa N X Gl e s e et L g e
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4. Be sincere and stralghtforward about the interview. - a
Don't be machine-like. - Ask questions a&?&f you expect. *

IS

them to be answered. ' .
5. Do not show sdrprise or digappyqéal of ' the ‘respondent's
feplies, either'by facial}expreésion or tone of voice.

.6. Listen carefully to the\respopdent'sArébiies.~iYoh may .

get the answers to several q;estiong at.one time.

7. Repeat back what the respondent has toid you to make
sure you understand the information whi;h has been re-
ported. )

8. Maintain a friendly manger but do nét engage in small
talk througﬂ&ut the interview.

9. If an unexpected visitor interrupts your interview -

’

come back another time. Don't try to finish the inter-
b
view when you havé lost thg respondent's attention.
10. If the fequpdent appears to be ill - come back

another time.

Specific Points on Conducting the Dietary Interview

1. When doing the two day recall of food intake, have t§9/’
Eespondent recall the day he remembers the best (usually
yesterday) .

2. Do not réfer to ény ﬁeals in the day - such as break-
fast, .lunch and supper. Some people do not folldw such

k}a ﬁattern. Simply ask for an account of all the food

._items consumed throughout the day.

eg. Ask, "What was the first thing you did when you

got up yesterday morning?" If the respondent

B i il



’

89

" says, "I had breakfast", then ask her what she had

for breakfast.
Try having the respondent recall the activitijes of
the previous days as these are often associated with

food intakes.

Don't give negative or closed questiond like: "Didn'"t

you have danything else to eat last niqght?"

Use open-@nded questions such as: "Can you think of
anything else you had to eat last night?"

After you have acquired a list of foods. in the order
of consumption, go back énd enquire about the amounts.
Place all appropriate food models of the‘same type on
the table equidistant from the respondent (eg. all the
glass models) .

Ask the reséondent 1f any of the models resemble the
¢

amount she had to eat. eg. In she case of a bewverage,

ask: .

i) from what type of container did vou drink?

ii) If she says, "a' glass", then display all ﬁhe
glasses‘and ask which glass resembles the one she

drank from,

1ii)-Then ask how full that particular glass was.

iv) Did she drink its entire contents?

Always recheck a days iﬁtake but do not shggest foods
unless'absblutely necessary as th;g will;&ntroduce a
bias into the results.‘ - | ‘ ‘

If the respondent cannot remember_her intake for a

particular day,. then have her look in the cupboards

M

¥

I
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or the refrigerator. This may help to jar her memory .

Although the subject Should\be interviewed alone where

possible, a male respondent may require the help of hfs
wife, especially if she had prepared the meals for him,
Remember to ask the respondent if he or she ate every-
thing on his or her plate. Also enquire about second .

helpings.
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Appendix 4: Weekly crude fibre intake guestionnaire
Instructions to Interviewers
For each of the following food items, ask the subject if W

. . , 47
he has consumed it in the past seven days (not including the:@nwﬂ
B N A

- C . ,‘ ‘la“‘: g \
day of interview). Determine serving sizes by using the foog. ™ .

ol
. . . R 5{):,»"\\\"5"\ .
models if necessary. \Calculate the total amount c&ﬁédmed‘fd&@i ‘
! f ' V\_\\‘ Q_"_
. \ Wy,
the week . , '.LES. R

c

Guidelines for Recording

The form does not have-all foods containing crude fibre
listed. The following quidelines will help determine which !

extra food items should be nkcorded.

The foods listed provide at least 1 gm crude fibre/100

gm. Please list all other cereals consumed in the past week.

~

Add other fruit which was not included on the list. Do

not include fruit juices unless a pulpy nectar was consumed.

Fruit Pie

Record the consumption of bread‘cont;ining whole grain
flours only. Do not record white bread, or plain cakes and
cookies. Whole wheat craékers include Stoned Wheat Thins,
Triscuits and Canadian Harvest. Other fruit ox, nut cookies,
e.g. fruit peel, raisin, peanut butter. Other bakery products:

Record the consumption of q}i products containing whole wheat

flour or other whole grain flour, cereals, fruit (dried or
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fresh), nuts, and seeds.

Soup

Record the consumption of all soups.

Nuts o ' | .

Record the type consumcd. Also record seeds gﬁch as
sunflower seedsf . )

. P~

Vegetables

Recora thg consumption of all vegetables - raw or cooked.
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gg?eal: cooked and dry
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Total Amount

Consumed

__(past week)

. Average
Type - Frequency Serving
Size
e U _
All-bran
Bran flakes

Cracked wheat

(cooked)
—_h e s -
Crunchy Granola \

Cheerios or
Frosty O's

Grapenuts Flakes

Muf fets o~

Pep (Kellogés)

Produét 19 or
Special K

e e e —— - 4 4

Raisin bran

e e

Romanmeal
(cooked)

———e ——

Red River Ccrodl

Shredded Wheat

Shreddies, etc.

Sunnyboy 7

- Oatmeal (éooked)

Team flakes

Wheaties

———— -

Wheatabix

——— e ——

Puffed wheat i A
(Quaker) )

e —————— e e e




~N

Frrugat

Ty Frequency

.
Raw apple
e e 4 R .
Apple sauce

Apricots

Banana

(Al I;I\t:‘(] «‘)“1‘ P f"ir'("f;h
blackbertioen

Cantolouape

Cherrioes

Dates

Currants o

.1 ¥

Aver age
Serving

Total Amount
Consumed
(Lm:;t ~week)

v
i

- - - -+ - ———— e - — J— '

Canned fruit , 1

cocktatl N
Grapes © , l ‘
S R - S - - U —
Grapefrutrs
B T T ST R S
Mango / ! | :
_—— e - — —-- - - - - - - - — - — e — — e ———
Orangce ; *\ b
1_"7—"'~;T—A+’—"‘_— - s e S e (e —
Canncd peaches
Fresh peach® ﬂ
Canned or fresk

. ~

plneap; L ¢ i ‘
SR O P . 7 . o _
Canned or fresh |

plums ;
U, _._‘ ————— e e [ —
Pruncs | |
e —— e - = -——»7-4——1‘ _..-__~l-—+~~ —_ —_— —_ 4
Canncd ‘pumpkin Lo ‘i
g e f,_<ﬁﬁ;,-;_-4~__HL, ﬂ__..M_N-W«__AF_‘n__A”ﬁ_“h_.,_“h___a
Ralsins » .o :

[

e s e = e A s e —— [ - - T -t e e s -—_“w
Canncd or fresh bl

‘pears ! 1 i




Fruit containued

. ', P
Averaqge Total Amount
Typoe 't equongy Sorving Consumed
WA (past weoek)
Racspberries
rhubarb "
Strawberries
- - - R —
Tanger . aoe
Watoermelon 4
Other:  speouty
- - - - — —— R
Fruirt Pire (use Food Model) (
Apple

Cherry

Blueberry

Blackberry

Peach

. - N S .-

Pincapple
- - - - - _tff N - - - -

Mince

U —

o . S
Rhubarb '
Pumpkin '
b N
Raisin [
B T S - —
Other frult pile:,
speci fy i
1
- - ——— oo R Sty e ———
1

- - —— - ~J_ - e -
e e e
I i

96



Bread and Bakery Products

R I GO S et N -
100% whole wheat
bread
50-60% whole wheat
bread
- e - - ~——~-—q—-«h——-—»w~4—-r———A———A- B e e TR ST U —_— ——
Pumpernicke | bread
c .- I JE R [ U Y (UGN . S G ,__T
Rye bread J
Railsin bread
Cracked wheat bread -
"Brown" broead 4
ool U W ——
Other bread: specify
S e e U S
—— e — e} ————— e
»
— iR RS 5Ny CUUS G S
R O [ B Sy GO S

whole wheat
crackers, specity:

Bran muffin

Graham cracker

Frequency

——

Average
Serving
Size

T Total Amount

97

Consumed
| (past week)

e e e —— e

b ——

R+ wifers

Da - squarce

Hermits

Other fruit or nut
cookles, specify:

-
.~

Buckwhecat pancakes

Other bakery

products, specify:




}3()111)

Bean with bacon

I'requy'ncy

Average
Serving
Size

}f\ | \, 98

Total Amount
Consumed
(past week)

Homemade bean

Cream of celery

Black bean

Chili beef

Minestrone

Tomato

Vegetable

e ——— 4

SIS S

Vegetable bean

Vegetable beef

Cream of vegetable

Vegetarian
vegetable

Beef

Beef noodlci

Cream of chicken

Chicken gumbo

cken ]

Chicken noodle

’

Chicken Vegetable

Cream of mushroom

Chicken rice

Pepper pot

Clam chowder




Soup continued

L_\ -

Average Total Amount

Type Frequency Serving Consumed

Size (past week)
Scotch broth '
Tomato vegectable
Turtle
Turkey noodle
Other: specify
_ - . -
Nuts
Specify

{

99
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Vegetables: Cooked unless specified : : .

Average Total Amount
Type Frequency Serving Consumed
5 ' Size (past week)

-

‘Bgﬁeoo shoots )

BeaA¥ (kidney,
lima, etc.

Green beans

Wax beans

) ; ,
an sprouts \J : ~

;‘ctS t

Beet greens

Broccoli

Brussels sprouts

Cabbage

Raw,cabbagé

Red cabﬁage (raw)v

Carrots

Raw carrots

Cauliflower

Celery (raw)

Corn on cob

,-—//

Kernel corn

-

Raw green pecpper

Cucumber

Eggplant

Lettuce
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Vegetables continued .
A : ] e
. _ Average Total Amount
. Ty. Frequency | .Serving Consumed
' : Size (past week)
Mushrooms
Spinach i ~

Raw Onion

Onioq_

Parsnips

Peas

Dill Piqkle

Potatoes
Baked with skin ‘ : :

Radishes ,

Rutabaga or turnip .
‘Sauerkraut °
Squash Y

Sweet potato (yam)?

Tomatoes

Turnip green

Zucchini

Other: specify
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Appendix 5: General questionnaire

1, Age . ‘ o

2. Weight
r
3. Height

4. Have you ever used ‘oral contraéeptives?
For how long (months)?

5. Gravida (number of Pregnancies)

6. Parity (number of children)

7. Recent illness or operation which has affected your
food habits? '
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