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Gall stones in a Danish population. Relation to weight,
physical activity, smoking, coffee consumption, and

diabetes mellitus

TORBEN JORGENSEN

From the Department of Surgical Gastroenterology D, Herlev Hospital, University of Copenhagen,
Copenhagen and the Glostrup Population Studies, Department of Internal Medicine C, Glostrup Hospital,

University of Copenhagen, Copenhagen, Denmark

suMMARY The presence of gall stones diagnosed by ultrasonography in a cross sectional study was
analysed in relation to relative weight, weight change since age 25, slimming treatment, physical
activity, smoking, consumption of coffee, and diabetes mellitus. The random sample comprised 4581
men and women of Danish origin, aged 30, 40, 50, and 60 years, of whom 3608 (79%) attended the
investigation. In women high body mass index, history of slimming treatment, and weight gain since
the age of 25 of more than S body mass index units were each significantly associated with gall stones
(p<0-05), while only body mass index was significant (p<<0-05) in a multivariate analysis. In men
history of slimming treatment was significantly associated (p<<0-05) with gall stones in univariate
and in multivariate analyses, where smoking also became significantly associated (p<<0-05). No
significant association was detected between gall stones and the other variables.

Most studies, dealing with clinically diagnosed gall
stones only, agree that there is an association in
women between overweight and gall stone disease.'*
The fewer reports which exist on men show conflict-
ing results.'**” Studies of clinically diagnosed gall
stones are in risk of selection bias.** Some population
studies, comprising the total prevalence of gall stone
disease, show an increased prevalence of gall stones
in those who are overweight,"" but this is not found
in all studies."” Nearly all those studies mentioned
compare actual weight with the prevalence of gall
stones, whereas weight history, which must be an
important factor on which to focus when dealing with
life prevalence of gall stone disease, has received
little attention.'’

Lack of physical activity, smoking, and coffee
consumption are associated with changes in plasma
lipids,"~" but evidence on the clinical implications in
respect of any association with gall stones is either
lacking or conflicting.'***" Clinical studies on the
association between diabetes and gall stones likewise
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produce conflicting results.?*"" This maybe because
most studies include only those gall stones which are
clinically diagnosed.

In this study, the prevalence of gall stone disease in
a random sample of a Danish population was ascer-
tained by ultrasonography.® For men and women
estimates were made of possible associations
between gall stone disecase and relative weight,
weight history, physical activity, smoking, consump-
tion of coffee, and diabetes mellitus.

Methods

SAMPLING

An age and sex stratified random sample comprising
4807 men and women living in the western part of
Copenhagen County and aged 30, 40, 50, and 60
years, was drawn from the National Person Register
on 15 October 1982. Two hundred and twenty
six people of foreign extraction were excluded,
thereby reducing the sample to 4581. All received a
standardised written invitation to a general health
examination. Information about the project and a
questionnaire to be completed in advance were
enclosed. The examinations took place between
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November 1982 and February 1984 at the Glostrup
Population Studies. The project was approved by the
ethical committee for Copenhagen County.

EXAMINATION AND QUESTIONNAIRE

The upper abdomen was examined by ultrasono-
graphy using a Toshiba SAL 20A, real time, linear
array scanner with a 2-4 MHz probe. Subjects were
classified as having gall stone disease, when one of
the following criteria was fulfilled: (1) Visible gall
bladder lumen presenting echoes with an acoustic
shadow. The echoes were required to move with
gravity, except when obviously impeded by size, a
septum, a fold, or wedging into the infundibulum. (2)
Non-visualisation of the gall bladder lumen and high
density echoes in the gall bladder fossa with an
acoustic shadow. The echoes were required to have
the same relation to the liver when the person was
placed in different positions. (3) No gall bladder
lumen in subjects with a history of cholecystectomy
and a relevant scar.

Further details about material, non-participants,
and ultrasonographic criteria have been reported
elsewhere.’

Subjects with gall stone disease were compared
with subjects with a normal gall bladder. History of
gall stone disease was recorded. Participants, who
had undergone cholecystectomy or had their history
of gall stone disease confirmed ultrasonically, were

Table 1  Prevalence rates (%) of gall stone disease
according to present body mass index (BMI). N=
denominator

BMI
<20-00 20-00-24-99 25-00-29-99 >=30-00
Sex and
age % N % N % N % N Unknown
Men
30 00 32 1.9 262 1-8 114 4522 0
40 63 16 05 209 1-1 180 86 35 0
50 154 13 62 177 57 193 1119 59 0
60 00 15 169 154 129 201 109 55 O
Mean 55 63 53 9-0
Women
30 2:5 120 45 266 85 47 273 11 0
40 80 50 41 268 84 83 194 31 1
50 83 36 151 232 133 113 267 45 1
60 120 25 203 177 2344 128 417 48 0
Mean 7-5 10-6 13-0 28-4

Men, (BMI >=25-00 v BMI <25-00):

M-H test=0-00, df=1, p>0-99, OR=0-98 (95% lim: 40-75-0-02).
(BMI >=30-00 v BMI <30-00):

M-H test=1-53, df=1, p>0-20, OR=1-46 (95% lim: 0-80-2-68).
Women, (BMI >=25-00 v BMI <25-00):

M-H test=11-47, df=1, p<0-001, OR=1-71 (95% lim: 1-25-2-33).
(BMI >=30-00 v BMI <30-00):

M-H test=26-02, df=1, p<0-0005, OR=2-87 (95% lim: 1-91-4.31).
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classified as subjects with clinical gall stone disease.
Participants, who had no history of gall stones and
where they were detected ultrasonically were classi-
fied as subjects with non-clinical gall stone disease.

Height without shoes and weight without overcoat
were recorded. Body mass index (kg/m?*) was used as
an index of body fatness. Subjects with body mass
index below 20 were regarded as underweight,
between 20 and 25 normal, between 25 and 30
moderately obese, and over 30 unequivocally obese.
Records were made of each subject’s highest weight
ever, the weight at age 25, and the number of
slimming treatments undergone (defined as weight
loss of more than 5 kg). Physical activity was
registered for leisure time activity and work. Each of
these physical activity variables had a four way
classification, ranging from sedentary work and no
spare time activities to heavy work and performance
of competitive sports. Smoking habits were recorded
as former and current smoking, amount of smoking
and type (cigarettes, cheroots, cigars, and pipe). The
consumption of tobacco was calculated as grams per
day. The number of cups of coffee per day was
recorded. A history of diabetes mellitus and the use
of insulin were recorded.

STATISTICAL ANALYSIS

Each sex was analysed separately. A Mantel-
Haenszel summary y’ test” was used as age was
associated with the outcome variable and the deter-
mining variables. To account for associations
between the independent variables, a multiple
logistic regression analysis was carried out.”
Confidence limits were 95% .

Results

Of 4581 subjects invited, 3608 (79%) attended the
investigation. Aside from gall stone disease, 106 men
and 84 women suffered other gall bladder pathology
— mainly polyps.” In the ensuing analysis these
subjects are omitted.

RELATIVE WEIGHT AND WEIGHT HISTORY

Prevalence of gall stone disease showed a significant
positive association with present body mass index in
women (Table 1). The most substantial association
was found among women with a body mass index
above 30. Men did not show the same association
except for a non-significant trend towards higher
prevalence among those with a body mass index
above 30 (Table 1). When dealing with highest
relative weight ever, the same pattern was observed.
Change in body mass index from age 25 to present
age (Table 2) showed in both sexes a non-significant
tendency towards higher gall stone prevalence in
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Table 2 Prevalence rates (%) of gall stone disease
according to change in body mass index (BMI) from age 25
years to present age. N=denominator

Jorgensen

Table 3 Prevalence rates (%) of gall stone disease
according to number of slimming treatments. N=
denominator

Present BMI as compared with BM1 at age 25:*

Numbers of slimming treatments

Reduced Stable Increased 0 1 >/
Sex and Sex and
age %o N %o N %o N Unknown age %o N %o N Yo N Unknown
Men Men
30 00 44 25 198 1-6 187 1 30 2.2 36l 0-0 45 0-0 23 1
40 28 36 -7 120 1-4 284 0 40 1-4 357 22 45 28 36 *2
50 9-8 51 1-4 71 7-5 319 1 50 6-4 358 7-8 51 12-1 33 0
60 156 45 9-8 82 145 297 1 60 11-0 365 303 33 29-6 27 0
Mean 7-0 3-8 62 Mean 52 10-0 110
Women Women
30 30 67 55183 52192 2 30 43 301 -1 87 145 55 1
40 46 44 4.7 86 7-3 302 1 40 52 288 -6 64 148 81 0
50 192 47 12:9 85 153 294 1 50 136 294 231 65 152 66 2
60 250 52 156 64 246 260 2 60 19-3 274 373 59 286 42 3
Mean 12-5 9-4 12-7 Mean 10-2 14-9 17-9

*Stable BMI is here defined as same BMI at the age of 25 and now
plus/minus 1 BMI. For subjects who could not remember their
weight at the age of 25 a statement of *less than now’ was classified in
the group with increased BMI. *‘more than now’ was classified in the
group with decreased BMI, whereas “about the same’ was classified
in the group with stable BMI.

Reduced >< stable: Men: M-H test=1-95. df=1, p>0-10,
OR=1-92(0-77-4-79).

Women: M-H test=0-66. df=1, p>0-40, OR=1-32 (0-68-2-57).
Increased >< stable: Men: M-H test=1-75, df=1, p>0-10,
OR=1-55(0-81-2-99).

Women: M-H test=1-97, df=1, p>0-10, OR=1-37 (0-88-2-11).
Increased >< stable or reduced: Men: M-H test=0-51, df=1,
p>0-40, OR=1-22 (0-71-2-07).

Women: M-H test=1-09. df=1, p>0-20, OR=1-21 (0-85-1-73).

those, who had cither increased or reduced their
weight as compared with subjects with stable weight.
Gall stone prevalence was 9-6% among men who had
reduced their weight more than 3 units of body mass
index and 8-5% among those who had increased it by
more than 5 units of body mass index. In women the
corresponding figures were 11-8% and 26-5%
respectively. This last prevalence was significantly
higher than gall stone prevalence among women who
had not increased their weight by 5 units (M-H test=
10-23,df=1, p<0-005, OR=1-89 (1-28-2-78)). When
highest body mass index ever was taken into
account, the relationship ceased to be significant (log
coeff=0-2588, SE=0-2350, OR=1-30, p=0-2708).

In both sexes, those who had been on a slimming
treatment, had significantly higher prevalence of gall
stone disease compared with those who had not
(Table 3).

Among participants with gall stone disease the
proportion aware of having gall stones was signific-
antly higher in obese than in non-obese women. The
same trend, but not significant, was observed among
men (Table 4). Likewise, the proportion aware of

Slimming treatments, yes v no:
Men: M-H test=9-80, df=1. p<0-005, OR=2-15.
Women: M-H test=12-01. df=1, p<0:001, OR=1-76.

having gall stones was significantly higher in women
with increase in body mass index since age 25
exceeding 5 units than in the rest of women. No trend
was seen among men.

PHYSICAL ACTIVITY
The level of physical activity (Table 5) showed no
association with gall stone disease in women, but a
non-significant trend towards higher prevalence in
men with low activity.

SMOKING AND COFFEE CONSUMPTION
Smoking showed a non-significant positive associa-
tion with the presence of gall stone disease in both

Table 4  Proportion of clinical gall stones/total gall stones
according to actual body mass index (BMI)

BMI1<25-00 BMI>=25.00
Sex Age Yo N % N
Men 30 40-0 5 333 3
40 0-0 2 40-0 5
50 77 13 222 18
60 34-6 26 250 32
Mean 247 25-8
Women 30 20-0 15 28-6 7
40 267 15 61-5 13
50 447 38 66-7 27
60 46-2 39 54-0 50
Mean 40-2 56-3

BMI >=25-00 >< BMI <25-00: )
Men: M-H test=0-02, df=1, p>0-80, OR=1-04 (0-66-1-62).
Women: M-H test=4-64, df=1, p<0-05, OR=1-95 (1-06-3-59).
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Table 5 Prevalence rates (%) of gall stone disease according to physical activity at work or as exercise in leisure time.
N=denominator
Level of physical activity
Sedentary Moderate active Active Heavylcompetitive sport
Sex and
age Yo N Yo N %o N %o N Unknown
Men
30 29 35 31 163 0-6 166 1-6 64 2
40 33 30 0-5 189 24 166 1-9 52 3
50 121 3 81 209 47 169 37 27 4
60) 20-4 49 13-8 232 11-4 123 59 17 4
Mean 9-6 63 47 33
Women
30 43 70 55 273 3-8 78 53 19 4
40 82 73 6-5 245 57 105 0-0 6 4
50 15-9 69 14-6 260 15-7 89 40-0 5 4
60 25-3 91 22:0 227 28-6 56 0-0 1 3
Mean 13-0 11-8 129 11-5

Sedentary and mod active >< active and heavy/competitive sport: Men: M-H test=3-04, df=1, p>0-05, OR=1-51.

Women: M-H test=0-09, df=1, p>0-70, OR=0-93.

Sedentary >< other groups: Men: M-H test=3-71, df=1, p>0-05, OR=1-85.

Women: M-H test=0-16, df=1, p>0-60, OR=1-19.

sexes (Table 6). There was no substantial dose-
response effect. Type of smoking (cigarette, cheroot,
cigar, pipe) was not found to be important. There was
no significant association between intake of coffee
and the presence of gall stones. The trend was
towards higher prevalence among non-drinkers. No
dose-response relationship was noticed.

DIABETES MELLITUS

In men gall stone prevalence was 9-0% among
diabetics and 5-9% among non-diabetics. Corres-
ponding figures among women were 23-8% and

12-4% respectively. Because there being few subjects
with diabetes (45 men and 22 women), these differ-
ences were not significant. The trends were the same
in insulin dependent and non-insulin dependent
diabetes.

LOGISTIC REGRESSION ANALYSIS

The variables were included in a multiple logistic
regression analysis for each sex separately. As the
study was dealing with life prevalence of gall stone
disease, highest body mass index ever was used in the
present model instead of actual body mass index. The

Tablc 6  Prevalence rates (%) of gall stone disease according to smoking habits. N=denominator

Actual smoking (g)
Never smoked Previously smoked <Il49g 15-24-9g >=25g
Sex and
age Yo N % N Yo N % N % N Unknown
Men
30 0-0 103 1-8 57 32 94 29 136 0-0 40 0
40 0-0 94 35 85 2:0 101 0-0 112 4.2 48 0
50 4-1 49 7-9 101 6-4 110 6-6 137 11-1 45 0
60 11-4 35 14-6 137 8-8 113 18-6 113 11-1 27 0
Mean 3-8 6-9 51 6-9 66
Women
30 2-5 121 1-7 58 49 123 87 126 63 16 0
40 3.5 173 11-1 45 11-2 107 31 98 20-0 10 0
50 12-1 116 10-0 70 169 124 189 106 30-0 10 1
60 27-4 124 236 89 20-4 108 226 S3 0-0 4 0
Mean 10-8 111 13-0 13-0 14-4

Smokers (previous or present) >< non-smokers: Men: M-H test=2-21. df=1, p>0-10, OR=1-92

Women: M-H test=1-19, df=1, p>0-20, OR=1-22.
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following variables, which in this study had pre-
viously been shown to be associated with gall stone
disease, were also included: age® and familial occur-
rence of clinically diagnosed gall stones" in both
sexes; school education, cohabitation, and number of
years resident in the Municipality of Copenhagen, for
men;" pregnancies, age at menarche, and use of oral
contraceptives, for women.* Variables with a
p-value of more than 0-30 in the logistic regression
analysis were omitted from the model (Table 7).
Among men, smoking became and reducing treat-
ment remained, significantly related to gall stone
discase, whereas body mass index, weight change
since the age of 25, lack of physical activity, consump-
tion of coffee, and diabetes mellitus did not become
significantly associated with gall stone disease.
Among women body mass index remained signific-
antly related to gall stone disease, whereas slimming
treatments lost their association with gall stones.
Weight change since the age of 25, lack of physical
activity, consumption of coffee, smoking, and
diabetes mellitus did not become significantly
associated with gall stone discase (Table 7).

Of the variables earlier shown to be associated with
gall stones,” "™ the relationship regarding the age at
menarche changed substantially. After body mass
index was included, the significant negative associa-
tion with gall stone disease™ became insignificant (log
coeff=-0-0678, SE=0-0525, OR=0-93, p=0-1960),
probably because of the relationship between weight
and age at menarche.”' With inclusion of body mass
index, the use of oral contraceptives” became
significantly associated with gall stones (log coeff=
0-4192, SE=0-1965, OR=1-52, p=0-0329).

Discussion

WEIGHT AND WEIGHT HISTORY

In the present study there was a positive association
between gall stone disease and body mass index
among women. This confirms results from several
studies comprising clinically diagnosed gall stones.'~
These may be in danger of overestimating the
positive association, however, because of diagnostic
suspicion bias.** Population studies estimating the
total prevalence of gall stone disease disagree on the
subject. Some'" find an association between obesity
and gall stone disease, whereas others" do not. The
lack of any significant association between body mass
index and gall stone disease among men in this study,
can only be compared with the few studies on
clinically diagnosed gall stones, some showing an
association with obesity,’* whereas others do not.!’
One explanation for this sex difference could be that
body mass index may not be as good an indicator of
obesity in men as in women, an issue which has not

Jorgensen

Table 7 Results of the logistic regression analysis of each
sex separately

Log
Variables coeff SE OR  p-value x*
Men
Slimming treatment 0-6596 0-2534 193 0-0092 678
(yes >< no)
Physical exercise 0-2925 0-2374 1-34 0-2179 152
(no >< yes)
Ever smoked (yes ><no) 1-1029 0-4788 3-01. 0-0212  5-31
Coffee (no >< yes) 0-5633 04051 176 0-1644 1.93
Women
Highest BMI ever 0-0757 0-0171  1-08 0-0000 19-60
Eversmoked (yes ><no) 0-2138 0-1798 1-24 0-2345 1-41

BMI is entered as a continuous variable.
*Change in ¢’ if the variable is removed from the model.

been closely investigated.” The index could be the
same in a subject who is fat and a subject who is
heavily muscled. For further clarification we need
more direct measurements of body fatness. Another
explanation of the sex difference could be that gall
stone disease is only associated to any great extent
with morbid obesity. Gall stone prevalence in
morbidly obese subjects who were scheduled for
gastric bypass surgery was high in women and
men.”* As men have less body fat than women,* the
proportion of men with sufficiently high body fat may
be too low in a random population study to yield
adequate numbers. It may be noted that men with
body mass index beyond 30 show a trend towards
higher gall stone prevalence in this study.

Obesity might also be defined as being present
when an individual decides to go on a slimming diet.
This factor was positively associated with gall stone
disease in both sexes in the univariate analysis, and
could be taken as evidence that gall stone disease
among men, too, is associated with fatness. Another
explanation could be that gall stones were caused by
weight loss itself. During weight loss the saturation
of gall bladder bile increases.* The high incidence
of gall stone formation during weight loss after
gastric bypass surgery” supports this, but it can be
questioned whether gall stone formation under these
conditions is a stable phenomenon, as stones, which
were not treated, disappeared spontaneously shortly
after weight stabilisation.” It is also noteworthy that
no association between slimming treatments and gall
stones among women was observed in this study
when body mass index was taken into consideration.

Weight change over longer periods was not sub-
stantially associated with gall stone disease in this
study, a finding which is supported by others.'” The
significant higher gall stone prevalence in women
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with large weight increase disappeared when body
mass index was taken into account, showing that
body mass index itself rather than weight changes is
the important factor. In these calculations weight at
age 25 was chosen as a baseline, which of course
means that nothing can be said about the relationship
between gall stones and weight changes before this
age.

The demonstration of higher body mass index and
a larger weight increase in those women aware of
their disease could be due to changes in weight after
the diagnosis of gall stones was made, but could also
represent an example of diagnostic suspicion bias.*’

PHYSICAL ACTIVITY

No significant association between the level of
physical activity and gall stone disease was shown in
this study. This confirms others’ findings,' *” although
one earlier study showed a relationship between gall
stone discase and low physical activity in rural
Caucasian women." Low physical activity has been
shown to be associated with low plasma high density
lipoprotein cholesterol independently of body mass
index and smoking."" The demonstration of the
association between low plasma high density lipo-
protein cholesterol and both high lithogenic index of
bile* and occurrence of gall stones” could, therefore,
support an association between low physical activity
and gall stones. Current clinical results suggest that
this association may exist, but it does not seem to be
of much import.

SMOKING AND CONSUMPTION OF COFFEE

In this study smoking showed a significant association
with gall stone disease among men when weight
parameters were included in the multivariate
analysis. A positive trend was seen among women.
Two other studies did not find any relationship.'*
Layde' found a significant association in women,
however, but — as in this study — no dose response
relationship. Previous smoking was added to current
smoking in the analysis, because we are dealing with
the life prevalence of gall stone disease. Smoking is
associated with low plasma high density lipoprotein
cholesterol," * which is shown to be associated with
gall stone disease.” The lack of any dose response
relationship could be interpreted as meaning that
smoking itself is not a risk factor but an indirect
measure of some other risk factor. Coffee consump-
tion was not significantly associated with gall stones.
No other reports have dealt with this subject. Intake
of coffee is related to changes in serum lipids" and
may influence the enterohepatic circulation of bile
acid. More evidence is needed on this but it is
unlikely that any association with gall stone preval-
ence is substantial.
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DIABETES MELLITUS

Diabetes was not significantly associated with gall
stone disease in the present study. Former studies
disagree, some finding an association,’* whereas
others do not.'*** These reports are either studies
comprising clinically diagnosed gall stones or autopsy
studies. Gall bladder function is impared among:
diabetics as compared with non-diabetics,™*™ and it
seems to be related to diabetic neuropathy.™ Bile
lithogenic index was higher in maturity onset
diabetes as compared with non-diabetic individuals
in one study,” but not in another.* Regulation of
hyperglycaemia with insulin seems to raise the litho-
genic index as compared with non-regulated hyper-
glycaemia.” Relationships therefore are complex,
which may imply that only some diabetics are at risk.
This may be the reason for finding no substantial
association in this study. At least diabetes does not
contribute substantially to the total prevalence of gall
stone disease in a random population.

Obesity seems to be associated with gall stone
disease at least in women but probably also in men.
Physical activity, coffee consumption, and diabetes
are not, or at least not substantially, associated with
the prevalence of gall stone disease. Smoking is
related to gall stone disease in men but not in women,
and may be an indirect measure of some other risk
factor.
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of 1870 (AG 120/81). The author thanks Dr Thorkild
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