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Risk of colorectal cancer and other cancers in
patients with gall stones

C Johansen, Wong-Ho Chow, T J0rgensen, L Mellemkjaer, G Engholm, J H Olsen

Abstract
Background-The occurrence of gall
stones has repeatedly been associated with
an increased risk for cancer of the colon,
but risk associated with cholecystectomy
remains unclear.
Aims-To evaluate the hypothesis in a
nationwide cohort ofmore than 40 000 gall
stone patients with complete follow up
including information of cholecystectomy
and obesity.
Patients-In the population based study
described here, 42098 patients with gall
stones in 1977-1989 were identified in the
Danish Hospital Discharge Register.
Methods-These patients were linked to
the Danish Cancer Registry to assess their
risks for colorectal and other cancers
during follow up to the end of 1992.
Results-The analysis showed a modest
increase in the number of cancers at all
sites combined (n=3940; RR, 1.07; 950/o
confidence intervals (CI), 1.0 to 1. 1). A
weak association was found for cancer of
the colon (n=360; RR, 1.09; 950/o CI 1.0 to
1.2), which remained unchanged when
analysed by sex, anatomical subsite, and
duration of follow up. Multivariate analy-
sis with adjustment for cholecystectomy
and clinically defined obesity did not
change these estimates to any significant
extent. Excess risks were found for cancers
of the pancreas and the small intestine. A
non-significant increased risk for breast
cancer was seen in women five years after
initial discharge for gall stones.
Conclusion-A borderline significant as-
sociation was seen between gall stones and
cancer of the colon, and for cancer of
pancreas and small intestine as well as for
breast cancer in women.
(Gut 1996; 39: 439-443)
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Reports of high faecal excretion of bile acids
and bile derivatives by patients with colorectal
cancer and those with cholecystectomy' 2 have
intensified research into the relation between
gall stones and colorectal cancer. Several
studies of gall stone patients have been
reported3-12; most showed a positive asso-
ciation with cancer of the colon, with relative
risks of 1-2-2.4. In the studies that showed an
effect and provided data on risk by anatomical
subsite, the risk was generally greater for
cancer of the proximal colon than for other
parts of the colon and rectum.8-12

Although the relation between cholecystec-
tomy and colorectal cancer has been con-
sidered in many studies, the results are equi-
vocal"; most of the case-control studies
showed a positive relation, but only the two
largest cohort studies showed significantly
increased risks, which were restricted to
women and to the proximal part of the
colon.'4 15

These results suggest that gall stones, and
possibly cholecystectomy, which are done
mainly as a result of gall stones increase the risk
for colon cancer, particularly among women
and in the proximal part of the colon. One
hypothesis is that post-cholecystectomy
changes in the composition and secretion of
bile salts affect enterohepatic circulation and
exposure of the colon to bile acids,'6 '` which
may promote the development of colon
cancer.'8 On the other hand, abnormal bile
acid and cholesterol metabolism that pre-
disposes to gall stones also may increase the
risk of colon cancer.'9 The relation may also be
influenced by shared determinants of gall
stones and colon cancer such as oestrogens and
obesity.20 21
This study has the advantage in that it

reports colon cancer as well as all other types
of cancer among more than 40 000 gall stone
patients both with and without cholecystec-
tomy in a large population based design. The
analyses included information on a diagnosis of
obesity.

Methods
The study population consisted of patients
who had been discharged from hospital with a
diagnosis of gall stones in 1977-1989. In 1977,
the Danish National Board of Health esta-
blished a population based Hospital Discharge
Register, which keeps records of more than
99% of all hospital discharges for somatic
diseases.22 The information on each discharged
patient includes the personal identification
number, which is a unique 10 digit number for
every Danish citizen, date of discharge, and up
to 20 diagnoses per discharge, classified
according to a Danish modification of the
International Classification of Diseases, eighth
revision (ICD-8).23 In addition, surgical pro-
cedures are recorded and classified according
to the Danish Classification of Surgical Pro-
cedures and Therapies.2'

All discharge records for 1977-1989 that
included a diagnosis of cholecystolithiasis
(ICD-8: 574.00) or cholelithiasis (574.09)
were abstracted. For patients who had been
discharged more than once with such a
diagnosis, the day of the first hospital discharge
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was used as the date of entry into the cohort;
it should be noted, however, that some patients
may have had gall stones before 1977. The full
discharge history of each patient was searched
to obtain any information on a diagnosis of
obesity and cholecystectomy. Using the
personal identification number, linkage was
made to the Danish National Board of Health
to obtain information on vital status, and to the
Danish Cancer Registry, which has been in
operation since 1942, to obtain information on
incident cancers.24 Of 49070 patients initially
identified in the Hospital Discharge Register,
we excluded 3654 (7.4%) patients who had a
cancer of the abdominal organs or breast
before the initial hospital discharge for gall
stones and 3318 (6.6%) who died during the
first year of follow up, leaving 42 098 patients
for the study (Table I). Among them, 72% had
cholecystectomy, and 95% of which were
performed within a year of the index gall stone
diagnosis.

Patients were followed up for cancer
occurrence from one year after discharge for
gall stones until the date of death or the end
of 1992, whichever came first. The observed

TABLE I Descriptive characteristics ofpatients with a diagnosis ofgall stones at hospital
discharge, Denmark, 1977-89

Characteristic Men (%) Women (%) Both sexes (%)
(n="10 904) (n=31 194) (n=42 098)

Period of diagnosis
1977-80 31-3 33-3 32-8
1981-84 30-8 30.7 30.7
1985-89* 37-8 36-0 36-5

Age at discharge (y)
<30 2-3 9-8 7-8
30-39 7-2 12-5 111
40-49 13-2 14-1 13-9
50-59 20-0 18-2 18-7
60-69 26-7 19 9 21-6
.70 30-6 25-6 26-9

Cholelithiasis with cholecystectomy 67-5 74-1 72-4
Cholelithiasis without cholecystectomy 32-5 25-9 27-6
Record of obesityt 3-2 5-9 5-2

*Includes five years. tA diagnosis of obesity stated in any of the hospital discharge records of the
patient.

TABLE iI Observed and expected numbers ofcancer* among 42 098 patients with a
diagnosis ofgall stones on their discharge record, Denmark, 1977-89

Site Observed Expected RRt 95% CI

All neoplasms 3940 3670 1-07 1-0 to 1 1
Buccal cavity and pharynx 74 59-2 1-25 10 to 1-6
Oesophagus 41 30-6 1-34 1O to 1-8
Stomach 118 110-1 1-07 0.9 to 1-3
Small intestine 23 8-8 2-60 1-6 to 3-9
Colon 360 329-9 1-09 1Oto 1-2
Rectum 156 162-3 0-96 0-8to 1 1
Liver 56 33.0 1-70 13 to 22
Pancreas 145 109-1 1-33 11 to 16
Larynx 24 25-7 0.93 06 to 1-4
Lung 409 400.0 1-02 0 9 to 1 1
Breast 521 496-3 105 1 to 1 1
Cervixuteri 68 81-1 0-84 07tol1
Corpusuteri 131 118-8 1-10 09to 1-3
Ovary 94 103-3 0-91 0.7to 1.1
Prostate 169 166-2 1-02 0.9 to 1-2
Testis 3 4-4 0-68 0-1 to 2-0
Kidney 113 93.7 1-21 10 to 1-5
Urinary bladder 189 184-9 1-02 0.9 to 1-2
Melanoma 57 75-2 0-76 06 to 1-0
Non-melanoma skin 553 534.0 1-04 1 0 to 1 1
Brain 87 74-3 1-17 0 9to 1-4
Non-Hodgkin's lymphoma 85 74 0 1-15 0.9 to 1-4
Hodgkin's lymphoma 9 8-4 1-07 0.5 to 2-0
Multiple myeloma 42 36-0 1-17 0-8 to 1-6
Leukaemia 103 76-3 1-35 1.1 to 1-6
Other specified 132 109-2 1-21 1-0 to 1-4
Secondary andunspecified 115 104-4 1-10 09 to 1-3

RR, Observed/Expected=ratio of observed to expected cancers; CI, confidence intervals. *First
year of follow up excluded from the analysis. tAnalysis adjusted for age, sex, and calendar year.

numbers of cancers were compared with those
expected on the basis of national incidence
rates, which are divided into groups according
to sex, age, and calendar time in five year
intervals.

Multiplication of the person years under
observation by the incidence rate yields the
number of cancers that would be expected if
patients with gall stones experienced the same
risk as that prevailing in the general population
of Denmark. Tests of significance and 95%
confidence intervals (CI) for the relative risk -
that is, the ratio of observed to expected
cancers, were computed on the assumption
that the observed number of cancer cases in a
specific category follows a Poisson distribution,
using Byar's approximation.25 Risks were esti-
mated separately for patients with and without
a cholecystectomy, as well as for the entire
cohort combined. In addition, the effect of
cholecystectomy, obesity, sex, age at diagnosis
of gall stones and latency since first discharge
with a gall stone diagnosis were adjusted for in
multiplicative Poisson regression models that
incorporated the national rates as the stan-
dard,26 using the Epicure statistical package.27
As the risks were not affected substantially by
adjustment for these factors, only results
adjusted for age, sex, and calendar years will be
presented in the Tables.

Results
The 42098 gall stone patients included in the
study accrued 312784 person years of follow
up, with an average of 7.4 years each (range,
1-16 years). The median age at the entry in the
cohort was 63 years for men and 57 years for
women. The male to female ratio was 0.4. A
diagnosis of obesity was noted in 2190 (5.2%)
patients (Table I).

Overall, 3940 cancers were observed com-
pared with 3670 expected, yielding a small but
significantly increased relative risk of 1.07
(Table II), 1.07 in men and 1P08 in women.
The increase was due mainly to slight but
statistically significant increases in the risk for
non-melanoma skin cancer (RR, 1.04), cancers
of the breast (1-05), colon (1.09; 1.17 in men
and 1.06 in women), kidney (1P21), buccal
cavity and pharynx (1P25), pancreas (1.33),
and oesophagus (1.34), and of leukaemia
(1 35). Greater increases in the risk were found
for cancer ofthe liver (1 -70) and small intestine
(2.60; 2.18 in men and 2.84 in women). How-
ever, with duration of follow up risks remained
significantly increased only for cancers of the
breast, pancreas, leukemia, and small intestine
(Table III). No excess was observed for cancer
of the rectum in either of the sexes (RR in both
sexes combined, 0 96).
Table III also gives the relative risks for

cancers of selected sites of the gastrointestinal
tract by conduct of cholecystectomy. There
seemed to be no systematic effect of treatment
modality on the relative risks for the individual
cancer sites, colon included. An analysis of the
23 histologically confirmed tumours of the
small intestine showed that the excess risk was
mainly confined to carcinoid tumours (n= 15;
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TABLE III Relative risk *for cancers of the liver, pancreas, the lower gastrointestinal tract, female breast, and leukaemia
among 42 098 patients with gall stones by type of treatment and time since known hospital discharge reporting the disease,
Denmark, 1977-89

Site Time sincefirst known discharge (years)t
Cholecystectomy
(yes; no; combined group) Early follow up (1-4) LatefoUlow up (5-16)

Number RR 95% CI Number RR 95% CI Number RR 95% CI

Pancreas
yes 105 1-42 12 to 1-7 49 1-51 1-l to 2-0 56 1-35 1.Oto 1-8
no 40 1.14 0-8 to 1-6 27 1-33 0-9 to 1-9 13 0-88 0-5 to 1-5
combinedgroup 145 1-33 1-l to 16 76 1-44 1-l to 1-8 69 1-22 1lOto 1-5

Small intestine
yes 16 2-63 1-5 to 4-3 10 3-70 1-8 to 6-8 6 1-78 0-6 to 3-9
no 7 2-54 1.0 to 5-2 3 1-89 0-4 to 5-5 4 3-43 0-9 to 8-8
combined group 23 2-60 1-6 to 3-9 13 3-03 16 to 5-2 10 2-20 1-1 to 4-0

Colon*
yes 225 1.09 1lO to 1-2 97 1-13 0-9 to 1-4 128 1-06 0-9 to 1-3
no 111 1-10 0-9 to 1-3 58 1-03 0-8 to 1-3 53 1-20 0-9 to 16
combined group 336 1.09 1.Oto 1-2 155 1.09 0-9 to 1-3 181 1.10 0-9 to 1-3

Rectum:t
yes 119 1.07 0-9 to 13 52 1-07 0-8 to 1-4 67 1-07 0-8 to 1-4
no 36 0-69 0-5 to 10 24 0-80 0-5 to 1.2 12 0-54 0-3 to 09
combined group 155 0-95 0-8 to 11 76 0-97 0-8 to 1-2 79 0-93 0-7 to 1-2

Breast
combinedgroup 518 1-05 10to 1l1 202 0-90 0-9to l-0 316 1-17 1lOto 1-3

Leukemia
combinedgroup 103 1-35 1-l to 16 48 1-30 1lOto 1-7 55 1-40 1-l to l-8

RR=ratio of observed to expected cancers; CI, confidence intervals. *Stratified analysis adjusted for age, sex, and calendar year.
tFirst year of follow up excluded from the analysis. :Adenocarcinoma.

TABLE IV Relative risk *for cancer of colon (adenocarcinoma) among 42 098 patients with gall stones by subsite ofcancer
and time sincefirst known hospital discharge reporting the disease, Denmark, 1977-89

Subsite Time since first known discharge (years)t

Earlyfollow up (1-4) Latefollow up (5-16)

Number RR 95% CI Number RR 95% CI Number RR 95% CI

Rightcolon* 124 119 10to 14 56 1-17 09to 15 68 1-21 09to 15
Mid-color4 49 109 0-8to 14 21 099 0-6to 15 28 1-18 0-8to 17
Leftcolon* 163 1-03 09 to 12 78 1-07 0-8to 13 85 100 0-8to 12

RR=ratio of observed to expected cancers; CI, confidence intervals. *Stratified analysis adjusted for age, sex, and calendar year.
tFirst year of follow up excluded from the analysis. *The right colon was considered to consist of the caecum, appendix, and
ascending colon, the mid-colon of the transverse colon and the hepatic and splenic flexures, and the left colon of the descending
colon, the sigmoid flexure, the sigmoid colon, and the rectosigmoid colon.

RR, 405; 95% CI, 2.3 to 6.7), whereas the
excess risk for other subgroups, mainly
adenocarcinomas, was non-significant (n=8;
RR, 1.50; 95% CI, 0.6 to 3.0) (data not shown
in Table). A similar analysis by histological
subgroup of 96 cases of leukaemia showed
excess risk for chronic myeloid leukaemia (n=
18; RR, 1.75; 95% CI, 1.0 to 2.8), acute
myeloid leukaemia (n=37; RR, 1-35; 95% CI,
1P0 to 1.9) and a non-significant increased risk
of chronic lymphatic leukaemia (n=41; RR,
1P09; 95% CI, 0.8 to 1P5).

Stratification of risk analyses by anatomic
subsite of colon showed a tendency, although
still non-significant, for highest increase in the
right colon, with a relative risk of 1.21 among

TABLE V Relative risk for cancer of the breast among 31194female patients and relative
risk for cancer of the colon * among 42 098 patients by time since first known hospital
discharge reporting gall stone disease excluding the firstyear offollow up, Denmark
1977-89

Follow up Breast Colon
period (y)

Observed RR 95% CI Observed RR 95% CI

1-2 94 0-81 07 to 10 76 1-02 08 to 13
3-4 108 1-00 0-8to 12 79 1-16 0-9to 15
5-6 100 1-12 09 to 14 65 1-17 09 to 15
7-8 84 1-18 09to 15 46 1-05 0-8to 14
9-10 70 1-31 1-0 to 17 35 1-09 0-8 to 15
11-12 39 1-09 0-8 to 15 22 1-04 07 to 16
13+ 23 1-14 07to17 13 1-08 0-6to18

RR=ratio of observed to expected cancers; CI, confidence intervals. *Adenocarcinoma of colon.

patients with 5-16 years of follow up (1P43
among men and 1-14 among women)
(Table IV). Multivariate analysis, with adjust-
ment for cholecystectomy and clinically
defined obesity, did not change these estimates
to any significant extent (data not shown).
On the basis of more than 500 observed

cases of breast cancer among gall stone
patients, we found that the overall risk was
increased by some 5%. This modest but
significant increase ranged from below unity at
the start of the follow up (1-4 years) to some
17% above unity in the last period of follow up
(5-16 years) (Table III). A closer follow up of
patients showed that excess risk for breast
cancer appeared five years after discharge for
gall stones and remained non-significantly
increased in the following years (Table V). The
mutivariate analysis did not reveal separate
effects of cholecystectomy and obesity and no
significant trend was observed in the risk of
breast cancer among women (data not shown).
Table V also shows that the slightly increased
risk for colon cancer remained almost
unchanged in all follow up intervals.

Discussion
We report a modest, but significantly increased
relative risk for cancers at all sites in a large
nationwide cohort of 42 098 gall stone patients
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with 1-16 years of follow up. In previous
studies, the occurrence of gall stones has been
associated with an increased risk for colon
cancer (3-12). In our study the modest 9%
increased risk for colon cancer remained
unchanged when analysed by sex, latency and
anatomical subsites of the colon. Although a
causal relation between gall stones and colon
cancer cannot be excluded on the basis ofthese
results the weakness of the association more
likely points to the effects of shared risk factors
for these two diseases, such as metabolic
factors, dietary factors or unknown factors.
The absence of a convincing link between the
occurrence of gall stones and colon cancer in
our study might be explained by the high
number of gall stone patients in the population
who remains undiagnosed.30 All patients with
gall stones are included in the calculation of
nationwide colon cancer rates, whereby they
increase the expected number of cases, which,
in turn, attenuate the observed relative risk of
colon cancer.
Nearly all diagnoses of gall stones in

Denmark included verification of stones by an
x ray or by ultrasound investigation, making
misclassification due to overdiagnosis of the
disease unlikely. The Danish Cancer Registry
is nationwide and population based, and
practically all cases of cancer occurring since
1943 have been notified, which highly reduces
the possibilities for surveillance bias. To avoid
any selective inclusion of patients with non-
specific symptoms of abdominal distress
caused by a preclinical cancer of the colon or
other abdominal organs and asymptomatic gall
stones, we excluded the first year of follow up
after the diagnosis of gall stones from the
analysis of cancer.
Our finding was in line with those of a large

follow up study from Sweden, which reported
the overall risk for colon cancer close to unity
in a population based cohort of 62 615 patients
(RR, 1.03; 95% CI, 094 to 1.14) who had
undergone cholecystectomy, mainly for treat-
ment of gall stones.`5 The analysis by anatomic
subsite in our study did not confirm the
findings of the Swedish study,"5 which reported
a significantly increased risk for cancer of the
right side of the colon in women that further
increased with duration of follow up.
We observed a persistent increase in the risks

for cancer of the pancreas and small intestine.
To the best of our knowledge, neither cancer
site has been associated with the occurrence of
gall stones in earlier studies,'0 29 and a chance
finding cannot be excluded.
Our finding of an increasing risk of breast

cancer by duration of follow up is in line with
one Swedish case control study ofwomen with
breast cancer, which showed a significantly
positive association with gall stones.5 Another
large cohort study with a maximum of 14 years
of follow up showed no association on the basis
of 202 observed breast cancers.30

Furthermore, no association between chol-
ecystectomy and breast cancer was seen in the
two case control studies of small sample
size.3l3 However, a smaller cohort study with
a maximal follow up of 30 years showed a

significantly increased risk on the basis of 27
cases.29 In our study the risk estimates for the
first part of the follow up period may have been
influenced by the exclusion of early, asympto-
matic breast cancers during clinical prepara-
tion for gall stones.
The non-significant increased risk of breast

cancer that appears five years after a diagnosis
of gall stones in our study is probably not
explained by heightened medical surveillance.
Our results suggest that metabolic, hormonal
or other determinants of gall stones may be risk
factors for breast cancer.

In conclusion, we observed a borderline sig-
nificant association between gall stones and
cancer of the colon, which remained un-
changed with duration of follow up. In
addition the risk was not clearly confined to the
proximal part of colon. We found that gall
stone patients had an excess risk for gastro-
intestinal cancers, including the pancreas and
small intestine and a non-significant risk of
breast cancer was seen in women at least five
years after a gall stone diagnosis. Cholecystec-
tomy did not change these results.
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