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Frequency of cancer among insulin-treated diabetic patients in Denmark
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Summary. The total prevalent population of insulin-treated
diabetic subjects (1499 patients) in Fyn County, Denmark,
was followed for 81 years (beginning 1 July 1973). All cases of
cancer diagnosed during this period were identified by a re-
cord cross-check with the Danish Cancer Registry. In total, 45
and 37 cancer cases were identified among male and female
patients, respectively, corresponding with observed/expected
ratios of 1.37 (p =0.03) and 1.08 (p =0.65), respectively. Speci-

fied for site, a significant excess of cancer of the pancreas was
found (six cases observed vs 2.4 expected, p=0.02), but the
excess was reduced by excluding cases where the cancer pat-
ient had diabetes as an early sign. Overall, no indications were
found of an association between diabetes and cancer, whether
in general or regarding particular cancer types.
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Studies on the frequency of cancer in diabetic patient
populations may reveal whether or not an association
between cancer and diabetes exists. In particular, inter-
est is focused on some specified cancer types. Among
diabetic patients, cancer of the pancreas might repre-
sent a second manifestation of damage to the pancreas,
leading to an increased risk of developing cancer. The
frequency of cancer of the bladder may be increased be-
cause of the use of artificial sweeteners, and since dia-
betic individuals are generally advised to reduce smok-
ing, their risk of developing cancer of the lung might be
decreased. However, studies of the association between
diabetes and cancer are scarce and inconsistent. In a
longitudinal mortality analysis of about 4000 Norwe-
gian diabetic patients, Westlund found indications of an
increased incidence of cancer of the pancreas, of the di-
gestive organs (except the stomach), and of leukaemia
among men [1]. Other studies have demonstrated a de-
crease in cancer mortality [2]. British studies have found
that the mortality caused by cancer of the bladder in
diabetic patients is not increased [3, 4], and that overall
cancer mortality is less, mainly due to the reduced num-
ber of deaths from cancer caused by smoking [4]. In a
recent mortality study of a population of insulin-treated
Danish diabetic patients, we found a slight, but statisti-
cally significant excess of deaths caused by cancer, eval-
uated on the basis of death certificates [5]. Kessler’s re-
view [6] includes a detailed account of the methodologi-
cal problems concerned with studies on cancer and

diabetes. In particular, mortality studies based on death
certificates are subject to selection and information
biases. Within the epidemiological framework, a valid
alternative to the use of death certificates and mortality
statistics is to study the occurrence of cancer, i. . the in-
cidence of cancer in a follow-up of a predefined group
of diabetic patients.

To supplement our previous survey [5], we therefore
studied the incidence of cancer in the follow-up of pop-
ulation-based, total sample of insulin-treated Danish
diabetic patients.

Subjects and methods

The diabetic patient group

By means of insulin prescriptions during a 5-month period, and sub-
sequent verification of diagnosis from medical records, the cross-sec-
tional population of insulin-treated diabetic subjects from Fyn Coun-
ty, Denmark, was determined (as of 1July 1973), as described earlier
[7]. The final material, comprising 783 male and 716 female patients,
has been estimated to be >98% complete and representative of the
total Danish prevalent population of insulin-treated diabetic patients

(7).

Follow-up and identification of cancer cases

The Danish Cancer Registry was founded in 1942 as the first nation-
wide cancer registry in the world and has been in operation ever since
[8]. On a voluntary basis, the Registry receives notification from hospi-
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tal departments, pathology departments and departments of forensic
medicine of all cases of malignant and related diseases when diag-
nosed. Furthermore, the Registry receives annually from the National
Board of Health the death certificates for the total Danish population,
which are then cross-checked with the Registry [8]. It is estimated that
the register of cancer cases is approximately complete [9]. All informa-
tion (personal data, site of the cancer, month and year of diagnosis,
source of information, date and cause(s) of death) on all cases from
1943 through 1981 has now been recoded and computerized by the
Registry.

Follow-up covered the period beginning 1 July 1973 to 31 Decem-
ber 1981. All diabetic patients who also had cancer were identified by
correlating the patients’ personal identification data with the total in-
formation in the Cancer Registry. All diabetic patients were followed
until date of emigration or death, as described elsewhere [5], or to the
end of the follow-up period. On this basis, the number of person-years
at risk, observed among the patients during follow-up, was calculated
for various 5-year age intervals within each sex. The Danish cancer in-
cidence rates published that were applicable to the follow-up period
[8] were used to estimate the expected number of cancer cases within
each age and sex group. Because of the small numbers involved, both
observed and expected numbers were grouped into broader catego-
ries according to age and sex, but the procedure employed inherently
accounts for the age and sex composition of the patient population.

The strength of the association was evaluated by the relative inci-
dence, i. e. the ratio between observed and expected numbers. The sta-
tistical significance was assessed by the statistic (number of observ-
ed - number of expected)?/(number of expected) that is assumed to
follow the y*-distribution with one degree of freedom. p-values
>0.05 (two-sided test) were considered non-significant. Test-based
confidence limits (95%) of the relative incidence were calculated as
suggested by Miettinen [10].

Table 1. Observed and expected number of cancer cases (all types
combined) during the follow-up period

Age Cases of cancer ~ Observed Confi-  p?
group dence
(years) Observed Expected Expected limits
95%)
0-54  Men 10 490 2.04 1.11-3.74 0.02
Women 6 5.36 1.12 0.50-2.49 NS
55+ Men 35 27.87 1.26 0.90-1.76 NS
Women 31 28.99 1.07 0.75-1.53 NS
Total  Men 45 32.77 1.37 1.03-1.83 0.03
Women 37 34.35 1.08 0.77-1.51 NS
2 Two-sided
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Results

The record cross-cheek identified 45 male and 37 fe-
male cases of cancer, diagnosed within the follow-up
period. For the male cases, this corresponded with
45 patients, but only 36 female patients were identified
because one had two diagnoses of cancer (of the colon
30years after the onset of diabetes and of the skin
35 years after the onset of diabetes).

Table 1 shows the observed and expected number of
cancer cases (all types combined). In total, the male rel-
ative incidence was 1.37, which is marginally signifi-
cantly increased (p=0.03); the excess was restricted
to men <S55years of age (relative incidence=2.04,
p=0.02), whereas the relative incidence for the older
age group was not significantly increased. The female
relative incidence was not significantly increased within
age groups or as a total.

Table 2 shows the cancer cases according to cancer
site. Due to the small numbers, the age and sex groups
were combined (but with adjustment for these factors as
described above). Apart from cancer of the breast (only
women), the relative incidence of all types was slightly
increased in the diabetic population, but only cancer of
the pancreas was significantly so (p =0.02). However, in
two patients, diabetes was most likely the early sign of
cancer, and after excluding these two patients from the
analysis, the relative incidence becomes 1.69, which is
not a significant increase (p =0.29). Of the four remain-
ing patients in this group, cancer of the pancreas devel-
oped in two men (7 and 37 years after the onset of dia-
betes, respectively) and in two women (6 and 8 years
after the onset of diabetes, respectively).

Discussion

Because the diabetic patient population [7] and the reg-
istration of cancer cases in the Danish Cancer Registry
[8, 9] were virtually complete, we believe that all cases of
cancer were identified within the limits of our study.
Furthermore, since the study was based on the incidence

Table 2. Observed and expected number of cancer cases, grouped according to cancer site (male and female cases combined)

Site of cancer Cases of cancer Confidence Pt
limit
Observed Expected Observed (19?:%5)
Expected

Stomach, colon, rectum (excluding sarcoma) 17 12.98 1.31 0.81-2.11 NS
Pancreas (excluding sarcoma) 6° 2.37 2.53 1.17-5.47 0.02
Respiratory system 12 9.56 1.26 0.71-2.24 NS
Breast (women only) 5 7.23 0.69 0.29-1.66 NS
Prostate (men only; excluding sarcoma) 5 3.19 1.57 0.66-3.75 NS
Cervix uteri (women only; excluding sarcoma) 3 2.04 1.47 0.48-4.50 NS
Bladder 4 3.80 1.05 0.41-2.68 NS
All other sites 30 2595 116 0.81-1.67 NS

2 Two-sided

b Two cases (one man and one woman) were diagnosed <5 years from onset of diabetes
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of cancer, the biases inherently associated with the use
of death certificates [2, 6] have been eliminated.

In our study it was important to take into account
the cancer cases in which diabetes was a symptom of
cancer and not a pre-existing condition. This is particu-
larly relevant for cancer of the pancreas. With correc-
tion for this, we found no overall excess of the incidence
of cancer during follow-up of the diabetic patients, al-
though there was a slightly increased incidence among
younger male patients. No individual type of cancer
seemed to be associated with diabetes; accordingly, we
were not able to confirm the finding from Norway of an
increased incidence of cancer of the pancreas [1], and
that from the United Kingdom of a reduced incidence
of cancer of the respiratory system [4]. It should be not-
ed, however, that whereas the diabetic population in the
British study seemed to smoke less than the population
in general [4], an interview study of a subset of the pre-
sent patient group revealed that our patients had smok-
ing habits similar to those of the general Danish popu-
lation (Sjelie, unpublished observation).

The results of the present study concerning the inci-
dence of cancer is in contrast to the finding from a mor-
tality study of the same patient group [5] in which a
small, but statistically significant excess of deaths
caused by cancer was observed on the basis of informa-
tion from death certificates [5]. One possible explana-
tion is that the medical history of diabetic patients is in
general wellknown to the medical profession, and this
might imply a higher than average likelihood of having
cancer, if present at death or previously recorded on the
death certificate. Alternatively, the prognosis for pat-
ients with both diabetes and cancer might be worse than
for patients with cancer but without diabetes. Regard-
less of what is correct, the discrepancy underlines the
potential biases associated with studies based on death
certificates only.

Overall, we found no association between insulin-
treated diabetes and the risk of developing cancer.
However, the analysis is based on a small number of
cancer cases, and we cannot exclude the possibility that
subgroups of our patients may run a higher risk than ex-
pected, because the present patient population is most
likely heterogeneous with respect to clinical characteris-
tics [11]. In fact, the marginally significant excess among
male patients is due to a higher than expected number
of cases of cancer in the age group <55 years (Table 1),
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and the diabetic patients observed in this age group are
probably more likely to have true Type1 (insulin-de-
pendent) diabetes compared with the patients in the
older age group [11]. On the other hand, no similar trend
was observed for the female diabetic patients (Table 1)
and, furthermore, the small numbers make detailed
analysis impossible. We intend to perform a similar
study after an extended follow-up period so that the
correspondingly increased observation time will permit
more detailed analysis, including stratification of the
patients according to their clinical characteristics.
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