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Background Nurses are potentially exposed to carcinogens in their working environment. We investigated the
risks for 21 types of cancers in Danish nurses.

Methods We identified 92 140 female nurses from the computerized files of the Danish Nurses’ Association. By
record linkage, we reconstructed information on employment since 1964 using data from a national pension fund;
information on vital status and reproduction was obtained from the Central Population Register. Each woman
was followed-up from 1980–2003 in the Danish Cancer Registry. We calculated standardized incidence ratios
(SIR) and 95% confidence intervals (95% CI). Using Poisson regression models, we made internal comparisons
in subgroups of nurses, adjusting for potential confounders.

Results We documented 8410 cancers during follow-up and found significantly increased SIR for breast cancer (SIR 1.1, 95% CI 1.1–1.2), cancers of the brain and nervous system (SIR 1.2, 95% CI 1.1–1.3), melanoma
(SIR 1.2, 95% CI 1.1–1.3), and other skin cancers (SIR 1.2, 95% CI 1.1–1.2). Significantly decreased risks were
observed for alcohol- and tobacco-related cancers. Nurses who were accredited by the Association after 1981 had
significantly increased risks for thyroid cancer (SIR 1.9, 95% CI 1.3–2.5) and cancers of the brain and nervous
system (SIR 1.5, 95% CI 1.2–1.9). Former nurses had significantly increased SIR for all cancers combined and
breast cancer the first ten years after leaving the profession. In a Poisson regression analysis of breast cancer and
duration of employment in hospitals, adjusted for reproductive factors, nurses had an increase risk the first 25
years of employment, but not for longer periods.

Conclusion The increased risk of breast cancer and the decreased risk of alcohol- and tobacco-related cancers
support the findings of most other studies on nurses. The elevated risks for cancers of the breast, brain, nervous
system, and thyroid warrant further study.

Key terms cohort study; shift work.

Numerous studies have addressed the risk of cancer for
healthcare workers, as they are exposed to a number of
biological, chemical, physical, and psychological health
hazards in their work environment. Some of these hazards have been classified by working groups convened
by the International Agency for Research on Cancer
(IARC) as either “carcinogenic” or “probable carcinogenic” [eg, ionizing radiation (1), antineoplastic drugs
(2), anesthetic waste gases (3), and ethylene oxide (4)].
More recently, an IARC working group classified shift
work that involves circadian disruption as a probable
cause of breast cancer (5).
Most previous studies of nurses have included

l imited data on employment history and confounding
factors, focused on few cancers only, or been relatively
small (6–10).
In this large cohort study of female Danish nurses,
we investigated the risks for 21 different cancers
by duration of employment as a nurse and in different generations of nurses – reflecting historical and
behavioral differences in the nursing profession. We
also studied the subgroup of nurses who have left the
nursing profession. Finally, since employment in hospitals usually involves shift work, we further focused
on breast cancer and the duration of employment in
hospitals (8).
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Material and methods

Occupational exposure indicators

Study population and data sources

To investigate whether hospital work (which most often
involves shift work) affected the risk of breast cancer,
on the basis of information from the pension fund,����
we
calculated the cumulated duration of hospital work into
the following six groups: <1 year, 1–4 years, 5–9 years,
10–14 years, 15–24 years, and >25 years.
Until the early 1970s, all women who were admitted
to Danish nursing schools were obliged to sign a statement of physical and psychological health (13). Nurses
who were accredited before 1970 may therefore have
a different risk behavior (eg, related to alcohol consumption, tobacco smoking, reproduction) than nurses
accredited thereafter. In order to investigate differences
in cancer risk among different generations of nurses, we
categorized them by date of accreditation: prior to 1970,
1971–1981, and after 1981. We also analyzed data on
nurses who had resigned prematurely from the Danish
Nurses’ Association and been employed within a year,
as documented by a subsequent registration in the pension fund, in another profession unrelated to nursing
(N=6948).
Person-years at risk were accumulated for each individual from April 1980 (or at a later date of accreditation) until the date of diagnosis of all forms of cancers,
death, disappearance, emigration, or end of follow-up
on 31 December 2003 (whichever came first). When the
date of accreditation was missing (1.3%), it was considered to be the date of birth plus 24 years, as this was the
mean age of accreditation for the whole group.
We calculated standardized incidence ratios (SIR) as
the ratio of the observed number of cancer cases to the
expected number: (person-years at risk during the followup period in each 5-year age and calendar year group)
×� (corresponding
�����������������������������������������������������
incidence rates in the general Danish
female population). We calculated 95% confidence intervals (95% CI) for the SIR intervals under the assumption
that the observed number of cases followed a Poisson
distribution (14). Finally, in order to make internal comparisons and adjust for potential confounders, we used a
multiplicative Poisson regression model to estimate relative risks of breast cancer in the sub-cohort (1 150 690
person-years) of nurses born in 1935 and thereafter.
Person-years was summarized in a multidimensional
table defined by categories of attained age (12 categories: <35 years, 35–39 years, 40–44 years, 45–49 years,
50–54 years, 55–59 years, 60–64 years, 65–69 years,
70–74 years, 75–79 years, 80–84 years, ≥85 years), and
calendar time (5 categories: 1980–1984, 1985–1989,
1990–1994, 1995–1999, 2000–2003). We included the
following in the models as potentional confounders:
(i) age at birth of first child (4 categories: <20 years, 20–
24 years, 25–29 years, ≥30 years), (ii) number of children
(5 categories: 0, 1, 2, 3, ≥4), (iii) place of birth (Copen-

This study is based on computerized records for 92 140
women with a Danish nursing accreditation who were
members of the Danish Nurses’ Association when records
became computerized in April 1980, and new members
thereafter until the end of 2001. The Association covers about 95% of Danish nurses. From these data, we
extracted the names, unique 10-digit Central Population
Register number, date of accreditation, and, where relevant, date of resignation from the Association.
This information was linked to the files of three other
registers using the Central Population Register number
as the key identifier. The Register contains information
on place of birth, marital and vital status (date of death,
emigration, or disappearance) from 1968 for all Danish
residents in addition to the date of birth of all children
born in 1935 and thereafter (83.1% of the nurses). Of the
92 140 female nurses identified, 9131 (9.9%) had died,
11 (0.01%) had disappeared, and 2825 (3.1%) had emigrated during the follow-up period from 1980–2003.
The history of employment for each nurse was
reconstructed from the nationwide pension fund (Arbejdsmarkedets Tillægspension), membership of which
has been compulsory for all Danish wage earners aged
18–66 years since 1964. The fund holds information at
the corporate level for each employment held, including start and end dates, company name and a unique
8-digit corporate number. Each company has further
been classified according to a 5-digit extension of the
International Standard Industrial Classification (11).
The information is maintained after retirement or death
of the individual in question. No information was available for 1318 nurses (1.4%) who were self-employed or
permanently out of the workforce, leaving employment
histories for 90 822 nurses.
All cancer cases reported between April 1980 and
December 2003 were identified by linkage to the nationwide Danish Cancer Registry, which contains information on the diagnosis – classified by an extended Danish
version of the 7th revision of the International Classification of Diseases (ICD 7) – and dates of all cancer
cases in Denmark between 1943 and 2003; the registry
is considered to be almost complete (12).
In order to compare the nurses with other women in
the workforce with regard to social variables (eg, number of children, age at birth of first child, and marital
status), we extracted a random sample of 91 878 women
from the general Danish population in the Central Population Register. All the women in the comparison group
were employees (information obtained from the pension
fund) and were frequency matched to the nurses by year
of birth.
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hagen, Århus and Odense, provincial towns, remaining
country, born abroad), and (iv) marital status (4 cate
gories: married, unmarried, divorced, widow).

Results
Table 1 shows the social variables of Danish nurses and
those of other employed Danish women in the general
population of the same age. The nurses had an average
of 1.86 children, compared to an average of 1.73 in the
general female population, and the proportion of nulliparous women was lower among nurses than in the
comparison group. The average age at birth of the first
child was 27.1 and 25.4 years for the nurses and general
female samples, respectively.
We identified 8410 primary cancers in the cohort,
representing 1.48 million person-years, and two or more
primary cancers in 361 nurses. The overall SIR for all

Table 1. Social characteristics in 2003 of 91 878 female Danish registered nurses born 1900–1981 and a random sample
of 91 878 female Danish employees with the same birth year
distribution.
Characteristic

Female nurses
(N=91 878)
N

%

Female employees
(N=91 878)
N

%

Vital status				
Alive
Dead
Disappeared
Emigrated

80 173
8 870
11
2 824

87.3
9.6
0.01
3.1

78 030
10 802
68
2 978

84.9
11.8
0.1
3.2

Marital status (before death)				
Married
Not married
Divorced
Widowed

56 804
17 899
9 231
7 944

61.8
19.4
10.1
8.7

51 088
18 774
11 889
10 127

55.6
20.5
12.9
11.0

Children a				
None
1
2
3
≥4

11 710
11 749
32 759
16307
3 825

Total fertility rate

15.3
15.4
42.9
21.4
5.0

14 583
13 507
31 315
12920
4 025

1.86 b		

1.73 c

19.1
17.7
41.0
16.9
5.3

Age at birth of first child d
<20 years
20–24 years
25–29 years
≥30 years

1 820
21 381
30 253
11 186

2.8
33.1
46.8
17.3

8 917
24 633
19 829
8 387

14.4
39.9
32.1
13.6

Women born ≥1935 (83.1%).
b Based on 142 187 children and 76 350 nurses.
c Based on 132 294 children and 76 350 women.
d Mean age for Danish female nurses was 27.1 years and 25.4 years for
female employees.
a
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cancers was 1.0 (95% CI 0.98–1.0) (table 2). Significantly increased SIR were observed for breast cancer
(SIR 1.1, 95% CI 1.1–1.2), skin melanoma (SIR 1.2,
95% CI 1.1–1.3), other skin cancer (SIR 1.2, 95% CI
1.1–1.2), and cancers of the brain and nervous system
(SIR 1.2, 95% CI 1.1–1.3). Significantly decreased SIR
were seen for a number of alcohol-related cancers (of
the buccal cavity, pharynx, esophagus, colon, rectum,
liver, and larynx), with an overall SIR of 0.9 (95% CI
0.9–0.97) (data not shown). When we included breast
cancer in the analysis of alcohol-related cancers, the SIR
was increased to 1.1 (95% CI 1.0–1.1). We also observed
significantly decreased SIR for tobacco-related cancers
(of the lung, buccal cavity, pharynx, larynx, esophagus,
pancreas, urinary bladder, kidney, nasal cavities, stomach, liver, uterine cervix, and myeloid leukemia), with

Table 2. Observed and expected numbers of selected cancers
among 92 140 female Danish nurses, 1980–2003. (SIR = standard
incidence ratio; 95% CI = 95% confidence interval; ICD 7 = International Classification of Diseases, 7th revision;)
Type of cancer

Observed Expected SIR

All malignant neoplasms
(ICD 7: 140–205)
8410
Buccal cavity and pharynx
(ICD 7: 140–148)
95
Digestive organs and peritoneum
(ICD 7: 150–159)
1164
Colon (ICD 7: 153)
537
Esophagus (ICD 7: 150)
27
Stomach (ICD 7: 151)
86
Liver (ICD 7: 155)
21
Rectum (ICD 7: 154)
211
Respiratory system
(ICD 7: 160–164)
500
Larynx (ICD 7: 161)
13
Lung primary; tracheae
(ICD 7: 162.0.1)
458
Breast (ICD 7: 170)
432
Cervix uteri (ICD 7: 171)
222
Corpus uteri (ICD 7: 172)
359
Ovary (ICD 7: 175)
378
Urinary system (ICD 7: 180–181)
286
Kidney (ICD 7: 180)
117
Bladder including papilloma
(ICD 7: 181)
169
Melanoma of skin (ICD 7: 190)
395
Other skin (ICD 7: 191)
1488
Eye (ICD 7: 192)
20
Brain and nervous system
(ICD 7: 193)
320
Thyroid (ICD 7: 194)
76
Lymphatic and hematopoietic tissue
(ICD 7: 200–205)
417
Hodgkin’s disease (ICD 7: 201)
40
Leukemia (ICD 7: 204)
128
Other and unspecified sites
(ICD 7: 199)
64

95% CI

420.32

1.0

0.98–1.0

102.39

0.9

0.8–1.1

1289.38 0.9
544.73 0.99
41.33 0.7
108.25 0.8
43.62 0.5
233.52 0.9

0.9–0.96
1.1
0.4–0.95
0.6–0.98
0.3–0.7
0.8–1.03

770.46
27.68

0.7
0.5

0.6–0.7
0.3–0.8

718.49
2131.77
374.48
352.79
361.92
339.06
144.11

0.6
1.1
0.6
1.0
1.0
0.8
0.8

0.6–0.7
1.1–1.2
0.5–0.7
0.9–1.1
0.9–1.2
0.8–0.95
0.7–0.97

194.95
325.73
1292.15
18.95

0.9
1.2
1.2
1.2

0.7–1.01
1.1–1.3
1.1–1.2
0.7.1.8

272.60
60.20

1.2
1.3

1.1–1.3
0.99–1.6

411.72
31.10
40.35

1.0
1.3
0.9

0.9–1.1
0.9–1.8
0.8–1.1

101.81

0.6

0.5–0.8
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an overall SIR of 0.7 (95% CI 0.7–0.8). Decreased SIR
for alcohol- and tobacco-related cancer were seen in all
generations of nurses covered (data not shown).
Table 3 shows the SIR for breast cancer, cancers
of the brain and nervous system, thyroid cancer, skin
melanoma, and other skin cancers by date of accreditation, birth cohort, and duration of employment. The SIR
for breast cancer were similarly significantly elevated
across all generations. The relative risk increased by
10–30% with duration of employment; however, the
analyses showed no clear pattern, with the highest risk
among nurses who had worked 5–9 years and the lowest
among those who had worked <5 years.
We observed a 40–70% increase in risk for cancers
of the brain and nervous system for nurses who were
accredited after 1981, born after 1955, and employed
for ≤9 years as a nurse.
For thyroid cancer, considerable internal differences
were observed, with an approximately twofold significant increase in SIR for nurses accredited after 1981 and
born after 1955. Furthermore, the SIR was significantly
increased by about twofold for nurses who had worked
<10 years.
For skin melanoma, we found significant and borderline significant elevated SIR across all generations
of nurses, the highest being that of nurses accredited
after 1971. Furthermore, the SIR was increased in all
birth cohorts, however it was mostly insignificant. A
60% significant increase in risk was seen for the nurses
who had worked for ≤5 years, whereas a 40% increase in

incidence ratio was observed for those who had worked
for 20–29 years. The risk for other skin cancer followed
a similar pattern, with a higher SIR among younger
generations of nurses and those with relatively few years
of employment.
For cancer of the eye, 16 out of 20 cases were malignant melanomas, with an overall insignificant SIR of
1.2 (95% CI 0.7–1.8), a three- to fourfold significant
increase in SIR was observed among nurses who were
accredited in 1981 or later (SIR 3.2, 95% CI 1.3–6.6)
or born in 1955–1964 (SIR 4.2, 95% CI 1.7–8.7) (data
not shown).
In an internal analysis, table 4 shows the risk of
breast cancer by duration of hospital employment – with
and without adjustment for reproductive outcome, marital status, and place of birth. A tendency of increasing
risk of breast cancer was observed for up to about 25
years of hospital work, whereas no increase in risk was
seen for longer durations of employment. Finally, among
former members of the Danish Nurses’ Association, the
SIR for cancer of the respiratory system was 0.4 (95%
CI 0.2–0.8) and 1.8 (95% CI, 1.1–2.8) for cancers of the
brain and nervous system. The SIR for breast cancer was
marginally higher compared to that of current members
of the Association (SIR 1.2, 95% CI 0.97–1.5); former
members differed from current members in showing no
decrease in the SIR for alcohol-related cancers [(SIR
1.2, 95% CI 0.96–1.4) data not shown]. We found a
significant increase in the relative risk for all cancers
combined during the first ten years after leaving the

Table 3. Risks for breast cancer, cancers of the brain and nervous system, thyroid cancer, skin melanoma, and other skin cancers by
time-related factors among 92 140 female Danish nurses, 1980–2003.
Time and job type

Breast

Brain & nervous system

Observed SIR

95% CI Observed SIR 95% CI

Thyroid

Skin melanoma

Observed SIR 95% CI

Observed SIR 95% CI

Skin
Observed SIR 95% CI

Date of accreditation 															
≤1970
1811
1.1 1.1–1.2
198
1.1 0.95–1.2
30
1.1 0.7–1.6 200
1.1 0.95–1.3
1137
1.1 1.1–1.2
1971–1980
367
1.1 1.0–1.2
48
1.1 0.8–1.5
9
0.7 0.3–1.4
84
1.4 1.1–1.7
173
1.1 0.95–1.3
≥1981
254
1.2 1.0–1.3
74
1.5 1.2–1.9
37
1.9 1.3–2.5 111
1.4 1.1–1.6
178
1.4 1.2–1.6
Birth cohort															
≤1919
238 0.98 0.9–1.1
31
1.1 0.7–1.5
6
1.1 0.4–2.3
27
1.0 0.7–1.5
271
1.1
1920–1934
720
1.1 1.1–1.2
85
1.1 0.9–1.4
12
1.2 0.6–2.1
77
1.1 0.9–1.4
441
1.1
1935–1944
706
1.2 1.1–1.3
64
1.1 0.8–1.4
11
1.2 0.6–2.1
80
1.2 0.9–1.5
348
1.2
1945–1954
517
1.1 1.1–1.3
62
1.2 0.9–1.5
6
0.4 0.2–0.95
95
1.3 1.0–1.5
233
1.1
1955–1964
219
1.1 0.96–1.3
56
1.4 1.1–1.9
29
1.8 1.2–2.6
78
1.3 0.99–1.6
156
1.4
≥1965
32
1.2 0.8–1.7
22
1.7 1.0–2.5
12
2.0 1.04–3.5
38
1.5 1.1–2.0
39
1.5
Duration of employment as a nurse (years)
<5
25
0.8 0.5–1.1
5–9
191
1.3 1.1–1.5
10–19
217
1.0 0.9–1.2
20–29
640
1.2 1.1–1.3
≥30
1359
1.1 1.1–1.2

23
47
32
58
160

1.5 0.9–2.2
1.5 1.1–2.0
1.1 0.7–1.5
1.1 0.8–1.4
1.1 0.96–1.3

15
22
7
8
24

2.3
1.7
0.8
0.7
1.2

1.3–3.8
1.1–2.6
0.3–1.6
0.3–1.4
0.8–1.8

44
63
48
97
143

1.6 1.1–2.1
1.3 0.96–1.6
1.0 0.8–1.4
1.4 1.1–1.7
1.1 0.9–1.3

All

320

1.2

76

1.3 0.99–1.6

395

1.2

2432

1.1

1.1–1.2

1.1–1.3

1.1–1.3

25
125
90
249
999
1488

0.99–1.3
0.96–1.2
1.1–1.4
0.96–1.3
1.2–1.6
1.1–2.1

0.98 0.6–1.5
1.5 1.2–1.8
1.0 0.8–1.3
1.1 0.95–1.2
1.2 1.1–1.2
1.2
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nursing profession. In contrast, 10 years after leaving
the profession, the relative risk was at the same level
or lower than among those who continued working as
a nurse. A similar tendency was found for breast cancer
risk (table 5).

Discussion
In this large cohort study of registered nurses, representing almost 1.5 million person-years at risk, we found
increased relative risks for breast cancer, cancers of the
brain and nervous system, skin melanoma, and other
skin cancer. We also found increased risks for cancers
of the thyroid and the eye in the youngest generation
of nurses, who had worked for ≤9 years. We found
decreased relative risks for tobacco- and alcohol-related
cancers, excluding breast cancer.
In accordance with previous studies of registered
nurses (6, 8, 15–19), we found an increased risk for breast
cancer. Although
��������������������������������������������
the mechanisms through which estrogens cause cancer are not fully clear (21), the most
�����������
important, currently recognized risk factors for breast cancer
seem to be related to them (20) [ie, a late first pregnancy,
number of children, being nulliparous and not lactating,
early menarche, late menopause, use of contraceptives
and hormone replacement therapy (HRT) as well as alcohol consumption and obesity in postmenopausal women].
As we do not know whether Danish nurses use HRT
more frequently than other Danish women, it is difficult
to conclude that some of the excess breast cancers were
due to HRT. In a register-based, cross-sectional study in
Denmark on socioeconomic status and the use of postmenopausal HRT, Olesen et al (22) found no substantial
socioeconomic gradient in Denmark. Therefore, there is
no reason to assume that Danish nurses differ noticeably
from other Danish women with the same socioeconomic
status in terms of HRT usage (22).
The increased incidence of breast cancer among
nurses might be due to reproductive factors, such as
parity and age at the time of first full-term pregnancy.
The older age of the nurses, compared to other female
employees when having their first child, might partly
explain the high breast cancer incidence, although the
higher total fertility rate of the nurses speaks against this.
Alcohol consumption is associated with an increased
risk of breast cancer (23). Although we found a SIR of
1.1 (95% CI 1.0–1.1) for all alcohol-related cancers, the
SIR was decreased when breast cancer was excluded
from the analyses, indicating that female Danish nurses
drink less alcohol than other working Danish women. In
view of the conflicting results in relation to reproductive
pattern and hormonal factors (including the pattern for
alcohol-related cancers), it is doubtful that the increased
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relative risk for breast cancer is due solely to these risk
factors. Exposure to light at night, involving disturbance
of the circadian rhythm (eg, by shift work) has been
reported to be related to breast cancer (5, 24). In the
internal Poisson regression analysis of breast cancer risk
where we adjusted for reproduction, the most serious
potential confounder, we observed the highest relative
risk among the subgroup with 5–14 years employment
in hospitals (relative risk 1.7–1.8), whereas nurses with
>25 years employment at hospitals tended to have a
decreased risk. This might be explained by a healthy
worker effect (25), where nurses working long-term in
hospitals may be a selected group who can cope with
shift work, for example. Actually, we found that former
members of the Danish Nurses’ Association who leave
nursing-related jobs and pursue other professions (eg,
because of problems with unavoidable shift work) have
a significantly increased risk of breast cancer the first
10 years after leaving the job. Another explanation for
the reduced risk of breast cancer in long-term employed
nurses might be that they work in hospital departments
with little or no shift work. On the other hand, the present results are in contrast to results from a similar registry-based study of Norwegian nurses, where nurses with
>30 years employment at hospitals, and anticipated to

Table 4. Relative risk of breast cancer for nurses, born in 1935 and
later, by duration of employment in hospitals. (RR = relative risk,
95% CI = 95% confidence interval, Ref = reference)
Duration of Observed Number
employment		
of
		
person
		
years
			
<1 years
1–4 years
5–9 years
10–14 years
15–24 years
≥25 years
a

29
89
210
262
567
264

Age and calendar
time adjusted

27 850
87 967
157 596
211 067
433 078
233 152

RR

Multivariate
adjustment a

95% CI

RR

95% CI

1
Ref
1.4 0.9–2.1
1.7 1.1–2.5
1.6 1.1–2.3
1.2 0.8–1.7
0.7 0.5–0.99

1
1.4
1.8
1.7
1.3
0.7

Ref
0.9–2.1
1.1–2.6
1.1–2.5
0.9–1.9
0.5–1.1

Number of children, age at first child, marital status, and place of birth
(all categorical).

Table 5. Relative risk for all cancers and breast cancer specifically
by time since leaving the nursing profession. (SIR = standardized
incidence ratio, 95% CI = 95% confidence interval)
Time since
leaving
nursing
<5 years
5–9 years
10–14 years
≥15 years

All cancers
Observed SIR
31
98
60
106

Breast cancer
95% CI

2.7 1.8–3.9
1.6 1.3–2.0
0.9 0.7–2.0
0.9 0.7–1.3

Observed SIR
10
24
20
35

2.9
1.4
1.1
1.0

95% CI
1.4–5.3
0.9–2.1
0.7–1.7
0.7–1.4
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have had shift work, had significantly more than double
the relative risk of breast cancer compared to nurses who
did not work at hospitals (26). Given the current evidence for shift work and breast cancer, and since most of
the nurses had worked at night for various periods, this
is likely to explain at least some of the modest increase
in breast cancer incidence found in this study.
The tasks and occupational exposures of nurses vary
widely. In hospitals, nurses may be exposed to numerous
potential hazards, whereas nurses employed in primary
healthcare would be expected to avoid exposure to most
carcinogens found in hospitals. In a case–referent study
nested in a cohort, Gunnarsdottir et al (7) examined
occupational risk factors for breast cancer among Icelandic nurses. After adjusting for year of birth, breast cancer
in first-degree relatives, marital status, and nulliparity,
they found that working in primary healthcare protected
against breast cancer. One limitation of our study is that
the pension fund started registering employees only in
1964. It is, therefore, possible that some of the older
nurses worked in professions with potential exposure to
health hazards prior to 1964. Furthermore, as all student
nurses are trained in hospitals, some may have been
exposed to potential carcinogens during training, which
will result in misclassification of exposure and probably
an attenuation of the risk estimates.
Some studies have indicated an association between
occupational exposure to ionizing radiation and increased
risks for cancers such as breast cancer and leukemia (27,
28), as well as skin cancer (29), although the findings
are not consistent (30, 31). Brain cancer has also been
hypothesized to be associated with occupational exposure to ionizing radiation (32–34). The use of ionizing
radiation for diagnosis and treatments is not restricted
to radiology departments but may also occur in specialist wards, such as cardiology, vascular surgery, general
surgery, gastroenterology, urology, and traumatology
(35, 36). In-ward use of ionizing radiation usually
requires that medical personnel stand next to the patient.
It is standard practice that the staff wear lead aprons
for protection, but the high dose rates and the heavy
workload can result in exposure of unshielded persons
or unprotected parts of the body such as the extremities,
the head, and the eyes (35).
Unlike some other studies of nurses (6, 8, 18), ours
showed significantly elevated risks for cancers of the
thyroid, brain and nervous system, and the eye among
nurses born after 1955 and accredited after 1981. These
sites, especially the glandular thyroid, are very sensitive
to radiation (37, 38). A large cohort study of work-related
cancer in the Nordic countries showed elevated risks for
brain and thyroid cancers among registered nurses in
Denmark, Finland, and Norway, with a decreased risk
for thyroid cancer and an increased risk for brain cancer
in Sweden (15). It has been estimated that about 10%

of registered nurses are potentially exposed to ionizing
radiation in their work (36). Thus, some of the nurses
in this study, especially those working in hospital wards
where in-ward ionizing radiation is often used in diagnosis or treatment, may have been exposed. Further studies
are needed on the risks for brain, eye, and thyroid cancer
in relation to the type of ward and sector, especially
among hospitals nurses. Although several studies have
found increased risks for leukemia among nurses (39),
none were observed in this study.
We found increased risks for skin melanoma and
other skin cancers which have also been reported as
being related to occupational exposure to ionizing radiation (29). Further, 16 of 20 eye cancers were melanomas,
which may suggest the same risk factors as the skin
melanomas. Although cancer of the skin is caused predominantly by exposure to the sun, occupational exposure to antineoplastic drugs has also been reported to be
associated with skin cancer (3). A study of Norwegian
nurses found a trend for an increasing incidence of skin
melanoma with time since first employment (8). Unlike
most known occupational risk factors, with the exception of ionizing radiation, exposure to sunlight can cause
both skin melanoma and other skin cancers. When the
incidence of both cancers is elevated, it is therefore not
possible to distinguish between the potential contributions from ionizing radiation and a greater exposure to
sunlight among nurses compared to the general female
population.
The strengths of this study were its nationwide
approach – covering virtually all female nurses in Denmark – and the fact that we were able to reconstruct the
history and duration of employment back to 1964 for
almost all the nurses. One crucial limitation, however,
was that we did not have information on a number of
potential confounders, such as smoking, alcohol use,
physical activity, menopausal status, or use of HRT.
Nevertheless, nurses in Denmark are expected to have
good morale and health so that they act as role models
for the general public in terms of smoking, drinking,
eating, exercise, and sexual habits (13). Additionally,
Friis et al (40) found that Danish nurses were more than
twice as physically active and reported higher intake
of fruit than the general female population. Our study
reflected this behavior, showing a low incidence of alcohol-related cancers when breast cancer was excluded
from the analysis and a considerably lower incidence
of tobacco-related cancers. Decreased risks for tobaccoand alcohol-related cancers have also been seen in other
studies of nurses in the Nordic countries (6, 8, 15, 18,
39). It is, therefore, likely that Danish nurses drink
alcohol and smoke less than other Danish women and
that many of the cancers cases found in this study are
not associated with known alcohol- and tobacco-related
risk factors.
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The increased risks of cancers might also be due to
nurses having an earlier diagnosis than non-nurses. Friis
et al (40) found that Danish nurses were in contact with
a practicing specialist or outpatient clinic almost twice
as often and were admitted to hospital over four times
as often as the general female population. Enhanced
contact with established healthcare facilities probably
reflects the better understanding of nurses about illness, diagnosis, and treatment and their easier access to
healthcare facilities and physicians; however, the effect
would be a lead-time bias and would not reflect real
differences in risk.
Concluding remarks
The overall risk for cancer of female Danish nurses is
similar to that of the general Danish female population.
The considerably lower risks for tobacco- and alcoholrelated cancers of all generations of nurses are probably due to their healthier past and current lifestyles.
The increased risk found for breast cancer has been
reported in other studies of nurses; however, we found
no clear association between breast cancer risk and
duration of employment. The elevated risks for cancers
of the breast, thyroid, brain and nervous system, and
eye – especially among younger generations of nurses
– needs further investigation, with detailed information
on the type of work done and occupational exposure to
ionizing radiation.
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