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Objectives Previous studies have shown an excess risk of primary liver cancer among women working in
laundries and dry-cleaning shops in Denmark at the time of the census in 1970. During the period 1970-1987,
14 cases of primary liver cancer were observed (standardized mortality ratio 2.7,95% confidence interval 1.54.5). A nested case-referent study was undertaken in order to classify laundry workers and dry-cleaning workers
separately. According to hints in the literature, renal-cell carcinomas were also included in this analysis.
Methods Original census forms from 1970 were retrieved from the Danish National Record Office for the
17 cases with primary liver cancer and the 16 cases with renal-cell carcinoma and five matched referents per
case.
Results All of the 17 patients with primary liver cancer worked in laundries in 1970, whereas only 74% of the
referents worked in laundries. Neither was the risk of renal-cell carcinoma associated with dry-cleaning work
(relative risk 0.7, 95% CI 0.2-2.6).
C O ~ C ~ U S ~The
O ~ excess
S
risk of primary liver cancer observed for women working in laundries and drycleaning shops in Denmark is not likely to be explained by exposure to dry-cleaning solvents. Excessive alcohol
consumption is not a likely explanation either, and the excess risk therefore remains unexplained.
Key terms cancer incidence, control study, nested case, occupational health.

Altogether 10 600 laundry and dry-cleaning workers
were recorded in the 1970 census in Denmark. A followup study of their cancer incidence from 1970 through
1980 showed an excess risk of primary liver cancer
among the female workers (1). An excess risk was also
observed in an update of the cohort study from 1981
through 1987 (2). All told, there were 14 observed cases
of primary liver cancer among women, giving a standardized incidence ratio (SIR) of 2.7 [95% confidence
interval (95% CI) 1 . 5 4 . 5 1 . There were three observed
cases of primary liver cancer in men, giving an SIR of
1.2 (95% CI 0.3-3.5).
For the interpretation of the data it was, however, an
obstacle that the codes for occupation and industry used
in the 1970 census did not allow a distinction between
laundries on one hand and dry-cleaning shops on the
other. We therefore undertook a nested case-referent
study in the cohort to reclassify the laundry and drycleaning workers into two separate groups. According to
hints in the literature on a possible association with exposure to dry-cleaning solvents ( 3 4 ) , cases of renalcell carcinoma were also included in this analysis.
1
2
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Material and methods

The cohort comprised 10 600 persons classified as working in "laundries, cleaning and dyeing" at the time of the
1970 census. These persons were either self-employed
persons, family workers, laundry workers, or factory
hands. They were followed for death, emigration, and
incident cancer cases from the census date of 9 November 1970 through 8 November 1987. Altogether 17 cases
(14 women and 3 men) of primary liver cancer and 16
cases (9 women and 7 men) of renal-cell carcinoma were
observed during the follow-up period.
The referents were randomly selected from the cohort of 10 600 persons classified as working in "laundries, cleaning and dyeing" at the time of the 1970 census. Five referents were selected for each case. The referents were matched with the case as to gender, 5-year age
groups at the time of the census, and occupation (selfemployed person, family worker, laundry worker, or factory hand), and they were alive and living in Denmark on
the date of diagnosis of the case. The personal identification numbers encrypted in the linked register were trans-
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fornled back to the real ilumbers, and the addresses and
census form numbers of each person were retrieved froin
the data files.
The original census forms for the 198 persons
(17 t 16 cases and 85 + 80 referents) were traced in the
Danish National Record Office, where they are stored
according to the address at the time of the census. In the
1970 census, the respondents were asked to give a fairly
detailed description of their occupation and workplace.
With the use of this free text, it was possible to code
laundry workers and dry-cleaning worlters separately.
The relative risk (RR) for each of the diseases among
the dry-cleaning worlters was calculated from the
nlatched sets of cases and referents using conditional
logistic regression (5).

Results
All of the 17 patients with primary liver cancer worked
in laundries in 1970. Among the referents, 63 (74%)
worked in laundries and 20 (24%) in dry-cleaning shops,
and the census forms could not be traced for two (table 1).
Thirteen of the 16 patients with renal-cell carcinoma
worked in laundries in 1970, and three worked in drycleaning shops. Among the referents, 59 (84%) worked
in laundries and 20 (29%) in dry-cleaning shops, and the
census form could not be traced for one.

Table 1. Incident cases of primary liver cancer and renal-cell
carcinoma in 1970-1 987 and matched referents among laundry and dry-cleaning workers in Denmark in 1970 by specific
occupation.
Drycleaning

Laundry Unknown

Total

Primary liver cancer
Men
Cases
Referents
Women
Cases
Referents
Total
Cases
Referents
Renal-cell carcinoma
Men
Cases
Referents
Women
Cases
Referents
Total
Cases
Referents
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The RR for renal-cell carcinoma among the drycleaning workers was 0.7 (95% CI 0.2- 2.6) for the
men and women together.
Discussion
The Danish cohort study of laundry and dry-cleaning
workers was initiated after two case-referent studies from
Finland indicated an excess risk of primary liver cancer
for women exposed to chlorinated solvents (6-7).
A fairly large number of women worked in laundries and dry-cleaning shops in Denmark in 1970, and
tetrachloroethylene had been the predominant dry-cleaning solvent since the late 1950s (1). The excess risk of
primary liver cancer observed in this cohort during two
consecutive periods was hypothesized to be related to
exposure to tetrachloroethylene.
However, the fact that the present nested case-referent study shows that none of the cases of primary liver
cancer occurred in the dry-cleaning workers indicates
that the excess risk of primary liver cancer observed in
the total group of laundry and dry-cleaning workers is
not likely to be caused by exposure to dry-cleaning solvents. However, it should be taken into account that only
17 cases of primary liver cancer were included in the
present study and that the exposure classification was
based only on the workplace descriptions given on the
census forms.
These detailed Danish data are, however, in agreement with the outcome of other epidemiologic studies of
dry-cleaning workers, for whom no excess risk of primary liver cancer was found (8-12).
The data do not support the observation of an excess
risk of renal-cell carcinoma among dry-cleaning workers,
which has been seen in some ( 3 4 ) , but not all (13),
previous studies. In addition, it should be kept in mind
that the present study includes only 16 cases of renal-cell
carcinoma and exposure information from census forms.
The excess risk of primary liver cancer among women, which is now known to be concentrated among laundry worlcers, remains a puzzle. The risk for laundry workers alone will be somewhat higher than the SIR value of
2.7 (95% CI 1 . 5 4 . 5 ) found for the total group of laundry and dry-cleaning workers. It is highly unlikely that
this excess was due to excessive alcohol drinking. A
survey of alcohol consumption in Denmark in 1972
showed the use among female unskilled workers to be
low in general, and only 2% of members from the union
of laundry workers reported a daily consumption of beer,
wine or liquor (14-15). The excess risk of liver cancer
was also higher among the laundry workers than among
women working in restaurants, bars and hotels at the
time of the 1970 census (observed 8, SIR 1.4, 95% CI
0.6-2.9). Further elucidation of the risk of pri~naryliver
cancer for the Danish laundry workers will thus require a

thorough investigation of the work exposures in laundries over time.
In conclusion, this nested case-referent study, based
on the original census forms, showed that the excess risk
of primary liver cancer seen among female laundry and
dry-cleaning workers in Denmark is concentrated to laundry workers. Exposure to dry-cleaning solvents is therefore not a likely explanation for the excess risk. Excessive alcohol consumption is not a likely explanation
either. The excess risk observed in two consecutive periods thus remains unexplained.
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