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ABSTRACT In 1980 a prospective exposed/non-exposed cohort study was initiated in France by the
Institut National de la Sante et de la Recherche Medicale (INSERM U 287) to evaluate the associ-
ation between mortality and cancer morbidity and occupational exposure to vinyl chloride mono-
mer (VCM). Eleven hundred VCM exposed subjects and 1100 VCM non-exposed controls matched
for age (± 2 years), plant, and physician were included and followed up over a five year period for
vital, health, and occupational status. The percentages of deaths observed among the exposed
(1-8%) and non-exposed subjects (1-6%) did not differ. Eighteen (1-6%) and 15 (1.4%) cases of
cancer were reported among exposed and non-exposed subjects, respectively (NS). One case of
angiosarcoma of the liver occurred among the exposed group; six cases of lung cancer occurred
among exposed subjects and two among non-exposed subjects (NS). The percentage of diseases of
the circulatory system was higher (p < 0 02) in the exposed group than in the non-exposed group:
this difference was explained mainly by the high incidence of Raynaud's disease (p < 0 006). The
percentages of diseases of the respiratory system did not differ between the two groups.

Several epidemiological studies of subjects
occupationally exposed to vinyl chloride monomer
(VCM) have been conducted.'-19 Although these
studies differ in size and design, and cover different
periods, they all conclude that the risk of some
diseases, angiosarcoma of the liver (ASL) and
acrosteolysis, for example, is increased by exposure to
VCM. In 1980 a prospective exposed/non-exposed
cohort study was initiated by the Institut National de
la Sante et de la Recherche Medicale (INSERM U
287) in France. The main purpose of this study was to
evaluate the association between mortality and mor-
bidity (especially from malignant tumours) and
occupational exposure to VCM.

Materials and methods

The present study included most of the French VCM
polymerisation plants. The exposed group consisted
of 40-55 year old employees, either presently exposed
or having been exposed to VCM. Foreigners were
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included if they had been living in France with their
family for at least five years. Controls were employees
never exposed to VCM. Each control was matched to
one exposed subject for age (±2 years), plant, and
physician. Interviews for initial data collection were
conducted by each plant physician over a year. Data
collected included identification, employment history
(the entire work history was coded), occupational cat-
egory, and amount of exposure to VCM (defined for
polymerisation functions as low since 1976, moderate
between 1970 and 1976, and high before 1970), and
medical history in addition to smoking and drinking
habits. Each year until December 1985 the subjects
were followed up for vital, health, and occupational
status. Causes of death and specific abnormalities
were coded according to the International
Classification of Diseases (ICD, 9th revision). Sub-
jects who had terminated their employment (resigned,
transferred, or retired) were followed up by each phy-
sician by post.
The data were analysed using the PIGAS system.20

Control for confounding factors, such as cigarette
smoking, alcohol consumption, and socioeconomic
status, was performed using the Mantel-Haenszel
procedure.2'
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Table 1 Distribution ofsubjects by plant

No ofsubjects (%)

Tavaux (Solvay) 886(40)
Saint-Fons (Atochem) 656(30)
Roussillon (Rhone-Poulenc) 170(8)
Aubervilliers (Rhone-Poulenc) 124(6)
Lavera (Atochem) 110(5)
Saint-Auban (Atochem) 84(4)
Bully-les-Mines (CDF Chimie) 70(3)
Ribecourt (Rhone-Poulenc) 30(1)
Port-de-Bouc (Atochem) 22(1)
Commentry (AEC Rhone-Poulenc) 18(1)
Montluel (Atochem) 18(1)
Antony (Rhone-Poulenc) 12(1)

Total 2200

Results

From June 1980 to May 1981, 2200 employees were
included: 1100 exposed and 1100 controls in 12 plants
(table 1). Two plants recorded over 70% of the entire
cohort.

DESCRIPTION OF THE CHARACTERISTICS OF THE
COHORT
Most initial characteristics, smoking, and drinking
habits did not differ among exposed and non-exposed
subjects (table 2).
A socioeconomic characteristic was defined.

Laplanche, Clavel, Contassot, Lanouziere

Employees whose occupational activity was coded as
worker for more than 75% of their entire work
history were considered as blue collar workers; the
remainder were classified as white collar workers.
These percentages did not differ between the two
groups.

DESCRIPTION OF EXPOSURE TO VCM
At the time of the interview, only 36% of the exposed
group was exposed to VCM, the rest having been
exposed in the past. They represented the following
occupations: CV synthesis (17%), polymerisation
(54%), copolymerisation (7%), and compoundage
and pharmacy (22%). The mean (± SD) total
duration of exposure to VCM was 14 years (± 8) and
the mean time between the first exposure and inter-
view was 18 years (± 8). The amount ofexposure hav-
ing been coded as low, moderate, or high, there were
seven different combinations of exposure level during
the entire work history of exposed employees. Table 3
shows the distribution of exposed subjects according
to these combinations, the mean exposure duration at
each level, and the time between the first exposure and
the interview.

FOLLOW UP OF THE COHORT
The follow up of the two groups was similar. By 1985,
15% of the subjects initially included had retired, 2%
had resigned or been transferred, and 4% were on
sick leave. The percentage of subjects lost to follow up

Table 2 Initial characteristics ofexposed and control groups

Exposed Controls
(n = 1100) (n = 1100) p

Age (mean + SD, years) 47 + 4 48 + 4 NS
Foreigners 14% 14%° NS
Urban residence* 46% 45% NS
Smoking habits:

Non-smokers 27% 24%
Smokers 42% 46% NS
Ex-smokers 31% 30%

Duration since stopping smoking (mean ± SD, years) 8 + 7 8 + 7 NS
Daily consumption (mean + SD):

Cigarettes 16 + 8 16 + 9 NS
Pipes 5 + 5 5 + 6 NS
Cigars 4 + 4 4 + 4 NS

Duration smoking (mean + SD, years):
Cigarettes 23 + 8 24 + 8 NS
Pipes 16+ 10 18 + 11 NS
Cigars 8 + 8 9 + 9 NS

Inhalation 62% 64% NS
Drinking habits:
Non drinkerst 13% 12% NS
Weekly consumption (mean + SD)$ 32 + 23 31 + 20 NS
Clinical signs of alcoholism 15% 11% 0-003

Socioeconomic status:
Blue collar workers§ 75% 72% NS

*City of 15 000 inhabitants or more.
tSubjects not drinking wine, beer, fortified wines, or hard liquors.
:Sum of glasses of wine, beer, fortified wines, and hard liquors.
§Workers for more than 75% of their entire work history.
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Table 3 Distribution ofexposed subjects according to levels ofexposure to VCM

Duration ofexposure* Time between
Level* % mean + SD (years) 1st exposure and interview mean + (years)

1 37 D = DI = 11 +7 14+8
2 13 D = D2 = 9+ 8 17 + 7
3 8 D = D3 = 9 + 7 18 + 8
1 +2 14 D= 16+7

DI = 8 + 5 19 + 6
D2 = 8 + 6

1 + 3 10 D =18 + 8
D= 10 + 7 22 + 7
D3 = 8 + 6

2 + 3 3 D = 20+9
D2=11+7 24+7
D3 = 9+6

1 + 2 + 3 16 D = 21 +4
DI = 7+3 22 + 5
D2 = 7 + 4
D3 = 6 + 5

* I = Low; 2 = moderate; 3 = high.
tD = Total exposure duration; Dl = level I exposure duration; D2 = level 2 exposure duration; D3 = level 3 exposure duration.

during the five years-that is, whose vital and health
status was unknown-was 3%. These percentages did
not differ between exposed and non-exposed groups

(table 4).

MORTALITY OF THE COHORT
During the five year follow up period, 20 (18%)
exposed and 17 (1-6%) non-exposed subjects died.
These percentages did not differ significantly. Table 5
shows the causes of death.

MORBIDITY OF THE COHORT
During the five year follow up period, 18 (1 6%) and
15 (1 4%) cases of cancer were reported among
exposed and non-exposed subjects, respectively.
These percentages did not differ significantly. The dis-
tribution of cancer sites is presented in table 6. One
case of angiosarcoma of the liver occurred among the
exposed group. Eight cases of lung cancer were
reported, six among the exposed subjects (0-5%) and
only two among the non-exposed subjects (0 2%); the
percentages of lung cancer did not differ between the
two groups. The percentage of diseases of the circu-
latory system (ICD: 390-459) was higher (p < 0 02)
among the exposed group (10%) than among the
control group (7%) (table 7). Six categories were
considered: hypertension, coronary insufficiency,
cerebrovascular disease, arteriosclerosis of the limbs,

Raynaud's disease, and other vascular diseases.The
only association found concerned Raynaud's disease,
and other vascular diseases. The only association
found concerned Raynaud's disease (p < 0-007).
The percentage of diseases of the respiratory

system (ICD: 460-519) did not differ between the two
groups and no case of pulmonary fibrosis was

recorded. These results were not materially altered by
adjustment for tobacco smoking, alcohol status, and
socioeconomic category.

Discussion

Subjects were included in the study if they were under
55 in order to allow a five year minimal follow up
without too many withdrawals, as retirement usually
takes place around age 55-60. Moreover, the subjects
had to be over 40 for two reasons: firstly, to include
only subjects who had been exposed to VCM for a
sufficiently long time when levels of exposure were
appreciably higher than at present and, secondly,
because the incidence of malignant disease increases
with age.

Considering the percentage of retired, resigned, or
transferred subjects, the percentage of subjects lost to
follow up (3%) is low. This results from each physi-
cian's personal acquaintance with the employees
under his care. In this type of occupational study the

Table 4 Distribution ofsubjects according tofollow up status

Lost tofollow up Resigned or transferred On sick leave Retired

Exposed (I 100) 24(2%) 27(3%) 44(4%) 155(14%)
Controls (1100) 39(4%) 25(2%) 33(3%) 163(15%)
p NS NS NS NS
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Table 5 Causes ofdeath observed during five yearfollow up
period*

Exposed (1100) Controls (1100)

All causes: 20 17
Cancer 9 11
Circulatory system 5 3
Cirrhosis 0 2
Trauma 3 1
Others 3 0

*No differences were statistically significant.

exposed group is exposed not only to VCM but also
to various other agents with possible pathological
effects. To control for these different exposures, the
control group included workers whose exposure was
similar to that of the exposed subjects, except for
VCM. Exposed and non-exposed subjects were not
matched by socioeconomic characteristics but the
percentage of blue collar workers did not differ
between the two groups; moreover an adjustment for
this factor was made.
The mean time between the first exposure to VCM

and the interview was 18 years. This is important,
because a long gap is necessary between exposure and
the onset of disease, especially in the case of cancer,
which may take eight to ten years to develop.
Most surveys have shown a significant reduction in

the mortality of VCM workers as compared with
mortality in the general population; this is called the
"healthy worker effect." 7 11 14 15 This study, how-
ever, as well as other epidemiological studies com-
paring exposed and non-exposed workers,4 5 8 found
no difference in mortality between the two groups.
Most studies clearly conclude that the target organs

for VCM include the liver, the brain, the lung, and
probably the lymphohaematopoietic system, the buc-
cal cavity, and the skin (malignant melanoma). Our
results are not consistent with those previously
reported. In our study no significant association
between cancer morbidity and exposure to VCM was
observed, and tumours at the following sites were

Table 6 Causes ofcancer observed duringfive yearfollow
up period* (ICD: No 140-209)

Exposed (1100) Controls (1100)

All cancers: 18 15
Lung 6 2
Digestive organs 5 6
Skin I I
Buccal cavity-pharynx 1 3
Angiosarcoma of liver 1 0
Pancreas 0 1
Lymphohaematopoietic 1 0
Bone 1 0
Kidney 1 0
Unknown 1 2

*No differences were statistically signfiicant.
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Table 7 Percentages ofcirculatory and non-neoplastic
respiratory diseases observed duringfive yearfollow up
period

Exposed Controls
(1100) (1100) p

Respiratory system (460-519) 3% 2% NS
Circulatory system (390-459): 10% 7% 0-02

Hypertension (401-405) 4% 3% NS
Coronary insufficiency

(410-414) 2% 2% NS
Cerebral vascular disease

(430-438) 1% 0% NS
Arteriosclerosis of limbs

(4476, 4479, 4402) 1% 1% NS
Raynaud's disease (4430) 1% 0% 0 007
Other circulatory disorders 2% 2% NS

recorded: angiosarcoma of the liver (one exposed),
skin (one exposed, one control, both epitheliomas),
buccal cavity (one exposed, three controls), lympho-
haematopoietic system (one exposed), and lung (six
exposed, two controls). Although the number of cases
of lung cancer was three times greater in the exposed
than in the non-exposed group, the difference was not
significant.

In our study a higher percentage of diseases of the
circulatory system was observed among the exposed
group compared with the controls. This result is
consistent with others. 1 4 71 The difference was
explained mainly by the high incidence of Raynaud's
disease but also by the addition of small differences
observed in most of the vascular categories consid-
ered, whose physiopathology may be the same as for
Raynaud's disease. A possible relation between
exposure to VCM and the occurrence of hypertension
or coronary insufficiency has been reported.'2 18

Although suggested by some authors,3 16 we found
no association between exposure to VCM and respi-
ratory disease.
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