
134

^, -it2" ' t

British Journal of Industrial Medicine 1992;49:134-137

Exposure to vinyl chloride monomer: results of a 
cohort study after a seven year follow up

Agnes Laplanche, Fran^oise Clavel-Chapelon, Jean-Claude Contassot, Claudine Lanouziere, 
and the French VCM group (see end)

Abstract
In 1980 a prospective cohort study of exposed 
and non-exposed subjects was Initiated in 
France by the Institut National de la Santi et de 
la Recherche Mtdicale (INSERM U287) in 
collaboration with occupational physicians 
from the companies involved. The aim was to 
evaluate the association between mortality and 
cancer morbidity and occupational exposure 
to vinyl chloride monomer (VCM). A total of 
1100 subjects exposed to VCM and 1100 non- 
exposed controls matched for age (to two 
years), plant, and physician were followed up 
for seven years (8299 and 8202 person years for 
exposed subjects and controls respectively) for 
vital status and health and occupational state. 
Forty deaths occurred among exposed and 43 
among non-exposed subjects (relative risk 
(RR) = 1-0; 95% confidence interval (95% Cl) 
0'6-i*5). Forty eight and 32 cases of cancer were 
reported among exposed and non-exposed 
subjects, respectively (RR = 1*3; 95% Cl 0*8- 
2'1). Three cases of angiosarcoma of the liver 
occurred in the exposed group. Eight cases of 
lung cancer occurred among exposed subjects 
and six among non-exposed subjects. Fourteen 
cases of Raynaud’s disease were found among 
exposed and one among non-exposed subjects 
and the difference was significant. One hundred 
and twenty three and 93 cases of cardio­
vascular disease (Raynaud’s disease excluded) 
occurred in the exposed and non-exposed
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groups respectively (RR * 1-4; 95% Cl 1 *0-1*8); 
this difference was mainly due to hypertension. 
The test for an increasing risk with increased 
exposure was significant. The percentages of 
diseases of the respiratory system did not differ 
between the two groups (RR = 1-1; 95% Cl 
0*7-1 *8).

In 1980, a prospective cohort study of workers 
exposed to vinyl chloride monomer (VCM) and non- 
exposed workers was initiated by the Institut 
National de la Sante et de la Recherche Medicale 
(INSERM U 287) in collaboration with occupational 
physicians from the different companies involved in 
France. The main purpose of this study was to 
evaluate the association between mortality and mor­
bidity (especially malignant tumours) and 
occupational exposure to VCM. This paper presents 
the health characteristics of the cohort after a seven 
year follow up.

Materials and methods
The design of the study has been described 
previously.' Briefly, the exposed group consisted of 
40 to 55 year old employees exposed to VCM,at the 
time of inclusion in 1980-1 or prevrouslyTControls 
were employees who had never been exposed to 
VCM. Each control was matched to one exposed 
subject for age (to two years), plant, and physician. 
Interviews for initial data collection were conducted 
by the physician of each plant over a one year period. 
Data collected comprised the following information: 
identification, employment history (the entire work 
history was coded), occupational category, dates of 
exposure to VCM, and medical history as well as 
smoking and drinking habits. The subjects were 
followed up yearly for seven years from the time of 
inclusion until December 1988 for vital status and 
health and occupational state. Causes of death as well 
as pathological findings were coded according to the 
9th revision of the International Classification of 
Diseases (ICD-9). Subjects who had terminated
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Table 1 Relation between exposure to vinyl chloride and deaths during the seven year follow up

Deaths during follow up It

Yes No
(n - 83) (n = 2115) RR) (95% Cl)

Non-expoied 43 I0S6 1-0
Exposed after 1976 4 68 104 (0 3-3 2)
Exposed < 10 y before 1976 IS 405 0-94 (0-5-1 7)
Exposed > 10 y before 1976 21 586 0 99 (0-6-1 7)

*Two subjects were lost to follow up.
tAdjusted for initial characteristics defined in Materials and methods.

Table 2 Causes of death during the seven year follow up

Exposed
(1099)

Controls
(1099)

All causes 40 43
Cancer 20 22
Circulatory system 9 10
Suicides 2 4
Traumas 2 0
Alcohol 1 3
Others 1 0
Unknown 5 4

their employment (resigned, been transferred, or 
retired) were followed up by each physician by mail.

Relative risks (RRs) among exposed compared 
with non-exposed subjects, are presented for death 
(all causes), malignant tumour, cardiovascular dis­
ease (Raynaud's disease excluded), and pulmonary 
disease. Subjects with a disease at the beginning of 
the study were excluded from comparisons concern­
ing that disease. Relative risks were adjusted for age 
(continuous), duration of activity as a blue collar 
worker (continuous), foreign origin (yes/no), marital 
state, (married, single, widowed, divorced), place of 
residence (urban or rural), paternal or maternal 
history of cancer, cardiovascular, respiratory, or 
other disease, smoking habits (non-smoker, current 
or ex-smoker, number of daily cigarettes, ( < or > 20) 
duration (< or >25 years)), subject considered 
ethylic by the plant physician (yes/no), and weekly 
alcohol consumption (<14, 14-56, 57-112, >112 
glasses). Relative risks were also expressed according 
to whether the workers were exposed to VCM for 10 
or more years before 1976, exposed for less than 10

years before 1976, or exposed after 1976. The data 
were verified using the PI GAS system2 and analysed 
with the GLIM package.5

Results
The study population included 1100 exposed and 
1100 controls in 12 plants, and has been described 
elsewhere.14 The follow up of the two groups was 
similar. In 1990 the number of person years was 8299 
and 8202 and the number of subjects lost to follow up 
were 2% and 1% in the exposed and non-exposed 
groups respectively.

MORTALITY
During the seven year follow up, 40 and 43 deaths 
were reported in the exposed and non-exposed 
groups, respectively (RR ■= 10; 95% Cl 0-6-1-5). 
Table 1 gives the RRs according to the different levels 
of exposure. None of the risks differed significantly 
from unity. Table 2 presents the main causes of 
death.

MORBIDITY
Exposure to VCM increased the risk of malignant 
tumour (ICD-9 140-208) slightly but not sig­
nificantly (RR = 1-3; 95% Cl 0-8-21). Table 3 
shows the relation between the different categories of 
exposure to VCM and the occurrence of malignant 
tumour. Table 4 presents the distribution of the 70 
sites of malignant tumours. Three cases of angio­
sarcoma of the liver occurred in the exposed group, 
but no cases of skin melanoma or malignant brain

Table 3 Relation between exposure to vinyl chloride and occurence of malignant tumours (ICD-9 140-208) during the seven 
year follow up

MaUgnam txtmourt*

Yes
(n w 70)

No
(n - 2119) RR( (95% Cl)

Non-expoaed 32 1061 1-0
Exposed after 1976 3 69 1-4 (0-4—4-9)
Expotcd < 10 y before 1976 14 404 l-2(0-6-2-4)
Exposed > 10 y before 1976 21 585 1-3 (0-7-2-3)

•Nine tubjects hid i malignant tumour at entry to the study (three among exposed aubjecti and six among coo troll). 
tSee footnote to table 1 -
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Table 4 Types and numbers of malignant tumours found 
during the seven year follow up ______________

Exposed
(1099)

Controls
(1099)

All sites (ICD-9 140-208) 38 32*
Lip mouth pharynx (140-149) 1 5
Digestive organs (150-159): 15 12

Oesophagus 1 1
Stomach 2 1
Small intestine 1 0
Colon rectum 5 6
Liver angiosarcoma 3 0
Liver 3 0
Pancreas 0 2
Digestive non-specific 0 2

Larynx (161) 2 2
Lung (162) 8 6
Bone (170) 1 1
Connective tissue (171) 1 0
Melanoma of skin (172) 0 1
Other skin (173) 3 l
Testis penis (18<^-187) 1 1
Bladder kidney (188-189) 2 3
Endocrine (194) 1 0
Lymphohematopoiedc (2<XK208) 1 2
Secondary (196-198) 1 0
Primary site uncertain (199) 1 2

Subjects without malignant tumours at initial examination (No of 
subjects at risk): exposed 1096, contrail 1093.
"The total exceeds 32 as four subjects exhibited two primary 
cancers.

tumour. Fourteen lung cancer cases were reported, 
eight in the exposed and six in the non-exposed 
group. One case of lymphoma was seen in the 
exposed and two cases in the non-exposed group.

The risk associated with the onset of diseases of the 
circulatory system (Raynaud’s disease excluded) 
(ICD-9 390-459) was significantly higher than unity 
(RR = 1*4; 95% Cl 10-1-8; p < 0-05). Moreover, 
an increased exposure to VCM was significantly 
(p = 0-02) associated with increased incidence of 
cardiovascular diseases (table 5). One hundred and 
twenty three and 93 cases of diseases of the cir­
culatory system were noted in the exposed group and 
controls respectively. Table 6 presents the types of 
cardiovascular diseases. Fourteen cases of Raynaud’s 
disease were seen in the exposed and one in the non- 
exposed group (p < 0-01).

The occurrence of diseases of the respiratory 
system (ICD-9 460-519) did not differ between the 
two groups (RR = 1-1; 95% Cl 0-7-1-8), None of

Table 6 Type of cardiovascular disease (Raynaud’s disease 
excluded) found during the seven year follow up

Exposed
(1099)

Controls
(1099)

No of subjects at risk* 933 955
Circulatory system (390-459) 123T 93T

Hypertension (401-405) 55 34
Coronary insufficiency (410-414) 30 28

Myocardial infarction (410) 21 16
Cerebral vascular disorders (430-438) 8 10
Arteriosclerosis of limbs 9 11
(4476, 4479,4402)
Other circulatory disorders 27 15

‘Subjects without a circulatory disease at the initial examination. 
tThe total exceeds 123 and 93 as some subjects exhibited two or 
more circulatory diseases.

the risks significantly differed from unity when dif­
ferent degrees of exposure were considered (table 7).

Discussion
In our study, no reladon was found for the 
occurrence of malignant tumour or respiratory dis­
eases and exposure, whereas an increased risk of 
cardiovascular diseases was seen in the group 
exposed to VCM compared with the non-exposed 
group.

With respect to cancer, the risk of angiosarcoma of 
the liver has been well documented since 1974. This 
was confirmed in our study although only three cases 
were found. During the same period 14 cases of 
angiosarcoma of the liver were registered in France. 
This discrepancy can be explained by the limited size 
of our cohort as well as the selection of the plants and 
exposed group.

Our results showing a lack of relation between 
exposure to VCM and other cancers agree with 
others.5"* The IARC study,5 which pooled data from 
Great Britain, Italy, Norway and Sweden totalling 
222 746 person years, did not show any positive 
evidence that a particular malignant disease was a 
hazard either.

Our findings for the control group are in agreement 
with French statistics of incidence of cancer* in the 
same age groups, as 32 cases of malignant tumours 
were observed, corresponding to an annual incidence 
rate of 390 per 100 000.

Table 5 Relation between exposure to vinyl chloride and occurrence of cardiovascular disease (except Raynaud’s disease) 
(ICD-9 390-459) during the seven year follow up ________________________,

Cardiovascular diseases*

Yes No
(n - 216) (n - 1672) RRt (95% Cl)

Non-exposed 93 862 10
Exposed alter 1976 7 63 0-8 (0-4-1 -9)
Exposed < 10 y before 1976 46 327 1-3 (0-9-1-9)
Exposed »10 y before 1976 70 420 1-5 (11-2-1)

"Three hundred and ten subject! had a cardiovascular disease at entry in the study (166 among exposed and 144 among controls). 
(See footnote to table 1.
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Table 7 Relation between exposure to vinyl chloride and occurrence of pulmonary disease (1CD-9 460-519) during the 
seven year follow up period

Pulmonary diseases*

Yes
(n - S2)

No
(n - 19181 RSf (95% Cl)

Non-exposed 37 952 10
Exposed after 1976 8 61 13 (0-5-3-5)
Expoted < 10 y before 1976 18 381 1 2 (0-6-21)
Exposed > 10 y before 1976 19 524 10 (0 6-1-9)

•One hundred and ninety eight subjects had a pulmonary disease at entry to the study (88 among exposed and 110 among controls). 
tSee footnote to table 1.

An increased occurrence of non-malignant 
respiratory disease as a result of exposure to VCM 
and polyvinyl chloride dust has been cited. In our 
study, morbidity from non-malignant respiratory 
disease was not different among the exposed and non- 
exposed group. Also the incidence of death from non- 
malignant respiratory disease was not affected by 
exposure to VCM in two other recent studies.*7

By analogy with the effect of other halogenated 
hydrocarbons, an increased risk of myocardial 
infarction has been suspected4 with, however, little 
published evidence. One study10 showed a slight 
increase in mortality due to ischaemic heart disease. 
In our study, although a linear increase in risk of 
cardiovascular diseases with increased exposure was 
noticed, no association with myocardial infarction 
was apparent. The increase in cardiovascular 
abnormalities is mainly due to hypertension but also 
to a variety of other circulatory problems including 
venous disorders, arythmia, and valvopathy. This 
lack of precision makes it difficult to provide an 
explanation for our positive result. The excess hyper­
tension could be explained by the shift work," but 
this relation has never been found, not even in a study 
that included 15 000 workers.17 With respect to 
Raynaud’s disease, 14 cases were seen among the 
exposed workers (0-2%); this rate is lower than that 
estimated for the general population—namely, 4%.13 
The difference can be explained because (1) the 
disease affects women more than men, (2) a healthy 
worker effect may exist, and (3) the cases of Raynaud’s 
phenomenon have perhaps been included in the 
estimation for the general population.

To study the effect of the degree of exposure to 
VCM, we decided to take into account exposure 
before and after 1976. This was the year when 
exposure to VCM was reduced due to the implemen­
tation of the 1975 French legislation. 
Measurements of exposure on workers, or in the 
workshops themselves, were not available and doses 
of exposure before 1976 were extremely high com­
pared with doses after 1976.” For these reasons, the 
duration of exposure to VCM was only considered 
before this date and periods of less or more than 10 
years before 1976 were taken as thresholds of low or 
high exposure.

In conclusion, angiosarcoma of the liver and 
Raynaud’s phenomenon seem to be the major

hazards related to the exposure to VCM. Apart from 
these diseases, the evidence indicates that the risks 
associated with exposure to VCM, in terms of both 
mortality and as morbidity, are probably negligible.

French VCM group: Drs Aubrun, Barrat, Baylac, 
Bellec, Paris, Quelin, Rambaud, and Richard 
(Rhone-Poulenc); Drs Bennech, Cestin, Favre, 
Leveque, Lussato, Puech, Rety, and Ruty 
(ATOCHEM).
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