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years to reduce the effect of age on the comparison.
Within various branches of the union, leather
workers appeared to have more spontaneous
abortions on average than the union members,
although this difference was not significant (table 1).
Workers in sections with mixed industries had less
spontaneous abortions than all union members.

The effect of union membership on the outcome of
the pregnancy was analysed by separating the
spontaneous abortions taking place during union
membership and before or after it (table 1). All the
union members had about as many spontaneous
abortions during membership as compared with the
time before or after membership. Union membership
appeared to increase the frequency of spontaneous
abortions slightly (but not significantly) in leather and
leather goods industries, while in the other branches
no difference or a slight decrease was noted.

The frequency of spontaneous abortions was
assayed at the time of the union membership for the
women staying in the union and for those resigning
from the union after pregnancy to test whether union
membership was influenced by the outcome of the
pregnancy. The frequency of spontaneous abortions
was only slightly higher among the women who were
to stay on in the union as compared with those resign-
ing (rates 79 and 6-8, respectively; the difference was
not significant).

Table 1
during pregnancy 1973-7

The women who had ever been members of the
union were divided into four groups depending on the
membership status during early pregnancy (member
v non-member) and on the duration of employment
(over or under 24 months for the members, and over
or under three months for the non-members). It was
feasible to use different observation times for the
members and non-members because the members
with pregnancies had usually had relatively long
periods of membership. Even though only a few
spontaneous abortions could be analysed, the results
appeared to indicate that the women who had been
employed for short periods had had more spon-
taneous abortions than those who had been employed
for longer (table 2). The difference was particularly
clear for the women who were non-members during
their pregnancy, and whose membership lasted for
under three months. Interestingly, the group of
women who had been employed for short periods also
distinguished themselves by having more complicated
pregnancies and induced abortions, granted on
medical grounds, compared with other women (data
not shown).

Further studies were carried out with the em-
ployees of a large Finnish rubber factory producing
tyres and rubber shoes. The frequency of spon-
taneous abortions was compared with the figures for
the whole community. The frequency of spontaneous

Spontaneous abortions among rubber and leather workers (women aged 15-34) according to union membership

Branch of Pregnancy during membership Pregnancy before/after membership
employment

No Rate Ratio No Rate Ratio
Rubber industry 30 7-4 10-3 21 58 9-8
Shoe industry 48 7-2 10-8 70 7-1 11-6
Leather industry 10 9.2 12:3 10 6-8 10-1
Production of
leather goods 22 9-2 12:2 19 7-8 11-8
Sections with
mixed industry 18 57 74 34 79 14-1
All union members 128 74 10-3 154 7-1 11-7

Table2  Rate and ratio of spontaneous abortions among rubber and leather workers (women aged 15-34) who had resigned
from the union by membership during pregnancy and by duration of union membership

Duration of union membership ~ No of spontaneous abortions

Rate of spontaneous abortions

Ratio of spontaneous abortions

Members
<24 months
=24 months

Total

10
51

61
Non-members

<3 months
=3 months

Total

17
S1

68

83 14.5
7-7 10-5
7-8 12-6
2:6* 21.5*
7.3 11-6
82 13-1

*p < 0-05 as compared with the total frequencies. X 2test.
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Table 3 Rate and ratio of spontaneous abortions among the workers of a rubber factory and the inhabitants of the

community in 19736

Group All women Women aged 15-34
No Rate Ratio No Rate Ratio
Rubber workers
employed during
pregnancy 25 7-6 10-9 20 6-8 93
yre department 10 7-8 12.0 8 6-6 9-8

Shoe department 15 7-4 10-3 12 69 91
Rubber workers
non-employed
during pregnancy 20 7-8 13.3 19 7-8 12.8
Inhabitants of
the community 135 9-7 15-1 116 92 13-4

Table 4 Rate and ratio of spontaneous abortions among ribber workers (women aged 15-34) by employment during

pregnancy and by length of time in the factory

Employment  Length of time in the factory
during
pregnancy 3-23 months =24 months Total

No Rate Ratio No Rate Ratio No Rate Ratio
Employed 5 12-5 29-4** 15 59 77 20 6-8 94
Non-employed I( 10-1 17-2 6 7-6 125 16 9-0 15-1
Total 15 10-8* 20-0** 21 63 86 36 7-6 11-3

*p < 0-10. **p < 0-05. X2 test.

abortions was lower for the rubber workers than for
the inhabitants of the community for all women as
well as for women aged 15 to 34 years, although the
difference was not significant (table 3). The women
employed in the tyre department had an equally high
rate of spontaneous abortions as the women em-
ployed in the shoe department. To unravel possible
selection mechanisms operating, the factory workers
were divided into four groups depending on the
duration of employment and employment status
during pregnancy. The short periods of employment
(3-23 months) appeared to correlate with a high fre-
quency of spontaneous abortions (table 4). More-
over, among the women who had worked for short
periods, those working in the rubber factory during
pregnancy had a higher frequency of spontaneous
abortions than the ones who had not worked in the
rubber factory.

Discussion

Occupational reproductive studies are infested with
selection mechanisms, most of which have been
poorly characterised. One of the most difficult
selection mechanisms is the relation of reproductive
events to a woman’s employment. Even though we
may be primarily interested in how working con-

ditions influence pregnancy, we should not forget that
pregnancy and its outcome influences a woman’s
employment by many mechanisms.

In occupational mortality studies the effect of
selective processes, which often result in the better
state of health of the working population compared
with the general population, has been called ‘“‘the
healthy worker effect.”19-2! This phenomenon has
been divided into two components—selection into
work and selection during the occupational
history.2! 22 The first selection mechanism has been
called ““the healthy population selection effect,” the
latter “the survivor population effect.” Results
emerging in our study seemed to relate to these two
phenomena.

The first indication of healthy worker effect
appeared when choosing the reference group.
Among the workers at the rubber factory the
frequency of spontaneous abortions was lower than
among the other women of the community. This was
probably due to a healthy population selection effect
indicating that all other women of the community
form an unsuitable reference group. Possibly those
likely to abort spontaneously seek lighter and less
hazardous occupations than rubber and leather work,
or belong to the economically inactive population for
reasons related to their poor health. Social factors
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probably also invalidate the comparison of factory
workers with all other women of the community, as
shown previously. 17

To eliminate the effect of selection into rubber and
leather work we formed the reference group from
those workers whose pregnancy had been before or
after the employment. The analysis suggested that
the frequency of spontaneous abortion was indepen-
dent of whether the pregnancy was conceived during
the union membership or employment in the rubber
factory. Interestingly, a subpopulation of women
who had belonged to the union for under three
months and who were non-members at the time of
their pregnancy appeared to have an increased fre-
quency of spontaneous abortions. This subgroup also
distinguished itself from other workers by having
more complicated pregnancies and induced abortions
granted on medical grounds. This finding provided a
further indication that some selection, based on re-
productive health and related variables, may take
place in the early days of employment. Women with a
‘“non-occupational”  liability for spontaneous
abortions appear to terminate their employment
quickly, in rubber and leather work at least. The
investigation of the frequencies of spontaneous
abortions among the rubber factory workers by
duration of employment in the factory suggested
further that some selection happens during occu-
pational history. Short periods of employment associ-
ated with higher frequencies of spontaneous
abortions than longer periods of employment. The
existence of various subpopulations is a cause of con-
cern when selecting a reference group. Ideally,
another working population, with similar social
characteristics, should be chosen, and periods of
employment should be controlled.

Selection during the occupational history was
investigated further by comparing the frequency of
spontaneous abortions among those rubber workers
remaining in or resigning from the union after their
pregnancy. No large difference was noted between
these two groups, suggesting that the reproductive
events did not simply determine whether a woman
stayed in the job or not. Among those who had
resigned, however, were many who had obviously
changed jobs or left the labour force for reasons
unrelated to health. Child care is one of the most
important reasons for a woman leaving work and
these women may mask the possible existence of
selection based on healthy factors.

Reasons for the present observations include one
or more of the following: (1) recently employed
people probably do the most hazardous work, (2)
women with high non-occupational liability for spon-
taneous abortions may tend to be employed for short
periods, and (3) women with conceived occupational

hazards and spontaneous abortions may prefer to
terminate their employment. Our data do not un-
ambiguously distinguish between any of the above.

Reproductive epidemiology is still in its infancy
and many selection mechanisms and risk factors have
to be established before casual conclusions can be
drawn in uncontrolled studies. In the present study
we have unravelled some selection mechanisms
hampering studies on spontaneous abortions in
certain branches of industry. It is important to investi-
gate whether similar selection mechanisms can also
be identified among other groups of women. The
selection, if present, may contribute to apparent
false-negative results.

This work was supported by the Swedish Work
Environmental Fund.
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