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Fetal death and work in pregnancy
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ABSTRACT The relation between spontaneous abortion (n = 5010), stillbirth without congenital
defect (n = 210), and working conditions was analysed in 22613 previous pregnancies of 56067
women interviewed, 1982-4, immediately after termination of their most recent (current) preg-

nancy. The 22 613 previous pregnancies were those in which at time of conception the women were

employed 30 or more hours a week. Ratios of observed (0) to expected (E) fetal deaths after
allowance by logistic regression for seven non-occupational confounding variables were calculated
at four stages of pregnancy in 60 occupational groups and six main sectors for women whose work
entailed various physical demands, environmental conditions, and exposure to chemicals. The O/E
ratios for abortion were raised in the sales sector (1 13, p < 0 05) and services sector (1 1 1, p < 0-01)
and for stillbirth in the sales sector (1-50, p < 0 1). Substantially increased O/E ratios for late but
not early abortion were found in operating room nurses (2-92, p < 0 05), radiology technicians
(3 82, p < 0 01), and employees in agriculture and horticulture (2-40, p < 0 05); in all categories the
O/E ratios for stillbirth were also raised but only significantly (5-55, p < 0-01) in the latter group.
The O/E ratio for stillbirth was also raised in leather manufacture (3 09, p < 0-01). In both individ-
ual and grouped analysis (the latter undertaken to minimise the possible effect of recall bias)
significantly increased O/E ratios for abortion were found in women exposed to various high levels
of physical stress, particularly weight lifting, other physical effort, and standing (p < 0-01).
Increased ratios for stillbirth at this level of significance (p < 0 01) were found for other physical
effort and vibration. Noteworthy chemical exposure was identified only in the health, services, and
manufacturing sectors; the O/E ratio for stillbirth approached two in women exposed to solvents,
almost all in manufacturing (p < 0 01). In the latter sector exposure to solvents was also associated
with an approximately 20% increase in abortion ratio at similar probability level.

In a study of occupational factors and outcome of
pregnancy 56 067 women were interviewed over a two
year period (1982-4) after delivery or spontaneous
abortion in 11 obstetrical units in Montreal. Ques-
tions were asked about recently completed and all
previous pregnancies- 104 649 in all. The study
design, data collection, statistical methods, and treat-
ment of confounding variables have been previously
outlined.1 A systematic analysis of spontaneous abor-
tion, stillbirth, congenital defect, and low birth weight
in current and previous pregnancies has been
presented in 60 occupational groups in six main sec-
tors.' Women in managerial, health, and clerical sec-
tors had little evidence of excess of any of the four
outcomes, in contrast to those in sales, services, and
manufacturing sectors. Statistically significant exces-
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ses of spontaneous abortion were observed in nursing
aides and women in sales occupations and food and
beverage service; of stillbirth in agriculture and horti-
culture, leatherwork, and certain sales occupations;
of congenital defects in women in child care, certain
service occupations, and the manufacture of metal
and electrical goods; and of low birth weight in cham-
bermaids, cleaners, and janitors, and in those engaged
in the manufacture of food and drink, metal and elec-
trical goods, and clothing.
A preliminary analysis of spontaneous abortion

and certain occupational factors indicated that
women whose work entailed heavy lifting, other phys-
ical effort, long hours, exposure to noise, and
exposure to cold had also significantly increased risk
ratios. Nevertheless, when occupational groups were
ranked according to work demands, thus avoiding
potential bias from prior knowledge of outcome,
increased risks were associated consistently only with
heavy lifting and other physical effort.2
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Fetal death and work in pregnancy

The object of the present report is to explore in
detail the relation of physical requirements of work,
environmental conditions, and chemical exposures to
embryonic and fetal death at various stages in preg-
nancy. In current (recently completed) pregnancies
spontaneous abortions were limited by the study
design to those admitted to hospital; they were there-
fore deficient in early abortions for which admission
was unnecessary. Women who had just had a still-
born child also proved difficult to interview because
they were both distressed and in hospital for only a
short time. The present analysis has therefore been
restricted to previous pregnancies in which ascertain-
ment of recognised spontaneous abortions was
probably close to complete and information about
environmental factors at work less liable to subject or
observer bias than after the emotional trauma of
abortion or stillbirth.2

Methods

STUDY GROUP
The occurrence of spontaneous abortion at less than
28 weeks gestation was studied in single pregnancies
of women employed 30 or more hours a week at time
of conception. The term abortion in this paper is
restricted to those believed to be spontaneous; care
was taken to exclude induced abortions (permitted in
Quebec). Abortions were studied at three periods of
gestation: (1) early: less than 10 weeks, (2) mid: 10 and
less than 16 weeks, and (3) late: 16 and less than 28
weeks. Fetuses of 20 or more weeks gestation with a
congenital abnormality were excluded from this anal-
ysis and will be dealt with later in a comprehensive
analysis of defects. There were 22 613 previous preg-
nancies in which women were employed 30 or more
hours a week when they became pregnant. Overall,
5010 (22 2%) ended in abortion before the 28th week:
1867 (8 3%) at less than 10 weeks, 2512 (11-1%) from
10 to 15 weeks, and 631 (2 8%) after the 15th week.
For the analyses in each period, pregnancies that had
terminated earlier were excluded from the denomi-
nator. Stillbirths after the 27th week without
observed defect were studied in single pregnancies of
women employed 30 or more hours a week for two
weeks or more at any time in pregnancy. In 18511
such pregnancies there were 210 (1 1%) stillbirths
without congenital defect.

OCCUPATION AND WORK
REQUIREMENTS
Occupations were coded from questions similar to
those used in the Canadian Census. Each job was
allocated a four digit occupational code and a two
digit industrial code according to the Standard
Occupational and Industrial Classifications of Statis-
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tics Canada (I980).4 Detailed information about all
work in pregnancy was obtained in a standard man-
ner from the women at interview.' The work require-
ments and physical environmental conditions were
recorded at several levels of intensity. The use of
visual display units was included in this record; as
preliminary reports have been made on this subject5 6
it will not be considered again until the final analyses
have been made.

CHEMICAL EXPOSURES
All coded jobs were reviewed without knowledge of
outcome by one of us (JL, an industrial hygienist) and
an estimate was made of chemical exposures by type
and level. This was done using (1) information
obtained from two case-referent field studies of con-
genital defects, one in current pregnancies7 and the
other in previous pregnancies (unpublished); (2) data
from visits and measurements made for occupational
surveillance by local health departments; (3) estimates
made for occupations and industries in the Montreal
region for a study of occupational exposure and
cancer8; and (4) other texts and research reports.
Exposure to each chemical substance was classified in
three levels: (I) reaching an estimated maximum of
less than 30% of the threshold limit value (TLV), (2)
reaching about 30% of the TLV, and (3) probably
reaching the TLV. In the systematic review when five
pregnancies with the same occupational and indus-
trial code were found to have the same chemical
exposures, these were accepted as the "chemical
profile." If within a single six digit code there were
different exposures the six digit category was sub-
divided into homogeneous exposure groups and
reviews were continued until five pregnancies were
found with similar exposures. Thirty six from a total
of 324 occupational categories with some chemical
exposure were subdivided because they were not
homogeneous. Only exposures at levels (2) and (3)
were included in the analysis. These levels were
achieved in 127 occupational categories. Chemical
exposures were classified in four groups: (1) organic
solvents, (2) pesticides (including bactericides, fungi-
cides, and herbicides), (3) anaesthetic gases, and (4)
other biologically active chemicals. Exposure to anti-
neoplastic drugs was ascertained from the response of
doctors and nurses to a question on whether they had
administered such drugs during the four weeks after
their first missed menstrual period.

STATISTICAL ANALYSES
Individual-Risk of fetal death in a specific group

relative to that among all working women was esti-
mated as a ratio of observed (0) to expected (E) num-
bers. The statistical methods used to calculate
expected numbers, having accounted for confounding
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McDonald, McDonald, Armstrong, Cherry, C6te, Lavoie, Nolin, Robert
variables, to carry out tests of significance, and to
estimate confidence intervals have been described in
previous reports.1 2 In the current analyses expected
numbers were calculated for early, mid, and late
spontaneous abortions separately, accounting for
age, gravidity, history of previous abortion, ethnic
group, educational level, and also smoking habit and
alcohol consumption (the latter two at the start of
pregnancy). Ratios of observed to expected fetal
deaths were calculated for 60 occupations in six main
occupational sectors. The 60 occupations and six sec-

tors were selected from the Standard Occupational
and Industrial Classifications of Statistics Canada,3 4
bringing together jobs similar in work requirements
and conditions. For work requirements, environ-
mental conditions, and chemical exposures O/E ratios
were calculated in subgroups within each of the six
main sectors. Underlying patterns of O/E ratios were
investigated by Poisson regression methods using the
GLIM Computer Package.9
Grouped-Because of the possibility of interviewer-

subject bias in retrospectively collected data, a second
method of estimating risk associated with work
requirements and conditions was also used. In this
method the proportion of all women reporting a par-

ticular work factor was calculated for each of the 60
occupational groups. Relative risks associated with
the work factor were then estimated from the (Pois-
son) regression of O/E ratios for each occupational
group on the proportion reporting that factor in the
group. This method was essentially as described in the
context of ecological study analysis.'0 Because the
proportion of women in an occupational group who
reported a work factor depended predominantly on

the responses from women who had liveborn chil-
dren, these estimates of risk should be minimally
affected by response bias. This type of analysis was
not thought necessary for the chemical exposures
which were estimated objectively.

Results

After allowance for the confounding variables the
number of abortions and stillbirths observed was

close to that expected in four occupational sectors-
managerial, health, clerical, and manufacturing (table
1). For women employed in sales occupations there
were raised ratios (O/E) for abortions (1-13, p < 0 05)
and for stillbirths (1-50, p < 0-1) and in service
occupations an overall excess of abortions (O/E 1-10,

Table 1 Ratios of observed (0) to expected (E) abortions and stillbirths by occupational sector

Abortions Stillbirths
Total Total
pregnancies Period 0 OIE pregnancies 0 O/E

I Managerial 3831 1 293 0-89 3122
2 447 1-02
3 98 095

Total 838 0-96 29 0-87
2 Health 2726 1 252 113** 2187

2 297 0-98
3 70 0-96

Total 619 104 23 0-97
3 Clerical 9527 1 776 102 7875

2 969 0-95
3 235 0-92

Total 1980 097 81 0-92
4 Sales 1070 1 96 104 840

2 149 1-22***
3 31 104

Total 276 1-13** 15 1.50*
5 Services 1705 1 162 105 1343

2 234 1J13**
3 61 116

Total 457 110*** 20 116
6 Manufacturing 3751 1 288 094 3142

2 415 0-98
3 136 1-16**

Total 839 0-99 42 113
Total 22613 1 1867 1-00 18511

2 2512 1-00
3 631 1-00

Total 5010 1-00 210 1-00

Period: 1 = less than 10 weeks (early),
2 = 10 and less than 16 weeks (mid),
3 = 16 and less than 28 weeks (late).

*p <01; **p < 005; ***p < 001.
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151Fetal death and work in pregnancy

Table 2 Ratios of observed (0) to expected (E) abortions by duration of gestation and stillbirths

Sector and occupation (SOC, SIC) Pregnancies Spontaneous abortions Stillbirths
< 16 weeks 16 < 28 weeks > 28 weeks
0 OIE 0 O/E 0 OIE

I Managers, lawyers (1111-49, 2341-9)
Accountants and analysts (1 171-3)
Other administrators (1 174-9)
Physical scientists (2111-2119)
Life scientists (2131-9)
Architects, engineers (2141-69)
Mathematicians, statisticians (2181-9)
Social scientists (2311-39)
Librarians, archivists (2350-2519)
Teachers, university and post-secondary

(2711-19, 2791-3)
Teachers, secondary (2733)
Teachers, primary and other (2731, 2739, 2797, 2799)
Teachers, retarded children (2795)

2 Physicians, dentists (3111-3119)
Nursing supervisors (3130)
Nurses (3131a)
Nurses, psychiatric (3131b)
Nurses, operating room (3131c)
Nursing assistants (3134)
Nursing aides and orderlies (3135)
Physiotherapists (3137)
Ergotherapists, dietitians, etc

(3138-9, 3152-4, 3136, 3162-9)
Medical laboratory technicians (3156)
Radiology technicians (3155)
Dental hygientists, technicians (3157, 3158, 3161)
Commercial artists, photographers (3311-22, 3335-9)
Writers, translators (3351-9)
Sports women, dancers (3360-79, 3334)

3 Secretaries (41 10-l)-industrial sectors, 1-47
Secretaries (41 10-1 )-other sectors, 48-99
Typists and clerks (4113)-industrial sectors, 1-47
Typists and clerks (4113)-}other sectors, 48-99
Bookeepers (4130, 1, 5, 7, 9)
Cashiers (4133)
Office machine operators (4140-3)
Storekeepers, dispatchers (4150-9)
Record clerks (4160-9)
Supervising receptionists, information clerks (4170-1)
Telephone, postal, reception clerks (4172-9)
Specialised clerks (4190-5)
General office clerks (4197)
Other clerical workers (4199)

4 Saleswomen (5135)
Other sales occupations (5130-3, 5141-49)
Sales occupations, services (5170-99)

5 Food and beverage preparation (6121, 6129)
Food and beverage service (6123, 6125)
Chambermaids, cleaners, janitors (6133, 6142, 6191)
Hairdressers (6143)
Child care workers (6147)
Laundry and dry cleaners (6160-6169)
Other service occupations (remainder 6111-6199)
Agriculture, horticulture (7113-7719)

6 Manufacture (8110-8599, 9310-9519)
Food and drink (industrial sectors 10-12)
Rubber and plastic (industrial sectors 15-16)
Leather (industrial sector 17)
Textiles (industrial sectors 18-19)
Clothing (industrial sector 24)
Metal, electrical, etc (industrial sectors 29-39)
Other occupations (8710-9199, 9530-9919)
and other sectors

524
443
469
97
71
122
175
321
137

192
350
721
209

139
87

983
49
46

241
191
75

198
233
87

101
170
103
23

644
2553

57
252

2326
800
605
315
183
381
191
305
579
336

503
379
188

174
517
250
354
79
117
149
65

203
76

222
250

2033
535

432

97 0-88 20
85 1-01 15
98 1-04 9
20 1-06 1
4 029 0

21 0-91 5
35 1-05 3
66 103 11
36 1.30* 2

38 0-84 5
52 069 8
143 104 9
45 1-09 10

19 066 5
14 080 2

197 1 05 25
13 1 30 0
8 087 4

48 1 11 8
56 146*** 6
8 061 0

39 1 08 4
48 1 10 2
15 090 9
23 1-33* 1
37 1-06 3
21 094 1
3 061 0

97 082 8
473 0.99 61
12 1-13 0
42 0-91 3

416 0-96 58
157 1*06 27
115 1 01 17
71 1 18* 7
39 1 11 5
68 0-98 9
30 075 6
62 109 5
100 0-95 19
63 1-05 10

I11 1.15* 13
83 104 14
51 1-36*** 4

37 1-03 7
140 1 19** 19
56 1-08 10
76 109 6
14 0-88 3
26 1-03 3
34 1 06 8
1 3 1*02 5

45 1 09 7
16 1-16 3
48 1-08 10
45 0-91 7
342 0-87 70
124 1.20** 23

83 096 16

*p < 0-1; **p < 0-05; ***p < 0-01.

1-35 3
1-34 4
075 3
039 0

0

1-51 1
068 2
1-30 3
057 2

090 2
077 2
047 6
1.76* 1

1-24 0
084 0
093 7

0

2-92** 1
1-24 4
1 19 2

0

0-83 1
033 3
3-82*** 2
0-44 0
0-69 1
0-35 0
_ 2

045 5
0-90 23

0

0-44 3
0-93 19
1-25 3
103 6
084 1
1-08 2
0-91 6
0-99 1
0-65 4
1-22 6
1-17 2

095 9
1-26 4
081 2

1-29 1
1-18 6
1-17 4
060 1
1-19 1
0-81 3
1.79* 0
2-40** 4

1-16 1
1 31 0
141 7
087 2
1-09 16
1-47** 7

1-16 5

065
1-05
073

0-94
1-37
1-14
1-88

1-17
0-63
0-93
0-56

0-82

2-48
1-88
1 20

0-62
1-57
3-00

069

8.83***

0-80
1-00

1-16
0-88
040
1-06
034
1-24
1-64
048
1-53
1-10
068

1-85*
1-11
1-32

0-60
1-10
1-55
029
1-13
2-54

5-55***

0-48
0-61
3.09***
2.22***
080
1 37

1-15

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
B

r J Ind M
ed: first published as 10.1136/oem

.45.3.148 on 1 M
arch 1988. D

ow
nloaded from

 

http://oem.bmj.com/


McDonald, McDonald, Armstrong, Cherry, CMte, Lavoie, Nolin, Robert
Table 3 Ratios of observed (0) and expected (E) abortions (<28 weeks), by work requirements, environmental conditions, and

Occupational sector

1 2 3
Managerial Health Clerical

O OIE 0 OIE 0 OIE

Work requirements:
Lifting heavy weights (> 15 times a day) 15 1 28 72 1-24** 56 1-65***
Other physical effort 54 1 41*** 120 1.26*** 76 1.52***
Standing (>8 hours a day) 18 086 76 1-12 105 1j37***
Long working hours (>46 hours a week) 36 097 46 1-35** 44 1-17
Changing shift 11 1-08 118 1-22*** 26 1-23

Environmental conditions:
Noise (great) 128 107 78 1-05 320 1 13***
Vibration (great) 8 0-82 7 1.80* 25 1.15
Too cold 36 1-26* 17 1-12 174 1 15**
Too hot 112 0-92 117 0.95 223 0.91

Total 838 0-96 619 1 04 1980 097

*p<0-1; **p < 0-05; ***p < 001.

p < 0 01). Homogeneity of ratios by sector was

rejected for abortion (p < 0-01) but not for stillbirth
(p > 0 20). Despite some apparent differences in O/E
ratios between abortions in the three periods, formal
tests for heterogeneity showed no evidence of more

variation than could be accounted for by chance.
In table 2 O/E ratios are shown for early and mid

abortions combined-that is, less than 16 weeks
gestation-for late abortions (16 to 27 weeks) and for
stillbirths (. 28 weeks). For all abortions (< 28
weeks) there was significant heterogeneity (p < 0-01)
between the 60 ratios; O/E ratios were increased for
nursing aides and orderlies (1-43, p < 0-01), food and
beverage servers (1- 18, p < 0-0 1), and workers in fac-
tories making metal and electrical and certain other
products (1 23, p <00 1). For saleswomen (CCDO
5135) there was a small increase in the O/E ratio for
all abortions (1-12, p < 0-1). Librarians had an

increased ratio for abortion at less than 16 weeks
(1-30, p < 0 10) as had dental hygienists (1-33,
p < 0 1) and women who sold services, such as insur-
ance etc (1-36, p < 0.01). Substantially increased
ratios (O/E) for late but not early abortions were

found in operating room nurses (2-92, p < 0 05), radi-
ology technicians (3-82, p < 0-01), and agricultural
and horticultural workers (2-40, p < 0-05). Raised
O/E ratios for stillbirths were also found in operating
room nurses (2-48, p = 0 40), radiology technicians
(3 00, p = 0 40), and in agricultural and horticultural
workers (5 55, p < 0-01); the first two were based on

few cases and so lacked statistical significance. A
raised O/E ratio for stillbirth was found in leather
manufacture (3 09, p < 0 01).

Table 3 shows that O/E ratios for all abortions
(< 28 weeks) were increased for the following work
requirements and conditions: lifting heavy weights

more than 15 times a day (1 45, p < 0-01), other phys-
ical effort (1 37, p < 0 01), standing more than eight
hours a day (1-18, p < 0 01), working 46 or more
hours a week (119, p < 0 01), changing shift work
(1.25, p < 0-01), and in women who reported
exposure to noise (1-18, p < 001), cold (1 19,
p < 001), and vibration (1-13, p < 0-05). Poisson
regression analyses showed that for each of the fac-
tors reported in the table, patterns of excess risk were
consistent between sectors-that is, variations in O/E
ratios between sectors were no more than could be
accounted for by chance (p > 0 10). Furthermore, the
total O/E ratios were changed negligibly after allow-
ing for differences between sectors. For heavy lifting,
physical effort, long hours ofwork, exposure to noise,
and exposure to vibration, the ratio (O/E) increased
significantly (p < 0 01) with increasing grade of the
factor (table 4). For standing, the trend was of low
statistical significance (p < 0 10).

Risk ratios according to work requirements and
conditions were also calculated separately for early,
mid, and late abortions (table 5). For all factors
except changing shift work and excessive heat the
ratios were highest for late abortions, but the
differences between periods approached statistical
significance only for noise (p < 0-10) and cold
(p < 010). Ratios (O/E) for stillbirth (also shown in
table 5) were raised with physical effort (1 87,
p < 0 01), vibration (2-81, p < 0-01), and with stand-
ing (1 46, p < 0 05).

These work conditions and requirements were
moderately correlated with each other, therefore mul-
tivariate analyses were carried out to determine possi-
ble confounding of one factor by another. In this
analysis the six factors showing an O/E ratio in excess
of 1'15-that is, all except noise, vibration, and
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Fetal death and work in pregnancy

occupational sector

4 5 6
Sales Services Manufacturing Total

0 OIE 0 OIE 0 OIE 0 OIE

30 1 70*** 66 1 50*** 119 1 47*** 358 1.45***
25 1-33* 90 1l40*** 110 1j35*** 475 1j37***
87 1.27*** 232 1.23*** 215 1-07 733 118***
51 1 16 94 1.19** 35 1.41** 306 1l19***
2 092 52 1*42*** 15 1*24 224 1.25***

36 1.41** 138 1.25*** 447 1 00 1147 108***
2 090 28 1-79*** 79 101 149 1 13**

27 1.28* 19 1l48** 54 1l20* 327 1 19**
29 1-07 119 1-06 242 1 00 843 097

276 1 13 457 1.10 839 099 5010 1 00

heat-were entered simultaneously into a Poisson
regression of ratios for groups comprising all possible
combinations of the six factors (table 6). Estimates of
relative risk of each factor adjusting in this way for
the other five were slightly lower than the unadjusted
ratios but remained statistically significant (lifting:
RR = 1-32, p < 0 01; physical effort: RR = 1[26,
p < 0 01, standing RR = 1 09, p < 0-05; long hours:
RR = 1 13, p <OO5; shift work: RR = 1-17,
p < 005; cold: RR = 1-20, p < 0-01).

Except for noise and vibration the grouped analysis
gave rather higher estimates of relative risk than the
O/E ratios from the individual analysis. Confidence
intervals around the former estimates, however, were
wide and p values generally higher than those in the
individual analysis.

The frequency with which the four types of chem-
ical exposure occurred in four of the six main
occupational sectors is shown in table 7, both total
and only. No chemical exposure at levels 2 or 3 was
identified in the profiles of women in the clerical and
sales sectors. Table 8 shows that of the four groups of
chemicals, only solvent exposure with or without
other chemical exposure was associated with an
increased O/E ratio for stillbirths; this was seen in
manufacturing (O/E 2-76, p < 001) but not other sec-
tors. Since leather manufacture was accompanied by
an increase in O/E ratio for stillbirths" 12 solvent
exposure was analysed in this industry. The O/E ratio
for stillbirths in solvent exposed pregnancies in
leatherworkers was 3-12 (p < 001) and in the
remainder of the manufacturing sector 2-43

Table 4 Ratios of observed (0) to expected (E) abortions by grade of certain work requirements and conditions

Lifting weights
OIE
(0)
Physical effort
OIE
(0)
Standing
OIE
(0)

None or light

092
(3393)

None
095

(3964)

< 3 hours
093

(2019)

Working hours/week 30-35
OIE 0 99
(0) (1776)

Noise
OIE
(0)
Vibration
OIE
(0)

None
096

(2116)

None
099

(4447)

Medium

1.11
(665)

Moderate
1*14

(538)

3-7 hours
1*01

(2200)

36-40
098

(2700)

Moderate
099

(1468)

Moderate
1*10

(358)

Heavy
> 15 times

145
(358)

, 46
1*19

(306)

Heavy
< 15 times

128
(581)

Great
1*37

(475)
> 8 hours

1 18
(733)

41-45
107

(228)

Great
108

(1147)

Great
1*13

(149)

p for trend

<0*01

<0*01

<0-1

<0*01

<0*01

<0-01
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Table 5 Ratios of observed (0) to expected (E) abortions by period according to work requirements and conditions

Abortions Difference in OIE
ratios between

(1) Early (2) Mid (3) Late Stillbirths time periods
(< 10 wks) (10 < 16 wks) (16 < 28 wks) (>28 wks) p

Work requirements:
Lifting heavy weights 0 123 188 47 10
(> 15 times daily) OIE 1j33** 1J51*** 161*** 1 13 >0-1
Other physical effort 0 174 235 66 25

OIE 1J33** 135*** 154*** 187*** >0.1
Standing 0 258 377 98 39
(>8 hours daily) OIE 1 12** 120*** 123*** 146** >01
Long hours 0 120 141 45 9
( >46 hours/week) OIE 1 20** 1 13* 1.44*** 0-89 >0-1
Changing shift 0 90 112 22 4

OIE 1 29*** 1.26*** 1-08 0-61 >0-1

Environmental conditions:
Noise (great) 0 389 595 163 47

OIE 1-00 1.12*** 1-/9** 1-08 <0-1
Vibration (great) 0 53 73 23 15

O/E 1-09 1-12 1-35* 2.81*** >0-1
Too cold 0 111 161 55 14

OIE 1-09 1 16** 162*** 1-24 <0)1
Too hot 0 283 453 107 46

OIE 0-88 1-03 0-96 1-25* >0 1

*p = <0-1; **p = <0-05; ***p = <0-01.

(p < 0-05). In the managerial, health, or services
sectors there was no indication that solvent exposure
was associated with risk of fetal death.

Exposure to anaesthetic gases occurred only in the
health sector and rarely without exposure to other
chemicals. For abortions, the O/E ratio was 107
(O = 17). Health personnel were also exposed to the
group of pesticides, bactericides, etc, for which the
O/E ratio was 0 97 (O = 39). Sixty three nurses or
doctors stated that they had administered anti-
neoplastic drugs in the four weeks after their first
missed menstrual period; 13 had had abortions
(O/E = 0-97) and none had had a stillbirth
(E = 0 48).

Discussion

Many circumstances affect the recognition and
reporting of spontaneous abortions. 13 Those that
reach hospital are inevitably selected; early abortions
are poorly represented and education and occupation
affect the probability of hospital treatment.14 Infor-
mation on previous pregnancies has therefore been
suggested as a more satisfactory source of data for
epidemiological studies than that on cases in hospi-
tal. 3 Early abortions are less well recalled than those
occurring later but, under favourable circumstances,
over 90% of abortions at 13 or more weeks were
remembered even after a long interval.'5
With information obtained retrospectively the pos-

sibility of response bias must be considered, especially
for subjective items. It is unlikely that questions on
which the occupational classification was based were

subject to bias and the replies were coded without
knowledge of outcome. Certain information, such as
on hours of work and type of shift, was relatively
objective. Chemical exposures were assessed from the
occupational history without knowledge of outcome.
On the other hand, the response to questions on other
aspects of work in pregnancy could have been col-
oured by events, especially ifemotionally traumatic as
with abortion or stillbirth.

There have been a few occupational studies of fetal
death with which to compare our findings. In Finland
the risk of abortion was also low in administrative
and office work but raised in manufacturing, con-
struction, and agriculture.'6 In the United States the
risk of stillbirth was high in manufacturing relative to
other occupations.'7 We did not find this, but in a
group of industrial workers, mainly metal and elec-
trical, there was an excess of abortion. Metal work

Table 6 Relative risks ofabortion by work requirements and
environmental conditions by grouped analysis

Relative 90% Confidence p
risk intervals

Work requirements:
Heavy weight lifting
(> 15 times daily) 2.00 1-5-2-5 <0-01

Other physical effort 1-87 14-2-3 <0-01
Standing
(>8 hours daily) 1-32 1-1-3-5 <0-01

Long hours
(>46 hours weekly) 1-33 09-1 8 0-08

Changing shift 1-45 1 0-1-9 0-04
Environmental conditions:
Noise 1 -06 0-9-1-3 0-4
Vibration 1-14 0 3-2-1 0-4
Cold 1-55 0-7-2-5 0-14
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Table 7 Frequency of chemical exposures by occupational sector*

155

Managerial Health Service Manufacturing Total

No % No % No % No % No %

Solvents:
All* 192 5-0 215 7-9 44 2-6 504 13-4 955 4-2
Alone 43 1-1 169 6-2 43 2-5 445 11-9 700 3-1

Pesticides:t
All* 0 - 179 6-6 24 1-4 0 - 203 0-9
Alone 0 - 70 2-6 24 1-4 0 - 94 0-4

Anaesthetic gases:
All* 0 - 70 2-6 0 - 0 - 70 0-3
Alone 0 - 4 0-1 0 - 0 - 4 0-0

Other chemicals:
All* 153 4-0 123 4-5 448 26-2 291 7-8 1015 4-5
Alone 4 0-1 88 3-2 448 26-2 232 6-2 772 3-4

Total pregnancies 3831 2726 1705 3751 226131

*With or without other chemical exposures.
tlncluding bactericides, fungicides, and herbicides.
+Clerical and sales sectors omitted but included in total.

was one of the occupations identified as at increased ical stress of this sort may have been causal. The alter-
risk in Finland'8 and also in the State of Washington, native explanation of bias was probably excluded by
USA.'9 the grouped analysis; the risk was related to level of
Continuous heavy lifting was associated with abor- exposure and the association with each factor was

tion in a study of pharmaceutical industry employees independent of the others. Moreover, such hypothe-
in Finland,20 as was heavy lifting and shift work in ses appear biologically plausible.
Swedish laboratory workers.2' The adverse experi- Physical, chemical, and biological exposures were
ence ofwomen in the present study whose job entailed investigated in a large study of abortion in Finland in
heavy lifting, physical effort, long hours, changing which occupational titles were linked to hospital
shift, or standing supports the hypothesis that phys- admission records.22 For seven major exposure cate-

Table 8 Ratios of observed (0) to expected (E) abortions and stillbirths by chemical exposure and occupational sector

Chemical 1 2 5 6
exposure Managerial Health Services Manufacturing All

0 O/E 0 OIE 0 OIE 0 OIE 0 OIE

Solvents:
All Abortion 27 0-63 44 0-97 8 0-82 140 1-22*** 219 1-03

Stillbirth 0 - 2 1-10 0 - 13 2-76*** 15 1-72**
Alone Abortion 3 0-28 35 1-00 8 0-84 119 1-18** 165 1-06

Stillbirth 0 - 2 1-44 0 - 11 2-63*** 13 2-01***

Pesticidest
All Abortion 0 - 39 0-97 6 1-20 0 - 45 0-99

Stillbirth 0 - 0 - 0 - 0 - 2 1-11
Alone Abortion 0 - 16 0-98 6 1-20 0 - 22 1-03

Stillbirth 0 - 0 - 0 - 0 - 0 -

Anaesthetic gases:
All Abortions 0 - 17 1-07 0 - 0 - 17 1-07

Stillbirth 0 - 1 1-71 0 - 0 - 1 1-71
Alone Abortion 0 - 1 1-40 0 - 0 - 1 1-40

Stillbirth 0 - 0 - 0 - 0 - 0 -

Other chemicals:
All Abortion 24 0-72 29 1-20 106 1-04 79 1-19 238 1-05

Stillbirth 10 - 1 0-95 3 0-70 5 1-72 9 0-93
Alone Abortion 0 - 21 1-27 106 1-04 58 1-11 185 1-08

Stillbirth 29 - 0 - 3 0-70 3 1-26 6 0-80

*p < 0-1; **p < 0-05; ***p < 0-01.
tlncluding bactericides, fungicides, and herbicides.
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McDonald, McDonald, Armstrong, Cherry, Cote, Lavoie, Nolin, Robert
gories, one of which was organic solvents, no increase
in risk of abortion was found. Our findings on abor-
tion were similar when all sectors were taken together,
although increased O/E ratios were clearly present in
the manufacturing sector for both abortion and still-
birth (table 8). Laboratory technicians have been
reported at increased risk,'9 22-24 but two studies in
which response bias was eliminated or reduced gave
negative results.2' 25 In our study the findings for
hospital laboratory workers and for physical and life
scientist groups (which included other laboratory
technicians) were also negative.

In the present study operating room nurses had an
excess of late abortions but not of abortions at less
than 16 weeks. A report from the USSR in 1967
pointed to work in operating rooms as a possible
cause of general health complaints and spontaneous
abortion.2627 Later studies in which postal question-
naires were used gave positive findings, including one
which was very large.28 In one such questionnaire
study response was detected by checking reported
abortions against those registered in hospital. When
allowance was made for this bias the result was nega-
tive.29 In two recent investigations of nurses using
recorded information on employment and hospital
admission no association with spontaneous abortion
was found.303'

Despite the possibility of recall bias in questions
about use of antineoplastic drugs, we found no evi-
dence of an association with abortion in past preg-
nancies (O/E = 0-97) or current pregnancies
(O/E = 0-96); the combined O/E ratio was 0-95 (95%
CI 0 56 - 1-50). Only 137 women were at risk and we
had no quantitative information on exposure-even
on the use of gloves and hoods. Nevertheless, our
findings do not support the reported association
between administration of cytostatic drugs and
abortion32 in which an odds ratio of 2-30 (95% CI
1 20 - 4 39) was found.
Following a reported association between leather

work, stillbirth, and a rare congenital defect (trisomy
18)," preliminary analysis of our data confirmed the
relation with stillbirth but not with congenital
defect.'2 In the present more comprehensive analyses
an increased risk of stillbirth was found both in leath-
erworkers and in other manufacturing industries.
There was also a small increase in the risk of abortion
in the manufacturing sector in occupations in which
solvent exposure occurred. These findings are sup-
ported by a study in Denmark of female workers
exposed to chemicals identified from employer and
union lists. Their reproductive experience was com-
pared with that of workers similar in socioeconomic
status and physical demands but with little exposure
to chemicals.5 33 Three occupational groups, labora-
tory workers, dental assistants, and gardening work-

ers, had no increase in abortion risk by contrast with
factory workers and painters exposed to solvents. Our
observation of increased O/E ratios for late abortions
and stillbirths in operating room nurses, radiology
technicians, and agricultural and horticultural work-
ers suggests the possibility of some fetotoxic agent or
agents in these occupations. Further study of these
groups is clearly warranted.

We acknowledge the invaluable cooperation of staff
members in the 11 hospital maternity units (Charles
Lemoyne, Jewish General, Laval, Maisonneuve-
Rosemont, Notre-Dame, Sacre-Coeur, Ste-Justine,
St-Luc, Royal Victoria, Ste-Mary's, St-Michel); we
thank our nurses and clerks for their hard work and
Drs C Commandeur, S Marquis, and I Tsarevsky for
their many contributions.
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