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Objectives The Danish National Birth Cohort was used to examine whether laboratory work was associated
with reduced fecundity.

Methods Self-reported data on laboratory work and waiting time to pregnancy (0-2, 3-5, 612 and >12
months) were used for 829 female laboratory technicians interviewed in 1997-2003. Altogether 6250 female
teachers formed the reference group. A discrete-time survival analysis with a complementary log-log link was
applied to estimate the fecundability ratio between the exposed and unexposed women, with adjustment for
maternal age, gravidity, smoking, prepregnancy body mass index, and paternal job.

Results No difference in time to pregnancy was found between the laboratory technicians and teachers or
between the laboratory technicians with different exposures. The adjusted fecundability ratio for the laboratory
technicians was 0.94 [95% confidence interval (95% CI) 0.86—1.02] for all pregnancies and 0.98 (95% CI 0.86—
1.13) for first pregnancies. A healthy worker effect was found for the laboratory technicians working with the
work processes under study.

Conclusions The results do not suggest that laboratory work in Denmark at present impairs female fecundity.

Key terms fecundability; fecundity; female exposure.

Work with chemicals in general, and laboratory work
in particular, has, in some epidemiologic studies, shown
high risks for adverse pregnancy outcomes (eg, sponta-
neous abortion, malformation, preterm birth, and re-
duced fecundity) (1-4). Laboratory work has also been
associated with an increased risk of lymphatic and hem-
atopoietic neoplasm, brain tumor, and breast cancer (5,
6). In other studies, the risk of spontaneous abortion or
malformation was not increased (7, 8). The inconsist-
ent results may reflect differences in exposures and work
conditions, methodological shortcomings, or the use of
underpowered studies (9, 10).

Time to pregnancy has become the most widely used
estimate of fecundity in occupational reproductive stud-
ies in the past few decades (11-16). Time to pregnancy
is easy to measure, and it can be measured with high
validity (17, 18). This study aimed at examining whether

laboratory work was associated with reduced fecundi-
ty, as measured by time to pregnancy.

Study population and methods

Study population

The study was carried out within the Danish National
Birth Cohort, which has been described in detail else-
where (19, 20). In short, 30-40% of all pregnant wom-
en were enrolled in the cohort in Denmark during the
study period (19). From June 1997 to February 2003, a
total of 88 915 pregnancies were included in the first of
four telephone interviews as part of the cohort data col-
lection. We identified 1069 pregnancies of laboratory
technicians who had only one job at the time of the
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interview and worked in laboratories of hospitals, uni-
versities, the medical industry, food industry, or public
services. We excluded pregnancies of women with en-
dometriosis, ovarian or cervical cancer, and pregnancies
that were unplanned or partly planned. If a woman pro-
vided more than one pregnancy in the study period, we
excluded the subsequent ones. We ended up with 829
pregnancies of laboratory technicians that were eligible
for the analysis (table 1). Using the same exclusion cri-
teria, we identified 6250 pregnancies of teachers for ref-
erence (table 1). Teachers have a similar educational
background but no occupational exposure to chemicals
or radioactive agents. The characteristics of the partici-
pants are shown in table 2. The laboratory technicians
were younger and more often nonsmokers than the
teachers. The laboratory technicians and teachers had
been similarly treated for infertility (9.8% and 8.2%,
respectively) and had comparative histories of sponta-
neous abortion (29.3% and 31.1%, respectively).

Exposure assessment

At gestational weeks 12-25 (median: week 17) the lab-
oratory technicians were asked about their laboratory
work processes during pregnancy and 3 months before
the pregnancy. They were asked about the frequencies
of these procedures and implementation of protective
measures at work. The questions on laboratory work
were identical to questions used in a previous Danish
survey of industrial technicians in 1980 (21, 22). The
job-exposure matrix of 15 x 7 x 3 exposure levels that
we used (appendix) was also designed in 1980 (22), but
it was re-evaluated in 2003 and considered appropriate,
except that currently there was no exposure to isotopes
for the isolation of ribonucleic acid (RNA) or deoxyri-
bonucleic acid (DNA) from tissues and cultures (Knud-
sen, personal communication). We used an exposure
index (EI) for each exposure, which was calculated as
follows: EI = EL x F, where EL = exposure level (ap-
pendix), low = 1, medium = 2, and high = 3; F = fre-
quency of work contacts, everyday = 4, several times a
week = 3, several days a month = 2, and more rarely =
1. We then grouped them into two groups of 1-5 and
26, according to the frequencies of the exposure in-
dex.

Measurement of outcome

Time to pregnancy was recorded in the interview ac-
cording to the following questions: “How long did you
try to become pregnant, before you succeeded? 0-2
months, 3—5 months, 612 months or >12 months?” In
addition, the woman was asked if the pregnancy was
planned, partly planned, or not planned. Only planned
pregnancies were included in the analysis.
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Statistical analysis

Fecundability ratios were calculated using a discrete-
time survival analysis with a complementary log-log
link (23) when the laboratory technicians were com-
pared with the teachers or when the exposed were com-
pared with the unexposed within the group of laborato-
ry technicians. When comparisons were made between
the laboratory technicians, those who were not exposed
to one work process could be exposed to other work
processes. Time to pregnancy in our study was meas-
ured in four intervals. We defined fecundability as the
probability to conceive at one time of the month (in-
stead of a menstrual cycle), conditionally depending on
the fact that the women were not pregnant in the previous

Table 1. Exclusion criteria used for the laboratory technicians
and teachers.

Pregnancy Laboratory Teachers
technicians

N % N %
Women with one job 1069 100.0 8461 100.0
Second or third pregnancy * 42 3.9 397 4.7
Endometriosis 4 0.4 26 0.3
Ovarian or cervical cancer - 0.0 2 0.0
Unplanned 91 8.5 1005 119
Partly planned 103 9.6 781 9.2
Final study pregnancies 829 775 6250 739

2A woman contributed two or three pregnancies during the study period.

Table 2. Characteristics of the laboratory technicians and teach-
ers.

Characteristic Laboratory Teachers
technicians
N % N %

Maternal age

<30 years 442 533 3080 493

30-34 years 316 38.1 2377  38.0

>35 years 71 8.6 793 127
Gravidity

0 327 394 2313 37.0

>1 502 60.6 3934 629

Missing - 0.0 3 0.0
Smoking

Yes 115 13.9 1258  20.1

No 714 861 4990 798

Missing - 0.0 2 0.0
Prepregnancy body mass index

<18.5 kg/m? 32 39 157 2.5

18.5-30 kg/m? 734  88.5 5499  88.0

>30 kg/m? 52 6.3 511 8.2

Missing 11 1.3 83 1.3
Paternal job

Laboratory 51 6.2 140 2.2

Nonlaboratory 638 77.0 5366  85.9

Unemployed 39 4.7 518 8.3

Missing 101 122 226 3.6
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interval and that they did get pregnant. We broke down
individual time to pregnancy into a set of intervals that
were treated as distinct observations. After pooling these
observations, the next step was to estimate a regression
model with a “cloglog” link in STATA (Stata Corp, Col-
lege Station, TX, USA) with a variable to indicate the
interval fitting into the model together with covariates.

Potential confounders included maternal age at con-
ception, gravidity (pregnancy number), prepregnancy
body mass index, smoking, paternal job, and alcohol
consumption. Variables were kept in the model if ex-
cluding them from the full model changed the effect
measure by 25%. Alcohol consumption was not includ-
ed in the final model because it did not change the esti-
mates for the fecundability ratio (FR) for the laboratory
technicians or for specific exposures in the laboratory.
The question of whether they had smoked at any time
in the first trimester was used to categorize the partici-
pants as either smokers or nonsmokers, because no in-
formation about smoking habits before pregnancy was

available. Paternal job was classified according to the
Danish version of the International Standard Classifi-
cation of Occupation (DISCO-88) (24) into a laborato-
ry job (2113,2211-2213,3111-3114, 3116, 3211-3212)
and a nonlaboratory job, together with two additional
categories (unemployed and missing). The analyses
were performed with STATA 8.0.

Results

The laboratory technicians and teachers had a similar
time to pregnancy for all pregnancies and for the first
pregnancies (table 3).

Exposure to radioimmunoassay showed the lowest
fecundability ratio, whereas some processes had an in-
creased fecundability ratio for all pregnancies, first
pregnancies, or both (table 4). When an exposure
matrix was applied, none of the specific exposures

Table 3. Time to pregnancy and fecundability ratios (FR) for the laboratory technicians in a comparison with the teachers.

Time to pregnancy (%) Crude FR Adjusted FR? 95% Cl
0-2 months 3-5 months  6-12 months ~ >12 months
All pregnancies
Teachers 47.3 20.8 16.5 15.4 1.00 1.00 .
Laboratory technicians 457 225 15.8 16.0 0.98 0.94 0.86-1.02
First pregnancies
Teachers 41.6 21.2 18.4 18.8 1.00 1.00 .
Laboratory technicians 42.5 22.9 15.0 19.6 1.01 0.98 0.86-1.13

a2 Adjusted for maternal age, gravidity, smoking, prepregnancy body mass index, and paternal job.

Table 4. Fecundability ratios (FR) for working with specific processes among the laboratory technicians (N=829). (RNA = ribonucleic

acid, DNA = deoxyribonucleic acid)

Work process All pregnancies

First pregnancies

N Crude  Adjusted 95% Cl N Crude  Adjusted 95% Cl
FR FR2 FR FR2
Chromatography 163 1.10 1.16 0.97-1.39 76 0.95 1.08 0.80-1.45
Photometry 203 1.00 1.04 0.87-1.24 80 0.97 1.11 0.83-1.48
Electrophoreses 137 0.96 0.98 0.80-1.20 59 0.90 1.01 0.73-1.39
Extraction (eg, of hormones) 105 1.33 1.35 1.08-1.69 44 1.29 1.36 0.89-2.08
Radiolabeling 82 1.12 1.06 0.81-1.38 25 1.07 1.17 0.64-2.13
Radioimmunoassay 50 0.87 0.85 0.60-1.20 16 0.83 0.87 0.42-1.81
Enzyme techniques 239 1.12 1.14 0.96-1.34 95 1.02 1.01 0.77-1.32
Human blood and tissue processing 286 1.06 1.04 0.89-1.22 111 0.93 0.88 0.68-1.15
Work with experimental animals 62 1.09 1.10 0.81-1.49 28 1.27 1.28 0.83-1.97
Work with microorganisms 208 1.12 1.08 0.91-1.29 76 1.12 0.96 0.70-1.31
Preparation of slides 177 1.27 1.26 1.04-1.52 70 1.13 1.06 0.78-1.44
RNA or DNA isolation 56 1.28 1.27 0.91-1.78 17 1.52 1.53 0.81-2.92
Organic-chemical processes 154 1.18 1.23 1.01-1.49 75 1.12 1.20 0.89-1.61
Organic synthesis 46 1.24 1.17 0.86-1.59 14 1.99 2.05 1.00-4.19
Inorganic synthesis 46 1.24 1.31 0.94-1.82 14 1.68 2.18 1.35-3.52

a Adjusted for maternal age, gravidity, smoking, prepregnancy body mass index, and paternal job.
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showed a decreased fecundability ratio for all pregnan-
cies, and the fecundability ratios were close to unity for
first pregnancies (table 5).

When the 111 laboratory technicians who did not
perform any of these work processes in the laboratory
were used as reference, the technicians who did one or
more worktasks had a high fecundability ratio [1.43,
95% confidence interval (95% CI) 1.14-1.80]. All the
fecundability ratio estimates for the specific exposures
were decreased from 3% to 13% when comparisons were
made with the technicians who carried out one or more
of these processes but not the work process under study
(and the 111 technicians who did not perform any of these
work processes were excluded). None of the fecundabili-
ty ratio estimates were statistically significant (FR 0.79-
1.22 for exposures to work processes and FR 0.90-1.20
for exposures to substances) except for the extraction of
hormones or fatty acids (FR 1.27, 95% CI 1.01-1.59).

A history of spontaneous abortion was correlated
with reduced fecundability (FR 0.70, 95% CI 0.65-
0.75). When we included a history of spontaneous abor-
tion in the model, the fecundability ratio estimates
changed no more than 10% (data not shown). Smoking
was associated with reduced fecundability (FR 0.90,
95% CI 0.84-0.96), but we had only crude information
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on past smoking. When we excluded all the smokers,
we obtained almost the same results as those presented
(data not shown).

We obtained similar results when we excluded preg-
nancies with treatment for infertility, except, for first
pregnancies, the laboratory technicians had an increased
fecundability ratio when compared with the teachers (FR
1.18, 95% CI 1.03-1.35).

The use of protective measures among the laborato-
ry technicians is shown in table 6. The technicians with-
out the use of protective measures showed a lower fe-
cundability ratio for those working with the preparation
of slides for microscopy (FR 0.71, 95% CI 0.50-1.00,
for nonusers of local exhaust ventilation and 0.60, 95%
CI 0.40-0.90, for nonusers of flow-bench), or those
working with inorganic synthesis (FR 0.16, 95% CI
0.04-0.55, for nonusers of local exhaust ventilation).

Discussion

We found no difference in time to pregnancy between
the laboratory technicians and the teachers or between
the laboratory technicians with different exposures. First

Table 5. Fecundability ratios (FR) for exposure to specific substances, according to an external exposure matrix?, among the laboratory

technicians (N=829).

Exposure index ® All pregnancies

First pregnancies

N Crude  Adjusted 95% Cl N Crude  Adjusted 95% Cl
FR FRe FR FR®

Experimental animals

1-5 191 0.98-1.42 78 1.04 0.98 0.72-1.34

>6 54 0.81-1.56 22 1.27 1.25 0.79-1.98
Epoxy substances

1-5 64 0.94-1.71 30 1.31 1.43 0.91-2.24

>6 111 1.02-1.61 40 1.02 0.86 0.58-1.28
Formaldehyde

1-5 306 1.06 0.87-1.22 112 1.00 0.92 0.69-1.22

>6 185 1.30 1.26 1.03-1.54 74 1.18 1.03 0.74-1.43
Dyes

1-5 245 1.23 1.10-1.63 109 1.03 1.11 0.81-1.53

>6 341 1.23 1.03-1.50 125 1.08 1.08 0.78-1.51
Radioisotopes

1-5 293 0.96-1.36 128 0.95 0.97 0.74-1.28

>6 165 0.85-1.29 59 0.93 1.10 0.74-1.62
Heavy metals

1-5 78 1.17 0.94-1.58 30 1.37 1.65 1.16-2.35

>6 146 0.98 0.82-1.25 57 0.92 1.06 0.75-1.51
Organic solvents

1-5 151 1.23 1.27 0.97-1.65 53 1.04 0.97 0.63-1.49

>6 528 1.40 1.45 1.15-1.81 214 1.04 1.04 0.74-1.47

2 Refer to the appendix.

® An exposure index (El) for each exposure was calculated as follows: EI = EL x F, where EL = the exposure level (appendix), low = 1, medium = 2, and
high = 3; F = frequency of work contacts, everyday = 4, several times a week = 3, several days a month = 2, and more rarely = 1. It was then grouped

as 1-5 and >6.

¢ Adjusted for maternal age, gravidity, smoking, prepregnancy body mass index, and paternal job.
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Table 6. Use of protective measures (%) for the work processes.
(RNA = ribonucleic acid, DNA = deoxyribonucleic acid)

Number Local  Flow-  Glove Mask
of exhaust  bench
women ventilation

Work process

Chromatography 163 82.8 92.6 89.6 19.0
Photometry 203 66.8 60.2 79.6 6.9
Electrophoreses 137 57.7 70.1 91.2 7.3
Extraction (eg, of 105 65.7 876 933 10.5
hormones)

Radiolabeling 82 704 64.6  96.3 11.0
Radioimmunoassay 50 62.0 58.0 96.0 10.0
Enzyme techniques 239 55.3 52.3 78.6 6.8
Human blood and 286 39.7 43.4 80.4 3.5
tissue processing

Work with experi- 62 48.4 403 855 21.0
mental animals

Work with micro- 208 52.7 64.3 60.6 6.7
organisms

Preparation of slides 177 56.5 63.3 79.7 3.4
RNA or DNA isolation 56 42.9 714 768 5.4

Organic-chemical 154 65.6 94.2 90.9 14.9
processes

Organic synthesis 46 65.2 93.5 91.3 15.2
Inorganic synthesis 46 65.2 91.3 91.3 15.2

pregnancies even had a shorter time to pregnancy among
the laboratory technicians than among teachers for preg-
nancies without treatment for infertility. This finding
could be due to chance, or it could reflect a difference
in treatment seeking for infertility.

We found that most of the laboratory technicians
wore protective gloves while working. The use of local
exhaust ventilation and the flow-bench depended on the
work process. Fecundability among those working with
the preparation of slides for microscopy or working with
inorganic synthesis may depend upon the use of protec-
tive measures, but chance findings cannot be ruled out
due to multiple comparisons.

A previous study from Sweden (2) showed that the
fecundability of women working in a research labora-
tory was similar to that of the unexposed referents but
that the use of solvents in laboratories was associated
with reduced fecundability. The difference in the find-
ings could reflect different exposure levels in different
laboratories. The study from Sweden originated from re-
search laboratories, while our study addressed all labo-
ratories (ie, only a few were research laboratories).

We recruited 30-40% of all pregnant women in Den-
mark to the cohort partly because only 60% of the preg-
nant women were invited (19). We believe that selec-
tion bias is an unlikely reason for the lack of effect, since
studying determinants of fecundity was not specified as
one of the aims of the cohort. This study included only
women whose pregnancies survived until the first in-
terview (about 17 gestational weeks). All the effect
measures were thus based on having had a pregnancy
that lasted that long. If the exposures under study led to

1 1 2 Scand J Work Environ Health 2005, vol 31, no 2

an all-or-none effect or early fetal loss, we had no pos-
sibility of detecting such an effect. Restricting the
study to surviving pregnancies may bias the results to-
wards the null (25). Experiences so far show, however,
that most environmental exposures reduce fecundity
rather than cause sterility, except in a few cases (26).

We used questions (21) related to an exposure ma-
trix developed in 1980 (22) to evaluate exposures in lab-
oratories. The exposure quantification was adjusted to
the current work situation and relied on the laboratory
experience of two authors of the study with the expo-
sure matrix (21). The exposure matrix does not include
the levels of protection, and the validity of the expo-
sure matrix has not been tested in a separate exposure
study. The results for specific exposures to substances
must, therefore, be interpreted with caution.

We asked about work processes 3 months before and
during pregnancy. We did not have data on the work
status at the start of pregnancy planning and changes in
exposure over time. If women who experience unsuc-
cessful pregnancies change jobs, the results may be bi-
ased by misclassification of work for the proper time of
exposures. We believe that this is a minor problem for
laboratory work as such, since we studied skilled work-
ers who may change worktasks but hardly occupation.
Avoiding specific exposures when trying to become
pregnant or during pregnancy may be a response to of-
ficial recommendations, and it would bias results to-
wards low effect measures, as seen for laboratory tech-
nicians who did none of the work processes under study.
Modifying occupational exposures as a function of a
previous pregnancy history may, in a way, lead to an
underestimation of effects among multiparous women.

Information on time to pregnancy was obtained in a
telephone interview, in which the women had to recall
arecent waiting time. Validation studies of time to preg-
nancy have shown that the recall of time to pregnancy
seems accurate even over longer time periods (12, 14,
17, 18). We asked about time to pregnancy in four cate-
gories in order to assist the women and accepted a pos-
sible minimal loss in precision estimates of the fecund-
ability ratio (27).

Previous use of oral contraceptives can prolong time
to pregnancy in the first three cycles (28). We asked the
women about the use of contraceptive pills during the
past 4 months before pregnancy and found that, among
those who had a time to pregnancy of 0-2 months, the
proportion of previous pill use for the laboratory tech-
nicians (38.5%) was similar to that of the teachers
(36.2%). Menstrual cycle is another important factor
related to women’s fecundity. We found no differences
in menstrual characteristics (regularity in general and
regularity, strength, and duration with regard to the last
menstrual period) between the laboratory technicians
and the teachers. A history of spontaneous abortion may



be related to reduced fecundity, as well as to the expo-
sures under study (12, 29). However, the results did not
change much (less than 10%) with or without adjust-
ment for a history of spontaneous abortion. Fecundity
is a couple’s characteristic, but we had limited informa-
tion on the male partners. A paternal laboratory job was
adjusted for in the analysis to control possible effects
of laboratory exposures.

Initially we performed an analysis for the first half
(N=40 635) of the data available in the cohort (split-half
design), and the results were similar to those presented
except for women working with radioimmunoassay,
which showed a longer time to pregnancy. The Nation-
al Institute of Radiation Hygiene supervises the month-
ly exposure to radioisotopes for all Danish laboratory
workers at potential risk by monitoring dosimeters worn
on laboratory coats. The monitoring data did not reveal
excess exposure for these technicians and thus indicat-
ed that this finding occurred by chance (Dorthe Kolbak,
personal communication, http://www.sis.dk). We decid-
ed to delay publication until we received the second half
(N=48 280) of the data. The finding was not replicated
in the second batch and, therefore, also signified a
chance association, and we now present the results for
the entire data source.

Our results suggest that working in a laboratory in
current work settings has little or no effect on women’s
fecundity.
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Exposure matrix for laboratory technicians
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(L = low exposure, M = medium exposure, H = high exposure, ELISA = enzyme-linked immunosorbent
assay, RNA = ribonucleic acid, DNA = deoxyribonucleic acid)

Work process Experimental ~ Epoxy Formalde- Dyes Radio- Heavy Organic
animals  substances hyde isotopes metals solvents
Chromatography: paper, thin layer, liquid, L L H
high pressure, gas
Photometry: spectro, fluoro or atomic L M M
absorption
Electrophoreses: paper, gel, acrylamide L M
Extraction (eg, of hormones or fatty acids) H
Radiolabeling H L
Radioimmunoassay, isotope methods L H L
Enzyme techniques (eg, ELISA, etc) L L
Human blood and tissue processing L L
Work with experimental animals H L L
Work with microorganisms L M L
Preparation of slides for microscopy L M M H H
Isolation of RNA or DNA from tissues and L L
cultures
Organic-chemical processes (eg, evaporation, H
filtration, extraction, distillation, crystallization)
Organic synthesis L H
Inorganic synthesis L M L
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