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Congenital malformations among children of women working
with video display terminals
by Lars PA Brandt, MD,1,2 Claus V Nielsen, MD1,2

BRANDT LPA, NIELSENCV_Congenital malformationsamong childrenof womenworkingwithvideo
display terminals. Scand J Work Environ Health 1990;16:329-33. In a case-basestudy among 214108
commercial and clerical employees in Denmark the potential effect of the use of video display terminals
on the risk of congenital malformations in pregnancy was investigated. The study base was identified
by means of register linkage of the Medical Birth Register and the National Register of In-Patients. In
the sourcepopulation 24 352 pregnancyoutcomeswereregistered,661 of which with congenitalmalfor­
mations entered the casegroup, and a base sampleof 2252 pregnancies was drawn. Data concerningthe
use of videodisplayterminals, job stress, ergonomicfactors, exposureto organic solvents,and life-style
factors wereobtained from postal questionnaires. The resultsof this study did not support the hypothesis
that the use of videodisplayterminals during pregnancyis associatedwithan increasedrisk of congenital
malformations.
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Clusters of adverse pregnancy outcomes have been
reported for women working with a video display ter­
minal (VDT). Although such clusters are expected to
occur by chance, they have led to increased concern
about the potential reproductive hazards of VDT use.
Low-frequency magnetic fields, job stress, and ergo­
nomic factors have been suggested as potential risk fac­
tors (1).

Experimental studies on chicken embryos and preg­
nant mice exposed to low-frequency magnetic fields
have shown contradictory results regarding reproduc­
tive hazards.

Four large-scale epidemiologic studies on VDT use
and congenital malformations have been published.
Kurppa et al (2) found an odds ratio (OR) of 0.9 for
all malformations (controlled for confounders) and an
OR of 1.6 for cardiac defects. Both results were statisti­
cally nonsignificant. Ericson & Kallen (3) found a
statistically significant increased OR for congenital
malformation of 1.7 for VDT use in pregnancy, of 2.0
for VDT use for less than 10 h/week, and of 2.7 for
VDT use for more than 10 h/week during early preg­
nancy. In their study, McDonald et al (4) found no
increase in the observed to expected ratio for congenital
malformation. Finally, a recently published study by
Goldhaber et al (5) showed an increased OR of 1.4 (not
significant) for women working with a VDT for more
than 5 h/week.
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It has been argued that the increased frequency of
reproductive failures among VDT workers, as seen in
some previous studies, is due to methodological prob­
lems, such as selective memory of exposure (informa­
tion bias), bias of selection, or confounding due to job
stress or ergonomic factors. Still, Goldhaber et aI stated
that VDT work for more than 20 h/week should be
considered a reproductive hazard.

A VDT is used frequently in many jobs today, and
in the future such devices will be used in even more.
Thus a slight increase in the risk of adverse pregnancy
outcome by VDT use would have substantial public
health consequences. Large-scale studies and weighted
comparative analyses of several methodologically
sound studies are needed.

The aim of the present case-base study was to in­
vestigate the potential effect of VDT use on the risk
of congenital malformations among pregnant clerical
and commercial employees in Denmark. Job stress, er­
gonomic factors, and other occupational and nonoc­
cupational risk factors were taken into consideration,
and finally the direction of selection and information
bias was estimated.

Subjects and methods

Selection of subjects and information

The study was conducted as a case-base study (6). The
source population was defined as all 15- to 44-year­
old female members with at least one month's mem­
bership in the Union of Commercial and Clerical Em­
ployees in Denmark from 1982 to 1985. In all, 214108
women fulfilled these criteria, and all the women were
registered by their personal identification number. The
personal identification number is the main key of iden-
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Table 1. Variables (potential confounders and effect modifi­
ers) used in the multiple logistic regression analysis.

Recording of congenital malformations

Data on congenital malformations derived from two
sources, namely, the Medical Birth Register and the
National Register of In-Patients. In the Medical Birth
Register, all diagnoses on congenital malformations
at birth are entered by the midwife in accordance with
a standard recording form. Information on congeni­
tal malformations, birthweight, and gestational age
was recorded from this register.

tification in Denmark, as persons are identified by this
number in all public registers, including those of health
services.

More than 95 070 of all births take place in hospi­
tals, and they are registered by birth certificate in the
Medical Birth Register. Information on births for the
total number of women was obtained by register link­
age of the Medical Birth Register and the women's per­
sonal identification numbers during the two-year
follow-up period from 1 January 1984 to 31 Decem­
ber 1985.

Information on spontaneous abortions in the source
population was obtained by register linkage of the Na­
tional Register of In-Patients and the personal iden­
tification numbers during the two years of follow-up
from 31 July 1983to 31 July 1985.The results on spon­
taneous abortion and VDT work have been reported
elsewhere (7).

In the source population, 24 352 pregnancy out­
comes were recorded in the two-year follow-up period,
661 of which were diagnosed with congenital malfor­
mation. A base sample of 2252 pregnancies (9.2 %)
was drawn randomly from all the recorded pregnan­
cies. Twins, triplets, and induced abortions were ex­
cluded.

Covariable

Maternal age

Previous pregnancies

Previous deliveries

Previous spontaneous
abortions

Job-stress factors

Ergonomic factors

Organic solvent exposure

Hours of work per week

Smoking

Alcohol consumption

Medicine consumption

Infections

Chronic diseases
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Classification

<25 years, 25-34 years, ;,35 years

Yes/no

Yes/no

Yes/no

Three-level job-stress index based on
12 questions on job stressors

Heavy lifting (yes/no)
Sitting more than 1 h at a time
during a workday (yes/no)
Standing more than 1 h at a time
during a workday (yes/no)

Exposed daily at work (yes/no)

1-34 h, ",35 h

0,1-10, '" 11 cigarelles/d during the
first trimester

More than five drinks/week on the
average during the first trimester

Daily medicine consumption during
the first trimester (yes/no)

During the first trimester (yes/no)

Yes/no

If birth takes place at a hospital, the newborn is ex­
amined immediately by a physician, who diagnoses
congenital malformations in accordance with the codes
in the eighth revision of the International Classifica­
tion of Diseases (ICD-8) of the World Health Organi­
zation.

For access to further information on congenital mal­
formations, the personal identification numbers of the
newborn were linked with the National Register of In­
patients; thus diagnoses of congenital malformations
for children who had been hospitalized after birth or
later in the follow-up period were provided. Diagnoses
were recorded by the ICD-8 codes. Since minor mal­
formations are expected to be recorded with some
degree of uncertainty, they were excluded from the
study (not included by ICD-8 codes: 744.29, 744.40­
744.49,744.80-744.99,745.19,745.49,745.59,745.89,
745.99,752.10-752.13,752.19,752.29,752.49,755.00­
02, 755.09-755.19, 755.69, 756.30-756.31, 757.10­
757.99, 758.99, 759.00-09.). For each child in this
study, up to three diagnoses of congenital malforma­
tion from each register were recorded.

In our analysis the total number of children with
congenital malformations constituted the case group.
Cases were then grouped according to the main con­
genital malformation code of the ICD-8, and each
group was considered a subcase group. A child was
registered in more than one main ICD-8 group if it had
more than one malformation and therefore could be­
long to different main groups. The number of mal­
formations in each group are presented later in the
text.

Assessment of exposure

A questionnaire was sent to the case group and the base
sample in September 1987. A request was made for
information on occupational status, job title, job-stress
factors, ergonomic factors, exposure to organic sol­
vents, VDT work, life-style factors (such as tobacco
and alcohol consumption), and health factors during
pregnancy.

Exposure data from the base sample and the case
group of congenital malformations were obtained for
1699 and 505 pregnancies, respectively, for response
rates of 75 and 76 0,70, respectively.

Analysis

As the frequency of congenital malformations is a mea­
sure of prevalence at birth, prevalence odds ratios were
estimated. The statistical analysis was based on uncon­
ditionallogistic regression analysis (8) to eliminate con­
founding. The potential confounders considered in the
analysis are shown in table 1. A potential confounder
was kept in the logistic regression model if the asso­
ciation with the dependent variable was statistically sig­
nificant at the 5 0,70 level. In addition, two-factor in­
teractions between VDT use and the potential con­
founders were examined, and those which contributed



with information to the model were kept in the analy­
sis. To increase the prevalence of VDT exposure, the
study group was restricted to include only women who
were employed durin g pregnan cy. The final base sam­
ple consisted of 1365 pregnancies, and the case group
of 421 children with congenital malformation.

The possible selection bias due to nonresponse was
analyzed in a random sample (14.5 %) of non­
responders . These women were contacted by telephone
and interviewed by interviewers who did not know the
outcome of the pregnancy.

The possibility of selective memory is regarded as
a serious problem in case-base studies. To elucidate
this problem , we asked the VDT users for permission
to contact their employers at the time of pregnancy.
Thr ee hundred and seven of the 555 women gave their
consent, and a random sample of 200 women was
drawn. By means of register linkage with the Labour
Market Suppl ementary Pens ion Fund, the employers
were identi fied, and a questionnaire on VDT use was
forwarded to them. The respons e rate from the em­
ployers was 92.3 010.

Results

Of the employed women, 33.5 % used a VDT dur ing
pregnancy. In the subgroup of clerical and adminis­
trative employees, the proportion was as high as
55.2 %. The prevalence rate of congenital malforma­
tions in children born to women in the base sample
who were employed during pregnancy was 3.1 % . The
corresponding rate for unemployed women in the study
base was 2.5 % .

The estimated OR of congenital malformations by
VDT users compared with non-VDT users during preg­
nanc y was 0.96 [95 % confidence interval (95 % CI)
0.76-1.20]. The OR values for :510, 11-20, 21-30,
and ~31 h of VDT use per week during pregnancy
compared with no VDT use were 0.81 ,1.36,0.91, and

0.91 , respectively, none of which was statistically
different from unity (table 2).

A similar analysis carried out for clerical and ad­
ministrative employees only did not alter these results.
In conclusion, no association was found between the
proportion of time spent working with a VDT regard­
less of the number of workhours per week (table 2).

The analysis did indicate an interaction between
VDT use and the level of job stress. The OR for con­
genita l malformations by VDT work and a low level
of job stress was 0.86 (95 % CI 0.58-1 .26). The cor­
responding figures for women with medium or high
levels of job stress were 0.94 (95 % CI 0.68-1.28) and
1.80 (95% CI 0.77-4.24), respectively.

The association between VDT use and specific mal­
formations can be seen from table 3. Many malfor­
mat ions were rare, and therefore no conclu sions can
be drawn concerning specific diagno ses. Unexpected­
ly, the relative prevalence ratio for hydrocephalus in
relation to any VDT work was found to be 12.0 (95 %
CI 1.38-104). VDT users had OR values slightly
above I for having a child with defects of the ears, neck
or face, blood vessels, lower digestive tract, urinary
system, or with musculo skeletal or miscellaneou s
defects (table 3). For all other malfo rmations, the ob­
served OR values were less than unity.

Discussion

About 80 % of all employees in Denmark are mem­
bers of a trade union . Since trade union registers are
used to determine benefit eligibility, the registers are
highly accura te.

The case-base design used in our investigation is a
modification of the traditional case-referent design in
that the cases were kept in the base sample (reference
group). When one uses the same analysis in a case-base
design as in a case-referent design, a bias in the esti­
mated risk ratios may occur because of the double in-

Table 2. Odds ratio s for congenital malformations accordi ng to work with a video display terminal among the employed women .
(OR =odds rati o, 95 % CI =95 % confidence interv al of th e adjusted odds ratio )

Number of
pregna ncies Crude Adjusted

VOT work ' OR ORb
Case Base
group sample

None 284 909 1.00 1.00

Any 137 456 0.96 0.95

0-10 h/week 64 256 0.80 0.81
11-20 h/week 40 93 1.38 1.36
21-30 h/wee k 19 61 1.00 0.91
;,;31 h/week 10 32 1.00 0.91

0-40 % VOT work 92 320 0.92 0.93
41- 70 % VOT work 26 79 1.05 0.97
;,;71 % VOT work 15 43 1.12 1.04

95 % CI

0.76- 1.20

0.59-1.11
0.91-2.03
0.53-1.57
0.43-1.92

0.71-1.22
0.60-1 .56
0.56-1.94

a Oetailed information on hours of VOT work/week was miss ing for four pregnancies in the case group and fo r 14 pregnancies
in the base sampl e.

b Adju sted for potent ial con founders (see tabl e 1).
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Table 3. Odds ratios for congenital malformations (main groups of the International Classification of Diseases) according to
work with a video display terminal (VOl) among the women employed during pregnancy. (OR= odds ratio , 95 % CI = 95 % con­
fidence interval)

VDT work
(number of pregnancies) OR

Yes No

Base sample 456 909 1.00
Congenital malformation"

Anencephaly (740) 1 2 1.00
Spina bifida (741) 3 6 1.00
Hydrocephalus (742) 6 1 12.0
Central nervous system, others (743) 1 4 0.50
Eyes (744) 1 2 1.00
Ears, neck and face (745) 3 3 1.99
Heart (746) 16 40 0.94
Blood vessels (747) 8 17 1.63
Respiratory system (748) 6 12 0.98
Cleft lip and/or palate (749) 10 22 0.90
Upper digestive tract (750) 16 39 0.66
Lower digestive tract (751) 12 20 1.17
Genitals (752) 15 23 1.06
Urinary system (753) 8 13 1.29
Club foot (754) 32 66 0.83
Extremities (755) 5 22 0.52
Musculoskeletal system (756) 8 12 1.78
Skin (757)
Miscellaneous (758) 3 2 2.99
Chromosome defects (759) 5 16 0.70

95% CI

0.05-10.43
0.21-3.80
1.38-104
0.03-3.38
0.09-11 .58
0.38-10.25
0.50-1.74b

0.62-4.30b

0.36-2.71 b

0.41-1 .94b

0.35-1 .25b

0.55-2.45b

0.52-2.17b

0.48-3.43b

0.52-1 .31b

0.18-1.49b

0.62-5.10b

0.48-18.63
0.24-1.99b

a Code of the International Classification of Diseases, eighth revision, in parentheses.
b Adjusted OR.

elusion. Greenland (9) has presented unbiased adjust­
ment methods for calculating the risk ratio and confi­
dence intervals in case-base designs. This method did
not, however, alter the results. In the analysis all preg­
nancies were treated as independent events, and re­
peated pregnancies among the women were not taken
into consideration in the analysis. However, most of
the women only contributed with one pregnancy, and
the effect of repeated pregnancies has been shown else­
where to be a minor problem concerning statistical
analysis (10). Not all women selected for the study
responded to the questionnaire, and this lack of re­
sponse might result in selection bias. In order to ad­
just for any selection bias due to nonresponse, we ap­
plied the findings from the subgroup of nonresponders,
who had been interviewed by telephone, to the total
group of nonresponders. The selection OR was 0.95
(II); this value indicated that selectionbias due to non­
response produced a small underestimation of the risk
of congenital malformation among the VDT users.

Differential misclassification based upon self-re­
ported exposure assessmentafter the deliveryis another
problem. In order to control for this problem, we also
recorded exposure assessment by employers for a sub­
set of participating VDT users. The sensitivity and
specificityof being classified into one of the four VDT
exposure groups were calculated according to the em­
ployers' answers as a corrective (11), and a rearrange­
ment of exposure classification was performed. Cal­
culation of the OR values after the rearrangement
showed a bias away from the null hypothesis for the
group exposed to a VDT for 11-20 h/week and a bias

332

towards the null hypothesis for the group exposed to
a VDT for 21-30 and ~31 h/week, in comparison
with the group exposed to a VDT for =s 10 h/week.
This finding may explain the excessrisk of congenital
malformations among the children of women exposed
to a VDT for 11-20 h/week. The follow-up period
for congenital malformations in the National Regis­
ter of In-patients was from zero to two years. Our data
could have been biased if VDT use increased during
the follow-up period . This was not the case, however.

In this study we did not use self-reported data on
pregnancy outcomes, but only data recorded in the
computerized medical registers. The register data on
congenital malformations have not been validated, and
some misclassification of the outcome parameter may
exist, even after removal of minor malformations.
However, this type of misclassification is without
doubt nondifferential and would lead to bias towards
the null hypothesis.

Previous studies on congenital malformations and
VDT work have not reported an increased risk for
hydrocephalus, possibly because none of the studies
were large enough to do so. Our finding of a statisti­
cally significant increased prevalence of hydrocepha­
lus has to be interpreted with caution . It is a posterior
finding based on small numbers. Kurppa et al (2) and
Ericson & Kallen (3) found an increasedOR for cardiac
defects, although statistically nonsignificant. This find­
ing was not confirmed in our study. The follow-up
period may, however, have been too short to identify
congenital cardiac defects, which are sometimes iden­
tified only later in life.



Jobstress has been suggested asa risk factor for con­
genital malformations and thus as a potential con­
founder in the earlier studies. Our finding of an as­
sociation between job stress and VDT work, and be­
tween job stress and congenital malformations, may
support this suggestion.

In conclusion, the present study does not support
the hypothesis that VDT work in itself is a cause of
congenital malformations.
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