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LARSEN AI. Congenital malformations and exposure to high-frequency electromagnetic radiationamong
Danish physiotherapists. Scand J Work Environ Health 1991;17:318-23. A clusterinitiated the present
case-referent study to assessthe relation between exposure to high-frequency electromagnetic radiation
and congenital malformations. Through the linkage of a cohort formed from a union file of Danish
physiotherapists with completenational registers of pregnancy outcome, cases (pregnancies terminated
by the birth of a malformed child)and referents wereidentified. From responses in a blinded telephone
interview without knowledge of case status, exposureto high-frequency electromagnetic radiation in the
first month of pregnancy was assessed. Indices reflecting duration of exposure("time") and maximum
level of exposure("peak") werecomposed. After a 7 010 dropout 54 cases and 247referents wereinter­
viewed. No statistically significant associations between pregnancy outcome and high-frequency electromag­
netic radiation were found (odds ratio 1.7, 95 010 confidence interval 0.6-4.3).
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High-frequency electromagnetic radiation is radiation
in the frequency range between 300 kHz and 300 MHz.
Important occupational sources of radiation are short­
wave diathermy in health services, glue hardening,
plastic welding, radar technology, and telecommuni­
cation. "These sources appear to be a highly signifi­
cant occupational exposure due to both the magnitude
of the fields and the frequency range, which is close
to the human whole-body resonance [p 141]" (1).
However, while the exposure levels very often exceed
current protection standards (1, 2), the hazard from
exposure to high-frequency electromagnetic radiation
is still uncertain. Most epidemiologic studies have not
shown any hazards (1). However, many studies may
suffer from a risk of exposure misclassification, which
would weaken the strength of detection of the studies.

In Denmark, a cluster of four cases of congenital
malformation among 25 pregnancies of a staff of
physiotherapists exposed to high-frequency elec­
tromagnetic radiation during pregnancy (3) initiated
this study. The first case was a girl born at term with
a birthweight of 3200g and with hemihypertrophy. The
second was a stillborn, dysmature girl weighing
1500 g and showing several major malformations of
the central nervous system, the gastrointestinal tract,
and the kidneys. Case number three was a mature boy
weighing 4200 g with transposition of the great ves­
sels. Finally, the fourth case was a premature,
thanatophoric girl, who died perinatally. Her birth­
weight was 2090 g.
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The aim of the study was to assess the possibility
that exposure to high-frequency electromagnetic radi­
ation increases the frequency of detectable congenital
malformations at the time of birth.

From the cohort forming the basis of the present
study another paper (4) has focused on high-frequency
electromagnetic radiation in relation to pregnancy out­
comes other than malformations.

Subjects and methods

Study design

Pregnancies among Danish physiotherapists formed
the object of the study, which was designed as a case­
referent investigation nested within a cohort formed
from the files of the Union of Danish Physiotherapists.
Through computerized linkage with national registers
of births, congenital malformations, and hospital ad­
missions, the cases and referents were identified, and,
subsequently, information on prenatal exposure to
high-frequency electromagnetic radiation was obtained
through telephone interviews.

Subjects

Ninety-eight percent of all employed physiotherapists
are members of the Union of Danish Physiotherapists.
Women, born in 1933 or later, and joining the union
since 1978 or later were entered into the cohort.
Through the use of their civil registration numbers,
members of the cohort were linked with the national
register of births, which identified women giving birth
from 1978 to 1985 and provided data on parity and
place of birth.

Information on malformations came from the fol­
lowing three sources: (i) malformations appearing at



birth and recorded in the national register of birth s by
the midwives, (ii) information on diseases - including
congenital malformations - resulting in hospital ad­
missions recorded in the national register on hospital
admissions by physicians, and (iii) the national regis­
ter on congenital malformations , established in 1983.
Hospital physicians must report cases of congenital
malformation appearing in the first year of life to the
last-mentioned register. The registers were scanned
from 1978 through 1985, the malformation register,
however, being checked from 1983 on .

Without a doubt, all births were identified, and most
of the diagnosed malformations were recorded.

Cases were defined as pregnancies resulting in the
birth of children with one or more congenital malfor­
mations listed in one of the registers (codes 740­
759.99 of the International Classification of Diseases,
excluding dislocation of the hips). The reference group
consisted of noncase children identified in a random
unmatched sample of pregnancies coming from the co­
hort. The size of this sample corresponded with the
number of malformed cases added to the number of
cases, explained in the study of pregnancy end points
other than malformations (4).

According to the inclusion criteria, 4064 members
of the Union of Danish Physiotherapists should have
entered the study. Forty-three women (1 0/0) could not
be identified by the civil registration number. The re­
maining 4021 women gave birth to 1580 children af­
ter the exclusion of 17 pairs of twins. For the case­
referent study 57 cases were identified in the registers
and 267 referents were traced. Five percent of the cases
and 7 % of the referents could not be reached by tele­
phone or letter . (This dropout was not statistically
related to case status, P = 0.8, Fisher's exact test.) No
one explicitly refused to participate in the telephone
interview.

Exposure estimation

Information on exposure to high-frequency elec­
tromagnetic radiation was obtained through telephone
interviews, performed by the author and without
knowledge of the case status of the respondent. The
recording of exposure data was based on experience
from a pilot study which showed that physiotherapists'
exposure to high-frequency electromagnetic radiation
during diathermic treatment could be assessed with
some accuracy from telephone interviews (2).

As a month in the beginning of pregnancy easy to
recall, the first month was chosen as a point of focus
for the interview. The interview included questions on
main job tasks and, especially, a detailed interroga­
tion concerning the use of high-frequency electromag­
netic radiation (short-wave equipment).

In principle, the level of the physiotherapist's ex­
posure to high-frequency electromagnetic radiation is
a function of variations in the distance between the

electrode producing the radiation and the operator and
the type of electrode.

Short-wave electrodes can be ranked according to
the magnitude of irradiation. Work with or close to
«2 m) circuplodes, diplodes, and plate electrodes im­
plies weak, intermediate, and high exposure, respec­
tively. The electrode quotients can, with some cer­
tainty, be estimated to be about 1:100:1000 (2). As only
few women were exposed to the very low emitting cir­
cuplode, the electrode factor was divided into the fol­
lowing three categories: 0 = no exposure or exposure
only to circuplodes, 1 = work with or close to (< 2 m)
diplodes, and 10= work with or close to (< 2 m) plate
electrode s.

Variation in the exposure time was recorded as (i)
the duration of time spent per week in the room of
the clinic with high-frequency electromagnetic radia­
tion and (ii) the frequency with which high-frequency
electromagnetic radiation was used in the clinic (0= less
than daily, 1/4= daily but less than once per hour,
1/2 =daily once or twice per hour, and 1=more than
twice per hour).

It was not considered possible to obtain valid data
on the variations in the distance between the used elec­
trode and the operator, except that this parameter was
taken into account indirectly in the electrode factor,
as has already been ment ioned.

In the case-referent analysis two measures of ex­
posure were used. First, the electrode factor alone
expressed the maximum level of exposure ("peak").
Second, multiplying the three factors magnitude of ir­
radiation , duration, and frequency produced a time­
weighted expression of the exposure ("time"). This
product was also divided into three classes as none,
low, and high exposure.

Confounders

At the end of the telephone interview, the physio­
therapist was asked about her consumption of tobac­
co and alcohol during pregnancy (both at five levels),
ultrasound use during the first month of pregnancy (bi­
nary variable), diseases during pregnancy, and use of
legal drugs during the first month of pregnancy (bi­
nary variables). Other potential confounders were par­
ity, age, place of child 's birth (as diagnostic criteria
for congenital malformations probably vary among
different categories of hospitals), and year of preg­
nancy termination (as the frequency with which high­
frequency electromagnetic radiation is used could have
changed during the study period and as the register
of malformations was initiated in the middle of the
period).

Statistics

Crude relationships between pregnancy outcome and
exposure to high-frequency electromagnetic radiation
were estimated from the odds ratio (OR) and the ex­
act 95 % confidence interval (95 % CI) (5). The con-
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Table 1. Frequency of congenital malformations according to the level of duration of exposure (time index) . Effect estimation
by the crude and gender-specific odds ratio (OR). (95 % CI = 95 % confidence interval)

Malformation Boys Girls Boys and girls Test for
combined heterogeneity

Time index' Refer· between

ence Case OR 95% CI OR 95% CI OR 95% CI genders

group group (P-value)

0 193 39 1.0 1.0 1.0
1 36 9 1.0 0.2-3.5 2.0 0.6-6.1 1.2 0.5-2.7 0.4
2 18 6 1.5 0.2-8.2 2.4 0.6-8.6 1.6 0.6-4.3 0.7

Test for trend P=0.70 P=0.12 P=0.29

• 0 = no exposure, 1 = low exposure, 2 = high exposure .

Table 2. Frequency of congenital malformations according to the level of peak exposure (peak index). Effect estimation by
the crude and gender-specific odds ratio (OR). (95 % CI = 95 % confidence interval)

Malformation Boys Girls Boys and girls Test for(N) combined heterogeneity
Peak index' Hefer- between

ence Case OR 95% CI OR 95% CI OR 95 % CI genders
group group (P-value)

0 178 37 1.0 1.0 1.0
1 13 3 0.0 3.1 0.6-13.7 1.1 0.2-3.9 0.1
2 56 14 1.3 0.5-3.3 1.5 0.5-4.3 1.2 0.6-2.4 0.8

Test for trend P=0.75 P=O.40 P=0.59

• 0 = no exposure, 1= low exposure, 2 = high exposure.

Table 3. Frequency of congenital malformations of the heart
according to the level of duration of exposure (time index). Ef·
feet estimation by the odds ratio (OR). (95 % CI = 95 % confi­
dence interval)

founders were evaluated in logistic regression models.
Mantel-Haenszel statistics were applied in the analy­
sis stratifying for gender and in the trend analysis (6).

• 0 = no exposure, 1 = low exposure, 2 = high exposure.

• 0 = no exposure, 1= low exposure, 2 = high exposure.
b Not calculated due to the few cases In one cell.

Table 4. Frequency of congenital malformations of the heart
according to the level of peak exposure (peak index). Effect
estimation by the odds ratio (OR). (95 % CI = 95 % confidence
interval)

Time index'

o
1
2

Test for trend

Peak index'

o
1
2

Test for trend

Malformation
of the heart

(N)
OR

Refer- Caseence
group group

199 7 1.0
37 1 0.8
20 2 2.8

P=0.32

Malformation
of the heart

(N)
OR

Refer- Caseence
group group

184 6 1.0
14 0.0
58 4 2.1

P=0.28

95% CI

.. b

0.4-13.7

95 % CI

0.5-8.0

Results

Overall, the frequency of malformations was 3.6 070,
and for cardiac malformations the occurrence was
0.7 %.

The crude associations between the indices of ex­
posure to high-frequencyelectromagneticradiation and
the occurrence of malformation (tables 1 and 2) were
weak and not statistically significant. as the confidence
intervals were wide and included unity. The gender­
specific figures indicated that the risk seemed greater
for girls than for boys although the tests for heter­
ogeneity were negative. No statistically significant
trends could be demonstrated.

When the analysis focused on the occurrence of mal­
formations of different organs, due to the small
figures, only data on cardiac malformations provided
some information (tables 3 and 4). Again the confi­
dence intervals included unity, but the odds ratio
tended to be a little higher than for malformations as
a whole. Variation by gender across the strata could
not be interpreted in detail, as the data were sparse.

Logistic regression models controlling for the poten­
tial confounders, including work with ultrasound
equipment, did not explain the variation statistically
significantlybetter than the crude models, consequent-
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ly the results of the crude models are presented. Thus,
in the optimum models, the effect estimates remained
at the same level as the crude estimates . For example,
while, for the girls, the crude odds ratio for time at
the highest level of exposure was 2.4 (95 % CI 0.6­
8.6), the adjusted figures were 2.0 (95 % CI 0.5-8.1)
in the optimum model.

Analyzing the components of the indices of exposure
to high-frequency electromagnetic radiation revealed
inconsistent relationships between outcome and ex­
posure .

Discussion

When a biological organism is exposed to an elec­
tromagnetic field, an internal field is induced within
the object. The magnitude and the distribution of the
internal electromagnetic energy depend on the relation
between the magnitude, frequency, and direction of
the external field and the size, shape, and anatomy of
the body . Furthermore, depending on the dielectric
properties of the tissues, internal field energy is con­
verted into thermal energy and perhaps results in a
local or systemic rise in temperature, depending on the
capacity of the local and systemic thermoregulatory
systems (1).

When pregnant animals are exposed to thermal levels
of high-frequency electromagnetic radiation , the dose,
the rise in temperature, and the frequency of malfor ­
mat ions in the offspring correlate and are consistent
with the assumption that the teratogenicity of high-fre­
quency electromagnetic radiation could be a conse­
quence of hyperthermia induced by the field.

Although occupational exposure limits should be
wellbelow exposure levelsable to induce a general rise
in temperature, in fact the norms are often exceeded
(1, 2). Furthermore, energy from high-frequency elec­
tromagnetic radiation is always deposited heteroge­
neously in the exposed organism. In other words, a
lack of increase in whole-body temperature does not
exclude local heating ("hot spots"). In addition, at
least two animal studies (7, 8) have indicated that the
mechanism of the effect of high-frequency electromag­
netic radiation on the development of malformations
might not only be thermal. It was hypothesized that
the teratogenicity is a property of the radiation itself.
If so, the occupational exposure limit should not be
based on thermal models only. One of the aforemen­
tioned studies (8) presented the hypothesis that ex­
posure time plays an important role in inducing birth
defects. In conclusion, experimental evidence suggests
that high-frequency electromagnetic radiation has a
teratogenic property, and it cannot be excluded that
this property might also be present under exposure con­
ditions existing in occupational environments. For the
evaluation of this hazard epidemiologic evidence is
highly desirable.

Workers in professions other than physiotherapy
may be exposed to high-frequency electromagnetic

radiation, and evenat a greater magnitude than physio­
therapists (eg, in plastic welding and glue hardening).
However, as the exposure situation for these groups
usually also includes chemical exposures which could
confound the effects of high-frequencyelectromagnetic
radiation, physiotherapists became the object of the
present study.

In the present case-referent study the association be­
tween high-frequency electromagnetic radiation and
the occurrence of congenital malformations was weak
and not statistically significant, as the confidence in­
tervals were wide and included unity. Simple dose­
response relationships (tables I and 2) could be indica­
tive of a causal relationship, but no significant trend
appeared . Unfortunately, as the knowledge of the in­
teraction between high-frequency electromagnetic radi­
ation and biological organisms is sparse, it was not
possible to construct more sophisticated models in­
cluding scales to make the trend analyses more sensi­
tive. The outcome of the trend analyses remained vir­
tually unaffected by changes in the exposure scale.

The observed tendency towards a difference in risk
between boys and girls was striking, but again it was
only a tendency. Since congenital malformations at
birth are seen only for tho se who survive fetal life,
male fetuses might be vulnerable to high-frequency
electromagnetic radiation and thus survive with a mal­
formation to a lessextent than female fetuses after ex­
posure to high-frequency electromagneticradiation (4).
If so, only the observed dose-response relationship for
the females reflects the true risk of malformation. Al­
ternatively, if high-frequency electromagnetic radia­
tion is truly not teratogenic, an explanation for the ob­
served difference in the gender-specific risk might still
be that the males are more vulnerable to high-fre­
quency electromagnetic radiation, and therefore the
tendency towards an excessrisk for femaleswhen com­
pared with males is false positive. Only studies re­
vealing information on gender and malformations of
aborted fetuses in relation to exposure data could
clarify these questions. The data in this study are not
sufficientlyinformative to be conclusive in this respect.

The two exposure indices "peak" and "time"
should represent alternative views of the mode of ac­
tion of high-frequency electromagnetic radiation. The
time index is a time-modified version of the peak in­
dex, which only estimated the maximum instantaneous
level of exposure.

From the point of view of information bias, the peak
index is undoubtedly the most reliable, as this param­
eter is only based on information on the type of equip­
ment (electrode) used by the physiotherapist. Appar­
ently, most of the physiotherapists did not know of
differences in emission from different types of elec­
trodes. The time index was more sensitive to informa­
tion bias, as this parameter was also influenced by in­
formation on duration of exposure and the frequency
with which high-frequency electromagnetic radiation
was used in the clinic. Thus information bias could be

321



Table5. Comparison of three case-referent s tudies, including
the present study on congenital malformations and reported
exposure to high·frequency electromagnetic radiation (OR =
odds ratio, 95 % CI=95 % confidence interval)

Level of exposu rea,b

Study 0 2

OR OR 95% CI OR 95% CI

Kallen et ai, 1981 (9) 1.0 0.4 0.1-1 .2 2.0 0.7-6.2
Taskine n et ai, 1990 (10) 1.0 2.3 1.1-4.7 1.0 0.3-3.0
Present study (lable 1) 1.0 1.2 0.5-2.7 1.7 0.6-4.3

a Exposure reclass if icat ion from: 0 = never, 1= seldom , 2=often or daily
use of shortw aves (reference 9); or 0 = < 1 h, 1= 1-4 h, 2 = > 4 h weekly
(reference 10).

b 0 = no exposure, 1 = low exposure, 2 = high exposure.

responsible for the "time" associat ion exceeding the
"peak" estimates. Alternatively, the findings support
the hypothesis (8) that exposure time is important with
respect to teratogenic risk.

Exposure information was gathered without knowl­
edge of the case status of the respondent, but the hy­
pothesis of a hazard of high-frequency electromagnetic
radiation may have been known by some of the phys­
iotherapists beforehand. Consequently, information
bias constituted a potential problem. However, bias
was not revealed in another study (4) originating from
the same cohort, since low odds ratios were estimated,
for example, in relation to low birthweight among girls
as opposed to statistically significantly elevated odds
ratios for boys. A crude odds ratio of 0.8 between
ultrasound use during pregnancy and birth of a mal­
formed child in the present study also speaks against
a general tendency towards information bias in the
study population.

In contrast to information bias leading to a differen­
tial misclassification of exposure, nondifferential mis­
classification of exposure always pulls the risk esti­
mates towards null and widens the confidence inter­
vals, and some major sources of misclassification
should be considered . Uncertainties with respect to
retrospectiveinterviewdata and exposure indiceswhich
may easilymissthe proper exposure window in the time
of pregnancy progression represented the main sources
of nondifferential misclassification in this study. Be­
forehand, it was considered impossible to obtain valid
data on variations in distance between the high-fre­
quency electromagnetic radiation electrode and the
operator, and ignoring this factor contributed to the
misclassification of exposure. Furthermore, as timing
is crucial in the teratogenic process, exposure infor­
mation should be gathered for the narrow time inter­
val relevant to the birth defect in question. Such in­
formation is unattainable in a retrospective study, es­
pecially when the internal exposure switches on and
off synchronously with the external exposure, which
typically differentiates the physical exposure situation
from the chemical.

None of the confounders considered in the analysis
can explain the tendencies in the study (eg, consump-
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tion of alcohol or tobacco, intake of medicine, dis­
eases, age, parity, year of pregnancy , place of child's
birth, or ultrasound use dur ing pregnancy) .

Two other studies (9, 10)concerning high-frequency
electromagnetic radiation (exposure among physio­
therapists) and congenital malformations in offspring
have been published. Both studies were case-referent
investigations comparing exposure information from
questionnaires with information on pregnancy out­
come from public registers. The gender distribution
of the offspring is not stated in the papers. One study
(9) classified exposure from the frequency with which
high-frequencyelectromagnetic radiation was used; the
other (10) used the duration of exposure . A distinc­
tion was not made between different electrodes.

In an attempt to compare the outcome of the three
studies, the original results have been reclassified (ta­
ble 5). As the exposure scales in the three studies are
probably incommensurate and as the pattern in the ta­
ble is not uniform, a meta-analysis would be difficult
to interpret and was not performed. In conclusion, a
hypothesis of a teratogenic risk of exposure to high­
frequency electromagnetic radiation could not be veri­
fied or rejected in this study, as in earlier studies. In­
formation bias might be responsible for the border­
line finding of this study however, and probably also
for the outcome of the other two studies. Moreover,
a misclassification of exposure information may have
led to false negative results.

In future research, experimental studies should fo­
cus on the characteristics of the interaction between
high-frequency electromagnetic radiation and the bio­
logical processes, and epidemiologicresearch is needed
to verify the present findings in other occupational
groups with similar exposures.
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