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ABSTRACT

In an exploratory case-control analysis derived fram a survey of
male physical therapists, the relationship between paternal occu-
pational exposure to nop—ionizing radiation prior to conception

and congenital anamalies in their offspring was investigated. The
study included 148 fathers of 169 children with anomalies and 169
pair-wise matched control fathers. A significant association be-
tween shortwave occupational exposure of fathers prior to concep-
tion and an increased rate of anomalies among their offspring was
observed. The estimated relative risk was 2.9. Shortwave expo-
sure within 3 months prior to conception and an association with
congenital ancmalies showed a relative risk of 2.0. For specific
groups of anomalies, case fathers reported significantly longer
durations of exposure prior to conception than control fathers
relative to heart anomalies (P<0.025) and an excess, which yielded
borderline significance (P<0.10), relative to single gene dominant
anomalies. A significant risk associated with exposure to shortwave
energy 3 months prior to conception was noted for clubfoot and single
gene dominant case groups (estimated relative risks of 2.8 and 4.5
respectively). For the 3 months prior to conception, the group of
heart ancmaly cases were only borderline significant (P<0.10). 'These
findings suggest that paternal occdpational exposure to shortwave
radiation may be associated with an increased risk of congenital

anomalies in the offspring of the exposed workers.
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Introduction and Background

The relationship between occupational exposure to raciiofrequency/
microwave energy and the occurrence of corngenital ananalies among

the exposed workers' offspring has received little study. Two re-
ports have been published on the association between paternal ex-—
posure to microwave radiation and Down's Synchrome.l’2 The first
report resulted fram an incidental finding in an x-ray study which
indicated a marginal excess of radar exposure, during military service,
among fathers of Down's Syndrome cases. The excess was not con-
firmed in a follow-up report. 2An excess of congenital anamalies,
particularly clubfoot, was reported in Dale and Coffee counties in
.Iklabama.3 Most of the excess was reported fram the hospital at a
military aviation training center. Hypotheses were generated that the
incidence of congenital ancmalies would be higher for offspring of
the military population and that the higher rates would be related to
some envirormental factor, especially paternal exposure to radar. A
subsequent investigation did not support these hy;_:otheses.4 A study
of reproductive hazards among power plant workers, in Sweden, noted

a higher rate of congenital anomalies among the offspring of workers
occupied with the management of high voltage (<400 Kv) switchyards
when carpared to workers with lower exposure.5 Significant changes

in spermatogenesis have been reported among technicians exposed to
microwave energy.6 In a Swedish study of female physiotherapists,
women who gave birth to malformed or perinatally dead offspring had

a higher incidence of occupational usage of shortwave diathermy during

pregnancy relative to a group of matched controls.

Although several animal studies on the teratogenic effects of micro-



wave radiation have been reported, the evidence is not conclusive.
Most of this research has focused on fomale experimental animals.
studies of male experimental animals exposed to microwave radiation

have demonstrated various deleterious reproductive effects.gm13

A review of epidemiologic studies by Silverman on potential health
effects of microwave radiation stressed the need for more intensive
study of congenital ancmalies among offspring of both fathers and

mothers who were exposed.14

This report describes the results of an exploratory case-control anal-
ysis of paternal occupational exposure to non-ionizing radiation in
relation to congenital anomalies. The study is based on data collected

under contract for a larger retrospective mail survey of potential ‘

health effects to male physical therapists, with occupational exposure
to RF/microwave energy, and their offspring. BAn earlier report has

described specific findings for the physical tl“xerapists.l.5

METHOLS

The study was planned as a self administered mail survey for assessing
health and reproductive outcames, including birth defects, which might
be associated with paternal exposure to low—level, non—-ionizing electro-
magnetic energy. The target population was approximately 5300 male mem—

bers of the American Physical Therapy Association (APTA).

An oqcupational history of diathermy utilization by modality, length of
employment, and frequency of use was identified on the questionnaire.
The four different radiation modalities were: microwave (M), shortwave

(s), infrared (I), and ultrasound (U). The study questiomnaire in—
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cluled a birth defects checklist, which was to be canpleted by
either the respordent or his spouse, of the following congenital
anamalies: (1) Down's syndrome, (2) clubfoot, (3) cleft lip/palate,
(4) missing/extra fingers or toes, (5) heart defect, (6) digestive
defect, (7) spina bifida, (8) condition requiring special education
or care, (9) cerebral palsy, (10) hearing disorder. An additional
oolumn was provided for conditions not specified on the checklist.
Information was collected on the age of the respordent and spouse,
the respordent's race, his occcupational and marital history, health
data for the respondent and his spouse, parental congenital ancma-
lies, therapeutic and diagnostic exposure to ionizing and non-ion-
izing radiation of the respondent and/or spouse. The pregnancy
history for the spouse included contraceptive usage prior to the
pregnancy, use of cigarettes, rubella, occupational history, and

exposure to x-ray and/or ultrasound.

For the 3004 (58%) respondents to the questionnaire, 4732 live births
were identified among 2172 fathers (2.18 live births/father).

There were 2464 males and 2268 females. A camputer program provided
a list of all respondents who gave one or more positive responses

on the birth defects checklist. The questionnaires for these re-
spondents were manually reviewed and a a new list was campiled of
the birth defects cases using the eighth revision of the Inter-
national Classification of Disease.s.16 The total number of

children with anamalies was 255, and the total numwber of anamalies
was 262. Analyses were limited to those cases with congenital
anamalies caded 740 through 759 fram the above reference. One
hundred and seventy-five cases with 192 ananalies were iden—
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tified in this code range. These anomalies represented 67% of all
ananalies which were reported. The selection of cases for assess—
ment, in this range, was based on several criteria. Oongénital anan—
alies which could be recognized as present at birth was one criter—
ion. Another was that the defect would generally interfere with normal
function. The ability to cawpare rates found in this study to the

17

National Center for Health Statistics rates was considered. All

congenital anomalies identified in other ranges of the ICD were ex—

cluded. .

One hundred and fifty-four men who had one or more children with con—
genital anomalies were identified. Twenty-one fathers had 2 children
with anomalies. All cases were born between 1942 and 1979 (90% be-
tween 1952 and 1977). The number and prevalence rate of ancmalies
by ICD codes are provided in Table 1. The major ancmalies noted in
this study include: heart anamalies (N=30), clubfoot (N=37), other

anomalies of limbs (N=27), and Down's syndrome (N=13).

Twelve of the 175 cases were children with multiple ancmalies; 8
cases had 2 anamalies, 3 cases had 3 ananalies, and one case had
4 ancmalies. Again, the total number of anamalies in this study
was 192. Table 2 provides the rates of congenital ancmalies for
eight birth year intervals fram 1940 through 1978. Overall, the
rate of congenital anomalies (single and multiple), in the ICD

code range 740 - 759, among the 175 cases in this study is 3,698

per 100, 000 liveborn.

Controls were matched to cases on a pair-wise basis according to
the fathers' race, yecar of birth of the case (+ 3 years), maternal
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age (+ 5 years), and sex of case. Six cases had missing infonmtion
for the year of birth of the case and were eliminated fram the case-
control analysis (5 with single anomalies, ICD 742, 745, 754, and 759.5
and 1 with multiple anomalies, ICD 741,745, 754, and 755.7). Three
cases had missing information for the year of birth of the mother

and paternal age was used as a proxy for maternal age. The race for

3 cases was unknown , and it was assumed that these cases were white.
The sex for one child was unknown, and it was assumed that the child
was male. The matching process yielded 169 pair-wise matched cases

and controls.

Two methods of analysis were applied to all cases and controls and
to the following separate case groups with matched controls: 1)
heart anomalies, 2) clubfoot, 3) Down's syndrome, and 4) ancmalies
which are known to occur as monogenic dcminant traits (single gene
dominant). Single gene dominant anomalies, in this study, were

eye anomalies including congenital cataract, hypospadias, deformities
of upper and lower limbs including polydactly, ancmalies of the face
and skull, and skin anomalies.l8 The first analysis assessed the
effects of occupational exposure by total length of employment and
by the number of treatments administered per typical work week aver-
aged over the total length of employment, prior to conception, for
the different radiation modalities. The second analysis assessed
the effects of occupational exposure during the 3 month period,
prior to conception, for a given radiation modality. In this
analysis, exposure was treated both as a qualitative variable
(yes/no), and as a quantitative variable (average nuber of treat—

ments administered per week).
_ 5



Tests of statistical significance werc conducted using the paired t-
test 19 for analyses of continuous variables and the McNemar test Y
for analyses of dichotomous variables. For selected dichotamous
variables, the odds ratio was also calculated as an approximate meas-

ure of relative risk of one or more congenital ancmalies. The maximum

likelihood estimate of the relative risk and 95% confidence limits

21

were derived using the technique described by Miettinen. The

programs developed by Rothman and Boice 22 were employed for the

estimated relative risk calculation.
RESULTS

Comparability of Cases and Controls

Table 3 campares cases and controls with respect to selected matching
and personal characteristics. Both the case and control group were
found to be camparable with respect to the matching and other potential
confounding factors, with the exceptions of previous adverse pregnancy
outcames and parity (first born). Among the cases, 17% had experienced
previous adverse pregnancy outcanes as canpared to 2% for the controls.
Problems with earlier pregnancies may serve as markers for genetically
caused effects not associated with environmental factors. The propor-
tion of first births was higher among controls than cases. However, it
has been reported that, for all congenital ananalies canbined, rates for
first births are higher than for other birth orders regardless of the

=4 Thus, any confounding due to parity, in this

age of the mother.
study, should result in an wderestimate of the effect of paternal occu-

pational exposure and subsequent anamlies among of fspring.
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Occupational History and Exposure for Fathers of Cases and Controls

Table 4 shows the distribution of fathers of cases and controls accord-
ing to the occupational exposure subgroup prior to conception. Both
groups were canparable concerning membership in any of the possible
exposure subgroups, including the no exposure subgroup. Fathers of
cases were more likely to be exposed to one or more of the four radia-
tion modalities (microwave, shortwave, infrared and ultrasound) than
fathers of controls ( 71% versus 63%). Excluding the no exposure
group, the MSIU subgroup was the most cammon subgroup among fathers

of cases (30%) and fathers of controls (27%). One hundred and eighteen
fathers of cases (70%) and 99 fathers of controls (59%) were exposed
to either microwave or shortwave radiation. Of this number, 64 fathers
of cases (38%) and 58 fathers of controls (34%) were exposed to both
microwave and shortwave radiation (subgroups MSIU, MSU, and MSI).
Sixty-eight fathers of cases (40%) and 65 fathers of controls (38%)
were exposed to microwave radiation regardless of other modalities.

Of those exposed to microwave, only 4 fathers of cases (2%) and 7
fathers of controls (4%) were exposed to microwave radiation (sub-—
groups MIU and MU) but not to shortwave radiation. One hundred and
fourteen fathers of cases (67%) and 92 fathers of controls (54%) were
exposed to shortwave radiation regardless of other modalities. Of
those exposed to shortwave radiation, 50 fathers of cases (30%) and

34 fathers of controls (20%) were exposed to shortwave radiation (sub-

groups SIU, SU, and SI) but not tc microwave radiation.

An analysis, for each of the radiation moadalities, was conductad on

the effect of duration of amployment and the average nunber of treat-
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ments per typical work week associated with paternal occupational
exposure prior to conception. Since most exposure subgroups in the
study involved multiple subgroups (Table 4), the 4 modalities com-
sidered are not mutually exclusive. No significant differences were
found between the case and control groups for microwave and infrared
modalities. Effects associated with ultrasound cannot be given a
physical explanation since ultrasound diathermy produces biological
effects by direct contact which physical therapists would not ex-
perience in the therapeutic administration of this modality, and

the ultrasound frequencies used in diathermy do not propagate in
Table 5 presents the results of the analysis for the shortwave
modality. The shortwave modality was assessed both in conjunction
with other modalities and exclusive of other modalities. For both
assessments, 3 months prior to conception, case fathers occupa-
tionally exposed to shortwave shortwave radiation administered

significantly more treatments per week than control fathers (P<0.03

and P<0.02 respectively).

Fathers of cases and controls were also classified by high or low
exposure to shortwave radiation according to length of employment
(high >26 months, low <26 months), number of treatments per typical
work week (high »>9 treatments,low, <9 treatments), and a caubina-
tion of the length of employment and number of treatments per week.
There was a significant difference between fathers of cases and
controls for length of employment (Chi scquare with 1 degree of

freedam, 13.1; P<0.001) and the carbination of length of employment



and number of treatments per week (Chi square with 1 dggree freedan,
7.2: P<0.0l). nMmong case fathers, the relative risk of a birth

anomaly was 2.8 (confidence interval, 1.6 to 4.8) for length of an
ployment and 2.9 (confidence interval, 1.3 to 6.2) for the canbina-

tion of length of employment and treatments per week .

Analyses of fathers of specific case groups (heart anamalies, club-
foot, Down's syndrome, and single gene daminant ancmalies) revealed
significantly higher (P<0.025) shortwave exposure for fathers of
offspring with heart ancmalies campared to matched control fathers.
The relative risk was 5.0 (confidence interval, 1.5 to 17.3). Test-
ing approached significance (P<0.10) for fathers of offspring with
single gene daminant ancmalies campared to matched control fathers.
Comparisons were based on total length of occupational exposure to

shortwave diathermy prior to conception.

Paternal occupational exposure to shortwave diathermy within the 3
month period prior to conception, for the same specific case groups,
was assessed for case and matched control fathers. When the assess-—
ment was based simply on the fact of occupational exposure to short-
wave energy during the 3 months prior to conception, the relative
risk of clubfoot and single gene dominant was 2.8 (confidence inter-
val, 1.1 to 7.4) and 4.5 (confidence interval, 1.1 to 18.1) re~
spectively. The number of shortwaye diathermy treatments administered
per week was not significantly different for fathers of offspring
with clubfoot and single gene daminant anamalies when canpared to
control fahters. A camparison between fathers of offspring with

heart anomalies and matched control fathers suggested a trend




(P<0.10) for greater frequency of shortwave diathermy treatments
administered per week, amang case fathers, 3 ronths prior to concep—

tion.

DISCUSSIOH

Data in this study suggest an increased risk of congenital anomalies

in the offspring of male physical therapists occupationally exposed

to shortwave radiation. This association is rélative to length of time
exposed and frequency of exposures, based on both total exposure

prior to conception and exposure 3 months prior to conception. Analyses
of specific case subgroups reveal similar, although less cbvious, éffects
for heart anomalies and single gene daminant anomalies. Also, a pos—
sible indication of an increased risk for clubfoot is associated with

chort-term (< 3 months) paternal exposure to shortwave energy.

Although the case-control analysis for the Down's syndrome case group
yielded no significant findings, it is curious that the rate is 2 to

3 times higher than other reported rates.l7’23—26 The excess is not
due to maternal age as a review of the 13 cases of Down's syndrome
revealed that the maternal age was 30 years oOr less in all but 1 case.
Unlike earlier literature 3 which raised the possibility that an
increased risk of congenital anomalies might be associated with paternal
exposure to microwave radiation, this study finds that the risk may be
associated with paternal shortwave energy eXposure. Since ease of
recoginition at birth and impairment of function are basic criteria

for case selection in this study, reporting should be rather camn

plete.
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The selection of subgroups for analyses was influcnced by réports in
the literature of associations of anomalies (Down's syndrome and
clubfoot) with exposure to non-ionizing radiation and the finding of
an unusually large group with heart anomalies in this data. A sep-
arate subgroup was selected as an alternative approach to assess the
effects on offspring of paternal exposure to non-ionizing radiation
in the occcupational envirorment, where the possible etiology is
genetic or mutagenic. The genetic subgroup was constructed of cases
anomalies whose genetic origin is classified as single gene dominant
and included in the ICD code range of 740.0 to 759.9. Defects re-
sulting from a single gene daninant etiology would be likely to be-
come evident in a relatively short time frame. If the mutagenic
effect was associated with paternal exposure to non-ionizing radi-
ation, single gene dominant anomalies would most likely occur in

direct proportion to the exposure.

Exposure levels were sampled by Ruggera in conjunction with this
study.27 The emission levels of shortwave (27MiHz) energy varied.
Six shortwave diathermy units were surveyed at actual sites, and
the details are provided in the previous report. In another study,
Stuchly et al. reported a potential of excess exposure to the oper-

28 However, the inability to quantify

ators of shortwave diathernmy.
individual occupational exposures of personnel to low level non-ion-
izing radiation for a long duration is an intrinsic weakpoint. Ex-
posure to energy sources vary relative to a specific piece of equip-
ment and the therapist's orientation to the field. Accurate dosimetry

for a large population, over a protracted period, 1s not feasible

with the current state of the art. For a given madality, length of
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anployment and frequency of treatmonts administerad are necessary

surrogates for physical measuranents.

The positive associations found in this study are related to chronic
exposure to radiofrequency in the shortwave range. Overall, case
fathers had greater exposure to shortwave and microwave radiation

when compared +to control fathers (Table 4). The overall difference

is noteworthy, but it is not statistically significant. Congenital
anomalies fram chronic exposure to microwave energy were not a finding
in this study. This might be because exposure to microwave energy
was less than exposure to shortwave energy. ToO our knowledge, no
epidemioclogic studies have been associated human congenital ancmalies
with exposure to infrared radiation, and, in this study, ultrasound
effects cannot be given a physical and biological explanation because
therapists are not exposed (only their patients). A greater number
of control fathers was in the "no exposure" group. However, the selec—
tion of controls allowed equal opportunity for a control father to be

in the "no exposure" group, so this should not prejudice the analysis.

Bnalyses of separate exposure modality groups which are not independ-
ent of each other impose limitations which must be considered in the
interpretation of the results. Since this was an exploratory study,
the analyses involved multiple camparisons, and the actual alpha
level was, in effect, greater thaﬁ the 0.05 that was used. There-
fore, the significant results must be considered suggestive and not
confirmatory. However, an effect associated with exposure to short-
wave radiation could be noted when the focus was on respondents ex-—

posed to shortwave radiation exclusive of microwave radintion.
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Recall bias, relative to identification of anomalies and occupa-
tional exposure, must also be considered. While it is possible

that the anomalies self-reported by the respondents or their spouses
might not be totally accurate, the physical therapist are an unusual
population as their educational level is high and medically oriented.
We believe the biases due to the method of ascertainment were min-
jmal. It seems unlikely that fathers of offspring with birth ancmn-
alies would have systematically over-reported occupational exposures
which have not previously been associated with ancomalies. Taking
these considations into account, an association of paternal occupa-
tional exposure to shortwave radiation with an increase in both over-~

all anomalies and specific anomalies among offspring appears to exist.
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Table 1

Rate of Congenital Ananalies per 100,000 Live Births

ICD Anomaly Cases Rate¥*
741 Spina bifida 8 169.1
742 Hydrocephalus 3 63.4
743.1 Microcephalus 3 63.4
744 Eye ancmaly 4 84.5
745 Hearing ananaly 11 232.5
746 Heart anomaly 30 634.0
748 Anomaly of respiratory system 2 42.3
749 Cleft lip/palate 5 105.7
750.1 Pyloric stenosis 8 169.1
751 Other congenital anomalies of digestive system 13 274.7
751.0 Meckel's diverticulum 2 42.3
751.3 Atresia and stencsis of anal canal 3 63.4
751.9 Unspecified anamalies of digestive system 8 169.1
752 Congenital ancmalies of genital organs 7 147.9
752.1 Undescended testicle 3 63.4
752.2 Hypospadias 4 84.5
753 Anomaly of urinary system 2 42.3
754 Clubfoot 37 781.9
755 Other ancmalies of limbs 27 570.6
755.0 Polydactyly 4 84.5
755.3 Reduction deformity of lower limb 1 21.1
755.6 Congenital dislocation of hip 8 169.1
755.7 Other anamaly of lower limb 14 295.9
756 Other anomalies of musculoskeletal system 15 317.0
757 Anamalies of skin 2 42.3
759 Congenital syndraomes affecting multiple systems 15 317.0
759.3 Down's syndrome 13 274.7
759.4 Trisomy 13 1 21.1
759.5 Turner's syndrome 1 21.1
TOTAL ANOMALIES** 192
1 or more ICD 740-759 ancmalies 175 3€98.0

* Based on 4,732 live births
** 8 cases had 2 anamalies, 3 cases had 3 anamalies, and 1 case had 4 ancmnlies



Table 2

Rate of Congenital Anamalies per 100,000 Live Births
by Birth Year Interval

Birth Total

Year Interval Cases Live Births _Rate
1940 - 1944 b 33 3030
1945 - 1949 2 141 1418
1950 - 1954 12 388 3093
1955 ~ 1959 21 731 2873
1960 - 1964 36 783 4598
1965 - 1969 45 797 5646
1970 - 1974 29 896 3237
1975 - 1978 23 819 2808
Unknown 6 144 4167

TOTAL 175 4732 3698



Table 3

Summary of Camparisons of Cases and Controls for
Selected Matching and Personal Characteristics

CHARACTERISTIC CASES
Race - white (%) a0
Sex of child ~ male (%) 54
Average maternal age (yr) 27
Average paternal age (yr) 29
Pregnancy events

Contraceptive use within 12 months prior

to this pregnancy - yes (%) 60

Cigarette smoking during pregnancy — Yes (3) 26

Rubella during pregnancy - yes (%) 1

Abdaminal x-ray/pelvimetry during pregnancy — Yes (2) 12

Diagnostic ultrasound during pregnancy - yes (%) 4
Difficulties in conception ~ yes (%) 14
Previous adverse pregnancy outcames* - yes (%) 17
Parity - lst born (%) 52
Singletons - yes (%) 98
Birth defects experienced by either parent - yes (%) 4

CONTROLS

90

27

29

60

21

11

73

99

* Stillbirths, miscarriages, and therapeutic abortions



Table 4

Paternal Occupational History Prior to Conception* of
Cases and Matched Controls, According to Exposure Subgroup

Exposure subgroup+ CASES CONTROLS
NO. (%) NO. (%)
No exposure 49 (29) 60 (36)
MSIU 51 (30) 46 (27)
MSU 12 (7) 11 (7)
MSI 1 (1) 1 (1)
MIU 2 (1) 5 (3)
MU 2 (1) 2 (1)
SIU 26 (15) 19 (11)
Su 20 (12) 11 (7)
) '0 (0) 1 (1)
sI 4 (2) 3 (2)
U 2 (1) 3 (2)
1U 0 (0) 5 (3)
I 0 (0) 2 (1)
Total 169 (100) 169 (100)

* Defined as nine months before date of birth given for children who were not
premature and seven months before date of birth given for premature children

+ Independent subgroups exposed to noe or more of the following four modalities:
microwave (M), shortwave (S), infrared (I), ultrasound (U)



