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Pregnancy Outcomes After Paternal Radiofrequency Field
Exposure Aboard Fast Patrol Boats

Valborg Baste, PhD, Bente E. Moen, PhD, Gunnhild Oftedal, PhD, Leif Åge Strand, PhD, Line Bjørge, PhD,
and Kjell Hansson Mild, PhD

Objectives: To investigate adverse reproductive outcomes among male em-
ployees in the Royal Norwegian Navy exposed to radiofrequency electro-
magnetic fields aboard fast patrol boats. Methods: Cohort study of Royal
Norwegian Navy servicemen linked to the Medical Birth Registry of Norway,
including singleton offspring born between 1967 and 2008 (n = 37,920).
Exposure during the last 3 months before conception (acute) and expo-
sure more than 3 months before conception (nonacute) were analyzed.
Results: Perinatal mortality and preeclampsia increased after service aboard
fast patrol boats during an acute period and also after increased estimated ra-
diofrequency exposure during an acute period, compared with service aboard
other vessels. No associations were found between nonacute exposure and
any of the reproductive outcomes. Conclusions: Paternal work aboard fast
patrol boats during an acute period was associated with perinatal mortality
and preeclampsia, but the cause is not clear.

T here have been concerns in the Royal Norwegian Navy (RNoN)
about the work environment with regard to reproductive health.

On the basis of a cross-sectional questionnaire study of naval employ-
ees, a higher risk of congenital anomalies was found in offspring and
stillborn babies in a subgroup that had been working aboard a spe-
cific fast patrol boat (FPB) that was equipped for electronic warfare.1

All vessels in the RNoN are equipped with radar, transmitters, and
antennas. Aboard the smallest ships, like FPBs, the distance between
personnel and the antennas is short. Wireless communications equip-
ment such as high-frequency (HF) antennas and radar is a source of
radiofrequency (RF) electromagnetic fields (EMF). Studies of male
reproduction and exposure to RF EMF have produced conflicting
results.1–3 One reason could be that the assessment of RF exposure
in the epidemiological studies is often inadequate.4

The aim of this study was to investigate paternal employ-
ment prior to conception aboard vessels in the RNoN and the risk of
adverse reproductive health outcomes, in particular among service-
men exposed to RF EMF. Transmitting patterns and RF exposure
measurements aboard the FPBs have been described in detail in a
previous article,5 and form the basis for calculating an RF exposure
matrix. A register cohort study was designed, whereby the complete
cohort of naval servicemen was linked to the Medical Birth Registry
of Norway (MBRN) to obtain information about all pregnancies and
offspring. Adverse pregnancy outcome was studied. Occupational
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exposure during the last 3 months prior to conception and exposure
more than 3 months before conception were analyzed separately
because of possible differences in biological mechanisms.

MATERIAL AND METHOD
The RNoN military personnel cohort comprises complete data

for all officers and enlisted personnel from January 1, 1950, until
2004.6 It contains work history data, including all positions, work-
places, and work periods for each employee. In this article, only male
personnel were included, a total of 28,337 servicemen with 264,065
specified periods of service, both aboard vessels and land based. The
cohort of servicemen was linked to the MBRN to obtain information
about all pregnancies and offspring from 1967 to 2008.

Acute and Nonacute Exposure
Exposure during a 3-month period prior to conception was

deemed to cover the period from the start of sperm cell production
until the sperm cells reach full maturity. This exposure was defined
as acute exposure, with a possible effect on the sperm cells.7 Any
exposure more than 3 months prior to conception was deemed to
be nonacute exposure, with possible effects on testicular stem cells
or DNA.

For some pregnancies, the father’s service involved both acute
and nonacute exposures. First, we analyzed the data for nonacute ex-
posure by excluding those with acute exposure. Thereafter, acute
exposure was analyzed regardless of nonacute exposure. Additional
analyses were performed for acute exposure alone if significant
effects were found from acute and nonacute exposures.

Exposure Classifications
Three exposure classifications were used for both acute and

nonacute exposures (Figure 1).

a) Related to work aboard vessels. We analyzed the effect of acute
and nonacute exposures aboard all vessels, using land-based per-
sonnel as a reference group.

b) Related to work aboard FPBs. The effect of acute and nonacute
exposures aboard FPBs was compared with work during corre-
sponding periods aboard other vessels, excluding FPBs.

c) Related to RF dose assessment aboard FPBs.

The third classification was based on calculated individual
RF exposure doses aboard FPBs. There were few acute RF exposed
(n = 660), and the distribution contained clusters in which the largest
cluster (30% of the exposed) had a slightly higher value than the
median exposure dose. Dividing acute exposure dose into two or
three equally sized groups could lead to misclassification of the
exposure. The acute RF exposure dose group was therefore divided
into three groups (according to the rule of ten:8 low (less than 1.0),
medium (1 to 9.9), and high (more than ten). This division was also
done to contrast the lowest and highest exposure groups.

The distribution of calculated dose was positively skewed for
nonacute exposure, with relatively few pregnancies after a very high
paternal exposure dose. The nonacute RF exposure dose group was
divided into three equally large groups: low (3.8 or less), medium
(3.8 to 9.5), and high (more than 9.5) after exclusion of pregnan-
cies resulting in congenital malformations or perinatal deaths. In all
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FIGURE 1. Number of pregnancies (n = 37,920) by pater-
nal service related to exposure classification a), b) and c) by
non-acute (exposure in periods more than 3 months before
conception) and acute exposure (exposure during the last
3 months before conception), the RNoN cohort linked with
MBRN (1967 to 2008).

analyses of RF exposure, we used the same reference groups as for
work aboard FPBs.

RF Exposure on FPBs
The RNoN fleet comprises different vessels that are equipped

with radar, transmitters, and antennas. The vessels include small
FPBs, where the distance between personnel and the transmitting
equipment is short. Each FPB has HF antennas. The frequency band
2.1 to 4 MHz was used, with a maximum output power of 250 W,
although it was mostly used in the 10 to 50 W range. In 1994, an
additional HF antenna was installed aboard the FPBs. Each boat also
had two radars, one 9.4 GHz for navigation and one 9.1 GHz for
weapon control, both with 25 kW peak power. Since 1950, there
have been different classes of FPBs with similar kinds of hulls and
transmitting equipment.5 In two FPB classes, Snøgg and Hauk, the
officers’ mess and the captain’s cabin were above deck.

Stationary measurements were carried out by the RNoN of
electric fields emanating from the antennas and radars aboard the
FPBs (in 1998 and 2005). The measurements of magnetic fields
were not complete and were not included in further calculations.5

The measurements were carried out in spots where the crew was
most likely to be located. The spots were grouped into five loca-
tions: the upper bridge, bridge, aft deck, officers’ mess, and below
deck. Details concerning the measurements, transmitting patterns,

and different approaches to calculating total RF exposure were pub-
lished recently.5 In the current study, we used exposure calculations
based on squared percentages of International Commission of Non-
Ionizing Radiation Protection (ICNIRP) guideline limits9 (“squared
ICNIRP percentage”). The contribution from the different equip-
ments was calculated by averaging the field strength weighted for
each frequency in accordance with ICNIRP9 and then averaging the
squared ratios for the different spots. Finally, the total average RF
exposure level was calculated for each location by adding together
the contribution from all the equipment.5

Job Group
On the basis of interviews of naval employees with specific

knowledge of the normal working positions of the crew, all service
aboard FPBs was classified into three job groups according to the
time spent (as a percentage) in the five locations (Table 1). Group
I largely consisted of artillerymen and personnel (not officers) who
operated weapons such as torpedoes and cannons. Group II typically
included bridge officers and radar operators. Group III included
jobs below deck, such as engine room personnel and telegraph/radio
operators.

Individual RF Exposure Dose
The FPBs sailed approximately 70% of the time and were

moored at quay 30% of the time. The radars were switched off when
the vessels were moored. The time servicemen spent in different
locations differed between sailing periods and periods when the boat
was moored (Table 1). Taking this into consideration, the job group
average RF exposure level based on the squared ICNIRP percentage
was calculated by multiplying the percentage of time the group spent
in a specific location (Table 1) by the average RF exposure level
for the location,5 and, finally, by adding together the five locations.
Calculations were done for each job group, time period, and FPB
class. This resulted in a squared percentage of the ICNIRP guideline
limits (Table 2).

The individual RF exposure dose was estimated by multiply-
ing the average RF exposure level by the number of days of service in
the job group, time period, and FPB class in question. This resulted
in a unitless quantity. The number of days of service was obtained
from the RNoN cohort.

Medical Birth Registry of Norway
The MBRN is based on compulsory notification of all live

births and stillbirths from 16 weeks of gestation (12 weeks from
2001) since 1967. In a standardized notification form, data on de-
mographic variables, maternal health before and during pregnancy,
complications during pregnancy, and delivery and pregnancy out-
come are reported by the attending midwife and/or the physician
present.

Study Pregnancies
By means of the mother’s and father’s personal ID numbers,

pregnancies involving parents in the RNoN were identified. The birth
month and year were obtained and the conception date was calcu-
lated by subtracting the gestational age from the 15th day of the
birth month. Gestational age was based on the prenatal ultrasound
scan date, and, if missing, it was calculated on the basis of the last
menstruation. Gestational age was missing in 4% of the pregnan-
cies, and birth weight was therefore used to estimate gestational age
when calculating the conception date.10 The study population was
restricted to singleton pregnancies involving servicemen employed
in the RNoN prior to conception. A total of 287 pregnancies were
excluded because of the mother’s service in the RNoN before birth.
Seventy-two pregnancies with a gestational age of less than 22 weeks
or a birth weight of less than 500 g were excluded due to uncertain-
ties concerning registration. For each pregnancy, information was

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

432 C© 2012 American College of Occupational and Environmental Medicine

D
ow

nloaded from
 http://journals.lw

w
.com

/joem
 by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 01/28/2024



JOEM � Volume 54, Number 4, April 2012 Offspring and Paternal RF Exposure

TABLE 1. Distribution of Time Spent (%) in Different Locations Aboard a Fast Patrol Boat on a Mission, Divided
between Sailing and Moored at the Quay, Royal Norwegian Navy

Sailing* 70% of the Time Moored† 30% of the Time

Upper Bridge After- Officers’ Below Upper After- Officers’ Below
Job Group Bridge % % Deck % Mess % Deck % Bridge % Bridge % Deck % Mess % Deck %

I 25 20 5 0 50 5 20 25 0 50

II 5 50 5 5 35 5 25 5 20 45

III 0 5 5 5 85 5 5 5 35 50

*All equipment in use.
†High-frequency antennas in use, radar switched off.

TABLE 2. Average RF Exposure Level (%), Based on
Squared ICNIRP Percentage of Electric Fields, Dependent on
Job Group, Time Period, and FPB Class, RNoN 1950 to 2004

Average RF
Exposure

Job Group Time Period FPB Class Level, %

I 1950–1994 All 1.5

II* 1950–1994 All 2.3

III 1950–1994 All 0.4

I 1995+ All 7.9

II* 1995+ All 5.2

III 1995+ All 3.3

II Captain 1950–1994 Snøgg/Hauk 89

II Captain 1995+ Snøgg/Hauk 92

A simplified example: A serviceman in job group I with 100 days aboard an FPB
during the period 1950 to 1994 had an average daily RF exposure of 1.5% of the
squared ICNIRP and a calculated individual exposure dose equal to 1.5.

*Including captain for the FPB classes with officers’ mess and the captain’s cabin
below deck.

FPB, fast patrol boat; ICNIRP, International Commission on Non-Ionizing
Radiation Protection; RF, radiofrequency; RNoN, Royal Norwegian Navy.

obtained about the year of birth, the mother’s and father’s age, and
parity. Because of insufficiently specific job titles, 1129 pregnancies
were set to missing in the analyses of RF exposure dose.

Reproductive Outcomes
Congenital malformations are diagnosed during the medi-

cal examination of newborns at the birth clinic and reported to
the MBRN. Since 1999, the MBRN also receives notification from
neonatal wards. Congenital malformations included all malforma-
tions based on the International Classification of Diseases. No spe-
cific malformations were analyzed separately. Perinatal mortality
was defined as stillbirth and death within the first week of life.

The sex ratio was measured as the ratio between the number
of boys and the numbers of girls. Low birth weight was defined as
a birth weight of less than 2500 g (missing for 34 pregnancies).
Preterm birth was defined as a gestational age of less than 37 com-
pleted weeks. To exclude obvious misclassifications of preterm birth,
preterm pregnancies with a gestational age-specific birth weight z
score greater than 3.510 were excluded (n = 67). Furthermore, 1532
pregnancies had missing data for gestational age. Small for gesta-
tional age (SGA) was defined as a birth weight of less than the 10th

percentile for gestational age,10 and 1570 pregnancies were set to
missing due to unknown gestational age or birth weight. The defi-
nition of pregnancies with preeclampsia was in accordance with the
MBRN’s definition.11

Statistical Analysis
Descriptive statistics for paternal and maternal age, parity,

days of service, and individual RF exposure dose by exposure clas-
sification were provided for acute and nonacute exposures. Pearson
bivariate correlations were used to quantify the associations between
days of exposure and exposure dose.

The calculated acute exposure dose had clusters in the distri-
bution. Thirty percent of the distribution had a slightly higher value
(2.07) than the median exposure dose (2.047). The acute exposure
dose was divided according to the rule of ten.8 This was done both to
reduce the possibility of misclassification and to contrast the lowest
and highest acute exposure groups.

Log-binomial regression was used to estimate relative risks
(RRs) and 95% confidence intervals (CIs) for adverse reproductive
health outcome. Because of a change in registration procedures,
analyses of congenital malformations were adjusted for year of birth
before and after 1999 in a log-binomial regression analysis. The risk
of preeclampsia during first pregnancy is approximately twice as
high as in later pregnancies,12 so the estimated RR for preeclamp-
sia was adjusted for parity in two groups (first pregnancy; second
or later pregnancy) in a log-binomial regression. All analyses per-
formed were adjusted for year of birth and maternal and paternal ages
as continuous variables. Tests for linear trend between the calculated
RF exposure dose and the pregnancy outcome variables that were
significant in the log-binomial regression model were performed us-
ing Mantel-Haenszel chi-square linear by linear analysis. Statistical
significance level was set to 0.05. The data were analyzed using
SPSS 15.0 (SPSS Inc., Chicago, IL).

RESULTS
A total of 37,920 pregnancies were included in the study, in

18,360 of which the fathers had land-based service only (Figure 1).
The number of pregnancies involving servicemen with a preconcep-
tion acute RF exposure dose was 660, whereas the number involving
nonacute exposure was 4456.

The mean age of fathers with land-based service and those
with service in a nonacute period was similar, whereas those who had
been subjected to acute exposure were younger. The same pattern
was seen with mother’s age (Table 3). The percentage of first born
among men who had served during an acute period was higher than
among those who served during a nonacute period.
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TABLE 3. Mean Age of Father and Mother; Percentage of First Pregnancy, Accumulated
Service Time, and Individual RF Exposure Dose by Service Land Based, Aboard Vessels, or
FPBs for Acute and Nonacute Exposure Periods, the RNoN Cohort Linked With MBRN
(1967 to 2008)

Acute Exposure Nonacute Exposure

Land-Based Vessel FPB Vessel FPB

Fathers age, yr

Mean (SD) 31.1 (5.5) 27.3 (4.1) 26.4 (3.4) 31.7 (5.5) 31.6 (5.1)

Mothers age, yr

Mean (SD) 28.7 (4.8) 25.9 (4.2) 25.3 (3.7) 28.9 (4.8) 29.0 (4.6)

First pregnancy% 47.8 55.3 59.2 45.4 41.4

Service time (days)

Range 1–90 1–90 2–6103 3–4110

Mean (SD) 79 (23) 78 (24) 710 (660) 509 (495)

RF exposure dose

Range 0.01–83 0.04–773

Mean (SD) 3 (10) 16 (52)

Median 2 8

FPB, fast patrol boat; MBRN, Medical Birth Registry of Norway; RF, radiofrequency; RNoN, Royal Norwegian Navy.

The mean number of days of service during a nonacute period
aboard vessels was 710, while the mean number of days aboard FPBs
was 509 (Table 3). The distribution of RF exposure dose was posi-
tively skewed for nonacute exposure, with relatively few pregnancies
after a very high paternal exposure dose (Table 3). The correlation
between exposure dose and days of exposure was 0.11 for acute and
0.47 for nonacute exposure.

For service during both an acute and nonacute period, there
was an increased RR of low birth weight among the offspring of
fathers who had served aboard vessels compared with those with
land-based service only (Table 4). Analyzing acute exposure alone,
the adjusted RR for low birth weight was 1.19 (95% CI, 0.45 to
3.14). A small increased RR of SGA was found among the offspring
of fathers who had served aboard vessels during a nonacute period
(Table 4).

An increased RR was found of perinatal mortality and preg-
nancies complicated by preeclampsia after paternal work aboard
FPBs during an acute period compared with service aboard other ves-
sels (Table 4). None of the perinatal deaths resulted from preeclamp-
tic pregnancies. The adjusted RRs for perinatal mortality were 1.82
(95% CI, 0.54 to 6.13) and 2.87 (95% CI, 1.25 to 6.59), respectively,
in the low and medium RF-exposed groups aboard FPBs compared
with service aboard other vessels. In the high exposed group, there
were no perinatal deaths among the 14 pregnancies (Table 4). The
adjusted RR for preeclampsia was 2.67 (95% CI, 1.50 to 4.75) in the
low RF exposure dose group compared with the reference group. No
increased risk was found for a medium exposure dose, while, for a
high exposure dose, the RR was 6.07 (95% CI, 1.77 to 20.8) (Table
4). There were only 14 pregnancies in the high exposure group, two
of which were complicated by preeclampsia. Testing for linear trend
showed significant increased risk with higher doses for both out-
comes: perinatal death P = 0.01 and preeclampsia P = 0.03. Since
the measurements were carried out in 1998 and 2005, while we used
service periods dating back to 1950, on the basis of the assumption
that exposure would be the same over time, we carried out the same
analysis for births during the period 1995 to 2008 regarding acute
exposure. The analyses showed similar results.

Nonacute RF exposure or service aboard FPBs was not associ-
ated with any of the adverse reproductive outcomes when compared
with service aboard other vessels (Table 4).

Four percent of the pregnancies had a calculated conception
date based on birth weight because of missing data for gestational
age. Analyzing the data after excluding missing gestational age re-
duced the risk estimates slightly.

DISCUSSION
This study reveals an increased risk of perinatal mortality

and pregnancies complicated by preeclampsia after paternal service
aboard FPBs during a 3-month preconception period compared with
work aboard other vessels. The same was seen among servicemen
with an estimated RF exposure dose aboard FPBs, but there was no
clear dose–response relationship. A calculated RF exposure dose or
service aboard FPBs more than 3 months before conception was not
associated with any adverse reproductive outcome compared with
work aboard other vessels.

Work aboard FPBs was assumed to be related to RF exposure
to a greater extent than work aboard other vessels because of the
short distance from the RF-emitting equipment. An RF exposure
dose was used to improve exposure characterizations. There were few
pregnancies involving paternal exposure in the high exposed group,
and this group also represents a high daily average RF exposure
level. The distribution of the calculated nonacute exposure dose was
positively skewed, with relatively few pregnancies after very high
paternal exposure. The doses were nevertheless grouped into three
groups of equal size. Land-based service was used as a reference
group. There was no information on RF exposure in this group, but
it is unlikely that they had worked near RF equipment. They mainly
worked in administrative positions performing office work.

We found an association between service aboard FPBs during
an acute period and perinatal mortality. There was no clear dose–
response relationship with RF exposure even though there was a
significant linear trend. The medium exposed group had a higher RR
than the low exposed group, whereas there were no perinatal deaths in
the group of high RF–exposed fathers, which only counted 14 preg-
nancies. Other studies of paternal RF exposure and perinatal death
are equivocal. Two studies did not find any association with paternal
occupation involving probable RF exposure.2,13 A cross-sectional
questionnaire study in the RNoN found a higher risk after work
aboard a specific FPB used for electronic warfare,1 but the causality
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was unclear. These studies used rough exposure characterization and
did not discriminate between nonacute and acute exposure periods.

Paternal service aboard FPBs during an acute period was as-
sociated with an increased risk of partners experiencing pregnancies
complicated by preeclampsia. A high risk was also found for the
low and high average RF exposure dose group during the acute pe-
riod. There were few pregnancies involving the high exposed group
and, consequently, the result was not robust. In the high RF exposure
dose group, no offspring with SGA and preeclampsia were identified.
Preeclampsia is a serious placenta disorder, affecting both mother
and child. The pathogenesis is incompletely understood,14 and both
mother and fetus (via the father) may contribute to the risk.12 To our
knowledge, no published studies have studied paternal RF exposure
and pregnancy-related conditions, although fathers’ environmental
exposure has been discussed.15,16

There were no associations between acute RF exposure or
work aboard FPBs and sex ratio, congenital malformations, low birth
weight, SGA, or preterm birth. Nonacute exposure aboard an FPB
was not associated with any of the pregnancy outcomes in this study.
This is in line with most previous studies; acute and nonacute paternal
RF exposure among physiotherapists was analyzed, but no significant
increased risk of birth defects was found,17 and a paternal occupa-
tion with probable exposure to RF was not associated with congenital
malformations.2,13 In a case–control study of Down syndrome, pater-
nal work with radar was found to be related to the syndrome.18 This
was not confirmed, however, in a reexamination of the data together
with additional pairs of cases and controls.19 Work on a specific
FPB was found to be related to congenital malformations, but the
causality was unclear.1 Conflicting results have also been published
regarding RF exposure and preterm births2,13 and sex ratio.2,3

RF EMF exposure can have both thermal and nonthermal
effects. It is unlikely that low-level exposure to RF as seen in our
study has enough energy to cause heating.20 Nevertheless, biological
effects can also occur in which RF heating is neither an adequate nor
a possible mechanism.21 Animal studies and in vitro studies have
shown genetic effects after RF exposure, but the results vary20 and
have not been confirmed in human studies. It has been suggested22

that there are several thermoreceptor molecules in cells, and that they
also, at lower temperatures than when the ordinary thermic effects are
registered, activate a cascade of second and third messenger systems,
gene expression mechanisms, and production of heat shock proteins
to defend the cell against metabolic cell stress caused by heat. Other
researchers believe that an increase in stress proteins is unrelated
to thermal effects, because the increase occurs for both extremely
low frequencies and RFs, which have very different energy levels.23

Nonthermal effects on cell membranes24 have been suggested, as well
as changes in melatonin levels and/or DNA damage in the genital
tract25 due to RF EMF. A recent study concluded that exposure to
RF signal waves within parts of the brain close to the cell phone
antenna resulted in increased levels of glucose metabolism, but the
clinical significance of this finding is unknown.26 On the basis of an
in vitro study, Agarwal et al27 found that RF exposure from mobile
phones can lead to oxidative stress in human semen. No evidence
has been found for the mechanism involved, however. The biological
mechanisms behind nonacute and acute exposure could be different.
We were able to analyze the exposure separately and found only
effects after acute exposure, which could indicate that a possible
association between paternal occupational RF exposure and adverse
reproductive outcome is reversible.

The increased risk found for perinatal mortality and
preeclampsia could be due to confounding factors. We compared
service aboard FPBs with service aboard other vessels to control for
being away from home, lifestyle factors, stress, and unfavorable work
hours. These issues could differ between different types of vessels,
however. Unlike the other vessels, the FPBs also involved exposure
to diesel exhaust, both through proximity to the exhaust system and

because the FPBs operated in squadrons and were moored close
together.28 There could also have been more vibration aboard FPBs
than on other vessels.29

An increased risk of low birth weight and SGA was found
among the offspring of servicemen with nonacute service aboard
vessels compared with land-based service. This seems to be related to
service aboard vessels and not to RF exposure, because there was no
further increased risk in the subgroup that had served aboard FPBs.
These findings are in line with a recent study. On the basis of 29 SGA
births where the fathers worked as seafarers, an odds ratio of 1.08
(95% CI, 0.75 to 1.55) compared with the total study population was
found; the number of seafarers was not stated.30 Work environment
factors and lifestyle aboard navy vessels could be associated with
adverse reproductive outcome, and this must be considered. Factors
such as tobacco smoking and alcohol31 have adverse effects on se-
men quality. These factors could differ for service aboard vessels and
land-based service. Several studies have shown high consumption of
alcohol and tobacco among naval personnel.32,33 Paternal occupa-
tional exposure to lead was associated with both preterm birth and
low birth weight in a review article.34 We have no information about
lead exposure in our study, but lead has been present during the
handling of ammunition on board vessels. This could be associated
with lead exposure.35

This study has several strengths; it is based on the complete
RNoN personnel cohort.6 The cohort was linked with compulsory
notifications of all births in Norway and was thus free of response
bias. Exposure assessment and time of exposure are often weak in
epidemiological studies of RF exposure. In the current study, it was
possible to distinguish between acute and nonacute exposure prior
to conception.

The acute exposure dose was divided into three groups, with
large contrasts between low and high exposure. Misclassification
problems were probably reduced at the expense of small groups.
Sensitivity analyses of biases36 were carried out to assess the impact
of misclassification on the results, however. For possible misclassi-
fication of perinatal mortality between none exposed and medium
exposed, the calculations show RR between 2.5 and 3.7 for differ-
ent values of sensitivity and specificity (1.0, 0.975, 0.95, 0.9). The
unadjusted RR for perinatal mortality was 3.2 in the medium acute
RF-exposed groups compared with the reference group.

The nonacute exposure was so skewed that it was difficult to
use it as a continuous variable, and it was divided into three equal
groups because there was no natural cluster or other information
indicating where to set the cutoff. Grouping on the basis of a con-
tinuous exposure variable can introduce misclassification. In this
situation, it would represent a nondifferential misclassification and
could bias possible associations toward null.

The individual RF exposure dose was based on stationary
measurements performed by the navy in 1998 and 2005. It varied
greatly5 and must therefore be interpreted with caution. RF exposures
were only based on electrical fields, not magnetic fields, and they are
lower than the actual exposure. The relative differences in our cohort
would probably not differ, however. It must be underlined that the
measured levels were low compared with other workplaces’.37 We
assumed the same RF exposure over time, but it could have differed.
Nevertheless, adjusting for year of birth or limiting analyses to births
during the last 14 years among the acute exposed did not affect the
estimates. Nonacute individual RF exposure dose correlated better
with days of exposure than acute exposure. Since the correlation was
as low as 0.11 for acute exposure, the average daily exposure level
seems to have been the dominant factor in relation to the individual
acute exposure dose. Because of lack of information about possible
mechanisms affecting reproductive health, we chose an accumulated
dose over the relevant period. The dose took into account the pos-
sibility that an effect would increase with the number of days of
exposure as well as with a higher exposure level.
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Compared with the general birth cohort in Norway, our data
suggest a reduced prevalence of adverse reproductive outcomes. A
possible cause is related to the registration procedures of the MBRN.
Most fathers of live-born children are automatically registered, but
in cases of stillbirths, registration of the father is not compulsory.
Consequently, among registered fathers, the occurrence of stillbirths
will be lower than for the total birth cohort, and stillbirth in general
is associated with most of the other outcomes. It is unlikely that
the registration of fathers would differ between the unexposed and
exposed groups and cause biased results. The registration of congen-
ital malformations before 1999 has low ascertainment, but, again,
there is no reason to believe that it varies between the unexposed and
exposed groups in this study.

It is possible that multiple testing in this study has given rise
to significant findings. We performed corresponding log-binomial
regression analyses with 99% CI. The remaining significant results
were increased risk of preeclampsia after low and high acute RF
exposure (99% CI, 1.25 to 5.69 and 1.20 to 30.6, respectively) and
increased risk of low birth weight after work aboard vessels both in
an acute and nonacute period (99% CI, 1.01 to 1.65 and 1.04 to 1.39,
respectively). This weakens the results regarding perinatal mortality.
We cannot rule out conditions other than RF exposure aboard FPBs
as the cause of the significant associations. Nevertheless, because
work aboard FPBs was compared with service aboard other vessels,
lifestyle factors and working conditions associated with seafarers are
unlikely to be of importance.

In conclusion, we found that paternal work aboard FPBs dur-
ing the last 3 months before conception was associated with an
increased risk of perinatal mortality and pregnancies complicated by
preeclampsia. The cause is unknown; however, this study showed a
weak but significant linear trend with increasing RF exposure dose,
and on the basis of this we cannot rule out an RF effect. This needs to
be confirmed by further studies focusing on exposure characteriza-
tion as well as exposure in relation to time of conception. There were
no associations between acute RF exposure and sex ratio, congenital
malformations, low birth weight, preterm birth, or SGA. Occupa-
tional exposure to RF fields aboard FPBs in the RNoN prior to 3
months before conception was not associated with adverse repro-
ductive outcomes.
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6. Strand LÅ, Koefoed VF, Oraug TM, Grimsrud TK. Establishment of the
Royal Norwegian Navy personnel cohorts for cancer incidence and mortality
studies. Mil Med. 2008;173:785–791.

7. Björndahl L, Mortimer D, Barratt CLR, et al. Basic physiology. In: A Practical
Guide to Basic Laboratory Andrology. Cambridge University Press; 2010:
5–31.

8. Hein MJ, Waters MA, Ruder AM, Stenzel MR, Blair A, Stewart PA. Sta-
tistical modeling of occupational chlorinated solvent exposures for case-
control studies using a literature-based database. Ann Occup Hyg. 2010;54:
459–472.

9. The International Commission of Non-Ionizing Radiation Protection. Guide-
lines for Limiting Exposure to Time-Varying Electric, Magnetic, and Electro-
magnetic Fields (up to 300 GHz). Health Phys. 1998;74:494–522.

10. Skjaerven R, Gjessing HK, Bakketeig LS. Birthweight by gestational age in
Norway. Acta Obstet Gynecol Scand. 2000;79:440–449.

11. Skjaerven R, Vatten LJ, Wilcox AJ, Rønning T, Irgens LM, Lie RT. Re-
currence of pre-eclampsia across generations: exploring fetal and mater-
nal genetic components in a population based cohort. BMJ. 2005;331:
877–879.

12. Lie RT, Rasmussen S, Brunborg H, Gjessing HK, Lie-Nielsen E, Irgens LM.
Fetal and maternal contributions to risk of pre-eclampsia: population based
study. BMJ. 1998;316:1343–1347.

13. Møllerløkken OJ, Moen BE. Is fertility reduced among men exposed to
radiofrequency fields in the Norwegian Navy? Bioelectromagnetics. 2008;
29:345–352.

14. Sibai B, Dekker G, Kupferminc M. Pre-eclampsia. Lancet. 2005;365:
785–799.

15. Robertson SA, Bromfield JJ, Tremellen KP. Seminal ‘priming’ for protection
from pre-eclampsia—a unifying hypothesis. J Reprod Immunol. 2003;59:253–
265.

16. Nordby KC, Irgens LM, Kristensen P. Immunological exposures in Norwe-
gian agriculture and pre-eclampsia. Paediatr Perinat Epidemiol. 2006;20:
462–470.

17. Logue JN, Hamburger S, Silverman PM, Chiacchierini RP. Congenital-
anomalies and paternal occupational exposure to shortwave, microwave, in-
frared, and acoustic radiation. J Occup Med. 1985;27:451–452.

18. Sigler AT, Lilienfeld AM, Cohen BH, Westlake JE. Radiation exposure in
parents of children with mongolism (Down’s Syndrome). Bull Johns Hopkins
Hosp. 1965;117:374–399.

19. Cohen BH, Lilienfeld AM, Kramer S, Hyman LC. Parental factors in Down’s
syndrome—results of the second Baltimore case-control study. In: Hook EG,
Porter IH, eds. Population Genetics-Studies in Humans. New York, NY: Aca-
demic Press; 1977: 301–352.

20. Verschaeve L, Juutilainen J, Lagroye I, et al. In vitro and in vivo genotoxicity
of radiofrequency fields. Mutat Res. 2010;705:252–268.

21. Hansson Mild K. Radiofrequency fields and microwaves. In: Stekkman JM,
eds. Encyclopedia of Occupational Health and Safety. Geneva, Switzerland:
International Labour Office; 1998;49.19.

22. Glaser R. Are Thermoreceptors Responsible for “Non-Thermal” Effects of RF
Fields? Edition Wissenschaft. 2005;21:3-13. http://www.fgf.de/publikationen/
edition-wissenschaft/Edition Wissenschaft Nr21.pdf .

23. Blank M, Goodman R. Electromagnetic fields stress living cells. Pathophysi-
ology. 2009;16:71–78.

24. Foster KR. Thermal and nonthermal mechanisms of interaction of radio-
frequency energy with biological systems. IEEE Trans Plasma Sci.
2000;28:15–23.

25. Fejes I, Zavaczki Z, Szollosi J, et al. Is there a relationship between cell phone
use and semen quality? Arch Androl. 2005;51:385–393.

26. Volkow ND, Tomasi D, Wang GJ, et al. Effects of cell phone radiofrequency
signal exposure on brain glucose metabolism. JAMA. 2011;305:808–813.

27. Agarwal A, Desai NR, Makker K, et al. Effects of radiofrequency electromag-
netic waves (RF-EMW) from cellular phones on human ejaculated semen: an
in vitro pilot study. Fertil Steril. 2009;92:1318–1325.

28. Lerner BM, Murphy PC, Williams EJ. Field measurements of small marine
craft gaseous emission factors during NEAQS 2004 and TexAQS 2006. Env-
iron Sci Technol. 2009;43:8213-8219.

29. McMorris T, Myers S, Dobbins T, Hall B, Dyson R. Seating type and cognitive
performance after 3 hours travel by high-speed boat in sea states 2–3. Aviat
Space Environ Med. 2009;80:24–28.

30. Li X, Sundquist J, Sundquist K. Parental occupation and risk of small-for-
gestational-age births: a nationwide epidemiological study in Sweden. Hum
Reprod. 2010;25:1044–1050.

31. Kumar S, Kumari A, Murarka S. Lifestyle factors in deteriorating male re-
productive health. Indian J Exp Biol. 2009;47:615–624.

32. Henderson A, Langston V, Greenberg N. Alcohol misuse in the Royal Navy.
Occup Med. 2009;59:25–31.

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

C© 2012 American College of Occupational and Environmental Medicine 437

D
ow

nloaded from
 http://journals.lw

w
.com

/joem
 by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 01/28/2024

http://www.fgf.de/publikationen/edition-wissenschaft/Edition_Wissenschaft_Nr21.pdf
http://www.fgf.de/publikationen/edition-wissenschaft/Edition_Wissenschaft_Nr21.pdf


Baste et al JOEM � Volume 54, Number 4, April 2012

33. Conway TL, Hurtado SL, Woodruff SI. Tobacco use prevention and cessation
programs in the U.S. Navy. Public Health Rep. 1993;108:105–115.

34. Shah PS. Paternal factors and low birth weight, preterm, and small for ges-
tational age births: a systematic review. Am J Obstet Gynecol. 2010;202:
103–123.

35. Lofstedt H, Selden A, Storeus L, Bodin L. Blood lead in Swedish police
officers. Am J Ind Med. 1999;35:519–522.

36. Greenland S. Basic methods for sensitivity analysis of biases. Int J Epidemiol.
1996;25:1107–1116.

37. Hansson Mild K, Greenebaum B. Environmental and occupationally encoun-
tered electromagnetic fields. In: Barnes FS, Greenebaum B, eds. Handbook
of Biological Effects of Electromagnetic Fields. 3rd ed. Bioengineering and
Biophysical Aspects of Electromagnetic Fields. Boca Raton, FL: CRC Press
Taylor and Francis; 2007:1–34.

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

438 C© 2012 American College of Occupational and Environmental Medicine

D
ow

nloaded from
 http://journals.lw

w
.com

/joem
 by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 01/28/2024


