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ionising radiation, electromagnetic fields, food proces-

sing, metals, and organic solvents, and of certain
occupations such as machinists, farmers, printers, painters,
vehicle mechanics, laboratory personnel, and transportation
and communication workers have suggested effects on the
pregnancy outcome.'”

Evidence from both animal and human studies indicates
male mediated developmental effects to the fetus, although
the causative mechanisms are unclear.' * * Proposed mechan-
isms for such effects include paternal preconception exposure
that results in transmissible genetic changes or effects
through epigenetic mechanisms, transmission of chemicals
from the father to the conceptus via seminal fluid, and
indirect exposure of the mother and the conceptus from the
father carrying substances from the workplace into the home
environment.

Female mediated developmental effects to the fetus could
arise during the formation of an ovum cell the first month
before conception through the generation of a new mutation
or especially in the first trimester of the pregnancy through a
direct action of an agent.” Exposure to teratogens during
organogenesis is the best known causative pathway for
producing birth defects through maternal exposure.’’

In the 1990s, a number of congenital anomalies were
reported among children whose fathers had served aboard a
Royal Norwegian Navy missile torpedo boat (MTB), the KNM
Kvikk.” This led to an investigation of possible hazardous
exposure on the ship. All the ships in the MTB class to which
the KNM Kvikk belonged cruised at 36 knots, had a crew of
16, were 36.5 metres long, and were equipped with one
Bofors cannon, torpedoes, and Penguin missiles.'” As emit-
ting equipment, the ships had high-frequency, very-high-
frequency, and ultra-high-frequency transmitters and radar.
The KNM Kvikk, which was in service from 1971 until 1995,
was equipped in the same way, but from the summer of 1987
to 1994 it had a 750 W high-frequency transmitter in
addition to lower-energy transmitters. The use of the
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Background: In the 1990s, congenital anomalies were reported among children whose fathers had served
aboard a Norwegian missile torpedo boat (MTB). The Royal Norwegian Navy asked the University of
Bergen to look into this problem as one part of a general health and work environment surveillance.
Aims: To estimate any increased risk of having children with congenital anomalies and having stillborn
children among the offspring of workers that had served aboard the MTB and to investigate possible
differences in exposure and other risk factors between these groups.

Methods: Data from a cross-sectional study among all current employees of the Norwegian Navy
(n=2265, response rate 58%) were analysed.

Results: The prevalence ratio of having a child with congenital malformations associated with working on
the ship was 4.0 (95% Cl 1.9 to 8.6). The prevalence ratio of having a child who was stillborn or died
no within one week was 4.1 (95% Cl 1.7 to 9.9).

Conclusion: Service aboard the MTB was associated with an increased risk of having children with
congenital birth defects and having children that were stillborn. The causes of these findings are unknown.

transmitters aboard this ship from 1987 was special
compared with other MTBs, as the ship was emitting signals
over long periods of time as part of electronic warfare.’
Several of the other MTB classes represented in this study
had the same hull and engine, but the superstructure was
somewhat different from the class of the KNM Kvikk (the
Snogg class).

The investigation of the ship in 1998 included measure-
ments of high-frequency electromagnetic fields (on a
reconstructed ship) and a study matching workers on the
ship with data from the Norwegian birth registry."" Further, a
broader investigation initiated by the Ministry of Defence in
1999 was also carried out.”” These studies concluded that no
causal link could be established between the high-frequency
electromagnetic fields on the KNM Kvikk and the cases of
congenital anomalies. This was based on an evaluation of the
measurements of the electromagnetic fields, on the results of
dysmorphological investigations of 13 of 14 known children
with congenital anomalies, cluster assessment, and literature
review. Nevertheless, an overrepresentation of clubfoot
among the officers’ children was reported."” "

As a response to concerns regarding various occupational
health problems, the Navy decided to conduct major
surveillance of the work environment and health among its
personnel in 2001. The concerns included exposures to
asbestos, pollution on a naval base, many cases of cancer
connected with forts, cardiovascular diseases among sub-
marine personnel, and a possible harmful working environ-
ment among fire-fighters. Further, due to the inconclusive
results from the previous studies, there was still concern
about congenital anomalies among offspring in various
groups. The University of Bergen conducted the surveil-
lance project to ensure an independent investigation. As
one part of the surveillance, a general questionnaire about
several health aspects was sent to all employees.”” In
addition, the respondents listed their history of service in
the Navy. Specific questions about occupational exposure and
lifestyle factors were asked. Questions on the health of
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offspring were added as the birth registry had reported that
children with congenital anomalies in some cases were
missing in the registry." This article presents the part of the
study related to having children with congenital anomalies or
having stillborn children among the offspring of current
workers.

The aims of the study were to estimate the risk of having
children with congenital anomalies or having stillborn
children among the offspring of workers who had served
aboard the KNM Kvikk compared with the rest of the study
population, and to investigate possible differences in expo-
sure and other risk factors between these groups.

METHODS

Data collection

The data were collected in a cross-sectional study from a
questionnaire sent by mail at the end of 2002 to all the
employees in the Navy, both military and civilians with
different types of work on ships and ashore. The ques-
tionnaires were returned directly to the research group at
the University of Bergen. The name, address, and the
National Insurance number were pre-printed on the form.
The overall response rate was 58% (2265 of 3878). The
response rate was 59% among the men (2001 respondents)
and 52% among the women (250 respondents). We had
information on the present workplace among the non-
responders, but no information on previous workplace for
this group. This meant that we were not able to evaluate
whether the response rate for those who had served aboard
the KNM Kvikk was different from the rest of the study
population.

Questionnaire
The respondents were asked about their exposure, their
lifestyle, and the health of their children.

The respondents were asked to fill in two lists for
exposure, one for their service in the Navy and an identical
one for exposure at other workplaces or at leisure. The lists
included whether the personnel had been in contact with,
worked with, or been exposed to organic solvents and
paint, skin contact with oil, gasoline, or diesel and vapour
from the same petroleum products, smoke from burning oil,
exhaust gas, pesticides or herbicides, dust from grit
blasting or sanding, welding or torch cutting or working
with the hull, lead, explosives, noise, vibration or shaking,
demolition work, heavy lifting, twisted working positions,
work with arms above the shoulders, passive smoking,
and asbestos. On the same list they were also asked whether
they had worked closer to high-frequency aerials than 10 m,
closer to radar than 5m, and closer to communication
equipment than 3 m. The scoring was on a Likert scale
divided into never, very little, some, much, very much, and do
not know.

Questions pertaining to lifestyle such as present alcohol
consumption, past and present smoking, and present height
and weight were asked.

The respondents were also asked whether they had
biological children. For each of these children, they were
asked to provide the year of birth, the sex, and whether the
child had a congenital anomaly or chromosome anomaly,
was born premature, was stillborn or died within the first
week, or died during the first year of life. These questions
were selected and modified from the European Studies of
Infertility and Subfecundity Questionnaire.”” We had no
questions regarding the number of pregnancies.

As part of the occupational history, the respondents were
asked whether they had served aboard the KNM Kvikk and
other workplaces and during which periods.
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Questionnaire for parents reporting children with
congenital anomalies and validation

The parents who had informed about congenital or chromo-
somal anomalies for one or more of their children in the first
questionnaire were sent a second one-page questionnaire to
fill out for each child. They were asked for the date of birth or
abortion, the sex of the child, birth weight, gestational
length, how the child was delivered or the pregnancy ended,
when the diagnosis was established, what the diagnosis was,
who diagnosed the child, and a characterisation of the
consequences of the diagnosis for the child. No information
on the parents’ exposure was ascertained from the ques-
tionnaire. All the answers were summarised and sent to a
physician at Haukeland University Hospital, who collabo-
rated with two paediatricians in deciding whether the child
most likely had a congenital anomaly or not based on the
parents’ report. The physicians were blinded to the kind of
service the parents had in the Navy.

Decisions regarding the children

In order for the child to be affected by exposure on KNM
Kvikk or any other ship, it would have been necessary for the
father to have served onboard these ships prior to conception,
or the mother to have served prior to giving birth. The
exception to this is the possible indirect exposure to the
pregnant mother through contamination from the father. We
had no exact date of the various engagements onboard the
ships, only the year when the engagements began. Therefore,
in order to minimise exposure misclassification we assumed
that if the parents had served aboard a ship for the first time
the year the child was born or later, the child could not have
been affected by “exposure” from the ship category or the
KNM Kvikk. We hereafter use the expression “exposed to”
and the name of the ship or ship category when the parent
served aboard the ship at the latest the year before the child
was born.

Parents reported 97 children with congenital anomalies,
but the parents did not respond to the second questionnaire
for 13 of these children. This left 84 children to be evaluated
by the physicians. They made a decision for 83 of these
children, leaving 14 children without a decision as to whether
they had a congenital anomaly or not. None of these 14
children had been exposed to the KNM Kvikk (or to any other
MTB). For analytical purposes, we decided to divide them
into having or not having a congenital anomaly at the same
fraction as the children for which a decision had been made
and whose parents had not served aboard the MTB ships.

Statistical methods

The prevalence ratio (calculated as the ratio between the
prevalence odds) with the 95% confidence interval was used
as an estimate of a possible relationship between the
workplace and the prevalence of congenital anomalies and
stillbirths. We compared the results from the KNM Kvikk with
all the respondents, with people who had served aboard a
ship in general, and with those who had served aboard an
MTB. Comparing the KNM Kvikk with other ships in the
Snogg class was not performed due to low numbers. In
comparing groups, Pearson’s x> test or Fisher’s exact test
were used for categorical variables, and ¢ tests were used for
continuous variables.

RESULTS
Among the 2265 respondents, 1438 had 3122 biological
children of their own (table 1).

Twenty two children had to be excluded since the year of
birth was lacking. None of these children was reported to
have a congenital or chromosome anomaly, but four were
reported stillborn or having died within the first week of life.
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Table 1 Participants of a cross-sectional study in the Royal Norwegian Navy

All Served aboard Served aboard Served aboard
respondents  a ship an MTB the KNM Kvikk

Number of respondents 2265 1365 441 62

Number of people with children 1438 842 303 50

Number of children of respondents 3122 1819 650 117

Number of children for whom the year of birth is known 3100 1814 646 116

Number of children with known year of birth and with parent serving aboard the 1577 542 87

ship before the year of birth

Number of children likely to have congenital anomalies after paediatric evaluation 82 50 21 8

Number of stillborn children 59 36 18 6

Sixty two people had served aboard the KNM Kvikk; 50 had
become parents to 117 children. For one child, the year of
birth was lacking and for two of them the years of service for
the parents aboard the ship were not known, leaving us with
114 children for further analysis. Of the 114, 87 had been
exposed to the KNM Kvikk. The procedure was similar for the
groups of children whose parents had served aboard a naval
ship or an MTB.

Congenital anomalies

Of the 1438 parents, 83 reported having 97 children with
congenital (n=77) or chromosomal (n=20) anomalies in
the first questionnaire. Eleven of these children had been
exposed to the KNM Kvikk (none with chromosomal
anomalies). This gave a prevalence ratio of having a child
with congenital anomaly of 4.9 (95% CI 2.5 to 9.6) if the child
had been exposed to the KNM Kvikk compared with all the
respondents. Compared with those who had been exposed to
any Navy ship and any MTB, the respective prevalence ratios
were 4.3 (95% CI 2.2 to 8.7) and 4.0 (95% CI 1.8 to 8.9).

The paediatric evaluation of the 84 children with primarily
reported congenital anomalies resulted in eight of the
children exposed to the KNM Kvikk being considered to have
a congenital anomaly. Two had musculoskeletal deformities,
two had cerebral affection, two congenital malformation of
the heart, and two had different tumours, one in the neck
and one sacral. Among the 73 children not exposed to the
KNM Kvikk, 62 were considered to have a congenital anomaly
and 10 no anomaly; one was not classified. Including the
estimation for the 14 children with no classification, we
ended up with 74 children with congenital anomalies among
those not exposed to the KNM Kvikk.

Taking the paediatric evaluation into consideration, the
prevalence ratio of having a child with congenital malforma-
tions if the parent had been exposed to the KNM Kvikk was
4.0 (table 2).

Comparing the parent exposed to the KNM Kvikk with
those who had been exposed to a Navy ship or only exposed
to an MTB, the respective prevalence ratios were 3.5 (95% CI
1.6 to 7.7) and 3.4 (95% CI 1.4 to 8.6).

All parents who had served aboard the KNM Kvikk and had
children with congenital anomalies were men, and none of
these children were siblings. The time from the last year of

service aboard the KNM Kvikk to the year of birth ranged
between 1 and 10 years, with an average of 4.9 years for these
men.

The mean age of the parents was 30.4 years when the
children with congenital anomalies were born and 31.0 years
for the children without anomalies (f test, p = 0.74).

Stillbirths

The prevalence ratio of having a child who was stillborn or
died within one week was 4.1 if the child was exposed to the
KNM Kvikk compared with all the respondents (table 2).
Compared with those exposed to a Navy ship or an MTB, the
respective prevalence ratios were 3.6 (95% CI 1.5 to 8.9) and
2.7 (95% CI 1.0 to 7.5).

Both sexes were represented among parents who had
served aboard the ship and had a child who was stillborn. The
mean age of the parents was 29.7 years at the birth or
abortion of the stillborn and 31.0 years for children not
stillborn (f test, p=0.50). Two of the stillborn children had
congenital anomalies.

All the analyses for congenital anomalies and stillborn
were repeated for men only, with similar results. Only one
woman aboard the KNM Kvikk had a stillborn child, and no
sub-analysis was therefore performed.

Comparing lifestyle and exposure

Those who had served aboard the KNM Kvikk did not differ
significantly from the other respondents on the present use of
alcohol in units, having ever smoked daily or not (Pearson y2,
p =0.16), and body mass index.

Table 3 shows the self-reported exposure in the Navy.
Comparing exposure inside the navy, respondents serving
aboard the KNM Kvikk reported significant more exposure to
vapour from oil, gasoline, or diesel, exhaust gas, noise,
vibration and shaking, and passive smoking than the other
respondents (p < 0.05). In addition, they had worked closer
to high-frequency aerials than 10 m, closer to communica-
tion installations than 3 m, and closer to radars than 5 m.
Those aboard the KNM Kvikk also differed significantly from
the respondents who had served aboard another MTB
regarding exposure to vapour from oil, gasoline, or diesel
(p=0.001), exhaust (p =0.023), and noise (p = 0.028).

Table 2 Children whose parents were exposed and not exposed to the KNM Kvikk
according to whether the children had congenital anomalies and whether the children
were stillborn or died within one week of birth

Children with congenital anomadlies Stillborn or dead within one week of birth

Exposed to the

KNM Kvikk No. (%) Prevalence ratio (95% Cl)  No. (%) Prevalence ratio (95% Cl)
No 74 (2.5) 1 53(1.8) 1

Yes 8(9.2) 4.0 (1.9 to 8.6) 6(6.9) 4.1 (1.7 10 9.9)
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Table 3 The frequencies and the valid percentages of self-reported exposure to various substances inside the Navy for

respondents having served aboard the KNM Kvikk versus all other respondents

Respondents having

served aboard the

KNM Kvikk All other respondents
Greatly or very greatly exposed to or worked with: n % n % OR 95% Cl p*
Solvents or paints 6 10.0 133 6.3 1.7 0.7 to 3.9 0.27
Skin contact with oil, gasoline, or diesel 12 20.3 289 13.6 1.6 0.8to 3.1 0.14
Vapour from oil, gasoline, or diesel 20 33.3 213 10.2 4.4 25177 <0.0005
Exhaust gas 32 52.5 261 12.4 7.8 4.61013.1 <0.0005
Lead (bullets or weapon) 6 10.0 194 9.2 1.1 0.5102.8 0.84
Explosives 9 15.0 206 9.8 1.6 0.8 10 3.3 0.18
Noise 43 70.5 797 37.2 4.0 23t 7.0 <0.0005
Vibration and shaking 37 61.7 486 23.1 5.4 3.210 9.1 <0.0005
Twisted working positions 14 237 448 21.0 1.2 0.6 10 2.1 0.62
Passive smoking 19 32.8 390 18.3 2.2 1.21t0 3.8 0.005
Asbestos 4 8.7 59 3.5 2.7 091077 0.080
Worked closer to a high-frequency aerial than 10 m 29 46.8 445 21.8 3.2 1.9t05.2 <0.0005
Worked closer to communication installations than 3 m 24 40.7 319 15.8 3.7 2210 6.2 <0.0005
Worked closer to radar than 5 m 27 45.0 361 17.7 3.8 2310 6.4 <0.0005
*Pearson’s 2 or Fisher’s exact test.

Only very few individuals reported to be greatly exposed to
smoke from burning oil, pesticides or herbicides, dust from
grit blasting or sanding, and welding, torch cutting, or
working with the hull, and demolition work (data not
shown). No significant differences were found comparing the
KNM Kvikk personnel to others (p values 0.44-1.0).

The results for exposure to heavy lifting and work with
arms above the shoulders were similar to those of working in
twisted positions both inside and outside the Navy, and no
significant differences between the two groups (p values
0.37-0.63) were found.

When comparing the various exposures outside the Navy,
at other workplaces, and during leisure time, the numbers
that had been exposed to the various agents were generally
much lower and there were no significant differences
between the two groups, including the distance to commu-
nication installations.

DISCUSSION

Summary of findings

This study showed a markedly and significantly increased
prevalence of congenital malformations among the offspring
of personnel who have served aboard the KNM Kvikk
compared with the offspring of other employees in the
Norwegian Navy. Similar results were found for stillborn and
perinatal death.

Possible causes

Similar findings from an MTB have not been shown before.
Very few studies exist on reproductive health in navies. Most
of the published studies on parental occupations and
reproduction concern other occupations.” ' A study from
the United Kingdom provides some evidence of an associa-
tion between Gulf War service and reported infertility,"* but
these findings conflict with the findings from a similar study
from Denmark."

However, the study from the United Kingdom suggests
cither paternal germ cell mutation or other damage to
spermatogenic stem cells or the testicular cells necessary for
supporting spermatogenesis, and points out the role of stress
related conditions as a cause. This is relevant for our present
study, as mainly men were working on the KNM Kvikk.
Unfortunately, we have no specific information about the
psychological stress level on the KNM Kvikk and cannot draw
any conclusions on this.

The KNM Kvikk was special in the sense that it had long
periods of electronic warfare, and the exposure to radiation

might have been different on this ship compared with other
vessels. High-frequency electromagnetic fields were mea-
sured on a reconstructed ship during the use of equipment
emitting various types of radio frequencies. The levels of
these fields differed considerably, related to the equipment
and frequencies used. Some of the registered values were
above the limit values used by the Norwegian Navy (STANAG
2345). There was no systematic comparison with exposure on
other ships, and due to methodological difficulties, low-
frequency electromagnetic fields were not evaluated.’

All congenital birth defects registered among the crew from
the KNM Kvikk except one occurred after the 750 W high-
frequency transmitter was installed. However, our study only
includes present employees, and this information must be
interpreted with caution. Further, knowledge about these
types of exposure and effects on reproductive health is
controversial,* ** and no conclusions may be drawn regarding
the relationship between these factors in the present study.

The people working on the KNM Kvikk report more
frequent exposure to vapour from oil and petroleum products
and exhaust and noise than the others in the study. Several
hydrocarbon compounds may affect reproduction,®” *' ** and
noise has been mentioned as a possible factor contributing to
infertility among women.”” However, the questions asked in
our study about these exposure factors do not relate to work
on any specific vessel, and the importance of these exposure
factors must be explored further.

As the KNM Kvikk was a vessel used in warfare and with
different types of weapons, other types of radiation than the
ones mentioned here may have been present and caused
reproductive health effects.” Knowledge about the operations
of and work on the KNM Kvikk is limited, and these types of
theories are only speculative and cannot be answered in the
present study.

Study limitations

The study was cross-sectional, including individuals
employed as of September 2002. Further, the response rate
was only 58%. These limitations on the study population give
potential for selection bias. Firstly, the parents who had
served aboard the KNM Kvikk who had children with
congenital anomalies might have left the Navy to a higher
or lower extent than the other parents with children with
congenital anomalies. We have no information on this, but
there is little reason to believe that the KNM Kvikk parents
stayed longer in the Navy. If the opposite was the case,
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Main messages

e Service aboard a naval ship was associated with
increased prevalence of congenital anomalies and

stillbirths.

e The reason for this association remains unanswered.

meaning they left before the others, this would mean that the
risk was underestimated.

Secondly, considering the relatively low response rate, one
could speculate whether those who had served aboard the
KNM Kvikk to a higher degree answered the questionnaire
compared with those who had not served aboard this ship. To
represent a selection bias in relation to the estimated risk, it
would mean that only the parents with children with
congenital anomalies showed a higher response rate and
not the other employees from KNM Kvikk. This is not very
likely, since the possible association between serving aboard
the ship and congenital anomalies was not the main focus of
the study and was not mentioned in the invitation to
participate in the study.

Nevertheless, some years prior to this survey there had
been a heated discussion in the Norwegian mass media
regarding offspring with congenital anomalies associated
with service aboard the KNM Kvikk. The general awareness of
this possible association might have introduced recall bias.
Parents serving aboard the KNM Kvikk who had children with
anomalies might have remembered better that they served
aboard the KNM Kvikk than parents not having children with
these anomalies did.

Thirdly, the parents from the KNM Kvikk might have
reported less serious anomalies, medically not classified as
anomalies, which the rest of the study population would not
report. We asked all the parents who had reported children
with congenital anomalies to give detailed information about
these children and rendered this information blinded to the
paediatricians. The validation gave little reason to believe that
reporting non-medical anomalies has been a source of error.

Lastly, the parents aboard the KNM Kvikk might have
accurately reported their children with congenital anomalies,
but recall bias could still have been introduced if there has
been general underreporting in the rest of the study
population. In the total study population, 2.6% of the
offspring were reported to have congenital anomalies, taking
the paediatric evaluation into account. Internationally, the
prevalence of congenital anomalies varies between 1% and
7%.>>7" During the period 1990-98, the prevalence of
congenital anomalies at birth in Norway was 3.3%, with
2.3% classified as serious anomalies.” Even if the reported
anomalies in our study also include cases that were not
discovered at birth and therefore not included in the data
from the birth registry, these figures do not support any
major underreporting. In summary, it is unlikely that
differential recall or selection could entirely explain this
fourfold increased prevalence ratio of having a child with
congenital anomalies if the parent had been exposed to the
KNM Kvikk.

Conclusion

Service aboard the MTB was associated with an increased risk
of having children with congenital birth defects and having
children that were stillborn. The causes of these findings are
unknown. As this study only included currently employed
personnel, similar relationships need to be studied among
previously employed personnel.
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Policy implications

® A prospective study on naval service and outcome on
reproduction would be of preference in the future.
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