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ABSTRACT

Background: Health effects of diving have been observed in divers who have not experienced any diving
related accidents. The aim of the study was to study total, and cause specific mortality, in Norwegian retired
professional offshore divers.

Materials and methods: We carried out a mortality follow-up from 1997 to 2013 in a group of men, born
1930-1973. The diving cohort consisted of 386 male professional divers diving in the North Sea in the
pioneer period from 1965 to 1990, of which 25 were dead. 1,467,769 Norwegian males were used as
referents. This population was linked to the Norwegian Cause of Death Registry.

Results: Twenty five (6.5%) professional offshore divers had died. No differences were observed between
divers and referents for overall mortality or for non-violent deaths, adjusted for year of birth.
Conclusions: In this cohort of retired North Sea divers, the mortality pattern did not differ from that of the

expected mortality.

(Int Marit Health 2015; 66, 2: 93-96)
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INTRODUCTION

Apart from the immediate risks associated with the tech-
nical and operational procedures including decompression
procedures, diving is associated with exposure to hyperoxia,
high ambient pressure and increased gas density. Diving may
have both immediate and long-term effects on the lungs [1],
the central nervous system [2], bone [3, 4] and the audio-ves-
tibular system [5]. Furthermore exposure to life threatening
events may cause serious psychological distress [6]. Several
of these factors might affect the retired divers’ health and
mortality; a group in which a supreme health has been re-
quired [7] to obtain certificate for occupational diving.

Mortality in divers has most often been presented as
case studies or reports on technical and environmental
conditions in accidents with fatal outcome [8-11].

In 2013 we studied mortality in Norwegian male inshore
divers in comparison to male referents from the Norwegian

population [12]. This study demonstrated a reduced overall
mortality in active and retired divers with class | certificate
(Health and Safety Executive part 1 equivalent), professional
male inshore divers with higher certificates (class Il [closed
bell] or Ill [standard gear]) had, however, a higher risk of
dying from accidents and suicide [12].

A commission appointed by the Norwegian government
in 2001 reported an increased occurrence of suicides
among North Sea divers [13]. However, the allegation is
difficult to verify since it is based on non-scientific sources
and undocumented cases.

To the best of our knowledge no studies have de-
scribed the mortality of professional offshore divers after
they have finished their diving career. In this paper we
will address this question, and we will compare the re-
sults to our previous study of professional male inshore
divers [12].
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MATERIALS AND METHODS

SUBJECTS

Petroleum Safety Authority Norway has operated the
Norwegian Offshore Diver Registry compulsory on all divers
ever holding a certificate valid for offshore diving. Even so,
the actual number of Norwegian offshore divers employed
in the North Sea in the pioneer period 1965-1990, has
been a matter of discussion.

Pursuant to a decision by the Parliament on 13 June
2000, the Norwegian government appointed on 2 March
2001 an independent Commission of Enquiry to investigate
all circumstances related to diving in the North Sea in the
pioneer period. The Commission’s report, “Pioneer divers in
the North Sea”, from 2002 [13] included around 350 male
North Sea divers. From the commission we received a list
of 360 divers of whom 3 were already dead before their
investigation and 6 were living abroad. These remaining
351 and 37 additional pioneer offshore divers who were
traced by the North Sea diver Survey at Haukeland University
Hospital [14], were included in the present study.

The cohort of all members of retired North Sea divers, all
male, was identified by the national identification number.
This enabled us through the National Population Registry to
investigate who were still alive in 2013. Twenty six (6.7%)
of the 388 divers had died since 1997.

The Regional Committee for Medical and Health Re-
search Ethics approved this study, but recommended
a passive informed consent, requiring that all divers still alive
had to be informed about the study. One diver refused to
participate and was excluded, leaving 387 in the diver cohort.

Based on compulsory notification, all deaths in Norway
have to be reported to The Norwegian Cause of Death Reg-
istry (death registry) [15] by the medical doctor who fills in
the death certificate. All causes of death in this study have
been coded according to the International Classification of
Diseases version 10 (ICD-10) [16].

By the national identification number, all male divers
were linked to the Cause of Death Registry. Death diagno-
ses, year of birth and year of death were available for 25 of
the 26 deceased divers and referents (n = 125,901). One
of these divers had died abroad, and since both year and
cause of death was missing in the death registry, he was
excluded from the study. All subjects included in the study
were born 1930-1973 and were alive in 1997.

Data on the total male population born 1930-1973
were collected from Statistics Norway [17]. The study thus
included 386 male divers and 1,467,769 male referents.

The primary cause of death was recoded according to
The European Causes of Death short list [16]. Due to the
small diving cohort we focused on the categories: overall
mortality, non-violent deaths (ICD-10 A-R96) and violent

deaths (ICD-10 V-Y09), including suicides (intentional self-
harm ICD-10 X60-X84). In addition the occurrence of ill-de-
fined and unknown causes of mortality (ICD-10 R95-R99)
was analysed.

STATISTICAL METHOD

The crude relative risks of overall and cause-specific
mortality were calculated by logistic regression. Survival
times were included in the analysis of overall mortality and
non-violent deaths, and hazard ratios, crude and adjusted
for year of birth, were calculated by Cox regression analysis.
The year of censoring was set to 2013.

All statistical analyses were performed by IBM, SPSS
Statistics version 22 [18].

RESULTS

Twenty-five (6.5%) deaths were observed among retired
male North Sea divers against 125,901 (8.6%) in the ref-
erent population.

The numbers of cause-specific deaths, mean age at
death with standard deviation, are presented for divers and
referents in Table 1.

In the cohort of retired male offshore divers no deviating
risks were observed for any of the cause of death specific
categories (Table 2). According to the European short list
2 deaths were classified as suicide (self-intentional harm).
The prevalence of ill-defined or unknown causes of death
was higher among divers than referents.

DISCUSSION

In this study of retired North Sea divers, no differences
in mortality could be detected between divers and referents.
Classified from ‘The European Causes of Death short list’
2 (0.5%) cases were suicide among divers and 0.3% among
referents. The prevalence of ill-defined causes of death or
unknown deaths was higher among divers.

Both in this and in our previous mortality study of male
inshore divers [12], all data had been collected beforehand
by Norwegian authorities. Consequently, selection bias was
reduced. The national identification number enabled link-
age of divers to the death registry. Based on data from the
death registry, we could compare divers to other Norwegian
men born in the same period. There are, however, some
caveats. It should be emphasized that due to low numbers
in the diver cohort the statistical power is low. In addition
we had no information on occupational diving exposure
like number of dives or the length of their diving career.
The reference population of men at the same age as the
offshore divers will include both recreational and inshore
divers. Thus, pressure, hyperoxia, increased gas density
etc. were not hazards absolutely unique to the identified
diver population. This fact could underestimate effects
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Table 1. Cause-specific mortality among retired male divers and referents (1997-2013) and mean age at death”

Divers Referents
N Age mean * SD N Age mean + SD
Deceased 25 61.2+5.8 125,901 64.2+11.3
Non-violent death 22 61.9+5.7 114,146 65.4+10.4
lll-defined/unknown 64.7 +4.2 3,293 63.0 + 10.7
Violent death 55.7+3.2 11,755 52.3+13.3
Suicide 545+ 35 4,036 50.0 +12.4
Surviving* 361 60.9+6.5 1,341,868 56.8 +11.3
#All were still alive in 1997; *Mean age in 2013; SD — standard deviation
Table 2. Mortality and risks of cause-specific death in retired male divers and referents*
Divers Referents Crude 95% Cl Crude 95%ClI HR*** 95% CI
OR* HR**
Overall mortality 25 (6.5%) 125,901 (8.6%) 0.73 0.49-1.11 0.92 0.63-1.37 0.81 0.54-1.19
Non-violent death 22 (5.7%) 114,146 (7.8%) 0.72 0.47-1.10 0.93 0.61-1.41  0.81 0.53-1.23
ll-defined/unknown 3 (0.8%) 3,293 (0.2%) 3.48 1.12-10.9
Violent death 3 (0.8%) 11,755 (0.8%) 0.97 0.31-3.02
Suicide 2 (0.5%) 4,036 (0.3%) 1.89 0.47-7.58

#All were still alive in 1997; *Crude odds ratio (OR) from logistic regression; **Crude hazard ratio (HR) from Cox regression analysis; ***Hazard ratio adjusted for year of

birth; CI — confidence interval

of diving, but considering the size of the reference group,
problems due to misclassification of divers as referents
should be negligible. The quality of the cause of death
registries in Scandinavia has been under debate [19, 20].
A Norwegijan diabetes study [21] presented causes of death
codes together with all available data on each case for
a clinical review committee. Fifty three of 103 deaths were
reclassified with respect to cause of death, including 7 cas-
es that were changed from accident to suicide, illustrating
a considerable lack of consistency or uncertainty in clas-
sification of cause of death. Accordingly, the classification
of causes of deaths in the cohort in the present study may
therefore be uncertain, but there is no reason to believe
that this uncertainty or possible misclassification is different
from that of the reference group.

The aim of this study was to study mortality, and sui-
cides, in offshore divers after retirement. High suicide rates
among fellow workers are rumoured by retired offshore div-
ers. Also the Commission’s report from 2002 [13] concluded
that the number of suicides had been very high among
these divers with a frequency of 3%, although the actual
numbers are uncertain. In contrast only 2 cases of suicide
were observed in the cohort of retired offshore divers in the
present study, resulting in a frequency of 0.5% suicides. That
is comparable to a frequency of 0.6% suicides observed
among 2,111 divers in a previous British study [11]. It
should be noted that both the report from the Commission

[13] and the British study include both active and retired
divers, while the present study comprises retired divers only.

The occurrence of ill-defined causes of death and unde-
fined deaths was significantly higher among divers. Accord-
ing to the death registry this diagnosis will mostly appear
in deaths abroad, where further investigation of cause of
death is difficult. On the correct cause of death one can
only speculate. Misclassification of suicides as accidents
may often be questioned.

Data from the Petroleum Safety Authority statistics [22]
shows that the mortality and accidents among active off-
shore divers in the offshore industry today are considerably
reduced, as compared to the situation in the pioneer period
in the 1970s and 1980s.

CONCLUSIONS
In this cohort of retired North Sea divers, the mortality
pattern did not differ from that of the expected mortality.
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