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Background Diving operations are technically complex, and the underwater environment poses a high risk of fatal 
or near miss accidents. Furthermore, long-term effects of diving on bone, the central nervous system 
and the lung have been observed in divers who have not experienced any diving-related accidents.

Aims To compare total and cause-specific mortality among Norwegian professional divers by class of div-
ing certificate, relative to the general population.

Methods Data on mortality were obtained for divers in the Norwegian Inshore Diving Registry, which com-
prises data on all divers with a certificate valid for professional diving after 1980. By August 2010, 
5526 male divers born between 1950 and 1990 were identified, 3130 of whom were fully certified 
professional divers. The rest of the Norwegian male population born in the same period (1 604 147) 
served as referents. Data on mortality were obtained by linkage to the Cause of Death Registry.

Results Mortality was 23 per 1000 in professional divers and 24 per 1000 in referents. The hazard ratio was 
0.79 (confidence interval [CI] 0.63–0.997). Diving-related accidents and suicide were the most 
common causes of death among divers. Both were significantly more common among divers with 
the higher level diving certificates.

Conclusions Overall, mortality in professional divers was lower than that of the general population. However, 
professional divers had a higher risk of dying from work-related accident or suicide.
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Introduction

Diving operations are technically complex, and the 
underwater environment poses a risk of fatal and near-
miss accidents [1,2]. In the UK, the work-related fatal 
accident rate is estimated at 13 deaths per 100 000 divers 
per year compared with eight and five in construction 
work and mining, respectively [3].

Apart from the immediate risks associated with tech-
nical and operational procedures, including decompres-
sion, 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 [4], the central nervous system [5], bone [6,7] and 
the audiovestibular system [8]. Exposure to life-threaten-
ing events may cause serious psychological distress [9]. 
Several of these factors might cause increased mortality 
among divers.

Papers addressing mortality in divers are most often 
case reports or reports on technical and environmental 
conditions in accidents with fatal outcome [10–12]. To our 
knowledge, only one previous study has compared mortal-
ity in professional divers to that of the general population 
[13]. At the International Consensus Conference ‘Long-
term health effects of diving’ in 1993, McCallum presented 
data showing an increased risk of accidental deaths and 
total deaths in British professional divers compared with 
the population mortality rates for England and Wales [13].

This study aimed to compare total and cause-specific 
mortality rates, relative to the general population, among 
Norwegian professional divers by class of diving certificate.

Methods

Norwegian inshore divers are certified by the Norwegian 
Labour Inspection Authority, an occupational safety and 
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health agency of the Ministry of Labour. From 1980 
onwards, the Labour Inspection Authority has operated 
the Norwegian Inshore Diver Registry (Diver Registry) 
that comprises data on all divers with a certificate valid 
for professional diving. By August 2010, some 7079 
divers were included in the registry. For the first years 
of the registry, data are incomplete; consequently, we 
decided to exclude divers born before 1950. Five per 
cent of all divers registered were women, of whom only 
49 were fully certified. Hence women were also excluded 
from the analyses (Figure 1).

Divers are categorized according to class of certifi-
cate. Certificates are graded according to qualification: 
Class  I  (Health and Safety Executive part 1 equiva-
lent) requires practical and theoretical training to per-
form subsea work to a depth of 50 m. Class II (closed 
bell) requires the same qualifications as class I in addi-
tion to theoretical education and practical training in 
saturation and bell diving. Class  III (standard gear) 
requires the same qualifications as class  I  in addi-
tion to practical training and education in specialized 
subsea work. Certificate classes R and S have lim-
ited validity. Class R is restricted to rescue diving to 
a maximum of 30 m. Class S is restricted to specific 
operations such as scientific diving with self-contained 

underwater breathing apparatus gear to a maxi-
mum of 30 m and hyperbaric chamber attendance. 
Some divers hold more than one class of certificate 
and some dive both inshore and offshore. The Diver 
Registry includes inshore divers, while the Norwegian 
Petroleum Safety Authority manages a separate regis-
try of offshore divers. Those diving both inshore and 
offshore are recorded in both registries. Based on the 
age distribution of a subsample of 230 of the 365 off-
shore divers registered [14], we have estimated that 
50% of Norwegian offshore divers born between 1950 
and 1990 were included in this study.

For divers holding more than one certificate, we used 
the highest level in our analyses (II > III > I > R > S). 
To be able to compare British and Norwegian mortality 
data, we chose to study fully certified divers, i.e. divers 
holding class  I, II or III certificates (hereafter class  I, 
class II and class III divers). R and S class divers were 
analysed separately.

The Cause of Death Registry (Death Registry), run 
by Statistics Norway since 1951, includes data on all 
deaths certified by medical doctors who are required to 
report to the registry. One primary cause of death and 
up to four secondary causes are coded. Causes of death 
are coded according to the International Classification of 

Figure 1. Flow chart showing all divers registered in the Norwegian Inshore Diving Registry by August 2010 and the divers included in the study.
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Diseases (ICD). Deaths coded by ICD-7, ICD-8, ICD-9 
and ICD-10 were recoded according to the European 
ICD-10 Causes of Death short list.

The main diagnostic categories are non-violent and 
violent deaths. Twelve main categories of non-violent 
causes of death were recorded: neoplasm, endocrine 
diseases, mental and behavioural disorders, diseases 
of the nervous system, diseases of the circulatory sys-
tem, diseases of the respiratory system, diseases of the 
digestive system, diseases of the skin and subcutaneous 
tissue, diseases of musculoskeletal and connective tis-
sue and diseases of the genitourinary system, infections 
and haematological diseases. violent death is defined as 
death by external causes of injury, poisoning or acci-
dents. The latter category includes transport accidents, 
accidental falls and accidental poisoning. Additional 
violent deaths included are suicide and intentional self-
harm, homicide, assault and events of undetermined 
intent.

The National Population Registry, run by the 
Directorate of Taxes, issues a personal national identifi-
cation number (NIN) to all Norwegian citizens as well 
as to foreigners granted a residence permit. This NIN is 
a prerequisite for linking registries. Unfortunately, the 
Diver Registry did not record the NIN. Based on date of 
birth, first name and surname we identified a NIN for 
each diver from the National Population Registry. Some 
divers could not be identified and some had emigrated. 
We were able to identify 5526 male divers born between 
1950 and 1990, 3130 of whom were fully certified pro-
fessional divers (Figure 1). The rest of the Norwegian 
male population born in the same period (1 617 660) 
served as referents. All these records were linked to the 
Death Registry. Since a professional diving certificate 
can only be obtained from the age of 18, referents who 
had died before this age (13 513) were excluded from 
the study.

Cox regression analyses with adjustment for year of 
birth were applied to compare overall mortality and 
cause-specific mortality in divers and referents. For anal-
yses of differences between small subgroups, we used 
Exact Pearson Chi Square test.

All statistical analyses were performed by SPSS 
Statistics for Windows, version 20.0 [15].

The study was approved by the Regional committees 
for medical and health research ethics (2010-01123).

Results

Overall mortality among fully certified professional 
divers was 23 per 1000, while the mortality among the 
referents was 24. Adjusted by year of birth, professional 
divers had a lower mortality compared with the referents, 
with a hazard ratio of 0.79 (CI 0.63–0.997). Among S 
and R divers, the overall mortality was 4 per 1000.

There were large differences in mortality between 
groups of divers holding different certificates (Table 1). 
Compared with referents, mortality was lower in 
class I divers (P < 0.01) and higher in class II/III divers 
(P < 0.01; Figure 2). Mean age at death was 37.8 years 
(standard deviation [SD] 9.6) in fully certified divers and 
35.5 (SD 11.3) in referents. In S and R divers, mean age 
at death was 32.6 (SD 10.6).

violent deaths were 15 and 11 per 1000 in the total 
population of divers and referents, respectively (non-
significant). violent deaths were more common in divers 
than in referents (P < 0.01). Among the deceased divers, 
cases of suicide accounted for 24% and diving-related 
accidents for 17% of the deaths (Table 2). Among fatal 
accidents, two were due to drowning, four due to high/
low ambient pressure and six due to decompression ill-
ness. Only class II/III divers had a significantly higher 
risk of dying from accident or suicide. All cases of sui-
cide appeared in class  III divers (Table  3). Survival 

Table 1. Total, violent and non-violent deaths among Norwegian professional male divers by class of certificate and referentsa born 
between 1950 and 1990

Total
n

Deaths
n (per 1000)

violent death Non-violent death

n (per 1000) Age at death 
mean (SD)

n (per 1000) Age at death  
mean (SD)

Referents 1 604 147 38 529 (24) 17 824 (11) 30.2 (9.6) 20 705 (13) 40.1 (10.6)
Divers
 Professional 3130 72 (23) 46 (15) 26 (8)
  Class I certificate 2554 47 (18) 29 (11) 34.7 (9.3) 18 (7) 43.9 (8.2)
  Class III certificate 454 19 (42) 13 (29) 32.2 (6.3) 6 (13) 50.0 (5.7)
  Class II certificate 122 6 (49) 4 (33) 34.3 (3.9) 2 (16) 36.5 (5.0)
 Limited validity 2396 10 (4) 7 (3) 3 (1)
  Class S certificate 2043 10 (5) 7 (3) 28.0 (3.2) 3 (1.5) 43.3 (15.0)
  Class R certificate 353 0 (0) 0 (0) 0 (0)

aThose deceased before the age of 18 are excluded.
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curves for referents, class I divers and class II/III divers, 
respectively, are shown in Figure 2. Non-violent deaths 
were less common in divers than referents (P < 0.05) 
due to a lower risk in class  I  divers. Divers had no 
increased risk of dying from respiratory, circulatory 

or neurological diseases or from neoplasms (Tables 2  
and 3).

Discussion

Overall, the mortality among fully certified professional 
divers was lower than that among the referents. However; 
large differences in mortality were observed between 
groups of divers holding different certificates. Class  II/
III divers had an excess mortality due to violent death. 
Among class I divers, both the overall mortality and the 
non-violent mortality were lower than among referents. 
In class R and S divers’ total mortality, violent mortality 
and non-violent mortality were all lower than in referents.

Professional divers selected on the basis of good 
health would be expected to have a non-violent mortality 
lower than the general population, provided no excess 
occupational hazard exists. This held true, however, only 
for those divers assumed to be the least exposed (i.e. 
class I divers and class R and S divers). Thus, those with 
greatest diving exposure had mortality rates similar to 
the general population, probably due to specific occupa-
tional hazards.

In this study, all data had been collected beforehand 
by Norwegian authorities. Consequently, selection bias 
was reduced. The unique NIN enables linkage of popu-
lation-based registries and ensures the completeness of 
the Death Registry.

Based on data from the Death Registry, we could 
compare divers to other Norwegian men born in the 
same period. From the Diver Registry, we had data on 
all inshore divers with diving certificates valid for profes-
sional diving at any point after 1980 and could categorize 
them according to class of diving certificate.

There are, however, some caveats. The quality of the 
Diver Registry has never been validated. We had no means 
to ascertain whether the death certificate data were cor-
rect. Since NIN was not included in this registry, not 
all divers could be traced, due to misspelled or changed 
names or incorrect dates of birth. However, we man-
aged to identify 92% of the registered divers. Some, but 
not all, Norwegian offshore divers were included in this 
study. The Registry comprises only 122 class  II divers, 
whereas 365 Norwegian divers have been reported to 
have worked offshore [2]. A substantial number of these 
offshore divers were born before 1950.

The reference population of more than 1.6 million 
men includes up to 50 000 recreational divers in addition 
to a few compressed air workers as well as some offshore 
divers. Thus, pressure, hyperoxia, increased gas density 
etc. are not hazards absolutely unique to the identified 
diver population. This fact could underestimate the 
effects of diving. Considering the size of the reference 
group, problems due to misclassification of offshore 
divers as referents should be negligible.

Figure  2. Cumulative survival among Norwegian professional male 
divers (class  I  and class  II/III diving certificate) and referents born 
between 1950 and 1990. Lines: referents solid, class  I  dotted and 
class II/III broken.
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The Diver Registry holds no detailed data on div-
ing activity and exposure, hence possible relationships 
between such exposure and mortality could not be 
studied.

The quality of the cause of death registries in 
Scandinavia has been under debate [16,17]. A Norwegian 
diabetes study [18] presented causes of death codes 
together with all available data on each case for a clinical 
review committee. The coding varied, depending upon 

whether the deceased was hospitalized or not. The review 
committee reclassified 10% of all cases of accident to 
suicide. Misclassification of causes of death might be an 
issue in our study as well but is most likely to be non-
differential in its impact.

In contrast to McCallum’s study of British divers [13] 
we saw no increase in overall mortality in Norwegian 
divers. Among all deceased, the prevalence of vio-
lent deaths, including suicide, was similar, while the 

Table 2. Mortality pattern among Norwegian professional male divers (class I, II or III diving certificate) and referents born between 
1950 and 1990a

Divers Referents Divers Referents

n = 3130 n = 1 604 147 n = 72 n = 38 539

Per 1000 of all % of the deceased

violent deaths 15 11 64 46
 Suicide 5 4 24 16
 Traffic accidents 3 4 14 15
 Diving-related accidents 4 na 17 na
 Other accidents 2 4 10 15
Non-violent deaths 8 13 36 54
 Circulatory system 2 3 7 13
 Respiratory system <1 <1 1 1
 Neoplasms 4 4 15 16
 Central nervous system 0 1 0 3
 Other 3 5 12 21

na = not applicable.
aThose deceased before the age of 18 are excluded.

Table 3. Mortality risk among Norwegian professional male divers (class I and II/III diving certificate) and referents born between 1950 
and 1990

group n (per 1000) Crude HR (95% CI) Adjusted HRa (95% CI)

Death Referents 38 529 (24) 1 1
Class I certificate 47 (18) 0.66 (0.50–0.88) 0.66 (0.49–0.87)
Class II/III certificate 25 (43) 1.26 (0.85–1.86) 1.17 (0.79–1.73)

violent Referents 17 824 (11) 1 1
Class I certificate 29 (11) 0.89 (0.62–1.29) 0.87 (0.60–1.25)
Class II/III certificate 17 (30) 2.11 (1.31–3.39) 1.92 (1.20–3.09)

Non-violent Referents 20 705 (13) 1 1
Class I certificate 18 (7) 0.46 (0.29–0.73) 0.46 (0.29–0.73)
Class II/III certificate 8 (14) 0.68 (0.34–1.36) 0.64 (0.32–1.28)

n (%) Crude RR (95% CI)b P-value Pearson chi-squareb

Accidentsb Referents 10 788 (7) 1
Class I certificate 18 (7) 1.04 (0.66–1.65) NS
Class II/III certificate 11 (20) 2.86 (1.59–5.14) < 0.01

Suicideb Referents 6326 (4) 1
Class I certificate 11 (4) 1.09 (0.61–1.97) NS
Class II/III certificate 6 (11) 2.64 (1.19–5.86) < 0.05

HR = hazards ratio; NS = not significant.
aAdjusted for year of birth.
bExact calculation from 2 × 2 tables.
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prevalence of drowning was higher and traffic accidents 
lower in the British study. The sizes of the two diving 
populations were comparable, while the mean age of 
the British divers was lower. The divers included in the 
British study were active at an earlier time period (1972–
81) when diving conditions were probably worse.

There is some discrepancy in the design of McCallum’s 
[13] and our study. The British study included inshore 
and all offshore divers with an annual medical examina-
tion at least twice, which might make them more com-
parable to our class  II/III divers. McCallum estimated 
expected total mortality and accidental death based on 
mortality rates for England and Wales. We were able to 
compare actual death rates in divers to the rest of the 
male Norwegian population of the same age. The popu-
lation mortality rates quoted in McCallum’s study were 
lower than the Norwegian rates, most likely due to the 
differences in age. violent deaths were most prevalent 
in class  II/III divers due to an increase in cases of sui-
cide and diving-related accidents. The safety of divers 
depends on several critical factors related to equipment, 
diving procedures and human factors [1,10,11]. In the 
underwater environment, even minor technical or human 
failures may have serious consequences. Work-related 
risks and accidents may cause serious psychological dis-
tress [9,19], which in turn might increase the suicide risk 
[20,21].

The proportion of suicide in our study was similar 
to that of the British study. However, the suicide rate 
among Norwegian divers might be underestimated. In 
their report to the Ministry of Labour, Lossius et al. [2] 
reported that 11 out of the cohort of 365 offshore divers 
had committed suicide. In our data, however, there are 
no cases of suicide among the 122 divers with class  II 
certificates (Table 2). This discrepancy might be attribut-
able to the fact that a substantial number of the offshore 
divers were born before 1950.

Prospective studies on mortality and morbidity in 
divers are limited and should be prioritized with greater 
emphasis on accurate assessment of the diving job-spe-
cific exposure factors. The fact that the work as a diver 
is risky and stressful should be recognized by divers, 
employers, diving schools and diving medics/medical 
doctors, as well as by the authorities.

Systematic registration and investigation of fatal as 
well as non-fatal diving injuries may help identify pre-
ventive measures. Such measures may include training 
and improvements in technical performance of diving 
equipment, diving procedures and workplace organiza-
tion, including surface support. The authorities as well 
as the diving industry, both inshore and offshore, need to 
uphold their focus on health and safety issues and moni-
tor the impacts of changes in procedures, equipment and 
regulations.

For divers involved in adverse events, an emergency 
care system and a follow-up programme for subsequent 

health problems, particularly post-traumatic stress symp-
toms, should be accessible.

Key points

 • Diving is a dangerous occupation. This study 
addresses the overall mortality rate among 
Norwegian divers compared with that of the gen-
eral population.

 • Professional divers holding the higher class certifi-
cates had an increased risk of dying a violent death 
although overall mortality was not increased.

 • The increase in violent deaths was largely attribut-
able to an increase in cases of suicide and diving-
related accidents. Suitably targeted precautionary 
measures might reduce these numbers.
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