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4. BACKGROUND AND AIMS 
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4.1 Background 

������9�	��B���-��"##"������
�	�����	�����I�����������
	
���!��������	������:���


����:����
��=�<�!�����
�������
��		!&��
	
���!������
������
�������C�
����

=��
���C=���
��
���
������A�	������
��<�
:��=�<�!�����
:
�������	��������������

���	������	��������������������	&�,����
������	�����I�����	
�����������

��::
���
�������
�������	��		��
��������!�
������
�����
���:�
�������E��������

�����
�
������������	���������
��������������
�:������
��C�
���� 
������C ���

1���������<���������-��	!&�-������C�
�����������������
:���C������<
�����������

���	������	������:������
��������������:�����������������	
���<���������	�����

:�:������
�������!����	��������	<������������������������������������

����9�	��B���-���������������������F'���9�	��B����!�����(&����
�:������
��

��	�
)�!�����:��
�
����
����!�����������	����	����
�������������������������

������������������9��!�����	&�*%%4�&�

�

-��=�<�!���:�������������
��:�����<��������	������	���������:
�
	
�������

�
	
���!��������	�
������.!�	�=�<��
���=��!��.==�&�7E���	��������
��

��;�
�
���<����:����
��	�����	
���
�������
������������	�<�����������������

�
��
	�������������������������������������
�����
:��������������E������

���������������	�����������������	���
�!����������:��:���
�:
���:�������:
�
	
����

<��<������������:����	������
����������=�<�!&�-��*%%"������@�
���������=���	�

��������:
������
�����
����������		��������	������	���������������������������:��

���������FJ��	���������!�����B���7��
�������
������.!�	�=�<��
���=��!(�

�J�7�=��!������
���������������:�����<��������C�
����
�!���A��������������@��:���

.��
���!���=�<�!&�

�

'�������:��<�������
��������	����!�����=��!����
:�	�����
:���<�
:���	�����
����

�::�������������	��
	��&�'���������������C�
����
�!���A������<�����������������

���
�	����I�����
������<���	�:�����
�������������:���:��:���)��:�
��	������!��

���������������������������	������&�'���@��:���.��
���!�<���������
�	���������

�����	
��
�����:��������
	
���!�����:
�
	
����������	�<���������
���������!�������

"#$%���������������������:����:��:���
�:
���:����������	
�!�������
	
���!�



"%�

����
:����&�'���:�����<���������	
��������
���*%%*?*%%/����������<���������

����
����������
��*%%/&�

4.2 The aims of the thesis 
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5. INTRODUCTION 

5.1 After Second World War: the shaping of the modern Royal Norwegian Navy 
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5.2 The military milieu 
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5.3 Epidemiological cohort studies among military navy personnel 
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5.4 Possible health hazards associated with Navy service 
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5.4.1 Physical hazards (violent deaths) 
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5.4.2 Asbestos 
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5.4.3 Radon 
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5.4.4 Diesel-exhaust fumes 
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5.4.5 Solar radiation 
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5.4.6 Alcohol drinking 
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6. MATERIAL AND METHODS 
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6.1 The study cohort: criteria for inclusion 
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6.2 Description of the study population and sources of outcome 
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6.2.1 The Cancer Registry of Norway 
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6.2.2 The Cause of Death Registry 
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6.3 Follow-up
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6.4 Statistical analyses 
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6.5 Ethics 
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7. SUMMARY OF RESULTS 
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7.1 Paper I  

Establishment of the Royal Norwegian Navy personnel cohorts for cancer 

incidence and mortality studies 
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7.2 Paper II 

Asbestos related cancers among 28 300 military servicemen in the Royal 

Norwegian Navy�
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7.3 Paper III 

Cause-specific mortality and cancer incidence among 28 300 Royal Norwegian 

Navy servicemen followed for more than 50 years�
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8. DISCUSSION 

8.1 General remarks 
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8.2 Methodological considerations 

8.2.1 Study design, selection bias and representativeness 
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8.2.2 Exposures 
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8.2.3 Misclassification of exposure 
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8.2.4 Confounding 
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8.2.5 Loss to follow-up  
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8.3 Interpretation of results 

�

8.3.1 Asbestos related cancers 
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8.3.2 All-cause mortality and non-neoplastic diseases (other than alcohol-related) 
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8.3.3 Cancer incidence and cancer mortality 
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Figure 8.1: Age-adjusted incidence rate per 100 000 
person years for prostate cancer in Norway by 5-year 
period of diagnosis during 1954–2008 
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8.3.4 Violent deaths 
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8.3.5 Alcohol-related diseases 
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8.3.6 Sea and land – two different cultures? 
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Cause-specific mortality and cancer incidence among 28,300 Royal 
Norwegian Navy servicemen followed through more than 50 years 
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Alcohol-related diseases and cancers 
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Statistical analysis and duty stations 
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RESULTS 
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Deaths from other causes 
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Cancer incidence 
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Table 1 All-cause mortality and selected causes of death among 28,265 Royal Norwegian Navy 
servicemen followed between 1951 and 2007; 890,771 person-years 
Causes of death ICD-10* Obs.† Exp.‡ SMR§ 95% CI¶ 
All causes A00–Y99 3648 4339.4 0.84 0.81–0.87 
Alcohol abuse and alcohol related diseases # 73 108.6 0.67 0.53–0.85 
Infectious and parasitic diseases A00–B99 24 43.6 0.55 0.35–0.82 
Malignant neoplasms C00–C97 1208 1189.6 1.02 0.96–1.07 
Diseases of the circulatory system I00–I99 1315 1532.4 0.86 0.81–0.91 
    Ischaemic heart disease I20–I25 819 951.7 0.86 0.80–0.92 
    Cerebrovascular diseases I60–I69 200 261.3 0.77 0.67–0.88 
Diseases of the respiratory system J00–J99 170 231.1 0.74 0.63–0.85 
    Chronic lower respiratory diseases J40–J47 89 104.8 0.85 0.68–1.04 
Diseases of the digestive system K00–K93 108 133.4 0.81 0.67–0.98 
External causes of injury and poisoning V01–X59 402 628.4 0.64 0.58–0.71 
    Transport accidents V01–V99 155 199.9 0.78 0.66–0.91 
    Other accidents W00–19,X40–49 138 219.2 0.63 0.53–0.74 
    Suicide X60–84,Y87.0 101 189.6 0.53 0.44–0.65 

* ICD, International Classification of Diseases  
† Obs., Observed number of cases 
‡ Exp., Expected number of cases based on population rates 
§ SMR, Standardized Mortality Ratio 
¶ CI, Confidence Interval 
# Mental and behavioural disorders due to use of alcohol (F10), liver cirrhosis (K70) 
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Table 2 All-cause mortality and deaths of selected causes among 28,265 Royal Norwegian Navy 
servicemen according to duty station: land-based personnel (never vessel, 401,493 person-years), all 
vessel crews (489,278 person-years), and a subgroup of the latter: submariners (86,815 person-
years). Follow-up 1951–2007 

* ICD, International Classification of Diseases  
† Obs., Observed number of cases 
‡ Exp., Expected number of cases based on population rates 
§ SMR, Standardized Mortality Ratio 
¶ CI, Confidence Interval 
# Mental and behavioural disorders due to use of alcohol (F10), liver cirrhosis (K70) 

Causes of death ICD-10* Duty station Obs.† Exp.‡ SMR§ 95% CI¶ 
All causes A00–Y99 Land-based 1535 1986.6 0.77 0.73–0.81 

All vessels 2113 2352.7 0.90 0.86–0.94 
  - Submarines 303 354.4 0.85 0.76–0.96 

Alcohol abuse and alcohol  # Land-based 25 48.2 0.52 0.34–0.77 
related diseases All vessels 48 60.4 0.79 0.58–1.05 

  - Submarines 4 10.3 0.39 0.11–1.00 
Malignant neoplasms C00–C97 Land-based 503 536.2 0.94 0.86–1.02 

All vessels 705 653.4 1.08 1.00–1.16 
  - Submarines 108 100.3 1.08 0.89–1.30 

Diseases of the circulatory system I00–I99 Land-based 569 713.6 0.80 0.73–0.87 
All vessels 746 818.8 0.91 0.85–0.98 
  - Submarines 110 114.3 0.96 0.80–1.16 

    Ischaemic heart disease I20–I25 Land-based 344 438.7 0.78 0.71–0.87 
All vessels 475 513.0 0.93 0.85–1.01 
  - Submarines 67 72.5 0.92 0.72–1.17 

    Cerebrovascular diseases I60–I69 Land-based 94 125.9 0.75 0.60–0.91 
All vessels 106 135.4 0.78 0.65–0.95 
  - Submarines 12 18.0 0.67 0.34–1.16 

Diseases of the respiratory system J00–J99 Land-based 71 106.9 0.66 0.52–0.84 
All vessels 99 124.2 0.80 0.65–0.97 
  - Submarines 11 16.7 0.66 0.33–1.18 

Diseases of the digestive system K00–K93 Land-based 46 60.9 0.76 0.55–1.01 
All vessels 62 72.5 0.86 0.66–1.10 
  - Submarines 7 11.1 0.63 0.25–1.29 

External causes of injury  V01–X59 Land-based 151 282.6 0.53 0.46–0.63 
and poisoning All vessels 251 345.8 0.73 0.64–0.82 

  - Submarines 39 59.7 0.65 0.46–0.89 
    Transport accidents V01–V99 Land-based 54 88.7 0.61 0.46–0.79 

All vessels 101 111.3 0.91 0.75–1.10 
    - Submarines 16 19.5 0.82 0.47–1.33 
    Other accidents W00–19,X40–49 Land-based 48 98.9 0.49 0.36–0.65 
  All vessels 90 120.3 0.75 0.61–0.93 
    - Submarines 10 20.0 0.50 0.24–0.92 
    Suicide X60–84,Y87.0 Land-based 47 86.1 0.55 0.40–0.73 
  All vessels 54 103.5 0.52 0.39–0.68 
    - Submarines 12 18.3 0.65 0.34–1.14 
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Table 3 Mortality rate ratios (RR) comparing vessel crews with land-based personnel in the Royal 
Norwegian Navy. Poisson regression analysis adjusted for observation period and age 
Causes of death ICD-10* RR† 95% CI‡ 
All causes A00–Y99 1.15 1.08–1.23 

Alcohol abuse and alcohol related diseases § 1.56 0.96–2.52 

Diseases of the circulatory system I00–I99 1.12 1.00–1.24 

Diseases of the respiratory system J00–J99 1.18 0.86–1.60 

Diseases of the digestive system K00–K93 1.14 0.78–1.67 

External causes of injury and poisoning V01–X59 1.36 1.11–1.66 
* ICD, International Classification of Diseases 
† RR, Rate Ratio 
‡ CI, Confidence Interval 
§ Mental and behavioural disorders due to use of alcohol (F10), liver cirrhosis (K70)

 

Table 4 Cancer incidence among 28,345 Royal Norwegian Navy servicemen followed between 1953 
and 2008; 912,527 person-years 
Cancer site  ICD-7* Obs.† Exp.‡ SIR§ 95% CI¶ 
All sites  140–204 3362 3183.0 1.06 1.02–1.09 
Alcohol related cancers #  147 153.3 0.96 0.82–1.13 
Lip 140 14 20.3 0.69 0.38–1.16 
Stomach 151 109 113.5 0.96 0.80–1.16 
Colon 153 266 258.1 1.03 0.91–1.16 
Rectum 154 159 152.8 1.04 0.89–1.22 
Pancreas  157 82 78.1 1.05 0.83–1.30 
Trachea, bronchus and lung 162 375 370.5 1.01 0.91–1.12 
Prostate  177 777 696.7 1.12 1.04–1.20 
Testis  178 117 107.7 1.09 0.91–1.30 
Kidney, renal pelvis and urether  180 116 115.3 1.01 0.84–1.21 
Bladder and other urinary organs  181 207 198.2 1.04 0.91–1.20 
Melanoma of skin  190 217 183.8 1.18 1.03–1.35 
Other skin  191 168 122.9 1.37 1.18–1.59 
Brain, nervous system  193 126 122.9 1.03 0.86–1.22 
Thyroid gland  194 14 21.4 0.66 0.36–1.10 
Lymphomas  200–202  143 143.4 1.00 0.85–1.17 
Multiple myeloma and leukemias  203–204  142 137.6 1.03 0.88–1.22 
* ICD, International Classification of Diseases  
† Obs., Observed number of cases 
‡ Exp., Expected number of cases based on population rates 
§ SIR, Standardized Incidence Ratio 
¶ CI, Confidence Interval 
# Tongue (141), mouth (143–144), pharynx (145–-148), oesophagus (150), liver (155), larynx (161) 
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Table 5 Incidence of selected cancers among Royal Norwegian Navy servicemen according to duty 
station: land-based personnel (411,208 person-years), all vessel crews (501,319 person-years), and a 
subgroup of the latter: submariners (89,315 person-years). Follow-up 1953–2008 
Cancer site ICD-7*  Duty station Obs.† Exp.‡ SIR§ 95% CI¶ 
All sites  140–204 Land-based 1382 1418.1 0.97 0.92–1.03 
    All vessels 1980 1764.9 1.12 1.07–1.17 
      - Submarines 332 288.6 1.15 1.03–1.28 
Alcohol related cancers # Land-based 50 68.3 0.73 0.54–0.97 
    All vessels 97 85.0 1.14 0.93–1.39 
      - Submarines 18 14.1 1.28 0.76–2.02 
Trachea, bronchus and lung  162 Land-based 123 163.0 0.75 0.63–0.90 
    All vessels 252 207.5 1.21 1.07–1.37 
      - Submarines 32 33.5 0.95 0.65–1.35 
Prostate  177 Land-based 351 308.6 1.14 1.02–1.26 
    All vessels 426 388.1 1.10 1.00–1.21 
      - Submarines 69 62.6 1.10 0.86–1.40 
Bladder and other urinary  181 Land-based 87 87.6 0.99 0.80–1.23 
organs   All vessels 120 110.6 1.09 0.91–1.30 
      - Submarines 27 17.6 1.53 1.01–2.23 
Melanoma of skin  190 Land-based 97 82.0 1.18 0.96–1.44 
    All vessels 120 101.8 1.18 0.99–1.41 
      - Submarines 24 17.7 1.35 0.87–2.01 
Other skin  191 Land-based 67 54.5 1.23 0.95–1.56 
    All vessels 101 68.4 1.48 1.21–1.79 
      - Submarines 20 10.8 1.85 1.13–2.86 

* ICD, International Classification of Diseases  
† Obs., Observed number of cases 
‡ Exp., Expected number of cases based on population rates 
§ SIR, Standardized Incidence Ratio 
¶ CI, Confidence Interval 
# Tongue (141), mouth (143–-144), pharynx (145–148), oesophagus (150), liver (155), larynx (161) 
 

Table 6 Incidence rate ratios (RR) for selected cancers among vessel crews with reference to land-
based personnel in the Royal Norwegian Navy. Poisson regression analysis adjusted for observation 
period and age 
Cancer site ICD-7* RR† 95% CI‡ 
All sites  140–204 1.16 1.08–1.24 
Alcohol related cancers  § 1.58 1.12–2.22 
Lung cancer 162 1.65 1.33–2.04 
Other skin  191 1.20 0.88–1.63 

* ICD, International Classification of Diseases 
† RR, Rate Ratio 
‡ CI, Confidence Interval 
§ Tongue (141), mouth (143–144), pharynx (145–148), oesophagus (150), liver (155), larynx (161) 
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