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Objectives The objective of this study was to determine mortality and cancer incidence in two cohorts of 
Swedish fishermen with different dietary intakes of persistent organochlorine compounds. 
Methods The following two cohorts of Swedish fishermen were established: a cohort of 2896 subjects from 
the Swedish east coast (on the Baltic Sea), and a cohort of 8477 subjects froin the Swedish west coast. Mortality 
and cancer incidence were studied in these cohorts and comparisons were made both with the regional 
populations and between the cohorts. 
Results The incidences of stomach and squamous cell skin cancers among the eastcoast fishermen were 
elevated as compared with those of the regional population [standardized incidence ratio (SIR) 1.6, 95% 
confidence interval (95% CI) 1.0-2.4 and SIR 2.3, 95% CI 1.5-3.5 respectively] and with the westcoast 
cohort (IRR 2.2, 95% CI 1.3-3.5 and IRR 1.9, 95% CI 1.2-3.1, respectively), while that of colon cancer was 
decreased. Moreover, mortality from multiple myelomas was increased among the eastcoast fishermen as 
compared with that of the general population [standardized mortality ratio (SMR) 3.1,95% CI 1.2- 6.4) and the 
westcoast fishermen (IRR 3.2, 95% CI 1.2-8.7). A 12% decreased mortality in ischemic heart disease was 
found for the eastcoast cohort. A slight, but significant increase in such deaths was noted among the westcoast 
fishermen. 
C O ~ C ~ U S ~ O ~ S  High consumers of fatty fish, contaminated with organochlorine compounds, had an increased 
risk for stomach and skin cancer. They also had a suggestive decrease in mortality from ischemic heart diseases. 

Key terms fish consumption, ischemic heart disease, multiple myeloma, n-3 polyunsaturated fatty acids, 
polychlorinated biphenyls, polychlorinated dibenzo p-dioxins and furans, selenium, squamous cell skin cancer, 
stomach neoplasms. 

Swedish fishermen eat more than twice as much fish 
as the general population of Sweden (1). Fishermen 
from the west coast of Sweden preferably eat lean 
fish (cod and flat fish), in contrast to the fishermen 
from the east coast (Baltic Sea), who have a much 
higher intake of locally caught fatty fish (salmon and 
herring). As fatty fish from the Baltic Sea contain 
rather high levels of carcinogenic persistent organo- 
chlorine compounds, for example, polychlorinated bi- 
phenyls (PCB) (2), polychlorinated dibenzo-p-dioxins 
(PCDD), and polychlorinated dibenzofurans (PCDF) 
(3), there is some health concern about a high dietary 
intake of such fish. The dietary habits of the fisher- 
men were reflected by two times higher total toxic 
equivalents of PCB and PCDDJPCDF in plasma in 

eastcoast fishermen, compared with the equivalents of 
both westcoast fishermen and referents from each 
geographic area (1). In contrast, the blood levels of 
methylmercury did not differ between the people from 
the different coasts. 

As the fishermen from the east and west coasts were 
similar socioeconomically, a comparison of cancer inci- 
dence was considered useful to assess the health effects 
of a high consumption of fatty fish from the Baltic Sea, 
contaminated with persistent organochlorine compounds. 
Another objective was to assess whether a high fish 
intake, especially of fatty fish species rich in n-3 polyun- 
saturated fatty acids (PUFA), was associated with a de- 
creased risk for ischemic heart disease, as indicated pre- 
viously (4). 
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Subjects and methods 

Cohorts 

From the fishermen's organization covering the west 
coast of Sweden (Kattegatt and Sltagerrak) records of 
names, dates of birth, addresses, and dates of start and 
end of membership were collected for 8493 (16 women) 
fishermen who had been members of the organization for 
one year or more. A 10-digit personal identification code 
could, however, not be retrieved for 16 subjects, who 
therefore were not included in the cohort. Corresponding 
information was obtained for 2907 (24 women) fisher- 
men from the fishermen's organization covering the east 
coast (Baltic Sea). Eleven subjects were not fully identi- 
fied and were therefore not included. The eastcoast co- 
hort members lived along the south of the Baltic 
(N = 1359), along the Baltic proper (N = 1095), and 
along the Sea of Bothnia (N = 442). 

The 1359 fishermen from the south of the Baltic Sea 
have previously been studied (5). The observation period 
for this part of the cohort was extended for another cal- 
endar year. 

The westcoast fishermen had become members dur- 
ing the period 1930-1988 (median year of entry 1957). 
The records did not however, include any members who 
had let their membership expire or who had died before 
1965. The corresponding entry period into the cohort 
was 1935-1988 (median year of entry 1970) for the 
fishermen from the east coast. All of the subjects who 
had let their membership expire or who had died were 
included in the register from 1968. 

The fishermen from the west coast were older (medi- 
an year of birth 1923; 25th percentile 1908,75th percen- 
tile 1942) than those from the east coast (median year of 
birth 1939; 25th percentile 1921,75th percentile 1951). 

Dietary habits had previously been studied in groups 
of the cohorts (1). Food frequencies for different food 
items, as well as coffee, tobacco, and alcohol consump- 
tion, had been investigated. Blood and urine levels of 
some xenobiotics were also studied for these subjects. 

Follow-UP 

Vital status was determined as of 31 December 1988 
(table 1) for all of the subjects in the cohorts. None of the 
subjects was lost to follow-up. The studied cohorts thus 
consisted of 8477 and 2896 subjects, respectively. Table 
2 shows the distribution of person-years by age group 
and calendar year. 

Information on causes of death and tumors 

Information on causes of death for the period 1968- 
1988 for the eastcoast cohort and 1965-1988 for the 

westcoast cohort was obtained from Statistics Sweden. 
The death certificates were coded by Statistics Sweden 
according to the International Classification of Diseases 
(ICD). All codes were transformed to the 8th revision of 
the ICD. 

Information on tumors (coded according to the ICD, 
7th revision), diagnosed from 1968 to 1988 in the east- 
coast cohort and from 1965 to 1988 in the westcoast 
cohort, was obtained from the Swedish Cancer Register. 

Risk estimates 

Expected mortality for the periods 1968-1988 and 
1965-1988 was calculated with calendar year, cause, 
gender, and specific death rates for five-year age groups 
for each county. These rates were calculated from death 
and population counts obtained from Statistics Sweden. 
The date of death or emigration was used as the individu- 
al end points, whichever occurred first. 

Similarly, yearly morbidity rates for cancer were ob- 
tained from the Swedish Cancer Register. Date of death, 
tumor diagnosis, or emigration, whichever occurred first, 
was used as the individual end point. 

Statistical methods 

The 95% confidence intervals (95% CI) for cause-specif- 
ic standardized mortality ratios (SMR) or standardized 

Table 1. Vital status as of 31 December 1988 for Swedish 
fishermen from the west and east coasts. 

Vital status West coast East coast 

N O/o N % 

L~vrng 5655 66 6 2471 85 0 
Dead 2781 32 7 421 1 4 5  
Em~grated 41 0 5 4 0 1  

Total 8477 100 2896 100 

Table 2. Person-years under observat~on in the two cohorts 
of Swed~sh fishermen. 

Calendar-year Age (years) 

< 30 30-59 2 60 Total 

Westcoast f~shermen 
1965-1 975 12 978 36 540 22 746 72 264 
1976-1 980 3 551 16 650 11 528 31 729 
1981-1 988 3 839 24 546 18 929 47 314 
Total 20 368 77 736 53 202 151 307 

Eastcoast fishermen 
1968-1 975 2025 7047 2541 11613  
1976-1 980 1541  5197 2362 9100 
1981-1988 3 0 0 3  10453 5049 18505 
Total 6 569 22 697 9 952 39 218 
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incidence ratios (SIR) were calculated according to the 
Poisson distribution, or to the chi-square distribution if 
the expected values were greater than 10. The term "sig- 
nificant" implies that the 95% confidence interval for the 
standardized mortality ratio or standardized incidence 
ratio does not include 1.00. All of the tests were two- 
tailed. 

Direct comparisons of mortality and cancer inci- 
dence between the east- and westcoast fishermen [inci- 
dence rate ratio (IRR)] were obtained from calculations 
of Mantel-Haenszel summary rate ratios for appropriate 
age- and calendar-year strata (6). 

cular diseases, but fewer observations caused a some- 
what wider 95% CI of 0.75-1.03). In contrast to is- 
chemic heart disease, the mortality from cerebrovascular 
diseases was not decreased. Deaths from malignant tu- 
mors were fewer than expected (SMR 0.84, 95% CI 
0.68-1.03). Considering specific tumors, deaths from 
multiple myeloma were significantly increased (SMR 
3.08, 95% CI 1.24- 6.35). Seventeen deaths due to 
stomach cancer (SMR 1.37, 95% CI 0.82-2.23) were 
found. The eastcoast fishermen had also died more fre- 
quently by drowning (SMR 1 1.8, 95% CI 6.29-20.2), 
and drowning was the main reason for the observed 
increase in deaths from violent causes (SMR 1.50, 95% 
CI 1.15-1.96). There was no increase in alcohol-related 
deaths (SMR 0.73, 95% CI 0.31-1.43). 

Mortality for the eastcoast fishermen 1 Mortality for the westcoast fishermen 

A significantly decreased overall mortality was observed 
for the eastcoast fishermen (SMR 0.86, 95% CI 0.78- 
0.95) (table 3). The mortality from cardiovascular dis- 
eases was also decreased (SMR 0.88, 95% CI 0.77- 
0.99). The observed number of deaths from ischemic 
heart disease was lower than expected (158 versus 180, 
values giving the same SMR of 0.88 as for cardiovas- 

A significant decreased overall mortality was observed 
(SMR 0.93, 95% CI 0.90-0.97) (table 4). Nevertheless, 
the observed number of deaths from cardiovascular dis- 
eases was similar to that expected (SMR 1.00). A slight, 
but significant, excess of deaths from ischemic heart 
disease was noted (SMR 1.06, 95% CI 1.00-1 . I  2). 
There was no increase in deaths from malignant tumors 

Table 3. Mortal i ty by  detailed cause in  1968-1988 among 2896 f ishermen f rom the east coast. 

Cause of deatha Observed Expected Standardized 95% 
deaths deaths mortality confidence 

(N) (N) ratio interval 

All malignant neoplasms (140-209) 90 
Alimentary organs (1 50-1 59) 3 1 

Esophagus (150) 2 
Stomach (151) 17 
Colon (1 53) 1 
Rectum (154) 4 
Liver (155) 1 
Pancreas (1 57) 5 

Lung, larynx (162-1 63) 16 
Melanoma (172) 0 
Skin cancer (1 73) 0 
Breast (I 74) 1 
Prostata (1 85) 12 
Bladder (1 88) 5 
Kidney (189) 5 
Brain, nervous system (1 91-1 92) 2 
Hodgkin's lymphoma (201) 0 
Non-Hodgkin's lymphoma (200, 202) 3 
Multiple myeloma (203) 7 
Leukemia (204-207) 5 

Cardiovascular diseases (390-458) 224 
Ischemic heart diseases (410-414) 158 
Cerebrovascular diseases (430-438) 41 
Bronchitis, emphysema (490-493) 4 

Accidents, poisoning, violence (800-999) 58 
Drowning (910) 13  

Alcohol-related deaths (291, 303, 571, 577, 860) 8 
All causes (000-999) 41 9 

a Code of the International Classification of Diseases (eighth revision) in parentheses. 

1 08 Scand J Work Environ Health 1995, vol21, no 2 



Svensson et a1 

Table 4.  Mortality by detailed cause in 1965-1988 among 8477 fishermen from the west coast. 

Cause of deatha Observed Expected Standardized 95% 
deaths deaths mortality confidence 

(N) ( N )  ratio interval 

All malignant neoplasms (140-209) 
Alimentary organs (150-159) 

Esophagus (150) 
Stomach (151) 
Colon (1 53) 
Rectum (1 54) 
Liver (155) 
Pancreas (1 57) 

Lung, larynx (1 62-163) 
Melanoma (172) 
Skin cancer (173) 
Breast (1 74) 
Prostata (185) 
Bladder (1 88) 
Kidney (1 89) 
Brain, nervous system (191-192) 
Hodgkin's lymphoma (201) 
Non-Hodgkin's lymphoma (200, 202) 
Multiple myeloma (203) 
Leukemia (204-207) 

Cardiovascular diseases (390-458) 
Ischemic heart diseases (410-414) 
Cerebrovascular diseases (430-438) 
Bronchitis, emphysema (490-493) 

Accidents, poisoning, violence (800-999) 
Drowning (91 0) 

Alcohol-related deaths (291, 303, 571, 577, 860) 
All causes (000-999) 

a Code of the International Classification of Diseases (eighth revision) in parentheses 

(SMR 0.97, 95% CI 0.89-1.05). Considering specific 
tumors, the risk for death from cancer of the esophagus 
was significantly decreased (SMR 0.31, 95% CI 0.09- 
0.80). No specific tumor acting as a cause of death was 
significantly increased. Sixty-three deaths due to stom- 
ach cancer (SMR 0.93, 95% CI 0.72-1.19) and 16 due 
to myeloma (SMR 1.25,95% CI 0.73-2.07) were found. 
As expected, the fishermen had died more frequently 
from drowning (SMR 2.11, 95% CI 1.18-3.48). Deaths 
from other violent causes were not elevated, neither were 
deaths from alcohol-related diseases (SMR 0.92,95% CI 
0.67-1.26). 

other hand, colon cancers were significantly fewer than 
expected (SIR 0.37,95% CI 0.12-0.87). The suggestive 
increases of myelomas (SIR 2.08, 95% CI 0.76-4.53) 
and acute leukemias (SMR 2.28, 95% CI 0.74-5.33) 
were, however, not significant. 

Cancer incidence for the westcoast fishermen 

Altogether 979 cases of cancer were observed (SIR 0.95, 
95% CI 0.89-1.01) (table 6) for the westcoast fisher- 
men. There was an increased incidence of lip cancer 
(SIR 1.92, 95% CI 1.29- 2.80), but squamous cell can- 
cers of the skin or malignant inelanornas were not in- 
creased (SIR 1.12, 95% CI 0.88-1.43 and SIR 0.78, 
95% CI 0.48-1.22, respectively). There was no in- 
creased incidence of stomach cancer (SIR 0.92, 95% CI 
0.72-1.17), and the incidence of esophagus cancer (SIR 
0.39, 95% CI 0.13-0.92) was significantly decreased. 
In contrast to the results for the eastcoast fishermen, no 
significant decrease in colon cancers was seen (SIR 0.95, 
95%CI 0.76-1.19). As for the eastcoast fishermen, a 
suggestive but nonsignificant increase was seen for acute 
leukemias (SIR 1.86, 95%CI 0.96-3.25). On the other 
hand, no increase in myeloinas was observed. 

Cancer incidence for the eastcoast fishermen 

A total of 197 cases of cancer were observed among the 
eastcoast fishermen versus 193 expected (SIR 1.02, 95% 
CI 0.88- 1.17) (table 5). The incidences of lip cancer 
and squamous cell cancer of the skin were significantly 
increased (SIR 2.60, 95% CI 1.05-5.36 and SIR 2.28, 
95% CI 1.45-3.50, respectively). In contrast, no malig- 
nant melanomas were observed, in spite of five expected. 
There was also a significant increase in the incidence of 
stomach cancer (SIR 1.59, 95% CI 1.03-2.39). On the 

Scand J Work Environ Health 1995, vol21, no 2 109 



Mortality and cancer among fishermen with high intake of organochlorine compounds 

Table 5. Cancer incidence 1968-1988 among 2896 f ishermen f rom the east coast. 

Cancer sitea Observed Expected Standardized 95% 
cases cases incidence confidence 

(N) (N) ratio interval 

Lips (1 40) 
Esophagus (1 50) 
Stomach (1 51) 
Colon (153) 
Rectum (1 54) 
Liver, bile ducts (155) 
Pancreas (1 57) 
Lung (162) ' 

Prostate (1 77) 
Renal pa;enchyma (180.0) 
Urinary bladder (1 81) 
Melanoma (1 90) 
Skin (191) 
Brain (193) 
Soft-tissue sarcoma (197) 
Hodgkin's lymphoma (201) 
Non-Hodgkin's lymphoma (200, 202) 
Multiple myeloma (203) 
Lymphatic leukemia (204) 
Myeloic leukemia (205) 

Acute leukemia (204.0, 205.0, 206.0, 207.0) 
All (140-209) 

a Code of the International Classification of Diseases (seventh revision) in parentheses. 

Table 6. Cancer incidence 1965-1988 among 8477 f ishermen f rom the west coast. 

Cancer sitea Observed Expected Standardized 95% 
cases cases incidence confidence 

(N) (N) ratio interval 

Lips (140) 
Esophagus (150) 
Stomach (151) 
Colon (153) 
Rectum (1 54) 
Liver, bile ducts (1 55) 
Pancreas (1 57) 
Lung (162) 
Prostate (1 77) 
Renal parenchyma (I 80.0) 
Urinary bladder (181) 
Melanoma (190) 
Skin (191) 
Brain (1 93) 
Soft-tissue sarcoma (1 97) 
Hodgkin's lymphoma (201) 
Non-Hodgkin's lymphoma (200, 202) 
Multiple myeloma (203) 
Lymphatic leukemia (204) 
Myeloic leukemia (205) 

Acute leukemia (204.0, 205.0, 206.0, 207.0) 
All (140-209) 

a Codes from the International Classification of Diseases (seventh revision) in parentheses. 

Direct comparisons between the cohorts 

When a direct comparison was made between the two 
fisherman cohorts, the eastcoast fishermen displayed a 
lower, though not statistically significant, mortality from 
ischemic heart disease (IRR 0.91, 95% CI 0.77-1.09). 
Deaths from multiple myelomas were significantly in- 

creased among the eastcoast fishermen (IRR 3.22, 95% 
CI 1.20-8.67). 

The eastcoast fishermen had significantly elevated 
incidences of skin and stomach cancer (IRR 1.88, 95% 
CI 1.15-3.09 and IRR 2.15, 95% CI 1.32-3.50, re- 
spectively). For the incidence of multiple myelomas the 

1 1 0 Scand J Work Environ Health 1995, vol21, no 2 



IRR was 1.86 (95% CI 0.71-4.88). A significantly de- 
creased incidence in colon cancer was, on the other hand, 
observed among the eastcoast fishermen (IRR 0.35, 95% 
CI 0.14-0.88). 

Discussion 

Cancer mortality and morbidity 

In accordance with the findings in an earlier study (5), 
significant risk excesses for squamous cell cancer of the 
lips were seen in both the west- and eastcoast cohorts. A 
strange finding was that the incidence of squamous cell 
cancer of the skin was elevated in the eastern, but not in 
the western cohort. This discrepancy remained when a 
direct comparison was made between the cohorts. A pos- 
sible cause for these cancers is occupational exposure to 
oils and tar, and there is reason to believe that the east- 
coast fishermen had a higher exposure to these com- 
pounds than the westcoast ones, as they worked more to 
preserve their smaller boats and nets. Another relevant 
factor is the relatively high exposure to ultraviolet light 
from outdoor work at sea. Sixteen of the 22 cases of skin 
cancer in the eastern cohort were diagnosed on the parts 
of the body (head and neck) most exposed to ultraviolet 
light (SIR 3.45, 95% CI 2.02- 5.70, comparisons with 
the general Swedish population). The standardized inci- 
dence ratio for the remaining body was 2.55 (95% CI 
0.94-5.56). 

Exposure to damaging ultraviolet radiation, defined 
as the solar radiation weighted by the curve devised by 
the American Conference of Governmental Industrial 
Hygienists and the National Institute for Occupational 
Safety and Health is 10-15% higher along the southern 
part of the Baltic Sea, where many of the eastern fisher- 
men had their fishing places, as compared with the west 
coast (7). However, this difference in exposure to dam- 
aging ultraviolet light is too small to explain the ob- 
served difference in the incidence of skin cancer. In 
addition, there was no difference in the incidence of lip 
cancer in relation to exposure to damaging ultraviolet 
light. It should be noted that the incidence of melanomas 
was not elevated in any of the cohorts. On the contrary, 
melanomas were significantly fewer than expected in the 
eastern cohort. This finding is in accordance with pre- 
vious observations of a low incidence of malignant 
melanoma among outdoor workers with occupational ex- 
posure to ultraviolet light (8). 

In discussions on the cause of skin cancer, it is note- 
worthy that fish contain high levels of arsenic and are the 
main source for the human uptake of this element (9). 
Two to 10% of the arsenic in fish is inorganic (10). Oral 
exposure to inorganic arsenic has been considered to 
increase the risk for squamous cell cancer of the skin 

through a tumor promotive effect (9). Whether the die- 
tary intake of inorganic arsenic from fish involves such a 
risk is not known (10). There is, however, no reason to 
believe that the exposure to arsenic was higher in the 
eastcoast cohort. On the contrary, lean fish species like 
cod and plaice, which were preferably consumed by the 
westcoast fishermen, have higher arsenic levels than Bal- 
tic hexing (11). Thus it is difficult to explain the ob- 
served difference in skin cancer incidence by this factor. 

The difference between the cohorts in exposure to 
persistent organochlorine compounds may be a more 
relevant factor. The blood levels of dioxinlike organo- 
chlorine compounds, expressed as toxic equivalents, 
were two times higher among the eastcoast fishermen 
than among those from the west coast. In many species 
epithelial cells are the primary targets for the action of 
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and simi- 
lar organochlorine compounds. Hyperplasia and altered 
differentiation in these cells, resulting in chloracne, are 
consistent findings after occupational or accidental ex- 
posure to TCDD (12, 13). Thus TCDD and similar com- 
pounds, which are also potent tumor promoters (14), 
could be discussed as contributors to the elevated number 
of skin cancers among the eastcoast fishermen. Another 
possibility is that, due to slightly different work habits, 
the eastcoast fishermen may have had more skin contact 
with tars and oils. 

Mainly cancer mortality studies have been performed 
on subjects exposed to persistent organochlorine com- 
pounds. As the survival rate is very high for squamous 
cell skin cancer, mortality studies are unsuitable for ex- 
ploring etiologic factors. An increased prevalence of skin 
cancers related to exposure to ultraviolet light (primarily 
due to an excess of basal cell carcinomas, which we did 
not study) has previously been reported among Ameri- 
can Vietnam veterans with possible exposure to TCDD 
(15). 

Multiple myeloma, malignant lymphomas, soft-tissue 
sarcoma 

Excess mortality from myelomas was seen among the 
eastcoast fishermen, both in comparison with the re- 
gional reference population and in a direct comparison 
with the westcoast fishermen. In addition, the incidence 
of myelomas among the eastcoast fishermen was in- 
creased, though not significantly so. There were two 
cases of death from myeloma in the eastcoast cohort, and 
three in the westcoast cohort, that could not be retrieved 
as incident cases of myeloma in the cancer register. Ac- 
cording to the scrutinized records, two of them should, 
however, have been registered in the cancer register, and 
for a third subject diagnosis of chronic lymphatic leuke- 
mia was registered instead. The accuracy of overall can- 
cer diagnosis is far better in the Swedish Cancer Register 
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than in the cause of death register, but for leukemias and 
myelolnas there has previously been substantial under- 
reporting to the cancer register (16). A suggestive in- 
crease in the incidence of multiple myelomas has been 
reported from the TCDD-exposed population in the 
Seveso area (17). 

TCDD and similar compounds have, in some studies, 
been associated with an increase in risk for malignant 
lymphomas and soft-tissue sarcomas (18-20). None of 
these tumors were elevated in our cohorts. 

Stomach cancer 

The eastcoast fishermen had an increased incidence of 
stolnach cancer. The same result did not appear for the 
westcoast fishermen. An elevated risk of stomach cancer 
in fishermen has previously been described in a Cana- 
dian proportional mortality study (21), and also among 
British fishermen (22). Dietary habits like high salt and 
smoked food intake have been associated with an in- 
creased incidence of stomach cancer (23). Nitrosamines, 
which can be found in smoked fish, are potent carcino- 
gens. It was therefore noteworthy that the eastcoast 
fishermen consumed smoked fish twice as often as the 
westcoast fishermen (1). Smoked fish may also contain 
carcinogenic polycyclic aromatic hydrocarbons (24). 

It has been proposed that nitroso compounds can also 
be formed endogenously in the stomach from dietary 
nitrates and secondary amines (25). However, exposure 
to methylamines (eg, dimethylamine, which could serve 
as a substrate for the formation of the potent carcinogen 
N-nitrosodimetylamine) was higher among the westcoast 
fishermen than among the eastcoast fishermen (1). 

A consistent finding in studies on diet and stomach 
cancer has been a negative association of stomach cancer 
with the intake of fresh fruits and vegetables. The fisher- 
man cohorts did not, however, differ in that respect. 

Suspected or verified occupational exposure to 
TCDD has been associated with stolnach cancer in some 
studies (26, 27). However, these findings have not been 
confirmed in several more recent studies (20, 28, 29). 

Colon cancer 

The eastcoast fishermen had a significantly decreased 
incidence of cancer of the colon. It is generally accepted 
that colon cancer risk is decreased by dietary fibers, and 
increased by high levels of dietary fat and protein, and a 
high total energy intake (30). The dietary interviews did 
not display any other difference than a higher intake of 
fatty fish among the eastcoast fishermen, as compared 
with the westcoast fishermen, which could explain the 
risk difference. An increase in risk has also been attribut- 
ed to a low level of physical activity (3 1). The fishermen 
have, however, physically demanding work. Recent re- 

ports indicate that n-3 PUFA inhibit the development 
and growth of several experimental tumors, colon cancer 
being one (32, 33). So far, these findings have not been 
confirmed in humans, and whether a high intake of n-3 
PUFA is related to the low colon cancer risk among the 
eastcoast fishermen is still very speculative. 

Mortality from cardiovascular diseases 

Mortality from cardiovascular diseases among Swedish 
employees should be expected to be lower than in the 
general population (34) because of an unfavorable pat- 
tern of risk factors (hypertension and smoking) among 
the unemployed (35). In addition, worlcing as a fisher- 
man is associated with heavy physical exercise, and per- 
sons with symptoms of ischemic heart disease may be 
withdrawn from the active work force. This potential 
bias, introduced by incomparability between the eastern 
fishermen and the reference group, is, however, not fully 
applicable in our study. First, it should be noted that the 
eastcoast fishermen smoked more than both the west- 
coast fishermen and the reference groups (I), and conse- 
quently smoking cannot have confounded our findings. 
Second, an increased mortality from ischemic heart 
disease has previously been described for British deep 
sea fishermen (22), and this finding speaks against 
"healthy worker selection" with regard to ischemic heart 
disease. Third, the inclusion criterion for the cohorts was 
at least one year of membership in the fishermen's or- 
ganization, which is not incompatible with an early with- 
drawal from work. Even after retirement, there is reason 
to believe that dietary habits do not change as regards 
fish consumption. Fourth, many of the fishermen were 
not employees, but were self-employed instead. 

A high consurnption of fish has, in several epidemio- 
logic studies, been associated with a low risk for cardio- 
vascular diseases. Inuits from Greenland, who have a 
high intake of marine food, have also low mortality from 
ischemic heart disease (36). In studies from Japan, Swe- 
den, and The Netherlands there was an inverse relation 
between fish consumption and death from ischemic heart 
disease (4, 37, 38). These findings were, however, not 
confirmed in studies from Hawaii and Norway (39-41). 

The beneficial effects on cardiovascular mortality 
from fish consumption have been attributed to n-3 PUFA, 
mainly found in fatty fish species (33). The fishermen 
from the east coast had both a decreased risk for death 
from ischemic heart disease and a substantially higher 
intake of fatty fish than their western colleagues and the 
referents. We have previously found a correlation be- 
tween the intake of fatty fish and the serum levels of n-3 
PUFA (42). 

In some epidemiologic studies (43-49), but not in 
all (50, 51), low levels of selenium in blood have been 
associated with an increased risk for ischemic heart dis- 
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ease. Fish consumption is important in Sweden for the 
dietary intake of selenium (52), which was reflected by a 
10-15% increase of plasma selenium in Swedish fisher- 
men as compared with referents from the general popula- 
tion (1). As the plasma selenium levels of the eastcoast 
fishermen did not differ from those of the westcoast 
fishermen, the selenium status is, however, an unlikely 
explanation for the difference in ischemic heart disease 
between the cohorts. 

Hereditary factors, as reflected by, for example, high 
plasma levels of lipoprotein (a), may affect the risk for 
ischemic heart disease (53), but as there was no differ- 
ence between the fishermen from the different coastal 
areas in this respect (I), at least this genetic factor has 
not affected the study outcome. 

High dietary levels of n-3 PUFA have been suggest- 
ed as a possible protection against atherosclerotic cardio- 
vascular disease by reducing thrombocyte aggregation 
and increasing bleeding time (54, 55) or by reducing the 
plasma levels of total cholesterol and triglycerides (56, 
57). Among high consumers of fatty fish from the Baltic 
sea, decreased levels of plasma triglycerides and in- 
creased levels of high-density lipoprotein cholesterol in 
plasma were found (42). 

It has been suggested that reduced platelet aggrega- 
tion due to a high dietary intake of n-3 PUFA might well 
protect against coronary thrombosis but at the same time 
involve a greater bleeding tendency and thus increase the 
risk for hemorrhagic stroke, as indicated from studies of 
Inuits (36, 58). In the previous study on fishermen from 
the Baltic Sea ( 9 ,  there was a nonsignificant increase in 
mortality from cerebrovascular disease. This finding was 
not confirmed in our present study. 

Violent deaths 

Earlier studies on fishermen have displayed an increased 
mortality from water accidents and drowning (5,22,59). 
Our findings were similar in that deaths from drowning 
were elevated, especially in the eastern cohort. 

Concluding remarks 

Consumption of fatty fish from the Baltic Sea causes 
exposure to toxic, persistent organochlorine compounds. 
High consumers of such fish displayed an increased risk 
for stomach and skin cancer. These findings cannot, how- 
ever, with any certainty be attributed to the exposure to 
organochlorine compounds, as the high consumers were 
also exposed to other potentially carcinogenic substances 
(arsenic, compounds in smoked fish). 

When the total health effects from the consumption 
of fatty fish from the Baltic Sea are evaluated, it is 
noteworthy that a suggestive decrease in mortality from 
ischemic heart disease was noted among high consumers. 

According to our results, no dietary restrictions for fatty 
fish from the Baltic Sea can be justified for men. As 
there, however, was an increasing concern for a possible 
association between exposure to persistent organochlo- 
rine compounds and breast cancer in women (60,61), the 
cancer incidence among the fishermen's wives should 
also be evaluated. Moreover, as there is also a possible 
association between PCB exposure through fish and re- 
productive outcome (62-64), it should be assessed be- 
fore dietary recommendations for women can be made. 
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