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ORIGINAL ARTICLES

Scand J Work Environ Health 1992;18:217-24

Cancer incidence and mortality among Swedish Baltic
Sea fishermen
by Lars Hagmar, MD,l Katarina Linden, BSC,l Anita Nilsson, RN,l Bo Norrving, MD,2
Bjorn Akesson, MD,3 Andrejs Schutz," Torgil Moller, MD4

HAGMAR L, LINDEN K, NILSSON A, NORRVING B, AKEsSON B, SCHUTZ A, MOLLER T. Cancer
incidence and mortalit y among Swedish Baltic Sea fishermen. Scand J Work Environ Health 1992;
18:217-24. A 25070 lower cancer mortality was found for 1360 Swedish fishermen who fished on the
Baltic Sea than for the general population. The fishermen consumed twice as much fish as the population
in the same county. In spite of the low overall cancer mortalit y, increased mortality from myeloma, as
well as increased incidences of gastric carcinoma and squamous cell cancer of the skin and lips, was ob
served in the cohort. The decrease in risk for ischemic heart disease was not significant. Whether the
dietary intake of fatty acidsand selenium from fish contributed to the decreasedrisk was difficult to evaluate.
Moreover, whether the consumption of fish from the Baltic Sea, contaminated with, for example, poly
chlorinated dioxins and dibenzofurans and other persistent organochlorine substances, contributed to the
observed increased specific cancer risks is not known. However, the net health effect of high fish con
sumption from the Baltic Sea seems to be positive.

Key terms: cerebrovascular diseases, ischemic heart disease, mercury, multiple myeloma, polychlorinated
biphenyls, polychlorinated dibenzo p-dioxins and furan s, selenium, squamous cell cancer, stomach neo
plasms, n-3 polyunsaturated fatt y acids.

Since World War II , the Baltic Sea has been contami
nated with several persistent organochlorine substances
such as dichlorodiphenyltrichloroethane (DDT) and
polychlorinated biphenyls (PCB). The chlorine bleach
ing process in the pulp industry forms polychlorinated
dibenzo-p-dioxins and furans (1, 2). This has been a
very important source emitting organochlorine sub
stances into the Baltic Sea. Dibenzo-p-dioxins and
furans are very fat soluble and accumulate in marine
organisms. Some of the dibenzo-p-dioxins and furan s
are extraordinarily toxic (I, 2) or are animal carcino
gens (3). Moreover, DDT and PCB are also wellknown
animal carcinogens (3). Subjects with a high consump
tion of mainly fat fish from the Baltic Sea have con
siderably increased blood levels of dibenzo-p-dioxins
and furans, as compared with subjects with a low die
tary fish intake (4).

However, high fish consumption cannot be regarded
only as a potential risk factor . A low incidence of myo
cardial infarction has been observed among Inuits in
Greenland (5), and this low incidence was related to
their tradi tional diet of seafood. Fat fish, as well as
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seals and whales, contain much n-3 polyunsaturated
fatty acids (n-3 PUFA) (eg, eicosapentaenoic acid) (6).
It has been suggested that high dietary levels of n-3
PUFA may be protective against atherosclerotic car
diovascular disease by reducing thrombocyte aggrega
tion and increasing bleeding time (7, 8) or by reduc
ing the plasma levels of cholesterol and triglycerides
(9, 10). In contrast to the low incidence of death from
myocardial infarction among Inuits, an increased in
cidence of death from stroke was observed (5, 11). It
has been suggested that a reduced platelet aggregation
ability may increase the risk of hemorrhagic stroke (5).
It is important to gain increased knowledge about posi
tive and negative effects of fish consumption on pub
lic health, as it may have implications for dietary
recommendations.

The objective of the present study was to investigate
mortality pattern and cancer morb idity in a cohort of
Baltic Sea fishermen and to study to what extent their
fish consumption was higher than that of the general
Swedish population.

Subjects and methods

Cohort

From a fishermen's organization covering the south
east coast of Sweden, records with name, date of birth,
address, and date of start and end of membership were
collected for 1371 male fishermen who had been mem
bers of the organization for 12 months or more dur
ing the period 1 January 1944 to 31 December 1987.
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It should be noted that the records contained no data
on members who had stopped their membership or
died before 1968.

Vital status was determined up to 31 December 1987
(table I) for all but 11 subjects (0.8%), whose ten-digit
personal identification codes could not be obtained.
Thus the study cohort consisted of 1360 subjects. Ta
ble 2 shows the distribution of person-years by age
group and calendar year.

Information on causes of death and tumors
Information on cause of death (1968-1987) was ob
tained from Statistics Sweden . The death certificates
were coded according to the International Classifica
tion of Diseases (lCD). All of the codes were trans
formed to the 8th revision of the ICD. A total of 36%
of the death certificates was based on clinical or foren
sic autopsy.

Information on up to two tumors (coded according
to the lCD, 7th revision), diagnosed from 1968to 1987,
was obtained from the National Swedish Tumor Reg
ister and the Southern Swedish Regional Tumor Reg
ister.

Risk estimates

The expected mortality for the period 1968-1987 was
calculated with the use of mortality rates specific for
calendar year, cause, and five-year age groups for men
in the county (Blekinge; about 75000 male inhabi
tants). These rates were calculated from death and
population counts obtained from Statistics Sweden.
Similarly, yearly morbidity rates for cancer in the pe
riod 1968-1987 were obtained for the county from
the Southern Swedish Regional Tumor Register. Date

Table 1. Vilal status of a cohort of Swedish fishermen as of
31 December 1987.

Vital status N %

Living 1085 79.1
Dead 2748 20.0
Emigrated 1 0.1
Not identifiedb 11 0.8

Total 1371 100

8 For one person , the cause of death could not be established .
b A ten-digit personal identif ication code could not be ob

tained .

Table 2. Person-years under observation in a cohort of Swed
ish fishermen .

Age (years)
catendar-year

30-59 > 59 Total<30

1968-1975 1261 4136 1987 7384
1976-1980 820 2679 1582 5081
1981-1987 1 164 3940 2627 7731

Total 3246 10754 6196 20196
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of death or emigration was used as the individual end
point.

Dietary interviews

From the cohort, 50 randomly chosen fishermen were
selected. For each of them, a male referent, matched
with respect to age, was selected from the population
register of the same county. We were able to interview
47 fishermen and 46 referents over the telephone about
their food frequencies for 27 different food items, as
well as for their coffee, tobacco , and alcohol consump
tion. Moreover, color pictures ofthree different sizes
of fish portions of four fish species common in the
Baltic Sea were distributed to all of the interviewed sub
jects before the interview. They were asked which size
most resembled their usual fish portion of cod (1I5,
190or 300 g), herring (135,225 or 360 g), salmon (135,
225 or 360 g), or flatfish (280, 545 or 865 g). The aver
age weekly consumption was then calculated from the
frequencies and portion sizes indicated.

Blood and urine samples

Blood and urine samples were collected from a ran
dom subsample of 30 fishermen, out of the aforemen
tioned 50. Blood was collected in metal-free evacuated
tubes from the cubital vein with heparin as the anti
coagulant for the mercury assays and with ethylene
diaminetetraacetic acid (EDTA) as the anticoagulant
for the selenium assays. The samples were centrifuged
at 2000 g for 10 min, and the supernatant plasma was
drawn off for further analyses. The buffy coat was dis
carded. Urine was collected in acid-washed polyethyl
ene bottles. Unless the samples were analyzed imme
diately, they were kept at - 20°C until analysis .

Analytical procedures
Fatty acid composition in phosphatidylcholine was de
termined as described elsewhere (12). The mercury con
tent in urine, plasma, and red blood cells was deter
mined in wet-digested samples by a "cold vapor"
atomic absorption technique using automatic equip
ment, as described elsewhere (13). All of the samples
were analyzed in duplicate. The coefficient of varia
tion was 7.5l1Jo (mean 1.7 ng : g-I) for plasma, 9.0l1Jo
(mean 7.7 ng : g-I) for erythrocytes , and 9.0l1Jo (mean
2.0 ug . 1-1) for urine. Analys is of a reference whole
blood sample (Seronorm'", Nycomed, Oslo, Norway)
gave 9.0 (SD 0.37) ng . g-I (N = 12) as compared with
the recommended 9.7 (SD 0.49) ng : g-I. Analysis of
a reference urine sample (Seronorrn'") gave 52 (SD
1.3) ug : I-I (N =4) as compared with the recom 
mended 52 Ilg . I-I.

Selenium in plasma was determined by a fluoromet
ric method (14). All of the sample s were analyzed in
duplicate, and the coefficient of variation was 2.7 l1Jo
(mean 90 ug . I-I). Analysis of a reference sample
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Table 3. Frequency of fish consumption and estimated average weekly consumption of four species of fish for the 47 fisher
men randomly selected from the cohort and 46 referents from the regional reference population matched for age and gender .

Fish consumption frequency (meal/week) Weekly consumption (g/week)

Group

Fishermen
Referents

P-valuea

Lean fish Fa1 Fish Total

Mean SO Mean SO Mean SO

1.5 0.8 1.2 0.7 2.6 1.2
0.9 0.5 0.7 0.6 1.6 0.9

0.0001 0.001 < 0.0001

Cod filet

Mean SO

226 158
118 93

0.0001

Flatfish

Mean SO

339 327
140 156

0.0002

Salmon

Mean SO

73 87
45 79

0.03

Herring

Mean SO

172 118
102 105

0.003

Mann·Whitney U-tes1.

(Seronorm'") gave 87 (SD 3.3) Ilg . 1- 1 (N = 8) as com
pared with the recommended 90 ug . 1-1.

Creatinine in urine was analyzed according to a
modified kinetic Jaffe method (15), with a coefficient
of variation of 60/0.

Table 4. Estimated food frequencies 10-20 years ago for the
47 fishermen randomly selected from the cohort and the 46
referents from the reference population, matched by age and
gender .

Fisher- Referents pa
men

Results

Other dietary habits and coffee, alcohol, and
tobacco consumption

There was no significant difference in food frequency
for any other food items, as for example meat, bacon
and sausages, fresh vegetables and fruits, between the
groups (table 5). The coffee consumption was similarly

Fish consumption

The frequency of fish consumption among the fisher
men was almost doubled as compared with that of the
referents, irrespective of whether the fish was lean or
fat (table 3). Moreover, the average size of the fish
meals was significantly bigger among the fishermen for
both cod (P=O.OI), flatfish (P<O.OOOI), herring
(P=O.OOl) , and salmon (P = 0.04). Consequently, the
fish intake among the fishermen was increased by 62
to 142%, depending on the fish species (table 3). The
fish consumption pattern had not changed significantly
in any of the groups as compared with 10-20 years
ago (table 4).

Clinical diagnosis of stroke among the fishermen
and matched referents

For each of the 33 subjects in the cohort who, during
the period 1968-1986, had died from cerebrovascu 
lar diseases (lCD 8th revision, 430-438) two deceased
referents matched for age at death, calendar year of
death, gender, hospital code, and ICD code interval
wereselected from the cause-of-death register. Hospital
records or autopsy protocols could be obtained for all
of the fishermen and for 62 of the 66 referents. The
records were blindly scrutinized by a neurologist who
used the available information to determine the prob
ability of infarction or hemorrhage by means of a vali
dated clinical score (Allen Score) (16). Scoring could ,
however, be performed for only 28 fishermen and 46
referents. Reasons for exclusions were clinical criteria
for a diagnosis of stroke not fulfilled (12 subjects),
other neurological disease than stroke established
(5 subjects) , and cerebral hemorrhage occurring dur
ing anticoagulant therapy (4 subjects) .

Statistical methods

Cause-specific standardized mortality or morb idity
ratios and 95% confidence intervals were calculated
according to the Poisson distribution or according to
the chi-square distribution if the expected values were
greater than 10. The Mann-Whitney U'-test was used
for evaluating differences in fish, alcohol , and tobac
co consumption between the fishermen and the refer
ents. A multiple regression analysis allowing for age
at death, calendar year of death, and hospital code was
used for testing differences in stroke scores between
the deceased fishermen and referents.

The term "significant" refers to P:5 0.05 or to a
95% confidence interval (95% CI) for the standardized
morbidity or mortality ratio (SMR) that does not in
clude 1.00. All of the tests were two-tailed .

Fish consumption

Ate much more earlier 1 4
Ate more earlier 7 9
Unchanged 33 18
Ate less earlier 5 8
Ate much less earlier 1 7

Fresh vegetables

Ate much more earlier 1
Ate more earlier 2 2
Unchanged 19 25
Ate less earlier 22 14
Ate much less earlier 4 4

Fresh fruits

Ate much more earlier 1
Ate more earlier 3 5
Unchanged 22 25
Ate less earlier 16 13
Ate much less earlier 6 2

a Mann.Whitney u -test .

>0.5

0.17

0.08
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Table 5. Consumption of foods other than fish and the consumption of coffee, alcohol, and tobacco by the 47 fishermen ran
domly selected from the cohort and the 46 referents from the regional reference population matched for age and gender.

Meat Bacon, Fresh Potatoes Fresh fruit Coffee Alcohol Tobacco
(meal/week) sausages vegetables (weekly) (weekly) (cups/d) (g/month) (pack-years)"Group (meal/week) (weekly)

Mean SO Mean SO Mean SO Mean SO Mean SO Mean SO Mean SO Mean SO

Fishermen 2.3 1.1 1.7 1.6 4.7 4.4 6.4 1.6 6.0 5.2 5.4 2.9 23.2 23.8 17.3 18.6
Referents 2.5 1.2 1.6 1.2 6.0 4.6 5.9 1.5 5.7 4.6 4.6 2.9 35.0 37.6 11.2 20.0
P-value' 0.34 > 0.5 0.14 0.06 > 0.5 0.17 0.07 0.03

a Onepack-year e zo cigarettesa day for one yearor, for example, 10cigarettes a day for two years.
b Mann·Whitney u-test,

Table 6. Plasma levels of n-a polyunsaturated fatty acids (n-3
PUFA), eicosapentaenoic acid, selenium and mercury (Hg),
levels of Hg in red blood cells (Ery-Hg), and urinary levels of
Hg in 30 randomly selected fishermen.

Mean Range

n-3 PUFA in plasma (weight %) 10.4 6.5-17.9

Eicosapentaenoic acid in plasma
(weight %) 2.6 0.8-6.9

Selenium in plasma (l1g . 1-1) 90 69-118

Mercury in plasma (ng . g-1) 1.2 0.4-3.2

Mercury in erythrocytes (ng . g-1) 7.7 1.3-8.1

Urinary mercury (l1g . mmol""
creatinine) 0.17 0.04-0.33

high in both groups (table 5). The alcohol intake did
not significantly differ between the groups (table 5).
The lifetime cigarette consumption was increased by
about 500/0 among the fishermen (table 5).

Fish fatty acids, selenium and mercury
The plasma levelsof n-3 PUFA, eicosapentaenoic acid,
selenium, and mercury, the levels of mercury in
erythrocytes, and urinary levelsof mercury in 30 of the
50 randomly selected fishermen are shown in table 6.
The fish consumption within this subset of fishermen

Table 7. Mortality in the cohort of fisherman by detailed cause in 1968-1987.

Observed Expected Standardized 95%
Cause of death" number of number of mortality confidence

deaths deaths ratio interval

All malignant neoplasms (140-209) 53 68.5 0.77 0.58-1.02

Esophagus (150) 2 1.2 1.64 0.20-5.94
Stomach (151) 12 8.5 1.42 0.73-2.47
Rectum (154) 2 3.7 0.54 0.07-1.95
Gallbladder (156) 1 1.1 0.96 0.02-5.33
Pancreas (157) 3 4.6 0.65 0.13-1.90
Lung (162.1) 9 12.0 0.75 0.34-1.42
Skin cancer> (173) 0.2 0 0.00-18.4
Prostate (185) 5 8.2 0.61 0.20-1.43
Bladder (188) 4 2.6 1.55 0.42-3.97
Kidney (189.0) 1 2.8 0.36 0.01-2.02
Unspecified (liver) (197.1) 1 0.6 1.70 0.04-9.50
Brain (191) 1 1.7 0.59 0.01-3.29
Lymphoma, myeloma (200-203) 8 3.6 2.23 0.96-4.40

Hodgkin's lymphoma (201) 0.4 0 0.00-9.22
Non-Hodgkin's lymphoma (200, 202) 3 1.7 1.79 0.37-5.22
Multiple myeloma (203) 5c 1.5 3.41 1.11-7.96

Leukemia (204-207) 4 2.2 1.78 0.48-4.55

Lymphatic (204) 2 1.1 1.85 0.22-6.70
Myeloid (205) 2c 0.9 2.12 0.26-7.26

Cardiovascular diseases (390-458) 160 174.2 0.92 0.78-1.07

Ischemic heart diseases (410-414) 111 123.1 0.90 0.74-1.07

Cerebrovascular diseases (430-438) 34 28.6 1.19 0.83-1.68

Accidents, poisoning and violence (800-999) 28 20.8 1.35 0.91-1.97

Water transport accidents, drowning
(830-838, 910) 10 0.9 11.1 5.33-20.4

All causes (000-999) 273 309.6 0.88 0.78-0.99

" Code of the International Classification of Diseases, eighth revision, in parentheses.
b Excludin9 rnatlqnant melanoma and basalioma.
c One of these cases had not been reported to the tumor registries.
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Table 8. Cancer incidence in the cohort of fisherman in 1968-1987.

Observed Expected Standardized 95%
Cancer site' number of number of morbidity confidence

cases cases ratio Interval

Lips (140) 6 1.9 3.16 1.16-6.88

Gastrointestinal tract (150-158) 33 34.0 0.97 0.67-1.37

Esophagus (150) 1.2 0 0.00-2.99
Stomach (151) 18 10.0 1.79 1.09-2.88
Intestine, except rectum (152-153) 4 9.3 0.43 0.12-1.10
Rectum (154) 4 6.8 0.59 0.16-1.50
Liver, bile ducts (155) 4 2.8 1.45 0.40-3.72
Pancreas (157) 3 3.9 0.77 0.16-2.26

Trachea, bronchus and lung (162-164) 15 13.7 1.10 0.61-1.81

Squarnus cell cancer of the sxtn (191) 20 7.2 2.79 1.73-4.36

Melanoma of the skin (190) 2.8 0 0.00-1 .32

Lymphoma, myeloma (200-203) 8 5.4 1.47 0.64-2.90

Hodgkin's lymphoma (201) 0.7 0 0.00-5.27
Non·Hodgkln's lymphoma (200, 202) 4 3.1 1.29 0.23-3.25
Mult iple myeloma (203) 4 1.6 2.48 0.68-6.36

Leukemia (204-209) 6 3.7 1.63 0.60-3.54
Lymphatic leukemia (204) 3 2.2 1.36 0.28-3.97
Myeloid leukemia (205) 2 1.4 1.43 0.17-5.16
Monocyte leukemia (206) 1 0.08 12.52 0.32-69.8

All malignant neoplasms (140-209) 132 119.1 1.11 0.93-1.32

• Code of the International Classification of Diseases, seventh revision, in parentheses.

did not differ from that of the men who were inter
viewed but did not have blood samples taken.

Mortality

A significant decreased overall mortality was observed
among the fishermen (SMR 0.88,950/0 CIO.78-o.99)
(table 7). This decrease was partly due to a lowered
cancer mortality (SMR 0.77, 95% CI 0.58-1.02) and
also to a decreased risk of death from cardiovascular
disease (SMR 0.92,95% CI 0.78--1.07), even though
these latter decreases were not significant. Considering
cardiovascular mortality more specifically, the lowered
incidence of death from ischemic heart disease (SMR
0.90) contrasted somewhat to the mortality from
cerebrovascular disease (SMR 1.19). The SMR values
did not, however, differ significantly from each other
(P = 0.4, chi-square test). In spite of the lowered overall
cancer mortality, a significant increased mortality from
myeloma was found (SMR 3.41, 95% CI 1.11-7.96).
The increased mortality from stomach cancer was not
statistically significant (SMR 1.42, 95% CI 0.73
2.47).

Clinical diagnosis of stroke among the fishermen
and matched referents

The subtype of stroke (ischemic or hemorrhagic) was
established by autopsy or angiography for six subjects
(4 fishermen , 2 referents) and assigned an Allen Score
of - 30 (definitively infarction) or 50 (definitively
hemorrhage) . For the subjects who did not undergo
definitive diagnostic procedures, the score was deter
mined from the clinical records. The mean Allen Score

was 12.9 (SD 26.3) for the fishermen and 4.9 (SD 25.3)
for the referents, a finding indicating a somewhat in
creased incidence of hemorrhagic strokes among the
fishermen. This difference was, however, not statisti
cally significant in a multiple regression analysis al
lowing also for age at death, calendar year of death,
and hospital code (P = 0.18). However, only 36% of
the fishermen had negative scores (representing a 95%
probability for infarction), as compared with 61% of
the referents, and 29% of the fishermen had a score
exceeding 30 (representing a 95% probability for
hemorrhage), as compared with 22% of the referents.

Cancer morbidity

In spite of the significant overall decreased cancer mor
tality, the cancer incidence was not lowered (SMR =
1.11) (table 8). This discrepancy was mainly due to the
increased incidence of squamous cell cancer of the skin
(SMR 2.79,95% CI 1.73-4.36), as well as lip cancer
(SMR 3.16,95% CI 1.16-6.88). None of the cohort
members died from such tumors. A significantly in
creased incidence of stomach cancer (SMR 1.79, 95%
CI 1.09-2.88) was found. The increased risk of mye
loma was not statistically significant (SMR 2.48, 95%
CI 0.68-6.36).

Discussion

The main result of the present study was that the fisher
men had a decreased overall mortality, including a de
creased risk for dying of cancer and a lowered risk for
death from cardiovascular disease.
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The occurrence of "healthy worker selection" into
employment may distort the results of a cohort study.
This phenomenon is characterized typically by lower
overall mortality, and it occurs because relatively
healthy individuals are likely to gain employment (17).
Two important characteristics of this selection bias is
that the effect decreases with both length of time since
entry into the cohort and with increasing age. As al
most all fishermen start working at a young age, very
few deaths were expected during the first 15 years of
follow-up. The overall SMR for 15-29 years of fol
low-up was 0.94, as compared with 0.87 for ~ 30 years
of follow-up. Moreover, the overall SMR decreased
with age (SMR 1.08 for < 55 years of age, SMR 0.98
for 55-69 years of age, and SMR 0.79 for ~ 70 years
of age). Thus the decreased mortality in the present
study was not due to "healthy worker selection." It
should be stressed that many fishermen are not em
ployees, but are self-employed. Therefore selection
mechanisms known to exist for industrial cohorts may
not be relevant for fishermen.

The dietary interviews showed a significantly higher
fish consumption among the fishermen as compared
with that of age-matched referents from the general
population. This finding was validated by the relatively
high plasma levels of n-3 PUFA and eicosapentaenoic
acid in the fishermen, 10.4 and 2.6070 weight/weight,
respectively. In a previous study performed on nine
subjects who never ate fish and were from the same
county, the corresponding figures were 5.5 and 1.0,
and for 11 subjects eating mainly fat fish every day,
the values were 12.5 and 3.5, respectively (4).

The mean plasma selenium level among the fisher
men was 90 ug . 1-1, a value almost identical to that
of subjects with more than three fish meals a week
(91 ug . 1-1) and higher than for subjects never eating
fish (80 ~g . 1-1) (18). This finding reflects the role of
fish as a selenium source in the diet (19, 20). Methyl
mercury from fish is found mainly in the erythrocytes
(21), whereas the mercury levels in urine and plasma
are relatively unaffected by fish consumption. This ob
servation was confirmed by the present study. The plas
ma and urinary levels of mercury in the fishermen did
not differ from that of males from the general popu
lation, but the levels of mercury in the red blood cells
were doubled (7.7 versus 3.9 ng' g:': unpublished
results).

Mortality from ischemic heart disease

The initial hypothesis linking a high dietary intake of
fish to a low risk for atherosclerotic cardiovascular dis
ease was based on the reported low mortality from
myocardial infarction among Greenland Inuits (5). The
Inuits, with a diet rich in n-3 PUFA, have diminished
platelet aggregability and prolonged bleeding time (7),
as well as low levels of cholesterol, low-density
lipoproteins, and triglycerides in serum, as compared
with Danish subjects (9). Similar effects on hemostasis
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and serum lipids have been observed in healthy volun
teers with a high dietary intake of n-3 PUFA (8, 10).

In Japan, where the fish consumption has tradi
tionally been high, the incidence of ischemic heart dis
ease is low, and it correlates with the level of fish con
sumption (22). A significant relation between fish con
sumption and decreasing risk for death from ischemic
heart disease has also been observed in studies from
The Netherlands, the United States, and Sweden (23
25). On the other hand, no such relations were found
in studies from Hawaii and Norway (26-28).

British fishermen have been shown to have an in
creased mortality from ischemicheart disease (29).This
excess risk has been ascribed to their heavy smoking .
The fishermen in the present study also smoked more
than the general population (table 5). Nevertheless,
their mortality from ischemic heart disease was de
creased, even if it did not reach full statistical sig
nificance.

The mortality from circulatory diseases among
Swedish employees is about 10% lower than among
the general population (30). This phenomenon has been
explained by an unfavorable pattern of risk factors
among the unemployed, such as hypertension and
smoking (31). Persons with symptoms of ischemic
heart disease may also have been withdrawn from the
active work force. This potential bias introduced by
incomparability between the study and reference
groups is, however, not fully applicable for the present
investigation. First, the fishermen in our study smoked
more than the general population, and, second, the in
clusion criterion for the cohort was at least one year
of membership in the fishermen's organization, which
is not incompatible with an early withdrawal from
work. Most of the subjects stayed on as members even
though they were no longer active fishermen.

Cerebrovascular mortality
In contrast to the low incidence of death from myo
cardial infarction among Inuits, an increased incidence
of death due to stroke has been observed (II). It has
been suggested that the reduced platelet aggregation
ability in Inuits, due to a high dietary intake of n-3
PUFA, might wellprotect against coronary thrombosis
but at the same time involves a greater bleeding ten
dency and thus increases the risk for hemorrhagic
stroke (5). In the present study the SMR for mortality
from cerebrovascular diseases was somewhat in
creased, although the difference was not significant.
The median Allen Score was slightly, but not signifi
cantly, higher for the fishermen than for the referents.
The relatively small number of observed cases limits,
however, the statistical power to evaluate more than
very large differences in scores. Another, ten times as
large, cohort of Swedishfishermen, which is now being
studied, will provide more conclusive evidence on this
matter.



Cancer mortality and morbidity
An almost significant 25010 decrease in overall cancer
mortality was observed among the fishermen . A pos
sible reason may be their high fish consumption. Some
epidemiologic studies suggest that populations con
suming large amounts of marine oils have low cancer
incidence rates, and animal studies indicate that die
tary marine oils either inhibit tumor growth or lack
the tumor-promoting effects of other dietary fats (32).
The quantitative importance of these effects in humans
are at present difficult to evaluate. The plasma sele
nium levelsof the fishermen were, however, only mar
ginally increased by high fish consumption, and a
hypothetical cancer protective role of selenium (33) is
therefore not a probable explanation of the low ob
served cancer mortality.

In spite of the decreased cancer mortality among the
fishermen, the total cancer incidence did not differ
from that of the reference population. The reason for
this discrepancy was the about threefold risk for squa
mous cell cancer of the skin and lips. These tumors
have a good prognosis and had not caused any deaths
in the cohort. When the cohort was compared with the
national population, the SMR for squamous cell can
cer of the skin increased to 4.59. The reason for the
higher incidence of this tumor in the county of
B1ekinge, from which the cohort was recruited, is not
known . An increased risk for squamous cell cancer of
the skin and lips among Swedish fishermen has also
been observed previously (34). Possible causes are, be
sides occupational exposure to oils and tar, the rela
tively high exposure to ultraviolet light from outdoor
work at sea. Considering specificallythe site of the skin
tumors, the SMR for face, neck, and upper limbs was
3.38, as compared with 2.10 for the rest of the body.
This finding supports the importance of occupational
factors for these tumors. An interesting aspect is, how
ever, that fish contain high levels of arsenic and are
the main source of the human uptake of this element
(35). Two to 10% of the arsenic in fish is inorganic
(36). Oral exposure to inorganic arsenic has been con
sidered to increase the risk for squamous cell cancer
of the skin through a tumor promotive effect (35).
Whether the dietary intake of inorganic arsenic from
fish involves such a risk is not known (36).

Multiple myeloma

It is known that ionizing radiation may cause multi
ple myeloma (37), but no other specific environmen
tal cause has been identified. Swedish farmers have
lower than expected cancer incidence (38) but increased
risk for multiple myeloma (39, 40). No plausible ex
planation for this increase in risk has been proposed.
It is interesting that a similar increase was observed
in the present study of fishermen . The data are still
too sparse to allow an evaluation of the influence of
dietary factors on this increase. The observed excess
risk may, however, also be a chance finding. Studies
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on fishermen from other parts of Sweden may perhaps
elucidate this question.

Stomach cancer

Dietary factors influence significantly the risk for
stomach cancer. High salt intake, smoked food, and
especially a low intake of fresh fruits and vegetables
characterize dietary habits in areas with a high inci
dence of stomach cancer (41). It has been proposed
that endogenous formation of N-nitroso compounds
in the stomach is an important causative factor (42).
Ascorbic acid inhibits endogenous nitrosation (43),
which may explain the protective effect of fresh fruits
and vegetables. The increased incidence of stomach
cancer among the fishermen was based on relatively
few cases, and it is presently hard to draw any firm
conclusions on whether the excess risk was caused by
carcinogenic, persistent organochlorine compounds in
the fish consumed or by, for example, other dietary
factors. However, the fishermen in our study had
not eaten less fresh fruits and vegetables than the
referents.

Fish from the Baltic Sea - good or bad food?

In spite of the increased incidence of stomach cancer
and myeloma among the fishermen, the overall mor
tality, including death from cancer and possibly also
death from cardiovascular diseases, was decreased as
compared with that of the reference population. The
net effect of being a fisherman on health seems there
fore to have been positive. Whether this finding reflects
the increased fish consumption among the fishermen,
or any other environmental or life-style factor, is dif
ficult to determine. It is important to recognize that,
in this type of epidemiologic study, it is not possible
to measure directly the health effects of increased fish
consumption. Considering the observed excessrisk for
squamous cell cancer, it is obvious that the main rea
son was the increased exposure to ultraviolet light, and
not the fish consumption. Plausible explanations for
the other observed excess risks are not that apparent.
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