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Objectives   Animal studies have shown that persistent organochlorine compounds (POC) impair normal bone
metabolism and result in increased bone fragility. These findings may have health implications for POC-exposed
human populations. The aim of the present study was to assess the impact of POC-contaminated fish on the self-
reported fracture incidence of Swedish fishermen and their wives.
Methods   A postal questionnaire was sent to 2096 fishermen and 1602 fishermen’s wives from the Swedish east
(exposed) coast and 4584 fishermen and 4217 fishermen’s wives from the west (unexposed) coast. Self-reported
fractures, together with specified current fish consumption and information about potential confounders, were
registered. The response rates varied between 50% and 59%. The age distributions of the nonrespondents and
respondents were almost identical. Hip, vertebral, and wrist fractures were classified as osteoporotic. The
fracture incidence rates for specific skeletal locations were based on allocated fractures and person-years under
risk from the age of 25 years until the time of fracture or the end of follow-up.
Results   No differences in fracture incidence were observed between the east and west-coast cohorts. East-coast
wives with more than one meal of fatty fish from the Baltic Sea per month had, however, an increased fracture
incidence as compared with that of the east-coast wives who ate, at most, one such meal per month (age-adjusted
incidence rate ratio 1.68, 95% confidence interval 1.00–2.84). No such exposure-response association was found
for the fishermen.
Conclusions   The present study only minimally supports an association between POC exposure through
contaminated fish and an increased risk of osteoporotic fractures.
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The high incidence of osteoporotic fractures is an im-
portant public health problem, especially in western so-
cieties with aging populations (1–3). The reasons for an
observed increase in fracture incidence during the last
few decades are not well known, but changes in envi-
ronmental factors may be important (4, 5).

Animal studies show that some persistent organo-
chlorine compounds (POC) may impair bone metabo-
lism. 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) has
been shown to inhibit tibial growth in rat in a dose-de-
pendent manner (6). Moreover, 3,3’,4,4’,5-pentachloro-
biphenyl (PCB-126), which is a dioxin-like compound,
impaired the mineralization process of tibiae in rat (7)
and also reduced the collagen content and serum osteo-
calcin levels, which resulted in impaired maximum
torque and stiffness of the humerus (8). Furthermore, the
trabecular bone density in Baltic gray seal was lower

during the 1970s, the period of maximum POC contam-
ination in the Baltic Sea off the Swedish east coast, as
compared with the density during both a preceding pe-
riod and the later period (9).

The mechanisms for POC-related impairment of nor-
mal bone metabolism are not well known. Bone is a tar-
get tissue for estrogens, and the estrogen deficiency as-
sociated with menopause is the cause of the most rapid
phase of bone loss in women (10). Moreover, estrogens
seem to be involved in maintaining the male skeleton
(11). Thus one possible hypothesis is that dioxins or oth-
er POC act as endocrine disruptors and modulate the
homeostasis of estrogens or other steroid hormone sys-
tems (12).

High accidental exposure to a POC, hexachloroben-
zene, resulted in severe osteoporosis (13), and infants
exposed in utero to high concentrations of PCB and
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dibenzofurans developed irregular calcification of their
skull bones (14). Thus exposure to high POC levels may
also impair normal bone metabolism in humans. The
pertinent question is whether lower POC exposure lev-
els may also be harmful to the human skeleton.

In Sweden, the consumption of fatty fish from the
Baltic Sea is the single major dietary source of POC
(15–17). Professional fishermen from the Swedish east
and west coasts, as well as their wives, eat almost twice
as much fish as referents from the general population
(17, 18). East-coast fishermen average higher plasma
levels of dioxin-like POC (290 pg/g lipid) than both
west-coast fishermen (139 pg/g lipid) and men from the
general Swedish population (123 pg/g lipid) (17). This
discrepancy is a result of fish from the west coast hav-
ing been much less contaminated with POC (19). East-
coast fishermen have been shown to have more than
three times higher plasma levels of the sum of 10 PCB
congeners (1996 ng/g lipid) than fishermen’s wives from
the same coastal stretch (588 ng/g lipid) (17, 20). The
body burden of POC decreases in women with lactation
(21), and this phenomenon is one of the major reasons
for the differences in plasma levels between men and
women. PCB contributed about 80% of the dioxin-like
POC exposure from Baltic Sea fatty fish (16).

Through linkage with the Swedish Fracture Regis-
ter at the National Board of Health and Welfare, we have
recently shown that east-coast fishermen’s wives have
a significantly increased incidence for hospitalized ver-
tebral fractures when compared with west-coast fisher-
men’s wives [incidence rate ratio (IRR) 2.29, 95% con-
fidence interval (95% CI) 1.23–4.28], and we observed
a similar, but nonsignificant, tendency for their husbands
(IRR 1.45, 95% CI 0.74–2.84) (22). A weakness with
the register study was the lack of individual exposure
data and potential confounders.

The aim of our present study was to assess the im-
pact of POC-contaminated fish on the self-reported frac-
ture incidence of cohorts of Swedish fishermen and their
wives.

Participants and methods

Cohorts

Previously established cohorts of professional fishermen
and their wives from the Swedish east and west coasts
(17, 18) were linked to the National Cause-of-death
Register at Statistics Sweden, and vital status was de-
termined as of 31 December 1999 by linkage with the
Swedish Population Register. A total of 6950 fishermen
and 5818 fishermen’s wives born in 1920 or later, liv-
ing in Sweden, and still alive on 31 December 1999 con-
stituted the study base (table 1).

Questionnaire

A postal questionnaire was sent in 2000 to all 12 768
potential participants. The response rates after two re-
minders are shown in table 1. The participants were
asked to specify, with respect to calendar year and lo-
cation, their skeletal fractures from 25 years of age on
(table 2). Furthermore, we asked for current fish con-
sumption as specified for fish species and whether it had
been caught in the Baltic Sea or not. Moreover, we
asked about potential confounders such as age at meno-
pause, body height, body weight, heredity with respect
to skeletal fractures, physical exercise, drug intake (es-
pecially cortisone and estrogen replacement therapy),
smoking habits, alcohol intake, and consumption of
dairy products. The median menopausal age for the

Table 1. Questionnaire responses of the cohorts of Swedish fishermen and their wives from the west and east coasts and comparisons
between the respondents and nonrespondents with respect to age distribution, percentage of persons deceased since the time of the
postal questionnaire, and the percentage of persons with hospitalized fractures.

Group Respondents Nonrespondents

N % Birth year N % Birth year

Median Range Median Range

Fishermen

   West coast 4854 2436 50.2 1944 1920–1973 1.7 4.1 2418 49.8 1945 1920–1973 3.3 4.7
   East coast 2096 1082 51.6 1946 1920–1971 1.0 3.4 1014 48.4 1948 1920–1972 3.0 4.4

Fishermen’s wives

   West coast 4217 2431 57.6 1942 1920–1971 1.1 3.7 1786 42.4 1942 1920–1971 3.8 4.6
   East coast 1602 954 59.6 1944 1920–1969 0.7 3.4 648 40.4 1945 1920–1972 2.0 3.9

a Persons born in 1920 or later, living in Sweden, and alive on 31 December 1999.
b Deceased between January 2000 and January 2002.
c During the period 1987–1996.

Deceased Persons
after with hos-
study pitalized

period b fractures c

(%) (%)

Deceased Persons
after with hos-
study pitalized

period b fractures c

(%) (%)

Eligible
subjects a

(N)
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Table 2. Number of fractures, persons, and person-years at risk
in the cohorts of Swedish fishermen and their wives from the west
and east coasts.

Group Fractures

Wrist Hip Vertebral All osteoporotic

N a Num- Num-
ber of ber of

person- per-
years sons c

at risk b

Fishermen

   West coast 92 33 32 148 73 265 2432
   East coast 40 14 13 64 31 256 1080

Fishermen’s wives

  West coast 198 48 25 248 77 166 2428
  East coast 64 9 14 84 29 162 952

a A person with more than one of the aforementioned fractures
contributes with only one fracture.

b In the analyses of all osteoporotic fractures.
c Included in the analyses of all osteoporotic fractures.

women at least 55 years of age at the time of filling out
the questionnaire was 51 years for both the east- and
west-coast cohorts. The distributions for the other po-
tential confounders are shown in table 3.

The ethics committee of the Lund University ap-
proved the study.

Nonrespondents

The age distribution of the nonrespondents and respond-
ents was almost identical (table 1). Linkage with the
Swedish Fracture Register at the National Board of
Health and Welfare, comprising all hospitalized frac-
tures, revealed that, during the period 1987–1996, the
nonrespondents had been treated in a hospital ward for
a skeletal fracture to a somewhat larger extent than the
respondents. Moreover, renewed linkage with the Swed-
ish Population Register until January 2002 revealed that
a larger fraction of the nonrespondents than of the re-
spondents had died since the postal questionnaire had
been distributed. These differences between the re-
spondents and nonrespondents were, however, not dif-
ferential with respect to coastal area.

Statistical methods

The incidence rate ratio (IRR) and 95% confidence in-
tervals (95% CI) were estimated for fractures with the
use of Poisson regression models using EGRET software
(Statistics and Epidemiology Research Corporation,
Seattle, WA, USA). The fracture incidence rates for spe-
cific skeletal locations were based on allocated fractures
and person-years at risk from 25 years of age until the
time of fracture or the end of the follow-up (table 2).
Hip, vertebral, and wrist fractures were classified as os-
teoporotic fractures. When the incidence rates for oste-
oporotic fractures were calculated, the follow-up
stopped at the time of the first fracture within this cate-
gory or at the end of the follow-up period.

In the analyses, we estimated the effect of cohort af-
filiation (east coast versus west coast) and the total in-
take of fish on the risk of developing osteoporotic frac-
tures among the fishermen and their wives, respective-
ly. In addition, for the east-coast cohorts, we also esti-
mated the effects of intake of fatty fish from the Baltic
Sea.

Age is a well-known strong risk factor for oste-
oporotic fractures, and, in addition, it is known to be
associated with serum levels of POC. Therefore we al-
ways present both the unadjusted and adjusted estimates.
On the basis of the results of the univariate analyses,
we used a more-detailed age categorization for the wom-
en (25–50, 51–60, 61–70, and 71–80 years for women,
but 25–70, and 71–80 years for men). Moreover, as po-
tential confounders, we considered the following

Table 3. Distributions of potential confounders in the cohorts of
fishermen and their wives from the Swedish west and east coasts.

Fishermen Fishermen’s wives

West East West East
coast coast coast coast
(%) (%) (%) (%)

Body mass index

≤22 kg/m2 4.9 5.4 16.4 12.6
>22–30 kg/m2 80.4 75.9 72.1 69.6
>30 kg/m2 14.7 18.7 11.4 17.7

Heredity a

Yes 23.1 21.0 29.0 27.2
No 76.9 79.0 71.0 72.8

Physical exercise b

No 31.6 41.1 20.7 23.0
Yes 68.4 58.9 79.3 77.0

Cortisone use c

≥3 months 6.7 8.3 8.0 9.2
Other 93.3 91.7 92.0 90.8

Estrogen replacement
therapy d - -  48.0  50.7

Smoking

Ever 68.6 76.6 45.1 56.8
Never 31.4 23.4 54.9 43.2

Alcohol intake

>100 (men) or 50
(women) g/week 8.6 12.5   10.0 12.5
Other 91.4 87.5 90.0 87.5

Intake of dairy products e

No 9.0 8.0 11.0 10.9
Yes 91.0 92.0 89.0 89.1

a Yes: father or mother had a fracture after the age of 25 years.
b No: walked less than 5 km/day and had no other physical exercise.
c Yes: at any period used cortisone drugs 3 months or longer.
d Cumulative incidence of the women at least 55 years of age at the time

the questionnaire was filled out.
e No: ≤1 glass of milk/day and ≤1 slices of cheese/day.

Potential
confounder
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variables: body mass index (BMI), heredity for frac-
tures, physical exercise, cortisone drugs, estrogen re-
placement therapy, age at menopause, smoking habits,
alcohol intake, and consumption of dairy products (ta-
ble 3). If these variables were associated with the risk
of fracture (P<0.15), we included them in the models,
one at a time. If the age-adjusted incidence rate ratio
changed by at least 15%, the confounder was kept in
the model. In addition, we tested whether these factors
modified the effect of cohort affiliation and the intake
of fatty fish from the Baltic Sea by including interac-
tion terms in the models.

Results

The univariate analyses indicated an effect of BMI, he-
redity for fractures, cortisone drugs, smoking habits, and
consumption of dairy products on osteoporotic fractures
among the fishermen (all P-values <0.15, data not
shown), whereas physical exercise and alcohol intake
were not associated with fracture incidence. Among the
fishermen’s wives only heredity for fractures, menopau-
sal age, and smoking habits showed an effect. Howev-
er, in the multivariate models none of the confounders,
except age, changed the risk estimates more than mar-
ginally. Thus we present the crude and age-adjusted risk
estimates.

There were no effects of cohort affiliation on all os-
teoporotic fractures among the fishermen (age-adjusted
IRR 1.02, 95% CI 0.76–1.37, table 4) or their wives
(age-adjusted IRR 0.95, 95% CI 0.74–1.22).

An analysis within the cohort of east-coast fisher-
men showed no association between the consumption
of fatty fish from the Baltic Sea and the incidence of
osteoporotic fractures (table 5). On the other hand, for
the east-coast fishermen’s wives, a positive association
was indicated (table 6). The wives who had consumed
more than one meal of fatty fish from the Baltic Sea per
month had an increased incidence as compared with the
wives who ate, at most, one such meal per month (age-
adjusted IRR 1.68, 95% CI 1.00–2.84, data not in ta-
ble). Change in the consumption of fatty fish from the
Baltic Sea over time was not associated with cohort af-
filiation or current consumption habits. Thus no adjust-
ments were made for this factor.

The consumption of other types of fish was not as-
sociated with an increased fracture incidence, as illus-
trated by the age-adjusted IRR of 1.14 (95% CI 0.84–
1.56) for the west-coast fishermen’s wives with the high-
est total fish consumption (>12 meals per month) as
compared with the west-coast fishermen’s wives with
an intake of <8 meals per month.

Discussion

The main finding of our study was that the women with
a relatively high consumption of POC-contaminated fat-
ty fish from the Baltic Sea tended to have an increased
incidence of osteoporotic fractures. No such association
was seen for the men. On the other hand, the lack of
difference in fracture rate between the fishermen’s
wives from the east and west coasts argues against a role
for POC exposure.

In a previous register-linkage study we observed a
significantly increased incidence of hospitalized verte-
bral fractures among fishermen’s wives from the Swed-
ish east coast as compared with the incidence of fisher-
men’s wives from the Swedish west coast, and a simi-

Table 4. Crude and age-adjusted incidence rate ratios (IRR) for
the comparisons of osteoporotic fractures between the cohorts
of west and east coast fishermen and their wives. (95% CI = 95%
confidence interval)

Cohort affiliation Crude Age-adjusted

IRR 95% CI IRR 95% CI

Fishermen

West coast 1.00 · 1.00 a ·
East coast 1.01 0.76–1.36 1.02 0.76–1.37

Fishermen’s wives

West coast 1.00 · 1.00 b ·
East coast 0.89 0.70–1.15 0.95 0.74–1.22

a Age categories: 25–70 and 71–80 years.
b Age categories: 25–50, 51–60, 61–70, and 71–80 years.

Table 5. Crude and age-adjusted incidence rate ratios (IRR) for
osteoporotic fractures within the cohort of east coast fishermen
with respect to consumption of fatty fish from the Baltic Sea.
(95% CI = 95% confidence interval)

N Crude Age-adjusted a

IRR 95% CI IRR 95% CI

0–2 meals/month 419 1.00 · 1.00 ·
>2–6 meals/month 410 0.61 0.34–1.07 0.60 0.34–1.07
>6 meals/month 251 0.64 0.35–1.20 0.63 0.34–1.18

a Age categories: 25–70 and 71–80 years.

Fatty fish from
the Baltic Sea

Table 6. Crude and confounder-adjusted incidence rate ratios
(IRR) for osteoporotic fractures within the cohort of east coast
fishermen’s wives with respect to consumption of fatty fish from
the Baltic Sea.

N Crude Age-adjusted a

IRR 95% CI IRR 95% CI

0–1 meals/month 364 1.00 · 1.00 ·
>1–<4 meals/month 368 1.76 1.00–3.09 1.63 0.93–2.87
≥4 meals/month 220 2.18 1.22–3.91 1.75 0.97–3.15

a Age categories 25–50, 51–60, 61–70, and 71–80 years.

Fatty fish from
the Baltic Sea
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lar, but weaker and less certain, tendency for the east-
coast fishermen (22). There were fewer osteoporotic
fractures in our present study than in the previous reg-
ister-linkage study, which was based on a historical co-
hort that allowed the inclusion of fractures also for per-
sons who died later. In contrast, our present study was
based on a cross-section of the same cohort, comprised
only of persons alive and living in Sweden at the time
the questionnaire was distributed. Thus the numbers of
hip fractures that occur at older ages, and are related
with high mortality, were considerably lower in the
present study than in the previous one. On the other
hand, in the previous study, only fractures that could be
retrieved from the in-patient Swedish fracture register
were included, while, in the present study, we relied on
the participants’ own recall of fractures, the result be-
ing a larger number of wrist fractures in the present
study.

Due to the relatively high proportion of nonpartici-
pants in our present study, possible selection bias has
to be considered. There were, however, no differences
in the age distributions of the participants and nonpar-
ticipants. In addition, the percentage of persons with
hospitalized fractures and the fraction of persons who
had died since the postal questionnaire was distributed
were higher among the nonrespondents than among the
respondents, but not differential with respect to coastal
stretch. Thus we do not believe that selection bias was
an issue of major concern when cohort affiliation was
used as the exposure variable.

In our present study current consumption of fatty fish
from the Baltic Sea was used as an indirect measure of
exposure to POC. A more adequate measure would
probably have been the fish consumption habits decades
earlier. However, previous studies performed in the
same cohorts showed that the quality of the fish con-
sumption assessment did not increase by using dietary
recall data instead of current consumption data (23).
Moreover, a change in fish consumption habits over time
was not associated with cohort affiliation or the current
consumption of fatty fish from the Baltic Sea.

It was possible to obtain information on several po-
tential confounders from the questionnaire. Age was the
most obvious one, as both the fracture incidence and fish
consumption habits were clearly age-related. None of
the other factors changed the effect estimates in the
multivariate models more than marginally. It is, how-
ever, important to be aware of the limitation that cur-
rent BMI, physical exercise habits, alcohol intake, and
intake of dairy products are assumed to be relevant for
the entire follow-up period.

It can be argued that the present finding of exposure–
response associations between dietary intake of fatty fish
from the Baltic Sea and the increased incidence rate ra-
tios for fractures among the women are supported by

the previous finding of an increased incidence of verte-
bral fractures among east-coast fishermen’s wives (22).
On the other hand, it is puzzling why there was no ef-
fect of cohort affiliation in the present study. A hypo-
thetical explanation could be that also consumption of
fish other than fatty fish from the Baltic Sea would con-
stitute a risk factor for fractures. However, available
data do not support this possibility. There was no indi-
cation of an association between fish consumption and
osteoporotic fractures among the west-coast fishermen’s
wives.

The results of our present study are somewhat con-
tradicting, and they provide only minor support for an
association between POC exposure through the con-
sumption of contaminated fish and an increased risk of
osteoporotic fractures. A nested case-referent study of
osteoporotic fractures within the fishermen’s cohort,
using biomarkers of POC exposure as a complement to
dietary interviews, could contribute to a better under-
standing. Moreover, ongoing bone density studies in the
same population may also be beneficial when the pos-
sible impact of POC exposure on human bone metabo-
lism is being assessed.
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