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Objectives The purpose of the study was to assess reproductive outcomes, especially birthweight, and the 
consumption of fatty fish from the Baltic Sea, contaminated with persistent organochlorine compounds, among 
women from the Swedish east coast. 
Material and methods Cohorts of fishermen's wives from the Swedish east and west coasts were established 
and linked to the Swedish Medical Birth Register for 1973-1991; 1501 children were born in the eastcoast 
cohort and 3553 in the westcoast cohort. Comparisons were made with regional populations and between the 
cohorts. Dietary interviews were made with 69 randomly selected women from the cohorts and 69 referents. 
Results The women interviewed from the east- and westcoast cohorts ate locally caught fish more than twice 
as often as their referents. Compared with the regional population, the women in the eastcoast cohort gave birth 
to an increased number of infants with low birthweights (<3000 g), whereas the opposite was seen in the 
westcoast cohort. Infants in the eastcoast cohort had significantly lower birthweights than infants from the 
westcoast cohort (median 3530 versus 3610 g, P<0.001). Even after adjustment for potential confounders, 
eastcoast affiliation showed an increased risk for low birthweight (odds ratio 1.44, 95% confidence interval 
1.18-1.76). The effect was more conspicuous for boys (odds ratio 1.95) and heavy smokers (odds ratio 3.00). 
C O ~ C ~ U S ~ O ~ S  The present data support, but do not prove, an association between a high consumption of 
contaminated fish from the Baltic Sea and an increased risk for low birthweight. 

Key tWmS polychlorinated biphenyls, polychlorinated dibenzofurans, polychlorinated dibenzo-p-dioxins, gen- 
der ratio. 

Prenatal exposure to polychlorinated biphenyls (PCB) 
has caused developmental toxic effects in litters in ex- 
perimental animal studies (1-4).  Infants born to mothers 
who had accidentally been poisoned by PCB-con- 
taminated rice bran oil suffered from intrauterine growth 
retardation (5-8). Even for infants born to mothers with 
a lower dietary intake of PCB, possible associations have 
been reported with a low birthweight and poorer cogni- 
tive and psychomotor development (9-12). 

In Sweden the main exposure route for both PCB 
and other persistent organochlorine compounds, such as 
polychlorinated dibenzo-p-dioxins (PCDD) and poly- 
chlorinated dibenzofurans (PCDF), is through the con- 
sumption of fatty fish species from the Baltic Sea (the 
eastern coast of Sweden) (13-15). In a recent risk as- 
sessment of PCB it was concluded that the present ex- 
posure of Nordic populations through fish consumption 

is of the same magnitude as that at which subtle health 
effects may occur in children exposed in utero and, pos- 
sibly, through breast-feeding as well (16). Swedish fish- 
ermen have been shown to eat more than twice as much 
fish as subjects from the general population (14, 17). 
Therefore their wives were considered an appropriate 
study base for health assessments of perinatal exposure 
to PCB. 

The objectives of our study were to investigate 
whether fishermen's wives from the Swedish east coast 
have a higher dietary intake of fatty fish from the Baltic 
Sea, contaminated with various persistent organochlo- 
rine compounds, than women from the general popula- 
tion and to assess their reproductive outcome. For rele- 
vant comparison, we used a similar cohort from the 
Swedish west coast (Skagessak and Kattegatt), where the 
contamination of fish is considerably less. 
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Methods 

Cohorts of women 

Cohorts of fishermen from the Swedish east and west 
coasts have previously been established (13, 17). By 
linkage to the national Swedish population register and 
to registers at the local parish offices, we identified 1568 
women from the east coast and 4027 from the west coast 
who were, or had been, married to these fishermen and 
were born in 1923 or later. 

Linkage to the Medical Birth Register to establish 
cohorts of mothers and children 

The women in the cohorts were linked to the Swedish 
Medical Birth Register, which includes almost every in- 
fant born in Sweden since 1973. It is based on copies of 
record forms for maternity health care, the delivery, and 
the pediatric examination of the newborn. In 1982 sev- 
eral new variables were introduced into the register, for 
example, information on maternal smoking habits in ear- 
ly pregnancy (at the first visit to a prenatal health center, 
usually around week 10-12). During 1973-1991,757 
women from the east coast gave birth to 1501 infants 
(1.98 infantslwoman) and 1834 women from the west 
coast gave birth to 3553 infants (1.94 infants per woman). 

Characteristics of the cohorts 

The annual number of births decreased during the study 
period in both cohorts (table 1). In the eastcoast cohort 
there was a slightly higher proportion of mothers giving 
birth before the age of 25 years (29.8 versus 27.4%), but 
the medians for maternal age were identical for the two 
cohorts (27 years). Neither parity nor gestational length 
differed between the cohorts. It is important to note that 
a lower proportion of the westcoast women smoked dur- 
ing early pregnancy (22.7 versus 38.0%). Unfortunately, 
no data on smoking habits in late pregnancy were availa- 
ble. The medians for the height were almost the same in 
the two cohorts (166 versus 167 cm), but there was a 
higher proportion of women shorter than 165 cm in the 
eastcoast cohort (48.6 versus 39.2%). No differences in 
weight distribution in early pregnancy were seen be- 
tween the cohorts. 

Dietary interviews 

Dietary telephone interviews were performed with ran- 
dom samples of 38 of the 757 eastcoast women and 3 1 of 
the 1834 westcoast women, and with equally many ran- 
domly selected reference women from the general popu- 
lation, matched with respect to age and county of living. 
Five east- and seven westcoast women, and twelve refer- 
ence women refused to participate in the dietary inter- 
views. Questionnaires were distributed to the interviewed 
women beforehand, together with color pictures of three 

Table 1. Background characteristics of the two cohorts of wives 
to Swedish fishermen and their children. 

East coast West coast 

N Yo N Yo 

Infants born (N) 1501 3553 
Women giving birth (N) 757 1834 
Calendar year of birth 

1973-1 977 484 32.2 1193 33.6 
1978-1 982 421 28.0 925 26.0 
1983-1 987 366 24.4 805 22.7 
1988-1 991 230 15.3 630 17.7 

Maternal age (year) 

Weight of the women in 
early pregnancy (kg)a 

2 60 
61-70 
71-80 
2 81 
Unknown 

Height of the women (cm)" 
< 160 
161-165 
166-1 70 
2 171 
Unknown 

Parity 
1 
2 
3 
2 4 
Unknown 

Gestational length (weeks) 
2 33 
34-37 
38-40 
t 41 
Unknown 

Smoking habits in early 
pregnancy 
(cigarettes per day)" 

r 10 
Unknown 

a Recorded since 1982 

different sizes of fish portions of four fish species. The 
present food frequencies for several different food items, 
as well as coffee, tobacco, and alcohol consumption were 
assessed, together with the average amount of consumed 
fish (tables 2 and 3). The women were also asked about 
their food frequencies today compared with 10 to 20 
years ago. 

Statistical methods 

The expected birthweight distributions were calculated 
from the data from the Medical Birth Register for the 
regional reference populations with adjustments for year 
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Table 2. Consumption of certain foods, coffee, and alcohol for 38 women from the east coast and 31 from the west coast, randomly 
selected from the cohorts, and 69 referents, matched by age and county. 

Fishermen's wives Referents 

East coast West coast P-valuea, East coast P - v a l ~ e ~ , ~  West coast P - v a l ~ e ~ , ~  
(N = 38) (N = 31) (N = 38) (N = 31) 

Mean SD Mean SD Mean SD Mean SD 

Locally caught fish 
(meals . month-') 

Lean fish 3.3 2.8 5.7 3.2 
Fatty fish 2.1 2.6 2.7 3.1 
Total 5.4 4.8 8.4 4.8 

Not locally caught fish 
(meals . month-') 0.8 1.6 1.8 2.8 

Smoked fish 0.7 1.2 0.2 0.5 
Shellfish 1.3 2.4 2.4 1.7 

Meat (meals . month-') 9.7 6.1 9.0 4.4 
Game (meals . month-') 1.8 4.1 0.5 1.1 
Chicken (meals . month-') 1.8 1.6 1.7 1.6 
Sausages, bacon (meals. month-') 4.4 2.7 3.9 2.6 
Fresh vegetables (monthly) 23 9.8 25 9.7 
Potatoes (monthly) 22 7.0 24 7.3 
Fresh fruits (number. month-') 34 22 37 22 
Coffee (cups . d-I) 4.4 4.1 4.3 2.6 
Alcohol (g . month-') 105 101 108 131 

a Comparison between the cohort women from the east and west coast. 
P-values for the Mann-Whitney test. 
Comparison between the cohort women and their local referents. 

Table 3. Smoking habits for 38 women from the east coast and 31 women from the west coast, randomly selected from the cohorts, and 
69 referents, matched by age and county. 

Fishermen's wives Referents 

East coast West coast P-valuea East coast P - v a l ~ e ~ . ~  West coast P - v a l ~ e ~ . ~  
(N = 38) (N = 31) (N = 38) (N = 31) 

Mean % Mean % Mean % Mean % 

Smoking habits 
Nonsmokers 16 42 11 35 12 32 14 45 
Ex-smokers 6 16 7 23 > 0.5 15 39 0.08 8 26 > 0.5 
Current smokers 16 42 13 42 11 29 9 29 

"omparison between the cohort women from the east and west coast. 
P-values for the chi-square test. 
Comparison between the cohort women and their local referents. 

of birth, maternal age, and parity. The differences in the 
birthweight distributions were evaluated by a chi-square 
test based on the weight groups <2000, 2000-2499, 
2500-2999, 3000-3499, 3500-3999, 4000-4499, 
and >4500 g. A confidence interval (CI) for the ratio 
between the observed number of infants with low birth- 
weight (2500 and 3000 g) were used as cut points and the 
corresponding expected number was based on the chi- 
square distribution. The odds ratio (OR) was used for 
measuring the effect of cohort affiliation (east or west) 
on low birthweight and estimated exactly with adjust- 
ments for known, potential confounders by stratified 
analyses (EGRET software, Statistics and Epidemiology 
Research Corporation, Seattle). A confidence interval 
for the fraction of boys was calculated using a normal 

approximation. For statistical testing, we used the chi- 
square test for categorical variables, and the Mann-Whit- 
ney test otherwise. All of the tests employed were two- 
tailed. 

Results 

Gender ratio 

The gender ratio in the eastcoast cohort was significantly 
lower than in the westcoast cohort (0.98 versus 1.1 1, 
P = 0.05). The fractions of boys in the east- and west- 
coast cohorts were 49.6% (95% CI 47.1-52.1) and 
52.6% (95% CI 51.0-54.2), respectively. None of these 
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observed gender ratios differed, however, from the 1.06 
of the overall Swedish population (18). 

Birthweight, length, and head circumference 
The observed birthweight distribution for the eastcoast 
cohort differed somewhat from the expected distribution 
(figure 1, P = 0.06), due to an increased number of in- 
fants with either low or high birthweights. The observed 
birthweight distribution for the westcoast cohort showed 
that the infants were somewhat heavier when compared 
with the expected distribution (figure 2, P < 0.001). 

In the eastcoast cohort the ratio between the observed 
and the expected numbers of low birthweight, using the 
cutpoint 2500 g, was 1.22 (95% CI 0.98-1.52) (table 4), 
while the ratio with respect to the cutpoint 3000 g was 
1.13 (95% CI 1.00-1.27), considering all infants. For 
the westcoast cohort the corresponding ratios were 0.94 
(95% CI 0.79-1.12) and 0.83 (95% CI 0.75-0.91). 
When the analysis was restricted to infants born during 
marriage with a fisherman, the ratios decreased in both 
cohorts (table 4). 

A direct comparison between the birthweight distri- 
butions in the two cohorts showed a significant differ- 
ence (P<0.001) (figure 3), with a median of 3530 g and 
3610 g in the east- and westcoast cohorts, respectively 
(table 5). Even after adjustment for gender, maternal age, 
parity, marital status, and smoking habits in early preg- 
nancy, eastcoast cohort affiliation was an indicator for 
low birthweight, irrespective of whether 2500 g (OR 
1.25, 95% CI 0.87-1.77) or 3000 g (OR 1.44, 95% CI 
1.18-1.76) was used as the cutpoint (table 6). These 
calculations were made after the exclusion of multiple 

Table 4. Ratios between the observed (0) and expected (E) 
numbers of infants with low birthweight (cut points 2500 and 
3000 g, respectively) for the east- and westcoast cohorts, with 
the 95% confidence intervals (95% CI). The expected values were 
based on the regional reference populations and adjusted for 
calendar year of birth, maternal age, and parity. Ratios are also 
presented for the infants born during the marriage with a fisher- 
man. 

Birthweight 0 E 0 : E  95%CI 

< 2500 f 
Eastcoast cohort 

All 82 67 1.22 0.98-1.52 
During marriage 45 40 1.13 0.83-1.52 

Westcoast cohort 
All 137 145 0.94 0.79-1.12 
During marriage 98 114 0.86 0.70-1.05 

< 3000 g 
Eastcoast cohort 

All 268 238 1.13 1.00-1.27 
During marriage 146 140 1.04 0.88-1.23 

Westcoast cohort 
All 422 508 0.83 0.75-0.91 
During marriage 308 402 0.77 0.68-0.86 

births and infants with major malformations. The effect 
was more conspicuous for the boys (OR 1.45 with 2500 g 
as the cut point and OR 1.95 with 3000 g as the cut point) 
than for the girls (ORs 1 .O8 and 1.13, respectively). Thus 
gender appeared as an effect modifier. Restricting the 
analysis to mothers with known smoking status increased 
the OR slightly (OR 1.50, 95% CI 0.79-2.80, using 

Birthweight (kg) 
Figure 1. Observed (solid line) and expected (dotted line) birthweight 
distributions for the eastcoast cohort. The expected distributions were 
based on data forthe regional reference population with adjustment for 
year of birth, maternal age, and parity. 

Birthwei&t (kg) 

Figure 2. Observed (solid line) and expected (dotted line) birthweight 
distributionsforthe westcoast cohort. The expected distributions were 
based on data forthe regional reference population with adjustment for 
year of birth, maternal age, and parity. 

Birthweight (kg) 

Figure 3. Observed birthweight distributions for the eastcoast (solid 
line) and westcoast (dotted line) cohorts. 
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Table 5. Characteristics of 1501 newborn infants in the eastcoast cohort and 3553 newborn infants in the westcoast ~ohort.~ 

Cohort Birthweight (g) Length at birth (cm) Head circumference 

Median 10th 90th Median 10th 90th s 30 cm 31-34 cm 35-37 cm 238  cm Unknown 
per- per- per- per- - -- 

centile centile centile centile lI % N % N % N %  N 

East coast 3530 2760 4250 51 48 54 30 2.0 651 44.1 742 50.2 54 3.7 24 
West coast 3610 2920 4260 51 48 53 32 0.9 1216 34.8 2107 60.3 142 4.1 56 

P < 0.001 P = O.Zb P < 0.001 

a Excluding multiple births and infants with major malformation did not affect the observed discrepancies between the cohorts. 
b P-values for comparison between the cohorts (chi-square test used for categorical variables and Mann-Whitney test otherwise). 

Table 6. Odds ratios (OR) ,  adjusted for maternal age (4 categories: 15-24, 25-29,30-39,2 40 years), parity (3 categories: 1, 2,2 3), 
marital status (3 categories: before, during,  and after marriage to a fisherman), and smoking habits in early pregnancy (4 categories: 
nonsmokers, 1-9 cigarettes a day, 2 10 cigarettes a day, unknown) with 95% confidence intervals (95% CI). Multiple births and major 
malformations were excluded from the analyzed data. 

Birthweight Boys Girls All 

N,,, OR 95% CI N,,,, OR 95%CI N,,,, OR 95% CI 

< 2500 g versus 2 2500 g 
Westcoast cohort 43 1.0 - 63 1.0 - 106 1.0 - 

Eastcoast cohort 28 1.45 0.82-2.53 37 1.08 0.67-1.71 65 1.25 0.87-1.77 
< 3000 g versus r 3000 g 

Westcoast cohort 136 1.0 - 219 1.0 - 355 1.0 - 
Eastcoast cohort 108 1.95 1.44-2.63 130 1.13 0.86-1.47 238 1.44 1.18-1.76 

2500 g as the cut point, and OR 1.60, 95% CI 1.14- 
2.24, using 3000 g as the cut point). In addition, separate 
analyses with respect to smoking status, adjusted for 
gender, maternal age, parity, and marital status, gave an 
odds ratio equal to 1.22 (95% CI 0.76-1.93) for the 
nonsmokers, as compared with 1.62 (95% CI 0.76- 
3.49) for those smoking 1-9 cigarettes per day and 
3.00 (95% CI 1.38-6.81) for those smoking at least 
10 cigarettes per day, with 3000 g as the cut point. Hence 
smoking status seems to be an effect modifier (like gen- 
der) although it did not interact significantly with coast 
affiliation in the previous analyses. 

Birthweight is usually registered exactly and is well 
recorded, whereas it is more difficult to get a good esti- 
mate of gestational length (1 8). Therefore, we have con- 
sidered birthweight rather than small for gestational age. 
Nevertheless, we summarize the corresponding effects 
of cohort affiliation on being small for gestational age 
using the definitions given by Pradat (19) (see the appen- 
dix): the overall odds ratio was 1.64 (95% CI 1.13- 
2.38), whereas the odds ratio was 1.77 (95% CI 1.02- 
3.05) for the boys and 1.52 (95% CI 0.89-2.58) for the 
girls, adjusted for maternal age, parity, marital status, 
and smoking habits in early pregnancy. Hence, the ef- 
fects on being small for gestational age were similar to 
those on birthweight. 

There was no difference in the length of the infants 
from the two cohorts (table 5), but the head circumfer- 
ences of the infants from the eastcoast cohort were slight- 

ly smaller (P<0.001), even when multiple births and 
infants with major malformations were excluded. 

Fish consumption 
Both the east- and westcoast women who were inter- 
viewed ate locally caught fish more than twice as often 
as their referents (table 2). The pattern was the same for 
the estimated average amount consumed (table 7). There 
were no differences between the east- and westcoast 
cohorts in the number of fatty fish meals per month or 
the average amount consumed (tables 2 and 7). How- 
ever, the westcoast cohort ate lean fish almost twice as 
often, and twice the amount, as the eastcoast cohort 
(tables 2 and 7). Of the eastcoast cohort 32% had de- 
creased and 8% had increased their consumption of 
locally caught fish during the last 10 to 20 years, com- 
pared with 39 and 18%, respectively, for their referents. 
The corresponding proportions for the westcoast cohort 
and its referents were 29 and 32 and 32 and 23%, respec- 
tively. 

Other dietary habits and coffee, tobacco and alcohol 
consumption 
With the exception of the higher fish consumption al- 
ready mentioned and a slightly higher intake of potatoes 
among the eastcoast and westcoast women compared 
with their referents, there were no evident differences in 
dietary habits or coffee, tobacco and alcohol consump- 
tion (tables 2 and 3). Moreover, the eastcoast cohort did 
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Table 7. Consumption of four species of locally caught fish for 38 wives of fishermen from the east coast and 31 from the west coast and 
69 referents, matched by age and county. 

Locally caught fatty fish species 
(kg . month-') 

Salmon 
Herring 
Total 

Locally caught lean fish species 
(kg.  month-') 

Flat fish 
Cod-filet 
Total 

Fishermen's wives Referents 

East coast West coast P-valuea East coast P - ~ a l u e ~ . ~  West coast P - v a l ~ e ~ , ~  
(N = 38) (N = 31) (N = 38) (N = 31) 

Mean SD Mean SD Mean SD Mean SD 

a Comparison between the cohort women from the east and west coast. 
P-values for the Mann-Whitney test. 
Comparison between the cohort women and their local referents. 

not differ from the westcoast cohort in any other dietary 
aspect than fish consumption. 

Discussion 

The main finding of the present study was the increased 
risk for low birthweight in the eastcoast cohort. Similar 
results were obtained using small for gestational age as 
the outcome variable. 

These results are based on data from the Medical 
Birth Register, in which almost every birth in Sweden 
since 1973 has been registered. The quality of birth- 
weight data has been good in this register (20). 

It is important to consider different possible explana- 
tions for the observed differences in birthweight between 
the cohorts. Maternal age, parity, and gender are well 
known risk factors for low birthweight (18), but the 
discrepancy between the cohorts remained even after 
adjustment for these factors. The socioeconomic status 
of women has also a predictive value for birthweight 
(IS), but comparing two cohorts of women married to 
fishermen reduces the impact of this problem. This as- 
sumption is supported by the fact that 76% of the women 
in both the eastcoast and the westcoast cohorts were 
employed during the pregnancy, and 38 and 40%, re- 
spectively, were employed full-time. Moreover, accord- 
ing to census data from 1985, 62% of the women mar- 
ried to a fisherman on the east coast and with a gainful 
occupation had a blue-collar job, as compared with 53% 
for the corresponding group from the west coast (Bengt 
KallCn, personal communication). The socioeconomic 
homogeneity between the cohorts is important for valid 
comparisons. However, caution should be taken when 
comparisons with referents from respective regions are 
interpreted. This need can be illustrated by the fact that, 

on the whole, infants born to noncohabiting women 
(about 17%) have a lower birthweight than infants born 
to cohabiting women (21) and that the cohorts included 
only women who were, or had been married, while the 
reference populations also included women who had 
never been married. This may be an explanation for the 
significantly decreased risk for low birthweight among 
the westcoast cohort. 

The height of mothers is a weak predictor of birth- 
weight (KallCn, personal communication), and therefore 
the slight cohort difference in the mothers' heights is an 
implausible explanation for the increased risk of the east- 
coast cohort giving birth to infants with low birthweights. 
Moreover, the quality of the data on the height of mothers 
from the Medical Birth Register was available only from 
1982 and onwards, and it was acceptable but not good 
(20). 

Smoking during pregnancy is an important risk fac- 
tor for low birthweight (18), and therefore it was ad- 
justed for in our study. The effect of cohort affiliation for 
low birthweight was mainly seen among the women 
smoking during early pregnancy. Unfortunately this anal- 
ysis could only be based on data from about 40% of the 
pregnancies (from 1982 and onwards). Whether there 
was a similar association during the preceding period 
remains unknown. Smoking status during late pregnancy, 
which was unfortunately not registered, is a more impor- 
tant risk factor for low birthweight than smoking status 
during early pregnancy (22). If the continuation of smok- 
ing during pregnancy differed between our cohorts, it 
could have partly explained our findings. The highest 
smoking category used in the Medical Birth Register is 
open (> 10 cigarettes a day). Thus smoking women from 
the eastcoast cohort could hypothetically smoke more 
cigarettes a day than the smoking women in the west- 
coast cohort and still be classified into the same cate- 
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gory. Such an occurrence could result in some residual 
confounding of smoking not adjusted for in the analyses. 
Another explanation of the present results might be a 
synergistic effect of smoking and exposure to certain 
xenobiotics. Thus the reason for the observed cohort 
difference in risk for giving birth to an infant with a low 
birthweight may be an average higher body burden of 
PCB and other persistent organochlorine compounds in 
the women from the eastcoast cohort. The women inter- 
viewed in the westcoast cohort claimed an almost as high 
consumption of locally caught fatty fish as those from 
the eastcoast cohort, but the PCB content in fish from 
Skagenak and Kattegatt, on the Swedish west coast, is 
much lower than in fish from the Baltic Sea (23). East- 
coast fishermen have been shown to have about two 
times higher plasma levels of various PCB congeners 
than fishermen from the west coast; for all congeners the 
value is about 2300 versus about 1300 ng . g lipid-' (14). 
The PCB levels in human milk from Swedish women 
from the general population have decreased since the 
early 1970s (24). This fact, taken together with the ob- 
served decrease in consumption of locally caught fish, 
makes it probable that the mean body burden of women 
giving birth during the study period in the east coast 
cohort (1973-1991) was higher than the current mean 
body burden. Calendar year of birth was, however, not 
an independent risk factor for low birthweight. 

The Yusho and Yucheng poisoning incidents were 
caused by the ingestion of rice oil contaminated with 
PCB and PCDF (5-8). In both episodes toxicity was 
evident in children and adults who consumed large quan- 
tities of contaminated oil. The Yucheng children ex- 
posed in utero were small for gestational age at birth and 
had a decreased weight gain and behavioral and cogni- 
tive impairments. It has also been shown in animal ex- 
periments that prenatal PCB exposure causes both re- 
duced birthweight and neurodevelopmental disturbances 
in litters (1 -4 ) .  

An important question is whether substantially lower 
exposure levels for PCB may also entail similar risks. Of 
great concern with respect to this issue are the studies 
performed on sport fishermen's wives in the Lake Mich- 
igan area in the United States. Prenatal PCB exposure 
through the maternal consumption of contaminated fish 
has been associated with reduced birthweight (infants 
small for gestational age) among newborn (9) and with 
negative effects on neonatal behavioral performance tests 
(10). Furthermore, follow-up studies on these children at 
four years of age have shown both reduced weight gain 
and decreased motor and cognitive functions (1 1, 12). It 
has previously been shown that, in Sweden, the con- 
sumption of fatty fish from the Baltic Sea is the main 
dietary source for exposure to both PCB (14, 15) and 
PCDD and PCDF (14, 25). A direct comparison of PCB 
exposure levels between the fish-eating mothers from 

the Lake Michigan area and consumers of fatty fish from 
the Baltic Sea is hampered by differences in the analyti- 
cal techniques that were used. According to a recent risk 
evaluation, the exposure levels can, however, be consid- 
ered comparable (16). 

The present data may indicate a possible association 
between a high body burden of PCB in mothers through 
the consumption of contaminated fish from the Baltic 
Sea and an increased risk for low birthweight of their 
infants. Such an association may have serious implica- 
tions if PCB-induced low birthweight occurs in parallel 
with a slight impairment in the neurodevelopment of 
infants. In order to investigate further the hypothesized 
association between PCB exposure through fish con- 
sumption and decreased birthweight, information on in- 
dividual dietary and smoking habits is needed. Therefore 
a case-referent study is now in progress within the cohort 
of eastcoast women. 
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Appendix 

Estimation of growth retardation 

To estimate growth retardation, the following third-de- 
gree polynomials fitted with the least square method and 
based on data from the Swedish Medical Birth Register 
were used: 

boys 7 = 11449.78 - 1254.35 1 . x + 43.96213 . x2 
- 0.4359399 . x3 

and 

girls 7 = 27399.31 - 2652.778 . x + 84.26283 . x2 
- 0.821 6029 . X' 

where is the expected weight and x is the length of 
gestation (in weeks). 

These equations were based on the following as- 
sumptions: 

The majority of the infants born in a given week were 
"normal." The mean weight of "normal" infants during a 
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specific week can therefore be estimated from the mode 
of the weight distribution. In addition the dispersion was 
proportional to the mean weight. As most infants born in 
week 40 are normal, the dispersion was estimated at this 
week, and it was shown that it represented approxi- 
mately 12% of the mean weight for both the boys and the 
girls. 

If SD represents the standard deviation, it is 

For each infant, the deviation in terms of standard 
deviation was calculated as 

deviation = (y - 7) / (0.12 . 7). 

When the deviation was less than -2, the infant was 
regarded as growth retarded (small for gestational age). 
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