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ABSTRACT
Background: Exposure to methylmercury from fish has been asso-
ciated with increased risk of myocardial infarction (MI) in some
studies. At the same time, marine n23 (omega-3) PUFAs are an
inherent constituent of fish and are regarded as beneficial. To our
knowledge, no risk-benefit model on the basis of data on methyl-
mercury, PUFA, and MI risk has yet been presented.
Objective: The objective of this study was to describe how expo-
sure to both marine n23 PUFAs and methylmercury relates to MI
risk by using data from Finland and Sweden.
Design: We used matched case-control sets from Sweden and Fin-
land that were nested in population-based, prospective cohort stud-
ies. We included 361 men with MI from Sweden and 211 men with
MI from Finland. MI risk was estimated in a logistic regression
model with the amount of mercury in hair (hair-Hg) and concen-
trations of n23 PUFAs (EPA and DHA) in serum (S-PUFA) as
independent variables.
Results: The median hair-Hg was 0.57 mg/g in Swedish and 1.32
mg/g in Finnish control subjects, whereas the percentage of S-PUFA
was 4.21% and 3.83%, respectively. In combined analysis, hair-Hg
was associated with higher (P = 0.005) and S-PUFAwith lower (P =
0.011) MI risk. Our model indicated that even a small change in fish
consumption (ie, by increasing S-PUFA by 1%) would prevent 7%
of MIs, despite a small increase in mercury exposure. However, at
a high hair-Hg, the modeled beneficial effect of PUFA on MI risk
was counteracted by methylmercury.
Conclusions: Exposure to methylmercury was associated with
increased risk of MI, and higher S-PUFA concentrations were as-
sociated with decreased risk of MI. Thus, MI risk may be reduced
by the consumption of fish high in PUFAs and low in methyl-
mercury. Am J Clin Nutr 2012;96:706–13.

INTRODUCTION

Fish consumption has been associated with protection against
myocardial infarction (MI)5 (1). Mainly, the marine n23
(omega-3) PUFAs EPA and DHA (defined as PUFAs throughout
this article) are the nutrients identified as protective, although
selenium and vitamin D have also been discussed (2, 3). Several
mechanisms have been proposed to explain the beneficial effect
of these fatty acids (1).

However, fish is the major source of methylmercury exposure.
Methylmercury has oxidative properties and can counteract the
protective effect of n23 PUFAs (4). An association between the

amount of mercury in hair (hair-Hg) (an index of methylmercury
exposure) and risk of MI was observed in Finnish men from the
Kuopio Ischaemic Heart Disease Risk Factor (KIHD) Study (5–
7). Associations have also been seen for MI and the amount of
mercury in toenails in a European multicenter study (8).

In contrast, no evidence was shown of any adverse cardio-
vascular effects of hair-Hg in subjects from 2 US cohorts (9), and
within the Northern Sweden Health and Disease Study (NSHDS),
a higher mercury concentration in erythrocytes (Ery-Hg) (which
is also an index of methylmercury) was associated with lower MI
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risk (10, 11). The suggested explanation for the NSHDS finding
was that Ery-Hg was a biomarker of fish consumption, and the
higher methylmercury exposure in Finland compared with in
Sweden explained the conflicting findings. In both populations,
marine n23 PUFAs were associated with lower risk of MI (7,
10). The results of epidemiologic studies have created a need for
a risk assessment of fish consumption that takes both risks and
benefits into account (12). An approach for how to deal with this
need was recently suggested (13).

To our knowledge, no modeling has previously been pub-
lished on how the combination of mercury and PUFA relates to
MI risk. The combination of data from studies in Sweden (10,
11) and Finland (5–7) allows for a data set with a wide enough
range of methylmercury exposure and, thus, facilitates modeling
of associations of methylmercury and marine n23 PUFAs EPA
and DHA [PUFAs in serum (S-PUFA)] with MI risk. Thus,
the aim of this work was to describe how the exposure to both
PUFA and methylmercury relates to MI risk in these combined
materials.

SUBJECTS AND METHODS

Populations and design

We used a prospective design with 3 nested case-control data
sets from the NSHDS and the KIHD Study. The study protocols
were approved by the respective research ethics committees. All
subjects gave written informed consent.

The NSHDS data sets have been previously described (10, 11).
In brief, the NSHDS consists of subcohorts within the population
of the 2 northernmost counties in Sweden (14). In the current
study, the following 2 cohorts were used: the Västerbotten In-
tervention Programme (VIP) (15), which began in 1985 and
continuously invites inhabitants of Västerbotten county who are
aged 40, 50, and 60 y and, until 1995, also included 30-y-olds;
and the WHO Multinational Monitoring of Trends and De-
terminants in Cardiovascular Disease (MONICA) Study in
northern Sweden (16), which invites a population-based sample
from the 2 northernmost Swedish counties approximately every
fifth year since 1986 (ages 25–74 y; ages 25–64 y in the first 2
surveys). Both studies are programs for risk factors of cardio-
vascular disease and diabetes, in which participants fill out an
extensive questionnaire, undergo a medical examination, and are
asked to donate blood samples. By the end of 1999, w74,000
individuals had participated. The participation rate was 71–82%
in the MONICA Study and 59% in the VIP. Approximately 90%
of NSHDS participants were from the VIP. For individuals who
participated in both the VIP and MONICA studies, only data
from the first participation were included in this study.

Linkages were made between NSHDS and incidence registries
(16), with the identification of MI cases without previous MI,
stroke, or cancer. Control subjects were matched with cases for
sex, age, date of health examination, and municipality.

From the first study (10), 55 male MI cases up to 1994 were
included with 1:2 control subjects [Northern Sweden Health and
Disease Study 1 (NSHDS1)]. From the other study (11), 306
cases up to 1999 were included with 1:1 control subjects
[Northern Sweden Health and Disease Study 2 (NSHDS2)]. The
average follow-up was 18 mo in NSHDS1 (10) and 3 y and 11 mo
in NSHDS2 (11).

The KIHD Study is an ongoing population-based study that
was designed to investigate risk factors of cardiovascular disease
and other chronic diseases in middle-aged men from eastern
Finland (5–7, 17). Baseline examinations were carried out in
1984–1989 in 2682 men aged 42–60 y (82.9% of eligible sub-
jects). Subjects donated hair and fasting venous blood. MI
events in 1984–1992 were registered as part of the MONICA
project (18) and in 1993–2005 by using computer linkage with
the national hospitalization registry. In total, 1957 men without
a history of ischemic heart disease and with data on hair-Hg
were included. In these subjects, 211 men with a first definite MI
until 31 December 2005 and information on both hair-Hg and
S-PUFA were included in this study. In a nested case-control
(1:3) dataset, 623 control subjects were matched with these
cases for age and examination year by using incidence sampling
of control subjects. The average follow-up was 16 y and 6 mo.

Baseline variables

BMI (in kg/m2) was calculated as weight divided by the
square of height. Systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were used as continuous variables. Di-
abetes was defined as self-reported disease from the question-
naire or a fasting glucose concentration $7 mmol/L. A 2-h
glucose test was performed in the Swedish study but not in the
Finnish study and was, therefore, not considered in the definition
of diabetes. Total cholesterol was measured in serum that was
sampled after .4 h of fasting. Apolipoprotein A-I (apo A-I)
and B (apo B) were analyzed in plasma by using immuno-
turbidimetry. Smoking habits were classified as never smoker
(including occasional smokers), former smoker, or current
smoker. Educational level was categorized as low (elementary
school), medium (upper secondary school), or high (university
degree). The total intake of alcohol (strong beer, wine, and
spirits) was categorized as ,1, 1 to ,2, or $2 times/wk. Data
on the frequency of alcohol consumption was available but not
on quantities. The level of physical activity was categorized as
no (including never or hardly ever) or any physical activity.

Blood sampling

NSHDS

Venous blood was drawn without stasis into evacuated tubes
after .4 h of fasting. Erythrocytes and plasma were separated
by centrifugation for 15 min at 1500 3 g and then stored at
2808C until analysis (19).

KIHD Study

Venous blood was drawn without stasis into evacuated tubes
after the subject had abstained from the ingestion of alcohol for
3 d, smoking for 12 h, and eating for 12 h. A hair sample was
taken at the same occasion.

Mercury analysis

NSHDS

Mercury was determined in duplicate in acid-digested eryth-
rocytes by using the atomic fluorescence technique (20). The
detection limit was 0.2 ng Hg/g erythrocytes in the NSHDS1 (10)
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and 0.14 mg Hg/L in the NSHDS2 (11). The imprecision (CV =
CV at duplicate determinations) varied between 3% and 5%.

KIHD Study

Hair-Hg was determined by using cold vapor atomic ab-
sorption spectrometry. Briefly, the quality-control materials with
certified mercury content for hair-Hg measurement were hair
pool, flour that contained mercury, and pig kidney (6). The
imprecision (CV) was 7.3%, 3.9%, and 6.1%, respectively.

Transformation

We transformed Ery-Hg into hair-Hg. The ratio of hair-Hg to
the amount of mercury in blood was set to 250:1 (21–24). The
ratio was similar in 9 blood samples from Finland in which hair-
Hg had been analyzed at baseline; the mean ratio of hair-Hg to
the amount of mercury in blood was 272:1 (see Table 6S under
“Supplemental data” in the online issue). The packed cell vol-
ume was set to 0.44 (25), and the ratio of Ery-Hg to plasma
mercury was set to 4.3 (21, 23, 26, 27).

Fatty acid analysis

NSHDS

Fatty acids in plasma were separated by using thin-layer
chromatography and transmethylation and determined by using
gas-liquid chromatography (28). The relative amounts of fatty
acids were expressed as the percentage of all fatty acids in plasma
phospholipids. The method of imprecision (CV) was ,1% to
5.5% (29).

KIHD Study

Serum concentrations of esterified and nonesterified fatty acids
were determined in one gas-liquid chromatography run (30). The
imprecision (CV) was w5% for esterified and w15% for non-
esterified fatty acids.

Transformation

To make values for PUFA comparable between the NSHDS
and the KIHD Study, 33 samples were analyzed with both
methods and had strong associations [EPA (R2 = 0.96) and DHA
(R2 = 0.78)]. Thus, plasma PUFAwas transformed to S-PUFA on

the basis of the straight-line equation (see Figure 2S under
“Supplemental data” in the online issue).

Statistical analysis

Our statistical approach to estimating and evaluating the ef-
fects of the fish intake–related biomarker variables (hair-Hg and
S-PUFA) on MI risk included 1) detailed descriptions of bio-
marker distributions in the study populations, 2) work on finding
a parametric model that fairly reflected the multiplicative effects
of S-PUFA and hair-Hg on MI risk within wide biomarker
ranges (including the vast majority of data), 3) work on estimating
and illustrating model-based RRs, and 4) work on calculating
a relevant epidemiologic measure (ie, the expected preventable
fraction of cases) that reflected the potential public health im-
pact of achieving a systematic change in the biomarker distri-
bution for a population.

A crucial task was to find a logistic regression model that well
described the effects of S-PUFA and hair-Hg onMI risk. First, we
categorized biomarker variables by using 4 categories for
S-PUFA and 3 categories for hair-Hg (ie, 4 3 3 = 12 combined
S-PUFA and hair-Hg categories) (see Table 5S under “Supple-
mental data” in the online issue). Adjacent categories were col-
lapsed to 2 3 2 = 4 combined S-PUFA and hair-Hg categories
(Table 1). We proceeded with model building without catego-
rizing biomarker variables, which was a more efficient way of
analyzing data. See “Supplemental data” in the online issue for
a more detailed description of statistical methods. We consid-
ered first-degree fractional polynomial transformations of bio-
marker variables (31). Altogether, we considered 36 different
functional formas of the model-based RR within our chosen
inference domain (ie, hair-Hg #8 mg/g and S-PUFA $2% to S-
PUFA #8%). Several aspects were taken into consideration
when deciding a suitable model, including the generalizability
of the model across pooled studies, model fit, and confounding
adjustments. We carried out sensitivity analyses by addressing
1) the influence of covariate adjustments and 2) model di-
agnostics. Sensitivity analyses focused on the robustness of the
model-based RRs within the inference domain. See “Supple-
mental data” in the online issue for a presentation of results on
the model fit and sensitivity analyses. Smoking, BMI, DBP, SBP,
diabetes, apo B and apo A-I, education, alcohol intake, and
physical activity were considered as covariates. DBP and SBP

TABLE 1

Unconditional ORs for combined categories of low or high hair-Hg and S-PUFA1

S-PUFA and hair-Hg Crude OR (95% CI) Adjusted OR (95% CI)

No. of cases and control subjects (in crude analyses)

KIHD Study NSHDS1 NSHDS2

Cases Control subjects Cases Control subjects Cases Control subjects

,5.5% and ,2.0 mg/g 1.0 1.0 109 367 48 89 262 245

$5.5% and ,2.0 mg/g 0.72 (0.49, 1.04) 0.75 (0.49, 1.15) 8 40 6 15 39 51

,5.5% and $2.0 mg/g 1.34 (0.96, 1.86) 1.24 (0.87, 1.77) 74 162 1 4 3 7

$5.5% and $2.0 mg/g 1.00 (0.59, 1.69) 0.98 (0.55, 1.71) 20 54 0 2 2 5

1There was no significant interaction between hair-Hg and serum PUFA. Crude ORs (95% CIs) were adjusted for age and study. Adjusted ORs (95% CIs)

were adjusted as for crude ORs (95% CIs) with additional adjustment for variables with significant difference in concentrations between cases and control

subjects in any of the cohorts (ie, apolipoprotein B and A-I ratio, diastolic blood pressure, smoking, BMI, diabetes, and educational level). hair-Hg, amount of

mercury in hair; KIHD, Kuopio Ischaemic Heart Disease Risk Factor; NSHDS1, Northern Sweden Health and Disease Study 1; NSHDS2, Northern Sweden

Health and Disease Study 2; S-PUFA, PUFAs in serum.
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were highly correlated; when added simultaneously, only DBP
contributed significantly. Alcohol intake and physical activity
did not contribute significantly to the crude model. Therefore
alcohol intake, physical activity, and SBP were excluded from
the most extensive model. The different models yielded some-
what various variable estimates b*1 and b*2 (see Table 2S under
“Supplemental data” in the online issue), but this variation was
only marginal and did not notably affect the model-based RR
estimates. Therefore, we advocated the crude, unconditional
model for describing the effects of S-PUFA and hair-Hg. Data
were analyzed with the software programs SPSS (15.0 and 18.0
for Windows; SPSS Inc). P # 0.05 was considered statistically
significant.

RESULTS

Baseline characteristics for biomarkers in categories are shown
in Table 2. Traditional risk factors differed between control
subjects in Finland (higher BMI, DBP, and apo B and apo A-I)
and in Sweden (higher serum total cholesterol; see Table 3S
under “Supplemental data” in the online issue). The established
risk factors smoking, BMI, blood pressure, diabetes, serum total
cholesterol, apo B and apo A-I, and low education were all
significant predictors of risk in the total material as well as in the
3 individual studies (although not always significant), whereas
alcohol intake and physical inactivity were not significant pre-
dictors of risk (see Table 4S under “Supplemental data” in the
online issue).

Hair-Hg was higher in Finland (medians in control subjects:
NSHDS, 0.57 mg/g; KIHD Study, 1.32 mg/g; P , 0.001),

whereas S-PUFA was higher in Sweden (NSHDS: 4.21%;
KIHD: 3.83%, P , 0.001) (see Table 3S under “Supplemental
data” in the online issue). The median hair-Hg in combined
control subjects was 0.88 mg/g and median S-PUFAwas 4.00%.

Individual hair-Hg and S-PUFA correlated positively, both in
the pooled material (Spearman’s rank-correlation coefficient rs =
0.29; P , 0.001) and in the 3 individual studies (rs = 0.36 in
the KIHD Study, rs = 0.52 in NSHDS1, and rs= 0.54 in
NSHDS2) (Figure 1). Data were sparse for hair-Hg .8 mg/g
and S-PUFA .8% or ,2%.

With the use of categorized biomarker variables, with S-PUFA
,5.5% and hair-Hg ,2.0 mg/g as the reference category, a
tendency toward an elevated risk was seen by solely increasing
hair-Hg ($2.0 mg/g; P = 0.07), whereas a tendency for reduced
risk was indicated by solely increasing S-PUFA ($5.5%; P =
0.08) (Table 1). Adjustment for significant covariates weakened
point estimates somewhat, although not pronouncedly (Table 1).
In logistic regression, with continuous biomarker variables, hair-
Hg was associated with higher MI risk (P = 0.005), and S-PUFA
was associated with lower MI risk (P = 0.011) (see Table 2S
under “Supplemental data” in the online issue). We checked
whether there was evidence for an additional interaction effect
between biomarkers by adding the term b3 f1 (S-PUFA) 3 f2
(hair-Hg) to the model by using Wald’s test for the null hy-
pothesis b3 = 0. Although there was no significant interaction
between hair-Hg and S-PUFA (P = 0.8) (see Table 1S under
“Supplemental data” in the online issue), the harmful effect that
was related to hair-Hg appeared to be attenuated by increasing
concentrations of S-PUFA at all mercury concentrations. Like-
wise, the beneficial effect of PUFA on MI was counteracted by

TABLE 2

Baseline characteristics of subjects with different combinations of amounts of S-PUFA and hair-Hg1

n

Low S-PUFA and

low hair-Hg

High S-PUFA

and low hair-Hg

Low S-PUFA and

high hair-Hg

High S-PUFA and

high hair-Hg

Hair-Hg (mg/g) 1613 0.570 (0.590)2 0.930 (0.620) 2.96 (1.88) 3.22 (2.68)

S-PUFA (%) 1613 3.78 (1.14) 6.22 (1.18) 3.93 (1.37) 6.89 (2.28)

Age (y) 1613 53.1 6 6.543 54.1 6 6.11 54.2 6 4.41 54.3 6 3.90

Smoking habits (%) 1581

Never 36.6 41.8 28.2 23.5

Former 31.6 35.3 36.7 44.7

Current 31.8 22.9 35.1 31.8

BMI (kg/m2) 1585 26.2 (4.30) 25.8 (4.10) 26.9 (4.10) 27.4 (5.90)

Systolic blood pressure (mm Hg) 1578 136 6 16.6 136 6 17.0 137 6 17.2 138 6 16.5

Diastolic blood pressure (mm Hg) 1578 87.6 6 9.78 86.7 6 8.98 90.0 6 10.3 90.1 6 9.80

Diabetes (%) 1581 4.57 10.5 6.43 4.71

Serum cholesterol (mmol/L) 1582 6.08 6 1.17 6.11 6 1.16 6.17 6 1.21 6.17 6 0.861

apo B and apo A-I ratio 1598 1.00 6 0.252 0.989 6 0.248 1.10 6 2.33 1.08 6 0.181

Educational level (%) 1562

Low 58.8 41.4 83.1 68.2

Medium 32.4 33.6 12.1 20.0

High 8.82 25.0 4.84 11.8

Alcohol consumption (%) 1274

,1 time/wk 74.6 67.4 55.0 46.5

1 to ,2 times/wk 17.7 21.0 27.8 35.2

$2 times/wk 7.70 11.6 17.2 18.3

Physical inactivity (%) 1486 26.5 29.9 17.9 10.7

1Low S-PUFA: ,5.5%; high S-PUFA: $5.5%; low hair-Hg: ,2.0 mg/g; and high hair-Hg: $2.0 mg/g. apo A-I, apolipoprotein A-I; apo B, apolipo-

protein B; hair-Hg, amount of mercury in hair; S-PUFA, PUFAs in serum.
2Median; IQR in parentheses (all such values).
3Mean 6 SD (all such values).
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methylmercury but only at a high hair-Hg (Figure 2). Further-
more, we checked whether each candidate crude model seemed
to hold across pooled studies (KIHD Study, NSHDS1, and
NSHDS2). We tested the hypothesis of no modification of fish
intake–related biomarker effects by study by using Wald’s test
for interaction effects of f1 (S-PUFA) 3 study and f2 (hair-Hg) 3
study, respectively. There was no evidence for a modification by
study (see Table 1S under “Supplemental data” in the online issue).

To estimate RRs, we set the reference point (RR = 1.0) at the
median amounts for control subjects (reference S-PUFA of 4%
and hair-Hg of 1 mg/g). The model-based adjusted RRs varied
between 0.56 and 1.97 (Figure 2). If the point with the lowest
RR (high S-PUFA and low hair-Hg; RR = 0.56) was used as the
reference, risk in the low–S-PUFA and high–hair-Hg corner
approached RR = 1.97 O 0.56 = 3.5.

By calculating the (approximate) 95% CIs around model-based
RRs, we were able to assess what values for hair-Hg and S-PUFA
implied significant harmful (lower CI above RR = 1.0) and pro-
tective (upper CI below RR = 1.0) effects (Figure 3). The fully
adjusted model (Figure 2) provided similar results; covariate ad-
justments did not notably affect model-based RRs for biomarker
values that yielded nonsignificant effects (Figure 3, yellow area).
Moreover, results for categorized biomarker variables (Table 1;
see Table 5S under “Supplemental data” in the online issue) were
in reasonable accord with these model-based results.

To assess the potential public health impact of a systematic
change in the biomarker distribution for a population, we cal-
culated the expected preventable fraction of MI cases (see
Calculation of the expected preventable fraction of cases under
“Supplemental data” in the online issue). If the Finnish cohort
changed to the S-PUFA and hair-Hg of Swedish control subjects,
8% of MI cases would be expected to be prevented. If the
Swedish control subjects increased their S-PUFA by 1% and
concomitantly hair-Hg by 0.2 mg/g, an additional 7% of MIs
would be expected to be prevented.

DISCUSSION

The results from this study suggested that the balance between
methylmercury and PUFA intakes is important for MI risk. How-
ever, a significant net harm of hair-Hg was not seen before amounts
reached .2 mg/g and with simultaneously low S-PUFA (Figures 2
and 3). Because both S-PUFA and hair-Hg are associated with fish
consumption, this is an unusual combination, at least in Western
countries (8–10, 32). The optimal situation is to have high con-
centrations of PUFAs and low amounts of mercury. With the
assumption of a causal relation, the impact on public health would
be significant if populations moved toward the optimal situation.

We have previously observed increased MI risk with in-
creasing mercury in the Finnish population (7) but a decreasedMI

FIGURE 1. Correlations between Hair-Hg and long-chain n23 S-PUFA in one Finnish study [ie, the Kuopio Ischaemic Heart Disease Risk Factor Study
(A)] and 2 Swedish studies [Northern Sweden Health and Disease Study 1 (B) and Northern Sweden Health and Disease Study 2 (C)]. Hair-Hg, amount of
mercury in hair; S-PUFA, PUFAs in serum.
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risk in the Swedish population (10, 11). These observations first
appeared contradictory, but when data on both PUFA and mer-
cury were pooled, risk relations could be modeled coherently.
Because of the difference in ratios between mercury and PUFA,
increased fish consumption makes the Swedish and Finnish
populations move in different directions in the plane shown in
Figure 2, which gives rise to either an increase or a decrease inMI
risk. The estimated risk-benefit model (Figure 2) showed the best
fit in a flexible set of candidate models (fractional polynomials).
We stress that there was notable statistical uncertainty related to
the fitted model reflected in Figure 3 (as well as the effect es-
timates with relatively wide 95% CIs on the basis of the 4 3 3
categorization of the 2 biomarkers) (see Table 5S under “Sup-
plemental data” in the online issue). With statistical uncertainty
taken into account, the inference concerning the correct risk-
benefit model should be made with caution.

There were some other limitations of this study. The Finnish
and Swedish populations overlapped only to a limited extent
concerning amounts of mercury. In practice, the majority of
subjects (59 of 98 individuals) in the interval that implied pro-
tective effects (Figure 3, green circles) were from Sweden, and
a vast majority of subjects (77 of 81 individuals) in the interval
that implied harmful effects (red circle) were from Finland.
Established risk factors were associated with MI risk in both
countries, but there were some differences in prevalence of these
risk factors between countries (see Table 3S under “Supple-
mental data” in the online issue). However, control subjects
were selected from the same population as the corresponding
cases, which minimized any bias from differences in MI risk
factors between countries. There may be dietary or lifestyle
factors that were not controlled for in this study that differ be-
tween Swedish and Finnish populations. We could not rule out

the possibility that genetic differences between populations af-
fect the metabolism of mercury (33) or the association between
Hg and MI risk (34).

We have used biomarker data, which are more suitable for
modeling than fish-consumption data. The dietary-assessment
methods used in the 2 cohorts are different, and neither method is
optimal for the assessment of fish consumption. Therefore, we did
not include fish consumption in the model. It is outside the scope
of this study to elucidate why mercury amounts are higher and
S-PUFA concentrations are lower in the Finnish compared with
Swedish populations. However, the significantly lower S-PUFA
and concurrently higher hair-Hg in the KIHD Study than in the
NSHDS indicated a higher consumption of lean, predatory fish in
Finland. Predatory fish species (such as pike and perch) have
generally higher concentrations of methylmercury because of the
accumulation through the food chain than do nonpredatory fish
species, and predatory fish species consumed in both of these
regions are low in fat.

To be able to pool the studies, we transformed plasma PUFA
into S-PUFA and Ery-Hg into hair-Hg. For PUFA, a strong
correlation between plasma and serum was demonstrated. For
mercury, there are data available in the literature although mainly
from studies on relatively high concentrations (21–23). However,
we do not think that this is an important bias, because a similar
ratio was shown in the KIHD Study. Our data were sparse for
hair-Hg .8 mg/g and S-PUFA outside the range of 2–8%. Thus,
there was no rationale for extrapolations outside these limits.

The hair-Hg in control subjects in our study (median: 0.9mg/g)
was higher than in the United States [geometric mean: 0.2 mg/g
in adult women (32)]. The S-PUFA data were in accord with
findings in other materials from Western countries (35).

FIGURE 2. Adjusted risk of myocardial infarction as a function of Hair-
Hg and long-chain n23 S-PUFA. Model-based RRs are shown. The refer-
ence point (RR = 1.0) was set to S-PUFA = 4.0% and Hair-Hg = 1.0 mg/g
(indicated by a filled red circle). The model can be expressed as ln(RR) =
20.127 3 [(S-PUFA3 O 100) 2 (43 O 100)] + 0.096 3 [(Hair-Hg2 O 10)
2 (1 O 10)]. Hair-Hg, amount of mercury in hair; S-PUFA, PUFAs in
serum.

FIGURE 3. Associations of concentrations of long-chain n23 S-PUFA
and Hair-Hg with risk reduction (green circles; upper 95% CI limit for
model-based RR ,1.0) or increased risk of myocardial infarction (red cir-
cles; lower 95% CI limit RR .1.0), with the reference point (RR = 1.0;
yellow X) set to S-PUFA = 4.0% and Hair-Hg = 1.0 mg/g; yellow circles
denote no statistical evidence of an effect. Hair-Hg, amount of mercury in
hair; S-PUFA, PUFAs in serum.
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Given the strong association between MI risk and fish-related
biomarkers, it appears that a change in methylmercury con-
tamination in the fish consumed and a change in the fish con-
sumption pattern could notably affect MI incidence in a general
population. The calculation of the expected preventable fraction
of MI cases showed that a change in the Finnish cohort to
Swedish S-PUFA and methylmercury concentrations (ie, by
a change from consumption of lean, predatory fish to more of fat
nonpredatory fish) would prevent 8% of MI cases. This rough
calculation indicates mainly the beneficial effect of a reduction of
methylmercury contamination in fish. In the Swedish population,
a moderate increase in S-PUFA (ie, by an increase in fish con-
sumption) would prevent 7% of MIs, despite a concomitant small
increase in mercury exposure. It would have been of interest to
express these biomarker changes in terms of increased fish in-
takes, but unfortunately, the correlations between biomarkers and
self-reported fish intakes were too weak to allow reliable pre-
dictions. However, these rough calculations show that small
changes in fish consumption can be expected to notably affect the
MI incidence, at least in a population of middle-aged men.

In estimates of RRs at a varying hair-Hg and S-PUFA, we used
(approximate) medians in the combined material as references
(Figures 2 and 3); the combined estimate of the study-specific
reference log odds in the logistic regression model then became
relatively stable. Instead, if we used the high–S-PUFA and low–
hair-Hg corner point as a reference, RRs ranged up to 3.6, which
indicated what may potentially be achieved by the optimization
of the intake of PUFA and methylmercury in the fraction of the
population that carries the greatest risk.

Studies on fish intake and health have usually focused on risk
of methylmercury or benefits of PUFA. Our results showed that
these should be considered together when methylmercury con-
centrations are high. The results suggested that a higher fish
consumption is beneficial when concentrations of methylmercury
are low (Figure 2). This finding means that the health-based
tolerable limits of methylmercury in fish may differ between
populations and that recommendations by authorities to the
general public regarding fish consumption may differ between
populations. Instead of targeting the individual, if we focus on
policy and food production, our model predicted that a decrease
of methylmercury in polluted fish would decrease the incidence
of MI.

The current study is an example of the risk-benefit concept (ie,
the balance between beneficial and harmful components in the
diet). It is a simple concept, which deals with only one outcome.
There may be a similar situation for the methylmercury-induced
risk and PUFA-associated benefit for other outcomes, such as the
development and disorders of the central nervous system of the
fetus or infant (36, 37).

In conclusion, high exposure to methylmercury was associated
with increased risk of MI, and high exposure to S-PUFA was
associated with decreased risk of MI. Therefore, the balance
between intakes of PUFA and methylmercury from fish is im-
portant, and risk of MImay be reduced by the consumption of fish
high in PUFA and low in methylmercury, at least in middle-aged
men.
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