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ABSTRACT 
 

The effect of fish consumption on the risk of cardiovascular disease has been 
extensively studied. Omega-3 fatty acids present in fish, namely eicosapentaenoic 
acid (EPA) and docosahexaenoic acid (DHA), have been found to have beneficial 
effects through several mechanisms. In addition, selenium, an antioxidant, may be 
protective. Fish also represents the main human exposure source to the pollutant 
methylmercury (MeHg), which is associated with elevated cardiovascular risk in 
previous studies. The aim of this thesis was to evaluate whether MeHg is associated 
with the risk of myocardial infarction (MI) or stroke, whether EPA+DHA or selenium 
(Se) have protective associations, and if the overall association between fish 
consumption and risk of stroke or MI is detrimental or protective. 

A prospective incident case-control study design was used to study effects on stroke 

or MI. Three hundred and sixty-nine cases with twice as many matched controls were 

included in the study on stroke, while 431 cases with 499 controls participated in the 

MI study, all from the Northern Sweden Health and Disease Study. The data was 

collected from health examinations of the population from 1986 until 1999. Also, time 

trends in burdens of mercury (Hg), lead (Pb) and cadmium (Cd) in erythrocytes (Ery) 

from 1990 to 1999 were examined. The food frequency questionnaire (FFQ) used in 

the case-control studies was correlated with measurements of fatty acids in 

erythrocyte membranes as biomarkers of intake. 

In this northern Swedish population, levels of Ery-Hg and Ery-Pb decreased during 

the 1990´s, but Ery-Cd decreased only in smoking men. No significant associations 

were found between Ery-Hg or levels of EPA+DHA and the risk of stroke. Men 

reporting fish consumption >3 meals/week had an elevated risk of stroke. In the MI 

study, higher levels of Ery-Hg were associated with lower risk of MI. No clear 

associations were found for reported fish consumption, levels of EPA+DHA or Ery-

Se. The validated FFQ has a fair reliability in estimating intake of fatty acids EPA and 

DHA. However, the low variation in fish consumption in the general population in 

combination with different versions of the FFQ (with pre-defined, multiple choice 

alternatives) decreased the reliability of self-reported fish consumption in the case-

control studies on risk of stroke or MI. 

In conclusion, MeHg has no harmful association regarding the risk of stroke or MI in 

this population with generally low exposure levels. The protective association 

regarding risk of MI is probably due to Ery-Hg being a biomarker for consumption of 

fish, a source of other beneficial nutrients. Thus, in this population the benefits of the 

nutrients in fish appear to overcome the potential harm of MeHg. 

The finding of elevated stroke risk related to high fish consumption in men will be 

investigated further. 
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SUMMARY IN SWEDISH – SAMMANFATTNING PÅ 

SVENSKA 
 

Samband mellan fiskkonsumtion och risk för kardiovaskulära sjukdomar har 
studerats flitigt. Omega-3 fettsyror i fisk, eikosapentaensyra (EPA) och 
dokosahexaensyra (DHA), har visat sig skyddande genom ett flertal mekanismer. 
Antioxidanten selen kan också ha en skyddande effekt. Fisk är även den dominerande 
källan till intag av miljöföroreningen metylkvicksilver. Metylkvicksilver har kunnat 
kopplas till ökad risk för kardiovaskulära sjukdomar i tidigare studier. Huvudsyftet 
var att utvärdera om blodhalten av metylkvicksilver är kopplad till risk för 
hjärtinfarkt eller stroke, om blodhalter av EPA och DHA eller selen är kopplade till 
skydd mot dessa sjukdomar, samt om det finns samband mellan fiskkonsumtion och 
risk för stroke eller hjärtinfarkt. 
 
Effekter på risk för stroke eller hjärtinfarkt studerades i prospektiva fall-kontroll 
studier. I studien angående stroke ingick 369 fall och dubbla antalet matchade 
kontroller och 431 fall och 499 kontroller deltog i hjärtinfarktstudien, samtliga från 
the Northern Sweden Health and Disease Study. Data samlades in vid 
hälsoundersökningar av befolkningen som genomfördes mellan 1986 och 1999. 
Dessutom studerades förändringar över tid för nivåer av kvicksilver, bly och 
kadmium i erytrocyter mellan åren 1990-99. Kostfrekvensformuläret som används i 
fall-kontroll studierna utvärderades mot fettsyror i erytrocyter som biomarkörer för 
kostintag. 
 
Erytrocytnivåer av kvicksilver och bly sjönk under 90-talet, men kadmium sjönk 
endast bland rökande män. Inga statistiskt säkerställda kopplingar kunde ses mellan 
erytrocytnivåer av kvicksilver eller EPA+DHA och risk att drabbas av stroke. Män 
som rapporterade fiskkonsumtion oftare än 3 ggr/v hade en ökad risk för stroke. I 
hjärtinfarktstudien var höga nivåer av kvicksilver i erytrocyter kopplade till minskad 
risk. Inget tydligt samband kunde ses mellan rapporterat fiskintag, nivåer av 
EPA+DHA eller selen och risk för hjärtinfarkt. Även om kostfrekvensformuläret som 
används i studierna har en acceptabel förmåga att skatta intag av fettsyrorna EPA och 
DHA, orsakar den låga variationen i fiskkonsumtion i kombination med 
förutbestämda svarsalternativ att risksamband kan vara svåra att påvisa.  
 
Sammanfattningsvis visar avhandlingen att metylkvicksilver inte kan kopplas till 
ökad risk för vare sig stroke eller hjärtinfarkt i denna population med låg 
exponeringsnivå. Det skyddande samband som sågs mellan kvicksilver i erytrocyter 
och risk för hjärtinfarkt beror sannolikt på att kvicksilver i erytrocyter är en bra 
biomarkör för intag av fisk, som innehåller andra skyddande ämnen. Således 
överväger fördelarna med fiskkonsumtion de negativa effekterna av metylkvicksilver 
på hjärtinfarktrisken i den här befolkningen. 
 
Fyndet angående ökad risk för stroke hos män som rapporterar högt intag av fisk ska 
följas upp i en större studie.  
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ABBREVIATIONS 
 

AA  arachidonic acid 
AHA American Heart Association 
Apo A1  apolipoprotein A1 
Apo B  apolipoprotein B 
BMI  body mass index 
Cd cadmium 
CHD  coronary heart disease 
CI  confidence interval 
CV  coefficient of variation 
CVD  cardiovascular disease 
DHA  docosahexaenoic acid 
EFSA The European Food Safety Authority 
EPA  eicosapentaenoic acid 
Ery  erythrocytes 
FFQ  food frequency questionnaire 
Hg  mercury 
LDL  low-density lipoprotein 
MeHg  methylmercury 
MI  myocardial infarction 
MONICA   Multinational Monitoring of Trends and Determinants in 

Cardiovascular Disease 
MSP  Mammography Screening Project 
NSHDS  Northern Sweden Health and Disease Study 
OR  odds ratio 
Pb lead 
P-EPA+DHA sum of proportions of EPA and DHA in plasma phospholipids 
SCD  sudden cardiac death 
S-cholesterol cholesterol in serum 
SD  standard deviation 
Se selenium 
S-EPA+DHA sum of proportions of EPA and DHA in serum 
S-ferritin ferritin in serum 
TG  triglyceride 
RCT  randomized controlled trial 
VIP  Västerbotten Intervention Program 
WHO  World Health Organization 
24-HDR  twenty-four hour dietary recall 
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INTRODUCTION 
 

CARDIOVASCULAR DISEASE 
 

Cardiovascular disease (CVD) is the number one cause of death globally (about 30% 
of deaths) (1). CVD refers to diseases that involve the heart and blood vessels. During 
the last decades mortality rates from CVD have decreased in both men and women in 
Sweden, but is still the leading cause of death. Approximately 42% of women and 41% 
of men in Sweden die of CVD, the two most common being ischemic heart disease 
(including myocardial infarction) and stroke (2). 
 

ATHEROSCLEROSIS 
Atherosclerosis followed by the formation of thrombus is the major biological process 
causing both ischemic stroke and myocardial infarction. Oxidized low-density 
lipoprotein (LDL) causes damage to the arterial wall. This leads to the accumulation 
of macrophages and lymphocytes, followed by inflammation and the formation of an 
atherosclerotic plaque. Rupture of an atherosclerotic plaque can eventually lead to 
thrombosis (3).  
 

STROKE 
Ischemic stroke accounts for about 80% of all stroke events, whereas hemorrhage 
(bleeding) account for about 20% (4). Ischemic stroke is caused by a blockage of 
arteries leading to the brain. This leads to cerebral ischemia and cell necrosis. 
Intracerebral hemorrhage is caused by a rupture of a cerebral artery. Non-modifiable 
risk factors for ischemic stroke are age, male sex and heredity. Hypertension, 
smoking, other CVD, dyslipidemia, diabetes mellitus, atrial fibrillation, carotid 
stenosis, unhealthy diet, obesity, physical inactivity and postmenopausal hormone 
therapy are well-documented modifiable risk factors (5). Hypertension is the main 
cause of hemorrhagic stroke. Weakening of the blood vessel by high blood pressure 
may lead to aneurysm formation, which can rupture and bleed into the brain tissue. 
 

MYOCARDIAL INFARCTION 
A myocardial infarction (MI) usually occurs due to thrombus formation in a coronary 
artery. This leads to a severe reduction in the blood supply to part of the heart and, as 
a consequence, the myocardium becomes ischemic and eventually necrotic. Risk 
factors for MI are similar to those for ischemic stroke since atherosclerosis is the 
underlying biological process responsible for the diseases. Age and male sex are 
established non-modifiable risk factors for MI. In the INTERHEART study, a global 
case-control study of risk factors for acute MI, nine modifiable risk factors for MI that 
together account for 90% of the risk were identified. These were smoking, 
dyslipidemia, hypertension, diabetes mellitus, obesity, low consumption of fruit and 
vegetables, low physical activity, alcohol consumption (moderate consumption 
protective) and psychosocial factors (for example depression and perceived stress) 
(6).  
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FISH CONSUMPTION AND CARDIOVASCULAR DISEASE 
 

The health benefits of a diet high in fish with regard to CVD has been discussed since 
the 1970´s when epidemiologists observed that Inuits consuming large amounts of 
fish had a low rate of coronary heart disease (CHD) and mortality (7, 8). Much 
attention has focused on the long-chain omega-3 fatty acids present in fish, 
eicosahexaenoic acid (EPA) and docosahexaenoic acid (DHA), for which fish and 
other seafood are the predominate sources of intake in humans. Other nutrients in 
fish that are suggested to be protective include the antioxidant selenium (9) and more 
recently, vitamin D (10). 
  

MECHANISMS FOR EPA AND DHA AFFECTING CARDIOVASCULAR RISK 
Marine omega-3 fatty acids, EPA and DHA, favorably affect a number of factors 
involved in the development of atherosclerosis and subsequent cardiovascular or 
cerebrovascular events (11). Several of the protective mechanisms of omega-3 fatty 
acids are attributed to competition with omega-6 fatty acids for enzymatic pathways 
related to the production of eicosanoids (Figure 1). End products derived from 
omega-3 precursors result in less potent eicosanoids. This has implications both for 
mechanisms of inflammation and blood aggregation pathways. Omega-3 and omega-
6 fatty acids are both essential components of a normal diet. 

Omega-6 Omega-3

18:2 n-6
Linoleic acid

18:3 n-3
α-linolenic acid

18:3 n-6

20:3 n-6

20:4 n-6
Arachidonic acid

22:4 n-6

24:4 n-6

24:5 n-6

22:5 n-6

18:4 n-3

20:4 n-3

20:5 n-3
EPA

22:5 n-3

24:5 n-3

24:6 n-3

22:6 n-3
DHA

Δ6-desaturase

eicosanoids

eicosanoids

eicosanoids

elongase

Δ5-desaturase

elongase

elongase

Δ6-desaturase

β-oxidation

 
Figure 1. Pathway for the conversion of linoleic acid and α-linolenic acid into longer-
chain fatty acids (based on reference (11)).  
 
Good sources of the shortest omega-3 fatty acid, α-linolenic acid, are leafy vegetables, 
rapeseed and soybean oil, walnuts and linseed. To a certain extent, α-linolenic acid 
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can be transformed to the longer omega-3 fatty acid EPA, but this conversion 
pathway is inefficient in human and further transformation to DHA is very low. The 
transformation rate is greater in women and with diets low in marine omega-3 fatty 
acids (12). Because of competition for the same enzymes, the conversion rate of α-
linolenic acid to EPA is influenced by the intake of the shortest omega-6 fatty acid, 
linoleic acid (13). There is not enough evidence to conclude that α-linolenic acid is 
protective against cardiovascular disease (14).  
 
Most studies investigating the effects of fatty acids EPA and DHA on risk factors for 
cardiovascular disease have been conducted with fish oil and not with actual fish 
consumption. There is a need for more studies with fish oil in recommended daily 
amounts. 
 

TRIGLYCERIDE-LOWERING 
High triglyceride (TG) levels are associated with coronary heart disease and stroke 
(15, 16), although it still remains to be proven if this association is independent of 
other risk factors. Several meta-analyses demonstrate that omega-3 fatty acids lower 
serum TG in a dose-dependent manner (17, 18), both by reduced synthesis and 
enhanced clearance (11).  
 

BLOOD PRESSURE-LOWERING 
In a meta-analysis of randomized trials, fish-oil intake caused a relatively small but 
significant decrease in both systolic and diastolic blood pressure (19). Incorporation 
of EPA and DHA in phospholipid membranes mediates several mechanisms 
responsible for this action.  
 

HEART RATE-LOWERING 
High heart rate is a major independent risk factor for cardiovascular risk and death 
(20). A meta-analysis of randomized, double-blind, placebo-controlled trials in 
humans found that fish-oil reduces heart rate, particularly in those with higher 
baseline heart rate, after a treatment period of ≥12 weeks (21).  
 

ANTIARRHYTHMIC EFFECTS 
A decreased risk of cardiac arrhythmia has been suggested as an explanation for a 
lower risk of sudden cardiac death. Marine omega-3 fatty acids have been suggested 
to prevent arrhythmias, although studies have not been consistent (22). Decrease of 
the heart rate is one possible mechanistic explanation. Modulation of ion channels, 
thereby stabilizing cardiomyocytes electrically, is another possible antiarrhythmic 
action (23). 
 

ANTIINFLAMMATORY EFFECTS 
Inflammation within the vessel wall is recognized to be a major contributory factor in 
the atherosclerotic process (24). EPA and DHA are known to competitively inhibit 
conversion of arachidonic acid (AA) to prostaglandins, eicosanoids, leukotrienes, and 
related compounds with central roles in the inflammatory process. This is 
accomplished by production of less potent forms of these derivates (25) (Figure 1).  
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DECREASED PLATELET AGGREGATION 
Omega-3 fatty acids can diminish thrombosis. This is mediated by the competition 
between omega-3 fatty acids and the omega-6 fatty acid AA in eicosanoid generation 
(Figure 1). EPA-based end products have weaker trombocyte-aggregatory effects 
than AA (26). 
 

ATHEROSCLEROTIC PLAQUE STABILIZATION 
Marine omega-3 fatty acids have been demonstrated to stabilize atherosclerotic 
plaques by decreasing infiltration of inflammatory cells like macrophages and 
lymphocytes (27). This is mediated by a reduction in chemoattractants, growth 
factors and adhesion molecule production by these fatty acids (26). 
 

PREVIOUS STUDIES ON CONSUMPTION OF FISH OR MARINE OMEGA-

3 FATTY ACIDS AND RISK OF CARDIOVASCULAR DISEASE 
 

RANDOMIZED CONTROLLED TRIALS 
Four large randomized controlled trials (RCT) that have investigated the effects of 
consumption of fish or fish oil supplements on the risk of cardiovascular disease are 
often cited in review articles (28-31). Of these, three found protective associations 
(28, 30, 31). In the DART study, carried out in Wales, 2033 male patients with 
previous MI were assigned to 8 dietary advice groups. A 29% reduction in total 
mortality were found after 2 years in the group advised to eat fatty fish twice a week 
when compared to the control group with no dietary advice. The greatest benefit was 
seen in the reduction of fatal MI (28). In the DART II study, over 3000 patients with 
angina were randomized to either a diet of fatty fish twice a week or daily 
supplemental fish oil capsules versus no dietary changes. In this study, the risk of 
cardiac death was higher in the group advised to eat fish or take fish oil as compared 
to those who received no dietary recommendations (29). However, the validity of this 
study has been questioned due to methodological limitations. A third study, the 
Italian GISSI-Prevenzion Trial, enrolled 11,324 CHD patients to either dietary 
supplementation with fish oil (low-dose; 850 mg/d), vitamin E (300 mg/d), both or 
no treatment. After 3.5 years of follow-up, fish oil supplementation reduced 
cardiovascular death by 30% and sudden death by 45%, while no risk reduction was 
seen for non-fatal cardiovascular events (32). In the Japanese JELIS study of 18,645 
hyperlipidemic patients treated with statins, the addition of fish oil supplementation 
reduced major coronary events by 19% (31).  
 

REVIEWS 
Several systematic reviews and meta-analyses of randomized and observational 
studies on the association between fish or fish oil consumption and risk of 
cardiovascular outcomes have been conducted (14, 33-41). The majority of these 
investigations support a protective effect. However, the review by Hooper et al. from 
2006 (cited on the Cochrane Collaboration webpage) maintains that dietary or 
supplemental omega-3 fatty acids have not been conclusively shown to impact 
combined cardiovascular events or total mortality (37). This review has been 
questioned by other scientists for several reasons. First, the use of combined 
cardiovascular outcomes has been criticized. Also, Hooper excluded cohorts that 



Introduction 
 

13 
 

reported only estimates of fish consumption and made no estimation of intake of 
marine omega-3 fatty acids.  
 
Regarding cerebrovascular benefits, there is less published evidence than for 
ischemic heart disease, but reviews have suggested a protective effect with respect to 
ischemic stroke (36, 42). In summary, results from observational and randomized 
trials are not entirely consistent, but a majority of available evidence supports a 
protective association between consumption of fish or fatty acids (EPA and DHA) and 
cardiovascular risk.  
  

SELENIUM AND CARDIOVASCULAR DISEASE 
 

The role of selenium in prevention of CVD has been debated. Selenium is an essential 
trace element, yet demonstrates toxicity at high doses. Selenoproteins are 
components in antioxidant systems (e.g., glutathione peroxidase) that protect against 
damage from free radicals and reactive oxygen species (43). Fish is a good source of 
selenium. However, in Sweden the intake of selenium from meat and milk products is 
more substantial than that from fish on a population level due to higher overall 
consumption of these food groups (44). Findings support that plasma selenium 
concentrations up to 70-90 µg/L increase glutathione peroxidase activity, but higher 
levels are unlikely to cause any further enhancement (45). Few randomized trials 
have been conducted on the influence of selenium on cardiovascular risk. Current 
evidence from meta-analyses of randomized trials and observational studies is 
insufficient to support a protective role of selenium against cardiovascular disease 
(9). High selenium levels have been associated with an increased risk of 
hypertension, diabetes and hypercholesterolemia (46-48).  
 

METHYLMERCURY 
 

Mercury (Hg) in aquatic wildlife is primarily composed of its methylated form, 
methylmercury (MeHg). MeHg is more reactive and more easily absorbed in the 
gastrointestinal tract than elemental or inorganic mercury. Thus, MeHg is the 
mercury species of interest when considering health effects of long-term, low-level 
exposure (49). 
 

SOURCES OF POLLUTION 
Inorganic Hg enters the atmosphere by human activity such as combustion of coal, 
discharge from industrial processes such as production of chlorine, sodium and 
cement, as well as from mining and waste incineration. Mercury vapor (Hg0) also 
evaporates naturally from the crust of the earth (50). 
 

TRANSMISSION OF MERCURY 
Mercury vapor from human activity or naturally occuring sources can move long 
distances in the atmosphere over a period of time as long as one year before being 
converted to a more water soluble form. Mercury ions (Hg2+) eventually become 
deposited in soil or bodies of water as a result of rainfall. Some of the Hg2+ is 
converted back to vapor and reenters the atmosphere. Microorganisms can convert 
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Hg2+ to MeHg in aquatic sediments. In that form it enters the food chain, first 
through plankton and then to smaller fish. MeHg then accumulates through the 
entire food chain with the highest concentrations found in long-lived predatory fish. 
Amounts increase in proportion to the size of the fish (50). The concentration of 
MeHg is usually higher in fish in smaller lakes. Acidification of lakes increases the 
level of MeHg. MeHg concentrations are higher in proximity to sources of polluted 
discharge (51).  
 

DIETARY SOURCES OF METHYLMERCURY 
Consumption of fish is the main source of exposure to MeHg in humans. 
Approximately 75-100% of the mercury in fish is in the form of MeHg (52). The 
Swedish National Food Administration has issued recommendations for limited 
consumption of some species caught locally in Sweden, namely pike, perch, pike-
perch and burbot due to the risk of higher MeHg. Additionally, other fish species are 
restricted from lakes known to be contaminated, such as char, salmon and salmon 
trout from Lake Vänern and Lake Vättern (53). Recently, consumption of rice has 
been identified as a source of MeHg exposure in locations in China, probably due to 
high Hg contamination through combustion of coal, as well as mining activity. High 
methylation rates occur in paddy field soils (54). As rice is a staple food it may 
represent a significant source of MeHg ingestion in these areas of China. This is 
unlikely to represent a problem in Sweden. However, MeHg content in imported rice 
should be monitored. 
 

HEALTH EFFECTS OF METHYLMERCURY 
 

The most notable adverse health effect of MeHg is prenatal neurotoxicity. This effect 
has been investigated previously and is not a topic of discussion here (55, 56).  
 

CARDIOVASCULAR EFFECTS OF METHYLMERCURY 
In adults, the most concerning potential health effect of chronic, low-level exposure 
of MeHg is CVD. Five previous epidemiological studies have investigated the effect of 
total-Hg or MeHg on the risk of cardiovascular outcomes (49). In a cohort from 
eastern Finland, the Kuopio Ischemic Heart Disease Study, Virtanen et al. found that 
those in the highest tertile of hair-Hg content had 66% higher risk of acute coronary 
syndromes compared to men in the lowest tertile (57). Guallar et al. found a 2-fold 
higher risk of MI for men in the two highest quintiles of toenail Hg, as compared to 
those in the lowest quintile, in a retrospective case-control study from eight European 
countries and Israel (58). In a study involving male health professionals in the US, 
toenail mercury was not associated with CHD. After exclusion of dentists, which 
represented nearly 60% of the cohort, a non-significant association was seen between 
levels of Hg in toenails and higher CHD risk (59). In two previous studies from 
Sweden, no detrimental effect of Hg as measured in erythrocytes (Ery-Hg) (60) or in 
serum (61) was found. Hallgren et al. found a protective association between Ery-Hg 
and MI which was potentially explained by Ery-Hg representing a marker of fish 
consumption (60). 
 
Experimentally observed effects of Hg regarding the risk of CVD are summarized by 
Mozaffarian (49). Such systemic effects are: a) promotion of free radicals and reactive 
oxygen species, b) inhibition of antioxidant systems, c) increased lipid peroxidation, 
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d) promotion of blood coagulation, and e) inhibition of endothelial cell migration. 
Direct cardiovascular effects include: a) reduction in myocardial contractile force, b) 
increased calcium release from myocardial sarcoplasmic reticulum, c) reduction in 
left ventricular myosin ATPase activity, d) decreased heart rate variability, and e) 
increased blood pressure. 
 

BIOMARKERS OF FISH CONSUMPTION – EPA+DHA AND 

METHYLMERCURY 
 

Dietary surveys are often biased. Biomarkers of dietary consumption offer the 
opportunity to objectively verify survey data. 
 
The omega-3 polyunsaturated fatty acids, EPA and DHA, are traditionally used as 
biomarkers for fish consumption (62). Fish is the predominant dietary source of 
these fatty acids. Both are essential fatty acids and, therefore, cannot be synthesized 
by humans. The only exception to this is the small conversion of the essential fatty 
acid α-linolenic acid mentioned above (12). EPA and DHA are useful as surrogate 
biomarkers of fish consumption for this reason. MeHg can also function as a 
biomarker of fish consumption because fish is the main source of human exposure to 
MeHg.  
 
The method of assessment is vital. Biological samples reflecting longer accumulation 
periods give a more accurate estimation of the average fish consumption of an 
individual. Thus, levels of EPA and DHA in adipose tissue would be the biological 
sample of choice, reflecting approximately one year´s exposure. Hair-Hg is of interest 
because specific time periods of exposure can be investigated. Hair grows on average 
1 cm per month. Because over 80% of the Hg in hair is in the form of MeHg (63), 
total-Hg can be measured in hair to estimate MeHg exposure. However, for large 
epidemiologic studies based on banked biological material, blood specimens are most 
commonly available. Proportions of EPA and DHA can be measured in serum 
(reflecting days of exposure), triglycerides (reflecting hours of exposure), 
phospholipids or cholesterol esters (reflecting days of exposure) and erythrocyte 
membranes (reflecting about a month of exposure) (62). Total-Hg in erythrocytes 
also gives a reasonable estimate of MeHg exposure. Most of the mercury sequestered 
in erythrocytes is in the form of MeHg (64). Unpublished data by Custodio et al. show 
that only about 8% of the Hg in erythrocytes from individuals living in northern 
Sweden is inorganic Hg. Moreover, some of the inorganic Hg found in hair or in 
erythrocytes may actually be demethylated MeHg (64). Total-Hg in nails has also 
been used as a biomarker for MeHg exposure. The assumption that Hg in toenails is 
likely to be almost exclusively MeHg was verified in an autopsy study by Björkman et 
al. (65). 
 

GENDER DIFFERENCES 
 

Because other risk factors for CVD are known to affect men and women differently 
(66), studies of gender differences in how fish-related factors relate to MI and stroke 
are warranted. There are known gender differences in burdens of the heavy metals 
lead (Pb) and cadmium (Cd). Males have generally slightly higher burdens of Pb (67), 
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and females have substantially higher burdens of Cd resulting from increased 
intestinal uptake primarily due to lower iron status (68). For MeHg there are no 
known gender differences in burdens.  
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OBJECTIVES 
 
The overall objective of this thesis was to investigate associations between fish 
consumption or biomarkers of fish consumption and the risk of stroke or myocardial 
infarction. 
 
The specific aims of each paper were: 
 

I. To investigate changes over time in burdens of mercury, lead and cadmium 
in the population in northern Sweden. 
 

II. To evaluate the ability of the food frequency questionnaire used in the 
Northern Sweden Health and Disease Study to estimate fish consumption. 

 
III. To investigate associations between reported fish consumption, body 

burdens of methylmercury or the fatty acids EPA+DHA, and risk of stroke. 
 

IV. To investigate associations between reported fish consumption, body 
burdens of methylmercury, fatty acids EPA+DHA or selenium, and risk of 
myocardial infarction. 
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MATERIAL AND METHODS 
 

STUDY POPULATION 
 

All studies in this thesis were based on data from the Northern Sweden Health and 
Disease Study (NSHDS) which consists of three study cohorts based on the 
population in the counties of Västerbotten and Norrbotten in northern Sweden. 
These two counties have a population of approximately 510 000 inhabitants within 
an area of 154 300 km2.  
The three study cohorts in NSHDS are: i) the Northern Sweden MONICA Study, ii) 
the Västerbotten Intervention Program (VIP), and iii) the Mammography Screening 
Project (MSP). 
 

THE NORTHERN SWEDEN MONICA STUDY 
 

The Northern Sweden MONICA Study started in 1982 as part of a multicenter World 
Health Organization (WHO) survey entitled Multinational Monitoring of Trends and 
Determinants in Cardiovascular Disease (MONICA). In the Northern Sweden 
MONICA Study, 2000 or 2500 randomly selected participants aged 25-74 years 
(stratified for sex and age range; the age group 65-74 years has been included since 
1994) were invited to participate in a continuous health survey. Surveys thus far have 
been performed during the years 1986, 1990, 1994, 1999, 2004 and 2009. This thesis 
includes data from the 1990 through and including the 1999 survey (papers 1, 3 and 
4). The participation rate for these years was 71-82%  (69).  
 

THE VÄSTERBOTTEN INTERVENTION PROGRAM 
 

The VIP started in 1985 in the municipality of Norsjö in Västerbotten where 
prevalence of CVD was known to be exceedingly high (70). The study was gradually 
enlarged to encompass all municipalities in Västerbotten. It was coordinated with the 
MONICA study. Since 1991 the VIP includes the entire county and health screening is 
ongoing. Men and women are invited to participate in the health screening upon 
turning 40, 50 and 60 years of age (from 1985 to 1996 even 30 years of age). This 
thesis includes VIP data from 1986 through and including 1999 [papers 2 (subjects 
screened 1992), 3 and 4]. The mean participation rate in VIP is 59%. 
 

SELECTION BIAS 
VIP participants have been compared to non-participants (71). Only marginal 
differences in social characteristics have been observed. However, somewhat lower 
participation rates are seen among the unemployed, those with lower income and in 
the youngest age strata. 
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THE HEALTH EXAMINATION IN THE NORTHERN SWEDEN MONICA STUDY 

AND THE VÄSTERBOTTEN INTERVENTION PROGRAM 
In the Northern Sweden MONICA Study and the VIP, participants fill out an 
extensive questionnaire on lifestyle factors which includes a food frequency 
questionnaire (FFQ). They undergo a thorough health examination focusing on risk 
factors for cardiovascular disease and diabetes: blood pressure, an oral glucose 
tolerance test, weight, height, and blood lipids are registered, among other 
parameters. 
 

BLOOD SAMPLES IN THE NORTHERN SWEDEN MONICA STUDY AND THE 

VÄSTERBOTTEN INTERVENTION PROGRAM 
The participants were asked to donate a fasting blood sample (minimum 4 hours) for 
use in future research. Venous blood samples were drawn without stasis into 
evacuated glass tubes. Erythrocytes, buffy coat and plasma were separated by 
centrifugation at 1500g for 15 minutes and aliquots are stored at -80°C at the 
Northern Sweden Medical Research Bank at Umeå University Hospital until analysis 
was performed. Because only serum samples were obtained during the first MONICA 
visits in 1986, these participants are not included in any of the papers in this thesis. 
 

THE MAMMOGRAPHY SCREENING PROJECT 
 

Since 1995, all women in Västerbotten aged approximately 40-70 years (age limits 
have varied over time) have been encouraged to undergo mammography every two or 
three years as part of the MSP. A questionnaire is included in the project protocol and 
participants are asked to donate a blood sample for use in future research. Samples 
are stored at -80°C at the Northern Sweden Medical Research Bank. The blood 
sampling procedure is the same as for the MONICA study and the VIP, but blood 
samples in the MSP are collected throughout the day so participants are not 
necessarily fasting. Participants with unknown fasting status are considered to have 
fasted 0-4 hours. The questionnaire in the MSP concerns mostly reproductive history, 
but tobacco consumption is also recorded. The participation rate has been 85% in 
screening and 33% in blood sample donation. Due to limited information on 
adjustment variables, participant data is only included in sex-specific analyses with 
limited adjustment in paper 4, using data from the years 1995 through 1999. 
 

STUDY DESIGN AND STUDY SUBJECTS 
 

PAPER 1 
Paper 1 is based on repeated cross-sectional studies. Two hundred participants from 
the MONICA surveys from each of the years 1990 (199 participants in statistical 
analyses because one sample was contaminated), 1994 and 1999 participated. 
Different individuals participated different years, so it was not the same 200 
individuals that were sampled three times. Concentrations of Cd, Pb and Hg were 
determined in erythrocytes in order to examine time trends. Lifestyle factors of 
importance were taken into consideration. 
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PAPER 2 
Paper 2 was a validation study of the 84-item FFQ used in the MONICA study, where 
measurement of fatty acids in erythrocyte membranes served as biomarkers. This was 
an extension of a previous validation study conducted on 96 men and 99 women who 
participated in the VIP in 1992. Respondents completed an eighty-four item FFQ 
used in the MONICA study, first in the first quarter of 1993 and again a year later. In 
the intervening months between surveys the participants carried out ten 24-hour 
dietary recalls (24-HDR) using telephone interviews  (72). In paper 2, measured 
levels of fatty acids in erythrocytes were compared to estimated consumption 
utilizing dietary methods. 
 

PAPERS 3 AND 4  
Papers 3 and 4 were conducted with a prospective incident nested case-control study 
design regarding stroke (paper 3) or MI (paper 4). The study design implies that data 
was collected before development of an event (prospective), and that only first-ever 
events (incident) were counted in a larger study base (nested). Cases were identified 
by screening for stroke and MI events in hospital medical records, primary care 
journals and death certificates according to the WHO MONICA criteria (69).  
 

PAPER 3 
A cohort of first-ever stroke cases with matched controls nested within the NSHDS 
served as the study group. During the period from January 1, 1985 to September 20, 
2000, a total of 585 definite, first-ever stroke cases that previously participated in the 
MONICA survey or the VIP were registered in the Northern Sweden MONICA 
Incidence Registry (73).  
 
An acute stroke case was defined as “rapidly developing clinical signs of focal (or 
global) disturbance of cerebral function lasting more than 24 hours (unless 
interrupted by surgery or death) with no apparent cause other than a vascular origin”. 
All transient ischemic attacks, silent brain infarction (events without clinical signs), 
stroke caused by trauma, subarachnoid hemorrhage and acute stroke with 
concomitant brain tumour or severe blood disease were excluded based on WHO 
criteria (69).  
 
Individuals with previous stroke, myocardial infarction, cancer (according to the 
Swedish National Cancer Registry), or with inadequate blood samples were excluded, 
resulting in 388 first-ever stroke cases. Two randomly selected controls, matched for 
age (± 2 years), sex, date of health survey (± 1 year), type of health survey (MONICA 
or VIP) and geographic region (municipality) were selected for each case. Controls 
were excluded if they had died or moved out of the region before the qualifying event 
for the respective case. Another nineteen triplets in paper 3 were excluded due to the 
lack of data for all the variables of fish consumption, mercury and fatty acids in the 
case or both controls. Paper 3 included 302 ischemic stroke cases (ICD-9: 434, ICD-
10: I63), sixty hemorrhagic stroke cases (ICD-9: 431, ICD-10: I61-I62) and seven 
unspecified stroke cases (ICD-9: 436, ICD-10: I64) plus 738 controls (Figure 2).  
 



Material and Methods 
 

21 
 

Excluded

-previous stroke, MI or cancer (N=197 

triplets)

-subjects without any of the variables fish 

consumption, Ery-Hg or fatty acids (N=19 

triplets)

Västerbotten population 255 640 (2000-12-31)
95% of the study base

Norrbotten population 256 238 (2000-12-31)
5% of the study base

Baseline health examinations

Medical biobank (n=74619)

VIP (90%) + MONICA  (10%)  

Case finding (2000-09-20)

MONICA-Stroke

11917 individuals 

Record linkage

Cases with participation in health examination in the VIP or the 

MONICA study prior to the stroke (n=585)

369 cases  738 referents 

Ischemic stroke: 302 cases

Hemorrhagic stroke: 60 cases

Unspecified stroke: 7 cases 

 
Figure 2. Selection and exclusion algorithm for study subjects in paper 3. 
  

PAPER 4 
A cohort of first-ever myocardial infarction (MI) cases with matched controls nested 
within the NSHDS served as the study group. From January 1, 1985 until December 
31, 1999, a total of 696 MI cases participating in the MONICA study or the VIP were 
identified by cross-referencing the health examination registry with the Northern 
Sweden MONICA Incidence Registry. The Northern Sweden MONICA Incidence 
Registry included data on individuals aged 25-64 years and additional participants 
were recruited from the NSHDS which included individuals over 64 years of age. 
 
A non-fatal case had to be classified as a definite infarction to be included. A definite 
infarction was required to meet at least one of the following criteria: 

 Typical serial ECG progression (defined by the Minnesota codes) 

 At least one measurement of elevated cardiac enzymes to more than twice the 
upper limit of normal combined with abnormal ECG and typical symptoms 

 At least one measurement of elevated cardiac enzymes to more than twice the 
upper limit of normal combined with atypical symptoms and an ECG 
progression labeled probable. 

 
The final diagnoses for fatal cases were based on autopsies or confirmed by medical 
records. 
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Those with survival time < 24 hours were defined as SCD. These data were collected 
from patient records. 
  
After exclusion of cases with previous stroke or cancer (and MIs diagnosed before the 
initiation of the Northern Sweden MONICA Incidence Registry), 651 cases remained. 
Cases in the age range 25-64 years with a documented first MI between January 1, 
1985 and September 30, 1994 participated in a pilot study (60) and are not included. 
The number of controls in paper 4 was limited due to financial constraints. One 
control was matched to each male case, while two controls were matched to female 
cases (to increase statistical power for females, who were less numerous). Matching 
was conducted randomly for age (± 2 years), sex, date of health survey (± four 
months), type of health survey and geographical region (municipality). Finally, 
subjects without available erythrocyte samples were excluded from this study. This 
resulted in 431 cases of MI (ICD-9: 410-414, ICD-10: I20-I25) from the MONICA 
study and the VIP with 499 controls (Figure 3). Of these, 81 were defined as sudden 
cardiac deaths (death within 24 hours). Another 69 MI cases and 126 controls with 
the same matching criteria from the MSP were included in sex-specific analyses. 
 

Excluded

-previous MI, stroke or cancer

-subjects without erythrocytes

-limitation of referents*

Västerbotten population 256 710 (1999-12-31)
95% of the study base

Norrbotten population 258 094 (1999-12-31)
5% of the study base

Baseline health examinations

Medical biobank (n=73750)

VIP (90%) + MONICA  (10%)  

*One referent for men, two referents for women

Case finding

MONICA-MI 

7337 individuals 

Record linkage

Cases with participation in health examination in the VIP or the 

MONICA study prior to the MI (n=696)

Main study

431 cases (c) 499 referents (r)

Subjects with Ery-Hg (c/r): 431/499

Subjects with Ery-Se (c/r): 431/497

Subjects with P-EPA+DHA (c/r): 374/434 

Pilot study

78 cases 156 referents

 
Figure 3. Selection and exclusion algorithm for study subjects in paper 4. Additional 
69 MI cases and 126 controls from the MSP were included in sex-specific analyses. 
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STUDY VARIABLES 
 

Variables used in the study publications are summarized in Table 1. 
 
Table 1. Study variables in papers 1-4. 
 Paper 1 Paper 2 Paper 3 Paper 4 
Study variables     
Ery-Hg X (X)* X X 
Ery-EPA+DHA  X X**  
P-EPA+DHA   X** X 
Ery-Pb X    
Ery-Cd X    
Ery-Se  (X)*  X 
Serum-ferritin X    
Fish consumption X X X X 
Intake of  EPA+DHA  FFQ/ 24-HDR   
     
Background variables     
Alcohol X   X 
Fruit and vegetables    X 
Smoking X  X X 
Diabetes   X X 
Blood pressure   X X 
Serum-cholesterol   X X 
ApoB/ApoA1    X 
BMI   X X 
Education   X X 
Physical inactivity    X 
*Not yet published data 
**For the first 113 cases EPA+DHA was analyzed in plasma phospholipids (P-
EPA+DHA), in the subsequent 256 cases in erythrocyte membranes 
 

CHEMICAL ANALYSES 
 

ANALYSES OF MERCURY IN ERYTHROCYTES 
Ery-Hg determinations were carried out for papers 1, 3 and 4. Additional analyses 
were performed in paper 2, but were not included in the final publication. A follow-up 
manuscript is presently under way which includes these results and is referred to in 
the discussion section of this thesis. Hg was analyzed in duplicate by cold vapour 
atomic fluorescence spectrometry in acid digested erythrocytes (74) at the 
Department of Occupational and Environmental Medicine, Lund University Hospital, 
Sweden. The detection limit varied between 0.14 and 0.20 µg/L for publications in 
the thesis (papers 1, 3 and 4), and the CV for duplicate measurements varied 4.0-5.3 
%.  
 

ANALYSES OF FATTY ACIDS IN PLASMA PHOSPHOLIPIDS OR ERYTHROCYTES 
Relative levels of fatty acids were analyzed by gas-liquid chromatography after 
separation of lipids by thin-layer chromatography and transmethylation (75) at the 
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Unit for Clinical Nutrition Research, Department of Public Health and Caring 
Science, Uppsala University, Sweden. The method has been described elsewhere (76). 
In paper 2, fatty acids were determined in erythrocytes. In paper 3, fatty acids were 
determined with two methodologies; in the first 113 cases with controls in plasma 
phospholipids, and in the subsequent 256 cases with controls in erythrocyte 
membranes. Fatty acids were determined in plasma phospholipids in paper 4. Levels 
of fatty acids in plasma phospholipids or erythrocyte membranes were expressed as 
the percentage of each fatty acid relative to the total sum of fatty acids analyzed. The 
coefficient of variance measured with this method determined in plasma 
phospholipids have been measured to <1-5.5% (77). 
 

ANALYSES OF LEAD, CADMIUM AND SELENIUM IN ERYTHROCYTES 
Ery-Pb and Ery-Cd were determined for paper 1 and Ery-Se for paper 4 using 
inductively coupled plasma-mass spectrometry (78). Analyses were carried out at the 
Department of Occupational and Environmental Medicine, Lund University Hospital, 
Sweden. The detection limits were 0.26, 0.09 and 0.55 µg/L for Ery-Pb, Ery-Cd and 
Ery-Se, respectively, and CV for duplicate measurements were 6.0, 2.3 and 3.2 %, 
respectively. 
 
Ery-Se has also been analyzed for the material used in paper 2, though not included 
in that paper. A follow-up manuscript is under way and referenced in the discussion 
section of this thesis. 
 

ANALYSES OF FERRITIN IN SERUM 
Ferritin in serum was analyzed for paper 1 in the 1990 and 1999 samples by an 
immunochemical method using monoclonal antibodies performed at the Department 
of Clinical Chemistry, Lund University Hospital, Sweden. 
 

DIETARY ASSESSMENT - THE FFQ 
 

Dietary intake was estimated by a FFQ in the Northern Sweden MONICA Study and 
the VIP. In this thesis consumption of fish, alcohol, fruits and vegetables were 
estimated from the FFQ. The Northern Sweden MONICA Study uses an 84-item FFQ 
which is thoroughly described in paper 2. In the 1990 survey, a 49-item version of the 
FFQ was used due to financial constraints, while the 84-item FFQ was used in the 
1994 and 1999 surveys. In the early years of VIP (1985-1992), there was some 
variation in the FFQ used in different municipalities. In 1992, an optically readable 
version of the 84-item FFQ used in the MONICA study was also put in use in the VIP 
for all municipalities. The number of items has varied over the years for financial 
reasons. In 1996 a shortened version with 64 to 66 items (addition of water in 1998 
and eggs in 2000) was gradually implemented in the VIP.   
 

FISH CONSUMPTION 
Inquiries regarding fish consumption have been consistent in all of the different FFQ 
versions. Some older versions of the FFQ used in VIP contained only six pre-defined 
responses instead of nine.  
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The question asked in the FFQ was: “How often do you eat the following foods? Mark 
average consumption during the last year. Mark only one alternative per row.” 
This is followed by a list of different foods with nine or six pre-defined responses. 
Fish was subcategorized as follows: 
Lean fish (perch, cod, etc.) 
Fatty fish (herring, Baltic herring, whitefish/lavaret, salmon, etc.) 
Salty fish (salted herring, salted Baltic herring, etc.) 
 
Quantifications to intakes per week were as follows: 
 
FFQ with nine pre-defined answer alternatives: 
 
 never A few 

times a 
year 

1-3 
times 
a 
month 

Once 
a 
week 

2-3 
times 
a 
week 

4-6 
times 
a 
week 

Once 
a day 

2-3 
times 
a day 

4 
times 
a day 
or 
more 

Intakes 
per week 

0 0.05 0.50 1.00 2.50 5.00 7.00 17.5 28.0 

 

FFQ with six pre-defined answer alternatives: 

 never Less than 
once  
a week 

1-2 
times  
a week 

3-5  
times  
a week 

6-7 
times  
a week 

More 
than 
daily 

Intakes  
per week 

0 0.50 1.50 4.00 6.50 10.5 

 
Questions on lean and fatty fish were handled separately and as a combined variable 
(total fish). Responses regarding salty fish were considered as fatty fish. Initially it 
was assumed that respondents included salty fish (which are fatty fish) as a portion of 
their total fatty fish consumption. However, some subjects in papers 3 and 4 had 
reported a higher frequency of salty than of fatty fish, making this assumption 
incorrect. In these cases the estimation of salty fish consumption was used as the 
estimation of fatty fish consumption.  
 

ESTIMATION OF INTAKE OF EPA+DHA FROM DIETARY DATA 
In paper 2, intake of fatty acids EPA and DHA and other fatty acids was estimated 
from the FFQ and from ten 24-hour dietary recalls (24-HDR). From the FFQ data, 
frequencies of consumption of the different food items were multiplied by portion 
size for each sex and age-group. Portion sizes were estimated from a validation study 
conducted previously on the same data set (72). The ten 24-hour interviews were 
conducted by trained interviewers by telephone. A booklet with portion size pictures 
was mailed in advance to the participants and used to estimate portion sizes. The 
food composition database, PC-kost 1995 (National Food Administration, Uppsala, 
Sweden), was used for estimation of intake of different fatty acids by the dietary 
methods. This database was based on analyses of food from the years preceding 1995. 
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ALCOHOL CONSUMPTION 
Frequencies of consumption of wine, strong beer and spirits were recorded in all FFQ 
versions and converted to intake occasions per week in the same way as for fish 
consumption. A combined variable of total alcohol consumption was used in paper 1, 
while in paper 4 the three types of alcohol were totaled separately. 
 

CONSUMPTION OF FRUITS AND VEGETABLES 
Fruit and vegetable consumption was measured in paper 4. After conversion to 
servings per day, frequencies were computed to a single variable. Only a rough 
dichotomized estimate (more than or less than once a day) was possible due to 
modifications in the FFQ over time. 
 

BACKGROUND VARIABLES 
 

SMOKING 
Smoking was used as an adjustment variable in papers 1, 3 and 4. Exposure was 
estimated from the questionnaire used in the MONICA study, the VIP and the MSP. 
Current smokers, never smokers and previous smokers could be identified. The 
number of cigarettes per day for current smokers and number of smoke-free years for 
previous smokers was used in the statistical analyses in paper 1. A dichotomized 
variable, current daily-smoker or non-smoker (which included ex-smokers and 
occasional smokers), was used in papers 3 and 4. 
 

DIABETES MELLITUS 
Diabetes mellitus, dichotomized to diabetic or not, was considered as an adjustment 
variable in papers 3 and 4. In paper 3, those who reported having diabetes in the 
questionnaire were categorized as diabetics. In paper 4, fasting plasma glucose ≥ 7 
mmol/L and/or a 2-hour post-load plasma glucose ≥ 11.0 mmol/L (≥ 12.2 mmol/L in 
the VIP, as capillary plasma was drawn) was used in addition to the self-reported 
information. 
 

BLOOD PRESSURE 
Blood pressure was taken into consideration in papers 3 and 4. The definition for 
hypertension in paper 3 was a systolic blood pressure ≥ 160 mmHg and/or a diastolic 
blood pressure ≥95 mmHg, and/or reported use of anti-hypertensive medication 
during the previous 14 days. In paper 4, new limits for defining hypertension, a 
systolic blood pressure ≥140 mmHg and/ or a diastolic blood pressure ≥90 mmHg, 
was used in addition to the reported use of anti-hypertensive medication during the 
previous 14 days. In adjustments, hypertension was used in paper 3, and in paper 4 
systolic blood pressure as a continuous variable was used. 
 

SERUM CHOLESTEROL 
Cholesterol in serum was considered for multivariate adjustment in papers 3 and 4. 
However, because the apolipoproteinB/apolipoproteinA1 ratio (ApoB/ApoA1) is 
generally acknowledged as a stronger risk predictor than serum cholesterol, and 
because this analysis became available only later, it supplanted serum cholesterol in 
paper 4. In the VIP, total cholesterol was measured at each health centre with 



Material and Methods 
 

27 
 

Reflotron benchtop analyzers by enzymatic methods (Boehringer Mannheim GmbH 
Diagnostica, Germany). In the MONICA study samples were analyzed with an 
enzymatic method at a core laboratory at the University of Umeå (Boehringer 
Mannheim GmbH Diagnostica, Germany). The two methods have been evaluated on 
180 subjects. The correlation coefficient between the methods were 0.90 and the 
mean value for each method differed by 0.04 mmol/L. 
 

APOLIPOPROTEIN B/ APOLIPOPROTEIN A1 
ApoA1 and ApoB were analyzed at the Umeå University Hospital Laboratory by 
immunoturbidimetry with reagents from Dako (Glostrup, Denmark) and calibrated 
(X 0947) on a Hitachi 911 multianalyser (Roche Diagnostics GmbH, Mannheim, 
Germany). The ApoB/ApoA1 ratio was calculated and used for adjustment in paper 4. 
 

BODY MASS INDEX 
Body mass index (BMI) was used as an adjustment variable in papers 3 and 4. It was 
calculated as weight (kg)/ square height (m2). 
 

EDUCATION 
Academic education or not, self-reported in the questionnaire, was used for 
multivariate adjustment in papers 3 and 4. 
 

PHYSICAL INACTIVITY 
There were several questions on physical activity in the questionnaire. Despite 
changes in the questionnaire over time, those reporting inactivity could be identified 
and this variable was dichotomized accordingly. Physical inactivity was considered as 
an adjustment variable in paper 4. 
 

STATISTICAL ANALYSES 
 

Non-parametric statistical tests were used because several of the variables were not 
normally distributed. To compare distribution of values the independent sample test 
of Mann-Whitney was used for continuous variables and the Chi-square test was used 
for categorical variables. P for trends was analyzed using the Kruskal-Wallis 
independent samples test. Spearman correlations were analyzed. In paper 1, bivariate 
correlations were done with Kendall´s tau instead of Spearman´s rho. In the other 
papers Spearman´s rho was used for all correlations. In paper 1, multivariate 
analyses with lifestyle variables of importance in the model were conducted by 
multiple linear regression to examine time trends. In papers 3 and 4, conditional 
logistic regression, based on the matched case-control sets, was used to calculate 
crude and multivariate odds ratios (ORs) and 95% confidence intervals (CIs).  
 

MULTIVARIATE MODEL BUILDING (PAPERS 3 AND 4) 
In paper 3, potential risk factors with a crude P value less than 0.25 were considered 
for the multivariate analyses on fish consumption, which was found to be associated 
with stroke risk in the univariate analyses. 
In paper 4, separate multivariate models were built for the study variables: fish 
consumption, Ery-Hg, P-EPA+DHA and Ery-Se. Adjustment variables that changed 
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the crude point estimate 10 percent or more were included. This resulted in different 
models for the study variables. Another model was built where adjustment variables 
according to the Framingham Study (ApoB/ApoA1, systolic blood pressure, smoking 
and diabetes) were used in addition to the previously included variables. A third 
multivariate model was built for the fish-related study variables, Ery-Hg and P-
EPA+DHA, where the other fish-related study variable was added to the multivariate 
model. A P value < 0.05 was considered statistically significant in paper 1 and p ≤ 
0.05 in papers 2-4. The SPSS statistical software package (SPSS Inc., Chicago, IL, 
USA) was used for statistical analyses in all papers, although in different versions. In 
paper 3, EGRET for Windows (version 2.0; CYTEL Software Corporation, Cambridge, 
MA, USA) was used in addition to SPSS. 
 

ETHICAL CONSIDERATIONS 
 

All studies in this thesis were approved by the Research Ethics Committee of Umeå 
University and all participants gave informed consent. All data analyses were done on 
anonymous datasets, thus it was not possible for the researchers that analyzed data to 
identify individuals. For the prospective case-control studies (papers 3 and 4), limits 
were established for when a result should be considered so hazardous that the 
individual could be contacted for further investigation. These limits were set to 
40µg/L for Ery-Hg and 500µg/L for Ery-Se. It would be possible to identify 
individuals through a secure encryption key at the Northern Sweden Medical 
Research Bank at Umeå University Hospital. We considered it unethical to contact 
any individual with concentrations above these limits if over 70 years of age at 
discovery. In the prospective case-control studies (papers 3 and 4), four individuals 
had Ery-Hg above 40 µg/L (46-87 µg/L), and one person had an Ery-Se of 713 µg/L. 
All of these individuals were older than 70 years at discovery, thus no action was 
taken. Regrettably, no limits for action were set for paper 1, but actions are now being 
made to take new samples from two individuals with high levels.  



Results with Comments 
 

29 
 

 

RESULTS WITH COMMENTS 
 

PAPER 1 
 

Time trends in burdens of cadmium, lead and mercury in the population 
of northern Sweden. 
During the time period 1990-99, erythrocyte levels of Pb and Hg decreased in both 
men and women in northern Sweden. Ery-Cd decreased significantly only in men 
(Figure 4). These trends persisted after multivariate adjustments for age and 
lifestyle factors (Pb, alcohol consumption; Hg, fish consumption). When the data was 
scrutinized further it was found that the decrease in Ery-Cd in men was only evident 
in current smokers. 
 

 
 
 

 
 
Figure 4. Time trends in Ery-Pb, Ery-Hg and Ery-Cd in men and women in northern 
Sweden from 1990-99 (median levels with 95% CI). 
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LEAD 
The obvious decrease in Ery-Pb over time is not surprising. It can be explained by the 
gradual elimination of Pb as an additive in petrol. To some extent the change from 
soldered to welded food cans may have had an influence. 
 

MERCURY 
As for the decline in Ery-Hg, decreased fish consumption may play a role, but it 
cannot fully explain these findings as fish consumption did not decrease over time in 
women. It is likely that lower Hg levels in the fish consumed explains a significant 
portion of the decrease. This may be explained not only by lower Hg levels in locally 
caught fish (79), but also by a change in the choice of fish species. Data from the 
Swedish Board of Agriculture reveal that the annual consumption of salmon, a low-
Hg fish, increased from 1.38 kg/person in 1990 to 2.00 kg/person in 1999. A small 
decrease was observed in consumption of freshwater fish (1.13 vs. 1.03 kg/ person in 
1990 and 1999, respectively) (80). Although not specified for fish species, fresh water 
predatory fish are more commonly high in Hg. However, because a significant 
proportion of freshwater fish consumed in northern Sweden (mainly perch and pike) 
are caught recreationally, the statistics likely misjudge true consumption levels. The 
use of dental amalgam has diminished over time and this may also have contributed 
to the decrease in Hg burdens. 
 

CADMIUM 
Available data indicate no decline in Ery-Cd in women. This is unfortunate because 
Cd can cause adverse health effects on kidney function and bone architecture at these 
levels (81) and may increase cardiovascular risk (82). Women have higher levels of 
Ery-Cd than men due to generally lower iron stores and a coherent uptake of iron and 
Cd (81). The decrease in Ery-Cd in smoking men can be explained in part by a 
decrease in number of cigarettes smoked per day in male smokers, but this does not 
explain the entire decrease. We believe that a plausible explanation might be that Cd-
content in Swedish tobacco products has diminished over time. We have no data to 
confirm this for cigarettes, but this is true for smokeless tobacco (snuff) used in 
Sweden (Swedish Match, unpublished data). 
 

ONGOING AND FUTURE STUDIES 
Cd, Pb and Hg were determined in whole blood in 296 women who participated in 
the Northern Sweden MONICA Study in 2004. Cd and Pb, but not Hg, could be 
calculated to erythrocyte levels, and thus compared to the 1999 levels. Both Ery-Pb 
and Ery-Cd have remained essentially unchanged since 1999 (unpublished data). 
Another follow-up  study will be conducted on both men and women that participated 
in the 2009 survey.  
 

IMPLICATIONS 
The data from this study suggests that additional efforts are required to reduce Cd 
pollution in the environment. The easiest way for an individual to minimize risk for 
Cd exposure is to refrain from smoking and avoid iron deficiency. Population levels of 
Ery-Pb and Ery-Hg are not alarming presently. However, by following the advice 
from the National Food Administration in Sweden concerning restriction in 
consumption of fish species higher in Hg (83), the risk of an elevated Hg level for a 
given individual can be minimized. 
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PAPER 2 

 

Evaluation of relative intake of fatty acids according to the Northern 
Sweden FFQ with fatty acids in erythrocyte membranes as biomarkers 
Spearman correlations between erythrocyte levels of different fatty acids and intake 
of the corresponding fatty acids were calculated. Intake was estimated from the FFQ 
used in the Northern Sweden MONICA Study or ten 24-HDR. For this thesis, the 
results concerning fish fatty acids (EPA and DHA) are of special interest (Table 3). 
 
Table 3. Spearman correlations between proportions of fatty acids EPA and DHA in 
erythrocytes (Ery) and intake of the corresponding fatty acid (g/100g fat) measured 
by the FFQ and ten 24-HDR in 88 men and 92 women. All correlations are highly 
significant (P <0.001). 
 
 FFQ-EPA 

(g/100g fat) 
FFQ-DHA 
(g/100g fat) 

24-HDR-EPA 
(g/100g fat) 

24-HDR-DHA 
(g/100g fat) 

 men women men women men women men women 
Ery-
EPA 
(%) 

 
0.42 

 
0.46 

   
0.39 

 
0.40 

  

         
Ery-
DHA 
(%) 

   
0.48 

 
0.51 

   
0.38 

 
0.42 

 
This study also indicated that the FFQ has a reasonable ability to capture intake of 
milk fatty acids 15:0 and 17:0. However, the FFQ has a poor ability to estimate fatty 
acids 18:2 n-6 and 18:3 n-3, mainly derived from vegetable oils.   
 
Both dietary methods seem to have a fair ability to capture intake of the fatty acids 
EPA and DHA and, accordingly, the consumption of fatty fish. Intakes of EPA and 
DHA as estimated by the FFQ correlate somewhat better with the erythrocyte levels 
of EPA and DHA than do intakes estimated by the 24-HDR. This is not surprising; 
ten days of dietary recording is not comprehensive enough to capture the intake of a 
seldom consumed food. 
 

ONGOING AND FUTURE STUDIES 
After publication of paper 2 we analyzed erythrocyte levels of Hg and Se for the 
participants. These values have been related to the intake of fatty acids EPA and DHA 
according to the two dietary assessment methods and to fish consumption 
(intakes/week) according to the FFQ. Interestingly, Ery-Hg correlates to estimated 
intake of fatty acids EPA and DHA almost as well as relative levels of these fatty acids 
in erythrocytes (Ery-EPA+DHA; Rs=0.39-0.53, Ery-Hg; Rs=0.33-0.49). Thus, Ery-Hg 
seems to be a biomarker for fish consumption that is as good as fish fatty acids EPA 
and DHA in erythrocytes. The best correlation is found between the biomarkers Ery-
Hg and Ery-EPA+DHA (Rs=0.65, p<0.001 in men and Rs=0.48, p<0.001 in women). 
Ery-Se, on the other hand, is poorly correlated to both reported fish consumption and 
intake of EPA and DHA calculated from dietary methods. This was not unexpected as 
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foods other than fish provide selenium in the diet. These results are not yet 
published. 
 

IMPLICATIONS  
The FFQ used in the Northern Sweden MONICA Study can provide information of 
the intake of fish fatty acids or milk fatty acids, but not of the intake of fatty acids 
from vegetable oils. 
 

PAPER 3 
 

Fish intake, mercury, long-chain n-3 polyunsaturated fatty acids and risk 
of stroke in northern Sweden  
There was no association between Ery-Hg and risk of stroke. A non-significant 
association between high levels of fish fatty acids in erythrocytes or plasma 
phospholipids and risk of stroke was found in men (OR=1.20 95% CI 0.99, 1.28, per 
percent increase), but not in women. A sex difference was found in the relationship 
between reported fish consumption and risk of stroke; there was an elevated risk of 
stroke with higher fish consumption in men (OR=1.24, 95% CI 1.01, 1.51, per 
intake/week increase). The relationship between fish consumption and stroke risk for 
women was in the opposite direction, but not significant. No conclusions can be 
drawn on hemorrhagic stroke due too few cases, but for ischemic stroke the 
relationship was significant in men and similar as for all strokes.  
 
An elevated stroke risk in men with high fish consumption was not expected, but the 
finding was strengthened by the almost significant association between fish fatty 
acids in erythrocytes or plasma phospholipids and risk of stroke. Hg is not implicated 
in this risk relation as there was no association between Ery-Hg and stroke risk. 
Possible explanations for the finding of elevated stroke risk with fish consumption in 
men may be: a) the association is true and a substance in fish other than Hg is 
harmful to men, but not to women, b) the finding is due to chance, or c) fish 
consumption is associated with other detrimental health behaviors in men, but not in 
women. In this study we did not adjust for health behaviors such as consumption of 
fruit and vegetables, alcohol consumption or physical activity level.  
 

ONGOING AND FUTURE STUDIES 
As a result of the results in paper 3, a study on the association between reported fish 
consumption and consumption of other foods and health behaviors was conducted on 
the participants in VIP. This study is not published yet. Results in 32,787 men and 
34,857 women indicate that fish consumption is associated with consumption of 
other foods considered as healthy (Figure 5), but also to higher educational level, 
higher physical activity and a lower incidence of smoking. This finding is consistent 
in both men and women. This contradicts life style differences between male and 
female fish consumers as an explanation for the finding on elevated stroke risk with 
fish consumption in men, but not in women. We are planning to follow up the results 
of paper 3 in a study population of approximately 800 new cases of stroke that have 
been registered in NSHDS since September 20, 2000 to see if the original findings 
can be corroborated. 
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Figure 5. Sex-specific correlations between fish consumption and consumption of 
other foods according to the northern Sweden FFQ (Tornevi et al., unpublished). The 
horizontal axis shows correlations between fish consumption and other foods in 
women. The vertical axis shows the corresponding correlations for men. High 
positive values correspond to strong correlation with fish consumption. 
 

IMPLICATIONS 
We do not suggest any changes in the recommendations on fish consumption from 
the National Food Administration as a result of the findings in paper 3. If the result 
can be confirmed in the follow-up study, efforts should be made to identify a causal 
agent. In any case, the health benefits of fish consumption likely outweigh this 
possible disadvantage.  
 

PAPER 4 
 

Fish consumption and myocardial infarction: a second prospective 
biomarker study from northern Sweden 
When we studied MI cases and matched controls that previously had participated in a 
health examination within NSHDS an association between Ery-Hg and a decreased 
risk of MI was found. The relationships between P-EPA+DHA and Ery-Se with MI 
risk were not significant, although the trends pointed toward a decrease in risk of MI 
with higher levels. No association with MI was found for reported fish consumption. 
The variation in reported fish consumption was low (Figure 6) with a majority of the 
participants in the 1-2 times/week interval. 
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1 = < 1/month 
2 = 1/month-<1/week  
3 = 1-2/week  
4 = >2/week-3/week  
5 = >3/week 
 
Figure 6. Number of participants in paper 4 reporting different intake of fish in the 
five defined groups. 
 
When the data was limited to cases of SCD and matched controls, the risk estimate 
was even lower for the highest tertile of Ery-Hg than for all MI, though not significant 
after adjustments. This may be because only 58 case-control sets had all adjustment 
variables. Surprisingly, an elevated risk of SCD was found for the tertile highest in 
Ery-Se as compared to the lowest tertile, but only after adjustments.  
 
No sex differences were detected in this study. 
 
The blood samples used in this study had been stored at -80°C for varying periods of 
time (8-20 years) before analysis. Long-chain polyunsaturated fatty acids are 
especially sensitive to oxidation. Even though -80°C should be sufficient to prevent 
this (62), we compared the levels of EPA+DHA in plasma phospholipids after varying 
storage durations. No time-related differences could be detected (P-EPA+DHA; 8-11 
years of storing; 5.9%, 17-20 years of storing; 5.7%). 
 
It is not likely that MeHg has a protective effect against MI, but Ery-Hg appears to be 
a stable biomarker for consumption of fish which contains other beneficial agents. 
This is strengthened by the unpublished data from paper 2, where we found that Ery-
Hg reflects reported intake of EPA+DHA as reliably as Ery-EPA+DHA. In paper 4, 
EPA+DHA were analyzed in plasma phospholipids. This may reflect fish 
consumption over a shorter period of time than measurements from erythrocytes 
(62). This may have contributed to the lack of a significant association for P-
EPA+DHA with risk of MI, despite the protective association for Ery-Hg. Also, 
EPA+DHA are expressed as relative levels of fatty acids and thus affected by the total 
intake of fatty acids, whereas Ery-Hg reflects the absolute intake of MeHg. Thus, Ery-
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Hg seem to be a more stable biomarker than P-EPA+DHA. The lack of a detrimental 
effect of Hg on MI risk in this population, which is contradicted by studies in other 
populations (57, 58), might well be explained by a lower exposure level in northern 
Sweden (Figure 7). The estimation of fish consumption may be too coarse and the 
variation too small to detect a risk association. 
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0.60

 
Figure 7. Median levels of Hg in different biological samples in studies from 
northern Sweden (paper 4), eight European countries and Israel (58) and eastern 
Finland (57). Scales are approximate. 
 
The finding on Ery-Se and SCD should be pursued in future research. 
 

ONGOING AND FUTURE STUDIES 
Our findings on MI risk contradict published results from eastern Finland (Kuopio 
Ischemic Heart Disease Study) (57). However, when the data is scrutinized a logical 
explanation is found. Burdens of MeHg in the population from eastern Finland are 
considerably higher than corresponding levels in northern Sweden. Within the 
structure of an European Union Sixth Framework Programme (PHIME = Public 
health impact of long-term, low-level mixed element exposure in susceptible 
population strata), individual data on male MI cases in paper 4, male MI cases from 
the study by Hallgren et al. (60), and male MI cases from the eastern Finland cohort 
(57) (a case-control study was created within the cohort) have been pooled. To aid in 
statistical comparisons erythrocyte Hg fatty acid levels were converted to hair-Hg and 
EPA+DHA in serum (S-EPA+DHA). Also, traditional risk factors were considered in 
the pooled analyses. Interestingly, hair-Hg was higher, but S-EPA+DHA was lower in 
the Finnish population when compared to Sweden. Preliminary statistical treatment 
gives an informative figure of model-based relative risks for varying values of S-
EPA+DHA and hair-Hg (Figure 8). The reference group is set to S-EPA+DHA = 
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4.0% and hair-Hg = 1.0 µg/g, which are close to the median levels of the whole study 
population. Compared to the reference group, a S-EPA+DHA of 6% is associated with 
significantly decreased risk of MI if simultaneously low hair-Hg (<1.0 µg/g) is found. 
With elevated levels of S-EPA+DHA even higher hair-Hg can be tolerated and still 
result in risk reduction. 
 

 
Figure 8. Crude model-based relative risks of MI with different levels of hair-Hg and 
S-EPA+DHA. The figure is based on 411 case-control sets from northern Sweden and 
219 case-control sets from eastern Finland (males only). Green crosses correspond to 
statistically significant reduced risk of MI, red crosses correspond to statistically 
significant increased risk of MI and yellow crosses to “no statistical evidence for an 
effect”. The yellow circle represents the reference group. 
 

IMPLICATIONS 
The result of paper 4 and the ongoing study with data from northern Sweden and 
eastern Finland support recommendations on fish consumption from the Swedish 
National Food Administration (83). Fish consumption should be encouraged, but 
restrictions on intake of species high in MeHg are necessary. This is true not only for 
pregnant women, but also for the general population due to effects on cardiovascular 
risk. Also, efforts to reduce pollution with Hg, and thereby decrease levels of MeHg in 
fish, are important to further enhance the benefits of fish consumption. 
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GENERAL DISCUSSION 
 

VALIDITY OF EXPOSURES 
 

METHODS TO ESTIMATE FISH CONSUMPTION  
The validity study (paper 2) concludes that the FFQ used in The Northern Sweden 
MONICA Study gives a fair estimation of intake of fatty acids EPA and DHA. Since 
questions on fish consumption are identical in multiple versions of the FFQ, it seems 
reasonable to state that they are equally valid. However, older versions of the 
questionnaire with only six pre-defined answers (instead of nine) may lead to 
misclassification. Another concern is that participants in the validity study (who were 
informed of the purpose of the study) may have been more meticulous when filling 
out the FFQ when compared to participants in the general health examination, where 
the FFQ was a part of a more extensive questionnaire. Also, the variation in reported 
fish consumption was low with few participants on the extreme ends of the spectrum. 
This low variation in fish consumption may make it hard to detect a risk association, 
if any. It may be argued that the observed low variation would be reflected in the 
biomarkers of fish consumption. However, it is possible that the pre-defined answer 
alternatives in the FFQ amplify this problem for self-reported fish consumption. This 
may explain the conclusion in paper 4; a protective association for Ery-Hg, ascribed 
to Ery-Hg being a biomarker of fish consumption, even though no association was 
found for self-reported fish consumption.   
 
In paper 2, intake of fatty acids according to two dietary assessment methods are 
compared to the proportion of the same fatty acids measured in erythrocytes. 
Unfortunately, no method gives a completely valid estimate of intake and only 
relative comparisons are possible. Underestimations, especially of foods considered 
as unhealthy, are common with all dietary assessment methods and the tendency to 
underreport varies with sex, age and body mass index, etc. (84). Also, standard values 
in the food database used may differ from the true composition of the consumed 
food, introducing error. Although never absolutely reflective of the true intake, 
biomarkers are not affected by memory or attitudes of the study subjects. Agreement 
between two independent measures in epidemiological studies, like a biomarker and 
a dietary assessment method, strengthens study conclusions.  
 
The elevated stroke risk found in men reporting high fish consumption (paper 3) 
could be regarded as unimportant due to uncertainty in self-reported fish 
consumption. However, the association between the biomarker EPA+DHA and 
higher stroke risk make a true relationship more probable even though this did not 
reach statistical significance. 
 

BIOMARKERS OF FISH CONSUMPTION IN RELATION TO RISK 
 

We detected a stronger relationship for risk reduction of MI for Ery-Hg than for EPA 
and DHA in plasma phospholipids (paper 4). Unpublished data on our study 
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population show a nearly equally good correlation with estimated intake of EPA and 
DHA by our FFQ or ten 24-HDR for Ery-Hg as for Ery-EPA+DHA. In a Finnish study 
evaluating biomarkers of fish consumption, correlations between FFQ estimated fish 
consumption and MeHg in blood were higher (Rs=0.43 and Rs=0.45, for men and 
women, respectively) as compared to S-EPA+DHA (Rs=0.38 and Rs=0.31, for men 
and women, respectively) (85). Even though levels of MeHg vary between fish 
species, age of fish and location of harvest, it appears to reflect total fish consumption 
as well as EPA+DHA. The choice of biological sample is important. In paper 4, 
EPA+DHA was estimated in plasma phospholipids, reflecting days or weeks of fish 
consumption (62). This may result in a less precise estimation of the general fish 
consumption than if erythrocyte composition is used. Total Hg or EPA+DHA in 
erythrocytes, reflecting fish consumption over about a month, seem to be reasonable 
choices when blood samples are utilized. Because levels of fatty acids measured are in 
proportion of total intake of fatty acids, total Hg may even be a better choice as a fish 
consumption biomarker. However, for individuals consuming fish species high in 
MeHg, fish consumption would be overestimated if Hg or MeHg is the biomarker of 
choice. 
 
When considering the results of paper 4 it is necessary to determine whether Ery-Hg 
represents a stable marker of consumption of fish (containing other protective 
nutrients) or a marker for a healthy lifestyle, or a combination of these factors. This 
question has been brought up by some researchers in the field and associations 
between fish consumption and healthy lifestyle have been detected in different 
populations (86, 87). In our MI study, no correlations were found between Ery-Hg 
and lifestyle variables (except for a weak correlation with self-reported fish 
consumption). Self-reported fish consumption, on the other hand, showed significant 
correlations, although weak, with self-reported physical activity and consumption of 
fruit and vegetables. Because of this, in combination with the lack of correlation 
between biomarkers of fish consumption and other healthy behaviours, a “tendency 
to report healthy-bias” is suspected. Our yet unpublished study on the association 
between fish consumption and consumption of other foods and health behaviours has 
demonstrated strong associations between fish consumption and healthy behaviours 
in both men and women. However, in paper 4, the protective association for Ery-Hg 
persisted even after adjustment for the life style variables such as consumption of 
fruit and vegetables, physical inactivity, educational level, consumption of strong beer 
and of wine, in addition to traditional risk factors. Even though this consistency 
strengthens the assumption that fish consumption is protective, it cannot be 
completely ruled out that the protective association for Ery-Hg is partly due to 
associations with healthy behaviours or socioeconomic status that have not been 
adjusted for.  
 
A protective association, presumably due to fish consumption, is found between Ery-
Hg and risk of MI (paper 4), but not for risk of stroke (paper 3). There is more 
available data supporting a protective effect of fish consumption on MI risk compared 
to stroke risk. To some extent, similar mechanisms underlie the development of MI 
and ischemic stroke, but there are also differences which can be of relevance for this 
discrepancy. Decreased risk of arrhythmia by fatty acids from fish is one mechanism 
protecting against MI, but not stroke. In paper 4, we find even lower ORs for SCD 
with Ery-Hg levels than for total MI, which strengthens the antiarrhythmic 
hypothesis. Several of the RCTs that have been conducted on fish consumption or fish 
oil supplementation and cardiovascular disease favour the antiarrythmic theory, at 
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least for secondary-prevention (28, 32). We have no explanation for the finding of 
elevated stroke risk in men reporting high fish consumption. The planned follow-up 
study will be of importance. If the finding is confirmed this ought to be investigated 
mechanistically further; what in fish is harmful to men, but not to women? 
 

THE PROSPECTIVE CASE-CONTROL DESIGN 
 

The prospective design in the case-control studies concerning risk of stroke or 
myocardial infarction (papers 3 and 4) has advantages; the disease process does not 
affect the questionnaire replies (decreased risk of recall bias) or the blood samples 
(no risk of reversed causality). However, the controls in these studies are likely to be 
healthier than the general population because subjects with previous MI, stroke or 
cancer were excluded from the study (risk of selection bias). No indications of such 
differences were found when the baseline data of the controls were compared to 
surveys of the general population (88). Another problem with the case-control design 
arises in the multivariate analyses; if one adjustment variable is missing in the case or 
all controls in a set, the whole set is excluded from the analysis. With a cohort design 
only the single individual with a missing value would have been lost. However, 
chemical analyses of fatty acids are expensive, and so are analysis of mercury and 
selenium in erythrocytes, making this a financial issue. 
 
In the prospective case-control studies, the time that had past between baseline and 
illness varied widely between cases (from 4 days to eleven years in the MI study). The 
risk of behavioral changes increases as time elapses. Also, a lifestyle intervention was 
included in the VIP health screening with the intention of improving lifestyle for 
individuals. The effects of these interventions can be expected to be similar in cases 
and controls due to the prospective design. The expected effect of this, if any, would 
be a dilution of associations. 
 

BALANCE BETWEEN GOOD AND BAD IN FISH 
 

Pooled data from the Swedish population with low MeHg exposure and the Finnish 
population with higher exposure to MeHg suggests that the balance between 
exposure to Hg and fatty acids EPA+DHA in fish is of importance to the risk of MI. 
The best choice would obviously be fish high in fatty acids and low in MeHg. The 
decrease in Ery-Hg from 1990 to 1999, found in paper 1, is gratifying. It can only be 
partially be explained by a decrease in fish consumption. Thus, a decrease in MeHg in 
locally caught fish and/or a change to fish species lower in MeHg are plausible 
explanations. In the studies in this thesis mean fish consumption varies between 0.89 
times/week (men in 1994 in paper 1) and 1.56 times/week (women in paper 3). This 
level of consumption is too low when compared to existing recommendations. The 
European Food Safety Authority (EFSA) has recently set the recommendation to 
intake of 250 mg/day of EPA+DHA (corresponding to about 1-2 servings of fatty fish 
per week) (89). The recommendation from American Heart Association (AHA) is an 
intake of 500 mg/day of EPA+DHA for individuals without CHD and 1000 mg/day 
for those with CHD (90). The Swedish Food Administration recommends 
consumption of fish and shellfish 2-3 times per week with variation in species (83).  
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As compared to the reference group (represented by individuals with median S-
EPA+DHA at 4% and hair-Hg at 1 µg/g), individuals in the pooled MI study with 
relative S-EPA+DHA at 6% or higher had a significantly lower relative risk of MI if 
simultaneously low levels of hair-Hg (below 1 µg/g) were found. With higher S-
EPA+DHA, protective associations can be found despite somewhat higher mercury 
levels. It is not possible to exactly define what 6% S-EPA+DHA corresponds to in 
intake of fish or fatty acids EPA+DHA. Different fish contain different amounts of 
EPA+DHA. Also, S-EPA+DHA is expressed as a proportion of total intake of fatty 
acids. To make a rough estimation from our MI study (paper 4), where the mean 
intake of fish in male controls from northern Sweden were 1.25 intakes per week (fat 
fish 0.57 intakes per week and lean fish 0.70 intakes per week) and the median level 
of S-EPA+DHA were 4.2 %, a S-EPA+DHA level of 6% would correspond to about 1.8 
intakes of fish per week. A S-EPA+DHA at 8% (i.e., the highest level on the horizontal 
axis in Figure 8) would than correspond to 2.4 intakes of fish per week. Thus, based 
on our pooled data, fish consumption according to the recommendations from the 
Swedish Food Administration (2-3 times/week) would place the individuals at about 
6-8 %, a level sufficient to achieve a significant protection against MI as long as fish 
species high in Hg are avoided and at least one meal consists of fatty fish. 
 

FISH OR FISH OIL SUPPLEMENTS? 
 

It can be claimed that a simple way to get the beneficial fatty acids EPA+DHA without 
any contaminants is to take fish oil capsules instead of eating fish. However, these 
fatty acids may not be the only cardioprotective nutrients in fish. Selenium and 
vitamin D have been pointed out as possible cardioprotective agents (9, 10) and fish 
is a good source of both. A fish meal generally replaces a meal that is likely to contain 
more saturated fat, known to increase risk of CVD (91). Also, fish contains high 
quality protein. Beneficial effects on CVD risk of the amino acid derivate taurine, 
concentrated in fish, have been reported (92). Therefore, fish consumption is 
preferred. However, if fish consumption is not possible (due to for example fish 
allergy or a vegetarian diet), fish oil supplements should be considered (33).  
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CONCLUSIONS 
 

 Burdens of mercury and lead decreased in the population of northern Sweden 
during the 1990´s to median levels considered harmless. Cadmium levels are 
still of concern in this population, especially in women, and future steps to 
reduce cadmium pollution are needed. 

 

 The food frequency questionnaire (FFQ) used in the Northern Sweden 
MONICA Study has a fair ability to reflect intake of the essential “fish fatty 
acids” EPA and DHA and thus even consumption of fatty fish. However, the 
small variation in fish consumption in this population, in combination with 
shortcomings resulting from alterations to the FFQ, make associations (or 
especially the absence of associations) between self-reported fish consumption 
and disease outcome less reliable. Therefore, complementary analyses with 
biomarkers are valuable.  
 

 An elevated risk of ischemic stroke was found in men reporting fish 
consumption more than three times a week, but this was not found in women. 
The gender discrepancy could not be explained by lifestyle differences related 
to fish consumption. Mercury is not the causal agent as mercury was not 
associated with risk of stroke. 
 

 Mercury levels in erythrocytes were associated with a lower risk of myocardial 
infarction in this population with low exposure, both in men and women. This 
is likely explained by mercury in erythrocytes being a stable biomarker for 
consumption of fish which contain other protective agents. However, a high 
mercury level, especially in combination with low levels of protective fatty 
acids EPA and DHA, probably increases the risk of myocardial infarction. 
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