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Serum long-chain n-3 polyunsaturated fatty acids,
methylmercury and blood pressure in an older
population

Jyrki K Virtanen1, Asenath N Nyantika1,2, Jussi Kauhanen1, Sari Voutilainen1 and Tomi-Pekka Tuomainen1

Fish or fish oil consumption has been associated with lower blood pressure. Fish may also contain methylmercury, which

has been associated with cardiovascular diseases and higher blood pressure. Our aim was to study the associations of

serum long-chain n-3 polyunsaturated fatty acids (PUFA) eicosapentaenoic acid (EPA), docosapentaenoic acid (DPA) and

docosahexaenoic acid (DHA), mainly reflecting fish or fish oil intake, and hair mercury concentration with blood pressure.

Data were available for 848 men and 909 women from the Kuopio Ischaemic Heart Disease Risk Factor Study, aged 53–73

years. We excluded participants with ischemic heart disease, stroke, diabetes or hypertension treatment, leaving 396 men

and 372 women. Log-transformed values were used to study the associations. The mean serum concentrations were

1.63% (s.d. 0.91) for EPA, 0.77% (s.d. 0.16) for DPA and 2.73% (s.d. 0.90) for DHA of all serum fatty acids.

Multivariate-adjusted serum EPAþDPAþDHA was associated with lower systolic blood pressure (b¼ �4.50, 95%

confidence interval (CI) �8.02–�0.99) and pulse pressure (b¼ �4.41, 95% CI �6.95–�1.87), but not with

diastolic blood pressure (b¼ �0.45, 95% CI �2.31–1.52). The associations were similar with EPA, DPA and DHA

evaluated individually. The mean hair mercury concentration was 1.42 lg g�1 (s.d. 1.54). Hair mercury was not

associated with blood pressure and it did not modify the association between PUFA and blood pressure. These results

suggest that higher serum long-chain n-3 PUFA concentration has a modest inverse association with blood pressure in

older men and women.
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INTRODUCTION

Hypertension continues to be a common cardiovascular disorder and it
is a major risk factor for cardiovascular disease (CVD). Fish and fish oil
consumption has been associated with reduced risk of CVD, for
example sudden death and ischemic stroke.1 In population-based
observational studies, higher consumption of fish or long-chain n-3
polyunsaturated fatty acids (PUFA) from fish have been associated with
lower blood pressure in the general population2–5 and also in healthy,
non-hypertensive participants.5 In meta-analyses of randomized
controlled trials (RCT), fish oil supplementation has been shown to
lower blood pressure, and the effect has been stronger in hypertensive
subjects than in normotensive subjects.6–8 Intervention studies have also
investigated the effect of increased fish consumption on blood pressure
reduction, with diverse results.9–13 The possible mechanisms that may
explain the inverse association between serum long-chain n-3 PUFA and
blood pressure include improved vasodilation and vasoreactivity14,15

and arterial compliance,16 and reduced heart rate17 and vascular wall
thickness.18

Fish is also a major source of methylmercury, an environmental
contaminant. Previously, methylmercury exposure was associated
with increased risk of CVD and with attenuation of the beneficial
impact of long-chain n-3 PUFA on CVD risk in our Kuopio
Ischaemic Heart Disease Risk Factor (KIHD) Study.19 Mercury has
also been associated with blood pressure in other, but mainly
highly exposed study populations.20–23 However, little is known
about the relationship in populations with low to moderate
exposure levels.
Furthermore, there is little information on the association with

blood pressure when direct measures of blood long-chain n-3 PUFA
levels, reflecting mainly intake of fish or fish oils, have been used, and
the few results have been mixed.3,24,25 Therefore, the aim of this study
was to investigate the association between serum long-chain n-3
PUFAs eicosapentaenoic acid (EPA), docosapentaenoic acid (DPA)
and docosahexaenoic acid (DHA) on blood pressure in middle-aged
and older men and women in Eastern Finland. We also investigated
whether high hair methylmercury content, a marker of long-term
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methylmercury exposure, is associated with blood pressure, which
could partly explain the higher risk of CVD.19

METHODS

Study population
The KIHD Study is an ongoing population-based study designed to investigate

risk factors for CVD and other chronic diseases in middle-aged and older men

and women in Eastern Finland.26 The study protocol was approved by the

Research Ethics Committee of the University of Kuopio. All subjects gave their

written informed consent. The KIHD complies with the principles of the

Declaration of Helsinki.

The baseline examinations of the KIHD Study were conducted between

1984 and 1989 to a random sample of men living in the city of Kuopio and

neighboring rural communities. A total of 2682 men who were 42, 48, 54 or 60

years old at baseline (82.9% of those eligible) were recruited in two cohorts.

The first cohort consisted of 1166 men who were 54 years old, enrolled

between 1984 and 1986, and the second cohort included 1516 men who were

42, 48, 54 or 60 years old, enrolled between 1986 and 1989. During the years

1998–2001, all men from the second cohort were invited to the 11-year

re-examinations of the study, and 854 men (85.6%) participated. These

examinations were also the baseline for 920 postmenopausal women (78.4%

of the 1173 eligible women) from the same area, aged 53–73 years. These 1774

men and women were used as the study population for the current study. For

the present study we included 848 men and 909 women, for whom

information on blood pressure, serum fatty acids and pubic hair mercury

was available. In order to remove sources of possible bias, we further excluded

participants with ischemic heart disease, stroke, diabetes or treatment for

hypertension, which left 396 men and 372 women for the analyses.

Blood pressure measurements
All blood pressure measurements were performed by specially trained nurses.

Resting blood pressure was measured between 0800 and 1000h on the first

examination day by one nurse with a random zero mercury sphygmoman-

ometer with cuff size of 120� 350mm or 150� 430mm. The measuring

protocol included, after a supine rest of 5min, three measurements in supine,

one in standing and two in sitting position with 5-min intervals. The mean of

all six systolic pressure values was used in the present analyses as the systolic

blood pressure and the mean of all six diastolic measurements as diastolic

blood pressure. Pulse pressure was defined as the difference between the

systolic and diastolic blood pressure.

Serum fatty acids
Serum esterified and nonesterified fatty acids were determined in one gas

chromatographic run without preseparation as described.27 Fatty acids were

chromatographed in an NB-351 capillary column (HNU-Nordion, Helsinki,

Finland) by a Hewlett-Packard 5890 Series II gas chromatograph (Hewlett-

Packard Company, Avondale, PA, USA) with a flame ionization detector. The

coefficient of variation for repeated measurements of major esterified fatty

acids was about 5%. Because the relative degree of saturation of fatty acids

varies among esterified fatty acid types (that is, cholesterol esters,

phospholipids, and triglycerides), the esterified fatty acid concentrations

were adjusted for serum low-density lipoprotein cholesterol, high-density

lipoprotein cholesterol and triglyceride concentrations. The coefficient of

variation for major nonesterified fatty acids was about 15%. No adjustment

was conducted for nonesterified fatty acids.

Other measurements
The subjects gave fasting blood samples between 0800 and 1000h on the

baseline examinations in 1998–2001. They were instructed to abstain from

ingesting alcohol for 3 days and from smoking and eating for 12h before

giving sample. Detailed descriptions of the determination of blood glucose,28

assessment of medical history and medications,28 family history of diseases,28

smoking,28 and alcohol consumption28 have been published. Diabetes

was defined as self-reported diabetes mellitus or fasting blood glucose

of 6.7mmol l�1 or more. Education was assessed in years by using

self-administrated questionnaire. Physical activity was assessed using the

KIHD 12-Month Leisure-Time Physical Activity Questionnaire.29 Body mass

index was computed as the ratio of weight in kilograms to the square of height

in meters. Dietary intake of foods and nutrients was assessed at the time of

blood sampling using 4-day food recording.30 Mercury in hair was determined

by flow injection analysis–cold vapor atomic absorption spectrometry and

amalgamation, as described.31

Statistical analysis
The relationships between baseline characteristics and serum EPAþDPAþ
DHA were explored by means and linear (for continuous variables) or logistic

regression (for dichotomous variables). The mean values of systolic and

diastolic blood pressure and pulse pressure in quartiles of serum EPAþ
DPAþDHA and hair mercury were analyzed using analysis of covariance

(ANCOVA). The linear relationship (b) of serum fatty acids and hair mercury

with systolic and diastolic blood pressure and pulse pressure were analyzed

with multiple linear regression models, using log-transformed values. The

Model 1 was adjusted for age, gender and examination year. The Model 2

included the Model 1 and hypertension in family, leisure-time physical activity,

alcohol consumption, body mass index, years of education, employment

status, 24-h urinary potassium and sodium excretion, and smoking. The

cohort mean was used to replace missing values of covariates (o2.9% of

values). Few participants reported using fish oil supplements (no10). Tests of

linear trend across quartiles of serum fatty acids or hair mercury were

conducted by assigning the median values for each category of exposure

variable and treating those as a single continuous variable. Statistical

significance of the interactions on a multiplicative scale was assessed by

likelihood ratio tests with a cross-product term. All P-values were 2-tailed

(a¼ 0.05). Data were analyzed with SPSS 14.0 for Windows (SPSS Inc,

Chicago, IL, USA).

RESULTS

The mean serum concentrations were 1.63% (s.d. 0.91) for EPA,
0.77% (s.d. 0.16) for DPA and 2.73% (s.d. 0.90) for DHA (as a
percentage of all serum fatty acids). Table 1 shows the characteristics
of the study population. Those with a higher serum EPAþDPAþ
DHA concentration were more likely to have a higher income,
education, hair mercury content, and urinary potassium excretion,
and were less likely to smoke. They also had a higher intake of fish
and vegetables (excluding potatoes) and a lower intake of energy and
meat and meat products.
After adjusting for age, gender and examination year, a higher

serum EPAþDPAþDHA concentration was statistically significantly
associated with a lower systolic blood pressure and pulse pressure, but
not with diastolic blood pressure (Model 1 in Table 2). The regression
coefficients (b) for the log-transformed serum EPAþDPAþDHA
from the multiple linear regression models were �5.01 (95%
confidence interval (CI) �8.59–�1.42) for systolic blood pressure,
�0.50 (95% CI �2.43–1.43) for diastolic blood pressure and �4.51
(95% CI �7.02–�2.00) for pulse pressure. Further multivariate
adjustments slightly attenuated the associations (Model 2 in Table 2;
systolic blood pressure: b¼ �4.50, 95% CI �8.02–�0.99; diastolic
blood pressure: b¼ �0.45, 95% CI �2.32–1.42; and pulse pressure:
b¼ �4.41, 95% CI �6.95–�1.87). Further adjustments for serum
25-hydroxyvitamin D, use of aspirin or multivitamins, place of
residence, total energy intake, milk and milk products, fruits and
berries, vegetables and meat and meat products did not appreciably
change the associations (o5% change). When we evaluated the EPA,
DPA and DHA individually, we did not find significant differences
between the fatty acids (Table 2).
The mean hair mercury concentration was 1.42mg g�1 (s.d. 1.54).

We did not find any associations between hair mercury and blood
pressure (Table 3). The multivariate-adjusted (Model 2) regression
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coefficient for each mg g�1 increase in log-transformed hair mercury
concentration was �0.90 (95% CI �3.21–1.42) for systolic blood
pressure, �0.50 (95% CI �1.72–0.73) for diastolic blood pressure
and �0.40 (95% CI �2.08–1.28) for pulse pressure. Further
adjustment for serum EPAþDPAþDHA did not change the
associations (data not shown). High hair mercury content did not
modify the associations between EPAþDPAþDHA and blood
pressure, either (P for interactions 40.10)
We did not find evidence for effect modification between serum

EPAþDPAþDHA or hair mercury and blood pressure by age or
gender (P for interactions 40.10).

DISCUSSION

The results from this cross-sectional cohort study suggest that a
higher serum concentration of total long-chain n-3 PUFA, mainly
reflecting fatty fish or fish oil consumption, is associated with a
modestly lower systolic blood pressure and pulse pressure, whereas
exposure to methylmercury has no association with the risk.
Although the mean difference in systolic blood pressure and pulse

pressure between the extreme quartiles was only 4mmHg in this
study, this may have clinical relevance. It has been estimated that a
2mmHg reduction in systolic blood pressure can reduce coronary
artery disease mortality by 4%.32 Because use of fish oil supplements
in this study population is very low (o10 subjects), the observed
blood levels reflect regular fish consumption.
In meta-analyses of RCTs, fish oil supplementation has been shown

to lower both systolic and diastolic blood pressure, but the effect has
been stronger in hypertensive subjects than in normotensives.6–8 In
the most recent meta-analysis, in normotensive subjects fish oil
supplementation lowered systolic and diastolic blood pressure, on

average, by 1.0mmHg and 1.2mmHg, respectively.8 In hypertensive
subjects, the average reductions were 4.0mmHg and 2.5mmHg,
respectively. Older meta-analyses of fish oil supplementation found
similar reductions in blood pressure.6,7 On the other hand, a recent
cross-over trial of low-dose DHA supplementation found an average
reduction of 3.3mmHg in diastolic blood pressure in normotensive
subjects.33 The duration of the RCTs have usually been from a few
weeks to a maximum of 1 year, and the doses of fish oil have generally
been large (usually X3 g d�1),8 which is difficult to obtain from
diet alone. However, a modest inverse association between dietary
intakes of fish or long-chain n-3 PUFA or blood levels of these fatty
acids and blood pressure has been observed in observational studies
in general populations,2–5,25 and also in healthy, normotensive
participants,5 although not all studies have found an association.24

In comparing EPA and DHA, we did not find significant differences
with regard to their association with blood pressure. We have
previously observed a stronger association with DHA than with
EPA in the prevention of atrial fibrillation in men in this study
population,34 and a RCT found that DHA was more effective than
EPA in lowering blood pressure.35 However, another RCTwith similar
design did not find an effect on blood pressure with either EPA or
DHA.36 Thus, our results suggest that higher serum levels of both EPA
and DHA are associated with lower blood pressure.
Besides being a source of long-chain n-3 PUFA, fish can also

contain environmental pollutants, such as methylmercury. We have
previously shown that higher hair mercury content is associated with
increased risk of CVD in men in this study population.19,31 Other
studies have found a positive association between mercury exposure
and blood pressure not only in populations with high mercury
exposure,20–23 but also among non-fish consumers.37 However, our

Table 1 Baseline characteristics of the KIHD Study population

Serum EPAþDPAþDHA quartile (% of serum fatty acids)

Characteristics 1 (o3.65) 2 (3.65–4.36) 3 (4.37–5.11) 4 (45.11) P-value for trend

Number of participants 192 192 192 192

Age (years) 60.7 (6.5) 61.3 (6.4) 60.7 (6.0) 62.0 (6.1) 0.09

Male sex (%) 59 46 53 48 0.09

Body mass index (kgm�2) 26.4 (4.0) 27.0 (3.9) 26.7 (3.7) 26.3 (4.0) 0.58

Income (euro) 15850 (9570) 16 420 (10890) 18900 (11490) 20370 (15620) o0.001

Education (years) 9.5 (3.2) 9.6 (3.6) 10.3 (3.8) 10.6 (3.9) 0.001

Leisure-time physical activity (kcal per day) 188 (204) 208 (220) 200 (263) 204 (177) 0.61

Pubic hair mercury (mg g�1) 1.1 (1.4) 1.1 (1.2) 1.6 (1.5) 2.0 (1.9) o0.001

Urinary potassium (mmol per day) 79.1 (24.6) 79.4 (20.5) 84.4 (25.2) 85.0 (23.9) 0.01

Urinary sodium (mmol per day) 142.3 (55.5) 135.4 (49.8) 146.5 (50.8) 147.0 (57.5) 0.15

Current smoker (%) 22 15 14 9 o0.001

Hypertension in family (%) 48 49 50 49 0.72

Aspirin use (%) 8 11 7 12 0.48

Multivitamin use (%) 5 6 9 7 0.22

Dietary intakes

Total energy (kcal per day) 1997 (616) 1910 (596) 1832 (598) 1844 (565) 0.01

Fish (g per day) 20 (35) 35 (45) 55 (70) 72 (56) o0.001

Meat & meat products (g per day) 136 (87) 129 (88) 134 (87) 107 (78) 0.001

Fruits and berries (g per day) 202 (172) 204 (170) 189 (153) 209 (140) 0.78

Vegetables (g per day)a 94 (69) 99 (74) 111 (75) 130 (85) o0.001

Milk & milk products (g per day) 492 (295) 486 (253) 466 (277) 451 (257) 0.11

Alcohol (g per week) 54 (115) 42 (78) 67 (161) 55 (82) 0.52

Abbreviations: CHD, coronary heart disease; DHA, docosahexaenoic acid; DPA, docosapentaenoic acid; EPA, eicosapentaenoic acid; KIHD, Kuopio Ischaemic Heart Disease.
All values are mean (s.d.) or percentage.
aExcluding potatoes.
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results indicate that a moderate mercury exposure is not associated with
blood pressure, and also the overall evidence regarding the association
between mercury exposure and blood pressure is considered weak.38

Thus, other mechanisms, such as lipid peroxidation,31 may explain the
increased risk of CVD in this study population.
Strength of the present study is the use of serum long-chain n-3

PUFA measurements instead of dietary intakes. Few prior studies have
used circulating long-chain n-3 PUFA concentration as an exposure,
although circulating n-3 PUFA is an objective marker of exposure to
these fatty acids and thus reduces bias by misclassification that often
attenuates the associations in studies using dietary intakes. Serum

long-chain n-3 PUFA concentration is a good marker for long-chain
n-3 PUFA intake from fish; it correlates well with dietary intakes of
fish or fish oil,39 and reflects dietary intakes during the preceding
weeks.40 Other strengths of the study are its population-based
recruitment, high participation rate and extensive examinations of
potential risk factors. The cross-sectional design is a potential
weakness.
In conclusion, in older men and women, higher serum long-chain

n-3 PUFA levels, mainly reflecting fish intake in this study population,
were associated with a modestly lower blood pressure. On the other
hand, mercury, an environmental pollutant in fish, was not associated

Table 2 Blood pressure in quartiles of serum long-chain n-3 PUFA

Serum EPAþDPAþDHA quartile (% of serum fatty acids)

1 (o3.89) 2 (3.89–4.80) 3 (4.81–6.01) 4 (46.01) P-value for trend

Number of participants 192 192 192 192

Systolic blood pressure (mmHg)

Model 1 136 (134–139) 135 (132–137) 134 (132–137) 131 (129–134) 0.004

Model 2 136 (134–139) 134 (132–137) 134 (132–136) 132 (130–134) 0.01

EPA 136 (134–138) 135 (133–137) 133 (131–136) 132 (130–134) 0.02

DPA 136 (134–139) 134 (132–136) 133 (131–136) 133 (130–135) 0.03

DHA 136 (134–138) 135 (133–137) 133 (131–135) 132 (130–135) 0.02

Diastolic blood pressure (mmHg)

Model 1 82 (81–83) 81 (80–83) 82 (80–83) 81 (80–82) 0.52

Model 2 82 (81–83) 81 (80–82) 81 (80–83) 81 (80–83) 0.71

EPA 82 (81–83) 81 (80–82) 81 (80–82) 82 (80–83) 0.74

DPA 82 (81–84) 81 (80–83) 81 (80–82) 81 (80–82) 0.19

DHA 81 (80–83) 82 (81–83) 81 (80–82) 82 (80–83) 0.99

Pulse pressure (mmHg)

Model 1 54 (53–56) 53 (52–55) 53 (51–54) 50 (49–52) o0.001

Model 2 54 (53–56) 53 (52–55) 53 (51–54) 50 (49–52) 0.001

EPA 54 (52–55) 54 (52–56) 53 (51–54) 51 (49–52) 0.002

DPA 54 (52–56) 52 (51–54) 52 (51–54) 52 (50–53) 0.05

DHA 55 (53–56) 53 (51–55) 52 (51–54) 51 (49–52) 0.001

Abbreviations: CI, confidence interval; EPA, eicosapentaenoic acid; DPA, docosapentaenoic acid; DHA, docosahexaenoic acid; PUFA, polyunsaturated fatty acids.
All values are means (95% CI), obtained with analysis of covariance.
Model 1: adjusted for age, gender and examination year.
Model 2: adjusted for model 1 and hypertension in family, leisure-time physical activity, alcohol consumption, body mass index, education, employment status, 24-h urinary potassium and sodium
excretion, and smoking.

Table 3 Blood pressure in quartiles of hair mercury

Hair mercury quartile, mg g�1

1 (o0.42) 2 (0.42–0.88) 3 (0.89–1.78) 4 (41.78) P-value for trend

Number of participants 192 191 193 192

Systolic blood pressure (mmHg)

Model 1 135 (133–138) 133 (130–135) 133 (130–135) 136 (133–138) 0.37

Model 2 135 (133–138) 134 (132–136) 133 (131–135) 134 (132–137) 0.87

Diastolic blood pressure (mmHg)

Model 1 82 (81–83) 81 (80–82) 81 (80–82) 82 (81–83) 0.65

Model 2 82 (81–83) 81 (80–83) 81 (80–82) 81 (80–83) 0.52

Pulse pressure (mmHg)

Model 1 53 (52–55) 52 (50–53) 52 (50–54) 54 (52–55) 0.35

Model 2 53 (52–55) 52 (51–54) 52 (51–54) 53 (51–55) 0.81

Abbreviation: CI, confidence interval.
All values are means (95% CI), obtained from the analysis of covariance.
Model 1: adjusted for age, gender and examination year.
Model 2: adjusted for model 1 and hypertension in family, leisure-time physical activity, alcohol consumption, body mass index, education, employment status, 24-h urinary potassium and sodium
excretion, and smoking.
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with blood pressure. This suggests that fish consumption may help in
blood pressure regulation.
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