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j Abstract Background Intake of
fish and long-chain n-3 fatty acids
has been of wide interest due to
their beneficial effects on cardio-
vascular risk factors and lower
coronary heart disease (CHD) risk.
Aim of the study The aim of this
pilot study was to examine the
effects of fatty fish and lean
(white) fish on fatty acid compo-
sition of serum lipids and cardio-
vascular risk factors in subjects
with CHD using multiple drugs for
this condition. Methods The
study was an 8-week controlled,
parallel intervention. Inclusion
criteria were myocardial infarction
or unstable ischemic attack, age
under 70 years, use of betablock-
ers and presence of sinus rhythm.
The subjects were randomized to
one of the following groups:
4 meals/week fatty fish (n = 11),
4 meals/week lean fish (n = 12)
and control diet including lean
meat (n = 10). Results The mean
(±SD) of reported fish meals per
week was 4.3 ± 0.4, 4.7 ± 1.1 and
0.6 ± 0.4 in the groups, respec-
tively. The proportions of eicosa-
pentaenoic and docosahexaenoic
acids in serum lipids increased in
the fatty fish group only
(P < 0.05). Systolic and diastolic
blood pressure levels decreased in
the lean fish group (0 vs. 8 week:
3.5 ± 3.2 and 4.6 ± 3.6%, respec-
tively, P < 0.05). Serum total tri-

glyceride concentration did not
significantly change. HDL choles-
terol concentration change dif-
fered among groups but without
significant post hoc differences.
Apolipoprotein A-1 concentration
decreased in the control group (0
vs. 8 week, P < 0.05). Coagulation
factors, 25-hydroxy vitamin D,
and heart rate variability (24 h
Holter) did not change among the
groups. Conclusions Our results
suggest that intake of lean fish at
least four times per week could
reduce blood pressure levels in
CHD patients.

j Key words fish – n-3
fatty acids – serum lipids –
blood pressure – arrhythmia –
coagulation
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Introduction

Patients with coronary heart disease (CHD) are rec-
ommended to eat at least two portions of fish weekly,
preferably fatty fish [11, 20]. Fish, especially fatty fish, is
the major dietary source of the long-chain n-3 fatty
acids, eicosapentaenoic and docosahexaenoic acids
(EPA, DHA). The intake of EPA plus DHA should be
1 g/d in subjects with CHD. This recommendation is
based on the beneficial effects of fish and fish oils on
CHD mortality and non-fatal events [43], as well as on
cardiovascular risk factors like serum triglyceride con-
centration, blood pressure, arrhythmias and inflam-
mation [7]. The hypotriglyceridemic effect has been well
documented, while the effects on blood pressure, ar-
rhythmias and inflammation have been less consistent.

Observational data suggest that the type of fish and
its preparation method affect its association with the
risk of CHD death [31]. However, studies on the ef-
fects of different types of fish in secondary prevention
of CHD are limited. Majority of the previous inter-
vention trials have focused on the effects of fish oils
rather than inclusion of fish in the diet. Moreover, the
effects of lean fish, which provides lower amounts of
EPA and DHA as compared to fatty fish, have been
less investigated [28]. However, lean fish provides
other nutrients like protein or vitamin D that can be
associated with cardiovascular risk factors [1, 14].
Total fish intake is an important source of vitamin D
providing almost half of it in the Finnish diet [23].
The effects of fish protein could be related to peptides
inhibiting angiotensin converting enzyme [41]. One
possibility is that fish in the diet substitutes foods
increasing risk of CHD (e.g. fatty meat products). Our
aim was to study the effects of at least four portions of
fatty or lean fish weekly on fatty acid profile of serum
lipids, blood pressure, serum lipids, coagulation and
heart rate variability in men and women with established

CHD. Our hypothesis is that the fatty fish and lean fish
diets will have different effects than the control diet and
furthermore the effects of lean fish will differ from that of
fatty fish due to different nutrient composition.

Methods

j Subjects

Subjects who had been in the Kuopio University Hos-
pital due to myocardial infarction (MI) or unstable
ischemic attack during the previous 3–36 months were
identified from the discharge lists, and to those without
major exclusion criteria an invitation letter to participate
in the study was sent. Altogether, 59 subjects called the
study nurse, out of which 44 were screened for eligibility
(Fig. 1). The inclusion criteria were as follows: use of
betablockers, age under 70 years, normal sinus rhythm
verified by electrocardiogram, fasting serum triglyceride
£3.5 mmol/l, fasting serum cholesterol £8 mmol/l, body
mass index (BMI) 18.5–30 kg/m2 and fasting plasma
glucose £7.0 mmol/l. Furthermore, subjects using other
antiarrhythmic medications than betablockers or psy-
chotropic drugs, or subjects with diabetes, atrial fibril-
lation, abnormal liver, thyroid or kidney function,
excessive use of alcohol or inflammatory bowel disease
were excluded. Recent (<3 months) use of fish oil sup-
plements or high habitual use of fish (‡3 meals/week)
was not allowed. Of the screened subjects, 35 subjects
were eligible for the study and were randomized to one of
the intervention groups. The subjects that were screened
but not randomized did not differ from the randomized
subjects (not randomized subjects: 3 women, 6 men,
mean (±SD) age 62 ± 8 years, BMI 26.5 ± 4.7 kg/m2,
systolic blood pressure 125 ± 13 mmHg and diastolic
blood pressure 81 ± 5 mmHg). Two of the sub-
jects dropped out from the study due to medical reasons.

44 subjects screened

12 subjects in FATTY FISH 11 subjects in CONTROL

6 were not eligible, 3 did not want to participate

1 drop out: 
medical reason

12 subjects finished11 subjects finished 10 subjects finished

1 drop out:
medical reasons

6 were not eligible, 9 did not want to partipate

35 subjects randomized

59 subjects called

12 subjects in LEAN FISH

Fig. 1 The subject flow
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The study subjects gave written consent for par-
ticipation in the study. The study plan was approved
by the Research Ethics Committee, Hospital District
of Northern Savo.

j Intervention

The duration of the intervention was 8 weeks with
measurements performed at baseline, 4 and 8 weeks.
All the subjects were instructed by a clinical nutri-
tionist to follow a diet recommended for CHD pa-
tients [33] with group specific instructions about use
of fish, fish products, meat and meat products. During
the fish diets the amount of fish was instructed to be
100–150 g/meal consumed at least four times per
week. The following fish species were advised to be
used during the FATTY FISH diet: salmon, rainbow
trout, Baltic herring, whitefish, vendace and tuna, and
during the LEAN FISH diet: pike, pike-perch, perch,
saithe and cod. Subjects in the CONTROL group were
instructed to consume meals made with lean meat
(beef or pork) or chicken without skin and less than 1
fish meal per week. In food preparation, subjects were
advised to avoid sources of saturated fat like butter
and cream. Use of fish oil supplements was not al-
lowed in any of the groups. Subjects continued to use
the medications prescribed by their physicians.

Patients’ habitual dietary intake was estimated by a
4-day food record at the baseline. Dietary compliance
was monitored by using 7-day food record performed
at weeks 3 and 7. The portion sizes were estimated
using household measures. Nutrient intake was cal-
culated using the Micro-Nutrica� dietary analysis
program (version 2.5, Finnish Social Insurance Insti-
tute, Turku, Finland). The mean (±SD) ratio of re-
ported energy intake to estimated energy expenditure
was 0.62 (±0.13) indicating lower energy intake than
the predicted one based on Schofield equations and
cut off factor (1.46) [17]. Furthermore, the subjects
kept a diary where they recorded any fish meals eaten
during the whole study period.

j Measurements

Anthropometric measurements included height and
weight. BMI was calculated. Blood samples were
drawn after a 12-h overnight fast from an antecubital
vein at screening, baseline, 4 and 8 weeks. Blood
pressure was measured twice after the subject had
rested for at least 5 min with a 1 min interval between
them in the morning (8.00–10.00 a.m.). The mean of
the two values was used in the analyses. The mea-
surements were taken by the same well-trained nurse
from the right arm in the sitting position with a cal-
ibrated mercury sphygmomanometer. Subjects filled

in a questionnaire about physical activity, use of
medications and dietary supplements at the baseline
and the end of the study.

Serum total, LDL and HDL cholesterol and triglyc-
eride were analyzed using commercial kits (981813,
981656, 981655 and 981786, respectively, Thermo Elec-
tron corporation, Vantaa, Finland) and Thermo Fisher
Konelab 20XTi Analyzer (Thermo Electron Corporation,
Vantaa, Finland). Serum apolipoprotein A1 and B and
plasma glucose were analyzed with the same analyzer
using kits 981662, 981663 and 981779, respectively.
Serum insulin was analyzed with chemiluminescent
immunoassay (ACS 180 Plus Automated Chemilumi-
nescence System, Bayer Diagnostics, Tarrytown, NY,
USA). Hemoglobin A1c levels were analyzed with cation
exchange chromatography (TOSOH HLC-723G7, Tes-
senderlo, Belgium). Plasma fibrinogen was analyzed
using Fibri-prest Automate 2 and Thrombolyzer com-
pact XR Analyzer (Behnk Electronic, Norderstedt, Ger-
many). D-dimer was analyzed with Biopool
International Autodimer 1431, Trinity Biotech, Co
Wicklow, Ireland and Konelab60i/Konelab30 Clinical
Analyzer, Thermo Electron Corporation, Vantaa, Fin-
land). Analysis of plasminogen activator inhibitor-1
(PAI-1) was performed with Stachrom PAI kit and STA
Compact Thrombolyzer Analyzer (Diagnostica Stago,
Inc, Parsippany, NJ, USA). Serum 25-hydroxy vitamin D
(25(OH)D) was analyzed using enzymeimmonoassay
(Immunodiagnostic Systems Ldt, Tyne&Wear, UK).

For the fatty acid analyses, lipids were extracted from
the serum sample with chloroform-methanol (2:1) [45].
Lipid fractions were separated with an aminopropyl
column. Fatty acids in lipid fractions were transmethy-
lated with 14% borontrifluoride in methanol at 100�C
for 1 h. Finally, fatty acid methyl esters were analyzed
with a gas-chromatograph (Hewlett-Packard 5890 series
II, Hewlett-Packard Company, Waldbronn, Germany)
equipped with FFAP-column (length 25 m, inner
diameter 2 mm and film thickness 0.3 lm, Agilent) and
helium as the carrier gas. Fatty acids are presented as
molar percentage of total fatty acids. Heptadecanoate
acid (17:0) was used as an internal standard.

Twenty-four hour ambulatory ECG-recordings
were performed using Medilog� FD4 recorders and
Oxford Medilog Exel2 analyses (Oxford Instruments
Ltd, Abingdon, UK). Semiautomated visually assisted
analysis was performed by trained nurses. Heart rate
variability was evaluated by using time domain
parameters: standard deviation of normal to normal
RR-interval (SDNN), square root of the mean of the
sum of squares of differences between adjacent
intervals (r-MSSD) and percentage of differences be-
tween adjacent RR intervals that are greater than
50 ms (pNN50%) [39]. SDNN is a global index of
heart rate variability and reflects depolarization of
sinus node as well as the long-term components and

A.T. Erkkilä et al. 321
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circadian rhythms for variability. r-MSSD and
pNN50% are parameters based on interval differences
and correspond to short-term changes in heart rate
variability.

j Statistical methods

Statistical analyses were performed with SPSS 14.0.1
(SPSS, Chicago, IL). The results are presented as
means ± SD. Normal distribution of the variables was
tested with Shapiro-Wilks test and for those variables
not complying with the assumption, logarithmic or
other arithmetic transformations were used in statis-
tical testing. Characteristics at screening among the
groups were tested with ANOVA or v2 test, when
appropriate. The effect of dietary interventions on
measured outcomes was tested using general linear
models (GLM) for repeated measurements. The post
hoc comparisons were tested using independent sam-
ples t test (between-group) and paired t tests (within-
group) with Bonferroni correction. Two-tailed P value
of <0.05 was considered as statistically significant.

Results

The mean (±SD) age of the subjects was
61.0 ± 5.8 years (Table 1). BMI did not differ among

the groups. Serum total cholesterol concentration
tended to be higher in the CONTROL group
(P = 0.09) and the number of subjects having total
cholesterol >5 mmol/l was higher in the CONTROL
group (P = 0.007). Accordingly, the LDL cholesterol
level tended to be higher in the CONTROL group
(P = 0.07), however, the prevalence of high LDL
cholesterol did not significantly differ among the
groups. There were more subjects with low HDL
cholesterol in the LEAN FISH groups (P = 0.06). The
serum triglyceride concentrations or blood pressure
levels did not significantly differ among the groups at
screening. The number of subjects with MI was higher
in the LEAN FISH group than in the other groups, but
the difference was not statistically significant. All the
subjects were using betablockers and statins, and
continued their medications throughout the study,
with the exception of one subject in the CONTROL
group who stopped using a statin. The use of medi-
cations did not differ among the groups (Table 1).

The mean reported number of fish meals was
4.3 ± 0.4, 4.7 ± 1.1 and 0.6 ± 0.4 per week in the
FATTY FISH, LEAN FISH and CONTROL groups,
respectively, during the study. Based on the food re-
cords, there were changes in the energy intake among
the groups (P = 0.05), however, the within-group
changes were not significant (Table 2). There was a
significant increase in the intake of polyunsaturated
fat and EPA + DHA in the FATTY FISH group as

Table 1 Characteristics of the sub-
jects at screening visit Variable Fatty fish (n = 11) Lean fish (n = 12) Control (n = 10) P-valuea

Sex, men/women (n) 8/3 10/2 9/1 0.58
Age (years) 62.1 ± 6.3b 60.7 ± 5.1 60.2 ± 6.4 0.75c

BMI (kg/m2) 26.8 ± 3.1 27.8 ± 2.1 27.0 ± 2.8 0.63c

Total cholesterol (mmol/l) 3.97 ± 0.57 4.09 ± 0.67 4.70 ± 1.05 0.09c

Total cholesterol >5 mmol/l (n) 0 1 5 0.007
LDL cholesterol (mmo/l) 2.07 ± 0.38 2.31 ± 0.57 2.65 ± 0.68 0.07c

LDL cholesterol >3 mmo/l (n) 0 2 3 0.16
HDL cholesterol (mmol/l) 1.53 ± 0.48 1.39 ± 0.38 1.54 ± 0.46 0.66c

HDL cholesterol <1 mmol/l (n) 0 3 0 0.06
Triglyceride (mmol/l) 1.34 ± 0.64 1.34 ± 0.78 1.78 ± 0.65 0.18c

Triglyceride >2 mmol/l (n) 1 3 4 0.26
Systolic pressure (mmHg) 124 ± 16 126 ± 11 129 ± 14 0.69c

Diastolic pressure (mmHg) 81 ± 8 84 ± 9 82 ± 8 0.70c

Myocardial infarction (n) 5 10 5 0.06
Coronary bypass surgery (n) 2 4 0 0.15
Balloon angiography (n) 8 9 9 0.58
Use of medications (n)
Betablocker (n) 11 12 10
Statin (n) 11 12 10
Aspirin (n) 10 11 8 0.66
ACE inhibitor (n) 3 6 6 0.30
Calcium antagonist (n) 3 4 2 0.78
Oral anticoagulant (n) 4 4 5 0.71
Nitrate (n) 2 4 3 0.70

av2 test
bMean ± SD
cANOVA
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compared to baseline (P = 0.05 and P = 0.003,
respectively). The variance in alcohol consumption
was high in the CONTROL group due to one subject
with higher alcohol consumption. The intake of
vitamin D tended to be higher in the FISH groups
than in the CONTROL group (P = 0.06).

The analysis of serum lipid fatty acids showed that
the proportion of c-linolenic acid in cholesteryl esters
decreased in the FATTY FISH group (Table 3). The
proportions of EPA and DHA in serum lipids were
higher in the FATTY FISH group than in the other
groups at 8 weeks (Table 3 and Fig. 2). In the LEAN
FISH and CONTROL groups, there were no significant
changes in the proportions of fatty acids in cholesteryl
esters (Table 3).

Interestingly, systolic and diastolic blood pressure
levels at 8 weeks as compared to 0 week decreased in

the LEAN FISH group (3.5 ± 3.2 and 4.6 ± 3.6%,
respectively, P < 0.05), but not in the FATTY FISH
group (Table 4). The different response among the
groups remained significant after adjustment for
changes in BMI, self-reported frequency of fitness
training, dietary sodium or alcohol intake during the
study or history of myocardial infarction. The change
in dietary sodium intake was, however, associated
with systolic blood pressure (P = 0.05) and diastolic
blood pressure (P = 0.09) in the repeated measures
GLM. The mean (95% confidence interval) changes in
systolic blood pressure (mmHg) between the time
points 0 vs. 4 weeks and 4 vs. 8 weeks were 3.5 ()0.6;
7.7) and 1.5 ()2.5; 5.5) in FATTY FISH, )2.4 ()5.7;
0.8) and )1.8 ()5.4; 1.3) in LEAN FISH and )3.9
()8.8; 1.0) and 3.3 ()2.0; 6.6) in the CONTROL group,
respectively. Concentrations of glucose, insulin,

Table 2 Nutrient intake at baseline and during the study

Fatty fish (n = 11) Lean fish (n = 12) Control (n = 10) P for intervention ·
groupb

Baseline During the studya Baseline During the studya Baseline During the studya

Energy (kJ) 6,179 ± 1,272c 6,586 ± 1,150 7,286 ± 1,902 6,738 ± 1,803 8,251 ± 3,052 7,273 ± 1,785 0.05
Protein (% energy) 17.8 ± 2.0 18.8 ± 2.9 17.8 ± 2.8 21.2 ± 1.8 18.3 ± 4.6 20.0 ± 2.1 0.28
Fat (% energy) 30.9 ± 6.4 30.8 ± 5.3 30.9 ± 4.4 26.6 ± 3.6 30.7 ± 7.0 28.9 ± 4.9 0.19
Saturated fat (% energy) 10.5 ± 3.7 9.4 ± 2.5 10.4 ± 3.4 8.0 ± 2.1 11.7 ± 3.3 10.1 ± 2.7 0.54
Monounsaturated fat (% energy) 10.8 ± 2.7 10.4 ± 2.5 10.3 ± 1.3 9.1 ± 1.6 10.1 ± 2.4 9.8 ± 1.7 0.60
Polyunsaturated fat (% energy) 5.7 ± 1.1 7.2 ± 1.1d 6.5 ± 1.4 6.4 ± 0.9 5.4 ± 2.3 5.6 ± 1.4 0.04
EPA + DHA (g/d) 0.44 ± 0.24 1.07 ± 0.41d 0.51 ± 0.71 0.44 ± 0.14 0.34 ± 0.36 0.16 ± 0.11 0.003
Cholesterol (mg/d) 163 ± 47 188 ± 53 197 ± 64 223 ± 90 228 ± 11 218 ± 31 0.40
Carbohydrates (% energy) 47.6 ± 9.2 48.3 ± 6.5 48.3 ± 4.3 49.1 ± 4.4 41.1 ± 8.4 45.2 ± 6.9 0.25
Fiber (g/d) 19.3 ± 5.8 20.6 ± 6.7 25.4 ± 9.4 24.2 ± 8.1 19.9 ± 6.3 21.8 ± 7.0 0.43
Alcohol (% energy) 3.7 ± 6.4 2.1 ± 1.8 2.9 ± 4.0 3.0 ± 3.5 9.9 ± 17.7 5.9 ± 7.9 0.56e

Sodium (g/d) 2.6 ± 0.5 2.9 ± 0.6 3.1 ± 1.1 2.9 ± 0.7 3.3 ± 1.1 3.2 ± 1.0 0.15
Vitamin D (lg/d) 8.1 ± 4.8 13.2 ± 5.3 9.8 ± 5.1 13.0 ± 5.4 8.6 ± 6.3 7.4 ± 3.4 0.06

aMean of intake at 3 and 7 weeks
bGLM
cAll values are mean ± SD
dP £ 0.05 baseline vs. during the study
eKruskal-Wallis test

Table 3 Fatty acid composition (mol%) in serum cholesteryl esters during the study

Variable Fatty fish (n = 11) Lean fish (n = 12) Control (n = 10 weeks) P for intervention ·
groupa

Baseline 8 weeks Baseline 8 weeks Baseline 8 weeks

Palmitic acid 14.3 ± 1.09b 14.7 ± 1.17 14.4 ± 0.97 13.9 ± 0.88 13.5 ± 1.17 13.8 ± 1.14 0.03
Stearic acid 1.09 ± 0.20 0.98 ± 0.20 1.04 ± 0.26 0.95 ± 0.26 1.08 ± 0.23 1.03 ± 0.25 0.80
Oleic acid 22.3 ± 2.6 21.5 ± 2.7 22.1 ± 2.1 22.4 ± 2.6 23.7 ± 2.1 23.5 ± 2.0 0.29
Linoleic acid 46.9 ± 5.5 47.3 ± 3.5 47.4 ± 3.2 47.7 ± 3.8 46.1 ± 5.9 47.5 ± 5.9 0.65
c-linolenic acid 0.85 ± 0.27 0.60 ± 0.16c 0.78 ± 0.35 0.75 ± 0.20 0.84 ± 0.35 0.81 ± 0.38 0.03
a-linolenic acid 0.66 ± 0.18 0.68 ± 0.21 0.71 ± 0.16 0.74 ± 0.17 0.76 ± 0.14 0.76 ± 0.18 0.89
Arachidonic acid 6.26 ± 1.26 5.54 ± 1.18 6.22 ± 1.44 6.35 ± 1.24 6.13 ± 1.53 5.71 ± 1.36 0.15
Eicosapentanoic acid 1.68 ± 0.47 3.05 ± 1.23c 1.52 ± 0.59 1.56 ± 0.92 1.45 ± 0.77 0.96 ± 0.39 <0.001
Docosahexaenoic acid 0.42 ± 0.13 0.54 ± 0.17c 0.44 ± 0.12 0.44 ± 0.10 0.37 ± 0.17 0.31 ± 0.11 0.02

aGLM
bAll values are means ± SD
c0 vs. 8 weeks, P < 0.05
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hemoglobin A1c, 25(OH)D, fibrinogen and PAI-1 did
not change significantly during the study. The change
in the concentration of D-dimer among the groups
was significant, however, in post hoc tests there were
no significant within or between group differences.

There were no significant differences in the con-
centrations of total and LDL cholesterol and triglyc-
erides among the groups (Table 5). The change in
HDL cholesterol concentration during the study was
different among the groups, however, in post hoc
comparisons the increase in HDL cholesterol in the
FATTY FISH group and the decrease in the CON-
TROL group were not significant. The concentration
of apolipoprotein A-1 decreased in the CONTROL
group (0 vs. 8 weeks, P < 0.05).

There were no significant changes in the heart rate
or measures of heart rate variability derived from the
24 h Holter recording (Table 6).

Discussion

The results of this pilot intervention showed that
consumption of fatty fish at least 4 meals per week
increased EPA and DHA proportions in serum lipids
at 8-weeks and that the feasibility of the diet regimen
was good. The results also showed that lean fish
consumption reduced blood pressure levels in CHD
patients using multiple medications. However, fish
intake did not significantly affect serum triglyceride,
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Fig. 2 The mean (±SD) proportions of
eicosapentaenoic (EPA) and
docosahexaenoic acids (DHA) in serum
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serum glucose and insulin, 25(OH) D, coagulation
factors and heart rate variability.

Dietary adherence was monitored by dietary re-
cords and analysis of fatty acids in serum lipid frac-
tions. The subjects were compliant to the fish eating
regimen on the basis of self-report. In addition, fatty
acids in serum lipids confirmed that. Previously, it
has been shown that serum lipid long-chain n-3 fatty
acids are a valid marker of their dietary intake [3, 19,
42].

Blood pressure levels decreased in the LEAN FISH,
but not in the FATTY FISH group. The change re-
mained significant after adjustment for dietary so-
dium intake. According to the dietary records the
sodium intake increased by 0.3 g/d in the FATTY

FISH group, but decreased by 0.2 g/d in the LEAN
FISH group. In some previous studies, reductions in
blood pressure levels have been reported after fish
intake [4, 21], although negative results have also
been published [28]. The beneficial effect of fish on
blood pressure has often been ascribed to the in-
creased intake of long-chain n-3 fatty acids. However,
the hypotensive effect of n-3 fatty acids seems to be
limited to hypertensive subjects and the reductions
occur at relatively high doses, which may explain that
in the FATTY FISH group there was no effect on
blood pressure [4, 15]. Secondly, fish protein has been
suggested to affect blood pressure levels in animals
[1]. In humans, limited data from epidemiological
studies have suggested an inverse association or no

Table 4 Clinical and biochemical characteristics during the study

Variable Fatty fish (n = 11) Lean fish (n = 12) Control (n = 10) P for
intervention ·
groupaBaseline 4 weeks 8 weeks Baseline 4 weeks 8 weeks Baseline 4 weeks 8 weeks

Weight (kg) 75.8 ± 10.1b 75.9 ± 10.1 76.0 ± 10.1 79.0 ± 8.2 79.0 ± 8.1 78.4 ± 8.0 81.0 ± 10.9 80.4 ± 11.0 80.6 ± 10.9 0.06
BMI (kg/m2) 26.7 ± 3.1 26.7 ± 3.2 26.8 ± 3.2 27.8 ± 2.1 27.8 ± 2.0 27.5 ± 1.9 27.0 ± 2.8 26.8 ± 2.9 26.9 ± 2.9 0.05
Systolic blood

pressure (mmHg)
122 ± 11 125 ± 11 127 ± 9 123 ± 10 120 ± 12 118 ± 11c 126 ± 14 122 ± 13 125 ± 15 0.01

Diastolic blood
pressure (mmHg)

80 ± 5 81 ± 6 82 ± 4 82 ± 8 80 ± 8 78 ± 7c 81 ± 8 79 ± 6 81 ± 8 0.02

Glucose (mmol/l) 6.1 ± 0.9 5.8 ± 0.5 6.1 ± 0.5 5.6 ± 0.4 5.6 ± 0.4 5.5 ± 0.4 5.7 ± 0.3 5.5 ± 0.5 5.6 ± 0.3 0.45
Insulin (mU/l) 13.8 ± 12.4 NA 12.3 ± 8.8 9.7 ± 5.1 NA 8.0 ± 3.8 12.6 ± 7.3 NA 11.0 ± 4.7 0.67
Hemoglobin A1c (%) 5.8 ± 0.3 NA 5.7 ± 0.3 5.6 ± 0.3 NA 5.5 ± 0.2 5.6 ± 0.2 NA 5.5 ± 0.3 0.99
25-hydroxy-vitamin D

(nmol/l)
124 ± 43 NA 128 ± 3 96 ± 30 NA 93 ± 25 96 ± 47 NA 79 ± 29 0.36d

Fibrinogen (g/l) 3.47 ± 0.42 NA 3.46 ± 0.47 3.67 ± 0.75 NA 3.62 ± 0.96 4.02 ± 0.72 NA 4.03 ± 0.69 0.93e

PAI-1 (AU/ml) 16.6 ± 9.4 NA 19.4 ± 7.5 23.9 ± 16.7 NA 19.3 ± 14.1 20.3 ± 13.3 NA 18.5 ± 10.3 0.12e

D-dimer, (mg/lf) 0.12 ± 0.12 NA 0.08 ± 0.07 0.11 ± 0.13 NA 0.11 ± 0.15 0.14 ± 0.17 NA 0.12 ± 0.14 0.02e

NA not measured at 4 weeks
aGLM adjusted for sex
bAll values are mean ± SD
c0 vs. 8 weeks, P < 0.05
dGLM adjusted for season
eGLM
fn = 11 in the lean fish group due to excluding an outlier

Table 5 Concentrations of serum lipids and lipoproteins during the study

Variable Fatty fish (n = 11) Lean fish (n = 12) Control (n = 10) P for
intervention ·
groupaBaseline 4 weeks 8 weeks Baseline 4 weeks 8 weeks Baseline 4 weeks 8 weeks

Total cholesterol (mmol/l) 3.77 ± 0.60b 3.78 ± 0.56 3.51 ± 0.62 3.75 ± 0.73 3.74 ± 0.62 3.71 ± 0.57 4.72 ± 0.80 4.37 ± 1.03 4.32 ± 0.77 0.29
LDL cholesterol (mmol/l) 1.88 ± 0.34 1.97 ± 0.42 1.92 ± 0.28 2.04 ± 0.61 2.09 ± 0.57 2.04 ± 0.48 2.58 ± 0.59 2.59 ± 0.84 2.47 ± 0.62 0.87
HDL cholesterol (mmol/l) 1.39 ± 0.43 1.41 ± 0.32 1.51 ± 0.44 1.29 ± 0.34 1.14 ± 0.29 1.27 ± 0.32 1.43 ± 0.48 1.37 ± 0.51 1.30 ± 0.37 0.02
Triglyceride (mmol/l) 1.26 ± 0.66 1.27 ± 0.52 1.09 ± 0.44 1.10 ± 0.64 1.27 ± 0.72 1.08 ± 0.59 1.92 ± 1.18 1.62 ± 0.77 1.66 ± 0.47 0.25
Apolipoprotein A-1 (g/l) 1.42 ± 0.32 NA 1.43 ± 0.30 1.30 ± 0.20 NA 1.30 ± 0.19 1.52 ± 0.26 NA 1.40 ± 0.23c 0.03
Apolipoprotein B (g/l) 0.76 ± 0.18 NA 0.76 ± 0.15 0.76 ± 0.19 NA 0.76 ± 0.13 1.02 ± 0.23 NA 0.95 ± 0.19 0.35

NA not measured at 4 weeks
aGLM adjusted for sex
bAll values are mean ± SD
c0 vs. 8 weeks, P < 0.05
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association between fish intake and blood pressure
[27, 35, 38], while data about the inverse association
between vegetable protein and blood pressure has
been more consistent [2]. Bioactive peptides pos-
sessing hypotensive properties by inhibition of
angiotensin converting enzyme have been identified
in several fish species [40]; however, their bioavail-
ability is less investigated [41]. Thirdly, it has been
reported that vitamin D status could be associated
with risk of hypertension [14]. Vitamin D intake in-
creased during both fish diets as could be expected,
however, no significant increases were observed in the
concentrations of serum 25(OH)D nor was change in
25(OH)D associated with change in blood pressure.

Our results on HDL cholesterol are compatible
with reports showing increased HDL cholesterol
concentration after high intake of salmon in healthy
adults and in CHD patients [21, 37]. In contrast, two
to three weekly portions of oily fish did not affect
serum HDL cholesterol concentrations [13, 28]. No
significant changes in serum triglyceride concentra-
tion were observed in our study. In previous studies,
fish as a source of EPA and DHA [21, 28, 29, 37] or
supplementation of EPA and DHA [16, 44] has low-
ered triglyceride concentrations, even in statin-trea-
ted subjects [44]. The intake of EPA + DHA was
1.07 g/d in the FATTY FISH group, which may have
been too low, since 2–4 g/d is the recommended
amount for hypotriglyceridemic purposes [18, 20].
Even more plausible explanations for the lack of sig-
nificant effect on serum triglyceride are that all the
subjects were using lipid lowering drugs and the
sample size of this pilot study was small.

The effect of long-chain n-3 fatty acids on coagu-
lation and fibrinolytic factors has not been consistent
[32]. We did not observe any significant effect of fish

intake either on fibrinogen or PAI-1 levels. Similarly,
fibrinogen concentration did not change in subjects
with MI after 6 months fish oil treatment in the GISSI-
Prevenzione trial [16]. In healthy adults, consumption
of oily or lean fish has not affected fibrinogen or PAI-
1 levels [13, 21, 28].

Marked reduction in the risk of sudden cardiac
death has been reported after long-chain n-3 fatty acid
supplementation [24] suggesting an antiarrhythmic
effect of these fatty acids. In fact, the antiarrhythmic
effect of long-chain n-3 fatty acids has been shown in
animal studies [25] and in many observational studies
[22]. However, results from clinical trials have re-
mained conflicting. Consistent with our results, use of
supplement providing EPA and DHA in a similar
range than the intake in our study (810 mg/d) did not
affect overall heart rate variability in men with MI
[34]. Reduced heart rate variability is a predictor
of arrhythmic events and mortality [39]. However,
greater dose of EPA and DHA has increased heart rate
variability in patients with MI [9] and post-MI heart
failure [36]. Positive associations between DHA in cell
membranes and heart rate variability have been re-
ported [8, 10]. Inconsistent results are suggested to be
due to different arrhythmogenic mechanisms in dif-
ferent populations [12]. To the best of our knowledge
there are no interventions on fish consumption with
regard to heart rate variability.

We did not observe any significant effect of fish
diets on heart rate. It could be that the baseline heart
rate was too low and the duration of the study too
short to observe such an effect, as suggested by a
review reporting that heart rate reduction after fish oil
supplementation is limited to subjects with high
baseline heart rate (‡69 bpm) and interventions
lasting ‡12 weeks [30].

Table 6 Heart rate and heart rate variability during the study

Variable Fatty fish (n = 11) Lean fish (n = 12) Control (n = 10) P for
intervention ·
groupaBaseline 8 weeks Baseline 8 weeks Baseline 8 weeks

Average heart rate (beats/min) 59 ± 4b 60 ± 6 62 ± 7 63 ± 8 64 ± 6 66 ± 7 0.77
Minimum heart rate (beats/min) 42 ± 2 42 ± 2 44 ± 7 45 ± 7 46 ± 5 48 ± 4 0.60
Maximum heart rate (beats/min) 108 ± 12 113 ± 17 115 ± 15 117 ± 20 113 ± 21 124 ± 21 0.67
Ventricular ectopic (VE) activity (n) 236 ± 615 296 ± 852 107 ± 203 112 ± 181 23 ± 48 8 ± 9 0.63
Supraventricular (SV) ectopic activity (n) 205 ± 566 125 ± 219 175 ± 506 125 ± 265 83 ± 179 104 ± 180 0.39
Maximum RR interval (s) 1.55 ± 0.19 1.60 ± 0.21c 1.51 ± 0.24 1.53 ± 0.37 1.42 ± 0.21 1.44 ± 0.30 0.93
SD of RR intervalsd (ms) 137 ± 33 141 ± 33c 155 ± 59 154 ± 64 137 ± 37 124 ± 30 0.74
r-MSSDe (ms) 36.9 ± 20.8 32.4 ± 9.5c 31.5 ± 15.3 30.1 ± 18.1 25.8 ± 8.1 26.5 ± 10.5 0.83
pNN50f (%) 14.8 ± 14.7 8.5 ± 5.6c 8.6 ± 7.9 8.1 ± 11.2 5.7 ± 5.4 5.1 ± 4.2 0.93

aGLM
bAll values are mean ± SD
cn = 10 due to difficulties in Holter measurement
dStandard deviation of all filtered RR intervals over the 24 h recording
eSquare root of the mean of the sum of squares of differences between adjacent intervals
fPercentage of differences between adjacent RR intervals that are greater than 50 ms
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Two major limitations could have prevented us to
observe significant effects. First, the sample size was
small. Frequent prevalence of exclusion criteria (dis-
eases, medications, older age) limited the number of
eligible subjects. Second, the use of multiple medica-
tions affecting cardiovascular risk factors could have
impeded the possible effects of fish. However, the
selected study population is important because daily
intake of 1 g long-chain n-3 fatty acids from fatty fish
is recommended in secondary prevention of CHD [11,
20] and the data from studies testing use of fish in this
population are limited [5, 6, 37]. Even though, we
cannot exclude the possibility that a longer treatment
period could have been needed, a recent study showed
that maximum levels of EPA and DHA in myocardial

phospholipids are reached already in 30 days [26],
which would imply that cellular effects could have
been achieved in the current study.

The results suggest that four meals of lean fish per
week reduce systolic and diastolic blood pressure
levels in CHD patients. We found this blood pressure
lowering effect very interesting, and it needs to be
confirmed by further studies.
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