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BACKGROUND: Fish oil intake reduces serum triglycerides; however, little is known about the ef-
fects of dietary fish intake on lipoprotein subclasses.

OBJECTIVE: We aimed at assessing the effect of fatty and lean fish intake on the lipoprotein sub-
classes in an intervention study.

METHODS: The intervention study included 33 patients with coronary heart disease, who were aged
61.0 6 5.8 (mean 6 SD) years. The subjects were randomly assigned to a fatty fish (n 5 11), lean fish
(n 5 12), or control (n 5 10) diet for 8 weeks. Fish diets included at least 4 fish meals per week. Sub-
jects in the control group consumed lean beef, pork, and chicken. Lipoprotein subclasses and their lipid
components were determined by nuclear magnetic resonance spectroscopy.

RESULTS: Concentrations of n-3 fatty acids and docosahexaenoic acid increased in the fatty fish
group. The concentrations of cholesterol, cholesterol esters, and total lipids in very large high-
density lipoproteins (HDLs) increased in the fatty fish group (overall difference P 5 .005, P 5 .002,
and P 5 .007, respectively; false discovery rate P 5 .04, P 5 .04, and P 5 .05, respectively). The
mean size of HDL particles increased in the fatty fish group (9.8 6 0.3 nm at baseline and 9.9 6
0.4 nm at end of study; overall difference P 5 .004, false discovery rate P 5 .04). The fish diets
did not affect very-low-density lipoprotein or low-density lipoprotein size.

CONCLUSION: Fatty fish intake at least 4 times per week increases HDL particle size which might
have beneficial effect in patients with coronary heart disease.
� 2014 National Lipid Association. All rights reserved.
ed June 24, 2013. Accepted for

National Lipid Association. All right
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Fatty fish contains long-chain n-3 fatty acids, namely
eicosapentaenoic and docosahexaenoic acids (EPA and
DHA), which in several studies were shown to reduce serum
triglycerides.1,2 The effect of fish oils on total, low-density
s reserved.
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Figure 1 The subject flow.
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lipoprotein (LDL), or high-density lipoprotein (HDL) cho-
lesterol has been minor.2 However, traditional lipid panels
with total lipoprotein concentrations are inadequate to
evaluate changes in multiple characteristics of the lipopro-
teins, such as those of HDL.3,4 With the use of nuclear mag-
netic resonance (NMR) spectroscopy, lipoprotein particles
of different sizes and a variety of lipid constituents in unfrac-
tionated serum and plasma can be analyzed.5–7 Knowledge
on the association between lipoprotein particles and cardio-
vascular disease (CVD) risk has deepened with the use of
the new measures; for example, in some studies large HDL
Table 1 Characteristics of the subjects at baseline of the intervent

Fatty fish (n 5 11)

Age, years, mean 6 SD 62.1 6 6.3
Sex, female/male, n/n 3/8
Body mass index (calculated as kg/m2),
mean 6 SD

26.8 6 3.1

Systolic blood pressure, mm Hg,
mean 6 SD

124 6 16

Diastolic blood pressure, mm Hg,
mean 6 SD

81 6 8

Current smoking, n 1
Use of medications, n
Use of statin†

Atorvastatin 4
Simvastatin 5
Rosuvastatin 2
Aspirin 10
ACE inhibitor 3
Calcium antagonist 3
Oral anticoagulant 4
Nitrate 2

ACE, angiotensin-converting enzyme.

*Determined by analysis of variance or c2 test.

†The doses of statins were 10–40 mg/d for atorvastatin and simvastatin a
particles have been associated with lower CVD risk, whereas
small HDL particles have been associated with higher CVD
risk.8,9 However, a recent study suggested that the average
HDL diameter does not significantly differ between young
patients with myocardial infarction and controls.10

Only few dietary interventions have reported results on
lipoprotein subclass profiles.11,12 Some studies that as-
sessed the effect of use of fish oil or DHA oil supplements
have been published.13–16 Only 1 study has previously as-
sessed the effect of fish within the context of low
saturated-fat diet on lipoprotein particles.11 We have
ion

Lean fish (n 5 12) Control (n 5 10) P value*

60.7 6 5.1 60.2 6 6.4 .58
2/10 1/9 .75
27.8 6 2.1 27.0 6 2.8 .63

126 6 11 129 6 14 .69

84 6 9 82 6 9 .70

1 2 .71

.34
7 3
5 4
0 3
11 8 .66
6 6 .30
4 2 .78
4 5 .71
4 3 .70

nd 10–20 mg/d for rosuvastatin.
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previously shown that during fatty fish intake there was a
trend toward increase in total HDL cholesterol, whereas to-
tal and LDL cholesterol and triglycerides did not change.17

The purpose of this study was to further explore the effect
of fatty and lean fish intake on serum lipids by analyzing
lipoprotein subclass profiles and serum lipid extracts by us-
ing NMR in patients with coronary heart disease (CHD).
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Methods

Subjects

The intervention has been described in detail earlier.17

Briefly, patients who had been in the Kuopio University
Hospital because of acute myocardial infarction or unstable
ischemic heart attack were asked to volunteer for the study.
Thirty-five eligible subjects entered the study and were ran-
domly assigned to a fatty fish, lean fish, or control diet
(Fig. 1). Subjects gave written consent for participation in
the study which was approved by the Research Ethics Com-
mittee of Hospital District of Northern Savo (registered in
www.clinicaltrials.gov as NCT00720655).

Study design

The fish diets included at least 4 fish meals per week. The
subjects in the fatty fish group were instructed to use salmon,
rainbow trout, Baltic herring, whitefish, vendace, and tuna,
whereas the subjects in the lean fish group used pike, pike-
perch, perch, saithe, and cod. The control diet included lean
beef, pork, or poultry and ,1 portion of fish per week. Use
of fish oil supplements was not allowed during the study or
3 months before the study. The intervention duration was
8 weeks, and 33 subjects completed the study. Subject’s
habitual dietary intakewas estimated by a 4-day food record,
and compliance was monitored with 7-day food records at
weeks 3 and 7 (consecutive predefined days). Nutrient intake
was calculated with the Micro-Nutrica dietary analysis
program version 2.5 (Finnish Social Insurance Institute,
Turku, Finland), which is based on Finnish analyses and
international food composition tables.

Lipoprotein subclass and serum lipid analysis by
NMR spectroscopy

Fasting serum samples taken at 0 and 8 weeks in the
intervention study were used for the analysis of lipoprotein
subclasses. Serum samples were frozen in 270�C until
analyzed. The details of the methodology have been
described previously,5,18 and this platform has recently
been applied in various large-scale epidemiologic and ge-
netic studies.19–22 The lipoprotein subclass data available
were as follows: chylomicrons and largest very-low-
density lipoprotein (VLDL) particles (average particle di-
ameter, at least 75 nm); 5 different VLDL subclasses:
very large VLDL (average particle diameter, 64.0 nm),

http://www.clinicaltrials.gov/
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large VLDL (average particle diameter, 53.6 nm), medium
VLDL (average particle diameter, 44.5 nm), small VLDL
(average particle diameter, 36.8 nm), and very small
VLDL (average particle diameter, 31.3 nm); intermediate-
density lipoprotein (average particle diameter, 28.6 nm);
3 LDL subclasses: large LDL (average particle diameter,
25.5 nm), medium LDL (average particle diameter,
23.0 nm), and small LDL (average particle diameter,
18.7 nm); and 4 HDL subclasses: very large HDL (average
particle diameter, 14.3 nm), large HDL (average particle di-
ameter, 12.1 nm), medium HDL (average particle diameter,
10.9 nm), and small HDL (average particle diameter,
8.7 nm). The following components of the lipoprotein par-
ticles were quantified: phospholipids, triglycerides, choles-
terol, free cholesterol, and cholesterol esters. Because of
resolution and concentration issues all of these components
are not available for every subclass.18 The mean size for
VLDL, LDL, and HDL particles was calculated by weight-
ing the corresponding subclass diameters with their particle
Figure 2 Serum lipid extracts, n-3 fatty acids (A), Docosahexaenoic a
in a fatty acid chain (D), Average fatty acid chain length (E), Ratio of
intervention. Values are means 6 SD. General linear model for repea
rate–corrected P values are shown. DHA, docosahexaenoic acid, FA, fa
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After analyzing the serum lipoproteins, lipid extraction
and the following NMR experimentation were performed as
described earlier.18

Statistical analyses

Statistical analyses were performed with SPSS 19 (IBM
SPSS Statistics, IBM Corp, Armonk, NY). The normality
of the variables were tested with Shapiro-Wilk test, and for
the variables not complying with the assumption logarith-
mic transformations were used in statistical testing. The
effect of dietary intervention on lipoprotein subclass profile
and serum lipid extracts was tested with general linear
models for repeated measurements that adjusted for age and
sex or Kruskall-Wallis test in case of skewed variables.
Benjamini-Hochberg false discovery rate (FDR) was used
to adjust results for multiple comparisons.23 FDR-adjusted
cid (B), n-3/total fatty acids (C), Average number of double bonds
bisallylic groups to total fatty acids (F) at baseline and after the
ted measurements was adjusted for sex and age; false discovery
tty acids.
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P # .05 was considered as being statistically significant. In
case of significant overall difference, the pairwise compar-
isons between the intervention groups were analyzed to
compare the within-group changes of the variables by using
analysis of variance, followed by multiple comparisons test
with Bonferroni correction.
Results

The subjects in the intervention study were aged 61.0 6
5.8 years (mean 6 SD), and all of them were using statin
and b-blocker medications (Table 1). No changes in lipid
medication use was found during the study, except in the
control group in which 1 subject stopped using atorvastatin
and 1 subject stopped atorvastatin and started simvastatin.
The types of statins did not differ among the groups. One
subject in the fatty fish group and 1 subject in the lean
fish group used ezetimibe. None of the subjects used fi-
brates or niacin.

The mean reported number of fish meals was 4.3 6 0.4,
4.76 1.1, and 0.66 0.4 per week in the fatty fish, lean fish,
and control groups, respectively, during the study. Accord-
ingly, the intake of polyunsaturated fatty acids and EPA 1
DHA increased in the fatty fish group (Table 2). The intake
of saturated and monounsaturated fat did not change signif-
icantly in the groups during the study.

As expected, concentrations of n-3 fatty acids and DHA
increased in the fatty fish group (Fig. 2). Similarly, the ratio
of n-3 fatty acids to total fatty acids increased in the fatty
Table 3 Major lipoprotein fractions and mean size of lipid particles

Fatty fish (n 5 11) Lean fish (n 5

0 Week 8 Weeks 0 Week

Serum total
cholesterol,
mmol/L

3.90 6 0.63 4.04 6 0.52 3.75 6 0.68

Cholesterol in LDL,
mmol/L

1.29 6 0.30 1.31 6 0.27 1.28 6 0.39

Cholesterol in HDL,
mmol/L

1.46 6 0.39 1.60 6 0.37†,‡ 1.36 6 0.28

Serum total
triglycerides,
mmol/L

1.12 6 0.53 0.93 6 0.40 1.03 6 0.53

Triglycerides in
VLDL, mmol/L

0.77 6 0.51 0.61 6 0.35 0.68 6 0.44

Mean particle sizes, nm
VLDL particles 36.5 6 1.9 36.0 6 1.4 36.3 6 1.2
LDL particles 23.5 6 0.3 23.5 6 0.2 23.5 6 0.2
HDL particles 9.8 6 0.3 9.9 6 0.4‡,x 9.8 6 0.2

FDR, false discovery rate; HDL, high-density lipoprotein; LDL, low-density

Values are means 6 SD.

*Determined by general linear model for repeated measurements adjusted

†P , .01 for change in fatty fish vs change in control group (Bonferroni-c

‡P , .01 for change in fatty fish vs change in lean fish group (Bonferroni

xP , .05 for change in fatty fish vs change in control group (Bonferroni-c
fish group. The average number of double bonds in fatty
acid and average length of fatty acid chain increased in
the fatty fish group. The ratio of bisallylic groups to total
fatty acids increased in the fatty fish group.

Concentration of cholesterol in all HDL particles cate-
gories, and the size of HDL particles increased in the fatty
fish group (overall difference P 5 .003 and P 5 .004, re-
spectively, in general linear models and FDR-adjusted
P 5 .04 for both) (Table 3). The mean particle size of
VLDL or LDL did not change. Serum concentrations of
cholesterol, cholesterol esters, and total lipids in very large
HDL particles increased in the fatty fish group, whereas a
decrease was found in the lean fish and control groups
(overall differences P 5 .005, P 5 .002, and P 5 .007, re-
spectively, and FDR P 5 .04, P 5 .04, and P 5 .05, respec-
tively) (Table 4). The concentrations of VLDL and LDL
subclass particles did not differ among the groups.
Discussion

We showed that fatty fish intake 4 times per week
significantly increased HDL particle size in subjects with
CHD in a controlled dietary intervention. These results are
robust because the main differences across the groups were
consistent and significant even after conservative statistics.
We are aware of only 1 previous clinical trial that assessed
the effect of fish intake on NMR lipid data that could
indirectly support our finding that fatty fish intake benefi-
cially affects HDL particle size. In that study, the National
at baseline (0 week) and after the intervention (8 weeks)

12) Control (n 5 10)

P value*
FDR
P value8 Weeks 0 Week 8 Weeks

3.76 6 0.46 4.50 6 0.59 4.26 6 0.64 .10 .27

1.32 6 0.28 1.71 6 0.28 1.55 6 0.33 .19 .35

1.28 6 0.27 1.41 6 0.43 1.34 6 0.33 .003 .04

1.02 6 0.42 1.63 6 0.92 1.45 6 0.37 .39 .47

0.68 6 0.37 1.16 6 0.83 1.04 6 0.34 .31 .40

36.1 6 1.3 37.6 6 2.1 37.7 6 1.4 .66 .70
23.6 6 0.2 23.3 6 0.3 23.4 6 0.2 .27 .40
9.7 6 0.2 9.7 6 0.4 9.7 6 0.3 .004 .04

lipoprotein; VLDL, very-low-density lipoprotein.

for sex and age.

orrected pairwise comparison).

-corrected pairwise comparison).

orrected pairwise comparison).



Table 4 Lipoprotein subclass particle concentrations at baseline (0 week) and after the intervention (8 weeks)

Fatty fish (n 5 11) Lean fish (n 5 12) Control (n 5 10)

P value*
FDR
P value0 Week 8 Weeks 0 Week 8 Weeks 0 Week 8 Weeks

Chylomicrons and largest VLDL particles, nmol/L 0.05 6 0.01 0.01 6 0.02 0.05 6 0.01 0.03 6 0.06 0.01 6 0.02 0.06 6 0.08 .28† .40
Very large VLDL, nmol/L 0.50 6 0.69 0.28 6 0.28 0.41 6 0.65 0.33 6 0.46 0.11 6 1.34 0.84 6.051 .85† .88
Large VLDL, nmol/L 3.46 6 3.65 2.14 6 1.97 2.78 6 3.29 2.51 6 2.73 6.76 6 6.66 5.69 6 2.78 .48† .53
Total lipids in large VLDL, mmol/L 0.22 6 0.23 0.14 6 0.12‡ 0.19 6 0.21 0.17 6 0.16 0.42 6 0.41 0.36 6 0.17 .02† .10
Medium VLDL, nmol/L 13.6 6 9.5 10.8 6 6.8 11.7 6 8.2 11.9 6 7.3 20.8 6 14.8 19.3 6 6.6 .30 .40
Small VLDL, nmol/L 26.3 6 9.1 24.7 6 8.8 24.9 6 9.7 26.0 6 7.7 34.7 6 13.8 33.4 6 7.2 .48 .53
Very small VLDL, nmol/L 28.9 6 5.1 27.8 6 7.2 28.5 6 6.3 30.7 6 4.1 31.2 6 7.5 31.8 6 7.1 .16 .35
IDL, nmol/L 66.3 6 11.7 65.6 6 13.7 66.6 6 11.4 69.8 6 9.7 75.9 6 14.0 73.8 6 15.0 .28 .40
Large LDL, nmol/L 112.6 6 21.1 112.2 6 20.3 111.6 6 24.4 114.9 6 19.4 138.9 6 20.5 129.8 6 23.3 .24 .40
Medium LDL, nmol/L 93.1 6 22.4 92.7 6 19.1 92.1 6 25.0 93.2 6 17.3 122.4 6 20.3 111.0 6 20.8 .29 .40
Small LDL, nmol/L 109 6 30 109 6 23 109 6 35 106 6 19 148 6 28 129 6 25 .26 .40
Very large HDL, nmol/L 303 6 226 403 6 233 284 6 145 208 6 127 303 6 266 237 6 173 .02 .10
Cholesterol in very large HDL (mmol/L) 0.21 6 0.12 0.28 6 0.11‡,x 0.21 6 0.08 0.16 6 0.06 0.25 6 0.13 0.19 6 0.08 .005 .04
Free cholesterol in very large HDL, mmol/L 0.05 6 0.03 0.07 6 0.03 0.05 6 0.03 0.04 6 0.02 0.05 6 0.04 0.04 6 0.03 .06 .21
Phospholipids in very large HDL, mmol/L 0.17 6 0.14 0.22 6 0.16 0.15 6 0.10 0.11 6 0.09 0.16 6 0.17 0.12 6 0.11 .35 .44
Cholesterol esters in very large HDL, mmol/L 0.16 6 0.08 0.21 6 0.07‡,x 0.16 6 0.05 0.13 6 0.04 0.19 6 0.09 0.15 6 0.06 .002 .04
Total lipids in very large HDL, mmol/L 0.39 6 0.26 0.51 6 0.26‡,x 0.37 6 0.17 0.28 6 0.14 0.41 6 0.30 0.32 6 0.19 .007 .05
Large HDL, nmol/L 851 6 546 1034 6 549 750 6 348 672 6 310 690 6 631 653 6 443 .18 .35
Cholesterol in large HDL, mmol/L 0.36 6 0.23 0.46 6 0.22 0.33 6 0.16 0.28 6 0.13 0.31 6 0.27 0.29 6 0.19 .06 .21
Free cholesterol in large HDL, mmol/L 0.07 6 0.06 0.09 6 0.06 0.06 6 0.04 0.05 6 0.03 0.06 6 0.06 0.05 6 0.05 .09 .27
Phospholipids in large HDL, mmol/L 0.31 6 0.19 0.36 6 0.19 0.28 6 0.12 0.25 6 0.11 0.25 6 0.22 0.24 6 0.15 .19 .35
Cholesterol esters in large HDL, mmol/L 0.30 6 0.17 0.37 6 0.17 0.27 6 0.13 0.23 6 0.10 0.26 6 0.20 0.24 6 0.15 .05 .21
Total lipids in large HDL, mmol/L 0.68 6 0.43 0.84 6 0.43 0.60 6 0.28 0.53 6 0.25 0.56 6 0.50 0.52 6 0.36 .10 .27
Medium HDL, nmol/L 1530 6 286 1399 6 307 1417 6 202 1440 6 210 1487 6 313 1478 6 230 .12 .30
Small HDL, nmol/L 4390 6 410 4250 6 450 4200 6 260 4210 6 240 4520 6 400 4480 6 360 .40 .47

FDR, false discovery rate; HDL, high-density lipoprotein; IDL, intermediate-density lipoprotein; LDL, low-density lipoprotein; VLDL, very-low-density lipoprotein.

Values are means 6 SD.

*Determined by general linear model for repeated measurements adjusted for sex and age.

†P value for comparison of change (week 8 with week 0) among the groups was tested by Kruskall-Wallis test.

‡P , .01 for change in fatty fish vs change in control group (Bonferroni-corrected pairwise comparison).

xP , .01 for change in fatty fish vs change in lean fish group (Bonferroni-corrected pairwise comparison).
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Cholesterol Education Program (NCEP) Step 2 diet with
low intake of fish reduced HDL particle size, but NCEP
Step 2 diet with high fish intake (consisting mostly of fatty
fish) did not significantly affect HDL size compared with
the average American diet.11 Of note is that the average
American diet provided more fat (35% of energy) than
the NCEP Step 2 diets (approximately 26% of energy),
which can also modify HDL concentration.

In other earlier trials, supplementation of fish oil or
DHA oil has yielded higher amounts of n-3 fatty acids than
what is typically derived from dietary fish intake. Concen-
tration of large HDL particles increased after using fish oil
(daily approximately 1.5 g of long-chain n-3 fatty acids)24

or DHA oil (daily 2–3 g of DHA).13,16 Mostad et al14 re-
ported reduced concentration of large VLDL and small
HDL particles and a tendency toward larger HDL particle
size after ingestion of fish oil that yielded daily 1.8 g of
EPA and 3.0 g of DHA. In a cross-sectional setting, higher
intake of n-3 fatty acids was associated with larger HDL
size and smaller VLDL size in Alaska Natives.25

Anti-inflammatory effects are suggested to contribute to
the beneficial effects of fatty fish.1 The atheroprotective
effect of HDL may be related to anti-inflammatory regula-
tion, and a relation between inflammation and reverse
cholesterol transport is suggested.3 The phospholipid
concentration of HDL is suggested to affect the anti-
inflammatory properties of HDL.26 The phospholipid con-
centration in very large HDL did not significantly change
in the fatty fish group; however, we have previously re-
ported decreases in ceramides, lysophosphatidylcholines,
and diacylglycerols in the fatty fish group,27 which may
be related to anti-inflammatory effects.

Serum lipid extract analyses showed increases in DHA,
n-3 fatty acids, and ratio of n-3 fatty acids to total fatty
acids in the fatty fish group. The results are consistent with
our earlier fatty acid analyses measured with gas chroma-
tography.17 With the use of similar metabolite quantifica-
tion by NMR, higher DHA has been shown to be related
to decreased risk for incident high intima-media thick-
ness.21 In addition to traditional fatty acid measurements
with the use of gas chromatography, the lipid extract anal-
yses showed changes in the average number of double
bonds and chain length, which can be anticipated on the ba-
sis of the dietary intake of EPA (20:5) and DHA (22:6). The
ratio of bisallylic groups to total fatty acids also increased
in the fatty fish group, which can indicate increased prone-
ness to oxidation.28

No significant effect on the concentration or size of LDL
particles was observed after the fish diets, which is
supported by an earlier study that showed no difference
in LDL size between high-fish and low-fish NCEP Step 2
diets.11 Fish protein has been suggested to have hypocho-
lesterolemic effects in animal models,29 whereas in humans
the effect has not been repeated.30 We did not observe sig-
nificant differences in the response of lipoprotein particles
to the lean fish diet compared with the control diet that in-
cluded lean beef, pork, and chicken.
Small sample size is a limitation of our study. However,
the number of subjects in the intervention study is compa-
rable with some earlier studies.11,14 The duration of the
study was 8 weeks. Further study will be needed to deter-
mine the long-term effect of fish intake on lipoprotein par-
ticles and the effects in other populations. The subjects in
the intervention study were using multiple medications as
part of their regular CHD treatment, and all of them used
statins and b-blockers. Possible confounding of the associ-
ations due to medications cannot be excluded because stat-
ins have been shown to increase HDL particle size.31 In our
study, however, the compositional changes in HDL and par-
ticle size were independent of statin use. Similarly, it has
been reported earlier that lipoprotein particle changes
caused by lifestyle intervention were independent of
lipid-lowering medication use.32
Conclusion

Our results suggest that consumption of fatty fish at least
4 times per week has beneficial effects on HDL particle
size. HDL modification might be related to its anti-
inflammatory properties.
Acknowledgment

We thank Jussi Paananen, PhD, for statistical advice.
Financial disclosures

The study was supported by Sigrid Juselius Foundation,
TEKES (Tekes-Kanada grant 40058/07), the EVO fund of
the Kuopio University Hospital 5254 from Ministry of
Health and Social Affairs, and the Academy of Finland
(Centre of Excellence 118590, 131593 to V.D.deM.,
137870 to P.S., the Responding to Public Health Challenges
Research Programme grant 129429 to M.A.-K.). This work
was also supported by the Finnish Foundation for Cardio-
vascular Research (M.A.-K.), the Strategic Research Fund-
ing from the University of Oulu (M.A.-K.), and the Jenny
and Antti Wihuri Foundation (A.J.K.). None of the authors
had a conflict of interest.
References

1. Mozaffarian D, Wu JH. Omega-3 fatty acids and cardiovascular dis-

ease: effects on risk factors, molecular pathways, and clinical events.

J Am Coll Cardiol. 2011;58:2047–2067.

2. Balk EM, Lichtenstein AH, Chung M, Kupelnick B, Chew P, Lau J.

Effects of omega-3 fatty acids on serum markers of cardiovascular dis-

ease risk: a systematic review. Atherosclerosis. 2006;189:19–30.

3. Haas MJ, Mooradian AD. Inflammation, high-density lipoprotein and

cardiovascular dysfunction. Curr Opin Infect Dis. 2011;24:265–272.

4. S€aemann MD, Poglitsch M, Kopecky C, Haidinger M, Hoerl WH,

Weichhart T. The versatility of HDL: a crucial anti-inflammatory reg-

ulator. Eur J Clin Invest. 2010;40:1131–1143.

http://refhub.elsevier.com/S1933-2874(13)00296-1/sref1
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref1
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref1
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref2
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref2
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref2
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref3
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref3
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref4
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref4
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref4
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref4


Erkkil€a et al Lipoprotein subclasses and fish intake 133
5. Soininen P, Kangas AJ, Wurtz P, et al. High-throughput serum NMR

metabonomics for cost-effective holistic studies on systemic metabo-

lism. Analyst. 2009;134:1781–1785.

6. Otvos JD. Measurement of lipoprotein subclass profiles by nuclear

magnetic resonance spectroscopy. Clin Lab. 2002;48:171–180.

7. Ala-Korpela M, Soininen P, Savolainen MJ. Letter by Ala-Korpela

et al regarding article, ‘‘Lipoprotein particle profiles by nuclear mag-

netic resonance compared with standard lipids and apolipoproteins in

predicting incident cardiovascular disease in women’’. Circulation.

2009;120:E149.

8. El Harchaoui K, Arsenault BJ, Franssen R, et al. High-density lipopro-

tein particle size and concentration and coronary risk. Ann Intern Med.

2009;150:84–93.

9. Mora S, Otvos JD, Rifai N, Rosenson RS, Buring JE, Ridker PM. Lip-

oprotein particle profiles by nuclear magnetic resonance compared

with standard lipids and apolipoproteins in predicting incident cardio-

vascular disease in women. Circulation. 2009;119:931–939.

10. Kavo AE, Rallidis LS, Sakellaropoulos GC, et al. Qualitative charac-

teristics of HDL in young patients of an acute myocardial infarction.

Atherosclerosis. 2012;220:257–264.

11. Li Z, Lamon-Fava S, Otvos J, et al. Fish consumption shifts lipopro-

tein subfractions to a less atherogenic pattern in humans. J Nutr.

2004;134:1724–1728.

12. Perez-Martinez P, Ordovas JM, Garcia-Rios A, et al. Consumption of

diets with different type of fat influences triacylglycerols-rich lipopro-

teins particle number and size during the postprandial state. Nutr

Metab Cardiovasc Dis. 2011;21:39–45.

13. Neff LM, Culiner J, Cunningham-Rundles S, et al. Algal docosahex-

aenoic acid affects plasma lipoprotein particle size distribution in

overweight and obese adults. J Nutr. 2011;141:207–213.

14. Mostad IL, Bjerve KS, Lydersen S, Grill V. Effects of marine n-3 fatty

acid supplementation on lipoprotein subclasses measured by nuclear

magnetic resonance in subjects with type II diabetes. Eur J Clin

Nutr. 2008;62:419–429.

15. Burdge GC, Powell J, Dadd T, Talbot D, Civil J, Calder PC. Acute

consumption of fish oil improves postprandial VLDL profiles in

healthy men aged 50-65 years. Br J Nutr. 2009;102:160–165.

16. Kelley DS, Siegel D, Vemuri M, Mackey BE. Docosahexaenoic acid

supplementation improves fasting and postprandial lipid profiles in hy-

pertriglyceridemic men. Am J Clin Nutr. 2007;86:324–333.

17. Erkkil€a A, Schwab U, de Mello V, et al. Effects of fatty and lean fish

intake on blood pressure in subjects with coronary heart disease using

multiple medications. Eur J Nutr. 2008;47:319–328.

18. Inouye M, Kettunen J, Soininen P, et al. Metabonomic, transcrip-

tomic, and genomic variation of a population cohort. Mol Syst

Biol. 2010;6:441.
19. Tukiainen T, Kettunen J, Kangas AJ, et al. Detailed metabolic and ge-

netic characterization reveals new associations for 30 known lipid loci.

Hum Mol Genet. 2012;21:1444–1455.

20. Stancakova A, Paananen J, Soininen P, et al. Effects of 34 risk loci for

type 2 diabetes or hyperglycemia on lipoprotein subclasses and their

composition in 6,580 nondiabetic Finnish men. Diabetes. 2011;60:

1608–1616.

21. W€urtz P, Raiko JR, Magnussen CG, et al. High-throughput quantifica-

tion of circulating metabolites improves prediction of subclinical ath-

erosclerosis. Eur Heart J. 2012;33:2307–2316.

22. Chambers JC, Zhang W, Sehmi J, et al. Genome-wide association

study identifies loci influencing concentrations of liver enzymes in

plasma. Nat Genet. 2011;43:1131–1138.

23. Benjamini Y, Hochberg Y. Controlling the false discovery rate - a

practical and powerful approach to multiple testing. J R Statist Soc

B. 1995;57:289–300.

24. de Roos B, Geelen A, Ross K, et al. Identification of potential serum

biomarkers of inflammation and lipid modulation that are altered by

fish oil supplementation in healthy volunteers. Proteomics. 2008;8:

1965–1974.

25. Annuzzi G, Rivellese AA, Wang H, et al. Lipoprotein subfractions

and dietary intake of n23 fatty acid: the Genetics of Coronary Artery

Disease in Alaska Natives study. Am J Clin Nutr. 2012;95:

1315–1322.

26. Camont L, Chapman MJ, Kontush A. Biological activities of HDL

subpopulations and their relevance to cardiovascular disease. Trends

Mol Med. 2011;17:594–603.

27. Lankinen M, Schwab U, Erkkil€a A, et al. Fatty fish intake decreases

lipids related to inflammation and insulin signaling–a lipidomics ap-

proach. PLoS One. 2009;4:e5258.

28. Bylund J, Kunz T, Valmsen K, Oliw EH. Cytochromes P450 with bi-

sallylic hydroxylation activity on arachidonic and linoleic acids stud-

ied with human recombinant enzymes and with human and rat liver

microsomes. J Pharmacol Exp Ther. 1998;284:51–60.

29. Hosomi R, Fukunaga K, Arai H, Kanda S, Nishiyama T, Yoshida M.

Fish protein decreases serum cholesterol in rats by inhibition of cho-

lesterol and bile acid absorption. J Food Sci. 2011;76:H116–H121.

30. Ouellet V, Weisnagel SJ, Marois J, et al. Dietary cod protein reduces

plasma C-reactive protein in insulin-resistant men and women. J Nutr.

2008;138:2386–2391.

31. Asztalos BF, Le Maulf F, Dallal GE, et al. Comparison of the effects of

high doses of rosuvastatin versus atorvastatin on the subpopulations of

high-density lipoproteins. Am J Cardiol. 2007;99:681–685.

32. Decewicz DJ, Neatrour DM, Burke A, et al. Effects of cardiovascular

lifestyle change on lipoprotein subclass profiles defined by nuclear

magnetic resonance spectroscopy. Lipids Health Dis. 2009;8:26.

http://refhub.elsevier.com/S1933-2874(13)00296-1/sref5
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref5
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref5
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref6
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref6
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref7
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref7
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref7
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref7
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref7
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref8
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref8
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref8
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref9
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref9
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref9
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref9
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref10
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref10
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref10
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref11
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref11
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref11
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref12
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref12
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref12
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref12
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref13
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref13
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref13
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref14
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref14
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref14
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref14
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref15
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref15
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref15
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref16
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref16
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref16
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref17
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref17
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref17
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref17
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref18
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref18
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref18
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref19
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref19
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref19
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref20
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref20
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref20
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref20
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref21
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref21
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref21
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref21
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref22
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref22
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref22
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref23
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref23
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref23
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref24
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref24
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref24
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref24
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref25
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref25
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref25
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref25
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref25
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref26
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref26
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref26
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref27
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref27
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref27
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref27
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref28
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref28
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref28
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref28
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref29
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref29
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref29
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref30
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref30
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref30
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref31
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref31
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref31
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref32
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref32
http://refhub.elsevier.com/S1933-2874(13)00296-1/sref32

	Effect of fatty and lean fish intake on lipoprotein subclasses in subjects with coronary heart disease: A controlled trial
	Methods
	Subjects
	Study design
	Lipoprotein subclass and serum lipid analysis by NMR spectroscopy
	Statistical analyses

	Results
	Discussion
	Conclusion
	Acknowledgements
	Financial disclosures
	References


