Population Intake of Omega-3 Fatty Acids in the United States

The mgor source of omega-3 fatty acids is dietary intake of fish, fish ail, vegetable oils
(principally canola and soybean), some nuts including walnuts, and dietary supplements. Two
population-based surveys, the third National Health and Nutrition Examination (NHANES I11)
1988-94 and the Cortinuing Food Survey of Intakes by Individuals 1994-98 (CSFII) surveys, are
the main source of dietary intake data for the U.S. population. NHANES 111 collected
information on the U.S. population aged =2 months. Mexican Americans and non-Hispanic
AfricanrAmericans, children =5 years old, and adults = 60 years old were over-sampled to
produce more precise estimates for these population groups. There were no imputations for
missing 24-hour dietary recall data. A total of 29,105 participants had complete and reliable
dietary recall. Complete descriptions of the methods used and fuller analyses are available in the
report Effects of Omega-3 Fatty Acids on Cardiovascular Disease, under “Methods: Method to
Assess the Dietary Intake of Omega- 3 Fatty Acids in the US population” and “ Results:
Population Intake of Omega- 3 Fatty Acidsin the United States’. CSFII 1994-96, popularly
known as the What We Eat in America survey, addressed the requirements of the National
Nutrition Monitoring and Related Research Act of 1990 (Public Law 101-445) for continuous
monitoring of the dietary status of the American population. In CSFII 1994-96, an improved
data-collection method known as the multiple-pass approach for the 24-hour recall was used.
Given the large variation in intake from day-to-day, multiple 24-hours recalls are considered to
be the best suited for most nutrition monitoring and will produce stable estimates of mean
nutrient intakes from groups of individuals °. In 1998, the Supplemental Children’s Survey, a
survey of food and nutrient intake by children under age of 10, was conducted as the supplement
to the CSFIl 1994-96. The CSFII 1994-96, 1998 surveyed 20,607 people of all ages with over-
sampling of lowincome population (<130% of the poverty threshold). Dietary intake data by
individuals of all ages were collected over 2 nonconsecutive days by use of two 1-day dietary
recalls.

Table 1.1 reports the NHANES 111 survey mean intake + the standard error of the mean
(SEM), as well as, the median and range for each omega-3 fatty acid. Distributions of EPA,
DPA, and DHA were very skewed; therefore, the means and standard errors of the means should
be used and interpreted with caution. Table 1.2 reports the CSFII survey mean and median
intakes for each omega-3 fatty acid, along with SEMs, as reported in Dietary Reference Intakes
by the Institute of Medicine 2.

Table 1.1 Estimates of the meantstandard error of the mean (SEM) intake of linoleic acid (LA), alpha-
linolenic acid (ALA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) in the United States
population, based on analyses of a single 24-hour dietary recall of NHANES Il data

Grams/day % Kcal/day
Mean+SEM Median (range) ? Mean+SEM Median (range) ?
LA (18:2 n-6) 14.130.2 9.9 (0-168) 5.79:0.05 5.30 (0- 39.4)
ALA (18:3 n-3) 1.33+0.02 0.90 (0- 17) 0.55+0.004 0.48 (0 - 4.98)
EPA (205 n-3) 0.04+0.003 0.00 (0- 4.1) 0.02+0.001 0.00 (0-0.61)
DHA (22:6 n-3) 0.07+0.004 0.00 (0 - 7.8) 0.03+0.002 0.00 (0 -2.86)

a Thedistributions are not adjusted for the over-sampling of Mexican Americans, non-Hispanic African-Americans, children
=5 yearsold, and adults = 60 years old in the NHANES |11 dataset.




Table 1.2 Mean, range, median, and standard error of the mean (SEM) of usual daily intakes of linoleic acid
(LA), total omega-3 fatty acids (n-3 FA), alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA),
docosapentaenoic acid (DPA) and docosahexaenoic acid (DHA) in the US population, based on CSFIl data
(1994-1996, 1998)

Grams/day

Mean+SEM Median+SEM
LA (18:2 n-6) 13.0+0.1 12.0+0.1
Total n-3 FA 1.40+0.01 1.30+0.01
ALA (18:3n-3) 1.30+0.01 1.21+0.01
EPA (20:5 n-3) 0.028 0.004
DPA (22:5n-3) 0.013 0.005
DHA (22:6 n-3) 0.057+0.018 0.046+0.013

Dietary Sources of Omega-3 Fatty Acids

Omega- 3 fatty acids can be found in many different sources of food, including fish, shellfish,
some nuts, and various plant oils. Table 1.3 lists the amount of omega- 3 fatty acids in some
commonly consumed fish, shellfish, nuts, and edible oils, selected from the USDA website
http://www.nal .usda.gov/fnic/foodcomp (accessed November 3, 2003; Finfish and Shellfish
Products: sr16fgl15.pdf; Fats and Oils: sr16fg04.pdf; and Nut and Seed Products: sr16fg12.pdf) °

Relationship of Dietary Fat and Cardiovascular Disease

Numerous studies have examined the relationship between dietary fat and CVD. Early
epidemiology studies noted very low cardiovascular mortality among the Greenland Inuit as
compared to mainland Danes, even though both had very high fat diets 1. Studies in other
populations with high fish intake, including South Pacific Islanders, Japanese, and people from
the Mediterranean region, also generally found alow prevalence of CVD despite a prevalence of
other risk factors, such as hypertension, similar to that found in other populations **. However,
some epidemiological studies reached the opposite conclusion. The Seven Countries Study, for
example, found that coronary heart disease mortality wes highest in Eastern Finland, where
average fish intake was 60 g per day *°. This finding may in part be due to a positive association
between fish consumption and both cigarette smoking and cholesterol levelsin Finland; an
association not seen in other countries.

The apparent paradox of low levels of CVD in people with high fat diets was explained by
the high consumption of marine sources of very long chain, highly polyunsaturated omega-3
fatty acids *°. Since these early studies, hundreds of observational and clinical trials have been
conducted to analyze the effect of both marine and plant sources of omega-3 fatty acids on CVD
and awide range of CVD risk factors and intermediate markers of CVD, and to define and
explain the potential benefits of increased intake of the omega-3 fatty acids.



Table 1.3 The omega-3 fatty acid content, in grams per 100 g food serving, of a representative sample of
commonly consumed fish, shellfish, and fish oils, and nuts and seeds, and plant oils that contain at least 5 g
omega-3 fatty acids per 100 g (from USDA website http://www.nal.usda.gov/fnic/foodcomp, 2003).

Food item EPA DHA ALA | Food item EPA DHA ALA
Fish (Raw %) Fish, continued

Anchovy, European

Bass, Freshwater, Mixed Sp.
Bass, Striped

Bluefish

Carp

Catfish, Channel

Cod, Atlantic

Cod, Pacific

Eel, Mixed Sp.

Flounder & Sole Sp.
Grouper, Mixed Sp.
Haddock

Halibut, Atlantic and Pacific
Halibut, Greenland
Herring, Atlantic

Herring, Pacific

Mackerel, Atlantic
Mackerel, Pacific and Jack
Mullet, Striped

Ocean Perch, Atlantic
Pike, Northern

Pike, Walleye

Pollock, Atlantic

Pompano, Florida
Roughy, Orange

Salmon, Atlantic, Farmed
Salmon, Atlantic, Wild
Salmon, Chinook

Salmon, Chinook, Smoked b
Salmon, Chum

Salmon, Coho, Farmed
Salmon, Coho, Wild
Salmon, Pink

Salmon, Pink, Canned °
Salmon, Sockeye

Sardine, Atlantic, Canned in Oil d
Seabass, Mixed Sp.
Seatrout, Mixed Sp.

Shad, American

Shark, Mixed Sp.
Snapper, Mixed Sp.
Swordfish

Trout, Mixed Sp.

Trout, Rainbow, Farmed
Trout, Rainbow, Wild
Tuna, Fresh, Bluefin
Tuna, Fresh, Skipjack

0.6
0.2
0.2
0.2
0.2
trace
trace
trace
trace
trace
trace
trace
trace
0.5
0.7
1.0
0.9
0.6
0.2
trace
trace
trace
trace
0.2
trace
0.6
0.3
1.0
0.2
0.2
0.4
0.4
0.4
0.9
0.6
0.5
0.2
0.2
11
0.3
trace
0.1
0.2
0.3
0.2
0.3
trace

0.9
0.4
0.6
0.5
0.1
0.2
0.1
0.1
trace
0.1
0.2
0.1
0.3
0.4
0.9
0.7
14
0.9
0.1
0.2
trace
0.2
0.4
0.4
1.3
11
0.9
0.3
0.4
0.8
0.7
0.6
0.8
0.7
0.5
0.4
0.2
13
0.5
0.3
0.5
0.5
0.7
0.4
0.9
0.2

0.1
trace
0.3
0.1
trace
trace
0.4
trace
trace
trace
trace
trace
0.1
trace
0.2
trace
trace
trace
trace
trace

trace

trace
0.3

trace

trace
trace
0.2
trace
trace
trace
05

trace
0.2
trace
trace
0.2
0.2
trace
0.1

Tuna, Fresh, Yellowfin

Tuna, Light, Canned in Oil ©
Tuna, Light, Canned in Water ©
Tuna, White, Canned in Oil ©
Tuna, White, Canned in Water °
Whitefish, Mixed Sp.

Whitefish, Mixed Sp., Smoked
Wolffish, Atlantic

Shellfish (Raw)
Abalone, Mixed Sp.

Clam, Mixed Sp.

Crab, Blue

Crayfish, Mixed Sp., Farmed
Lobster, Northern
Mussel, Blue

Oyster, Eastern, Farmed
Oyster, Eastern, Wild
Oyster, Pacific

Scallop, Mixed Sp.
Shrimp, Mixed Sp.
Squid, Mixed Sp.

Fish Oils

Cod Liver QOil
Herring Oil
Menhaden Oil
Salmon Qil
Sardine Oil

Nuts and Seeds
Butternuts, Dried
Flaxseed

Walnuts, English

Plant Oils

Canola (Rapeseed)
Flaxseed Oil
Soybean Lecithin Oil
Soybean Oil

Walnut Oil
Wheatgerm Oil

trace
trace
trace
trace
0.2
0.3
trace
0.4

trace
trace
0.2
trace
0.2
0.2
0.3
0.4
trace
0.3
0.1

6.9
6.3
13.2
13.0
10.1

0.2
0.1
0.2
0.2
0.6
0.9
0.2
0.3

trace
0.2
0.1

11.0
4.2
8.6

18.2

10.7

trace
trace
trace
0.2
trace
0.2

trace

trace

trace
trace
trace
trace
trace
trace
trace

0.9
0.8
15
11
13

8.7
18.1
9.1

9.3
53.3
51
6.8
104
6.9

trace = <0.1; - = 0 or no data; Sp. = species.

Except as indicated.

Lox.

Solids with bone and liquid.
Drained solids with bone.
Drained solids.
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Table 3.1 Numbers of studies of omega-3 fatty acids and cardiovascular risk factors

Total Studies

Total

CVD Risk Factor Meeting Minimum Randomized Ellg'b:'ty Cr!teg‘la for Analy_zed
L . . nalysis Studies
Eligibility Criteria Studies
Lipids 182° 108 RCT 2 60 Xover 2 40 25
Total Cholesterol 169 98 RCT =260 Xover =40 23
Low Density Lipoprotein 119 70 RCT =260 Xover = 40 15
High Density Lipoprotein 141 81 RCT =60 Xover = 40 19
Triglycerides 164 100 RCT = 60 Xover 2 40 19
Lipoprotein (a) 23 14 RCT =5 Xover =25 14
Apolipoprotein A-1 61 37 RCT = 20 Xover = 15 27
Apolipoprotein B 52 29 RCT = 20 Xover =2 10 25
Apolipoprotein B-100 11 10 RCT =25 Xover =5 10
Blood pressure 103 71 RCT =215DM Xover =10 DM 6°
Hemoglobin A, 32 22 RCT =10 Xover =2 10 18
Blood sugar, fasting 57 34 RCT =225 Xover = 15 17
Fasting insulin 21 15 RCT =5 Xover =25 15
C-reactive protein 5 4 All 5
Fibrinogen 59 34 RCT 215 Xover 2 10 24
Factor VIl 40 25 RCT =215 Xover =2 10 19
Factor VIiI 13 5 RCT =5 Xover =25 5
von Willebrand factor 20 9 RCT =5 Xover =25 9
Platelet aggregation 84 39 RCT =15 Xover =10 11¢
Coronary arteriography 17 14 RCT =5 Xover =25 12°¢
Carotid intima-media thickness 4 1 All 4
Exercise tolerance test 6 3 All 6
Heart rate variability 3 2 All 3
Sub-Total f 327 197 123
Risk Factors Not Analyzed
Apolipoprotein C-lli 3 1
Remnant-like particles 2 0
Free fatty acids or 7 5
Non-esterified fatty acids
Diabetes incidence 1 0
Microalbuminuria 4 3
Homocysteine 4 2
Factor Xll 4 1
Bleeding time 48 21
Interleukin 6 2 1
VCAM-1 ¢ 2 1
Creatine kinase 5 4
Echocardiography 1 1
Endothelial function 11 8
ECG parameters 4 3
Heart rate, resting 23 16
Ankle brachial index 1 1
Total 346

(Analyzed and not analyzed)

a  RCT >, minimum number of subjects in a parallel randomized controlled trial; Xover >, minimum number of subjects in a
cross-over study; DM = diabetes mellitus.

b  Minimum of 20 subjects consuming omega-3 fatty acids.

¢ We analyzed only studies of diabetic patients.
d  We analyzed only studies with platelet aggregation data reported in text or table. We did not analyze studies that reported

outcomes only in figures.

e  We analyzed only studies that reported the number (or percent) of patients who had restenosis.
f  Individual study numbers do not add up to totals because many articles reported more than 1 outcome.

g  Vascular cell adhesion molecule 1
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Lipids: Total Cholesterol
(Table 3.2)

Abnormal levels of serum lipids, primarily low density lipoprotein (LDL), high density
lipoprotein (HDL), and triglycerides (Tg) have long been recognized as risk factors for CVD. Of
interest is whether consuming omega-3 fatty acids as part of a therapeutic lifestyle change would
improve lipid levels, or at least would not be detrimental. Recent National Cholesterol Education
Program (NCEP) guidelines recommend a goal for fasting total cholesterol of less than 200
mg/dL in all adults, with lower levels recommended for people at elevated risk for CVD,
including diabetics, smokers, people with hypertension or a family history of premature CVD, or
who are beyond middle age *.

Lipid levels are the most commonly measured CVD risk factor in trials of omega-3 fatty acid
consumption. We found 182 studies that met eligibility criteria and reported data on the effect of
omega-3 fatty acids on lipid levels in at least 20 subjects (See Table 3.1). Of these, we analyzed
the 25 randomized trials with lipid data for at least 60 subjects in parallel trials and 40 subjects in
crossover trials who consumed omega-3 fatty acids. It is important to note that because we
analyzed only the largest randomized trials, we did not capture many smaller studies of diabetic
patients.

Among these studies, 169 reported data on total cholesterol levels. We analyzed the 23
largest randomized trials.

Table 3.2 Effects of omega-3 fatty acids on total cholesterol (mg/dL) in randomized trials
(6 weeks to 2 years)

Omega-3 Fatty Acid Arm * Control Results ° Quality © >
- — o
» o2 2
Author, Year S § 8% o
N Source gld N Source |Base NetA P 3 e 8 Y =
I
DHA/EPA Oils
Cairns, 1996 325 Fish oil ED 5.4|328 Cornoil | 227 -3 NS B 3 ) CVD i
Bonaa, 1992 71 Fish oil ED 5.1| 74 Corn oil | 251 +2 NS | B 4 Un DysLip |
Lungershausen, 1994 |42 © Fish oil ED 4.9|42 ¢ Corn oil | 221 +2 NS | B 3 Un CVvD 1l
Bairati, 1992b 66 Fish oil ED 4.5| 59 Olive oil| 240 -1 NS B 5 Un CVD i
oo _ f
Grimsgaard, 1997 75 Purfied EPA__E 381 77 comoil 2010 0041 s 5 yn  GEN |
72 Purified DHA D 3.7 232 -3 NS
Nilsen, 2001 °© 75 Fish oil ED 3.4| 75 Cornoil| 214 +9 NS B 3 Un CvD I
Eritsland, 1995b 260 Fish ail ED 3.3|/251 Nooil | 252 -2 NS B 2 Ad CVD I
38 Cod liver all ED 3.3 319 -19 NS
Brox, 2001 h 37 Nooil C 1 U DysLip |
rox 37 Seal o ED 2.6 °°%" 1308 0 Ns N DYSHP
Franzen, 1993 92 Fish oil ED 3.1/83" Olive | 219 +2 nd C 5 Ad CVD |l
26 Cod liver oil ED 3.1 203 +1 NS
27 Seal/Cod ol ED 2.8 . 204 +9 NS
Osterud, 1995 27 Seal oil ED 24 28 Nooil 199 +2 NS B 2 Un GEN |
26 Whale oil ED 1.7 197 +10 NS
Leigh-Firbank, 2002 55 ¢ Fish oil ED 3.0(55 ¢ Olive oil | 255 -2 NS B 3 Un DysLip |
Sacks, 1994 60! Fish oil ED 2.4|66’' Olive oil| 190 +4 NS C 3 Un GEN |

Continued
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Table 3.2 Effects of omega-3 fatty acids on total cholesterol (mg/dL) in randomized trials (continued)

Omega-3 Fatty Acid Arm *°

Control Results ° Quality ° >
©
©
Author, o 9%’ =
Q Q
Year N Source g/d N Source |Base NetA P g 2 §g =2
Q o o = =
< S <
DHAJ/EPA Qils (continued)
Sirtori, 1998 | 459 Fish oil ED 1.7% | 450 Oliveoil 234" -1 NS | B 4 Ad rii:% |
\1/33980hacky, 89" Fish oil ED 1.7° | 86P Plantoil 1237 +6 NS | C 5 Ad CVD Il
2836 Fish oil 2828 No oil 210 +2
GISSI, 1999 5830 Fish oil ED 09 [5830 VitaminE | 211  +4 NS | B 3 Un CVD I
Leng, 1998 | 37 " Fish oil ED 0.045°| 36" S“”I)'i?""er 233 +2 NS | C 4 Ad CVD Il
Plant Oils
u u + EN
Natvig, 1968 1222 | inseed oil A -5 (316" Sunfower) 246 +1 NS o, o, GENI
47" 51" oil 250 +5 NS DM ¥ 1l
?ggéhgre‘””k' 100 Linseed oil A ~5 | 100 Comoil | 289 +13 nd | C 2 un cvD
Fish and Mediterranean Diets
VD
Singh, 2002 | 499 Indo-Mediterranean T 1.8 501 NCEPI* | 221 -20 <.0001| C 2 Un rci:skym
19 Fish (3.8/week) ED 0.9 176 -8 nd
Hanninen, 22 Fish (2.3/week) ED 0.5 0.4 157 +2 nd
1989 21 Fish (1.5/week) ED 0.4 18 Fishiweek | 158 -7 nda | B 2 Un GENIN
20 Fish (0.9/week) ED 0.2 170 +3 nd
. . =
de Lorgeril, |47,z Mediterranean/ = 08% |1qaaa pooyiar (240 -1 NS | C 2 Un CVD I
1994 Canola margarine Kcal
Combinations
Fish oil & dd
17 Fish diet * ED 5.2 Olive/Palm +7 NS
16 Fish oil ED 42 Safflower +19% NS
i ™ & 18
Mori, 1994 | 17 Fishdiet ED 3.0 40%fat |235° +13% NS | B 2 Un CVD Il
Placebo oil diet
17 Fish oil ED 2.1 +21% <05
Fish diet ®° & Qil dd
1 ED 3. 17 N
8 Placebo oil 3.0 30% fat +1 S
31 E:zﬂg::marga””e’ ED 17 212 +14 NS
Finnegan, - - - Sunflower .
2003 30 ESh oil mda/[garlned ED 0.8 margarine 211 +4 NS A 4 Un DysLip |
3o napeseediLinseed 5 45 217  +2 NS
margarine
nd = no data

a A=ALA; D=DHA; E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and

dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.
d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.
e  Cross-over study.
f  P=.04 for difference in effect of EPA and DHA.
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Only subjects who did not change statin treatment are included here.

Data missing from article provided by study author.

Maximum. Total analyzed was 172, not 175 (92+83).

84 at baseline.

2.6 g/day for first 2 months, then 1.7 g/day for 4 months.

Estimate from graph.

Dyslipidemia and one or more of: hypertension, diabetes, or glucose intolerance.
111 at baseline.

3.4 g/day for first 3 months, then 1.7 g/day for 21 months.

112 at baseline.

Plus vitamin E 300 mg.

Baseline data based on N=52.

Plus 280 mg gamma linolenic acid (omega-6 fatty acid).

Baseline data based on N=50.

33 missing data for one or both tests.

7 missing data for one or both tests.

Sub-analysis.

National Cholesterol Education Program step I prudent diet.

One or more of: hypercholesterolemia, hypertension, diabetes, angina pectoris or myocardial infarction.
Baseline data based on 289 subjects.

aa Baseline data based on 295 subjects.

bb Omega-3 fatty acid from fish diet is approximate, assuming that each of 4 different fish was consumed equally.
cc  Mean baseline value for all subjects combined.

dd Estimated from graph.

N<WXg<ernmooosgCR"""50r

Overall Effect 48:49:52:53,60-78

Across the 23 studies there was a wide range of effects of omega-3 fatty acids on total
cholesterol, although in most studies the net effect was small and generally of an increase in total
cholesterol. Most studies found net increases of between 0% and 6% (approximately O to 14
mg/dL). Only 3 studies found that the changes in total cholesterol in subjects on omega-3 fatty
acids were significantly different than control. Notably, the directions of the treatment effects
were not consistent across these studies.

Sub-populations

Only 5 of the studies included generally healthy subjects, 3 of which were all male®®®”"2. Net
effects were generally small but inconsistent in direction. Most of the studies included subjects
with a variety of types of CVD. There was no clear consistent effect among the 12 studies. Two
studies evaluated subjects at increased risk of CVD with different sets of treatments and came to
different conclusions. Sirtori et al. found no effect with fish oil in approximately 900 individuals
with dyslipidemia and either hypertension, diabetes or glucose intolerance ’’. Singh et al.
reported a large, highly significant reduction in total cholesterol with an Indo-Mediterranean diet
in approximately 1,000 people with either hypercholesterolemia, hypertension, diabetes, angina
or myocardial infarction ’°. However, this study found that subjects on the Indo-Mediterranean
diet lost significantly more weight (3 kg) than those on the control diet. In addition, they reported
uniform highly significant effects on all serum markers despite widely ranging effects. A number
of statistical calculation errors were also found.

While no study evaluated a population of all diabetic subjects, Natvig et al., in an early
Norwegian trial of linseed oil supplements, reported a sub-analysis of the 98 diabetic subjects
and found that the effect of linseed oil was similar in both all subjects and specifically in diabetic
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Table 3.3 Effects of omega-3 fatty acids on low density lipoprotein (mg/dL) in randomized trials

(6 weeks to 2 years)

Omega-3 Fatty Acid Arm * Control Results ° Quality © >
©
» o> =
Author, Year 3 & 8¢ S
N Source g/d N Source |Base NetA P 3 o a 2 =3
(Y] o o = =
3 s £
DHAJ/EPA Oils
Cairns, 1996 | 325 Fish oil ED 54 |328 Comoil |148 +3 NS | B 3 Un CVD Il
Bonaa, 1992 70 Fish oil ED 5.1 68 Cornoil [177 +7 NS B 4 Un DysLip |
Lungers- e . e .
hausen, 1994 42 ° Fish oil ED 49 |42 Cornoil | 156 +7 NS B 3 Un CVvD |l
Bairati, 1992b | 66 Fish oil ED 45 | 59 Oliveoil | 158 +12 <05 | B 5 Un CVD Il
Grimsgaard, 75 Purified EPA E 38 . 157 -5 NS
1997 72 Purified DHA D a7 | [/ Comol 5N | A 5 Un GENI
%‘éﬂa”d’ 260 Fish oil ED 33 |251 Nooil [177 +4 NS | B 2 Ad CVD I
Franzen, 1993; 92 © Fish oil ED 3.1 83" Olive 151 +9 nd C 5 Ad CVD 1l
SogneFirbanks | g5 Fish oil ED 30 |55° Oliveoil [175 +13 .03 | B 3 Un DysLip |
Angerer, 2002 | 87 Fish oil ED 17 | 84 Fattyacid| 157 +6 NS | B 4 Ad CVD I
2836 Fish oil 2828 Nooil | 137 +3
GISSI, 1999 17830 Fish oil 9 ED 09 17830 vitaminE [138 +5 o | B 3 Un CVDI
Leng, 1998 | 37" Fish oil ED 0.045' 36’ S“”gi‘l""’er 107 +6 NS | C 4 Ad CVD Il
Fish and Mediterranean Diets
Singh, 2002 | 499 Indo-Mediterranean T 1.8 | 501 NCEPI*|141 -19 <0001 C 2 Un r|Cs\I:[')‘ I
H H 0,
de Lorgeril, |74 m Mediterranean/ 08% 168" Regular [175 +3 NS | C 2 Un cCvD Il
1994 Canola margarine Kcal
Combinations
Fish oil &
17 Fish dleto ED 5.2 Olive/Palm +11 q NS
16 Fish oil ED 42 | . Safflower +219 <01
. )
Mori, 1994 17 Fishdiet " & ED 3.0 40%fat [157° 4109 NS | B 2 Un CVD Il
Placebo oil diet
17 Fish oil ED 2.1 +16 9 <.05
Fish diet ° & oil 0 <
18 ende ED 30 |17  4o0ic, +12 9 <.05
31 E:zﬂg:: margarine/ 4 7 132 +13 NS
Finnegan, 30 Fish oil margarine ED 08 | 30 SuMlowerromo——5—""NS | A 4 Un DysLip |
2003 R dLi 4 margarine
3 hapeseediLinseed 5 4 g 137 -2 NS
margarine
nd = no data

a A=ALA;D=DHA; E=EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.
b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.
¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.
d  CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

e  Cross-over study.

f  Maximum. Total analyzed was 172, not 175 (92+83).
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Plus vitamin E 300 mg.

Baseline data based on N=52.

Plus 280 mg gamma linolenic acid (omega-6 fatty acid).

Baseline data based on N=50.

National Cholesterol Education Program step I prudent diet.

One or more of: hypercholesterolemia, hypertension, diabetes, angina pectoris or myocardial infarction.
Baseline data based on 289 subjects.

Baseline data based on 295 subjects.

Omega-3 fatty acid from fish diet is approximate, assuming that each of 4 different fish was consumed equally.
Mean baseline value for all subjects combined.

Estimated from graph.

LT OB g R TER

Dose and Source Effect

Mori et al. found no difference in effect among men consuming various doses of EPA+DHA
either as supplements or as dietary fish ''. Finnegan et al. noted a particularly large increase in
LDL in the fish oil margarine/fish oil supplement arm compared to other arms, but the
differences were not statistically significant >*. Grimsgaard found no difference in effect on LDL
level between purified EPA and purified DHA .

The 2 studies of ALA reported smaller net changes in LDL, but it is not clear that this
represents a real difference in effect.

Exposure Duration

In 3 studies, LDL levels varied by similar amounts in treatment and control arms at multiple
time points **%°. No differences in effect were seen at times ranging from 8 weeks to 2 years.
No effect across studies is evident based on duration of intervention or exposure.

Sustainment of Effect

No study reported data on an effect after ceasing omega-3 fatty acid treatment.

Lipids: High Density Lipoprotein
(Table 3.4)

High density lipoprotein (HDL) plays a primary function in removing lipids from the
bloodstream to be processed in the liver. Therefore, people with reduced levels of HDL are at
increased risk of CVD independent of LDL or Tg levels. The new NCEP guidelines categorize
an HDL level of less than 40 mg/dL as low, implying an increased risk of CVD *°. Commonly
used and well-tolerated drugs for dyslipidemia generally have at most a modest effect on HDL
levels. Lifestyle changes, including physical exercise and low saturated fat diets are generally
recommended to help increase HDL. Of interest is whether consuming omega-3 fatty acids as
part of a therapeutic lifestyle change would help improve HDL levels, or at least that it would not
be detrimental.

Of the 25 randomized trials with lipid data for at least 60 subjects in parallel trials and 40
subjects in crossover trials who consumed omega-3 fatty acids 19 reported data on HDL (See
Table 3.1).
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Table 3.4 Effects of omega-3 fatty acids on high density lipoprotein (mg/dL) in randomized trials
(6 weeks to 2 years)

Omega-3 Fatty Acid Arm ° Control Results ° Quality © >
T
® o> =
Author, Year S § %% Y
N Source gld N Source |Base NetA P E Q. a Q =
3 o ag. ‘E;
DHA/EPA Oils
Cairns, 1996 | 325 Fish oil ED 54 |328 Comoil |40 0 NS [ B 3 Un CVD I
Bonaa, 1992 70 Fish oil ED 5.1 69 Cornoil | 51 -1 NS B 4 Un DysLip |
Lungers- e . e .
hausen, 1994 42 ° Fish oil ED 4.9 |42 Cornoil | 40 +1 NS B 3 Un CVD I
. ] + f
Grimsgaard, 75 Pur!f!ed EPA E_38 77  Corn oil o1 1 NS # A 5 Un GEN I
1997 72 Purified DHA D 37 53 43 .0005
Bairati, 1992b | 66 Fish oil ED 45 |59 Oliveoil | 40 +4 <05 B 5 Un CVD Il
Nilsen, 2001 ¢ | 119 Fish oil ED 34 {120 Cornoil /42 +5 <05 B 3 Un CVD Il
'fg;ss'ﬁ”d’ 260 Fish oil ED 33 [251 Nooil |41 +1 NS | B 2 Ad CVD Il
h 38 Cod liver ail ED 3.3 . 50 0 NS .
Brox, 2001 37 Seal oil ED 26 37 No oil 50 +4 NS C 1 Un DysLip |
Franzen, 1993| 92 ' Fish oil ED 3.1 83! Olive 43 +2 nd C 5 Ad CVvD 1l
26 Cod liver oil ED 3.1 48 +3 NS
27 Seal/Cod oil ED 28 . 53 +4 <.05
Osterud, 1995 27 Seal oil ED 24 28 No oil 51 +2 NS B 2 Un GEN |
26 Whale oil ED 1.7 49 +5 <.005
SogneFirbank | g5 < Fish ol ED 30 |55° Oliveoil | 37 0 NS | B 3 Un DysLip |
Sacks, 1994 | 60’ Fish oil ED 24 |66’ Oliveoil | 46 +2 NS | C 3 Un GEN I
Angerer, 2002 | 87 Fish oil ED 1.7 84 Fatty acid | 51 -3 NS B 4 Ad CVD I
2836 Fish oil 2828 Nooil | 42 0
GISSI, 1999 15830 Fish oil * ED 09 12830 VitaminE| 42 o NS | B 3 Un CVDI
Leng, 1998 | 37" Fish oi ED 0.045"(36" SUMOWr| 45 41 NS | C 4 Ad cvD I
Fish and Mediterranean Diets
Singh, 2002 | 499 Indo-Mediterranean T 1.8 |501 NCEPI°| 45 +2 <0001 C 2 Un r(i?ﬁ Il
de Lorgeril, q Mediterranean/ 0.8% r
1994 171 Canola margarine Kol |168" Regular | 45 -1 NS [ C 2 Un CVD I
Combinations
Fish oil &
16 Fish oil ED 42 | Safflower +2Y <05
. . s
Mori, 1994 17 Fishdiet” & ED 3.0 40%fat | 48' +3Y <001| B 2 Un CVD Il
Placebo oil diet
17 Fish oil ED 2.1 +4 Y <01
Fish diet * & oil "
18 L ebo o ED 30 |17 400 ot +3Y <05
31 EEE g:: margarine/ e 4 7 52 +2 NS
Finnegan, 30 Fish oil margarine ED 0.8 Sunflower o™ 3" Ns | A 4 Un DysLip |
2003 R dLi d margarine
3p hapeseedilinseed , 45 50 +1 NS
margarine
nd = no data

a A=ALA;D=DHA; E=EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.
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b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A =good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,

healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-

group; III = narrow applicability. See Methods.

Cross-over study.

P=.009 for difference in effect of EPA and DHA.

All subjects regardless of whether statin treatment changed during study.

Data missing from article provided by study author.

Maximum. Total analyzed was 172, not 175 (92+83).

84 at baseline.

Plus vitamin E 300 mg.

Baseline data based on N=52.

Plus 280 mg gamma linolenic acid (omega-6 fatty acid).

Baseline data based on N=50.

National Cholesterol Education Program step I prudent diet.

One or more of: hypercholesterolemia, hypertension, diabetes, angina pectoris or myocardial infarction.

Baseline data based on 289 subjects.

Baseline data based on 295 subjects.

Omega-3 fatty acid from fish diet is approximate, assuming that each of 4 different fish was consumed equally.

Mean baseline value for all subjects combined.

Estimated from graph.

£ T®unrToToBg3HRFTTSR SO

Overall Effect 48,49,52,53,60,62-66,68-71,73-76,79

The effect of omega-3 fatty acid consumption was generally consistent across the 19 studies.
Most found a small net increase in HDL with treatment of up to 3 to 5 mg/dL, although 7 found a
small net decrease or no effect in at least one tested study arm. Six of the studies reported that the
net increase in HDL was statistically significant.

Sub-populations

Across studies, there is no clear difference in effect among the 11 studies of CVD
populations, the 4 studies of dyslipidemic patients, the 3 studies of healthy subjects, or the study
of Indians at increased risk of CVD. No study included only diabetic patients.

Covariates

No subgroup analyses based on covariates were reported. Two studies performed regressions.
Bairati et al. reported that the effect of fish oil supplements on HDL (a net increase) was reduced
and became borderline non-significant (P = .06) after adjusting for age, sex, baseline lipid level,
lipid treatment, body mass index and alcohol use ®°. Mori et al. performed a regression adjusting
for change in weight and found a highly significant “group effect” increase in HDL with omega-
3 fatty acids (P <.001) ”". In contrast with their findings for total cholesterol, they reported
similar effects on HDL among subjects on a 40% fat diet and those on a 30% fat diet.
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Of the 25 randomized trials with lipid data for at least 60 subjects in parallel trials and 40
subjects in crossover trials who consumed omega-3 fatty acids 19 reported data on Tg (See Table

3.1).

Overall Effect 48,49,52,53,60,63-68,70,71,73,74,76,77,79,81

With few exceptions, Tg levels in the 19 studies decreased by substantial amounts in subjects

taking omega-3 fatty acids, both in absolute amount and compared to control groups. The

changes in Tg were generally highly significant.

Table 3.5 Effects of omega-3 fatty acids on triglycerides (mg/dL) in randomized trials (6 weeks to 2 years)
Omega-3 Fatty Acid Arm * Control Results ° Quality © >
- - ]
» o> =
Author, Year S § 9% 9
N Source g/d N Source Base NetA P 3 e 8 Y =
DHA/EPA Oils
Cairns, 1996 325 Fish ol ED 54 |328 Cornoil |235 -64 <05 | B 3 U CvD 1
Bonaa, 1992 72 Fish ol ED 51| 72 Cornoil |124 -23 <.01 B 4 Un DysLip |
';ggiers"a“se”’ 42 ° Fish oil ED 4.9 |42° Comoil /150 19 <01 | B 3 Un CVD Il
Bairati, 1992b 66 Fish oil ED 45| 59 Oliveoil |204 -80 <.0001| B 5 Un CVD I
. pps _ f
Grimsgaard, 75 Purllflled EPA E 38 77 Corn oil 109 -23 .0001 1A 5 uUn GEN I
1997 72 Purified DHA D 37 110 -29 .0001
. g 61 Fish oil (men) 61 . (140 -50 .001
Nilsen, 2001 12 Fish oil (women) ED 34 13 Corn oil 123 71 07 3 Un CVvD 1l
Eritsland, 1995b| 260 Fish oil ED 3.3 | 251 No oil 172 -32 <.0001| B 2 Ad cvD
Franzen, 1993 |92 " Fish oil ED 3.1 |83" Olive 158 -34 nd C 5 Ad CVD I
26 Cod liver il ED 3.1 113 -28 <.05
27 Seal/Cod oil ED 2.8 . 114 -21 NS
Osterud, 1995 57 Seal oil ED 24 28 No oil 106 14 NS B 2 Un GEN |
26 Whale oil ED 1.7 97 -9 NS
'éggz"'F'rba”k' 55 Fish oil ED 3.0 [55° Oliveoil |221 -74 <001| B 3 Un DysLip |
Maresta, 2002 | 125 Fish oil ED 26'| 132 Oliveoil | 160 +5 NS B 3 Un cCvD I
i VD
Sirtori, 1998 459 Fish ol ED 1.7'|450 Olive oil [294% -63 <.0001| B 4 Ad r?sk L
Angerer, 2002 | 87 Fish oil ED 1.7 | 84 Fattyacid [ 194 -22 NS B 4 Ad CVD Il
2836 Fish ol 2828 Nooil 163 -8
GISSI, 1999 2830 Fish oil ™ ED 0.9 2830 VitaminE | 160 -6 <05 | B 3 Un CVDII
Fish and Mediterranean Diets
Singh, 2002 499 Indo-Mediterranean T 1.8 |501 NCEPI" | 163 -22 <.0001| C 2 Un rclzs\él?, 1l
19 Fish (3.8/week) ED 0.9 81 -14 nd°?
i - q
Hanninen, 1989 22 Fish (2.3/week) ED 0.5 18 - P?A ) 81 12 nd B 2 Un GEN Il
21 Fish (1.5/week) ED 04 ish/week | g9 -8 nd ¢
20 Fish (0.9/week) ED 0.2 69 +4 NS
1 H o,
de Lorgeril, 1717 Medlterranean/. 0.8% 168° Regular | 190 -19 NS c 2 Un CVD Il
1994 Canola margarine Kcal
Combinations
. Fish oil & Olive/Palm/ u K
Mori, 1994 17 Fish diet ! ED 52| 18 Safflower 154"~ 65° <001| B 2 Un CVD Il
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Omega-3 Fatty Acid Arm * Control Results ” Quality © >
T
o o> =
Author, Year 3 § 83 9
N Source g/d N Source |Base NetA P E o a 2 =
16 Fish oil ED 4.2 40% fat 4 56 ¢ <.01
. Lt o fat diet
17 Fish diet .& ED 3.0 32 K <.001
Placebo oil
17 Fish oil ED 2.1 21% <05
Fish diet ' & Oil K <
18 e ED 30 | 17 400 cuy 37 % <01
31 E:zﬂg:: margarine / gn 4 7 142 10 NS
Finnegan, 2003 | 30 Fish oil margarine ED 0.8 | 30 ri‘;?gg‘r’:’rf; 146 +6 NS | A 4 Un DysLip |
30 Rapeseedilinseed ) 4 5 147 +23 NS
margarine

nd = no data

a A=ALA; D=DHA; E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A =good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d  CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,

healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-

group; III = narrow applicability. See Methods.

Cross-over study.

Non-significant difference in effect between EPA and DHA.

Only subjects who did not change statin treatment are included here.

Maximum. Total analyzed was 172, not 175 (92+83).

5.1 g for 1 month before and 1 month after PTCA, then reduced to 2.6 g for an additional 5 months.

2.6 g/day for first 2 months, then 1.7 g/day for 4 months.

Estimate from graph.

Dyslipidemia and one or more of: hypertension, diabetes, or glucose intolerance.

Plus vitamin E 300 mg.

National Cholesterol Education Program step I prudent diet.

One or more of: hypercholesterolemia, hypertension, diabetes, angina pectoris or myocardial infarction.

P<.02 change from baseline.

P<.10 change from baseline.

Baseline data based on 289 subjects.

Baseline data based on 295 subjects.

Omega-3 fatty acid from fish diet is approximate, assuming that each of 4 different fish was consumed equally.

Mean baseline value for all subjects combined.

£ T®uwroToBg3HRTTSR SO

Sub-populations

The 3 studies of healthy subjects, whose mean Tg levels were normal, generally found net
decreases in Tg levels of about 10% to 25%. Eleven studies included subjects with a variety of
types of CVD, all with mean Tg levels above 150 mg/dL. With the exception of Maresta et al.,
the 11 studies reported net decreases in Tg of between about 10% to 30%, most of which were
statistically significant *'. There was no obvious difference between the study by Maresta et al.
of patients undergoing PTCA and other studies to explain the discordant finding.

Two studies evaluated subjects at increased risk of CVD with different sets of treatments.
Both of these studies found large, significant reductions in Tg. Two of 3 studies of dyslipidemic
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Table 3.6 Effects of omega-3 fatty acids on lipoprotein (a) (mg/dL) in randomized trials
(4 weeks to 14 months)

Omega-3 Fatty Acid Arm ? Control Results P Quality © _g
o
Author, . . 9 %’ =
Q
Year N Source g/d N Source [Base NetA P g o § o ‘é’-_
Q o o = =
3 =g <
DHA/EPA Oils
Deslvoere 14 Fish oil T 34 22.5 +10.3 NS
1992yp ’ 15 Fish oil T 22| 14 Olive oil |27.2 +2.3 NS B 2 Un GEN |
15 Fish oil T 11 221 +49 NS
Alaswad, . . Calcium .
1999 11  Fish oil ED 34 i 12 gluconate 78 -1.1 NS 2 Un DysLip Il
Prisco, 1994 10 Fish oil ED 34 | 10 Olive oil [10.2 -0.9 NS B Un GEN 11
. e e
Eritsland, (214 " -, o ED 33 1219 Nooi 2O 101 NS| g 2 Ad  CVD I
1995a 6f 50 ° [29.7] [-1.5] .02
g 38 Cod liver oil ED 3.3 . 185 -1.7 NS .
Brox, 2001 37 Seal oil ED 26 37 No oil 163 19 NS C 1 Un DysLip |
Durrington, . . . CVD
2001 30 Fishall ED 3.2 | 29 Cornoil [10.5] [-6.8] NS A 4 Un DysLip Il
Conquer, 9 Sealoil ED 30 | 10 FEYeNNg 146 401 NSI A 4 Un  GEN II
1999 primrose
Swahn, . . .
1998 26 Fish ol ED 29 | 27 Cornoil {30.8 -0.7 NS B 5 Un CvD 1
Hamazaki, DHA-rich 1.7- .
1996 13 Fish oil ED 20h 11 Cornoil | 120 0 NS B 4 Un GEN 1l
Luo, 1998 10" Fish oil ED 1.8 [ 10' Sunflower| 17 -3 <02 B 3 Un DMII 1l
Marckmann, Fish oil T 09 | 24 Sunflower ;g 1301 NS 3 Un  GEN Il
1997 margarine margarine
Nenseter, . .
2000 34 Fish powder ED 0.2 | 36 Cellulose [13.5] [-0.8] NS B 3 Un DysLip |
Fish and Mediterranean Diets
de Loraeril ~ Mediterranean/ 0.8%
9erl. 14717 canola A VP 1168 ¢ Regular | 28 +6 NS| C 2 Un CVvD 1l
1994 . Kcal
margarine
Schaefer, . ) 0.7% )
1996 11 High fish ED Keal 11 Lowfish | 38 -3 NS| C 1 Un GEN |

a A=ALA;D=DHA; E=EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.
b  Base = baseline level in treatment arm. Numbers in brackets are median values.; Net A = net difference in change in omega-
3 fatty acids arm compared with the change in control arm; for studies with numbers in brackets, the net difference was
estimated by subtracting the final median value from the baseline median value; see Methods; P = P value of difference
between treatment and control arms; NS = not statistically significant.

¢ A =good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and

dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,

healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

s th o

Baseline Lp(a) <20 mg/dL.
Baseline Lp(a) >= 20 mg/dL.
Data missing from article provided by study author.
Depending on body weight.
Cross-over study.

Baseline data based on 289 subjects.
Baseline data based on 295 subjects.
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levels, apolipoprotein assays, which are antibody specific and are not standardized, are not as
amenable to cross-study comparisons. Furthermore, there are no data to suggest that
apolipoprotein levels are more predictive of CVD risk than lipoprotein cholesterol levels.

We found 61 studies that met eligibility criteria and reported data on the effect of omega-3

fatty acids on apo A-I levels (See Table 3.1). Of these, we analyzed the 27 randomized trials with

data on at least 20 subjects in parallel trials and 15 subjects in crossover trials who consumed
omega-3 fatty acids.

Table 3.7 Effects of omega-3 fatty Acids on apolipoprotein A-l (mg/dL) in randomized trials

(4 weeks to 2 years)

Omega-3 Fatty Acid Arm *°

Control Results ° Quality ° >
- ]
0 o> =
Author, Year 5 s %o Y
N Source gd | N Source Base NetA P 3 o 3 o =
o
DHA/EPA Oils
Wilt, 1989 38 ° Fish oil ED6.0|38 °© Safflower 151 -4 NS | B 4 Un DysLip Il
Green, 1990 27 © Fish oil ED5.2127 ¢ Corn/Olive 113 -10 NS I B 4 Un DysLip Il
Bonaa, 1992 71 Fish oil ED5.11 74 Corn oil 155 -7 <.051 B 4 Un DysLip |
?gg%sme”’ 14 © Fish oil ED5.1/38¢  Olive oil 116 -2 NS| B 3 Un DysLip Il
Jensen, 1989 (18 ° Cod liver oil ED4.6/18 °© Olive oil 134 -6 NS | B 4 Un IDDM Il
Sirtori, 1992 12 ¢ Fish oil ED4.5112 ¢ No oil 132 -4 nd | C 2 Un DysLip 1l
fgggcitman, 18 © Fish ol ED4.0{18 °© Safflower 117 -5 NS | B 2 Un DysLip Il
?gggcitman, 13 © Fish ol ED4.0/13 °© Safflower 114 -10 NS | B 2 Un NIDDM 1I
: ifi . g
Grimsgaard, 75 Pur!f!ed EPA E 3.8 77 Corm oil 138 -4 .02 A 5 Un GEN I
1997 72 Purified DHA D 3.7 138 +2 NS¢
Harris, 1997 22 Fish oil ED3.4| 20 Corn ol 132 +1 NS | B 3 Un DysLip Il
Nordoy, 1998 | 21 Fish oil ED3.4| 20 Corn ol 142 +1 NS | B 4 Un DysLip |
Deslvpere 14 Fish oil T 34 137 -17 NS
1900 15 _Fish oil T 22|14 Olive oil 139 7 NS | B 2 Un GEN I
15 Fish oil T1.1 137 -9 NS
12 Fish oil 12 Corn ol 118 +5
. . f h .
Chan, 2002 11 Fish oil & . ED 3.4 12 Corn oil & 128  +3 NS B 3 Un DysLip 1l
Atorvastatin Atorvastatin
Eritsland, . . .
1995b 178 Fish oil ED 3.3(174 No oil 124 +2 NS | B 2 Ad CVD I
i 38 Cod liver oil ED 3.3 160 O NS
| . .
Brox, 2001 37 Seal oil ED26 37 No oil 160 +10! NS c 1 Un DysLip |
Durrington, . . . CVD
2001 30 Fish oil ED3.2| 29 Corn oil 90 6 NS | A 4 Un DysLip Il
McGrath, 1996 |23 © Fish oil ED3.0/23 ° Olive ol 119 +2 NS | A 4 Un DMIII
Nikkila, 1991 |32 © Fish oil ED2.4|32 ° Corn ol 109 -2 NS | B 3 Un Dyc;,\L/iDp Il
Luo, 1998 10 © Fish oil ED1.8/10 °® Sunflower 148 +1 NS | B 3 Un DMIII
Marckmann, | 55 Fich oil margarine T 0.9| 24 ~ Sunflower {0 5> Ns|B 3 Un GEN Il
1997 margarine
Continued
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Table 3.7 Effects of omega-3 fatty Acids on apolipoprotein A-l (mg/dL) in randomized trials (continued)

Omega-3 Fatty Acid Arm * Control Results ° Quality © z
S
Author, 2 9%’ 5
Q
Year N Source gld N Source |Base NetA P g 2 §g %
3 o ag. &m
Fish and Mediterranean Diets
19 Fish (3.8/week) ED 0.9 113 0 NS
Hanninen, 22 Fish (2.3/week) ED 0.5 . 117  +2 NS
1989 21 Fish (1.5/week) ED 04 | 18 O4Fishiweekoi— 9 s B 2 Un GENII
20 Fish (0.9/week) ED 0.2 118 0 NS
Agren, 14 Fish (3.7/week) 0.25 126 -14 <.01
1988 15 Fish & low SFA ED 038 12 Fish/week 1123 -3 NS B 3 Un  GENII
20 Fish (5/week) 15 Regular 149 +8 NS
Agren, 19911750 Fich (5/week) * ED 075 |53 Reguiar® |159 o n~s| B 2 Un GENII
1 H 0,
de Lorgeril, 171 LMedlterranean/. A 0.8% 168™  Regular 124 12 Ns| c 2 Un CVD II
1994 Canola margarine Kcal
Combinations
. H H . n +
?gg;ac, 13 Fish 0I|' ' ED 4.6 6 Olive, Palm, 117n 1 NS B 2 Un GEN I
12 Fatty Fish diet ED 45 Saffloweroil 120" 0 NS
H P o P
Silva, 1996 20 Fish 0|I. ED 3.6 3 ; 159 -28 ° nd B 3 Un DysLip Il
15 Soya oil A 08¢ 184 -33°nd’
14 Fish oil ED 23 125 -8 NS
Agren, 1996| 14 Algae DHA oil D 17 14 No oil 128 +1 NS| B 3 Un GEN I
13 Fatty Fish diet ED 1.1 120 +1 NS
nd = no data

a A=ALA;D=DHA; E=EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

e  Cross-over study.

f  Unclear if 2 studies by Schectman et al. **** are independent of each other. Possible overlap of up to 6 subjects with
NIDDM and hypertriglyceridemia.

g P=.0008 for difference in effect of EPA and DHA.

h  Main effect.

i Data missing from article provided by study author.

j  Only 2 significant digits reported. 10 mg/dL is smallest unit of change possible.

k  Recommended aerobic exercise for 30 minutes 3 times a week.

L Baseline data based on 289 subjects.

m  Baseline data based on 295 subjects.

n  Units were not reported

o  Pre-post difference (not compared to control).

p NS between treatments.

q No data on ALA amount. We assumed 7 g ALA per 100 g oil. 12 g oil.

Overall Effect 48,49,52,62,66,67,85,86,88,89,93-109

Across the 27 studies, effects of omega-3 fatty acids on apo A-I levels were generally
heterogeneous but small. Most studies found a small net change in apo A-I with omega-3 fatty
acid consumption. Three-quarters of studies found net changes between —5% and +5% (-7 to
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studies found a small net increase and half a small net decrease in apo B levels. Only 2 studies
found significant changes in individual study arms, but Deslypere et al. found a significant
decrease and Mori et al. found a significant increase ' .

Table 3.8 Effects of omega-3 fatty acids on apolipoprotein B (mg/dL) in randomized trials
(4 weeks to 2 years)

Omega-3 Fatty Acid Arm * Control Results ° Quality © >
e
e
Author, e 9 Z:’ 5
Q Q
Year N Source g/d N Source Base NetA P 3 o § 9 =
Q o Q [=A E
3 s <
DHA/EPA Oils
Wilt, 1989 | 38 © Fish oil ED 6.0 |38° Saffower |112 +5 NS 4 Un DysLip Ill
%gg“' 27 © Fish oil ED 52 {27° Com/Olive | 122 -5 NS 4 Un DysLip Il
158823’ 71 Fish oil ED 5.1 | 74 Cornoil  |153 -1 NS| B 4 Un DysLip |
?gg%sme”’ 14 ° Fish oil ED 51 [14° Oliveoil [205 +1 NS| B 3 Un DysLip Il
#ggze“' 18 © Cod liver oil ED 4.6 (18°  Oliveoll 109 +6 NS 4 Un IDDM I
Sirtori, 1992 | 12 ¢ Fish oil ED 45 |12° No oil 167 0 NS| C 2 Un DysLip Il
?;gg‘“ma”’ 13 ¢ Fish oil ED 4.0 |13° Safffower | 99 +7 NS| B 2 Un NIDDM I
Grimsgaard,| 75 Purified EPA E 38 . 101 -5 NS
1997 72 Purified DHA p az| /7 Comol Iy 3 Ns| A 5 Un GEN
nggoy, 21 Fish oil ED 3.4 | 20 Corn ol 108 +1 NS| B 4 Un DysLip |
Desivoere. |14 _Fishoi T 34 89 -8 <.05
19923"’ * | 15 Fish oil T 22| 14 Olive oil 86 -1 NS| B 2 Un GENII
15 Fish oil T 141 91 -2 NS
12 Fish oil 12 Corn oil 128 -4
Chan, 2002 1 Fish oil & ED 34 12 Corn oil & 134 -8 NSf| B 3 Un DysLip Il
Atorvastatin Atorvastatin
gggqngton' 30 Fish oil ED 3.2 | 29 Com oil 9% +5 NS| A 4 Un Dy?l_/ig [
'}";Q%rath' 23 ° Fish oil ED 3.0 [23° Oliveoil [95 +1 NS| A 4 Un DMI II
'1\'3;"1”3’ 32 ° Fish oil ED 24 |32° Comoil [122 +3 NS| B 3 Un Dst?_/ig I
Luo, 1998 | 10 © Fish oil ED 1.8 [10° Sunfower | 138 +10 NS 3 Un DMI Il
Marckmann, | o3 Fish oil margarine T 0.9 | 24  Sunflower |5 4 Ns 3 Un GEN Il
1997 margarine
’z“gggeter' 34 Fish powder ED 02| 36  Celulose |133 +2 NS| B 3 Un GEN Il
Fish and Mediterranean Diets
19 Fish (3.8/week) ED 0.9 93 9 nd
Hanninen, 22 Fish (2.3/week) ED 0.5 . 78 -2 nd
1989 21 Fish (1.5week) ED 0.4 | 10 O4Fishiweek gp—g—g | B 2 Un GENII
20 Fish (0.9/week) ED 0.2 78 0 nd
14 Fish (3.7/week) . 70 -2 NS
Agren, 1988 [~ oo TEE) - ED 08 | 12 0.25 Fishiweek | o5 g | B 3 Un  GENII
20 Fish (5/week) 15 Regular 64 +2 NS
Agren, 19911750 Fish (5/week) ° ED0.751723 Regular® | 67 +5 NS B 2 Un GENII
: : . _
?ggLfrge”" 171 “'(\:":gggﬁg‘fga:r/ine ?{ga/f 168' Regular [152 1 NS|C 2 Un CVD Il
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Table 3.8 Effects of omega-3 fatty acids on apolipoprotein B (mg/dL) in randomized trials (continued)

Omega-3 Fatty Acid Arm * Control Results P Quality © _g
o
Author, 2 9%’ 5
Q
Year N Source gd |N Source Base NetA P 3 o § o ‘é’-_
(Y] o g = =
< S <
Combinations
17 Fish oil & Fish diet’ ED 5.2 Olive/Palm/ +5° NS
16 Fish oil ED 4.2 18 Safflower +9 L <05
- 17 Fish oil ED 2.1 k +12 - <.05
Mori, 1994 i o . 143" 71« =YY B 2 Un GEN 1
17 Fish diet & Placebo oil  ED 3.0 40% fat diet +6L NS
i Qil
. . j . L
18 Fish diet ' & Placebo oil ED 3.0 |17 30% fat diet +1 - NS
. . . m +
Cobiac, 1991 1>-Fishol ED 46 5  Olive, Paim 997 +6 NS' g 1 Gen
12 Fatty Fish diet ED 4.5 Saffloweroil  |100™ -1 NS
14 Fish oil ED 2.3 72 -3 NS
Agren, 1996 |14 Algae DHA oil D 1.7 |14 No oil 71 -3 NS| B 3 Un GEN Il
13 Fatty Fish diet ED 1.1 75 0 NS
31 EEE g:: margarine/ ED 17 176" +1 NS
Finnegan, - . - Sunflower 5 .
2003 30 ;lsh oil mda/:'-garlned ED 0.8 (30 margarine 174° +3 NS| A 4  Un DyslLip |
30 Rapeseed/Linsee A 45 178° +1 NS
margarine
nd = no data

a A=ALA;D=DHA; E=EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment

unclear.

See Methods.

d  CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

T oBg3CRTTTMR SO

Cross-over study.
Main effect.
Recommended aerobic exercise for 30 minutes 3 times a week.
Baseline data based on 289 subjects.
Baseline data based on 295 subjects.
Omega-3 fatty acid from fish diet is approximate, assuming that each of 4 different fish was consumed equally.
Mean baseline value for all subjects combined.
Estimated from graph.
Units were not reported.
Reported as 1.76 mmol/L.
Reported as 1.74 mmol/L.
Reported as 1.78 mmol/L.

Apo B-100 (Table 3.9, top) ***2621% and L DL apo B (Table 3.9, bottom) 9394108111113
The 4 studies of apo B-100 found a range of effects with omega-3 fatty acid consumption. Two
found a decreases in level of less than 5%; the other 2 studies found net increases of 2% and
15%. In contrast, large, significant net increases in LDL apo B were found in 4 of 6 studies (20
to 45 mg/dL).
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Table 3.9 Effects of omega-3 fatty acids on apolipoprotein B-100 and LDL apolipoprotein

randomized trials (1 month to 14 months)

B (mg/dL) in

Omega-3 Fatty Acid Arm * Control Results ° Quality © >
o
o o> 2
Author, Year 3 & 83 9
N Source gld N Source |[Base NetA P 3 o a o =3
Q o o = E
-0
3 s <
Apo B-100
DHA/EPA Oils
Eritsland, 1995b 178 Fish oil ED 3.3 /174 No oil 182 +3 NS | B 2 Ad CvD i
: : f
Brox, 2001 ° 38 Cod Ilvler oil ED 3.3 37 No oil 200 -10 : NS 1 Un DysLip |
37 Seal oil ED 2.6 200 -10" NS
Delany, 1990 ° 5 Fish oil ED 2 | 5 No oil 62 +9 NS | C 1 Un GEN Il
Combinations
; : h i
Silva, 1996 20 Fish 0|I. ED 3.6. _ _ 188 -3 i nd B 3 Un DysLip II
15 Soya ol A 08’ 222 .5 nd'
LDL Apo B
DHA/EPA Qils

Deck, 1989 8 ¥ Fish oil ED 46|8% Cornoil 96 +25 <.05| B 5 Un DysLip Il

Sirtori, 1992 12 ¥ Fish oil ED 45|12 No oil 157 +2 NS | C 2 Un DysLip I

Schectman, 1989 - | 15 * Fish oil ED 4.0[15% Safflower | 92 +20 nd™| C 2 Un DysLip I

Schectman, 1988 L1413 ¥ Fish oil ED 4.0 {13 % Safflower | 82 +9 <05} B 2 Un NIDDM I

10 Fish oil ED 2.2 . . 100 +45 <.05 .

Radack, 1990 7 Fish oil ED 1.1 8 Olive oil 95 429 <05 B 5 Un DysLip I

Radack, 1991 33 X Fish oil ED 2.0 |33 “ Saffloweroil| 249 -6 NS | B 5 Ad CVvD 1l

nd = no data

a A=ALA; D=DHA; E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

e  Data missing from article provided by study author.

f  Only 2 significant digits reported. 10 mg/dL is smallest unit of change possible.

g  Possibly not randomized (“[S]ubjects were divided into... treatment groups so that initial mean cholesterol concentration of
each group was similar.”).

h  Pre-post difference (not compared to control).

i NS between treatments.

j  Nodata on ALA amount. Assume 7 g ALA per 100 g oil. 12 g oil.

k  Cross-over study.

L  Unclear if 2 studies by Schectman et al. °*** are independent of each other. Possible overlap of up to 6 subjects with
NIDDM and hypertriglyceridemia.

m Increase in LDL apo B within fish oil arm was significant compared to baseline (P<.05).

Sub-populations

studies of healthy populations (8 of which were in men

Total apo B. The heterogeneity of effects seen across all studies is apparent among the 10
66.67.71.85.89.95.97.100 31 one of which was in

women’®), the 10 studies of dyslipidemic populations (subjects in 2 of which also had CVD), and
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Overall Effect in Diabetes Studies "'*"*°

Across the 6 studies of diabetic patients, there were generally small, non-significant effects
of fish oil supplements on systolic (Table 3.10) and diastolic (Table 3.11) blood pressure.
Overall, these study results were similar to the findings of the meta-regression among non-
diabetic populations in their small, but generally inconsistent net effects. One study reported a
small significant reduction in mean diastolic pressure (—2 mm Hg) and 2 reported significant
reductions in mean systolic pressure (-3 and -6 mm Hg).

Covariates

Haines et al., who found non-significant small net increases in blood pressure, reported that
neither sex nor Hgb A levels were related to the effect of fish oil supplements on blood
pressure ' °. No study analyzed data based on age. Across studies there was no clear difference

Table 3.10 Effects of omega-3 fatty acids on systolic blood pressure (mm Hg) in randomized trials of diabetic
subjects (6 weeks to 1 year)

Omega-3 Fatty Acid Arm* | Control Results P Quality © _°>

(] 0> 2

Author, Year S § 93 S

N Source g/d |N Source [Base NetA P | 5 S 98 =4

3§ "By <

DHA/EPA Oils
Haines, 1986 19 Fish oil ED 4.6|/22 Oliveoil | 135 +1 NS | B 2 Ad IDDM I
Rossing, 1996 ° 14 Cod liver oil ED 4.6/15 Oliveoil | 141 -3 NS | A 3 Un IDDM I
e 17 Purified EPA E 3.8 . . 137 0 NS

Woodman, 2002 17 Purified DHA D 37 16 Olive oil 139 +7 NS B 3 Un DMII 1l
Lungershausen, 1997 [ 16 Fish oil ED 3.4|/16 Cornoil | 139 -6 .04 B 4 Un DM I&II 1
Hendra, 1990 37 Fish all ED 3.0/37 Oliveoil | 145 +1 NS | B 4 Un DMII |
Jain, 2002 25 Fish oil ED 0.6|15 “Placebo”| 127 -3 .0003] C 2 Un DMII I

a A=ALA;D=DHA; E=EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d  CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

e  Mean 24 hour ambulatory blood pressure.

Table 3.11 Effects of omega-3 fatty acids on diastolic blood pressure (mm Hg) in randomized trials of
diabetic subjects (6 weeks to 1 year)

Omega-3 Fatty Acid Arm * | Control Results ° Quality © z
Author, Year S § S35 S
N Source g/d |N Source |Base NetA P E Q. a 2 =
Q e o = B3
" Rg 2
DHAJ/EPA Oils
Haines, 1986 19 Fish oil ED 4.6|22 Olive oil | 81 +2 NS B 2 Ad IDDM I
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Rossing, 1996 ° 14 Cod liver oil ED 4.6{15 Olive oil | 82 -1 NS | A 3 Un IDDM I
e 17 Purified EPA E 3.8 . .| 76 0 NS

Woodman, 2002 17 Purified DHA D 37 16 Olive oil 72 " NS B 3 Un DMII 1l

Lungershausen, 1997 [ 16 Fish oil ED 3.4|/16 Cornoil | 81 +1 NS B 4 Un DM I&II 1

Hendra, 1990 37 Fish ail ED 3.0i37 Oliveoil i 85 -3 NS | B 4 Un DMII |

Jain, 2002 25 Fish oil ED 0.6i15 “Placebo”; 82 -2 .0003; C 2 Un DMII I

a-¢ See Table 3.10

among populations with type I or type II diabetes, and there were insufficient data to comment
on age, sex, menopausal status, race, weight or other variables.

Dose and Source Effect

No study compared different doses of omega-3 fatty acids. Woodman et al. compared
purified EPA and purified DHA and found a net fall in mean 24 hour ambulatory systolic blood
pressure in subjects on EPA and a net increase in diastolic pressure; however, there was no
statistical difference between the 2 treatments '*°. Across studies, there is no apparent difference
in effect on systolic blood pressure based on fish oil supplement dose. However, the largest, and
significant, reductions in diastolic pressure were found in the 2 studies with the smallest fish oil
supplementation doses.

Exposure Duration

In 3 studies no differences in effect are noted based on duration of intervention or exposure at
3 and 6 weeks 115, 6 and 12 weeks ”8, or 6 and 12 months '*°.

Sustainment of Effect

No study reported blood pressures after subjects stopped treatment.

Hemoglobin A4
(Table 3.12)

Chronically elevated serum glucose levels, which occur in diabetes, result in elevated levels
of glucose binding to hemoglobin. This bound product, hemoglobin A;. (Hgb A;.), or
glycohemoglobin, is used to measure long-term control of diabetes.

We found 32 studies that met eligibility criteria and reported data on the effect of omega-3
fatty acids on Hgb A levels (See Table 3.1). Of these, we analyzed the 18 randomized trials
with data on at least 10 subjects in either parallel trials or crossover trials who consumed omega-
3 fatty acids.

Overall Effect 77,85,88,93,102,103,106,115,117-126

Across the 18 studies, omega-3 fatty acids had a very small, if any, effect on Hgb A, levels
compared to control. The range of net effects across the studies was —0.4% to +1.0%. Only 1
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study reported a statistically significant reduction in Hgb A;.; however, this study by Jain et al.

found one of the smaller net changes of all studies ',

Sub-populations

As expected, the large majority of studies evaluating Hgb A included diabetic patients.
Fourteen studies analyzed diabetic populations, 3 of which were also dyslipidemic. An additional
2 studies analyzed dyslipidemic patients; 1 included patients with untreated hypertension; and 1
evaluated healthy monks.

While none of the 4 studies of dyslipidemic patients had net reductions in Hgb A, levels,
given the small differences in almost all studies, there are no clear difference in effect in the
different populations, including diabetic patients.

Covariates

Schectman et al. found that the effect of fish oil supplements on Hgb A, did not correlate
with baseline differences in diet or with individual changes in diet or body weight *. Toft et al.
and Westerveld et al. reported no change in effect of fish oil supplements on Hgb A, after
adjustment for body weight '*>'?®, Likewise, Haines et al reported no relationship between effect
on Hgb A, and sex '"°. Three studies were notable for including only men ***, or because all
subjects were taking simvastatin 1% The effect found in these studies was not clearly different
than that found in studies.

Table 3.12 Effects of omega-3 fatty acids on hemoglobin A4 (%) in randomized trials
(4 weeks to 1 year)

Omega-3 Fatty Acid Arm * Control Results Quality © >
- - °
(7] 02> 2
Author, Year S & 95 9
N Source gld N Source |Base NetA P 3 o e Y =
DHAJ/EPA Oils
Haines, 1986 19 Fish oil ED 46 |22 Oliveoil |111 +02 NS | B 2 Ad IDDM I
Jensen, 1989 18 ¢ Cod liveroil ED 4.6 |18 ° Oliveoil | 95 +0.1 NS | B 4 Un IDDM I
Rossing, 1996 14 Codliveroil ED 4.6 | 15 Oliveoil | 88 -03 NS | A 3 Un IDDM I
Schectman, 1988 11 ¢ Fish oil ED 4.0 |[11° Safflower| 79 +0.1 NS | B 2 Un NIDDM I
17 Purified EPA E 3.8 . . 71 +0.2 NS
Woodman, 2002 18 Purifiecd DHA D 3.7 16  Olive oil 75 0 NS B 3 Un DMII 1l
Toft, 1995 38 Fish ail ED 34 |40 Cornoil | 57 +0.1 NS | A 5 Ad CvD 1l
Harris, 1997 22 Fish oil ED 34 |18 Cornoil | 5.3 0 NS | B 3 Un DysLip Il
Nordoy, 1998 21 Fish oil ED 34 |20 Cornoil | 58 +0.2 NS | B 4 Un DysLip |
Lungershausen, 1997 | 16 Fish oil ED 34 |16 Cornoil | 85 +0.2 NS | B 4 Un DM 1l
14 Fish oil T 34 48 +0.2 NS
Deslypere, 1992 15 Fish oil T 22|14 Oliveoil | 49 -01 NS | B 2 Un GEN il
15 Fish oil T 1.1 50 -0.1 NS
Bonnema, 1995 14 Fish oil ED 33|14 Oliveoil | 80 +1.0 NS | A 3 Ad IDDM I
McVeigh, 1993 23 ¢ Fish ol ED 3.0 |23° Oliveoil | 9.6 +0.2 NS | A 4 Un DMII 1l
Pedersen, 2003 23 Fish oil ED 26 |21 Comoil [ 82 00 NS| A 3 Un Désl\'ﬂ"ﬁ [
Luo, 1998 10 © Fish oil ED 1.8 |10 ° Sunflower| 88 -04 NS | B 3 Un DMII I
Westerveld, 1993 8 PurifiedEPA E 18| 8 Oliveoil {827 -049 NS | C 3 Un NIDDM I
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8 Purfied EPA E 0.9 76 +0.4 NS
Sirtori, 1998 203 Fish oil ED 1.7"{211 Olveoll | 73 +06 NS| B 4 Ad ,\E’IVD%:\a |
Jain, 2002 25 Fish oil ED 06 | 15 “Placebo’ | 80 -041 009, C 2 Un__ DMII Il
Fish and Mediterranean Diets
Dunstan, 1997 26 FatyFish T 36 23 Nofsh |82 +03 .06 B 2 Un OYSLP |

a A=ALA; D=DHA; E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,

healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-

group; III = narrow applicability. See Methods.

Cross-over study.

According to text. In table, baseline Hgb A;.=8.6%

Per data in text. Per data in table, net change =-0.8%

2.6 g/day for first 2 months, then 1.7 g/day for 4 months.

S0 h o

Dose and Source Effect

Two studies compared different doses of fish oil supplements. Deslypere et al., in a 1 year
study of healthy Belgian monks, reported no difference in the effect of 3 doses of fish oil or olive
0il . Westerveld et al. also reported no difference in the effect of 2 different doses of fish oil,
purified EPA, or olive oil in non-insulin dependent diabetics '*. Across studies, there was no
apparent dose effect of fish oil supplements. The only study of dietary fish found a lack of effect
similar to the fish oil supplement studies. Woodman et al. compared purified EPA to DHA in
type II diabetics '*°. No difference was noted between the 2 treatments.

Exposure Duration
Two studies reported treatment effect at multiple time points. In Haines et al. there was a
transient drop in Hgb A by 0.6% (0.5% net) at 3 weeks which reverted to baseline at 6 weeks

"5 The change was not statistically significant. Rossing et al. found no difference in effect
between 6 and 12 months '"°. Across studies there was no apparent effect of treatment duration.

Sustainment of Effect

Jensen et al., in a crossover study, found that Hgb A, remained unchanged 8 weeks after
stopping oil supplementation.

Fasting Blood Sugar (Table 3.13)

Elevated fasting blood sugar (FBS) is a risk factor or indicator of diabetes. People with
diabetes or with altered glucose tolerance have a highly elevated risk of CVD. As discussed in
the introduction, the effect of omega-3 fatty acids on diabetic control is unclear.
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We found 57 studies that met eligibility criteria and reported data on the effect of omega-3
fatty acids on FBS levels (See Table 3.1). Of these, we analyzed the 17 randomized trials with
data on at least 25 subjects in parallel trials and 15 subjects in crossover trials who consumed
omega-3 fatty acids.

Overall Effect 52,53,68,76,77,103,116,117,120,123,125,127-132

The effect of omega-3 fatty acids on FBS was inconsistent across the 17 studies. Four studies
found large and/or near-significant net increases in FBS compared to control; 3 found large
and/or significant net decreases in FBS and the rest found small non-significant changes. Across
the studies, the net effect ranged between a decrease of 29 mg/dL over 8 weeks and an increase
of 25 mg/dL over 6 weeks. Interpretation of the overall data is further complicated by
inconsistent patterns of effect within individual study arms. In omega-3 fatty acid arms and in
control arms, FBS increased from baseline in half the arms and either decreased or remained
unchanged in the other half.

Sub-populations

Seven studies evaluated diabetic populations, 2 of which also had dyslipidemia; an additional
5 studies evaluated patients with dyslipidemia. Three studies included subjects who had CVD or
were at increased risk for CVD (due to either diabetes or dyslipidemia). Two studies were of
healthy populations.

The findings within the diabetic populations were inconsistent. The largest net decrease in
FBS was found by Jensen et al. in the only study of insulin-dependent diabetics '**, while the
largest net increase in FBS with omega-3 fatty acids was seen in Woodman et al. in one of the
studies of type II diabetics '*°. Furthermore in each of the 3 groups of subjects on fish oil
supplements in these 2 studies, FBS rose by approximately 10 or 20 mg/dL; the large difference

Table 3.13 Effects of omega-3 fatty acids on fasting blood sugar (mg/dL) in randomized trials
(4 weeks to 2 years)

Omega-3 Fatty Acid Arm * Control Results ° Quality © >
e
e
Author, 2 o 2 =
Year 3 8 38 o
N Source gld N Source |Base NetA P E oy a 2 =
i B
DHA/EPA Oils

Jensen, e . . e . .

1989 18 © Cod liver oil ED 4.6 |18 Olive oil 178 -29 NS B 4 Un IDDM I
. 19 Purified EPA E 338 191 +2 06 .
Mori, 2000 17 Purified DHA D 37 20  Olive oil 92 3 NS B 4 Un DysLip 1l

Woodman, | 17 Purified EPA E 38 " [134 +25 002

2002 18 Purified DHA p 37| '® Olveol g +1g o002 | B 3 Un DM
'1\";;;‘“‘*53’ 41 Fish oil ED 3438 Comoil | 91 +2 NS | A 3 Un DysLip |
Toft, 1995 | 38 Fish oil ED 3440 Comoil | 99 +2 06 | A Ad CVD i
%ggdt’ 28 Fish oil ED 34|28 Comoil | 85 0 NS | B Un DysLip I
'fg;ﬂﬁ”d' 255 Fish oil ED 33(245 Nool |8 +1 NS |B 2 Ad CVD i
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Leigh-
Firbank, 55 ¢ Fish oil ED 3.0 |55° Olive ol 99 +3 NS Un DysLip |
2002
';'gggra' 37 Fishoil ED 3.0 37 Olveoil {202 +14 NS Un DMl |
Moot 123 Fish i ED 3.0 [23° Oliveoil |184 +7 NS Un DM II Il
Sirtori, . . f . . DysLip
1998 203 Fish il ED 1.7'|211 Oliveoil | 149 +2 NS Ad NIDDM |
Jain, 2002 { 25 Fish oil ED 0.6 { 15 “Placebo” { 139 -10 .004 Un DM II I
Fish and Mediterranean Diets
iah 9 “ah 9 h
Mori, 1999 17 Fatty F!sh i T 37 16 No ﬂ.Sh i 95 +4 y NS Un cVD I
14 Fatty Fish 16 No fish 94 1 NS
Dunstan, 14 Fatty Fish ' T 36 11 Nofish! {180 -4 NS Un DysLip |
1998 12 Fatty Fish © " 112 Nofish® {160 +5 NS NIDDM
S(')’:)%h' 499 Indo-Mediterranean T 1.8 (501 NCEPI' | 108 -5 <.0001 Un CVD risk ™ Ill
Combinations
16 Fish oil ED 5.2 8 " °
Freese, 6 .IS oi . . B 5 45 nd 1 c 3 Un GEN I
1997a 22 Linseed oil A 59 86 -1° nd
31 Fisnonmarganne gp 4 97 -3 NS
Finnegan, 30" Fish oil margarine  ED 0.8 | 30 Sunflower mo-—3"Ns 1 A 4 un DysLip |
2003 Rapeseed/Linseed margarine
30 ~apese A 45 9 -5 NS
margarine

nd = no data

a A=ALA;D=DHA; E=EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

e  Cross-over study.

f 2.6 g/day for first 2 months, then 1.7 g/day for 4 months.

g  Weight-maintaining diet.

h  Estimate from graph.

i Weight-loss diet.

j  Moderate exercise.

k  Light exercise.

L National Cholesterol Education Program step I prudent diet.

m  One or more of: hypercholesterolemia, hypertension, diabetes, angina pectoris or myocardial infarction.

n  Pre-post difference (not compared to control); P<.05 compared to baseline.

o NS between treatments.

p  Pre-post difference (not compared to control); not significantly different than baseline.

in net effect is due to the difference in effect of the olive oil control (+49 mg/dL and —7 mg/dL,
respectively). In the remaining studies of diabetics, the change in FBS was in the same direction
in omega-3 fatty acid arms and control arms; in 6 omega-3 study arms FBS rose from 10 mg/dL
to 23 mg/dL; in 4 arms FBS fell from —2 mg/dL to —16 mg/dL. In studies of diabetics, factors
other than omega-3 fatty acid consumption — such as those related to population characteristics,
other treatments, or study design — appear to have had a greater effect on change in FBS than the
omega-3 fatty acid treatment itself.
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Table 3.14 Effects of omega-3 fatty acids on fasting insulin (pmol/L) in randomized trials
(4 weeks to 9 months)

Omega-3 Fatty Acid Arm * Control Results ° Quality © >
- - S
T
Author, e _ o2 =
Net 3 o S0 1Y
Year N Source g/d N Source |Base® % A P 3 o § 9 g
o
Studies of “Euglycemic” Subjects
DHA/EPA Oils
. 19 Purified EPA E 3.8 . . 9 +28% .04 .
Mori, 2000 17 Purified DHA D 37 20  Olive oil 10 +29% 001 B 4 Un DysLip I
Toft, 1995 38 Fish oil ED 3.4: 40 Corn oil 52 ° -1% NS i A 5 Ad CvD 1
%ggdt’ 28 Fish oil ED 34 28 Comoil | 66 -15% NS { B 2 Un DysLip Il
nggoy’ 21 Fish oil ED 34| 20 Comoil | 129 -28% NS B 4 Un DysLip |
E;';Ss'ﬁ”d’ 255 Fish oil ED 33|245 Nooil | 125 -1% NS|B 2 Ad CVD I
Leigh-
Firbank, 55 " Fish oil ED 3.0/55" Olive oil 72 -1% NS : B 3 Un DysLip |
2002
Marckmann, . . . Sunflower i o
1997 23 Fishoilmargarine T 0.9| 24 margarine 64 -8% NS | B 3 Un GEN I
Fish and Mediterranean Diets
iah iah +149
Mori, 1999 17 Fattyf!sh . T 37 16 NOf.IShL 12 14% NS B 5 Un cvD® Il
14 Fatty fish 16 No fish 13  -18% NS
Combinations
31 [ehomargarnel gp 4 7 42 0% NS
;6”0”3993”’ 30 Fish oil margarine ED 0.8 | 30 rsn‘;?;'g‘r’l"r?; 57™ 16% NS | A 4 Un DyslLip |
3o RapeseediLinseed ), 49™ 19% NS
margarine
Studies of “Hyperglycemic” Subjects
DHAJ/EPA Oils
Woodman, 17 Purified EPA E 3.8 . . 98 +4% NS
2002 18 Purified DHA D 37| 6 Olveol My 39% ~ns| B 3 Un DMILH
Chan, 2003 | 12 Fish oil ED 3.1| 12 Cornoil | 285" +12% NS | A 4 Un GENZ° Il
Rivellese, . . b . . q o DysLip
1996 8 Fishall ED2.6 8 Olive oil | 75 +29% NS | A 3 Un NIDDM Il
Luo, 1998 10 M Fish oil ED 1.8[10" Sunflower| 84 +15% NS | B 3 Un DM 1 1l
Sirtori, 1998 | 203 Fish oil ED17211 Olveoil | 116 -11% NS | B 4 Ad SUP
Fish and Mediterranean Diets
Dunstan, 14 Fatty fish ® T 36 11 Nofish® | 78 -25%' .08 B 2 un Dyslip |
1997 12 Fatty fish | 12 Nofish" | 78 -28%"' .05 NIDDM

a A=ALA;D=DHA; E=EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net % A = net percent difference in change in omega-3 fatty acids arm compared
with the change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not
statistically significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.
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Studies with a greater than 20% difference between treatment and control are noted.

Mean insulin in control arm = 64 pmol/L. Reported to be significantly different than treatment arm.
Mean insulin in control arm = 9 pmol/L. No data on whether significantly different than treatment arm.
Cross-over study.

Mean insulin in control arm = 53 pmol/L. No data on whether significantly different than treatment arm.
Weight-maintaining diet.

Overweight.

Weight-loss diet.

Mean insulin in control arm = 37 pmol/L. No data on whether significantly different than treatment arm.
Mean insulin in control arm = 215 pmol/L. Reported as not significantly different from treatment arm.
Obese men.

2.6 g/day for first 2 months, then 1.7 g/day for 1 month.

Mean insulin in control arm = 121 pmol/L. No data on whether significantly different than treatment arm.
2.6 g/day for first 2 months, then 1.7 g/day for 4 months.

Moderate exercise.

Percent decrease based on baseline level in fish diet arm, derived from regression analysis.

Light exercise.

£ w2t oT oz HRFTTS@ SO

Across the 15 studies there were a wide range of apparent treatment effects ranging from net
changes of —28% to +29% (or —22 pmol/L in Dunstan et al. '** to +34 pmol/L in Chan et al. '*%).
Approximately one-third of the omega-3 fatty acid study arms had net percent changes of either
greater than +10%, between —10% and +10%, or less than —10%.

Sub-populations

Nine of the studies reported data on essentially euglycemic populations. The remaining 6
studies evaluated diabetic or obese populations in which the fasting insulin level may be of less
value. While the studies with hyperglycemic subjects all had elevated mean fasting insulin
levels, there was a wide range of mean insulin levels in the studies of euglycemic subjects.

Among the studies of euglycemic subjects, the heterogeneity of effect was similar to the
heterogeneity seen across all studies. The heterogeneity was particularly apparent among the
studies of dyslipidemic patients.

Covariates

Among the studies of euglycemic subjects, Mori et al. (1999) reported no interaction between
dietary fish intake and weight loss on insulin levels '*'. However, a weight loss diet resulted in a
reduction of insulin levels, regardless of fish consumption. In addition, there was a net decrease
in insulin levels in subjects who were on a weight loss diet with fish compared to a net increase
in insulin in subjects who were on a weight-maintaining diet. Otherwise, studies did not attempt
to correlate the effect on insulin of covariates. The 3 studies that either included only euglycemic
men **'* or excluded pre-menopausal women '*! had a wide range of effects on insulin levels.
Thus, no potential sex effect could be seen.

No study of hyperglycemic subjects reported a correlation between insulin and covariates. As
in studies of euglycemic subjects the effects on insulin found among the 2 studies of
hyperglycemic men **'** and the study that excluded pre-menopausal women '*° were

heterogeneous.
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Sub-populations and Covariates

No study directly compared the effect of omega-3 fatty acids with placebo in different
populations. There was no clear difference in effect across studies based on population. Baseline
CRP levels varied across studies; although the reason for the different CRP levels is not
apparent. Madsen et al. reported that when the 11 subjects with baseline CRP greater than 2
mg/L were analyzed separately, no difference in effect was seen with fish oil supplementation
(as in all subjects) *”. Likewise, the effect of omega-3 fatty acids does not appear to differ across
studies based on average baseline CRP.

The trial by Chan et al. was a factorial study with fish oil supplements and atorvastatin (40
mg/day) in obese men who had a substantially higher baseline CRP than a separate group of 10
lean men (0.49 mg/L) '*°. While atorvastatin did significantly reduce CRP levels (by 0.73 mg/L)
there was no interaction with fish oil.

Table 3.15 Effects of omega-3 fatty acids on C-reactive protein (mg/L) in studies
(4 wk to 3 mo or cross-sectional)

Omega-3 Fatty Acid Arm * Control Results ° Quality ° >
- - °
(7] 0> =
Author, Year S § 979 8
N Source g/d N Source [Base NetA P 3 e 8 Y =
RCTs
DHAJ/EPA Oils
20 Fish all ED 5.9 . . |[1.07] [-0.15] NS
Madsen, 2003 20 Fish oil ED 17 20 Olive ail [0.69] [+0.02] NS B 3 Un GEN |
Chan, 2002 12 Fish oil ED 34 |12 Cornoil {211 +0.05 NS°| B 3 Un DysLip I
Plant oils
Rapeseed f Olive or g h
Junker, 2001 18 oil diet T 2.5% '|40 Sunflower 05 +0.11 NS | C 1 Un GEN |

Fish and Mediterranean Diets
Mezzano, 2001 21 Mediterranean T 1.6 |21 Red meat| 4.9 +1.7 NS | C 1 In GEN 1l

Cross-Sectional Cohort A
Diets
43 Fish Score 5-6 23 01
Madsen, 2001 | oo Fish Score 7-8 o4 FishScorel 1.9 05" | oyp
102 Fish Score 9-10 2-4 2.1 -0.3"
127 Fish Score 11-12 22 041"

a A=ALA; D=DHA; E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm (numbers in square brackets are median values or net differences of median values);
Net A = net difference in change in omega-3 fatty acids arm compared with the change in control arm, see Methods; Cohort
A = difference in CRP between cohort and reference cohort (cross-sectional); P = P value of difference between treatment
and control arms; NS = not statistically significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d  CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

e  Statistical significance based on 23 subjects on Omacor and 25 on placebo, half of whom were also on atorvastatin.
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Kcal.

Median.

Net difference of median values of rapeseed compared to average change in 2 control groups.
Difference between cohort and low-fish cohort (fish score 2-4). Back-calculated from reported In(CRP).

- 5gq =

Dose and Source Effect

No study compared different sources of omega-3 fatty acids. Any differences in effect due to
differing sources across studies could not be appreciated among the few studies. The cross-
sectional study did not find an association between fish score (amount of fish in diet) and CRP
level.

Exposure Duration

Junker et al. evaluated CRP levels at both 2 and 4 weeks. No differences were noted between
baseline and either 2 or 4 weeks °°. Mezzano et al. evaluated CRP levels at 30 days and 90 days
(and also at 60 days after 30 days of added red wine). CRP was unchanged at all observation
points.

Sustainment of Effect

No study re-examined CRP after subjects stopped taking omega-3 fatty acids.

Fibrinogen
(Table 3.16)

Fibrinogen, a liver protein necessary for clotting, has been found to be both increased in
patients with ischemic heart disease and a predictor of cardiovascular events. It is unknown
whether reducing fibrinogen levels would alter cardiovascular risk. In addition, there is currently
no standardized measurement technique.

We found 59 studies that met eligibility criteria and reported data on the effect of omega-3
fatty acids on fibrinogen levels (See Table 3.1). Of these, we analyzed the 24 randomized trials
with data on at least 15 subjects in parallel trials and 10 subjects in crossover trials who
consumed omega-3 fatty acids.

Overall Effect 46,56,69,74,85,89,90,100,115,116,138,140-152

Across the 24 studies there was no consistent effect on fibrinogen levels of omega-3 fatty
acid consumption compared to control. Approximately half the omega-3 fatty acid study arms
resulted in a net increase in fibrinogen level compared to control; in the other half there was
either a net decrease or no effect on fibrinogen level. Only 4 studies reported a statistically
significant difference between the effect of omega-3 fatty acid and control. In 3 of these, the net
decrease of fibrinogen ranged from approximately 5% to 20%. One study reported a significant
net increase of fibrinogen of 11%.
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Sub-populations

Thirteen of the studies evaluated generally healthy subjects. No consistent effect was found
specifically in this population. Four studies evaluated subjects with known CVD: 2 studies of
patients with stable claudication (Gans et al. and Leng et al.) ®*'*, one of patients who were
undergoing coronary bypass (Eritsland et al.) 142 and one of subjects with hypertension (Toft et
al.) 1”2, All 4 studies found no effect of omega-3 fatty acids on fibrinogen levels. Seven studies
included subjects with diabetes and/or dyslipidemia. Again, there was no consistent effect.
However, the largest (significant) net decrease in fibrinogen was found by Radack et al. in a
group of 10 subjects with hyperlipoproteinemia types IIb or IV on a moderate dose of fish oil
supplement "°'. A significant net increase in fibrinogen was seen by Haines et al. among 19
subjects with insulin-dependent diabetes on a high dose of fish oil supplement, although the
effect was not related to Hgb Alc level. ',

In the study of patients undergoing coronary bypass, Eritsland et al. found that the (lack of)
effect of omega-3 fatty acids on fibrinogen was unchanged after adjusting for multiple factors
including age and sex '**. Seven studies included only men *#>-100-138140.97.199 "y distribution
of effects was similar in this subset of studies as in the whole set. Three of these studies of men
and an one additional study included only younger adults (generally less than 30 or 40 years old)
46.138.140.196 " These studies had results similar to studies of broader age ranges or of older subjects.
Overall, the studies provided insufficient data on race or ethnicity to allow analysis of these
subpopulations. Almost half the studies were performed in Scandinavia and Finland; most of the
remaining are from northern Europe and Australia. Notably the study by Radack et al., which

Table 3.16 Effects of omega-3 fatty acids on fibrinogen (g/L) in randomized trials
(4 weeks to 2 years)

Omega-3 Fatty Acid Arm * Control Results ° Quality © >
- - o
» oz =
Author, Year S § 8% 9
N Source g/d N Source Base NetA P | 5 e 8 Y =
R
DHAJ/EPA Oils
Hansen, 1989 |40 ° Cod liver oil ED 58 |40° No oil 24 -01 NS| C 1 Un GEN |
Haines, 1986 | 19 Fish oil ED 4.6 22 Olive oil 27 +0.3 <05 B 2 Ad IDDM Il
Misso, 1995 12 © Fish ol ED 36 [12° Olive oil 30 +0.2 NS| C 2 Un GEN I
NPT 9
Hansen, 19938 iehoIlTg  ED 36 145 ooy |24 #0835 0d b gy gy GEN I
10 Fish oil EE ED 34 24 019 nd
Toft, 1997 38 Fish ail ED 3.4 38 Corn oil 22 +0.2 NS | A 5 Ad CVvD Il
Grundt, 1999 | 28 Ethyl ester i ED 34 28 Corn oil 29 -01 NS | B 2 Un DysLip Il
Nordoy, 2000 | 21 Fish oil ED 34 20 Corn ol 30 +0.1 NS | B 4 Un DysLip |
Deslvoere 14 Fish oil T 34 2.3 -0.1 NS
1992yp ’ 15 Fish oil T 22 14 Olive oil 23 -03 NS | B 2 Un GEN 1l
15 Fish oil T 1.1 20 +0.1 NS
roeaand: 1254 Fish ol ED 33 [249 Nooil |26 01 NS|B 2 Ad CVD Il
26 Cod liver oil ED 3.1 2.6 0.0 NS
27 Seal\Cod oil ED 2.8 . 25 +0.1 NS
Osterud, 1995 27 Seal oil ED 24 28 No oil 26 00 NS B 2 Un GEN |
26 Whale oil ED 1.7 26 -0.1 NS
Hendra, 1990 | 37 Fish oil ED 3.0 37 Olive oil 3.2 +0.2 NS | B 4 Un DMIl |
Gans, 1990 16 Fish oil ED 3.0 16 Corn oil 33 +01 NS | A 3 Ad CvD 1l
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Radack, 1989 8 Olive oil

ish of j
10 Fish oil ED 2.2 32 -06’ <.05 B 3 Un DysLip Il

7 Fish oil ED 1.1 29 00 NS

Marckmann, | ,4 Fish oil T 09 |24 Sunflower ,, 05 NS| B 3 Un GEN I
1997 margarine margarine

ggggeter' 34 Fishpowder ED 02 |36 Celluose 30 -02 NS!B 3 Un DysLip I
Leng, 1998 37 X Fish oil ED 0.045i36 ™ Sunfloweroil i 3.4 +0.04 NS C 4 Ad CVvD 1l

Plant Oils
Allman- 15 Flaxseedoil — \ g0 n| 14  saffoweroil |21 +041 NS| B 2 Un GEN Il
Farinelli, 1999 diet ° ) )
. o Olive or p
Junker, 2001 18 Rapeseedoil T 2.5% 40 Sunflower oil 2.3 +0.1 NS | C 1 Un GEN |

Fish and Mediterranean Diets

Muller, 1989 40 Mackerel paste ED 4.7 42 Meatpaste |27 -0.02 NS | B 1 Un GEN I

" q r .

Dunstan, 1999 | Fatty fish T 36 |23  Nofish |22 *02 NSpg 5, Dyslip,

12 Fatty fish ® 33 +0.1" NS NIDDM
g"oeozfa”"’ 21 Mediterranean T 1.6 |21 Redmeat (23 -03 .03, C 1 In  GENII
Combinations
: H t u
Freese, 1997b 24 F.Ish oil : ED 5.2 _ 3 3.1 -0.06 : nd 1 c 3 Un  GEN Il
22 Linseed oil A 59 3.1 +0.05 nd
. 13 Fish oil ED 46 Olive, Palm, |2.35 +0.4 NS
Cobiac, 1991 1> oty fish diet ED 45 | ©  Saffloweroil [2.65 -015 <05 °© 2 Un  GENII
14 Fish oil ED 23 3.6 +0.3 NS
Agren, 1997 14 Algae DHAoil D 1.7 14 No oil 34 +01 NS | B 3 Un GENII
13 Fatty fishdiet ED 1.1 3.4 +0.3 NS

nd = no data

a A=ALA;D=DHA; E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d  CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

e  Cross-over study.

f  Triglycerides.

g P=.09 between treatments.

h  Ethyl esters.

i No data on source.

j P<.05 compared to 1.1 g/day.

k  Baseline data based on N=52.

L  Plus 280 mg gamma linolenic acid (omega-6 fatty acid).

m Baseline data based on N=50.

n  ALA =10% of daily fatty acid intake.

o Kcal

p Difference compared to average change in 2 control groups.

q  Moderate exercise.

r  Estimate from graph. Not clear which control group compared to (or combined). Possibly adjusted for age and sex.

s Light exercise.

t  Pre-post difference (not compared to control).

u NS between treatments.

showed the largest benefit from omega-3 fatty acids and was the only study to show a dose effect

151

(see below), was the only study performed in the United States "~
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Factor VII, Factor VIll, and von Willebrand Factor
(Tables 3.17, 3.18, and 3.19)

Omega-3 fatty acids affect the clotting system in a number of ways in animal and in vitro
models. Factors VII and VIII and von Willebrand factor (vWF) are factors in the extrinsic
coagulation system that have been suggested to play a crucial role in the initiation of blood
coagulation in atherosclerotic disease, particularly in diabetes '**. Although the mechanism is not
well-established, high vWF levels help to predict cardiovascular events, although the vWF level
is not powerfully predictive in the individual at risk '>*. However, different laboratories use
different methods to measure coagulation factors including antigen or activity level, percent
compared to a standard or concentration, and other variations. This makes comparisons across
studies difficult.

We found 44 studies that met eligibility criteria and reported data on the effect of omega-3
fatty acids on factor VII, factor VIII, and/or vWF (40, 13, and 20 studies, respectively; See Table
3.1). Of these, we analyzed the 23 randomized trials that met additional criteria. For factor VII,
we analyzed studies that had data on at least 15 subjects in parallel trials or 10 subjects in
crossover trials who consumed omega-3 fatty acids (19 studies). For factor VIII and vWF, we
analyzed all randomized trials (5 and 9 studies, respectively).

Overall Effect

Factor V1| (Table 3.17) 4650.7480.90.115116138140-143,145-147.140.150.152.155 T 0 i it
consistency in effect across the 19 studies of factor VII activity. In general, the net change in
factor VII in subjects consuming omega-3 fatty acids is small (7% change from baseline or less),
although a nearly equal number of studies found net increases as found net decreases in levels.

Table 3.17 Effects of omega-3 fatty acids on factor VIl activity (%) in randomized trials
(4 weeks to 9 months)

Omega-3 Fatty Acid Arm * Control Results ° Quality ° >
- - )
(7] o> 2
Author, Year S § 8% 9
N Source g/d N Source Base NetA P 3 o e Y =
§]EEF 2
DHA/EPA Oils
Hansen, 1989 |40 © Cod liver oil ED 58 |40°¢ No oil 90 +2 NS | C 1 Un GEN |
Haines, 1986 19 Fish oil ED 46 |22 Olive oll 79 +5 NS | B 2 Ad IDDM I
. . f -
Hansen, 1993a 1 Fishoil Tg ED 36 |15 Gomoi LT 1 NSI g 4 Un GEN I
10 FishoilEEY ED 3.4 83 -2 NS
Toft, 1997 38 Fish oil ED 34 |38 Corn oil 105 +1 NS | A 5 Ad CVD 1l
Grundt, 1999 28 Ethylester” ED 3.4 |28 Corn oil 119 -5 NS | B 2 Un DysLip 1l
Nordoy, 2000 21 Fish oil ED 34 |20 Corn il 132 -2 NS | B 4 Un DysLip |
Eritsland, 1995c| 90 Fish oil ED 3.3 [107 No oil 109 -6 NS | B 2 Ad CVvD 1l
26 Cod liver oll ED 3.1 116" 0 NS
H i
Osterud, 1995 | 2/ SealCodoil  ED 28 |, Nooil |21 *O03 NS ooy Gen |
27 Seal oil ED 24 1.23"' -0.08 NS
26 Whale oil ED 1.7 1.20"-0.01 NS
Hendra, 1990 37 Fish oil ED 30 |37 Olive oil 94 +22 02| B 4 Un DMIl |
Berrettini, 1996 | 20 Fish oil ED 26 |19 Corn oil 116 0! NS| B 3 Un CvD 1l
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Marckmann, Fish oil Sunflower

23 . T 09 |24 : 104 0 NS| B 3 Un GEN I
1997 margarine margarine
Nenseter, 2000 | 34 Fishpowder ED 0.2 i 36 Cellulose 121 +1 NS i B 3 Un DysLip |

Plant Oils
Allman-Farinell,| 45 Flaxseed oil o 450 k| 14  Saffioweroil | 83 +3' NS| B 2 Un GEN Il
1999 diet
. L Olive or m

Junker, 2001 18 Rapeseed oil T 2.5% -| 40 Sunflower oil 101 +4 NS | C 1 Un GEN |

Fish and Mediterranean Diets

Muller, 1989 40 Mackerel paste ED 4.7 | 42  Meat paste 99 -05 NS | B 1 Un GEN

. n o] .
14 Fatty fish T 36 |23 No fish 112 +1 NS B > Un DysLip

Dunstan, 1999
12 Fatty fish ° 113 +5° <05 NIDDM

Mezzano, 2001 | 21 Mediterranean T 1.6 | 21 Red meat 78 -4 03 C 1 In GEN

Combinations

: ; r

Freese, 1997b |2+ Fishoil ED 52 . - 89 +6% nd'\ o 5y GEN I
22 Linseed oil A 59 90 +59 pnd”’
14 Fish oil ED 23 93 0 NS

Agren, 1997 | 14 Algae DHAoll D 1.7 |14 No oil % 6 NS|B 3 Un GENII
13 Fatty Fish diet ED 1.1 94 2 NS

nd = no data

a A=ALA; D=DHA; E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and

dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,

healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

Cross-over study.

Triglycerides.

Ethyl esters.

No data on source.

Factor VIIc activity in U/mL.

Estimated from graph.

ALA = 10% of daily fatty acid intake.

Kcal.

Difference compared to average change in 2 control groups.

Moderate exercise.

Estimate from graph. Not clear which control group compared to (or combined). Possibly adjusted for age and sex.
Light exercise.

Pre-post difference (not compared to control).

NS between treatments.

"oT oB g3 HRFTTER SO

Factor VI1I (Table 3.18) 4088115138 give studies reported data on factor VIII activity. (It is
unclear whether Conquer et al. measured factor VIII activity or antigen **.) There is no consistent

effect across studies, with some finding a net increase and some a net decrease in factor VIII
level.
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Table 3.18 Effects of omega-3 fatty acids on factor VIl activity (%) in randomized trials
(6 weeks to 1 year)

Omega-3 Fatty Acid Arm * Control Results Quality © >
o o> =
Author, Year S § 285 8
N Source g/d N Source Base NetA P | 5 o a o =
[ o g = =
3 =g <
DHA/EPA Oils
Haines, 1986 19 Fish oil ED 46 |22 Olive oil 123 +8 NS | B 2 Ad IDDM Il
14 Fish oil T 34 77 -1 NS
Deslypere, 1992 15 Fish oll T 22 |14 Olive oil 73 -2 NS | B 2 Un GEN Il
15 Fish oil T 1.1 81 +4 NS
c . Evening e
onquer, 1999 9 Seal oil ED 3.0 i10 . 0.85° +0.12 NS A 4 Un GEN Il
primrose
Plant Oils
fogerrannell, 145 Flaxseed ol A 409, 114 Saffloweroil | 82 .59 NS| B 2 Un GEN I
iet
Fish and Mediterranean Diets
Mezzano, 2001 21 Mediterranean T 1.6 |21 Red meat 68 -5 .006| C 1 In  GEN lll

a A=ALA;D=DHA; E=EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.
b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically

significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

e  Factor VIII in U/mL (unclear whether activity or antigen).

g0

ALA = 10% of daily fatty acid intake.
Estimated from graph.

von Willebrand Factor (Table 3.19) #0:69848589.147.149.150.1%6 Nine studies reported data on
various measurements of VWF using different measurement methods. Some studies were not
explicit about the specific measurement used. Most studies found a net decrease in vWF level (of
up to a 13% reduction from baseline), although in only 1 study was the difference with placebo
reported to be statistically significant.

Table 3.19 Effects of omega-3 fatty acids on von Willebrand factor in randomized trials
(4 weeks to 2 years)

Omega-3 Fatty Acid Arm * Control Results ° Quality © >
- - S
S
Author, @ o g) 1°=> =
Year N Source g/d N  Source |Base NetA Unit | P 3 § § o %
(Y] o o = E
< =S <
DHAJ/EPA Oils
?gggﬂoh 22 Fish oil ED 48 |19 Fattyacids| 127 -17 %° |03| B 4 Un DysLip Il
. . f
Hansen, 11 F!sh o!l Tg ' ED 3.6 10 Corn oil 100 -13 % 9 nd B 4 Un GEN Il
1993a 10 FishollEE" ED 34 121 -16 nd
Nordoy, . . . o i .
2000 21 Fish ol ED 34 20 Cornoil | 101 -5 % NS| B Un DysLip |
Deslypere, 14 Fish oil T 34 14  Oliveoil | 133 -1 NS| B Un GEN Il
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1992 15 Fish oil T 2.2 141 -2 %1 INS
15 Fish oil T 1.1 137  +7 NS

Conquer, . Evening K

1999 9 Seal oil ED 3.0 10 primrose 6.9 -05 pg/mL“INS! A 4 Un GEN I

Marckmann, 2 Flsh0|l_ T 0.9 24 Sunflovyer 86 6 o © NS | B 3 Un GEN I

1997 margarine margarine

Leng, 1998 (37 - Fish oil ED 0.045™ |36 " S“”gﬁwer 118 +7 JUML°|NS| C 4 Ad CVD Il
Plant Oils

Allman- .

Farinell, | 15 Flaxseedoil a0 p | 44 Safflower | o5 sa o INS| B 2 Un  GEN I
diet oil

1999
Fish and Mediterranean Diets

Muller, 1989 40 ™Mackerel  pn 42 14, Meat 1y oy INS!IB 1 Un GEN I
paste paste

nd = no data

a A=ALA;D=DHA; E=EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,

healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-

group; III = narrow applicability. See Methods.

By enzyme-linked immunosorbent assay (ELISA).

Triglycerides.

Factor VIllI-related antigen, by ELISA.

Ethyl esters.

Activity.

Plasma content, by ELISA.

By rocket immunoelectrophoretic procedure.

Baseline data based on N=52.

Plus 280 mg gamma linolenic acid (omega-6 fatty acid).

Baseline data based on N=50.

Concentration, by ELISA.

ALA = 10% of daily fatty acid intake.

Estimated from graph.

Antigen, by ELISA.

"OoT o B3O RTITSR SO

Sub-populations

Factor VII. A small, inconsistent effect across studies was found among the 10 studies of a
general population, the 3 studies of populations with CVD, and the 4 studies of people with
dyslipidemia. The only statistically significant effects — both net increases in factor VII — were
seen in 2 of the 3 studies of diabetic patients (one of which included only diabetics with
dyslipidemia). The large increase in factor VII found by Hendra et al. in a 6 week study of fish
oil versus olive oil supplements in non-insulin dependent diabetics was noted to be unexpected in
light of a large decrease in Tg level ''°.

Factor VIII. The single study of insulin dependent diabetics found a larger net increase of
factor VIII than the studies of general populations, although the difference in this study was not
significant. No study measured factor VIII in CVD or dyslipidemic populations.

von Willebrand Factor. With the exception of a low-dose arm in 1 study, the 6 studies of
general populations found either net decreases or no effect in vWF, although none was
statistically significant. The single study of a CVD population was the only study to find an
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Table 3.20 Effects of omega-3 fatty acids on platelet aggregation in randomized trials (4 to 15 weeks)

Omega-3 Fatty Acid Arm *° Control Results ° Quality © >
°
gl
Author, 2 Q ;:’ 3
Q Q
Year N Source gld N Source Method, Unit Base NetA P g 2 § 9 g
s *rg &
DHA/EPA Oils
14 ° Collagen 0.5 pyg/mL, % 470 +1.2 NS
Wormen 14 ° Collagen 4 pg/mL, % 95.0 +14 NS
Hansen, . . . ADP 2.5 ymol/L, % 81.0 -43 NS
1993b 20 ° Cod liveroil ED 5.3 Nooll e ilagen 0.5 ugimL, % 560 247 <oi1] C 1 Un CGENII
Men 20 ¢ Collagen 4 pg/mL, % 95.0 -2.6 NS
ADP 2.5 ymol/L, % 76.0 -59 NS
Haines, . . . . |Collagen 1 pg/mL, Unit 493 -31 NS
1986 19  Fishoil ED 46 | 22 Olive oil Collagen 10 pg/mL, Unit 591 +22 NS B 2 Ad IDDM 1I
L f ¥
Sirtori, 12¢  Fish oil ED 45 (12° Nooi oolagen ACs, mglL 0.35 +0.05 NS I o 5 yn DysLip I
1992 lloprost ICso, nmol/L 9 0.65 +0.07 NS
Spontaneous 10 min, h 773 +3.2 .06
. h +
Hendra, 35  Fish ol ED 30 |32 Olveoi |oPontaneous20min, 703 44 021 5 4 Uun pmI
1990 Spontaneous 30 min, 67.4 +47 .02
Spontaneous 60 min, h 629 +4.2 .02
Salonen, . . . . |ADP 2.3-9.0 pymol/L Aggregation extent, mV 16.2 +3.3 NS
1987 20 Fishoil ED 2.7 |24 Olive ol ADP 2.3-9.0 ymol/L Aggregation velocity, mV/sec 0.16 +0.05 NS B 3 Un GEN |
Plant Qils
Kwon, Canola oll i Safflower |Collagen 1 mg/L Maximum aggregation, Q 43.5 0 NS .
1991 6 Giet T 89% | 14 “idiet |Collagen 2 mg/L Maximum aggregation. Q 463 +15 Ns| © 1 Un Dystipl
ADP 0.5 umol/L, % 78 +19.7% NS
Junk R g Olive or |ADP 2 pmol/L, % 271 +31.4% NS
2‘58 16“ 18 Oifzie:tee T 25%/| 40 Sunflower |Adrenaline 1 pmoliL, % 823 +99% NS| C 1 Un GEN |
oil diet | Adrenaline 4 pmoliL, % 851 7.8% NS
Spontaneous 72 +13% NS
ADP 1 pmol/L slope, %/min 199 -54™ .004
T ADP 2 pmol/L slope, %/min 434 95™ .002
risun o/ Imi - m
Freese, 20 Rapgseed A 23%1| 20 Sunflower ADP 3 HmoI/L slope, %/min - 564 -6.6™ .001 c 1 Un  GEN Il
1994 oil diet oil diet - | Thrombin 0.12 NIH/mL slope, %/min 207 1.0 NS
Thrombin 0.15 NIH/mL slope, %/min " 335 -3.8 .03
Thrombin 0.18 NIH/mL slope, %/min " 36.7 -3.0™ .02

Continued
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Table 3.20 Effects of omega-3 fatty acids on platelet aggregation in randomized trials (continued)

Omega-3 Fatty Acid Arm * Control Results ” Quality © _°>
Author, e . 9oE %
Year N Source g/d N Source Method, Unit Base NetA P g §- § § %
ERL
Combinations
ADP 1 ymol/L, %/min 344 +38° ndP
ADP 2 umol/L, %/min 60.0 +46° nd°®
16 Fish oil ED 5.2 ADP 3 umollL, %/min __ 723 -07° nd”
Collagen 0.5 pg/mL, %/min 53.3 222° ndP?
Collagen 1 pg/mL, %/min 812 -22° ndf
Collagen 3 ug/mL, %/min 996 -34° npd°®
Freese, 1997a - - ADP 1 pmollL, %/min 348 07° nd® C 3 Un GEN I
ADP 2 pmol/L, %/min 56.3 -16° nd°®
14 Linseed oil A 59 ADP 3 molL, %/min__ 668 -50° nd°
Collagen 0.5 pg/mL, %/min 448 96° ndP
Collagen 1 pg/mL, %/min 786 -18° nd°®
Collagen 3 pg/mL, %/min 943 +41° nd°®
ADP 2 pmol/L, %T " 49.9 -5.8 NS
14 Fish oil ED 23 ADP 5 pmol/L, %T " 74.2 9.3 NS
Collagen 50 pg/mL, %T " 513 -31.2 <.05
ADP 2 pymol/L, %T " 37.2 +7.5 NS
’1*35‘;“' 14 Algae DHA oil D 17 |14  Nooil |ADP5pmollL, %T" 645 -01 NS | B 3 Un GEN Il
Collagen 50 pg/mL, %T " 39.3 +13.7 NS
ADP 2 pmol/L, %T " 35.1 +4.6 NS
13 Fatty Fish diet ED 11 ADP 5 pmol/L, %T " 70.0 -2.9 NS
Collagen 50 pg/mL, %T " 66.1 -20.7 <.05
ADP 1.5 umol/L Va, % ¢ 48.2 +6.7 NS
14 Fish oil shortening ED 1.6 ADP 1.5 Pmol/L Inax, % ' 69.6 +22 NS
Collagen 1.0 pg/mL Va, % ¢ 46,5 -6.2 NS
Wensing, 1999 11 Sunflpwer Collagen 1.0 pg/mL lmax, % ' 65.7 +2.8 NS 5 9 Un  GEN Il
oil ADP 1.5 ymol/L Va, % ° 529 -1.9 NS
13 Linseed_ oil A 6.5 ADP 1.5 umol/L Imax, % 73.3 -156 NS
shortening Collagen 1.0 ug/mL Va, % ¢ 402 -38 NS
Collagen 1.0 pg/mL Imax, % ' 50.2 +10.4 NS




nd = no data

a A=ALA; D=DHA; E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d  CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,

healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-

group; III = narrow applicability. See Methods.

Cross-over study.

Concentration of collagen giving a 50% decrease in optical density.

Concentration of Iloprost resulting in 50% inhibition of platelet aggregation.

Percent platelets remaining after aggregation.

Percent of total methyl esters in diet.

Kcal.

Difference compared to average change in 2 control groups.

High linoleic acid (18:2 n-6) oil.

No significant effect compared to baseline. Significant increase compared to Trisun oil, which increased platelet aggregation

rate.

No definition of unit provided.

Pre-post difference (not compared to control).

Not significant between treatments.

Aggregation velocity.

Maximal velocity.

g RS h o
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Covariates

Hansen et al., recognizing that male and female sex hormones have different effects on
platelet function, made an a priori evaluation of the potentially different effect of cod liver oil
supplementation on platelet aggregation in men and women "*’. Healthy, young, normolipemic
men and women were included in the study. A large, significant decrease in platelet aggregation
with low dose collagen was seen in men on cod liver oil supplements, but not in women (P < .01
men vs. women). Otherwise the effect of fish oil was generally mixed and not different between
the sexes. No explanation was offered for why the effect would have been seen only with low-
dose collagen aggregation. In contrast, Haines et al. made the blanket statement that the baseline
variables smoking, alcohol consumption, and sex were not related to the response to fish oil
supplementation ' °. Four other studies included only men >**""*%!*° No clear difference was
seen between these studies and studies that included both men and women. No other covariate
was specifically analyzed in any study.

Dose and Source Effect

No study compared different doses of the same type of oil. Among the studies of fish oil
supplements or diets, there was no clear association across studies between dose and change in
platelet aggregation.

No significant effect was seen in any of the studies of plant oil supplements or diets,
regardless of dose. Two studies compared fish oil (EPA+DHA) to linseed oil (ALA). Freese et al
(1997a) was inconclusive regarding a difference between fish oil and linseed oil supplements '**.
However, Wensing et al. reported that platelet aggregation was prolonged by greater amounts in
subject who consumed fish oil shortening compared to those who consumed linseed oil
shortening '®. Agren et al. compared 3 sources of EPA and/or DHA '*°. Collagen aggregation
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restenosis '%*'°71% The results of random effects model meta-analysis are presented in both the

Table 3.21 and Figure 3.3. Overall, although there is heterogeneity among the studies, there is a
trend toward a net reduction of coronary artery restenosis with fish oil supplementation. The
meta-analysis estimate is a lowering of risk of 14% (95% confidence interval —29%, +3%).

Table 3.21 Effects of omega-3 fatty acids on restenosis in randomized trials
(approximately 3 months to 1 year)

. Quality © >
Author, Year Omega-3 Fatt Control Results ° 3
’ Acid Arm ? g _ oz =
3 § Sg 8§
3 § 38 ©
N Source g/d N Source {CR(%) RR® (95%Cl) o e D= =
< =S <
o
DHAJ/EPA Oils
Reis, 1989 ' 124 Fishoil T 6.0 {63 Olive oil 22 1.60 (0.95,2.68)i B 2 Un CVD |
Cairns, 1996 312 Fishoil ED 5.4 :313 Cornalil 45 1.04 (0.88,1.23): B 3 Un CVD I
Dehmer, 1988 43 Fishoil ED 5.4 : 39 No oil 46 0.40 (0.20,0.82): B 3 Un CVD I
Johansen, 1999 |196 Fishoil ED 5.0 |192 Corn all 45 1.03 (0.82,1.28)| A 3 Ad CVD |
Milner, 1989 ° 84 Fishoil ED 4.5 |99 No oil 35 0.54 (0.32,0.90)| B 3 Un CVD |
Bairati, 1992a 59 Fishoil ED 4.5 |60 Olive oil 48 0.63 (0.40,1.01)| B 5 Un CVD |
Nye, 1990 35 Fishoil ED 3.6 | 34 Olive oil 30 0.38" (0.17,0.84)| C 4 Un CVD |
Franzen, 1993 92 Fishoil ED 3.1 | 83 Olive oil 35 0.93 (0.62,141)| B 5 Ad CVD i
Grigg, 1989 52 Fishoil ED 3.0 | 56 Olive/corn 31 1.09' (0.65,1.84)| C 3 Ad CVD |
Bellamy, 1992 60 Fishoil ED 3.0 | 53 No oil 40 0.80' (0.49,1.32)| C 3 Un CVD |
Kaul, 1992 58 Fishoil ED 3.0 | 49 No oil 27 1.23 (0.68,2.24)| B 2 Un CVD I
Maresta, 2002 125 Fishoil ED 2.6 “[132 Olive oil 41 0.76 (0.55,1.06)| B 3 Un CVD |
REMMA ™ 1,240 1,173 0.86 (0.71,1.03)

a A=ALA;D=DHA; E=EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  CR = control rate (the rate of restenosis in the control arm); RR = relative risk; 95% CI = 95% confidence interval.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d  Applicability based on generalizability to patients undergoing percutaneous transluminal coronary angioplasty (PTCA) for
coronary stenosis. I = broadly applicable; II = applicable to sub-group; III = narrow applicability. See Methods.

e Relative risk calculated based on reported data.

f  Three patients refused angiography and underwent exercise tolerance test instead. Angiographic restenosis defined as >70%
narrowing.

g In asymptomatic patients, restenosis defined by abnormal exercise tolerance test. In patients with symptoms, restenosis
defined by either exercise tolerance tests, angiography, or both.

h  Based on lesions, not subjects

i Numbers in various sections of text and graph are not consistent. Data here derived from graph. Apparently, these numbers
are based on numbers of lesions, but this is unclear.

j  Only percentage of patients with restenosis reported. Percentage does not exactly match number of patients reported to have
had follow-up restenosis.

k  In asymptomatic patients, lack of restenosis defined by normal exercise tolerance test. Patients with symptoms or abnormal
exercise tolerance tests underwent angiography.

L 5.1 gfor 1 month before and 1 month after PTCA, then reduced to 2.6 g for an additional 5 months.

m Random effects model meta-analysis. See Methods.

Sub-populations and Covariates

Most studies included all patients who were undergoing first PTCA, therefore with known or
suspected coronary artery disease. No study restricted eligibility to patients with either diabetes
or dyslipidemia. A number of studies performed multivariate analysis including diabetic, lipid,
and cardiovascular variables, generally finding no association between these covariates and
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Carotid Intima-Media Thickness

(Table 3.22)

Ultrasound measurement of the thickness of the carotid arterial wall, termed carotid intima
media thickness (IMT), has emerged as a practical technique that carries significant prognostic
information in terms of future cardiovascular outcomes '"!’!. There are numerous methods of
measuring carotid IMT, including using different sites and averaging different numbers of
measurements. The more commonly reported methods include measurements of the common
carotid artery and an average of multiple sites in the common and internal carotid arteries and the
carotid bifurcation.

Four studies met eligibility criteria and reported data on the effect of omega-3 fatty acids on
carotid IMT. Only one was a randomized trial of fish oil supplements. A second study reported
IMT measurements only from the intervention arm of a randomized trial of ALA margarine.
Two cross-sectional studies compared residents of a Japanese fishing village to a farming village

and quartiles of white Americans based on ALA intake.

Table 3.22 Effects of omega-3 fatty acids on carotid intima-media thickness (mm) in studies
(2 yr or cross-sectional)

Omega-3 Fatty Results Quality ° _°>
R a e
Author, Acid Arm %’ < S’:’=> g?
=]
Year Control Arm . 3 § 238 &
Arteries Base NetA P o e o3 F
N Source gld < S =<
RCT
DHA/EPA Oils
. . Overall; mean maximum 1.26 +0.02 NS
Angerer, 87 Fish oil ED 1.7 CCA; mean maximum 0.86 +0.02 NS B 4 Ad CVD Il
2002 84 Fatty acid CB; mean maximum 1.54 +0.03 NS
y ICA; mean maximum 111 +0.02 NS
Longitudinal Cohort (No Control) Pre-Post A
Plant Oils
Sooelmans: | 95 ALA margarine A 1.7 Overall; mean 083 +005' <01° ~ =~ — CvD I
Cross-Sectional Cohort A
Plant Oils
175 A 12 0.64 -0.06
176 poanto@ A 08 coa J- 060 010 .01
take A 06 »mean 0.63 -0.07 Trend
173 A 04 0.70 -
175 A 1.2 0.94 -0.05
. — >~ Mean total —_— =]
Djousse, 176 | - : A 0.8 i 0.86 -0.13 .0008
— "~ linolenicacid -~ 2 . | — - —
2003 " 174 00 A 06 CB; mean 091 -0.08 Trend GEN |
173 A 04 0.99 -
175 A 1.2 0.71 -0.01
——M total —_ =
176 ool ooy A 0.8 CA: mean 070 002 NS
174 i A 06 » mean 0.70 -0.02 Trend
173 A 04 0.72 --
Fish and Mediterranean Diets
Yamada, |248 Fishing vilage F 146 _ 070 -0.03 -
1997 197 Farming vilage F 84 CCA; mean 0.73 — <05 GEN 1

a A=ALA; D=DHA;E =EPA; ED = EPA+DHA; F = Fish; T = Total omega-3 fatty acids.
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b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; Pre-Post A = change in omega-3 fatty acid arm (no control); Cohort A = difference in
IMT between cohort and reference cohort (cross-sectional); P = P value of difference between treatment and control arms;
NS = not statistically significant.

¢ A =good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d  CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,

healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-

group; III = narrow applicability. See Methods.

CB, Carotid bifurcation; CCA, Common carotid artery; ICA, Internal carotid artery.

Change from baseline.

Compared to baseline.

The N’s represent the number of subjects with baseline data. The numbers of subjects with each measurement of arteries’

IMTs were not recorded. The range of number of arteries measured is 181-348 across arteries.

By staff-administered semi-quantitative food-frequency questionnaire.

Mean values adjusted for sex, age, energy, waist-to-hip ratio, field center, and smoking status.

S50 -h @

—_ .

Overall Effect *"7172173

The only placebo-controlled randomized trial found small, non-significant net thickening of
carotid IMT, using 4 different measurements at 24 months, with fish oil supplementation. The
uncontrolled cohort of subjects consuming ALA margarine had a significant thickening in IMT
at 2 years. However, the absolute change in IMT in this cohort of subjects was similar to the
absolute change in IMT in the fish oil supplementation arm in the randomized trial (an absolute
increase of between 0.05 mm and 0.11 mm in the study by Angerer et al.) *'”2. The cross-
sectional studies both found that people with greater dietary intake of omega-3 fatty acids, either
as total linolenic acid or as fish, had significantly thinner IMTs than those with less intake.

Sub-populations and Covariates

Other than study design, the primary difference between the studies that found no effect and
the studies that found a beneficial effect of omega-3 fatty acids is that the former were both trials
in patients with cardiovascular disease and the latter were both studies of generally healthy
individuals. There is insufficient data, however, to conclude that the differences were due to
study populations. There is no evidence among people with diabetes or hyperlipidemia.
Bemelmans et al. performed a regression analysis of predictors of change in IMT among subjects
taking ALA margarine %, Age, sex, blood pressure, LDL, and weight were not predictive of
change in IMT. In addition, change in intake of polyunsaturated fatty acids, cholesterol and
alcohol were not predictive of change in IMT. Change in intake of saturated fatty acids (SFA)
was positively associated, and change in intake of fruit was negatively associated, with change in
IMT in univariate analysis but not in multivariate analysis (although it is not clear what factors
were included in multivariate analysis since none was significant).

In the cross-sectional study, IMT was greater in older than younger subjects in both the
fishing and farming villages. Among younger villagers, IMT was non-significantly lower in the
fishing village than the farming village; however, in subjects in their seventh and eighth decades
IMT was marginally greater in the fishing village.
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Dose and Source Effect, Exposure Duration, Sustainment of Effect

There are insufficient data to draw conclusions regarding dose effect, oil type, duration of
intervention or exposure, or sustainment of effect after stopping omega-3 fatty acids.

Exercise Tolerance Test
(Table 3.23)

The exercise tolerance test (ETT), or stress test, measures the heart’s aerobic exercise
capacity and is a common test to determine clinical severity of coronary artery disease. The
standard method of performing ETT is with the modified Bruce protocol on a treadmill. Some
studies instead used a bicycle ergometer. A wide range of different metrics are used to measure
patients’ performance.

All eligible studies that reported data on the effect of omega-3 fatty acids on ETT were
included; 6 studies qualified. Three were randomized trials and 3 were longitudinal cohort
studies without control arms of subjects with known coronary artery disease who were treated
with fish oil supplements.

Table 3.23 Effects of omega-3 fatty acids on treadmill and bicycle exercise tolerance tests in studies
(6 weeks-6 months)

Omega-3 Fatty Results ° Quality © >
Acid Arm * o > B
(@] —
Author, 5 < o = =
Year Control Arm 3 g § 8 o
Source  g/d N Test Base NetA P 3 o o g- F
o
DHA/EPA Oils
RCTs
Solomon, |Fishoil ED 4.6 5 |Work load producing angina,
1990 Olive oil 5 | kwatt-sec 1887 -1.47 NS| B 4 Un cvb i
Franzen, |Fishoil ED 3.1 92 |Exercise capacity, kwatt-sec 29 +5.2 NS B 5 Ad cvD i
1993 Olive oil 83 [|Sum ST depression, mV 2.0 -0.2 nd
Salachas, |Fishoil ED 3.0 20 [Exercise duration, min 8.2 +1.7 <.05 B 4 Un cVD I
1994 Olive oil 19 |Maximum double product ° 16.5 +6.2 <.05
Longitudinal Cohorts Pre-Post
(No Control) A
. 7 |Peak exercise RPP 18,800 +300 NS
Warren, |Cod liver X . - f
1988 oil E 3.1 7 |Ratio resting/exercise RPP 045 -008 <05 - - - CVDI
6 |Time to ischemia, min 7.6 +0.9 NS
Verheugt, |-, . Exercise duration, min 6.8 -0.2 NS |
1986 Fishoil ED 3.0 5 [ ST depression, mm 26 +02 NS cvb |
Peak exercise TPR ¢ 730" 40" <01
i i i " " <05
Toth, Fisholl T 17 10 Peak.exermse .Cardlacllndex 6.3h +1.Oh _ . _ CV.D "
1995 Relative aerobic capacity, % | 70 +10" <01 DysLip
ST score 12" 04" <05
nd =no data

a A=ALA; D=DHA;E =EPA; ED = EPA+DHA; F = Fish; T = Total omega-3 fatty acids.
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b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; Pre-Post A = change in omega-3 fatty acid arm (no control); P = P value of difference;
NS = not statistically significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d  CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,

healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-

group; III = narrow applicability. See Methods.

Maximum heart rate x maximum systolic pressure; likely divided by 1000

Rate-pressure product; equivalent to work load.

Total peripheral resistance during exercise, measured using impedance-cardiography.

Estimated from graph.

Cardiac index during exercise, measured using impedance-cardiography.

~=0e h o

Overall Effect 8174178

The 3 randomized trials each found a small relative improvement in exercise capacity in
subjects with coronary artery disease who took fish oil supplements compared to those who took
olive oil supplements. However, with a single exception, exercise capacity measurements
improved in all study arms, regardless of whether subjects consumed fish oil or olive oil
supplements. The maximum double product (heart rate multiplied by blood pressure) fell by a
non-significant amount in the olive oil arm in Salachas et al. '"*.

Warren et al. evaluated 7 patients with stable angina who took cod liver oil supplements for 6
weeks '"®. Exercise workload and time to ischemia improved, although the changes were not
significant. The ratio of resting to exercise workload fell significantly. Verheugt et al. studied 5
men with moderate to severe exercise-induced angina 77 They were given fish oil for 6 months.
The patients’ angina was sufficiently severe that all ETTs both before and after treatment were
discontinued because of angina symptoms. Essentially no change was found in either exercise
duration or maximal ST depression. Toth et al. enrolled 10 men with coronary artery disease and
hyperlipidemia '"®. They fish oil supplements for 2 months. A variety of measures of cardiac
function significantly improved.

Overall, given the small number of studies and subjects, the different metrics used across
studies, and the lack of placebo control in half the studies, only limited conclusions can be drawn
about the effect of omega-3 fatty acids in improving cardiac function in patients with coronary
artery disease. The studies suggest that fish oil consumption may benefit exercise capacity
among patients with coronary artery disease, although the effect may be small.

Sub-populations, Dose Effect, Duration, Sustainment of Effect

There is no evidence regarding different doses, duration of fish oil consumption, other
omega-3 fatty acids, the effect in various sub-populations, or sustainment of effect.
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Heart Rate Variability
(Table 3.24)

Heart rate variability is measured on 24-hour ambulatory electrocardiography recordings. A
number of different measurements can be used to estimate heart rate variability. The studies of
omega-3 fatty acids primarily measured the mean standard deviation (SD) of the RR interval (the
time between heart beats). Abnormal QRS complexes were excluded. The larger the SD of the
RR interval (SDNN), the greater the variability of the time between heart beats. An increase in
SDNN is protective against ventricular arrhythmias and, in post-myocardial infarction patients, is
protective against mortality '*"'**. Notably, both beta blockers and angiotensin converting
enzyme inhibitors both increase heart rate variability '”°.

Only one set of investigators, in Denmark, have reported data on the effect of omega-3 fatty
acids on heart rate variability in studies that met eligibility criteria. They analyzed 2 sets of
subjects in randomized trials and also analyzed the cross-sectional data of one of the sets of
subjects.

Table 3.24 Effects of omega-3 fatty acids on heart rate variability — SD of RR (msec) — in studies
(12 weeks or cross-sectional) ®

Omega-3 Fatty Acid Arm " Control Results ° Quality ° >
0 o> =
Author, Year 5 s %5 9
N Source g/d N Source |Base NetA P| 5 o a 2 (=
[Y) o Q (=4 E
3 =g <
RCTs
DHAJ/EPA Oils
. 20 Fish oil ED 5.9 . .| 136 +13 NS
Christensen, 1999 20 Fish oil ED 17 20 Olive il 164 +3 NS 4 Un GEN I
Christensen, 1996 26 Fish oil ED 4.3 |23 Olive oil| 115 +18 <.05 4 Ad CVD Il
Cross-sectional Frequency Cohort A
Fish and Mediterranean Diets
18 Fish diet 22x/wk ) 119 +169 NS
' f 9 No fish - - CVD Il
Christensen, 1997~ I 5 Fish diet 1x/wk 122 +19° NS

a  Standard deviation of RR intervals on 24 hour ambulatory electrocardiography recordings.

b A=ALA;D=DHA; E=EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

¢ Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; Cohort A = difference in IMT between cohort and reference cohort (cross-sectional); P
= P value of difference between treatment and control arms; NS = not statistically significant.

d A =good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

e CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

f  Cross-sectional evaluation of baseline data from Christensen, 1996.

Difference between fish cohort and no-fish cohort.

Overall Effect 131183

One randomized controlled trial was performed in 60 healthy volunteers who took either low
or high dose fish oil supplements, or olive oil capsules for 12 weeks '*. No significant effect was
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levels in either plasma or serum or in 1 of 4 blood cell membranes (Table 3.25). For plasma and
serum phospholipid composition and for platelet phospholipid composition we analyzed
randomized trials with data on at least 25 subjects and crossover trials with at least 20 subjects in
omega-3 treatment arms. Because few studies reported erythrocyte, granulocyte, or monocyte
membrane phospholipid compositions, we analyzed all eligible randomized trials.

Summary (Table 3.26)

Meta-regression revealed direct relationships between dose of consumed EPA+DHA and
changes in measured levels of EPA and DHA, either as plasma or serum phospholipids, platelet
phospholipids, or erythrocyte membranes. The correlation between dose and change in level
appears to be fairly uniform, where 1 g supplementation of EPA and/or DHA is associated with,
approximately, a 1% increase in EPA+DHA level. Granulocyte and monocyte membrane
phospholipid levels also increased by roughly similar amounts after omega-3 fatty acid
supplementation in individual studies. In these studies, ALA level did not change significantly
after supplementation in any blood marker. In most studies, there was a decrease in arachidonic
acid (AA, 20:4 n-6) level, which corresponded to the increase in EPA+DHA level.

Among eligible studies, only 3 included ALA supplementation arms >>'*"'°’. The dose of
ALA in these 3 studies ranged from 4.5 to 9.5 g/d. The studies consistently found an increase in
both ALA and EPA levels in the blood markers, at these doses of ALA. In contrast, there was no
significant change in DHA level when lower dose of ALA was used (up to 6.8 g/d) but in the
study arm that received 9.5 g/d ALA a significant increase in DHA level was also found.

Table 3.25. Studies reporting plasmal/serum, platelet, erythrocyte, and other phospholipid changes

Study Study N2 Plasma or Platelet RBC Granulocyte Monocyte
Design Serum PL PL PL PL PL

Agren, 1988 RCT 29 N N

Agren, 1991 RCT 49 N N

Agren, 1996 RCT 41 Y

Angerer, 2002 RCT 87 N

Bonaa, 1992 RCT 72 N

Brox, 2001 RCT 80 N

Cobiac, 1991 RCT 25 N

Dehmer, 1988 RCT 43 v

Dunstan, 1997 RCT 26 VP

Dunstan, 1999 RCT 26 VP

Finnegan, 2003 RCT 116 \°

Freese, 1997b RCT 29 e

Green, 1990 Crossover 27 N v N

Grimsgaard, 1997 RCT 147 N

Grundt, 1995 RCT 28 N

Haines, 1986 RCT 19 v

Hansen, 1989 Crossover 40 N N

Hansen, 1993b Crossover 34 N

Hendra, 1990 RCT 37 N

Leigh-Firbank, 2002 Crossover 55 B

Luo, 1998 Crossover 10 N

Madsen, 2003 RCT 40 v v

McVeigh, 1993 Crossover 23 v

Mori, 1994 RCT 85 v

Mori, 1999 RCT 27 VP

Mori, 2000 RCT 36 N v
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Nenseter, 2000 RCT 34 N

Osterud, 1995 RCT 106 N
Rivellese, 1996 RCT 8 v
Sacks, 1994 RCT 60 N
Solomon, 1990 RCT 5 v
Wensing, 1999 RCT 27 Ve
Woodman, 2002 RCT 35 N

PL = phospholipids; RBC = red blood cell (erythrocyte); RCT = randomized controlled trial.
a  Subjects consuming omega-3 fatty acids.

b Study reported total omega-3 fatty acids only. Not in the meta-regression analyses.

¢ Study included an ALA treatment arm.

Table 3.26. Association of EPA+DHA consumption and tissue levels. Meta-Regression Results

. a SE ° of 2
Markers Studies Arms ® Slope Slope Intercept r P value

Plasma or serum phospholipids 15 28 0.93 0.20 1.41 0.45 <.001

Excluding studies with incomplete data ° 12 24 1.24 0.20 0.89 0.63  <.001
Platelet phospholipids 12 20 0.74 0.16 1.16 0.52 <.001

Excluding studies with incomplete data ¢ 10 18 0.80 0.12 1.25 0.72  <.001
Erythrocyte membrane 10 13 0.63 0.40 3.22 0.1 14

Excluding studies with incomplete data ° 9 12 1.05 0.37 2.69 0.39 .02
Granulocyte membrane 1 2 --
Monocyte membrane 1 1 --

a  Number of separate study arms of subjects who consumed omega-3 fatty acids.

b  Standard error. Use number of treatment arms to back-calculate standard deviation.

¢ Hansen, 1989 *%; Hansen, 1993b *7; Green, 1990 '°!; Sacks, 1994 7° were excluded because only change of EPA in the
marker’s phospholipid profile was reported.

d  Green, 1990 '°'; Hendra, 1990 ''® were excluded because only change of EPA in the marker’s phospholipid profile was
reported.

e Green, 1990 ' was excluded because only the change of EPA in the marker’s phospholipid profile was reported.

Plasma or Serum Phospholipid

CompOSition 48,53,62,66,74,90,97,100,101,120,129,131,132,146,157,184 (Table 3.27, Figure 3.4)

EPA/DHA. For plasma and serum phospholipid composition, 16 randomized trials with 30
omega-3 fatty acid arms were initially included; however, we excluded 1 study that reported only
total omega-3 fatty acid dose and levels "*'. Among the 15 trials of EPA and/or DHA
supplementation (which had 28 treatment arms), the dose of EPA+DHA ranged from 0.2 to 5.8
g/day. Study populations include general healthy population, and people with diabetes,
dyslipidemia or cardiovascular diseases. Meta-regression shows a significant dose-response
relationship between the dietary EPA and DHA supplementations and the changes in EPA+DHA
compositions in plasma or serum phospholipids across studies. Across studies, the effect was
similar regardless of source of EPA or DHA. Three studies compared purified EPA to purified
DHA 12132 A1l found that purified EPA increased EPA and decreased DHA in plasma
phospholipid and that purified DHA increased DHA by about 4 to 7 times as much as EPA in
plasma phospholipid; however, combined EPA+DHA was increased by about the same amount
by both fatty acids.

Meta-regression equation (r* = 0.45, P < .001):
Change in Plasma/Serum EPA+DHA Level (%) = 0.93 x [EPA+DHA Intake (g/day)] + 1.41
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Because 4 studies reported only EPA levels, we re-analyzed the data with only the 12 studies
with a complete EPA and DHA profile of plasma/serum phospholipids. As expected, since no
study excluded DHA levels, the revised meta-regression equation indicates that the EPA+DHA
level increases by a greater amount for each unit of omega-3 fatty acid supplementation and the
r* was greater than in the meta-regression that included all studies.

Meta-regression equation (> =0.63, P < .001):
Change in Plasma/Serum EPA+DHA Level (%) = 1.24 x [EPA+DHA Intake (g/day)] + 0.89

ALA. One study also evaluated 2 linseed/rapeseed oil supplementation doses, which
included primarily ALA with minimal EPA and DHA **. Finnegan et al. found that with higher
dose ALA (9.5 g/d), EPA, DHA and ALA levels all significantly increased. With lower dose
ALA (4.5 g/d), EPA and ALA levels rose by a degree consistent with the lower dose of omega-
fatty acids; although DHA levels did not change. In the remaining study arms of fish oils and
sunflower oils, small amounts of ALA (<= 1.5 g/d) did not affect ALA levels. In this study, a
daily dose of 9.5 gor 4.5 g ALA (with 0.3 g EPA+DHA) had similar effects on plasma EPA
levels as a daily dose of 1.7 g or 0.8 g EPA+DHA (with 1.4 g ALA), respectively. The plasma
level of AA did not decrease in either ALA arm.

Table 3.27 Effect of omega-3 fatty acid supplementation on fatty acid profile of serum/plasma phospholipids
in randomized trials (6 weeks to 14 months)

Omega-3 Fatty Acid Arms * . Quality © >
Results (A%) S k)
Study, Control Arm Bége L . o2 2
Year - oy b 3 8 33 °9
(%) 3 o o8 o
N  Source g/d AA" ALA EPA DHA | 5 % §F E:
EPA/DHA Oils
Bonaa, 72  Fishail ED 51| 11.8 | -1.00 0.00 +510 +1.70 B 4 Un Dyslip |
1992 74 Corn oil ED 0 | 115 | +0.60 +0.10 -020 -0.20
Green, g Fishall ED 4.3 nd 0.00 +2.60 .
1990 27" ComiOliveoil ED_ 0 | nd | nd nd B 4 Un Dyslip i
Grimsgaard, |15 EPA ester E 40| 60 | -098 -0.05 +465 -055
1097 ' | 72 DHA ester D 40| 60 |-082 -002 +047 +330 | A 5 Un GEN |
77 Com oil ED 0 | 62 |+0.11 +0.01 -006 -0.10
19 PurificdEPA E 40| nd | -3.00 +8.25 -0.25
Mori, 2000 | 17 PurfiedDHA D 4.0 | nd | -2.25 +100 +725| B 4 Un DysLip |
20 Olive oil ED 0 | nd |+0.10 -0.10  +0.50
Woodman. |17 PurifiedEPA__E 4.0 5.9 +8.64 -1.29
200p T [ 18 Purfied DHA D 4.0 | 6.0 +109 +671| B 3 Un DMI i
16__ Olive oil ED 0 | 68 nd _ nd
Grundt, 28 Fish oil ED 34| nd | -0.60 380 +150 [ o, oo
1995 28 Corn ol ED 0 | nd |-0.30 -0.50 -0.40
40 Codliveroil ED 33| 52 | -0.34 -0.39 +127 +149
Brox, 2001 | 40 Seal oil ED 26| 48 |+014 035 +261 +181| C 1 Un DysLip |
36 No oil ED 0 | 51 |+0.26 +0.91 +0.04 +0.81
Osterud, 26 Codliveroil =2 31| nd | .025 -009 +236 +151|C 2 Un GEN |
1995 A 02
g7 SealCod ED 281 4 | 430 .004 +266 +1.85
liver oil A 0.2
27 Seal ol E,,E g"z" nd |-020 -007 +201 +1.29
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Omega-3 Fatty Acid Arms ° Quality © >
Results (A%) ° o s o
Study, Control Arm Base 2 o2 T
Y. ED 3 9 035 ©Q
ear oy b a >3 o
(%) 3 8 8§ o
N  Source g/d AA" ALA EPA DHA & 3 g E:
26 Whaleoil 50 17| nd |-015 006 +1.14 +074
28 No oil ED O nd nd nd nd nd
Hansen, g Cod liver oil ED 5.8 nd -0.70 +4.10
1989 40" " No oil ED 0 | nd | +0.10 0.00 c 1 Un GEN
Hansen, g Cod liver oil ED 5.3 nd +5.44
1993b 34" No o ED 0 | nd nd B 1 Un GEN
60 Fish oll ED 24 nd +2.95
Sacks, 1994 150 Olive oil ED 0 | nd +0.10 ¢c 3 Un o |
Nenseter, 34  Fish powder ED 0.2 54 +0.20 -0.10 +0.20 +0.20 B 3 Un GEN I
2000 36 Cellulose ED O 6.1 +0.30 +0.10 -0.30 0.00
Fish Diets
13 Fish & WMD'' T 37 nd Total n-3 fatty acids: +6.0
i 1 ‘ T d d Total n-3 fatty acids: -1.
Mori, 6 VYMD _ n n otal n-3 fa yacll S 5 B 5 Un GEN Il
1999 14  Fish & ERD' T 37| nd Total n-3 fatty acids: +5.0
16 ERD' T nd nd Total n-3 fatty acids: -1.0
Combinations
Cobi 13  Fish oll ED 46| 25 |-010 0.00 +5.80 +3.10
1§9f°’ 12 Fish ¥ ED 45| 25 |-070 +020 +3.10 +350 | B 2 Un GEN Il
6 No oil ED O 24 | +0.60 +0.10 -0.20 -0.20
14  Fish oil ED 23 nd +4.00 +2.20
Agren, 14  Algae DHA oil D 17 nd +0.50 +3.10
1996 13 Fish © ED 1.1 nd +150 +150| 5 3 Un GENII
14 No oll ED O nd -0.10 0.00
Fish oil margarine ED 1.7
28 and Fish oil A 14 5.02 | -0.56 -0.07 +1.13 +2.71
. . . ED 0.8
30 Fish oil margarine A 13 441 | +0.44 -0.08 +0.80 +1.61
Finnegan, Rapeseed/Linseed ED 0.3 .
2003 29 margarine A 95 438 | +0.53 +0.46 +1.22 +0.21 | A 4  Un DyslLip |
o9 Rapeseedilinseed ED 031 54, | ,574 4015 +095 -0.13
margarine A 4.5
3o Sunflowerseedoil ED 051 5,7 | 064 005 +028 -0.08
margarine A 15

nd = no data; n-3 = omega-3;

6 o e

=0

o

A =ALA; D=DHA;E =EPA; ED = EPA+DHA; T = total omega-3 fatty acids.

Baseline EPA + DHA profile (% of total fatty acids) of plasma/serum phospholipids.

A% = Difference of the marker’s profile (post-treatment minus pre-treatment).

A = good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

Arachidonic acid (20:4 n-6)

Cross-over study.

Differences are from the control after 10-week treatment. Assumed control’s profile didn’t change from baseline, so
differences from the controls would be approximately equal to the A%.

Weight-maintaining diet.

Energy-restricted diet.

Chemically analyzed.
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Table 3.28 Effect of omega-3 fatty acid supplementation on fatty acid profile of platelet phospholipids in
randomized trials (6 weeks to 4 months)

Omega-3 Fatty Acid Arms ? Quality © >
Results (A%) ° » S
Study, Control Arm B;‘,*;e 5 § é’%’ o5
Year (%)b g oy a & g_.
N  Source g/d AA" ALA EPA DHA |3 2 27§ 5
=} <
EPA/DHA Oils
Vadsen |20 Fish ol ED 59 | 36 | -449 -003 +382 +0.92
2003 | 20 Fishoi ED 17 | 32 |-197 +001 +127 +036 | B 3 Un GEN |
20 Olive oil ED 0 | 32 |+019 +0.01 +0.01 -0.06
Dehmer, | 43 Fish ol ED 54 | 06 | -2.50 +3.66  +2.30
1988 39 No oil ED 0 nd nd nd nd B3 Un CVDII
Green, g Fishoall ED 4.3 nd -0.50 +1.90 .
1990 27 ComiOlveol _ED 0 | nd nd nd B 4 Un Dyslip |
Vori 19 Purified EPA E 40  nd | -4.80 +3.80  -0.60
2000 17 Purified DHA D 40 | nd | -2.40 +0.60 +420 | B 4 Un DysLip Il
20 Olive oil ED 0 | nd |-060 +0.05  +0.10
Leigh- Fish oil ED 30 | 33 |+2.90 +2.60 +1.11
. g .
gggg”k' 5% Giive oil ED 0 | 33 |+0.60 +020 +010 | B 3 Un Dyslip |
McVeigh, o Fish oil ED 30 | 25 | -3.00 +1.70  +2.70
1993 23" “Glive oil ED 0 | 25 |-040 010 +030 | A 4 Un DMII
Hendra, 37  Fish il ED 3.0 nd +1.75
1990 37 Olive ol ED 0 | nd -0.02 B 4 Un oMU
Fish Diets
. Total .
o6 Fishand T 36l nd | e EPA+DPA+DHA:
Dunstan, exercise -5.80 +4.80 B 2 Un NIDDM |
1997 No fish and : DysLip
23 hofisnan T nd | nd nd nd
exercise
14 Fish ED 08 | 45 | 21 +010 +1.20 +1.20
Fish and |
f‘gg‘;“' 15 S'EA‘;‘" ow ED 08 | 44 | 26 +010 +0.80 +130 | B 3 Un  GEN Il
19  Control diet ED 0.05 nd nd nd nd nd
22 Fish ED 08 | 38 | -1.30 +0.70 _ +0.70
23 Control diet ED 01 | 37 |-0.10 0.00  0.00
Agren, | o7 Fishand ED 08 | 36 |-0.90 +070 +070 | B 2 Un  GENII
1991 exercise
g7 Controldietand o 54 | 35 | 4010 000  0.00
exercise
Combinations
14 Fish oil ED 92 | 551 | 335 -021 +332' +0.88
Freese, A 0.1
1997b ED 0 i : ¢ 3 Un GENI
15  Linseed oil N 5o | 47 |-079 4039 +041' -0.14
16 FishiandFish —pp 55 | 52 | 500 +375  +2.50
oil (40% )
17 Fishoil (40%% ED 42 | 52 | -4.75 +3.25  +1.50
17 Fish! (40%% ED 3.0 | 52 | -3.75 +2.50  +2.50
. - o, k -
l1\/I909r|A; 17 E.shtonl E49|/° ) ED 21 | 52 |-150 +160 050 | o, cen
18 CONTOL OIS gD nd | 52 | +0.75 -0.05  -0.40
(40% )
18 Fish! (40%% ED 3.0 | 52 | -4.00 +230  +2.50
L .
17 controloils® —en g | 52 | 040 020  -0.50
(40% ¥
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nd = no data; n-6 = omega-6

a A=ALA; D=DHA; E=EPA; ED = EPA+DHA; T = total omega-3 fatty acids.

b  Baseline EPA + DHA profile (% of total fatty acids) of platelet phospholipids.

¢ A% = Difference of the marker’s profile (post-treatment minus pre-treatment).

d A =good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

e CVD =history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,

healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-

group; III = narrow applicability. See Methods.

Arachidonic acid (20:4 n-6)

Crossover study.

Low saturated fatty acid diet.

Plus some 22:0.

Chemically analyzed.

Percent of fat in diet

Olive/Palm/ Safflower oils

it

Erythrocyte Membrane Phospholipid

Composition 79:88:95:96.101.115134,141,160.175 1,16 329, Figure 3.6)

EPA/DHA. For erythrocyte membrane phospholipid composition, 10 randomized trials with
15 omega-3 fatty acid arms were included. All of these studies evaluated EPA and/or DHA
supplementation. One study included 2 ALA treatment arms; therefore, there were 13 EPA
and/or DHA treatment arms. The dose of EPA+DHA ranged from 0.8 to 4.6 g/day. Study
populations include general healthy population and people with diabetes, dyslipidemia or
cardiovascular diseases. Meta-regression results show no significant dose-response relationship
between the dietary EPA and DHA supplementations and the changes in EPA plus DHA
compositions in platelet phospholipids. No clear difference is seen in effect based on source of
omega-3 fatty acids. No study compared different sources of EPA+DHA oil.

Meta-regression equation (r* = 0.11, P = .14):
Change in Erythrocyte EPA+DHA Level (%) = 0.63 x [EPA+DHA Intake (g/day)] + 3.22

The re-analysis of the data, excluding 1 study by Green et al. who did not report the change
in DHA levels, greatly affected slope and statistical significance of the meta-regression equation
191 The large effect of this single study can be explained by outlier status of the study. The
change in EPA level reported in this study is considerably lower than the change in EPA+DHA
levels in studies with similar supplementation doses.

Meta-regression equation (r* = 0.39, P < .02):
Change in Erythrocyte EPA+DHA Level (%) = 1.05 x [EPA+DHA Intake (g/day)] + 2.69

ALA. One study also evaluated a diet enriched in ALA and that contained no EPA or DHA
among both young (16-33 years old) and old (60-78 years old) subjects '®’. Wensing et al. found
that a 6.8 g/d ALA supplementation significantly increased both EPA and ALA levels but not
DHA level. The effects on the changes in EPA and ALA compositions were larger among older
subjects than among younger subjects. The higher dose ALA (6.8 g/d) had a smaller effect on
EPA levels (+0.20% and +0.40%, for younger and older subjects, respectively) than a lower dose
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of EPA+DHA (1.6 g/d, +1.30%). The AA level decreased among old subjects while it increased
among young subjects.

Table 3.29 Effect of omega-3 fatty acid supplementation on fatty acid profile of red blood cell (erythrocyte)
membrane/ghosts in randomized trials (6 weeks to 2 years)

. d
Omega-3 Fatty Acid Arms *° Quality >
Results (A%) © » > 5
Study, Control Arm nge S § g g %
=5 o
Year b o g o o
" : 2§88 ¢
N  Source a/d AA ALA EPA DHA | 3 =9 ZF
EPA/DHA Oils
Haines, 19  Fish oil ED 4.6 6.1 -2.20 +3.77 +2.23
1986 22  Olive oil ED 0 6.1 0.00 -0.05 -0.22 B 2 Ad IDDMI
Solomon, 5 Fish oil ED 4.6 6.7 -3.44 +5.92 +2.19
1990 5 Olive oil ED 0 6.4 i +0.23 -0.07 -0.31 B 4 Un CVD Il
Green . Fish oil ED 43 nd -2.00 +2.70 '
1990 27 (()Ji(l)rn/Ohve ED 0 36 nd nd B 4 Un DysLip Il
Rivellese, 8 Fish oil ED 197 | 5.8 -2.30 +1.50 +1.60 A 3 Un DysLip I
1996 8 Olive ail ED 0.0 5.7 0.10 -0.10 -0.30 NIDDM
Luo Fish oil ED 18 | 63 +1.44" +1.33"
) 9
1998 10 Silljnﬂower ED 0 6.3 nd nd C 3 Un DMII I
Angerer, 87 Fish ail ED 1.65 nd +2.60 +4.20
2002 84  Fatty acid ED nd nd +0.10 +0.10 B 4 Ad cvo i
Fish Diets
" Fisz a“‘t’ T ag | ng |Totalne: EPA+DPA+DHA:
modera’e © " 450 +6.60
exercise
No fish and . .
11 moderate T nd nd Total n-6: EPA+DPA+DHA:
! +0.60 0.00
Dunstan, exercise B 2 NIDDM |
1999 i E 'Sh*: and T 36| ng |Totaine: EPA+DPA+DHA: DysLip
o ' 6.7 +8.40
exercise
No fish and
12 light T nd nd nd nd
exercise
14  Fish ED 0.8 8.8 -2.70 0.00 +1.30 +3.20
Agren, Fish and
1988 15 low SFA | ED 0.8 9.3 -2.40 0.00 +0.90 +2.70 B 3 Un GEN 1l
19 Controldiet ED 0.05 nd nd nd nd nd
22  Fish ED 0.8 9.2 -1.30 +0.70 +1.80
23 Controldiet ED 0.1 8.7 | +0.10 0.00 -0.10
Agren o7 Fishand ED 08 | 87 |-1.20 +0.80  +2.00
1991 ’ exercise ) ) ) ) ) B 2 Un GEN Il
Control diet
27 and ED 0.1 8.6 | +0.40 0.00 -0.10
exercise
14 EPA+DHA ED 1.6 4.5 -0.80 0.00 +1.30 +0.80
ED 0.0
Wensing, 13 ALA (old) A 68 4.1 -0.70 +0.40 +0.40 -0.30 5 2 U GEN |
1999 ED 00 :
12 ALA (young) A 6'8 4.0 | +0.90 +0.20 +0.20 -0.10
11 Oleic acid ED 0.0 3.8 -0.20 0.00 +0.00 +0.10

nd = no data; n-6 = omega-6
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A =ALA; D=DHA; E =EPA; ED = EPA+DHA; T = total omega-3 fatty acids.

Baseline EPA + DHA profile (% of total fatty acids) of erythrocyte phospholipids.

A% = Difterence of the marker’s profile (post-treatment minus pre-treatment).

A = good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and

dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment

unclear. See Methods.

e CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

f  Arachidonic acid (20:4 n-6)

Crossover study.

Difference from the control after 2-month treatment. Assumed control’s profile didn’t change from baseline, so differences

from the controls would be approximately equal to the A%.

i Low saturated fatty acid diet.

o0 o

=09

Granulocyte Membrane Phospholipid Composition **’

(Table 3.30)

One randomized controlled trial examined the changes of EPA+DHA composition in
granulocyte membrane phospholipids after fish oil supplementation. Madsen et al. found that
EPA and DHA compositions in granulocyte phospholipids significantly increased after 12 weeks
of fish oil supplement treatment, while no significant changes were found in the placebo group
37 In addition, the change in DHA profile was significantly larger in the higher-dose fish oil
supplementation group than in the lower-dose fish oil group.

Table 3.30 Effect of omega-3 fatty acid supplementation on fatty acid profile of granulocyte membrane in
randomized trials (12 weeks)

Omega-3 Fatty Quality ° »
Acid Arms * c k=
_ Results (A%) » gl
Base oz =
Study, ED € o« o= 5
Year Control Arm b 3 8 28 o
% 2 B g8 ¢
N Source g/d AA" ALA EPA DHA < 2 ] <
EPA/DHA Oils
20 Fish oil ED 59 2.2 -2.71  -0.03 +3.50 +0.57
Madsen, 2003 20 Fish oil ED 17 2.1 -1.21 0.00 +1.25 +0.29 | B 3 Un GEN I
20 Oliveoil ED 0 20 |[+0.03 +0.01 +0.04 -0.02
a A=ALA; D=DHA; E=EPA; ED = EPA+DHA; T = total omega-3 fatty acids.
b  Baseline EPA + DHA profile (% of total fatty acids) of granulocyte phospholipids.
¢ A% = Difference of the marker’s profile (post-treatment minus pre-treatment).
d A =good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and

dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

e CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

f  Arachidonic acid (20:4 n-6).

Monocyte Membrane Phospholipid Composition "¢

(Table 3.31)

One crossover study examined the changes of EPA+DHA composition in monocyte
phospholipids after cod-liver oil supplementation. Hansen, et al. showed the EPA profile in
monocyte phospholipids significantly increased, while the arachidonic acid profile significantly
decreased after 8 weeks of cod liver oil supplement treatment compared to the no treatment
controls "%,
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Table 3.31 Effect of omega-3 fatty acid supplementation on fatty acid profile of monocyte phospholipids in
randomized trials (8 weeks)

. d
Omega-3 Fatty Acid Arms * Quality - z
c
B Results (A%) 7 » T
Study, Control Arm ége 5 S § 5 §
Year (%) b § % b § g
N  Source gld AA" ALA EPA DHA|3S < 2 s &
EPA/DHA Oils
Cod liver h h
Hansen, 1989 | 40° oil ED 58| nd |-4.00 +3.00 C 1 Un GEN I
No oil ED 0 | nd nd nd

nd = no data

a A=ALA;D=DHA; E=EPA; ED = EPA+DHA; T = total omega-3 fatty acids.
Baseline EPA + DHA profile (% of total fatty acids) of monocyte phospholipids.

b
¢ A% = Difference of the marker’s profile (post-treatment minus pre-treatment).
d

A = good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and

dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment

unclear. See Methods.
e CVD =history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,

healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-

group; III = narrow applicability. See Methods.
f  Arachidonic acid (20:4 n-6)

=09

Cross-over study.
Difference from the control after 8-week treatment. Assumed control’s profile didn’t change from baseline, so differences

from the controls would be approximately equal to the A%.

Figure 3.4 Association between EPA and/or DHA supplementation and changes in EPA+DHA composition in
plasma or serum phospholipids (PL)

10

Change of EPA+DHA in Serum/Plasma PL Profile (%)

2

3

4

Dose of EPA+DHA (g/day)

109

Source of EPA+DHA

Fish Oil
Dietary Fish
EPA

DHA

#JI4DOO

Plant Oil

Size of marker is proportional to
square root of sample size

* = Study with incomplete data
(See Table 3.26)

Slope Intercept R?2 P
Al 0.93 1.41 0.45 <.001
— Complete 1.24 0.89 0.63 <.001



