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SUMMARY Y 

Objectives Objectives 

Hypertriglyceridemiaa is an independent risk factor for coronary artery disease (CAD). It 
hass been suggested that the CAD risk associated with hypertriglyceridemia is increased 
eitherr by the atherogenicity of triglyceride (TG) rich lipoproteins, or by the often associ-
atedd decreased levels of high-density lipoprotein cholesterol (HDL-C). Furthermore, 
severee hypertriglyceridemia can cause acute pancreatitis. This study was designed to 
comparee the effect of concentrated n-3 fatty acids and gemfibrozil in patients with severe 
hypertriglyceridemia.. The primary objective was to measure the change in serum TG and 
thee secondary objectives were to study the changes in TC, HDL, VLDL, apolipoproteins 
andd free fatty acids. 

Methods Methods 

899 patients with severe hypertriglyceridemia (defined as plasma TG > 4.5 mmol/1) were 
randomizedd to Omacor™, a capsule containing the n-3 fatty acids eicosapentenoic acid 
(EPA),, and docosahexenoic acid (DHA) at a dosis of 4 g/day or gemfibrozil 1200 mg/day 
forr 18 weeks, in a double-blind fashion. 

Results Results 

Thee baseline characteristics of the two randomized groups were similar. Compared to 
baseline,, n-3 fatty acids reduced mean triglyceride levels by 28.9% and, conversely, gemfi-
brozill  by 51.2 % (p=o.oo7). Total cholesterol was decreased 10.2% by n-3 fatty acids and 
13.0%% by gemfibrozil (p=o.5i), and very-low-density lipoprotein cholesterol (VLDL-C) 
11.8%% and 19.4%, (p=o.49) respectively. HDL-C was increased by both compounds, n-3 
fattyy acids elevated HDL-C only by 1.2%, whereas it was elevated 27.9 % by gemfibrozil 
(p=O.OI2). . 

Conclusion Conclusion 

Ourr study indicates that both n-3 fatty acids and gemfibrozil markedly decreased triglyc-
eridee concentrations in patients with severe hypertriglyceridemia. Gemfibrozil, however, 
decreasedd TG levels and increased HDL-C significantly more than n-3 fatty acids. 
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INTRODUCTION N 

Elevatedd plasma triglyceride levels have been the focus of an ongoing debate concerning 
theirr role as an independent risk factor for coronary artery disease (CAD). Only recently 
hass hypertriglyceridemia been considered an independent contributor to CAD1. 

Bothh fasting triglyceride (TG) levels and high levels of TG rich lipoprotein remnants 
predictt a predisposition to clinical coronary events, independently of other risk factors2 

andd independently of reduced concentrations of high-density lipoprotein cholesterol 
(HDL-C)3. . 

Hypertriglyceridemiaa is also associated with "small dense" low-density lipoprotein 
cholesteroll  (LDL-C) particles, which are more susceptible to oxidation and also predis-
posee to increased risk of CAD4S. 

Managementt of hypertriglyceridemia should focus initially on non-pharmacological 
modalitiess of treatment, such as diet, exercise, weight control, reduced alcohol intake and 
strictt glycemic control6. If these measures prove unsuccessful, severely elevated TG levels 
inn particular should be treated with lipid lowering drugs, in order to prevent pancreatitis. 
Suchh drugs include fibric acid derivates, nicotinic acid and its analogues. These com-
poundss both decrease TG and increase HDL-C. Some of these compounds have shown 
modestt reductions in fatal and non-fatal myocardial infarctions, but for neither could a 
decreasee in total mortality be demonstrated7-8,9, although recently it was shown that gem-
fibrozilfibrozil  therapy resulted in a significant reduction in the risk of major cardiovascular 
eventss in patients with coronary disease with low HDL-C10. 

Epidemiologicc studies suggest that a high dietary intake of n-3 poly-unsaturated fatty 
acidss may confer a protective effect against atherosclerotic disease11 and reduce serum 
TGG levels1213. We investigated in a randomized, double-blind trial the efficacy, safety and 
tolerabilityy of Omacor™ (concentrated n-3 fatty acids, Pronova AS) and gemfibrozil in 89 
patientss with severe hypertrigyceridaemia. The primary objective was to measure the 
changee in serum TG and the secondary objectives were to study the changes in TC, HDL, 
VLDL,, apolipoproteins and free fatty acids. Apoliproteins were measured to better define 
riskk ratios. 

METHODS S 

Thee study was approved by the Institutional Review Board of the Academic Medical 
Centerr and the University Hospital Nijmegen, The Netherlands. 

Patients Patients 
AA total of 89 patients (82 males and 7 females) could be included. All patients were 
recruitedd from the outpatient Lipid Clinics of the Academic Medical Center and the 
Nijmegenn University Hospital. Patients were included if they had fasting serum TG levels 
higherr than 4.5 mmol/L. Patients had to be off lipid lowering drugs for at least six weeks 
beforee entering the study and were instructed to follow a low-fat diet. Concomitant medi-
cationn remained unchanged throughout the trial. Participants were excluded if they had 
experiencedd a myocardial infarction or another serious disease less than six months 
beforee entering the study, or if they had serum ALT > 3 times upper normal level, fasting 
serumm glucose > n.o mmol/L, blood HbAlc > 8.5 %, serum creatinine > 120 umol/L. 
Patientss with poorly controlled diabetes mellitus, renal failure, liver disease, asthma, 
hypersensitivityy to acetylsalicylic acid or alcohol abuse were also excluded from the study. 
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Alll  patients gave written consent. There were 45 patients in the n-3 fatty acid and 44 
patientss in the gemfibrozil groups, respectively. 

StudyStudy design 
Thiss trial is a randomised, double-blind study comparing Omacor™ and gemfibrozil in 
patientss with severe hypertriglyceridemia. 

Thee study consisted of a treatment period of 12 weeks preceded by a 6 weeks run-in 
duringg which the patients received dietary advice orally and written by the physicians per-
formingg the study and dietary assessment throughout the study. After this period patients 
weree randomised at week o to receive either four capsules of Omacor™ and two tablets of 
Lopid®® placebo or four capsules of Omacor™ placebo and two tablets of Lopid® daily 
forr 12 weeks. A computer randomisation was used in which treatment was balanced 
withinn blocks of patients. 

Att each visit {week -6, -2, o, 6, 10 and 12) blood samples were drawn after a twelve 
hourr fast and 24 hours abstinence from alcohol and lipid profiles were measured. Rou-
tinee hematology and biochemistry were measured at week o and at week 12. A physical 
examinationn was performed at visit o. 

LaboratoryLaboratory parameters 
Plasmaa total cholesterol, HDL-C and triglycerides were measured by standard tech-
niques.. Total cholesterol was determined with an enzymatic kit (Boehringer Mannheim, 
Mannheim,, Germany). HDL-C was measured after precipitation of apo B-containing lipo-
proteinss with magnesium phosphotungstate. Triglycerides were analyzed enzymatically 
(Biomerieux,, France). LDL-C was estimated calculated using the Friedewald formula, 
whichh is valid up until plasma TG of 8 mmol/11415. Apolipoproteins A-I and apo B were 
determinedd by an immunological rate-nephelometric procedure using a polyclonal goat 
anti-humann anti serum16. 

Lipoproteinn A-I (lipoprotein particles containing only apolipoprotein A I) and Lipo-
proteinn A-I:A-I I were measured directly by differential electroimmunoassay17. 

FishFish oil supplementation 

Omacor™™ and placebo were supplied in identical 1 gram soft gelatin capsules and were 
manufactured,, packed and released by Pronova Biocare a.s., Lysaker, Norway. Omacor™ 
iss an 85% EPA/DHA ethyl ester concentrate, and each capsule contains 1 gram of n-3 
fattyy acid concentrate and 4 milligrams of a-tocopherol. The placebo contains an equal 
amountt of ethyl ester of corn oil. Lopid® tablets 600 mg and Lopid placebo have been 
purchasedd from Parke Davis, Morris Plains, MI, USA. The capsules were taken with 
meals.. The total daily dose of Omacor ™ was 4 g o.d. and of Lopid® 1200 mg o.d. 

StatisticalStatistical analysis 
Thee study was designed to yield a statistical power of 80 % of detecting a difference in the 
meann percent change from baseline TG in each of the subgroups. The inclusion of a min-
imumm of 41 patients per subgroup was required to complete the trial according to proto-
col.. All values were expressed as means with standard deviation or median with range 
whenn appropriate, and analyzed by standard t-test, using the statistical package for the 
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sociall  sciences (SPSS). Paired analyses were used comparing TG between weeks o and 
12.. Statistical significance was defined as p < 0.05 

RESULTS S 

BaselineBaseline characteristics 
Thee first patients entered the study in June 1995 and the last patient completed the study 
inn July 1996. A total of 131 potential subjects were screened. Of these, 89 patients com-
pletedd the trial. 41 patients who met the eligibility requirements, were excluded because 
theyy did not have TG > 4.5 mmol/1. 

Thee baseline demographic characteristics for randomized patients are presented in 
tablee 1. Eighteen patients suffered from cardiovascular disease (CVD): 9 in the n-3 fatty 
acidd group and 9 in the in the gemfibrozil group. Among the other patients three suf-
feredd from diabetes mellitus (1 in the n-3 fatty acid group, 2 in the gemfibrozil group), 
thirteenn from hypertension (5 in the n-3 fatty acid group, 8 in the gemfibrozil group) and 
twoo patients had cardiac arrythmias {both in the gemfibrozil group). However, there were 
noo statistically significant differences between the two groups in the baseline characteris-
tics. . 

Tablee 1 Baseline characteristics of study population 

Gemfibrozill (n=44) Omacor (n=45) 

Agee (years) 
Sexx {male/female) 
BMII (kg/m2) 
CVDD (n) 
Systolicc blood pressure :: {mmHg) 
Diastolicc blood pressure (mmHg) 
Fastingg blood glucose ( ;mmol/l) ) 

50.11 {33-75) 
39/5 5 
27.55 (18.8-39.6) 
9 9 
137(110-182) ) 
86(70-110) ) 
6.11 (3.9-12.1) 

49.77 (36-69) 
43/2 2 
28.22 (22.3-33.8) 
9 9 
1333 (110-182) 
888 (70-110) 
5.7(4.2-10.0) ) 

Valuess are given as means with ranges in brackets, n = number of subjects, CVD = presence of cardiovascular 
disease,, BMI = body mass index; there were no statistical differences between the two groups 

Efficacy Efficacy 
Wee compared the efficacy of both compounds in lowering triglycerides, total cholesterol 
andd HDL-C between weeks o and 12 in the two groups. The changes in serum lipids and 
lipoproteinss after treatment with gemfibrozil and n-3 fatty acids are shown in table 2. For 
triglycerides,, HDL-C and TC the mean percentual changes were -28,9 % (  39,7), +1,2 % 

 36,9), and -10,2 % (  17,0) in the n-3 fatty acid group, and -51,2 % , +27,9 % 
,, and -13,0 % (  23,2), respectively for the gemfibrozil group as shown in table 3. 

P-valuess for these differences between the groups were 0.007, a o i 2> a nd °-5I3» respec-
tively.. Gemfibrozil is in this cohort of predominantly men more effective in lowering TG 
levelss than n-3 fatty acids and has an additional effect on HDL-C compared with n-3 fatty-
acids.. Since there were only three well-controlled diabetics participating it is unlikely that 
plasmaa glucose levels have had a strong influence on the changes in lipids and lipopro-
teins. . 
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Tablee 2 Lipid and lipoprotein levels in the Gemfibrozil and the Omaocr cohort 

Totall cholesterol 
HDL-cholesterol l 
LDL-cholesterol l 
VLDL-cholesterol l 
Triglycerides s 
Apolipoproteinn A] 
Apolipoproteinn B 
Lipoproteinn A-1 
Lipoproteinn A-1:A-II 
Freee Fatty Acids 

Gemfibrozil l 
weekk 0 (n=44) 

8.411 (4.40-23.10) 
0.833 (0.33-2.98) 
3-599 (1.30-4-60) 
3.555 (1.00-19.10) 
11.555 (4-io-56-5o) 
1.244 (0.79-2.02) 
1.622 (0.86-2.57) 
0.688 (0.28-0.98) 
0.555 (0.10-0.94) 
0.655 (0.24-1.14) 

weekk 12 (n=44) 

6.822 (3.90-12.30) 

0-955 (0-43-4-19) 
4.600 (3.00-6.40} 
2.077 (0.50-5.90) 
5.222 (1.30-39.10) 
1.277 (0.70-2.00) 
1.722 (0.84-2.49) 
0.600 (0.31-O.90) 
0.655 (0.03-1.40) 
0.688 (0.25-1.69) 

p-value e 

0.003 3 
0.241 1 
0.027 7 
0.005 5 

<o.oooi i 
0.490 0 
0.131 1 
0.012 2 
0.061 1 
0.479 9 

Omcaor r 
weekk 0 (n=45) 

8.81(5.80-16.30) ) 
0.811 (0.26-2.80) 
3.288 (2.50-5.40) 
3.822 (1.40-10.80) 
12.366 (3.40-30.90) 
1.23(0.67-1.59) ) 
1.611 (0.83-2.47) 
0.677 (0.24-1.18) 
0.566 (0.07-1.14) 
0.600 (0.28-1.12) 

weeki2(n=45) ) 

7.611 (4.70-13.10) 
0.755 (0.24-2.76) 
3.666 (1.40-6.40) 
2.922 (0.60-8.60) 
7.822 (2.20-24.40) 
1.20(0.58-1.73) ) 
1.755 (0.94-2.63) 
0.655 (0.42-1.05) 
0.599 (0.14-0.96) 
0.522 (0.24-1.35) 

p-value e 

<o.oooi i 
0.411 1 
0.161 1 
0.007 7 
<o.oooi i 

0.145 5 
0.004 4 
0.563 3 
0.448 8 
0.040 0 

Valuess are given as means with ranges in brackets, n = number of subjects. 
Valuess of triglycerides, total cholesterol, HDL-cholesterol, LDL-cholesterol and free fatty acids in mmol/L. 
Apolipoproteinss in g/L. HDL: high density lipoprotein, LDL: low density lipoprotein, VLDL: very low-density 
lipoprotein. . 

Tablee 3 Percentual changes in lipid and lipoprotein levels in both study cohorts 

Gemfibrozill n = 44 Omacorr n = 45 p-value e 

Totall cholestero l 

HDL-cho les tero l l 

VLDL-cholestero l l 

Triglycerides s 

-- 1 3 , 0 % 

++ 27,9 % 

-- 1 9 , 4 % 

- 5 1 , 2 % % 

-- 1 0 , 2 % 

++ 1 , 2 % 

-- 1 1 , 8 % 

-- 28,9 % 

0,513 3 

0,012 2 

0,494 4 

0,007 7 

Valuess are given as mean changes in percentages, HDL: high density lipoprotein, LDL: low density lipoprotein, VLDL: 
veryy low-density lipoprotein. 

SideSide effects 

Inn the n-3 fatty acid group one patient complained of dizziness shortly after taking his 
medication,, and another patient had potency problems and did not take his medication 
forr one week. Three patients who received gemfibrozil had adverse events; one com-
plainedd of nausea and stomach ache, one of dizziness and orientation problems, and one 
off  muscle ache. None of these side-effects were serious enough to discontinue the medi-
cation. . 

DISCUSSION N 

Thee present study was undertaken to compare the efficacy and short-term safely of a high 
dosee of n-3 fatty acids versus a usual dose gemfibrozil in patients with severe hypertrigly-
ceridemia. . 

Bothh n-3 fatty acids and gemfibrozil are considered to be well tolerated drugs in the 
treatmentt of hypertriglyceridemia. Adverse effects in both cohorts were mild and did not 
causee discontinuation of the trial. Long-term tolerability for both compounds still needs 
too be evaluated, since there was a slight increase in cancer and total mortality for gemfi-
brozill  in the Helsinki Heart Study 8.5-year for follow-up safety and mortality8. 

Comparedd to baseline values, n-3 fatty acids reduced mean triglyceride concentrations 
byy 28.9%, while gemfibrozil reduced these by 51.2 % (p=o.oo7). Total cholesterol was 
loweredd by 10.2% in the n-3 fatty acid group and 13.0% by gemfibrozil (p=o.5i), and 
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II fish oil 

II gemfibrozil 

TCC HDL-C VLDL-C TC 

Figuree 1 Lipid and Lipoprotein levels in both study cohorts 

VLDL-CC was reduced by 11.8% and 19.4%, respectively (p=o.49). HDL-C was increased 
byy both compounds; for n-3 fatty acids by only 1.2% while gemfibrozil elevated HDL-C by 
27.99 % (p=o.oi2). Mean percentage changes comparing n-3 fatty acids and gemfibrozil 
betweenn week o and 12 are illustrated in figure 1. 

Omega-33 fatty acids and fibric acid derivatives induce a consistent reduction in TG 
andd VLDL-C plasma levels. Fibric acid derivatives decrease TG by induction of lipoprotein 
lipolysiss and decreasing hepatic extraction of free fatty acids, which decreases hepatic 
triglyceridee production18. Gemfibrozil also inhibits the synthesis and increases the clear-
ancee of apo B, the major structural protein of VLDL-C18. VLDL-C in normolipidemic sub-
jectss is the major carrier of fasting plasma triglycerides. TG-enriched VLDL becomes rel-
ativelyy cholesterol-enriched remnants through hydrolysis by lipoprotein lipase (LPL). Our 
findingss show a remarkable elevation in serum HDL-C after gemfibrozil treatment. 

Recently,, the results from the VA-HIT trial were published10. Gemfibrozil therapy 
resultedd in a significant reduction in the risk of major cardiovascular events in patients 
withh coronary disease whose primary lipid abnormality was a low HDL-C level. The find-
ingsings suggest that the rate of coronary events is reduced by gemfibrozil by raising HDL-C 
andd lowering of TG without a significant lowering of LDL-C. 

Certainn populations including Inuits (Eskimos) have a high dietary intake of n-3 fatty 
acidss and a low incidence of CAD19. Fish and other marine life are a rich source of n-3 
fattyy acids. These fish oils have been shown to improve endothelial function in vitro in 
patientss with hypercholesterolemia, and to reduce CAD risk through that mechanism20. 
Theyy also influence a number of cellular responses in platelets, monocytes and endothe-
liall  cells21. 

Bothh omega-3 fatty acids and fibric acid derivatives both reduce plasma levels of TG 
andd VLDL-C. Omega-3 fatty acids lower TG by reducing the hepatic secretion of VLDL-
C22.. Omega-3 fatty acid supplementation in patients with hypertriglyceridemia may actu-
allyy increase LDL-C while decreasing plasma TG12'13. It has been proposed that n-3 fatty 
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acidss increase LDL-C by promoting production of TG-poor VLDL-C and accelerating con-
versionn of VLDL-C to LDL-C. Hypertriglyceridemia is associated with small dense LDL-C 
particless that are more susceptible to oxidation and predispose to increased risk of CAD23. 

Thee effects of n-3 fatty acids on HDL-C and its subtractions are unclear. However, one 
off  the current hypotheses is that the HDL-C subtractions change in composition and 
absolutee size upon n-3 fatty acid treatment: the level of HDL2 tends to rise compared to 
thee level of HDL3. Epidemiological studies imply that an increase in the HDL2 /HDL3 
ratioratio may be desirable and reduces cardiovascular risk24. HDL-C subclasses are consid-
eredd to differ in antiatherogenic potential. 

Wee measured lipoprotein A-I and lipoprotein A-I: A-II in both cohorts, but only in the 
gemfibrozill  group a clear change in lipoprotein A-I was observed, which can be seen as a 
beneficiall  change associated with decreased risk for future CHD. 

Recently,, the Lyon Diet Heart Study investigated the efficacy of a Mediterranean diet 
inn the secondary prevention of CAD25. The investigators could demonstrate a striking 
reductionn in recurrence of myocardial infarction in the patients on a n-3 fatty acid 
enrichedd diet, which supports the hypothesis that n-3 fatty acids indeed have a cardiopro-
tectivee effect in the clinic. The Gruppo Italiano per lo Studio della Streptochinasi nell' 
Infartoo Miocardico (GISSI) Prevenzione Trial, in which 25 % of 11,300 post-myocardial 
infarctionn patients were randomized to either n-3 fatty acids or control in addition to the 
usuall  care, showed a statistically significant 20% reduction in total mortality, and a 45% 
decreasee in sudden death26. The cardiac prognosis was especially impressive because 
thesee patients were otherwise medically well treated. 

Fibratess are the most commonly used drugs for the treatment of patients with severe 
hypertriglyceridemia,, but do not always have sufficient results. Omega-3 fatty acids also 
lowerr TG levels, but through a completely different mechanism. Therefore, in light of the 
preventionn of pancreatitis, caused by severely elevated TG levels, both n-3 fatty acids and 
gemfibrozill  can reduce TG levels significantly through different pathways. This could 
supportt the notion that a combination of these compounds may have additive effect on 
TGG levels and needs future study. 

CONCLUSIONS S 

Ourr study indicated that both n-3 fatty acids and gemfibrozil markedly decreased triglyc-
eridee concentrations in patients with severe hypertriglyceridemia. Gemfibrozil, however, 
decreasedd TG levels and increased HDL-C significantly more than n-3 fatty acids. 
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