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Preface

The Agency for Hedlthcare Research and Quality (AHRQ), through its Evidence-Based
Practice Centers (EPC9), sponsors the development of evidence reports and technology
assessments to assist public- and private-sector organizations in their efforts to improve the
quality of health care in the United States. This report, Effects of Omega-3 Fatty Acids on
Arrhythmogenic Mechanismsin Animal and Isolated Organ/Cell Culture Studies, was requested
and funded by the Office of Dietary Supplements, National Institutes of Health The reports and
assessments provide organizations with comprehensive, science-based information on common,
costly medical conditions and new health care technologies. The EPCs systematically review the
relevant scientific literature on topics assigned to them by AHRQ and conduct additional
analyses when appropriate prior to developing their reports and assessments.

To bring the broadest range of experts into the development of evidence reports and health
technology assessments, AHRQ encourages the EPCs to form partnerships and enter into
collaborations with other medical and research organizations. The EPCs work with these partner
organizations to ensure that the evidence reports and technology assessments they produce will
become building blocks for health care quality improvement projects throughout the Nation. The
reports undergo peer review prior to their release.

AHRQ expects that the EPC evidence reports and technology assessments will inform
individual health plans, providers, and purchasers as well as the health care system as a whole by
providing important information to help improve health care quality.

We welcome written comments on this evidence report. They may be sent to: Director,
Center for Outcomes and Evidence, Agency for Healthcare Research and Quality, 540 Gaither
Road, Rockville, MD 20850.

Carolyn M. Clancy, M.D. Jean Slutsky, P.A., M.SP.H.
Director Acting Director, Center for Outcomes and
Agency for Healthcare Research and Quality Evidence

Agency for Healthcare Research and Quality

Paul Coates, Ph.D.
Director, Office of Dietary Supplements
National Institutes of Health

The authors of this report are responsible for its content. Statements in the report should
not be construed as endorsement by the Agency for Healthcare Research and Quality or the
U.S. Department of Health and Human Services of a particular drug, device, test,
treatment, or other clinical service.
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Structured Abstract

Context. Epidemiological studies and clinical trials have reported beneficia effects of fish or
fish oil consumption on cardiovascular disease outcomes including sudden death and
arrhythmia. The mechanisms of this reported benefit are, however, unclear.

Objectives. Asone component of a series of reports on the impact of omega- 3 fatty acids on
cardiovascular disease, we aso performed a systematic review of the literature on whole animal
and isolated organ and cell culture studies to assess the effects of omega- 3 fatty acids on
arrhythmogenic mechanisms and outcomes.

Data Sources. We searched Medline, Embase, Biological Abstracts, and Commonwealth
Agricultural Bureau databases for potentially relevant English language studies.

Study Selection. We screened over 1,807 abstracts and retrieved 295 full text articles. Eighty-
six studies met our inclusion criteria and provided data to address the key questionsin this
report. We used comparative studies of whole animal, isolated organ and cells derived from
omega- 3 fatty acid-fed animals, and isolated organ and cell culture studies, in which the studies
guantified the amount of omega-3 fatty acid in the intervention, to assess the effects of the
interventions on arrhythmogenic mechanisms and outcomes.

Data Extraction. From each qualifying study, we extracted information about the study
design, animal characteristics and model, the amount of omega-3 fatty acid used in the animal
diet or in the experiments, the chemical agents used , the conditions under which the experiments
were conducted, and outcomes. For whole animal studies, we extracted information about the
randomization and blinding techniques to assess methodological quality.

Data Synthesis. Thirteen whole animal studies (rat models) were included in a meta-analysis
that compared the anti-arrhythmic effects of ALA or fish oil to omega-6 oils. These meta-
analysis results showed that fish oil supplementation showed a significant risk reduction in the
number of deaths, ventricular tachycardia (VT), and ventricular fibrillation (VF). The combined
risk ratio (RR) for deaths was 0.48 (95% CI: 0.24-0.95). With fish oil supplementation, for VT
the RR was 0.49 (95%CI 0.29-0.83), and 0.68 (95%CI 0.50-0.91), for ischemia and reperfusion
induced arrhythmias, respectively. With fish oil supplementation, for VF, the RR was 0.21
(95%CI 0.07-0.63), and 0.44 (95%CI 0.25-0.79), for ischemia and reperfusion induced
arrhythmias, respectively. There was no significant effect for ALA oil supplementation,
however.

There were twenty-one studies using isolated organs and cells from whole animals fed omega-3
fatty acids that examined the following parameters: contractile, basoel ectromechanical, ion
pumps and ion movements, ion currents, and ion channels. Although seven of these studies
evaluated the effect of omega-3 fatty acid enriched diets on contractile parameters, they each
compared different diets and used different experimental conditions.

Thirty-nine studies evaluated the effect of omega- 3 fatty acids on isolated organ and cell
cultures. Omega 3 fatty acids were applied either directly to the cell culture medium (free) or



incubated with the cells to alow incorporation into membrane phospholipids (bound). These
studies examined parameters similar to the whole animal isolated organ and cell studies. Seven
studies of arrhythmia reported that omega- 3 fatty acids (predominantly EPA and DHA but in
oneinstance ALA) appeared to have a protective effect against spontaneous or induced
arrhythmias in both rat and guinea pig models. Four of these studies, however, were from the
same collaborative group. In the presence of various arrhythmogenic agents and across the
different types of species studied, omega- 3 fatty acids compared to controls were reported to
consistently decrease contraction rate, thereby exerting a protective effect with respect to
arrhythmia. In studies without an arrhythmogenic agent, the results were inconsistent, with three
showing a decrease in contractility and three showing no effect.

Conclusions. Fish oil supplementation (EPA and/or DHA) might have anti-arrhythmic effects
when compared with omega-6, monounsaturated, or saturated fatty-acids in pre-fed fish ail in
studies of various animal species. Fish oil supplements in rats showed significant protective
effects for ischemia- and reperfusion induced arrhythmias by reducing the incidence of
ventricular tachycardia and fibrillation but no beneficia effects for ALA supplementation were
found. The arrhythmic effects for infused omega- 3 fatty-acid treatments are still unknown.

In studies using isolated organs and cells from animals fed omega-3 fatty acids and in studies
using isolated organ and cell culture where fatty acids were directly applied to the culture
medium, the question regarding plausible biochemical or physiological mechanisms to explain
the potential antiarrhythmogenic effects of omega 3 fatty acids cannot be answered definitively
at this time, despite some apparent trends. Due to numerous sub-parameters within each of the
major electrogenesis areas (i.e. ion channels, ion currents, ion pumps and ion movement,
contractility) studied , and a variety of experimental conditions, it is more difficult to draw a
conclusion about the various parameters.

vi



Contents

Evidence Report

(@170 (= 0t IR 1 g1 o (1 [ox o o PR PRS 3
Metabolism and Biological Effects of Essential Fatty ACIdS.........cccooeeieeiieieneneniennne 3
Metabolic Pathways of Omega-3 and Omega-6 Fatty ACIAS .........ccceevveeerveievieesieene 4
Overview of the Electrophysiology of the Heart............ccooveeeviccecc e 7

Cardiac EleCtrophySIOIOgY ........cccveverierierieniesiesiee s 7
ATTRYENMIAL ..t 8
Potential Impact of Omega-3 Fatty Acids on Arrhythmogenesis..........ccccevveveveerieennen, 8

Chapter 2. MEINOUS........coeiiieeeeee et sb e 9
OVEIVIBIW ...ttt bbbt bttt et e st b s b e bt e bt e e et e b e nbesaeebenre s 9
Analytic Framework of This Evidence REPOIt.........cccceciieiieiiiieiie e 9
Literature Search SHTAEQY ........coererierereriesesee et sne e 14
S 010 )= 1= o 1 o o USSR 14
L gTe UL Lo g I O ) = - USSP 15
D= = 1 = o o SRR 16
Format for REPOrting EVIJENCE.........cccoiiiiiieiceee e 16
MEhOAS Of ANBIYSIS ... sr e e ne e sneenns 17
DT O F= S L o= (o] o SRR 17
D= 6= W =S 1= 11 o o R 18

(@ gT= 0 (= RS T (= | S 19
Literature Search OVEIVIEW .........ooerie ettt 19
Whole ANIMal SEUAIES.........ooeiiieece et 19

Studies Comparing Pre-Fed Omega-3 PUFAsto Omega-6 PUFAS...........ccccccu.... 20
Studies Comparing Pre-Fed Omega-3 Long-Chain PUFAs to Alpha-
LINOIENIC ACIA ...ttt sae e nae e 24
Studies Comparing Pre-Fed Omega-3 PUFASTO MUFAS........cccoovceveereceeseeene 25
Studies Comparing Pre-Fed Omega-3 PUFASs to Saturated Fatty Acids................. 25
Studies Comparing Pre-Fed Omega-3 PUFAsto No Treatment Controls.............. 27
Anti-Arrhythmic Effects of Free Omega-3 Faity ACIAS.........ccooevevieieienencrie 28
Whole Animal Isolated Organ and Cell StUdi€s..........cccevveveeceececiee e, 28
CoNtractile ParamEterS..........cooeiiiieeieeee e s 29
Basoel ectromechanical ParametersS..........coovveeieeieneeneere e 29
lon PUMPS and 10N MOVEMENL.........cccoiieiecee et 30
[ON CUIMTENTS ...ttt e s ne e e n e e sne e san e e nneeenneenneas 31
[ON ChANNEIS ... ettt nae e 31
Isolated Organ and Cell SEUAIES.........ocoiiiiiiieeee e 32
Contractile and Arrhythmogenic Parameters............ccvevveveieeveecieseese e seesee e 32
Basoelectromechanical Parameters..........coovieiiiiiinieneee e 34
[on PUMPS and 10N MOVEMENE..........ociiiiirieieeese e 36
[ON CUIMTENTS ... sn e nn e e nne e snneennnas 38
[ON ChANNEIS ...t st 39

vii



Chapter 4. DiSCUSSION......uceiiieitieiieeitie et esseesteesaeesseessessbeesbesaseessessnseessesssseesseesnseenseeanns 40

Whole- ANIMal SEUAIES.........oieiieiee e 40
SHUAY QUAITEY .ttt e e s r e te e sreene e nneenns 42
Limitations and FUture RESEarCh..........cooveereeiiii e 43

Whole-Animal/lsolated Organ and Cell STUTIES ..........ccooerireninenieieeeeee e 43
CONtractile ParamEterS..........coiveeereereeee st see s e e e st sreenne e nneenes 43
BasoelectromechaniCal Parameters..........coceveieiininesene s 44
[on PUMPS and 10N MOVEMENL.........coiiiiiiierieeie et 44
[ON CUIMTENLS ...ttt b e e st e e bt e s abe e nbe e s nbeenneas 44
[ON CRANNEIS ... bttt s 44
Summary of Areasfor FUture RESEArCh .........ccevvveeiie i 44

Isolated Organ and Cell Culture SEUAIES .........c.eeiiieiieeeere e 45
Contractile Parameters and Arrhythmias..........ccccceecevieie e 45
Basoelectromechanical Parameters..........coueveieiininesese e 47
[on PUMPS and 10N MOVEMENL.........coiiiiiiierieeie et s 48
[ON CUIMTENLS ...t st sb e b e sb e e s nte e nbeesnteenneas 48
[ON CRANNEIS ... bbbttt a e e 49
Summary of Areas for Future ReSearch.........cccoeiieiiiieseniceeeee e 49

Study Design and Analysis Issues: Isolated Organ and Cell Culture Studies.............. 49
GENEral DESIGN ISSUES.......coivieieciecteerie ettt ee st e e e nte e sreeneeneenneenes 49
Sub-Grouping Based on Multiple Interventions and End Points............cccccevveven. 49
INVITO MOOEIS. ...ttt s sne e 52
EXPOSUIE DUFBLION.......cueeiieieeiesieste sttt s snenneas 52
Amount of Omega-3 Fatty ACIA USEd.........ccoeeiiieceecece e 53
COMPAITSON GIOUPD ....cuveenteeieeeieesieeiesseesteeeesseesseessesseesseessesaessseassesssesseessesnesssesssesneens 53
Experimental Condition OF AQENT.........coeierieeeerese e e 53
[C50 @N0 ECS50 VAIUES ...ttt st s nne s 54
(@00 Tox 11 Lo o FO TR 54

References and Included Studies with Bibliography............cccoveiieiiiececee e, 55
BIBIIOGraPNY ..o e 61
Listing of EXClUEd SEUIES.........cceeiuieieceeite ettt 67
Acronyms, Abbreviations, and Parameters..........ccoceeriereneseese e 77
Tables
Table4.1 Comparisorsof FishOil to Omega-6 Supplementation............ccccceveveveennne 41
Table4.2 Minimum Group Sizes to Detect a 50% Reduction in Ventricular
T o g1 = 1 o o USSR 42
Table4.3 Areasfor Future Research: Whole Animal and Isolated Organ and Cell
CUIUIE STUTIES. ..ottt e 47
Table4.4 Areasfor Future Research: Isolated Organ and Cell Culture Studies........... 51

viii



Summary Tables

Table3.1

Table3.2

Table 3.3

Table3.4

Table3.5

Table 3.6

Table 3.7

Table 3.8

Table 3.9

Table 3.10

Table3.11

Table 3.12

Table 3.13

Table 3.14

Table 3.15

Table 3.16

Table3.17

Summary of Study Design and Outcomes Evauated in

Whole-Animal SEUAIES........ccoiiiiiiisece e 85
Summary of Study Design and Outcomes Evaluated in
Whole-Animal/lsolated Organ and Cell Studies ..........cccvvveeveeiveceneeieeene 86
Summary of Study Design and Outcomes Evaluated in
Isolated Organ and Cell StUAIES.........ccveiieeierieeeee e 87

Total Deathsin Ischemia-Reperfusion-Induced Arrhythmia:

Comparisonof Rats Fed Omega-3 Fatty Acids With Controls Fed

OMEQA-6 PUFA QIllS......oooiiecieeeceese ettt 88
Sensitivity Analysison Total Degths in Ischemia Reperfusion-Induced
Arrhythmia: Comparisonof Rats Fed Omega-3 Fatty Acids With

Controls Fed Omega-6 PUFA QIlS.........cccceveiieiieie et 90
Total VF Deaths: Comparisonof Monkeys Fed Tuna Fishoil With
Controls Fed Sunflower-Seed Oil (Omega-6 PUFA) ........cccoevevinenencnee 90

Ventricular Tachycardia in Ischemia-Induced Arrhythmias: Comparison

of Rats Fed Omega-3 Fatty Acids With Controls Fed Omega-6

PUFA QIS ettt st ae st snennenne s 91
Ventricular Tachycardia in Reperfusioninduced Arrhythmias:
Comparisonof Rats Fed Omega-3 Fatty Acids With Controls Fed

OMEga-6 PUFA QIlS.......oiiiiiieeeeeeee e 93
Ventricular Fibrillationin Ischemia-Induced Arrhythmias: Comparison

of Rats Fed Omega-3 Fatty Acids With Controls Fed Omega-6

PUFA QIS ettt st sae st saesrenneas 95
Ventricular Fibrillationin Reperfusion-Induced Arrhythmias:

Comparisonof Rats Fed Omega-3 Fatty Acids With Controls Fed

OMEQA-6 PUFA QIllS......oooiieiieeeeee sttt 97
Ventricular Fibrillationin Induced Arrhythmia: Comparisonof

Monkeys Fed Tuna Fishoil With Controls Fed Sunflower-Seed

Ol (OMEJA-6 PUFA) ...ttt s 99
Ventricular Premature Beats/Complex, Infarct Size, Arrhythmia Score

and Lengthof Timein Normal Sinus Rhythm: Comparisonof Rats Fed

Omega-3 Fatty Acids With Controls Fed Omega-6 PUFA Qils.................. 100
Arrhythmic Effects in Studies Comparing Omega-3 Long-Chain
PUFASWith a-Linolenic ACI ........ccveiiieieeee et 101

Total Deaths in Ischemia ReperfusionInduced Arrhythmias:

Comparisonof Animals Fed Fish Oil (EPA+DHA) With Controls Fed

S LU= =0 o ST 102
Ventricular Tachycardia in Ischemia-Reperfusion Induced

Arrhythmias: Comparisonof Animals Fed Fish Oil With Controls Fed

S U1 = 1= 0 o ST PSPPSR 102
Ventricular Fibrillationin Ischemia-ReperfusionInduced

Arrhythmias: Comparisonof Animals Fed Fish Oil With Controls Fed
SALUFLEA FaLS. ... .ottt 102
Ventricular Premature Beats in | schemia-Reperfusion-Induced



Table 3.18

Table 3.19

Table 3.20

Table3.21

Table 3.22
Table 3.23
Table3.24
Table 3.25
Table 3.26
Table 3.27
Table 3.28
Table 3.29
Table 3.30
Table3.31
Figures

Figure1.1
Figure 2.1
Figure 2.2

Figure 2.3
Figure 3.1

Figure 3.2

Figure 3.3

Figure 3.4

Arrhythmias: Comparisonof Animals Fed Fish Oil With Controls Fed

SALUFLEA FaLS. ... .coveeieiieeieee ettt sneesre e 103
Total Deaths in Induced Arrhythmias: Comparisonof Dogs Fed EPA
and/or DHA WithNo Treatment CONtrols ..........ccccovevevieevecieseeseece s 103

Ventricular Premature BeatsComplex, Infarct Size, Arrhythmia
Score and Areas Risk of Arrhythmias: Comparisonof Dogs Fed EPA

and/or DHA WithNo Treatment CONtrols ..........cccocvevevveeveeiesieeseese s 103
Effects of Intravenoudly I nfused Omega-3 Fatty Acids on
Ischemia-Induced or Spontaneous Arrhythmias in Mongrel Dogs ............. 104

Effects of Omega-3 Fatty Acids on Contractile Parameters In
Whole Animal Isolated Organ and Cell Studies (WA-I10OC) Sorted

by Diet and ConditioNS ........ccceoerierieriiinieeeeeee e 105
Effects of Omega- 3 Fatty Acids on the Basoel ectromechanical
ParameterS in WA-TOC..... .ot s 107

Effects of Omega- 3 Fatty Acids on lon Pumps and lon Movement
in Whole Animal Isolated Organ and Cell Studies Sorted by Species

= 010 I L= PSSP 108
Effects of Omega- 3 Fatty Acidson lon Currentsin WA-10C.................... 112
Effects of Omega-3 Fatty Acids on lon Channelsin WA-10C................... 113
Effects of Omega- 3 Fatty Acids on Arrhythmogenic and Contractile
ParameterSiN WA-TOC ...t e 114
Effects of Omega-3 Fatty Acids on Basoel ectromechanical

ParameterSiN WA-TOC.........co ettt 122
Effects of Omega-3 Fatty Acids on lon Pumps and lon Movenment ........... 125
Effects of Omega-3 Fatty Acidson [on CUrrents..........ccccoveevenceeneeninnene 133
Effects of Omega-3 Fatty Acidson lon Channels...........cccceeevenenenenennns 138
Comparison of IC50 or EC50 ValUES.........ccceeeeiieeiiecieseeie e 139

Classica Omega-3 and Omega-6 Fatty Acid Synthesis Pathways and
the Role of Omega-3 Fatty Acid in Regulating Health/Disease Markers ......6

Analytic Framework for Animal SIUdIes...........cccoeveninienieiee e 11
Analytic Framework for Intact Animal Isolated Organ and Cell Studies....12
Analytic Framework for Cell Culture Studies...........ccocovveeveriineeneeienn 13

Total Deathsin Ischemia-Reperfusion-Induced Arrhythmia:

Comparison of Rats, Fed, AlphaLinolenic Acid (ALA) With Controls

Fed Omega-6 PUFA OIlS........ccoiiiiiee ettt 89
Total Deathsin Ischemia-Reperfusion-Induced Arrhythmia:

Comparison of Rats Fed Fish Oils With Controls Fed Omega-6

PUFA OI1S ..ottt 89
Ventricular Tachycardiain Ischemia-1nduced Arrhythmias:

Comparison of Rats Fed AlphaLinolenic Acid (ALA) With Controls

Fed OmMega-6 PUFA OIlS.......c.coioiiee et 92
Ventricular Tachycardiain Ischemia-Induced Arrhythmias:

Comparison of Rats Fed Fish Oils With Controls Fed Omega-6



Figure 3.5

Figure 3.6

Figure 3.7

Figure 3.8

Figure 3.9

Figure 3.10

PUFA OIS ..o

Ventricular Tachycardiain Reperfusion Induced Arrhythmias:
Comparison of Rats Fed AlphaLinolenic Acid (ALA) With Controls

Fed Omega-6 PUFA OIlS........cccovciiie ettt

Ventricular Tachycardiain Reperfusion-Induced Arrhythmias:
Comparison of Rats Fed Fish Oils With Controls Fed Omega-6

PUFA OIS ..o

Ventricular Fibrillation in Ischemia-Induced Arrhythmias:
Comparison of Rats Fed AlphaLinolenic Acid (ALA) With Controls

Fed OmMega-6 PUFA OIlS.......ccccieiiie et e e

Ventricular Fibrillation in Ischemia-Induced Arrhythmias:
Comparison of Rats Fed Fish Oils With Controls Fed Omega-6

PUFA OIS ..o

Ventricular Fibrillation in Reperfusion Induced Arrhythmias:
Comparison of Rats Fed AlphaLinolenic Acid (ALA) With Controls

Fed OmMega-6 PUFA OIlS.......ccociiiie e

Ventricular Fibrillation in Reperfusion-Induced Arrhythmias:
Comparison of Rats Fed Fish Oils With Controls Fed Omega-6

PUFA OIS ..ttt

Appendixes and Evidence Tables are provided at
http://www.ahr q.gov/clinic/epcindex.htm

Xi






Evidence Report



