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Structured Abstract

Context. Considerable interest in the possible value of omega-3 fatty acid supplementation in asthma was sparked by Horrobin’s hypothesis that the low incidence of asthma in Eskimos stems from their consumption of large quantities of oily fish, rich in omega-3 fatty acids.  Additional impetus for research came from observations that omega-3 fatty acids’ possible protective, or even therapeutic, effect might be afforded by their impact on mediators of inflammation thought to be related to the pathogenesis of asthma.

Objectives.  The purpose of this study was to conduct a systematic review of the scientific-medical literature to identify, appraise, and synthesize the evidence for the health effects of omega-3 fatty acids in asthma.  Questions addressed the: efficacy of omega-3 fatty acids to improve respiratory outcomes; impact of covariates (e.g., omega-3 fatty acid source, type, and dose) on efficacy; influence of omega-3 fatty acids on mediators of inflammation thought to be related to the pathogenesis of asthma; value of omega-3 fatty acids as primary prevention as well as secondary prevention; and, safety profile in asthma populations, or subpopulations, and those at risk.  The results may be used to inform a research agenda as well as to assist clinicians in advising patients who may wish to take this supplementation to treat or prevent asthma.
Data Sources.  A comprehensive search for citations was conducted using six databases (Medline, Premedline, Embase, Cochrane Central Register of Controlled Trials, CAB Health, and, Dissertation Abstracts).  Searches were not restricted by language of publication, publication type, or study design except with the MeSH term “dietary fats,” which was limited by study design to increase its specificity.  Search elements included: scientific terms, with acronyms, as well as generic and trade names relating to the exposure and its sources (e.g., eicosapentaenoic acid; EPA; omega-3 fatty acids; MaxEPA®; fish oil); and, relevant population terms (e.g., asthma; inflammation).  Additional published or unpublished literature was sought through manual searches of reference lists of included studies and key review articles, and from the files of content experts.  
Study Selection.  Studies were considered relevant if they described human populations of any age, involved any type of study design, and investigated the use of any foods or extracts known to contain omega-3 fatty acids as a treatment, primary or secondary prevention.  Populations in treatment or secondary prevention studies had to have received a diagnosis of asthma, whereas those in primary prevention studies could be either at elevated risk for asthma or healthy (i.e., without asthma).  A treatment study could assess a respiratory outcome, mediators of inflammation, or safety.  A primary prevention study needed, at the very least, to estimate asthma prevalence or incidence.  A secondary prevention study required a longterm assessment of respiratory function.  Two levels of screening for relevance, and two reviewers per level, were employed.  Disagreements were resolved by forced consensus and, if necessary, third party intervention.  
Data Extraction.  All data were abstracted by one reviewer, then checked by another one. Data pertained to the characteristics of the report, study, population, intervention/exposure and comparator(s), cointerventions, withdrawals and dropouts, and outcomes (including safety).  Study quality (internal validity) and study applicability (external validity) were each rated independently by two assessors, with disagreements resolved by forced consensus and, if necessary, third party intervention.  
Data Synthesis.  Question-specific qualitative syntheses of the evidence were derived.  Problems and limitations of available studies made it inappropriate to conduct meta-analysis of randomized controlled trial (RCT) evidence for any question: e.g., missing data, flawed designs, non-comparable study parameters.  In interpreting results, greater emphasis was placed on RCT evidence given its status as the gold standard by which an intervention/exposure’s efficacy or effectiveness is investigated.  Forced expiratory volume in one second (FEV1) was selected as the primary outcome given its status as a gold standard index of pulmonary function.  Thirty-one reports, describing 26 unique studies, were deemed relevant for the systematic review, with five studies each described by two reports.  

Conclusions.  Aside from an acceptable safety profile, it is impossible to definitively conclude anything with respect to the value of using omega-3 fatty acid supplementation in asthma for adults or children either in or beyond North America.  The lack of sufficiently consistent evidence, as well as a paucity of evidence from well-designed, well-conducted and adequately powered studies suggests that no definitive conclusion can yet be drawn regarding the efficacy of omega-3 fatty acid supplementation as a treatment.  The influence on efficacy of key intervention, population or cointervention factors (e.g., sources, types or doses of omega-3 fatty acid content) cannot yet be determined.  The picture of the impact of the exposure on mediators of inflammation thought to be related to the pathogenesis of asthma is largely unclear.  There are too few studies from which to conclude anything definitive with respect to primary prevention.  Some data suggest that dietary fish consumption, including oily fish, may serve a protective role for children, yet this association was neither observed for adolescent (positive association) or adult populations (no association).  Final follow-up data when children reach five years of age in a large randomized controlled trial should provide a clearer picture of the value of omega-3 fatty acids as early primary prevention.  No safety profile relating to omega-3 fatty acid intake was reported for primary prevention studies, and little probability of harm beyond occasional mild discomfort was observed in treatment studies.  The questions of secondary prevention and of safety related to omega-3 fatty acid use in subpopulations of asthmatics could not be addressed due to a lack of studies.  Overall, the present collection of evidence likely does not constitute the best test of the overarching hypothesis that omega-3 fatty acid supplementation alone can foster asthma-related benefits.  Future research investigating North American samples is likely needed to establish or refute the value of omega-3 fatty acids to treat or prevent asthma in North American adults and children.  
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Evidence Report

Chapter 1. Introduction

This evidence report by the University of Ottawa’s Evidence-Based Practice Center (EPC) concerning the health effects of omega-3 fatty acids on asthma is one among several that address topics related to omega-3 fatty acids that were requested and funded by the Office of Dietary Supplements, National Institutes of Health (NIH), through the EPC program at the Agency for Healthcare Research and Quality (AHRQ).  Three EPCs—the Tufts-New England Medical Center (Tufts-NEMC) EPC, the Southern California/RAND (SC-RAND) EPC, and the University of Ottawa EPC (UO-EPC)—each produced evidence reports.  To ensure consistency of approach, the three EPCs collaborated on selected methodological elements, including literature search strategies, rating of evidence, and data table design.

The aim of these reports is to summarize the current evidence concerning the health effects of omega-3 fatty acids on the following: cardiovascular diseases, cancer, child and maternal health, eye health, gastrointestinal/renal diseases, asthma, autoimmune diseases, immune-mediated diseases, transplantation, mental health, and, neurological diseases and conditions.  In addition to informing the research community and the public on the effects of omega-3 fatty acids on various health conditions, it is anticipated that the findings of the reports will also be used to help define the agenda for future research.

The focus of this report is on asthma outcomes in humans.  In this chapter, the metabolism, physiological functions, and sources of omega-3 fatty acids are briefly discussed.  This constitutes background material, putting in context the data presented in the evidence report.  As well, the description of the U.S. population intake of omega-3 fatty acids is provided in response to a general question posed within the task order.  This introductory material is then complemented by a brief review of the epidemiology and natural history of asthma, in addition to its treatment.  Subsequent chapters describe the methods used to identify and review studies related to omega-3 fatty acids and asthma, findings related to the effects of omega-3 fatty acids on asthma, and recommendations for future research in this area.

Metabolism and Biological Effects of Essential Fatty Acids

Dietary fat is an important source of energy for biological activities in human beings.  It encompasses saturated fatty acids, which are usually solid at room temperature, and unsaturated fatty acids, which are liquid at room temperature.  Unsaturated fatty acids can be further divided into monounsaturated and polyunsaturated fatty acids.  Polyunsaturated fatty acids (or PUFAs) can be classified, on the basis of their chemical structure, into two groups: omega-3 (n-3) fatty acids and omega-6 (n-6) fatty acids.  The omega-3 or n-3 notation means that the first double bond in this family of PUFAs is 3 carbons from the methyl end of the molecule.  The same principle applies to the omega-6 or n-6 notation.  Despite their differences in structure, all fats contain the same amount of energy (i.e., 9 kcal/g or 37 kJ/g).

Of all fats found in food, two—alpha-linolenic acid (chemical abbreviation: ALA; 18:3 n-3) and linoleic acid (LA; 18:2 n-6)—cannot be synthesized in the human body, yet these are necessary for proper physiological functioning.  These two fats are thus called “essential fatty acids.” The essential fatty acids can be converted in the liver to long-chain polyunsaturated fatty acids (LC PUFAs), which have a higher number of carbon atoms and double bonds.  These LC PUFAs retain the omega type (n-3 or n-6) of the parent essential fatty acids. 

ALA and LA comprise the bulk of the total PUFAs consumed in a typical North American diet.  Typically, LA comprises 89% of the total PUFAs consumed, while ALA comprises 9%.  Smaller amounts of other PUFAs make up the remainder.�\16õwH«ì\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041339\12USDA 1995 1339 /id\00\12\00  QUOTE "1" 
1
  Both ALA and LA are present in a variety of foods.  For example, LA is present in high concentrations in many commonly used oils, including safflower, sunflower, soy, and corn oil. ALA, which is consumed in smaller quantities, is present in leafy green vegetables and in some commonly used oils, including canola and soybean oil.  Some novelty oils, such as flaxseed oil, contain relatively high concentrations of ALA, but these oils are not commonly found in the food supply. 

The Institute of Medicine (IOM) suggests that, for adults 19 and older, an adequate intake (AI) of ALA is 1.1-1.6 grams/day, and 11-17 grams/day for LA.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041340#Institute of Medicine 2002 1340 /id\00#\00  QUOTE "2" 
2
  Recommendations regarding AI differ by age and gender groups, and for special conditions such as pregnancy and lactation.

As shown in Figure 1, eicosapentaenoic acid (EPA; 20:5 n-3) and docosahexaenoic acid (DHA; 22:6 n-3) can act as competitors for the same metabolic pathways as arachidonic acid (AA; 20:4 n-6).  In human studies, the analyses of fatty-acid compositions in both blood phospholipids and adipose tissue have shown a similar competitive relationship between omega-3 LC PUFAs and AA.  General scientific agreement supports an increased consumption of omega-3 fatty acids and reduced intake of omega-6 fatty acids to promote good health.  However, for omega-3 fatty acid intake, the specific quantitative recommendations vary widely among countries not only in terms of different units — ratio, grams, total energy intake — but also in quantity.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041378&Simopoulos, Leaf, et al. 1999 1378 /id\00&\00  QUOTE "3" 
3
  Furthermore, there remain numerous questions relating to the inherent complexities concerning omega-3 and omega-6 fatty acid metabolism, in particular the relationships between the two fatty acids.  For example, it remains unclear to what extent ALA is converted to EPA and DHA in humans, and to what extent the high intake of omega-6 fatty acids compromises any benefits of omega-3 fatty acid consumption.  Without the resolution of these two fundamental questions, it remains difficult to study the importance of the omega-6/omega-3 fatty acid ratio.
Metabolic Pathways of Omega-3 and Omega-6 Fatty Acids

Omega-3 and omega-6 fatty acids share the same pools of enzymes and go through the same oxidation pathways while being metabolized (Figure 1).  Once ingested, the parent of the omega-3 fatty acids, ALA, and the parent of the omega-6 fatty acids, LA, can be elongated and desaturated into LC PUFAs.  LA is converted into gamma-linolenic acid (GLA; 18:3 n-6), an omega-6 fatty acid that is a positional isomer of ALA.  GLA, in turn, can be converted to the long-chain omega-6 fatty acid, AA, while ALA can be converted, to a lesser extent, to the long-chain omega-3 fatty acids, EPA and DHA.  However, the conversion from parent fatty acids into LC PUFAs occurs slowly in humans, and conversion rates are not well understood.  Because of the slow rate of conversion, and the importance of LC PUFAs to many physiological processes, humans must augment their level of LC PUFAs by consuming foods rich in these important compounds.  Meat is the primary food source of AA, and fish is the primary food source of EPA. 

The specific biological functions of fatty acids depend on the number and position of double bonds and the length of the acyl chain.  Both EPA and AA are 20-carbon fatty acids and are precursors for the formation of prostaglandins (PGs), thromboxane (Tx), and leukotrienes (LTs)—hormone-like agents that are members of a larger family of substances called eicosanoids. Eicosanoids are localized tissue hormones that seem to be one of the fundamental regulatory classes of molecule in most higher forms of life.  They do not travel in the blood, but are created in the cells to regulate a large number of processes, including the movement of calcium and other substances into and out of cells, dilation and contraction of muscles, inhibition and promotion of clotting, regulation of secretions including digestive juices and hormones, and, the control of fertility, cell division, and growth.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041341\16Fallon S 2001 1341 /id\00\16\00  QUOTE "4" 
4

As shown in Figure 1, the long-chain omega-6 fatty acid, AA, is the precursor of a group of eicosanoids including series-2 prostaglandins (PG2) and series-4 leukotrienes (LT4).  The omega-3 fatty acid, EPA, is the precursor to a group of eicosanoids including series-3 prostaglandins (PG3) and series-5 leukotrienes (LT5).  The series-2 prostaglandins and series-4 leukotrienes derived from AA are involved in intense actions (such as accelerating platelet aggregation, and enhancing vasoconstriction and the synthesis of mediators of inflammation) in response to physiological stressors.  The series-3 prostaglandins and series-5 leukotrienes derived from EPA are less physiologically potent than those derived from AA.  More specifically, the series-3 prostaglandins are formed at a slower rate and work to attenuate excessive series-2 prostaglandins.  Thus, adequate production of the series-3 prostaglandins, which are derived from the omega-3 fatty acid, EPA, may protect against heart attack and stroke as well as certain inflammatory diseases like arthritis, lupus, and asthma.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041341\16Fallon S 2001 1341 /id\00\16\00  QUOTE "4" 
4
  In addition, animal studies have demonstrated that omega-3 LC PUFAs, such as EPA and DHA, engage in multiple cytoprotective activities that may contribute to antiarrhythmic mechanisms.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041382 Nair, Vaca, et al. 1997 1382 /id\00 \00  QUOTE "5" 
5
  Arrhythmias are thought to be the cause of “sudden death” in heart disease.

In addition to affecting eicosanoid production as described above, EPA also affects lipoprotein metabolism and decreases the production of other compounds—including cytokines, interleukin 1β (IL-1β), and tumor necrosis factor α (TNF-α)—which have pro-inflammatory effects.  These compounds exert pro-inflammatory cellular actions that include stimulating the production of collagenase and increasing the expression of adhesion molecules necessary for leukocyte extravasation.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0276!James, Gibson, et al. 2000 76 /id\00!\00  QUOTE "6" 
6
  The mechanism responsible for the suppression of cytokine production by omega-3 LC PUFAs remains unknown, although suppression of eicosanoid production by omega-3 fatty acids may be involved.  EPA can also be converted into the longer chain omega-3 form of docosapentaenoic acid (DPA, 22:5 n-3), and then further elongated and oxygenated into DHA.  EPA and DHA are frequently referred to as VLN-3FA—very long chain n-3 fatty acids.  DHA, which is thought to be important for brain development and functioning, is present in significant amounts in a variety of food products, including fish, fish liver oils, fish eggs, and organ meats.  Similarly, AA can convert into an omega-6 form of DPA.  

Studies have reported that omega-3 fatty acids decrease triglycerides (Tg) and very low density lipoprotein (VLDL) in hypertriglyceridemic subjects, concomitant with an increase in high density lipoprotein (HDL).  However, they appear to increase or have no effect on low density lipoprotein (LDL).  Omega-3 fatty acids apparently lower Tg by inhibiting VLDL and apolipoprotein B-100 synthesis, and decreasing post-prandial lipemia.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041383\17Krummel D 1966 1383 /id\00\17\00  QUOTE "7" 
7
  Omega-3 fatty acids, in conjunction with transcription factors (small proteins that bind to the regulatory domains of genes), target the genes governing cellular Tg production and those activating oxidation of excess fatty acids in the liver.  Inhibition of fatty acid synthesis and increased fatty acid catabolism reduce the amount of substrate available for Tg production.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041386POmega-3 long-chain polyunsaturated fatty acids and health benefits 2003 1386 /id\00P\00  QUOTE "8" 
8

As noted earlier, omega-6 fatty acids are consumed in larger quantities (> 10 times) than omega-3 fatty acids.  Maintaining a sufficient intake of omega-3 fatty acids is particularly important since many of the body’s physiologic properties depend upon their availability and metabolism. 
 Figure 1.  Classical omega-3 and omega-6 fatty acid synthesis pathways and the role of omega-3 fatty acids in regulating health/disease markers
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U.S. Population Intake of Omega-3 Fatty Acids 

The major source of omega-3 fatty acids is dietary intake of fish, fish oil, vegetable oils (principally canola and soybean), some nuts such as walnuts, and, dietary supplements.  Two population-based surveys, the third National Health and Nutrition Examination (NHANES III) 1988-94, and the Continuing Survey of Food Intakes by Individuals 1994-98 (CSFII), are the main sources of dietary intake data for the U.S. population.  NHANES III collected information on the U.S. population aged ≥2 months.  Mexican Americans and non-Hispanic African-Americans, 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.

The 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.  The CSFII 1994-96 utilized an improved data-collection method for 24-hour recall known as the multiple-pass approach.  Given the large variation in intake from day-to-day, multiple 24-hour recalls are considered to be best suited for most nutrition monitoring and will produce stable estimates of mean nutrient intake from groups of individuals.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041384sConsensus workshop on dietary assessment: nutrition monitoring and tracking the year 2000 objectives. 1994 1384 /id\00s\00  QUOTE "9" 
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  In 1998, the Supplemental Children’s Survey, a survey of food and nutrient intake by children under the age of 10 years, was conducted as a supplement to the CSFII 1994-96.  The CSFII 1994-96, 1998 surveyed 20,607 people of all ages with over-sampling of low-income population (<130% of the poverty threshold).  Dietary intake data from individuals of all ages were collected over 2 nonconsecutive days via two 1-day dietary recalls.

Table 1 reports the NHANES III survey mean intake ± the standard error of the mean (SEM), in addition to 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 2 reports the CSFII survey mean and median intakes for each omega-3 fatty acid, along with SEMs, as reported in the Dietary Reference Intakes from the Institute of Medicine.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041340#Institute of Medicine 2002 1340 /id\00#\00  QUOTE "2" 
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Table 1: Estimates of the mean±standard error of the mean (SEM) intake of linoleic acid (LA), alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) in the US population, based on analyses of a single 24-hour dietary recall of NHANES III data
	
	Grams/day
	% Kcal/day

	
	Mean±SEM
	Median (range)1
	Mean±SEM
	Median (range) 1

	LA (18:2 n-6)
	14.1±0.2
	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 (20:5 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)


1The distributions are not adjusted for the over-sampling of Mexican-Americans, non-Hispanic African-Americans, children ≤5 years old, and adults ≥ 60 years old in the NHANES III dataset.

Table 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 CSFII 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 (18:3 n-3)
	1.30±0.01
	1.21±0.01

	EPA (20:5 n-3)
	0.028
	0.004

	DPA (22:5 n-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.  Selected from the USDA website, Table 3 lists the amount of omega-3 fatty acids in some commonly consumed fish, shellfish, nuts, and edible oils, selected from the USDA website.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041385DUSDA National Nutrient Database for Standard Reference 2003 1385 /id\00D\00  QUOTE "10" 
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Table 3: The omega-3 fatty acid content, in grams per 100 g food serving, of a representative sample of commonly consumed fish, shellfish, fish oils, nuts and seeds, and plant oils that contain at least 5 g omega-3 fatty acids per 100 g

	Food item
	EPA
	DHA
	ALA
	Food item
	EPA
	DHA
	ALA

	Fish (Raw a)
	
	
	
	Fish, continued
	
	
	

	Anchovy, European
	0.6
	0.9
	-
	Tuna, Fresh, Yellowfin
	trace
	0.2
	trace

	Bass, Freshwater, Mixed Sp.
	0.2
	0.4
	0.1
	Tuna, Light, Canned in Oil e
	trace
	0.1
	trace

	Bass, Striped
	0.2
	0.6
	trace
	Tuna, Light, Canned in Water e
	trace
	0.2
	trace

	Bluefish
	0.2
	0.5
	-
	Tuna, White, Canned in Oil e
	trace
	0.2
	0.2

	Carp
	0.2
	0.1
	0.3
	Tuna, White, Canned in Water e
	0.2
	0.6
	trace

	Catfish, Channel
	trace
	0.2
	0.1
	Whitefish, Mixed Sp.
	0.3
	0.9
	0.2

	Cod, Atlantic
	trace
	0.1
	trace
	Whitefish, Mixed Sp., Smoked
	trace
	0.2
	-

	Cod, Pacific
	trace
	0.1
	trace
	Wolffish, Atlantic
	0.4
	0.3
	trace

	Eel, Mixed Sp.
	trace
	trace
	0.4
	
	
	
	

	Flounder & Sole Sp.
	trace
	0.1
	trace
	
	
	
	

	Grouper, Mixed Sp.
	trace
	0.2
	trace
	Shellfish (Raw)
	
	
	

	Haddock
	trace
	0.1
	trace
	Abalone, Mixed Sp.
	trace
	-
	-

	Halibut, Atlantic and Pacific
	trace
	0.3
	trace
	Clam, Mixed Sp.
	trace
	trace
	trace

	Halibut, Greenland
	0.5
	0.4
	trace
	Crab, Blue
	0.2
	0.2
	-

	Herring, Atlantic
	0.7
	0.9
	0.1
	Crayfish, Mixed Sp., Farmed
	trace
	0.1
	trace

	Herring, Pacific
	1.0
	0.7
	trace
	Lobster, Northern
	-
	-
	-

	Mackerel, Atlantic
	0.9
	1.4
	0.2
	Mussel, Blue
	0.2
	0.3
	trace

	Mackerel, Pacific and Jack
	0.6
	0.9
	trace
	Oyster, Eastern, Farmed
	0.2
	0.2
	trace

	Mullet, Striped
	0.2
	0.1
	trace
	Oyster, Eastern, Wild
	0.3
	0.3
	trace

	Ocean Perch, Atlantic
	trace
	0.2
	trace
	Oyster, Pacific
	0.4
	0.3
	trace

	Pike, Northern
	trace
	trace
	trace
	Scallop, Mixed Sp.
	trace
	0.1
	-

	Pike, Walleye
	trace
	0.2
	trace
	Shrimp, Mixed Sp.
	0.3
	0.2
	trace

	Pollock, Atlantic
	trace
	0.4
	-
	Squid, Mixed Sp.
	0.1
	0.3
	trace

	Pompano, Florida
	0.2
	0.4
	-
	
	
	
	

	Roughy, Orange
	trace
	-
	trace
	
	
	
	

	Salmon, Atlantic, Farmed
	0.6
	1.3
	trace
	Fish Oils
	
	
	

	Salmon, Atlantic, Wild
	0.3
	1.1
	0.3
	Cod Liver Oil
	6.9
	11.0
	0.9

	Salmon, Chinook
	1.0
	0.9
	trace
	Herring Oil
	6.3
	4.2
	0.8

	Salmon, Chinook, Smoked b
	0.2
	0.3
	-
	Menhaden Oil
	13.2
	8.6
	1.5

	Salmon, Chum
	0.2
	0.4
	trace
	Salmon Oil
	13.0
	18.2
	1.1

	Salmon, Coho, Farmed
	0.4
	0.8
	trace
	Sardine Oil
	10.1
	10.7
	1.3

	Salmon, Coho, Wild
	0.4
	0.7
	0.2
	
	
	
	

	Salmon, Pink
	0.4
	0.6
	trace
	
	
	
	

	Salmon, Pink, Canned c
	0.9
	0.8
	trace
	Nuts and Seeds
	
	
	

	Salmon, Sockeye
	0.6
	0.7
	trace
	Butternuts, Dried
	-
	-
	8.7

	Sardine, Atlantic, Canned in Oil d
	0.5
	0.5
	0.5
	Flaxseed
	
	
	18.1

	Seabass, Mixed Sp.
	0.2
	0.4
	-
	Walnuts, English
	-
	-
	9.1

	Seatrout, Mixed Sp.
	0.2
	0.2
	trace
	
	
	
	

	Shad, American
	1.1
	1.3
	0.2
	
	
	
	

	Shark, Mixed Sp.
	0.3
	0.5
	trace
	Plant Oils
	
	
	

	Snapper, Mixed Sp.
	trace
	0.3
	trace
	Canola (Rapeseed)
	-
	-
	9.3

	Swordfish
	0.1
	0.5
	0.2
	Flaxseed Oil
	-
	-
	53.3

	Trout, Mixed Sp.
	0.2
	0.5
	0.2
	Soybean Lecithin Oil
	-
	-
	5.1

	Trout, Rainbow, Farmed
	0.3
	0.7
	trace
	Soybean Oil
	-
	-
	6.8

	Trout, Rainbow, Wild
	0.2
	0.4
	0.1
	Walnut Oil
	-
	-
	10.4

	Tuna, Fresh, Bluefin
	0.3
	0.9
	-
	Wheatgerm Oil
	-
	-
	6.9

	Tuna, Fresh, Skipjack
	trace
	0.2
	-
	
	
	
	

	

	Trace = <0.1; - = 0 or no data; Sp. = species; aExcept as indicated; bLox.; cSolids with bone and liquid; dDrained solids with bone; eDrained solids.


Asthma: A Chronic Inflammatory Disease

The National Heart, Lung, and Blood Institute (NHLBI) defines asthma as follows:

Asthma is a chronic inflammatory disorder of the airways in which many cells and cellular elements play a role.  The chronic inflammation causes an associated increase in airway hyperresponsiveness that leads to recurrent episodes of wheezing, breathlessness, chest tightness, and coughing, particularly at night or in the early morning.  These episodes are usually associated with widespread but variable airflow obstruction that is often reversible either spontaneously or with treatment. QUOTE "11" 
11

Asthmatic episodes are triggered by a variety of stimuli including allergens, environmental irritants, viral infections, exercise or other poorly defined factors.

Burden of Illness

Asthma continues to be a major public health concern for Americans, accounting for an estimated 14.5 million lost workdays for adults and 14 million lost school days in children annually.  It is estimated that, annually, this costs the United States $14.0 billion in direct health care costs and indirect costs due to lost productivity.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041343\1CNational Heart 2002 1343 /id\00\1C\00  QUOTE "12" 
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  A survey by the National Center for Health Statistics (NHIS) and the Centers for Disease Control and Prevention (CDC) estimated that, in 2001, 20.3 million Americans had asthma (6.3 million children), or 73.4 per 1,000 persons.  Children between the ages of 5 and 17 years had the highest prevalence rate with an estimated 98.1 per 1,000 persons, with rates decreasing with age.  Females had an approximately 30 percent higher prevalence rate (82.6 per 1,000 persons) than men (63.6 per 1,000 persons); the prevalence rate was 22.7% higher in blacks than in whites.  Although there was a decline in asthma prevalence from 1997 to 1999 after a long period of steady increase, rates in 2000 and 2001 indicate a return to the rising trend.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041344'American Lung Association 2003 1344 /id\00'\00  QUOTE "13" 
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During 2000, 465,000 hospital discharges were due to asthma, with over 43% of discharges in patients under the age of 15.  The discharge rate was highest in blacks (32.9 per 10,000).  It was estimated that 4,487 people died of asthma in 2000, with black women having the highest mortality rate (4.2 per 100,000�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041344'American Lung Association 2003 1344 /id\00'\00  QUOTE "13" 
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).

Asthma Onset and Diagnosis

Asthma most commonly arises in childhood, but may have its onset at any age.  For all age groups, the clinical diagnosis of asthma is prompted by the presence of symptoms including wheezing, coughing, episodic breathlessness, and chest tightness.  However, identical features are present in many other diseases, confounding the diagnosis of asthma.  Episodic wheezing and cough are among the most common symptoms encountered in childhood illnesses, particularly in those under the age of 5.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041345ªNational Asthma Education and Prevention Program. Expert Panel Report: Guidelines for the Diagnosis and Management of Asthma Update on Selected Topics--2002 2002 1345 /id\00ª\00  QUOTE "14" 
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  In this age group, the most common cause of asthma-like symptoms is viral respiratory infection;�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041345ªNational Asthma Education and Prevention Program. Expert Panel Report: Guidelines for the Diagnosis and Management of Asthma Update on Selected Topics--2002 2002 1345 /id\00ª\00  QUOTE "14" 
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 alternative causes of recurrent wheezing include cystic fibrosis, mild recurrent inflammation, primary ciliary dyskinesia syndrome, primary immune deficiency, congenital heart disease, and foreign body aspiration.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041346ÿ)\01Global Strategy for Asthma Management and Prevention. National Institutes of Health. National Heart, Lung and Blood Institute. Revised 2002. Updated from: NHLBI/WHO Workshop Report: Global Strategy for Asthma Management and Prevention Issued January, 1995 NIH Publication No 02-3659. 2002 1346 /id\00)\01  QUOTE "15" 
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  Wheezing disorders unrelated to these conditions can also be observed in children under the age of 5 years, and which do not necessarily develop into full-blown asthma later on in life.  Further complicating the diagnosis of asthma in this age group is the difficulty in obtaining objective measurements of lung function.  Thus, diagnosis is particularly difficult in children under the age of 5, and is based largely on clinical judgment and an assessment of symptoms and clinical findings.  Prognostic factors include a family history of asthma or eczema, and the presence of respiratory symptoms (e.g., wheeze).�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041346ÿ)\01Global Strategy for Asthma Management and Prevention. National Institutes of Health. National Heart, Lung and Blood Institute. Revised 2002. Updated from: NHLBI/WHO Workshop Report: Global Strategy for Asthma Management and Prevention Issued January, 1995 NIH Publication No 02-3659. 2002 1346 /id\00)\01  QUOTE "15" 
15

The longterm prognosis for childhood asthma is quite variable.  Although longitudinal studies have reported that asthma in childhood has a good prognosis, most studies do not take into account the severity of childhood symptoms.  A longterm follow-up study by The Melbourne Epidemiological Study of Childhood Asthma followed children with asthma through to adolescence and adulthood.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041347 Williams & McNicol 1969 1347 /id\00 \00  QUOTE "16-20" 
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  A classification system based on wheezing frequency, which correlated well with clinical and spirometric features of airway obstruction, was used to assess disease.  Results demonstrated that most of the children with persistent asthma had continuing symptoms into adult life, as well as reduced lung function.  The amount of wheezing in early adolescence seemed to be a predictor of severity in later life, with 73% of those with few symptoms at 14 continuing to have little or no asthma at 28 years.  Similarly, 68% of those with frequent wheezing at 14 still suffered from recurrent asthma at 28 years, and the distribution of severity at age 42 was found not to have changed from that at age 35.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041351$Horak, Lanigan, et al. 2003 1351 /id\00$\00  QUOTE "20" 
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  Ulrik reported that, although the majority of patients with asthma have a good prognosis, those patients with severe disease are at risk of impaired growth of lung function during childhood and excessive decline in lung function in adulthood.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041352\13Ulrik 1999 1352 /id\00\13\00  QUOTE "21" 
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Recently, a study by Castro-Rodriquez and colleagues reported that a clinical picture of children under the age of 3 years which included persistent wheezing and at least one major risk factor (parental history of asthma or eczema) or two of three minor risk factors (eosinophilia, wheezing without colds, and allergic rhinitis), was strongly predictive of subsequent asthma after the age of six.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041353/Castro-Rodriguez, Holberg, et al. 2000 1353 /id\00/\00  QUOTE "22" 
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  However, how early symptoms and disease severity predict disease progression into adulthood remains to be determined.

Although asthma most often arises in childhood, the annual incidence of asthma after the age of 20, and for the rest of the lifespan, is estimated to be approximately 100 per 100,000.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041354\12Reed 1999 1354 /id\00\12\00  QUOTE "23" 
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  Adult-onset asthma may be triggered by occupational or environment exposures, respiratory infections, or smoking.  Complicating the diagnosis, particularly in older adults, is the existence of other common conditions with asthma-like symptomatology, for example, chronic obstructive pulmonary disease (COPD).  COPD is typically associated with a long history of smoking and may have an inflammatory component that is responsive to anti-inflammatory drug intervention, thus blurring the boundary with asthma.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041346ÿ)\01Global Strategy for Asthma Management and Prevention. National Institutes of Health. National Heart, Lung and Blood Institute. Revised 2002. Updated from: NHLBI/WHO Workshop Report: Global Strategy for Asthma Management and Prevention Issued January, 1995 NIH Publication No 02-3659. 2002 1346 /id\00)\01  QUOTE "15" 
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Inflammation in the Pathogenesis of Asthma

Asthma is a chronic inflammatory disease.  The inflammatory process is a complex process involving a number of cell types, including mast cells, eosinophils, T lymphocytes, neutrophils, and epithelial cells.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03576\17Simopoulos 2002 576 /id\00\17\00  QUOTE "24" 
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  Although the relative contribution of these cells and their mediators varies depending on disease severity, treatment and duration, there are some universal features of the inflammatory response in the airway.  In general, upon antigen stimulation, or during acute asthma exacerbations, these cells become activated, releasing mediators that act either directly or indirectly on the airway to perpetuate the asthmatic inflammatory response.  Mediators of inflammation include cytokines and growth factors, as well as the eicosanoids.  Chemokines, a large family of small cytokines, are responsible for regulating the trafficking of the leukocytes into the airway.

The inflammatory response can be divided into the early phase response (acute, spasmogenic asthma) and the late phase response (chronic, day-to-day asthma).  The acute or early phase inflammatory response occurs immediately upon exposure of a sensitized individual to an allergen or other environmental trigger.  The early response is initiated by binding of immunoglobulin E (IgE) antibodies to allergen-specific IgE receptors located predominately on mast cells, macrophages and basophils.  Binding signals the cell to release preformed mediators including histamine and tryptase, and newly generated mediators including eicosanoids such as the series-2 prostaglandins (PGE2) and series-4 leukotrienes.  Together, these mediators induce contraction of airway smooth muscle and stimulate afferent nerves, mucus hypersecretion, and vasodilation.  The series-2 prostaglandin PGE2 appears to have a prominent role in the hyperresponsiveness of asthma.

Within hours of the response, activated airway cells release cytokines and chemokines, stimulating the release of inflammatory leukoctyes, especially eosinophils and their precursors.  The cytokines include IL-1 to IL-5 along with interferon (IFN)-γ and TNF-α.  The chemokines act as chemoattractants, regulating the recruitment of inflammatory cells into the airway.  Although this recruitment involves virtually all cell types, the allergic response is particularly selective for eosinophils, basophils, and lymphocytes.  Eosinophilic infiltration of the airway remains a consistent feature of acute inflammation and is also found in mucosal airway tissue from many patients with chronic persistent asthma.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041345ªNational Asthma Education and Prevention Program. Expert Panel Report: Guidelines for the Diagnosis and Management of Asthma Update on Selected Topics--2002 2002 1345 /id\00ª\00  QUOTE "14" 
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  The eosinophils are sources of inflammatory mediators which can injure the airway epithelium, enhance bronchial responsiveness, and affect the regulation of acetylcholine release.  In addition, the eosinophils can release cysteinyl leukotrienes, such as LTC4, to contract airway smooth muscle.  The T-helper lymphocytes are important in the asthmatic inflammatory response since they are prominent in the airways, and produce high levels of cytokines in response to antigen stimulation or during acute asthma exacerbations.�\16õw\08’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041355#Hamid, Tulic', et al. 2003 1355 /id\00#\00  QUOTE "25" 
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  The prostaglandins, particularly PGE2, modulate the formation of cytokines by T-helper cells.  The T-helper cells, particularly the Type 1 T-helper cells, produce IL-2 (IL-2 also causes an increase in TNF) and interferon-gamma, whereas the Type 2 T-helper cells produce the cytokines, IL-4 and IL-5.  IL-4 acts to commit B-lymphocytes to the synthesis of IgE.  There is also evidence that PGE2 can act directly on B-lymphocytes, to stimulate the formation of IgE. QUOTE "26,27" 
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  The ability to synthesize IgE antibodies to environmental allergens (i.e., atopy) remains a major risk factor in asthma pathogenesis.�\16õw \1Fù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041345ªNational Asthma Education and Prevention Program. Expert Panel Report: Guidelines for the Diagnosis and Management of Asthma Update on Selected Topics--2002 2002 1345 /id\00ª\00  QUOTE "14" 
14

Trends in Asthma Management

The primary goal of asthma management is to control symptoms with minimal adverse effects from pharmacotherapy.  In 1997, the NHLBI’s National Asthma Education and Prevention Program (NAEPP) convened an expert panel to review the different classes of medications used for the short-term relief or long-term control of asthma symptoms;�\16õw \1Fù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041342\1CNational Heart 1997 1342 /id\00\1C\00  QUOTE "11" 
11
 the report has been recently updated.�\16õw \1Fù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041345ªNational Asthma Education and Prevention Program. Expert Panel Report: Guidelines for the Diagnosis and Management of Asthma Update on Selected Topics--2002 2002 1345 /id\00ª\00  QUOTE "14" 
14
  In brief, the Expert Panel Report 2 concluded that the most effective agents available for longterm control of asthma are those agents that attenuate airway inflammation. QUOTE "11,14" 
11,14

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041345ªNational Asthma Education and Prevention Program. Expert Panel Report: Guidelines for the Diagnosis and Management of Asthma Update on Selected Topics--2002 2002 1345 /id\00ª\00 
  Since airway inflammation is multifactorial, involving several cell types, cytokines, and mediators, the drugs used to decrease inflammation may act at several different steps in the inflammatory process. QUOTE "11,14" 
11,14

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041345ªNational Asthma Education and Prevention Program. Expert Panel Report: Guidelines for the Diagnosis and Management of Asthma Update on Selected Topics--2002 2002 1345 /id\00ª\00 
  Agents that modify the asthma process, with some influencing inflammation, include: beta-2 adrenergic agonists, corticosteroids, leukotriene modifiers, mast-cell stabilizing agents, and theophylline.

The beta-2 adrenergic agonists act by relaxing airway smooth muscle.  The so-called “short-acting” beta-2 agonists (e.g., terbutaline, pirbuterol, albuterol) are used to reverse and/or inhibit bronchoconstriction related to an acute asthmatic exacerbation.  However, the newer “long-acting” beta-2 agonists (e.g., salmeterol, formoterol) are designed to work as an adjunct to inhaled corticosteroid therapy, providing longterm control of symptoms.  

The corticosteroids act by decreasing and preventing bronchial inflammation and airway hyperreactivity.  According to the Expert Panel Report 2, corticosteroids are the most potent and effective agents for the longterm control of asthma. QUOTE "11,14" 
11,14

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041345ªNational Asthma Education and Prevention Program. Expert Panel Report: Guidelines for the Diagnosis and Management of Asthma Update on Selected Topics--2002 2002 1345 /id\00ª\00 
  They are not, however, effective for use in acute asthmatic exacerbations. QUOTE "11,14" 
11,14

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041345ªNational Asthma Education and Prevention Program. Expert Panel Report: Guidelines for the Diagnosis and Management of Asthma Update on Selected Topics--2002 2002 1345 /id\00ª\00 
  

Leukotriene modifiers comprise two pharmacologic classes of compound: 5-lipooxygenase pathway inhibitors (e.g., zileuton) and leukotriene receptor antagonists (LTRAs: e.g., montelukast, zafirlukast).  Only zafirlukast and montelukast are approved for use in children.�\16õwÐ¬ë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041345ªNational Asthma Education and Prevention Program. Expert Panel Report: Guidelines for the Diagnosis and Management of Asthma Update on Selected Topics--2002 2002 1345 /id\00ª\00  QUOTE "14" 
14
  

The mast-cell stabilizing agents include cromolyn sodium and nedocromil.  They inhibit both the early and late phases of bronchoconstriction.  These agents interfere with the early and late reaction to allergens by stabilizing mast cell membranes, preventing the release of inflammatory cell mediators, as well as the recruitment and chemotaxis of eosinophils and other inflammatory cells. QUOTE "11,14" 
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 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041345ªNational Asthma Education and Prevention Program. Expert Panel Report: Guidelines for the Diagnosis and Management of Asthma Update on Selected Topics--2002 2002 1345 /id\00ª\00 
  Both agents are recommended as an alternative, but not preferred, medication for the treatment of mild persistent asthma.�\16õwø«ë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041345ªNational Asthma Education and Prevention Program. Expert Panel Report: Guidelines for the Diagnosis and Management of Asthma Update on Selected Topics--2002 2002 1345 /id\00ª\00  QUOTE "14" 
14
  

Theophylline is a bronchodilating agent used principally as adjuvant therapy in asthma management. QUOTE "11,14" 
11,14

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041345ªNational Asthma Education and Prevention Program. Expert Panel Report: Guidelines for the Diagnosis and Management of Asthma Update on Selected Topics--2002 2002 1345 /id\00ª\00 
  It is structurally related to caffeine and acts by relaxing smooth muscle in the bronchial airways and in the pulmonary blood vessels.  In addition, theophylline has been shown to have immunomodulatory, anti-inflammatory, and bronchoprotective effects. QUOTE "28,29" 
28,29

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041359#Weinberger & Hendeles 1996 1359 /id\00#\00 

Although early intervention with anti-inflammatory therapy may improve the short-term outcome of asthma, longterm studies are needed to determine if early intervention with anti-inflammatory drugs alters the natural course of the disease, particularly in subjects at high risk for developing asthma.

Asthma and Diet

The recent increase in the incidence of asthma is thought to be due to environmental factors rather than a change in genetic susceptibility.�\16õwÈXð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03576\17Simopoulos 2002 576 /id\00\17\00  QUOTE "24" 
24
  A number of such factors, including air pollution, tobacco smoke, allergen exposure and diet, have been proposed as possible explanations.�\16õwÈXð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03168\1BBlack & Sharpe 1997 168 /id\00\1B\00  QUOTE "30" 
30
  Although there is a relative abundance of observational and scientific evidence for the link between avoidance of environmental triggers and the reduction in the incidence and severity of asthma, the association between diet, and particularly the consumption of the omega-3 fatty acids, has just recently begun to be studied.�\16õwÈXð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041361\1CRoberts & Lack 2003 1361 /id\00\1C\00  QUOTE "31-33" 
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  This interest was sparked in no small part by Horrobin’s hypothesis that the low incidence of asthma in Eskimos stems from their consumption of large quantities of oily fish, rich in the omega-3 fatty acids EPA and DHA.�\16õwÈXð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03478\15Horrobin 1987 478 /id\00\15\00  QUOTE "34" 
34
  Yet, to determine the precise nature of the potentially protective role of omega-3 fatty acid intake in this particular population, alternate or complementary explanations for Horrobin’s observations likely require investigation as well (e.g., reduced air pollution and allergen exposure).  Finally, research has also focused on evaluating aspects of the biological model suggesting that omega-3 fatty acids’ impact on asthma comes from its ability to influence those mediators of inflammation presumed to play a prominent role in the pathogenesis of asthma.  

Chapter 2.  Methods

Overview

The UO-EPC’s evidence report on omega-3 fatty acids and asthma is based on a systematic review of the scientific-medical literature to identify, and synthesize the results from, studies addressing key questions.  Together with content experts, UO-EPC staff identified specific issues integral to the review.  A Technical Expert Panel (TEP) refined the research questions, as well as highlighted key variables requiring consideration in the evidence synthesis.  Evidence tables presenting the key study characteristics and results were developed.  Summary tables were derived from the evidence tables.  The methodological quality of the included studies was appraised, and individual study results were summarized.

Key Questions Addressed in This Report

The purpose of this evidence report was to synthesize information from relevant studies to address the following seven questions:

· What is the evidence for the efficacy of omega-3 fatty acids to improve respiratory outcomes among individuals with asthma? (Question 1)
· What is the evidence that the possible value (efficacy/association) of omega-3 fatty acids in improving respiratory outcomes is dependent on the: specific type of fatty acid (DHA, EPA, DPA, ALA, fish, fish oil); specific source (fish, plant, food, dietary supplement [fish oil, plant oil]); its serving size or dose (fish or dietary supplement); amount/dose of omega-6 fatty acids given as a cointervention; ratio of omega-6/omega-3 fatty acids used; fatty acid content of blood lipid biomarkers; absolute fatty acid content of the baseline diet; relative fatty acid content of the baseline diet; tissue ratios of fatty acid (omega-6/omega-3) during the investigative period; intervention length; anti-oxidant use; and, the manufacturer and its product(s) (purity; presence of other potentially active agents)? (Question 2)
· What is the evidence that, in individuals with asthma, omega-3 fatty acids influence mediators of inflammation which are thought to be related to the pathogenesis of asthma? (Question 3)
· Are omega-3 fatty acids effective in the primary prevention of asthma? (Question 4)
· Among individuals with asthma, do omega-3 fatty acids alter the progression of asthma (i.e., secondary prevention)? (Question 5)
· What is the evidence for adverse events, side effects, or counter-indications associated with omega-3 fatty acid use to treat or prevent asthma (DHA, EPA, DPA, ALA, fish oil, fish)? (Question 6)
· What is the evidence that omega-3 fatty acids are associated with adverse events in specific subpopulations of asthmatic individual such as diabetics? (Question 7)
Four questions (1, 2, 3, and 5) concern treatment or secondary prevention, one centers on primary prevention (4), and two focus on adverse events, side effects, or counter-indications (6, 7).

Analytic Framework

The analytic framework (Figure 2) illustrates the context of each of the variables of interest to the present systematic review.  These include focal (e.g., clinical) population(s), interventions/exposures, intermediate outcomes, clinical outcomes, and adverse events, side effects or counter-indications.  The three populations of interest include those with a diagnosis of asthma, those at elevated risk to develop asthma, and “healthy” individuals who, under certain circumstances, may develop asthma.

Not all associations within the analytic framework were investigated.  Regarding those individuals with asthma, the key questions focused on the impact of the omega-3 fatty acid intervention/exposure on: 

· respiratory outcomes (Question 1);

· mediators of inflammation thought to play a key role in the pathogenesis of asthma (Question 3); 

· the progression of asthma (Question 5); and,

· the likelihood of adverse events, side effects, or counter-indications (Questions 6 and 7).

Another question focused on whether or not covariates (e.g., omega-3 fatty acid type or source; omega-6 fatty acid intake as a cointervention) could account for the observed effect on respiratory outcomes (Question 2).  The level of fatty acids in the human body, for example the fatty acid content in phospholipids of cell membranes of polymorphonuclear or mononuclear leukocytes, was also investigated insofar as it could act as an effect modifier with respect to respiratory outcomes (Question 2).  While it could be assumed that a positive influence on respiratory outcomes may result from the exposure’s effect on mediators of inflammation (e.g., leukotrienes; Question 3), the direct association between mediators of inflammation and respiratory outcomes was not assessed.

For questions relating to treatment efficacy, the primary respiratory outcome was forced expiratory volume in one second (FEV1), considered by many to be the gold standard measure of respiratory functioning.  This decision was made in consultation with our TEP.  Secondary respiratory outcomes assessed ultimately depended on what outcomes were measured in the included studies.  For questions related to secondary prevention, a longterm perspective on respiratory functioning is required.

The question relating to primary prevention (Question 4) involves two populations: those with an elevated risk of developing asthma and those healthy individuals who may develop it.  Of primary significance to this question is the prevalence or incidence of asthma as well as its severity.  Investigation of both the primary and secondary prevention questions could conceivably include examining the links involving effect modifiers (e.g., risk factors) or mediators of inflammation. 

Figure 2.  Analytic Framework for omega-3 fatty acids in asthma.  Populations of interest in rectangles.  Exposure in oval.  Outcomes in rounded rectangles.  Effect modifiers in hexagons.  Solid connecting arrows indicate associations and effects reviewed in this report.
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Study Identification

Search Strategy

A specific strategy was developed in consultation with clinical content experts in asthma, and combined with the core omega-3 fatty acids search strategy established in collaboration with the project librarians, biochemists, nutritionists, and clinicians from the three EPCs involved in the 2-year, Health Benefits of Omega-3 Fatty Acids project.  Consultation among these sources provided the biochemical names and abbreviations of omega-3 fatty acids, names of commercial omega-3 fatty acids products, and food sources of omega-3 fatty acids.

The following electronic databases were searched: Medline (1966 - April Week 1 2003), Premedline (April 9, 2003), Embase (1980 - 2003 Week 14), Cochrane Central Register of Controlled Trials (1st Quarter 2003), CAB Health (1973 - March 11 2003), and Dissertation Abstracts (1861 to Dec 2002).  All databases were searched via the Ovid interface using Search Strategy 1 (Appendix A), except CAB Health, which was searched through SilverPlatter using Search Strategy 2 (Appendix A).  Searches were not restricted by language of publication, publication type, or study design, except with respect to the MeSH term “dietary fats,” which was limited by study design to increase its specificity.  In databases that support such limits, searches were limited to material involving humans.  A total of 1,467 bibliographic records were downloaded, with duplicate records identified and removed using citation management software (Reference Manager®).

Reference lists of included studies, book chapters, and narrative or systematic reviews retrieved after having passed the first level of relevance screening, were manually searched to identify additional unique references.  Through contact with content experts, attempts were made to identify both published and unpublished studies.  On behalf of the three EPCs investigating the evidence concerning the health benefits of omega-3 fatty acids, a letter was written to industry representatives to obtain additional evidence (Appendix B).  Unsuccessful attempts were made to contact the lead author of a recent Cochrane Collaboration systematic review of fish oils in asthma to obtain unpublished data they maintained to have received from investigators.�\16õwÈXð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\012\1FWoods, Thien, et al. 2002 2 /id\00\1F\00  QUOTE "35" 
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  Records obtained from these additional searches were downloaded using Reference Manager® and added to the references previously retrieved.  A final set of 1,010 unique references was identified.

Eligibility Criteria

Published and unpublished studies, involving any research design (e.g., randomized controlled trials [RCTs]), and enrolling human populations of any age, were eligible for inclusion if each also met the following criteria:  1) It had to specifically investigate foods or extracts known to contain omega-3 fatty acids as a treatment, a primary prevention, or a secondary prevention.  2) The study populations in treatment or secondary prevention studies required a stated diagnosis of asthma, while the study populations in primary prevention studies could be identified as either at elevated risk for asthma or healthy (i.e., without asthma).  In treatment or secondary prevention investigations, ineligible were populations exclusively exhibiting a subset of the symptoms or signs of asthma (e.g., wheeze), that is, without a clearly stated diagnosis of asthma per se.  3) In primary prevention studies, some method had to have been employed to identify asthma.  Studies where an asthmatic response was experimentally induced in nonasthmatic populations were excluded.

Omega-3 fatty acids of any type (e.g., EPA, ALA), from any source (e.g., fish, walnuts, seed oil), any serving size or dose, and delivered in any fashion (e.g., capsules, liquid, PUFA-rich diet), constituted a relevant exposure/intervention.  Studies investigating “polyunsaturated fatty acids” were acceptable providing an explicit evaluation was also made of the omega-3 fatty acid content.  No restrictions were placed on the types or doses of pre- or on-study cointerventions (e.g., asthma medication, omega-6 fatty acids, other dietary supplements).  In primary prevention studies, some method had to have been employed by which the omega-3 fatty acids exposure was identified.

A treatment study was included if it investigated a respiratory outcome, mediators of inflammation, or safety.  A primary prevention study typically needed to estimate asthma prevalence or incidence.  Case-control studies were also eligible, providing they employed outcomes pertinent to primary prevention.  A secondary prevention study required a longterm assessment of respiratory function such that what could be observed, for example, is the longterm maintenance of a significant decrease in the pre-exposure frequency or dose of rescue medication required for asthma exacerbations.  Studies of symptom relief, assessing short-term decreases in exacerbation rates, for example, do not constitute examples of secondary prevention.  These parameters were derived in consultation with our TEP. 

Study Selection Process

The results of literature searches were posted to the UO-EPC’s internet-based software system for review.  To enhance the speed and efficiency of conducting and managing the systematic review process, this software, which resides on a secure website, was used to enable the electronic capture and internal comparison (relative to explicit criteria) of multiple reviewers' responses to relevance screening questions, and to requests to abstract specific data (e.g., study quality) from bibliographic records or full reports.
Following a calibration exercise which involved screening five sample records using an electronic form developed and tested especially for this review (Appendix C), two reviewers independently broad screened the title, abstract, and key words from each bibliographic record for relevance by liberally applying the eligibility criteria.  The record was retained if it appeared to contain pertinent study information.  If the reviewers did not agree in finding at least one unequivocal reason for excluding it, it was entered into the next phase of the review. The reasons for exclusion were noted using a modified QUOROM format (Appendix D).�\16õwÈXð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041364!Moher, Cook, et al. 1999 1364 /id\00!\00  QUOTE "36" 
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  The screening process also aimed to identify the exact asthma topic-related question a record addressed, in addition to determining whether it might pertain to any of the other topics being systematically reviewed by the three EPCs over the 2-year project.

Print or electronic copies of the full reports were then retrieved. After completing a calibration exercise which involved evaluating five sample reports using the same eligibility criteria (Appendix C), the rest of the reports were independently assessed by two reviewers.  Reports were not masked given the equivocal evidence regarding the benefits of this practice.�\16õwÈXð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041365\14Berlin 1997 1365 /id\00\14\00  QUOTE "37" 
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  To be considered relevant at this second level of screening, all eligibility criteria had to be met.  Disagreements were resolved by forced consensus and, if necessary, third party intervention.  Excluded studies were noted as to the reason for their ineligibility (Appendix E, List of Excluded Studies) 
Data Abstraction

Following a calibration exercise involving two studies, three reviewers independently abstracted the contents of each included study using an electronic Data Abstraction form developed especially for this review (Appendix C).  The studies were divided evenly, with half assigned to each of two reviewers.  Once a reviewer completed their work, they then checked all of the data abstracted by their counterpart.  Data abstracted included the characteristics of the:
· report (e.g., publication status, language of publication, year of publication);

· study (e.g., sample size; research design; number of arms, cohorts, or phases; funding source);

· population (e.g., age; percent males; diagnosis description, including severity, duration, and concomitants; comorbid conditions);

· intervention/exposure (e.g., omega-3 fatty acid types, sources, doses, and intervention/exposure length), and comparator(s);

· cointerventions (e.g., asthma medications, omega-6 fatty acids); and,

· withdrawals and dropouts.

Data relating to outcomes (i.e., respiratory, mediators of inflammation, safety) and two covariates (fatty acid content of blood lipid biomarkers, tissue ratios of fatty acid during the investigative period) were abstracted by a third reviewer, all of whose work was then checked by one of the first two reviewers.

Summarizing the Evidence

Overview

The evidence is presented three ways.  Evidence tables in the appendices offer a detailed description of the included studies (e.g., study design, population characteristics, intervention/exposure characteristics), with a study represented only once.  The tables are organized by research design and question (Table 1: treatment RCTs; Table 2: treatment studies employing designs other than an RCT; Table 3: primary prevention RCT; Table 4: observational primary prevention studies), and each includes a Part A and B.

A question-specific summary table embedded in the text reports each study in abbreviated fashion, highlighting some key characteristics, including sample size (as measure of the “weight” of the evidence and possible precision of the results), dose and type of omega-3 fatty acids, and comparators’ (i.e., comparison groups’) specifications.  This affords a comparison of all studies addressing a given question.  A study can appear in more than one summary table given that it can address more than one research question.  Also question-specific is the summary matrix, situating each study in terms of its study quality and its applicability.

Study Quality

Study quality refers to the internal validity, or methodological soundness, of a study.  A study with low quality can make it difficult to clearly and meaningfully interpret its results, that is, to unequivocally attribute a significant observed benefit exclusively to an intervention/exposure (as opposed to other factors).  Since definitions, or standards, of study quality can depend on the type of research design, different constructs were selected to evaluate, from study reports, the quality of RCTs and studies employing less rigorous research designs.  After a calibration exercise involving five studies with appropriate designs borrowed from other systematic reviews, two assessors independently evaluated study quality.  Disagreements were resolved via forced consensus.
Four fundamental quality constructs from two instruments were used to rate the internal validity of RCTs.  These tools were chosen collectively by the three EPCs involved in the 2-year task order because they have been validated.  The Jadad items�\16õwÈXð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041366"Jadad, Moore, et al. 1996 1366 /id\00"\00  QUOTE "38" 
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 assess the reporting of randomization, double blinding, and, withdrawals and dropouts (Appendix C).  Total scores range from 0 to 5, with a score less than 3 indicating low quality.  The reporting of the concealment of a trial’s allocation to treatment�\16õwÈXð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041367&Schulz, Chalmers, et al. 1995 1367 /id\00&\00  QUOTE "39" 
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 yields three grades (A = adequate; B = unclear; C = inadequate) (Appendix C).

The assessment of the quality of studies using designs other than RCTs is complicated by the dearth of validated instruments and the variety of such designs (e.g., non-randomized controlled trials; uncontrolled studies).  Primarily to ease the burden on quality assessors who would otherwise have to master many scales or items, constructs cutting across these designs were sought.  A validated instrument developed by Downs and Black was identified,�\16õwÈXð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041368\1BDowns & Black 1998 1368 /id\00\1B\00  QUOTE "40" 
40
 with five items selected for use with all study designs other than RCTs.  These included clear descriptions of the study hypothesis or objective, study participants, characteristics of participants lost to followup, and the interventions/exposures of interest, in addition to whether the outcome measures were valid and reliable (Appendix C).  As with the Jadad instrument, the maximum score was 5, with a higher score indicating greater study quality.  However, no guidelines exist to suggest what a poor quality study’s score would be based on this five-item subset of Downs and Black’s 27-item instrument.�\16õwÈXð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041368\1BDowns & Black 1998 1368 /id\00\1B\00  QUOTE "40" 
40

Study Applicability

In this report, the primary focus is on the U.S. population, as specified in the scope of work for this series of evidence reports on the health benefits of omega-3 fatty acids.  Given the geographical location of the UO-EPC, however, the definition of study applicability was expanded slightly to include the rest of North America.

Also known as external validity, or generalizability, the construct of applicability refers to the degree to which a given study’s sample population is sufficiently representative of the population to which one wishes to generalize its results.  In the present review, two schemes operationally defined applicability (Appendix C).  Regarding the questions of treatment or secondary prevention, the broadest definition of the population of interest is the otherwise “healthy”’ North American with asthma who, while potentially presenting with various concomitants of asthma (e.g., atopy), represents a somewhat broad demographic picture (e.g., gender, race), lives a “typical” North American lifestyle (e.g., background diet), receives “typical” doses and types of asthma treatment, and does not exhibit major comorbid conditions (e.g., diabetes).  For prevention studies, the broadest definition of the population of interest is the “typical” healthy North American, with or without an elevated risk for asthma, and living a “typical” North American lifestyle.  Applicability decreases as the definition of the sample study population narrows in terms of the factors represented in the schemes.

One allowable exception to the “somewhat broad demographic picture” relates to age.  As introduced in Chapter 1, several factors distinguish “asthma” viewed across the lifespan.  These include the different age-related clinical pictures of asthma, and the difficulties associated with identifying these different clinical entities.  For example, asthma in young children, particularly those under the age of 5, needs to be distinguished from symptoms or signs marking wheezing disorders, which may not develop into full-blown asthma later on in life.  In adults, one of the difficulties is distinguishing asthma from COPD.  Often, what appears to be asthma in current or ex-smokers is actually COPD.  It was thus decided that not all ages required representation in a study’s definition of population for it to be considered representative of a broad demographic picture; it was also resolved that, in synthesizing study results, it would be best to describe pediatric and adult data separately.  This decision was made in consultation with our TEP.
After a calibration exercise involving five studies with appropriate designs again borrowed from another systematic review, two assessors independently evaluated study applicability.  Disagreements were resolved via forced consensus.
Summary Matrix

For a given research question, and where appropriate, a summary matrix situates the pertinent studies in terms of their respective study quality (internal validity) and applicability (external validity) grades.  Given that all allocation concealment grades for treatment RCTs were “unclear,” the Jadad total quality score became the definition of internal validity in these summary matrices.  A three-level scheme was then derived from the range of possible RCT quality scores (A = Jadad total score of 4 or 5; B = Jadad total score of 3; C = Jadad total score of 1 or 2), with a similar approach taken for the studies employing other research designs (A = total quality score of 4 or 5; B = total score of 3; C = total score of 1 or 2).  This scheme was established by the 3 EPCs for practical reasons, to afford the incorporation of quality scores within the summary matrix.  The three-level applicability scheme applies to all study designs, with studies assigned an “X” (i.e., insufficient information) being excluded from summary matrices.  
Qualitative Data Synthesis

For all studies included in the systematic review, an overarching qualitative synthesis describes the progress of each citation through the stages of the review, as well as presents certain report and study design characteristics (e.g., distributions of research design by research question).  Then, for each question, a qualitative synthesis is derived separately for evidence derived from RCTs and studies employing other designs.  Each synthesis includes a narrative summary of the key defining features of the study (e.g., a priori description of inclusion/exclusion criteria), population (e.g., diagnosis-related), intervention/exposure (e.g., types of omega-3 fatty acid), cointerventions (e.g., asthma medication), outcomes, study quality, applicability, and individual study results.  A brief study-by-study overview typically precedes a qualitative synthesis.

Evidence from other research designs was included to see whether it confirms the RCT picture of efficacy, because RCTs may not have been conducted, or to provide safety data likely as pertinent as those obtained from RCTs.  Yet, research designs other than RCTs (e.g., non-randomized controlled trials [non-RCTs]) are recognized for their greater susceptibility to bias (e.g., selection bias) and confounding, and particularly if they do not include a control group (e.g., noncomparative case series).  Thus, for the purposes of interpreting the results, greater emphasis was placed on RCT evidence given its status as the gold standard by which an intervention/exposure’s efficacy or effectiveness is investigated.�\16õwÈXð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041369\13Jadad 1998 1369 /id\00\13\00  QUOTE "41" 
41
  “Greater emphasis” entails assigning greater significance to RCT results although a poor quality RCT is not necessarily superior to a high quality non-RCT.  Not all RCTs successfully distribute confounding influences equally across study arms, for example.  Factors other than study design also taken into account in interpreting results include study quality, the number of studies, and, whether studies were sufficiently powered.  In this review, a “noncomparative case series” is considered equivalent to a “before-after study.”

Quantitative Data Synthesis

Given its greater potential to control for possible confounding factors, only RCT evidence was considered for inclusion in quantitative data synthesis.  However, none of the planned meta-analyses, including planned subgroup (i.e., effect modifiers: Question 2) and sensitivity analyses (i.e., study quality; publication bias), were felt to be appropriate given the limitations of the study designs as well as the heterogeneity or failed specificity of both the populations and interventions.  These limitations and problems are outlined in the Discussion. 

Chapter 3. Results

Results of Literature Search

Regardless of its source, the progress of each bibliographic record through the stages of the systematic review is illustrated in the modified QUOROM flow chart (Appendix D).  Ideally, a record included an abstract and key words, in addition to a citation.  When a citation was discovered, for example through a manual search of a reference list, its complete bibliographic record was sought (e.g., Pubmed) and then entered into the first level of relevance screening.

Of 1,010 records entered into the initial screening for relevance, 851 were excluded.  Reflecting the specific eligibility criteria, the reasons for exclusion were: a. not a primary study (e.g., a review; n = 246); b. does not involve human participants (n = 170); c. does not involve omega-3 fatty acids as an exposure/intervention (n = 250); and, d. the purpose of the exposure/intervention was not the treatment or prevention of asthma (n = 185).  All but five of the remaining 159 reports were then retrieved and subjected to a more detailed relevance assessment.�\16õwÈXð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03900\13Romano 1997 900 /id\00\13\00  QUOTE "42-46" 
42-46

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041011\1ECastillo Vizuete 1988 1011 /id\00\1E\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041319\13Helms 2002 1319 /id\00\13\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041324\1ELevere & Mustafa 2003 1324 /id\00\1E\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041336$Palat, Rudolph, et al. 1988 1336 /id\00$\00 
  One report was retrieved, but it was not translated in time to include it in the systematic review.�\16õwÈXð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03230'Sakakibara, Hirose, et al. 1995 230 /id\00'\00  QUOTE "47" 
47
  The second relevance screening then excluded 122 reports for the following reasons: a. not a primary study (e.g., a review; n = 70); b. does not involve human participants (n = 4); c. does not involve omega-3 fatty acids as an exposure/intervention (n = 14); and, d. the purpose of the exposure/intervention was not the treatment or prevention of asthma (n = 34).  In total, 31 reports, describing 26 unique studies, were deemed relevant for the systematic review, with five studies each described by two reports.

Two reports referred to Huang et al.’s primary prevention (observational) study. QUOTE "48,49" 
48,49

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041123 Huang, Pan, et al. 2001 1123 /id\00 \00 
  A published preliminary report�\16õw˜’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0235#Mihrshahi, Peat, et al. 2001 35 /id\00#\00  QUOTE "50" 
50
 outlined the protocol for Mihrshahi et al.’s longterm primary prevention RCT whose 18-month results were recently published.�\16õw˜’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041326%Mihrshahi, Peat, et al. 2003 1326 /id\00%\00  QUOTE "51" 
51
  The results of Hodge et al.’s treatment RCT�\16õw˜’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
 were first disseminated in an abstract;�\16õw˜’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03894\12Hodge 1997 894 /id\00\12\00  QUOTE "53" 
53
 and, Kirsch et al.’s treatment RCT had its clinical outcome data reported in one publication�\16õw˜’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
 and its mediators of inflammation data in another.�\16õw˜’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03494 Payan, Wong, et al. 1986 494 /id\00 \00  QUOTE "55" 
55
  Finally, two published reports of a treatment RCT appeared to overlap substantially.  When the lead author of the Arm et al. reports was contacted he confirmed that the two reports described a single RCT, although one of them�\16õw˜’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03425 Arm, Horton, et al. 1989 425 /id\00 \00  QUOTE "56" 
56
 provided response to allergen-challenge data from the participants described in the previous publication,�\16õw˜’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
 as well as from several other subjects.  These data had been unavailable for inclusion in the earlier report, in which clinical data and some mediators of inflammation data are presented.  To avoid entering duplicate study participant data, we followed the author’s recommendation and focused on the first report�\16õw˜’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
 for everything except the response to allergen-challenge data, which we obtained from the second document.�\16õw˜’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03425 Arm, Horton, et al. 1989 425 /id\00 \00  QUOTE "56" 
56
  To avoid confusion in the text, tables, or figures, only one report is used to refer to a given study and its data.  It is the one reporting the most data pertaining to the study.  Some information regarding the study design of an RCT exclusively described by an abstract�\16õw˜’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03951\15McDonald 1990 951 /id\00\15\00  QUOTE "58" 
58
 were taken from the Cochrane review,�\16õw˜’ï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\012\1FWoods, Thien, et al. 2002 2 /id\00\1F\00  QUOTE "35" 
35
 which had obtained additional details from a source unavailable to the present review team.

Report and Study Design Characteristics of Included Studies

Of the included studies, two were abstracts QUOTE "53,58" 
53,58

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03951\15McDonald 1990 951 /id\00\15\00 
 and the rest were articles published in scientific journals.  Only one study was not described by at least one published report.�\16õwð‡Ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03951\15McDonald 1990 951 /id\00\15\00  QUOTE "58" 
58
  The one relevant study identified by manual search was published.�\16õwð‡Ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00  QUOTE "59" 
59
  All but five reports (all published) were written in English.  Two required translation from Russian QUOTE "60,61" 
60,61

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03163\13Masuev 1997 163 /id\00\13\00 
 two from Japanese, QUOTE "47,62" 
47,62

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03230'Sakakibara, Hirose, et al. 1995 230 /id\00'\00 
 and one from Polish.�\16õwØI\04\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00  QUOTE "63" 
63
  As reported earlier, one Japanese publication was retrieved for the purposes of assessing its relevance, yet it was not translated in time to include it in this report.�\16õwØI\04\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03230'Sakakibara, Hirose, et al. 1995 230 /id\00'\00  QUOTE "47" 
47
  Given its abstract, which allowed it to pass the initial relevance screening, it appears to have been a non-RCT examining the effects of EPA on asthma symptoms, fatty acids in serum, and the generation of various leukotrienes in response to leukocytes.

RCTs and less rigorous types of design were found to address five of the seven research questions.  The latter were either controlled (i.e., non-RCT) or uncontrolled (i.e., noncomparative case series; cohort study).

Ten RCTs and nine studies employing other designs address Question 1 (i.e., impact on respiratory outcomes).  Of the RCTs, two exclusively randomized children, QUOTE "52,64" 
52,64

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00 
 one included both older adolescents and adults,�\16õwØI\04\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
 one did not report any age data,�\16õwØI\04\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00  QUOTE "65" 
65
 and six focused on adults (Summary Table 1). QUOTE "54,58,66-69" 
54,58,66-69

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03951\15McDonald 1990 951 /id\00\15\00 
  The study including both older adolescents and adults is hereafter included with the adult RCTs.�\16õwX\1Dî\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
  The one failing to report demographic data is kept separate from all syntheses.�\16õwX\1Dî\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00  QUOTE "65" 
65
  Two studies employing a design other than an RCT focused on children QUOTE "63,70" 
63,70

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00 
 and seven enrolled adults (Summary Table 2). QUOTE "59,61,62,71-74" 
59,61,62,71-74

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03123%Villani, Comazzi, et al. 1998 123 /id\00%\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03163\13Masuev 1997 163 /id\00\13\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00 
  One adult study was a non-RCT,�\16õw\10Žê\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03163\13Masuev 1997 163 /id\00\13\00  QUOTE "61" 
61
 with all other designs being noncomparative case series (“before-after studies”).  Both pediatric studies involved non-RCT designs. QUOTE "63,70" 
63,70

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00 

Question 2 (effect modifiers) relies on data from 12 of the 19 studies addressing Question 1, including eight RCTs QUOTE "54,57,58,65-69" 
54,57,58,65-69

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03951\15McDonald 1990 951 /id\00\15\00 
 and four studies employing a design other than an RCT (Summary Table 3). QUOTE "59,62,72,74" 
59,62,72,74

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00 
  Each of the latter four studies involved noncomparative case series.  None of the 12 studies enrolled children, since the pediatric studies did not meet the criteria established with respect to this question (at least two studies per outcome, with at least one exhibiting a significant effect in favor of the omega-3 fatty acids exposure).  Question 3 (mediators of inflammation) is addressed by 11 studies, including five RCTs and six studies employing a design other than an RCT.  Of the RCTs, one involved children�\16õw\10Žê\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
 and four included adults (Summary Table 4). QUOTE "54,57,66,68" 
54,57,66,68

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00 
  Each of the studies employing a design other than an RCT enrolled adults (Summary Table 5). QUOTE "59,60,62,71,73,74" 
59,60,62,71,73,74

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03158\13Masuev 1997 158 /id\00\13\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00 
  One study employed a non-RCT design,�\16õw\10/ð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03158\13Masuev 1997 158 /id\00\13\00  QUOTE "60" 
60
 with the others involving noncomparative case series.

Six studies investigated Question 4 (primary prevention).  Of these, one was an RCT looking at the impact of omega-3 fatty acids on neonates (Summary Table 6),�\16õw\10/ð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041326%Mihrshahi, Peat, et al. 2003 1326 /id\00%\00  QUOTE "51" 
51
 and five were studies employing an observational design (Summary Table 7) that focused on adults,�\16õw\10/ð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03239$Troisi, Willett, et al. 1995 239 /id\00$\00  QUOTE "75" 
75
 adolescents,�\16õw\10/ð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0243\1EHuang, Lin, et al. 2001 43 /id\00\1E\00  QUOTE "48" 
48
 young children and adolescents,�\16õw\10/ð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0219%Takemura, Sakurai, et al. 2002 19 /id\00%\00  QUOTE "76" 
76
 and children. QUOTE "77,78" 
77,78

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041203$Satomi, Minowa, et al. 1994 1203 /id\00$\00 
  Question 5 could not be addressed since this review failed to identify any secondary prevention studies.  Eight RCTs and two studies employing a design other than an RCT provided safety data to address Question 6 (Summary Table 8).  Question 7 could not be evaluated since no study reported adverse events associated with a specific subpopulation (e.g., diabetics). 

Question 1:  What is the evidence for the efficacy of omega-3 fatty acids to improve respiratory outcomes among individuals with asthma?

As observed in Summary Tables 1 and 2 (below) derived from Evidence Tables 1 and 2 (Appendix E), respectively, two types of evidence, RCTs and studies employing a design other than an RCT, met eligibility criteria for treatment studies investigating Question 1 regarding respiratory outcomes. A qualitative synthesis of the RCT evidence precedes that derived from the other study designs.  Data pertaining to key variables such as cointerventions (e.g., asthma medication use), background diet, or past and present smoker status are described in Evidence Tables in addition to qualitative syntheses following this overview of the relevant RCTs.

Overview of Relevant RCTs

Adult and pediatric studies are organized separately.  Arm et al.’s RCT of a small sample of English adolescents and relatively young adults (ages 15-42 years) with mild asthma (13/20 exercise-induced) compared high-dose omega-3 fatty acids (5.4g/day EPA/DHA) (n = 12 completers) with visually identical olive oil capsules (n = 8 completers) provided over 10 weeks.�\16õwðÙï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
  Respiratory outcomes included: AM peak expiratory flow (PEF), PM PEF, PEF lability, total symptoms score (e.g., nocturnal wheeze), bronchodilator use, airways histamine responsiveness, airways response to exercise challenge, and, both acute and late airways responses to allergen challenge.  Emelyanov et al. randomized a larger, Russian sample population of mild-to-moderate asthmatic adults (all atopic; all house-dust mite sensitive; ages 18-56 years) to receive, for 8 weeks, either low-dose green-lipped mussel extract (200 mg/day EPA/DHA, plus 400 mg/day olive oil) (n = 23) or olive oil capsules (600 mg/day olive oil) (n = 23).�\16õwðÙï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
  Respiratory outcomes included: FEV1, AM PEF, PM PEF, daytime wheeze, nighttime awakenings, use of inhaled beta-2 agonists, and, decrease in the concentration of exhaled hydrogen peroxide in expired breath condensate.  

Okamoto et al. conducted a very small efficacy study in Japan involving a wide range of adults (22-84 years of age) with moderate asthma (7 were atopic), who were randomized to receive 4 weeks of either ALA derived from perilla seed supplementation (n = 7) or corn oil rich supplementation as the control (n = 7).�\16õwðÙï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
  Each intervention was delivered in 10-20 g/day servings of oil used as salad dressing and/or mayonnaise.  Respiratory outcomes included: FEV1, AM PEF, forced vital capacity (FVC), and the maximal expiratory flow at 25% of the forced vital capacity (V25).  Thien et al.’s English trial of pollen-sensitive young adults (n = 37; ages 19-42 years) with hay fever compared the efficacy, over 6 months, of capsules with high-dose EPA/DHA (5.4 g/day) derived from fish oil (n = 15 completers), and, visually identical olive oil capsules (n = 10 completers).�\16õwðÙï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
67
  Respiratory outcomes included: AM PEF, PM PEF, diurnal PEF, respiratory symptom scores, bronchodilator use, and, histamine responsiveness.
Kirsch et al. compared high-dose (4 g/day EPA ethyl ester and trace amounts of DHA) (n = 6) and low-dose omega-3 fatty acids (0.1 g/day EPA ethyl ester and trace amounts of DHA) (n = 6) in a very small RCT involving older Americans (42-73 years) with moderate asthma (9 with allergic rhinitis).�\16õwðÙï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  The two types of intervention were delivered via gelatin capsules, for 8 weeks.  Respiratory outcomes included: FEV1, total lung capacity (TLC), forced mid expiratory flow (FEF25-75), airflow resistance, self-reported asthma severity ratings, and, observer-reported asthma severity ratings.
McDonald et al.’s very small two-phase crossover RCT of Australian adults (n = 15) with moderately severe asthma (ages 28-72 years) investigated the effects of receiving 10 weeks of either high-dose omega-3 fatty acid supplementation via fish oil (4.5 g/day EPA/DHA) (n = 15) or control capsules with 15 g/day of olive oil.�\16õwðÙï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03951\15McDonald 1990 951 /id\00\15\00  QUOTE "58" 
58
  Respiratory outcomes included: AM PEF, PM PEF, bronchodilator use, and, asthma symptom scores.  Stenius-Aarniala et al.’s somewhat larger, three-phase crossover RCT of likely Scandinavian adults across a similarly wide age spectrum (19 to 61 years; n = 36) compared 20 mL daily of fish oil (omega-3 fatty acid content undefined) with equivalent amounts of olive oil, and, evening primrose oil.�\16õwðÙï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
  Participants experienced relatively stable, moderately severe asthma.  The intervention was delivered for 10 weeks from concealed bottles, yet there was no attempt to conceal taste.  Respiratory outcomes included AM PEF and PM PEF.
Hodge et al. randomly assigned Australian children, ages 8 to 12 years (asthma severity unreported) to receive, over 6 months, either omega-3 fatty acids (1.2 g/day EPA/DHA from fish oil capsules; ALA from canola diet) (n = 20 completers) or omega-6 fatty acid supplementation (matched capsules with safflower, palm, and olive oils; sunflower oils) (n = 19 completers).�\16õwðÙï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
  Respiratory outcomes included: FEV1, asthma severity scores, and, dose-response ratio to histamine challenge.  Nagakura et al. randomized Japanese children (asthma severity unreported) from a wider age range (4-17 years), and compared EPA/DHA from fish oil capsules (n = 15) with visually identical olive oil capsules (n = 15).�\16õwðÙï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0251%Nagakura, Matsuda, et al. 2000 51 /id\00%\00  QUOTE "64" 
64
  Doses were weight-adjusted, and the intervention period lasted 10 months.  Respiratory outcomes included observer-evaluated asthma symptom scores, and, bronchial hyperresponsiveness to acetylcholine challenge. 

Dry and Vincent’s RCT (n = 12) did not provide data regarding the age of their population of allergic asthmatics, so it was impossible to group it with either the adult or pediatric trials.�\16õwðÙï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00  QUOTE "65" 
65
  They compared low-dose (1 g/day) EPA/DHA (n = no data) with an undefined placebo (n = no data) after nine months of a 12-month intervention period.  FEV1 was their sole respiratory outcome.
Qualitative Synthesis of RCT Evidence Regarding Respiratory Outcomes

Trial characteristics.  Ten RCTs published between 1988 and 2002 were identified as addressing Question 1 (Summary Table 1; Evidence Table 1; Appendix E).  Seven studies involved adults, QUOTE "54,57,58,66-69" 
54,57,58,66-69

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00 
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 two enrolled children, QUOTE "52,64" 
52,64

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00 
 and one did not identify its study population’s age range.�\16õwh\1A\00\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00  QUOTE "65" 
65

Only one adult trial�\16õwh\1A\00\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
 and one pediatric trial�\16õwh\1A\00\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
 reported both inclusion and exclusion criteria.  One study exclusively provided inclusion criteria,�\16õwh\1A\00\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
67
 whereas three presented only exclusion criteria. QUOTE "58,68,69" 
58,68,69
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  One of the latter studies was the one that was only published as an abstract.  Four RCTs did not provide either inclusion or exclusion criteria. QUOTE "57,64-66" 
57,64-66
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All but two trials employed a parallel-arm design, with each of the eight involving two study arms.  The crossover trials included two�\16õwP·í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03951\15McDonald 1990 951 /id\00\15\00  QUOTE "58" 
58
 and three phases,�\16õwP·í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
 respectively.  The former compared omega-3 fatty acids to a control containing olive oil, whereas the latter included an exposure to evening primrose oil in addition to a control containing olive oil. 

The ten studies were typically small, with a mean number of 27.2 (range: 12-46) participants.  A total of 75 children and 197 adults were randomized. The studies lasted an average of 26.6 (range: 4-52) weeks, with a mean intervention length of 19.7 (range: 4-52) weeks.  Only two trials did not report the length or details concerning a run-in period, with an average run-in length for the remaining eight studies of three (range: 2-8.7) weeks. QUOTE "65,66" 
65,66
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  Of the two crossover trials, only the two-phase trial reported a washout period, yet details concerning its protocol were not included in its brief abstract.�\16õwà·í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03951\15McDonald 1990 951 /id\00\15\00  QUOTE "58" 
58

The trials were conducted in various countries, with two undertaken in each of Japan, QUOTE "64,66" 
64,66
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 Australia, QUOTE "52,58" 
52,58
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 and England. QUOTE "57,67" 
57,67
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  The remaining trials took place in France, the United States, Russia, and Finland.  In nine of the studies, a single site was involved.  The report for the tenth study did not provide this information.�\16õwà·í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00  QUOTE "65" 
65
  Both RCTs undertaken in England reported funding source information.  Both received some private funding, with one also supported by industry,�\16õwà·í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
 and the other receiving the oil capsules from industry in addition to some support from a medical charity.�\16õwà·í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
67
  The pediatric Australian study was supported by government and a private source,�\16õwà·í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
 the American trial received government funding from two granting institutions,�\16õwà·í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
 and the Finnish publication only reported having received their omega-3 fatty acid exposure from industry.�\16õwà·í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
  Both trials conducted in Japan, QUOTE "64,66" 
64,66
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 the trial conducted in France,�\16õw8œ\07\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00  QUOTE "65" 
65
 the trial conducted in Russia,�\16õw8œ\07\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
 and one of the trials conducted in Australia,�\16õw8œ\07\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03951\15McDonald 1990 951 /id\00\15\00  QUOTE "58" 
58
 did not provide information concerning funding source.  There were no noticeable differences with regards to trial characteristics between the adult and pediatric trials.

Summary Table 1: RCT evidence of omega-3 fatty acids to improve respiratory outcomes in asthma

	Author, Year, Location
	Omega-3 Fatty Acid

Arm/Phase
	Comparator

Arm/Phase
	# of S Unique Results

Favoring

Omega-3

Fatty Acids
	Jadad Total Quality / Allocation Concealment (Internal Validity)
	Applicability

(External Validity)

	
	n
	Type &

Dose/Day
	n
	Type &

Dose/Day
	
	
	

	ADULTS

	Arm, 1988, England56,57
	NR


	3.2 g EPA +

2.2 g DHA
	NR


	Olive oil (NR)
	1/9
	4 (Grade: A)/

unclear
	III

	Emelyanov, 2002, Russia69
	23
	200 mg EPA+DHA +

400 mg olive oil
	23
	600 mg

olive oil
	4/7
	5 (Grade: A)/

unclear
	III

	Kirsch, 1988,

USA54,55
	6
	4.0 g

EPA ethyl ester (trace DHA)
	6
	0.1 g

EPA ethyl ester (trace DHA)
	0/6
	3 (Grade: B)/

unclear
	I

	McDonald, 1991, Australia58*
	15
	2.7 g EPA +

1.8 g DHA
	15
	15 g

olive oil
	0/4
	3 (Grade: B)/

unclear
	III

	Okamoto, 2000a, 

Japan66
	7
	10-20 g perilla seed oil 

(ALA: NR)
	7
	10-20 g

corn oil
	4/4
	2 (Grade: C)/

unclear
	III

	Stenius-Aarniala, 1989,

Finland68*
	36
	20 mL fish oil

(EPA+DHA: NR)
	36
	(1) 20 mL

olive oil

(2) 20 mL evening primrose oil
	0/2
	2 (Grade: C)/

unclear
	III

	Thien, 1993, England67
	NR


	3.2 g EPA +

2.2 g DHA
	NR


	Olive oil (NR)
	0/6
	4 (Grade: A)/

unclear
	III

	CHILDREN

	Hodge, 1998, Australia52
	NR
	0.72 g EPA

0.48 g DHA + 

ALA (NR) via canola diet
	NR
	Omega-6 fatty acids: 1.8 g safflower oil + 1.8 g palm oil + 0.4 g olive oil + sunflower diet (NR)
	0/3
	3 (Grade: B)/

unclear
	III

	Nagakura, 2000, 

Japan64


	15
	17.0-26.8 mg/kg EPA;

7.3-11.5 mg/kg DHA (300 mg fish oil)
	15
	300 mg olive oil
	2/2
	4 (Grade: A)/

unclear
	III

	NOT REPORTED

	Dry, 1991, France65
	NR
	1.0 g

EPA+DHA 
	NR
	“Placebo”

(NR)
	1/1
	2 (Grade: C)/

unclear
	X

	n = number of enrolled participants; NR = not reported; S = significant; *Crossover trial


Population characteristics.   One RCT did not report any age, gender distribution, or racial/ethnic background data.�\16õw8œ\07\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00  QUOTE "65" 
65
  For the two pediatric trials, the average age of the participants was 10.6 (range: 4-17) years. QUOTE "52,64" 
52,64
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  Excluding two studies failing to report mean age data, QUOTE "58,65" 
58,65

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03951\15McDonald 1990 951 /id\00\15\00 
 yet including data from one exclusively describing study completers,�\16õwøœ\07\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
67
 the mean age of the participants in the five adult studies was 44.6 (range: 18-84) years.  The two pediatric populations involved 47.7% males, whereas the corresponding figure for adult trials was 36% (range: 13.3-52.6%), including data solely for completers from one study.�\16õwøœ\07\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
67
  Little information was reported identifying the racial/ethnic makeup of trial populations.  Although neither pediatric trial explicitly provided this information, the likely backgrounds were Asian�\16õwøœ\07\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0251%Nagakura, Matsuda, et al. 2000 51 /id\00%\00  QUOTE "64" 
64
 and Caucasian/European.�\16õwøœ\07\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
  Not one adult trial explicitly described these data, yet it could be inferred that, at least for six of seven studies, participants were likely drawn from Caucasian/European, QUOTE "57,58,67,69" 
57,58,67,69
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 Asian,�\16õwHž\07\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
 and Scandinavian�\16õwHž\07\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
 backgrounds.  The American RCT did not specify its racial/ethnic composition.�\16õwHž\07\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54

One of the two pediatric studies,�\16õwHž\07\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
 and five of the eight adult trials, QUOTE "54,65,66,68,69" 
54,65,66,68,69
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 provided a definition of asthma to classify study participants.  While the descriptions varied, a few used standard approaches.  For example, Stenius-Aarniala et al.’s Finnish study used the American College of Chest Physicians and the American Thoracic Society’s 1975 criteria.�\16õwØ®í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
  One pediatric�\16õwØ®í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
 and five of the eight adult studies QUOTE "54,58,66,68,69" 
54,58,66,68,69
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 provided a description of their diagnostic method.  While one of these reported the use of some pulmonary function testing,�\16õwh¯í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03951\15McDonald 1990 951 /id\00\15\00  QUOTE "58" 
58
 the other four described having used a strategy that combined a clinical history with assessments of pulmonary function. 

One pediatric trial employed ratings to establish a definition of asthma severity, yet it never interpreted their participants’ baseline level of asthma severity.�\16õwh¯í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
  The other study involving children did not describe a method to determine severity or provide a statement about the participants’ asthma severity.  Six of the eight adult trials interpreted their participants’ severity level.  Of the four studies identifying a moderate level of severity, only two provided a definition. QUOTE "54,68" 
54,68
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  Two reports merely provided a label such as “moderate” or “severe,” for example. QUOTE "58,66" 
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  One group of investigators assigned a mild-to-moderate severity rating using a defined approach.�\16õwÈ¯í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
  The only study identifying mild asthmatics did not describe the method by which this was achieved.�\16õwÈ¯í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
  Two adult trials did not define their participants in these terms. QUOTE "65,67" 
65,67
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  Not one of the ten included studies attempted to define the severity of asthma at baseline, or on-study, in light of how well it was controlled by medication. 

The duration of asthma for the only pediatric study reporting these data was an average of 10.1 years.�\16õw¸°í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0251%Nagakura, Matsuda, et al. 2000 51 /id\00%\00  QUOTE "64" 
64
  Only three adult trials QUOTE "54,66,69" 
54,66,69
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 provided these data, with a mean duration of 15.7 years.

The RCT reports provided different ways to describe some of the typical concomitant conditions or possible triggers of asthma.  In the single pediatric trial reporting such information, 36 of the 39 participants were considered atopic.�\16õw\18±í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
  The Okamoto et al.,�\16õw\18±í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
 Arm et al.,�\16õw\18±í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
 and Emelyanov et al.�\16õw\18±í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
 studies identified 50% (7/14), 88% (22/25), and 100% (46/46) of their randomized adult participants as atopic, respectively.  In addition, the Arm et al. trial included an undefined number of subjects with exercise-induced asthma,�\16õw\18±í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
 and the Emelyanov et al. study included participants who were also house dust-mite sensitive.�\16õw\18±í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
  In the study by Thien et al., the participants were pollen-sensitive, had hay fever, and some exhibited a sensitivity to fungal spores; the authors claimed that the possible effect of these sensitivities on the results would be eliminated by virtue of the randomization process.�\16õw\18±í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
67
  No data were reported regarding the study arms to which were allocated this undefined number of participants with asthma who were also spore-sensitive.  The population in the Dry and Vincent study was considered to be allergic asthmatic, yet no definition was provided.�\16õw\18±í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00  QUOTE "65" 
65
  Three-quarters (9/12) of Kirsch et al.’s participants were identified as having allergic rhinitis.�\16õw\18±í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  Stenius-Aarniala et al.’s sample contained relatively stable asthmatics, four of whom were aspirin-sensitive and another four of whom had positive, yet undefined, skin-prick tests.�\16õw\18±í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
  The McDonald et al. study did not describe their participants with respect to any of these conditions.�\16õw\18±í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03951\15McDonald 1990 951 /id\00\15\00  QUOTE "58" 
58
  

In spite of the possibility that one of the major concomitant conditions in asthmatics could be pollen sensitivity, almost no information was reported on the seasons in which the studies were conducted.  One trial evaluated pollen-sensitive participants with hay fever before, during, and after peak pollen season.�\16õw\18±í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
67
  Another study conducted by the same group of investigators assessed response to allergen challenge outside pollen season, with participants exhibiting pollen sensitivity to a skin-prick test excluded from evaluations during pollen season.�\16õw\18±í\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
  Two studies enrolled participants having been admitted to hospital for asthma, QUOTE "64,66" 
64,66
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 with investigators in one acknowledging that having such a controlled environment would minimize exposure to inhalant allergens for both study arms.�\16õwˆ¦ë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0251%Nagakura, Matsuda, et al. 2000 51 /id\00%\00  QUOTE "64" 
64
  All other studies were conducted with outpatients. 

The number and types of concurrent condition known to have been excluded from the RCTs are limited.  Few studies described this information.  Hodge et al.’s study excluded children with other significant diseases (undefined) and those with dietary salicylate sensitivity.�\16õwˆ¦ë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
  Stenius-Aarniala et al.’s adult trial screened out those with fish allergy, diabetes, or coagulation disorders.�\16õwˆ¦ë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
  Kirsch et al. excluded those with status asthmaticus, pneumonitis, pneumothorax, or other major lung disease in the previous year.�\16õwˆ¦ë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  Emelyanov et al. screened out current or ex-smokers, clinically significant heart, renal, liver and intestinal disorders, and, women of childbearing potential using inadequate contraception.�\16õwˆ¦ë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69

A few attempts were made at determining whether or not certain asthma risk factors, or those with the potential to influence asthma control, were present in studies, and whether participants characterized in these terms were any more likely to have been associated with a given study arm.  Most of the important data were never provided for full samples, however, let alone to shed light on cross-arm differences.

The cross-arm equivalence of asthma severity was reported in four study documents, QUOTE "52,54,57,69" 
52,54,57,69
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 while such information was not reported on five occasions. QUOTE "58,65-68" 
58,65-68
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  In one pediatric trial, the mean baseline asthma severity score was higher in the omega-3 fatty acid group.�\16õw\08¨ë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0251%Nagakura, Matsuda, et al. 2000 51 /id\00%\00  QUOTE "64" 
64
  In seven trials, no data were provided that would clarify that study arms were similar, or the same, on the basis of concomitant conditions or triggers. QUOTE "58,64-69" 
58,64-69
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  Only two reports indicated that there was an equal distribution of children with atopy�\16õw8¨ë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
 or adults with allergic rhinitis.�\16õw8¨ë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  One reported similar distributions of both atopic and exercise-induced asthmatics across study arms.�\16õw8¨ë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
  Two trial reports each indicated that the asthma durations of participants in their respective study arms were slightly, but not significantly, different. QUOTE "64,69" 
64,69
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  No other report included similar information.

Data concerning participants’ smoker status or history were only presented in four reports.  One trial excluded all current and ex-smokers,�\16õwø¨ë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
 whereas a second study identified their participants as nonsmokers.�\16õwø¨ë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
67
  Ex-smokers constituted almost half (7/15) of the randomized adults in one study.�\16õwø¨ë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03951\15McDonald 1990 951 /id\00\15\00  QUOTE "58" 
58
  In another study, three of the 29 trial completers were current smokers, and 12 of 29 trial completers were nonsmokers over the previous two years.�\16õwø¨ë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68

Information concerning present or past smoker status was thus provided for only two of the four trials that included older adults.  The age range for these two studies was 28 to 72 years in one study,�\16õwø¨ë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03951\15McDonald 1990 951 /id\00\15\00  QUOTE "58" 
58
 and 19 to 61 years in the other one.�\16õwø¨ë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
  The age ranges for the two studies where samples might have included some ex-smokers were 42 to 73 years in one study,�\16õwø¨ë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
 and 22 to 84 years in the other.�\16õwø¨ë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
  Finally, current or ex-smokers might have been included in any of the trials, with the exception of the pediatric trials.

No information was reported in any of the adult studies concerning the possibility of COPD in any of the participants.  Also, no information was reported in the two pediatric trials concerning the possibility of wheezing syndromes.  Information regarding exposure to environmental smoke was also unreported, as were data pertaining to a possible history of early respiratory infections in the pediatric populations.

Given the dearth of data concerning these variables, little definitive can be said about their roles as confounders.  Finally, in spite of the likelihood that the background diets of participants vary as a function of geographic location, no information of this type was contained in study reports.

Intervention/exposure characteristics.   The source of the omega-3 fatty acid intervention varied across the RCTs.  One pediatric trial�\16õwø¨ë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0251%Nagakura, Matsuda, et al. 2000 51 /id\00%\00  QUOTE "64" 
64
 and five adult trials QUOTE "57,58,65,67,68" 
57,58,65,67,68
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 described the source as fish oil.  The specific types of fish from which fish oil exposures were derived were not described.  The other study involving children defined the intervention as fish oil, a canola (ALA) diet, and eating fish at least once per month.�\16õwPq\06\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
  The remaining adult studies employed either a marine source (green-lipped mussel),�\16õwPq\06\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
 capsules containing EPA ethyl ester along with trace amounts of DHA,�\16õwPq\06\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
 or perilla seed diet supplementation.�\16õwPq\06\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
  The type of omega-3 fatty acid employed in six studies, including one pediatric trial, included a combination of EPA and DHA. QUOTE "57,58,64,65,67,68" 
57,58,64,65,67,68
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  The other pediatric study employed both an EPA and DHA combination, and a canola-based ALA diet.�\16õw@r\06\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
  The remaining adult studies used olive oil in combination with EPA/DHA,�\16õw@r\06\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
 EPA ethyl ester with trace amounts of DHA,�\16õw@r\06\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
 or ALA.�\16õw@r\06\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66

The most frequently used control was olive oil, and olive oil combined with EPA/DHA was the most widely investigated intervention. QUOTE "57,58,64,67-69" 
57,58,64,67-69
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  Other comparisons included: low-dose EPA/DHA compared with an undefined placebo;�\16õw0s\06\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00  QUOTE "65" 
65
 a high dose (4 g/day) of EPA/DHA compared with a low dose (0.1 g/day) of EPA/DHA;�\16õw0s\06\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
 EPA/DHA capsules and ALA supplementation as well as at least one fish meal a month, compared with control capsules (safflower, palm, and olive oils); omega-6 fatty acid supplementation compared with no fish consumption;�\16õw0s\06\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
 and, ALA supplementation compared with corn oil, the latter identified as a source of omega-6 fatty acids.�\16õw0s\06\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66

If, as established in consultation with our TEP, greater than or equal to 3 g is taken to define a high adult daily dose or serving of omega-3 fatty acids, then four adult studies met this criterion: 5.4 g/day EPA/DHA versus olive oil; QUOTE "57,67" 
57,67
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58
 and, 4 g/day EPA ethyl ester, with an undefined amount of DHA, versus a low dose of omega-3 (0.1 g/day).�\16õw0Ðù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  One adult trial studied a low dose of omega-3 fatty acids (200 mg/day EPA plus 400 mg/day olive oil) compared with 600 mg/day of olive oil.�\16õw0Ðù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
  Another study examined what they claimed to be a low dose of omega-3 fatty acids (amounts of EPA/DHA undefined) compared with olive oil.�\16õw0Ðù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
  One adult RCT reported only the amount of oil to be consumed (10 to 20 g/day) in each of the ALA and corn oil (omega-6 fatty acid) study arms, but not the actual amounts of ALA.�\16õw0Ðù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
  One adult study reported comparing a low dose of omega-3 fatty acids (1 g/day) with an undefined placebo.�\16õw0Ðù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00  QUOTE "65" 
65
 
One pediatric trial compared a dose of omega-3 fatty acids (1.22 g/day of EPA/DHA, plus an undefined amount of ALA from diet supplementation) with omega-6 fatty acid capsules and dietary supplementation.�\16õw0Ðù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
  Another study that enrolled children used a dose of omega-3 fatty acids, adjusting the dose for body weight (17-26.8 mg/kg/day EPA and 7.3-11.5 mg/kg/day DHA), and compared this intervention to olive oil.�\16õw0Ðù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0251%Nagakura, Matsuda, et al. 2000 51 /id\00%\00  QUOTE "64" 
64
  With little or no data available in study reports with which to adjust doses by weight, it was decided that the definition of a high (> 3g/d) versus low dose for adults could not be applied to children.  A 1.22 g/d dose in a child could be equivalent to a 3 g/d dose in an adult on a per kg body weight basis.  

Various methods were used to deliver the omega-3 fatty acid exposure.  Six of ten trials, including one that studied children, solely employed capsules with standardized doses. QUOTE "54,57,58,64,67,69" 
54,57,58,64,67,69
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  One study did not describe the therapeutic vehicle, although it was likely to have been capsules as well.�\16õwàÑù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00  QUOTE "65" 
65
  A pediatric trial had parents provide oils, margarine, and salad dressing containing ALA, in addition to fish oil capsules.�\16õwàÑù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
  An adult trial had participants use bottles of oil, salad dressing, and mayonnaise containing ALA,�\16õwàÑù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
 while another had adults deliver their own fish oil by way of spoonfuls poured from concealed bottles.�\16õwàÑù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
  In these three RCTs, there was thus no way to guarantee a constant within-participant intake of oils or omega-3 fatty acids and, in turn, an unvarying within- or between-study arm intake of oil (as calories/energy), or a stable difference in the interventions received by the different study arms.  This means that the definition of the intervention, and the control exposure, changed in some unmeasured ways.  At the same time, recorded consumption data strongly suggest that intake varied amongst study participants.

In one pediatric trial, the consumption of food products was not monitored, and the children ingested at least 25% fewer than the allocated fish oil capsules.�\16õwàÑù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
  In another trial, while the participants were directed to consume 10 to 20 mL/day of oil, great variability was observed in the actual consumption, and only 21 of 29 completers consumed more than 15 mL/day.�\16õwàÑù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
  To compound matters, the authors of this study acknowledged that the lack of any attempt to conceal the taste of the fish oil might have impacted the results.�\16õwàÑù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
  Overall, how these failed standardizations of dosing may have affected the study results was not discussed in any reports.  The implication of this state of affairs is highlighted in Chapter 4.

In not providing a definition of its placebo, another study also failed to demonstrate unequivocally that it had controlled for caloric intake.�\16õwàÑù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00  QUOTE "65" 
65
  Finally, failure of an adult trial to present information to the contrary, suggests that it also may have failed to control across study arms for this important variable.�\16õwàÑù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  As a result, when it comes to the intervention, half of the included RCTs failed to establish unequivocally that they had eliminated the possibility of confounding. QUOTE "52,54,65,66,68" 
52,54,65,66,68
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The exact schedule used to determine the delivery of the exposures was not provided in any report.  Only one pediatric trial stated how many capsules would be taken at a given time, with the schedule calling for three times of day.�\16õwÀÓù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0251%Nagakura, Matsuda, et al. 2000 51 /id\00%\00  QUOTE "64" 
64
  One adult trial reported a morning and evening schedule.�\16õwÀÓù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
  Reports of trials that employed dietary supplementation with oils, dressings and mayonnaise did not specify at which meals the foods should be consumed, or whether they should be apportioned in some way. QUOTE "52,66,68" 
52,66,68
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Few trial reports indicated that the participants were instructed to maintain their background diet over the course of the study.  One adult study conducted in Japan, involving perilla seed supplementation, mandated that participants maintain an unchanged diet,�\16õwPÔù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
 while an Australian trial of adults told the participants to keep their dietary fish intake constant.�\16õwPÔù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03951\15McDonald 1990 951 /id\00\15\00  QUOTE "58" 
58
  An English investigation asked participants to maintain their usual diet.�\16õwPÔù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
  None of the RCTs provided omega-6 fatty acids or any other supplement as a cointervention, and none attempted to alter the ratio of omega-6 to omega-3 intake.

Eight of ten trials indicated the manufacturer of at least one omega-3 fatty acid product used in their study. QUOTE "52,54,57,64,65,67-69" 
52,54,57,64,65,67-69

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00 
  Only one study reported on the purity of their omega-3 fatty acid exposure.�\16õw\10Õù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54

Cointervention characteristics.  There were no data regarding the presence or treatment of concurrent conditions in any of the ten RCTs.  There was a scarcity of information reported concerning the dosing levels of asthma medication. 
Two trials established exclusion criteria concerning the use of asthma medication.  One pediatric study excluded children on oral corticosteroids, although on-study inhaled corticosteroid use was permitted.�\16õw\10Õù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
  An adult trial excluded anyone receiving inhaled corticosteroids or having been hospitalized for asthma during the run-in period.�\16õw\10Õù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
  The latter study also mandated that no participants receive on-study oral or inhaled corticosteroids; only rescue beta-2 agonist medication was allowed.  The remaining eight studies did not set exclusion criteria pertaining to prestudy asthma medications. 

Seven reports did not indicate whether participants had had to maintain a constant on-study dose of corticosteroid medications. QUOTE "52,57,58,64-66,68" 
52,57,58,64-66,68
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  One adult trial did demand that participants maintain a constant dose of inhaled corticosteroids across the study,�\16õw€žô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
67
 while another asked that all types and doses of medications other than oral corticosteroids be kept constant during the trial.�\16õw€žô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54

Only three studies explicitly stated that participants used on-study oral corticosteroids. QUOTE "54,64,68" 
54,64,68
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  Of these, two reports mentioned that there was no change in the use of this medication during their study, QUOTE "64,68" 
64,68
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 while the third acknowledged that oral corticosteroid use may have changed over the 8 weeks of intervention.�\16õw@Ÿô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
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  Compliance data for the first two studies were not reported.  Also, these two studies failed to report data concerning the cross-arm equivalence of oral corticosteroid use. QUOTE "64,68" 
64,68
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  The third trial reported that all six participants used oral corticosteroids in the high-dose omega-3 fatty acid group, and four of six participants used oral corticosteroids in the low-dose omega-3 fatty acid group.�\16õw Ÿô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  In this study, the dosing of oral corticosteroids could be altered by physicians according to pre-established criteria (<5 mg/week).�\16õw Ÿô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54

Eight RCTs reported that participants took on-study inhaled corticosteroids. QUOTE "52,54,57,64-68" 
52,54,57,64-68
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  One of these included a single user in the low-dose group,�\16õw0 ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
 a second reported that eight of 25 completers had taken them,�\16õw0 ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
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 and another did not indicate whether any adults had used them.�\16õw0 ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03951\15McDonald 1990 951 /id\00\15\00  QUOTE "58" 
58
  Few data were provided to indicate whether inhaled corticosteroid use was kept constant across the study, or whether study arms were balanced for either the number of users or the dose.  Five trials suggested that inhaled corticosteroid use did not change across the study. QUOTE "52,64,65,67,68" 
52,64,65,67,68
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  Three trials provided no data. QUOTE "57,58,66" 
57,58,66
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  Regarding the equivalence of inhaled corticosteroid use across study arms, four trials reported no data, QUOTE "57,65,66,68" 
57,65,66,68
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 one observed more users in the omega-3 fatty acid arm (n = 4) than in the control arm (n = 1),�\16õwP¡ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
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 and one indicated that while there were three users per study arm, the control participants received a slightly higher mean dose.�\16õwP¡ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0251%Nagakura, Matsuda, et al. 2000 51 /id\00%\00  QUOTE "64" 
64

Of note, with regards to the use of other asthma medications, a trial reported that its study arms differed significantly in the amount of rescue medications required for acute on-study asthma attacks.�\16õwP¡ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0251%Nagakura, Matsuda, et al. 2000 51 /id\00%\00  QUOTE "64" 
64
  A vast spectrum of other medications was used, including inhaled beta-2 agonists (Evidence Table 1).  One study reported that similar numbers of participant across study arms had used oral theophylline, beta-2 agonists, and cromolyn.�\16õwP¡ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54

Outcome characteristics.  The most frequently employed respiratory outcomes (Evidence Table 1) were AM PEF, employed in six RCTs, QUOTE "57,58,66-69" 
57,58,66-69
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 followed by FEV1 QUOTE "52,54,65,66,69" 
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 and PM PEF, with five studies each, QUOTE "57,58,67-69" 
57,58,67-69
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 and then by subjective asthma symptom scores QUOTE "54,57,58,67" 
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 and total bronchodilator use, each with four representations. QUOTE "57,58,67,69" 
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  One study reported results for four respiratory outcomes, yet no data were provided in the abstract.�\16õw0£ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03951\15McDonald 1990 951 /id\00\15\00  QUOTE "58" 
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  Only once did either of the pediatric studies use one of the above-noted outcomes.  While the pulmonary function tests appeared to be based on standard methodologies, the symptom ratings and bronchodilator use data were captured via diary cards.  The psychometric performance of subjective rating instruments was not established in the reports.  Very few studies reported intention-to-treat analyses or statistical tests assessing the between-arm difference in (%) change from baseline in outcomes.  Instead, they preferred to perform and report separate analyses of individual study arm data.  Nine of ten trials described withdrawals and dropouts.
Study quality and applicability.  No variability was observed regarding the assessed adequacy of allocation concealment.  All trials received a rating of “unclear.”  The mean Jadad total quality score was 3.2 (range: 2-5), indicating good quality.  The mean quality for the two pediatric studies was slightly higher (3.5).  The greatest inconsistency involving a Jadad item was for blinding.  Of ten studies in total, two of the RCTs received the lowest (0) rating and four of the RCTs received the highest (2) rating. Virtually no variability characterized the applicability rating, with eight of ten trials obtaining a level III rating.  This indicates the extremely limited potential for generalization to the typical North American population with asthma.  Given the uniform picture of allocation concealment, quality grades based exclusively on the Jadad total quality scores were entered into the summary matrix.

While four of the RCTs exhibited high quality, as defined by the Jadad total score, none received an allocation concealment rating other than “unclear,” indicating that at least one possible threat to internal validity cannot be ruled out.  Moreover, the generalizability of the results of these four RCTs to the North American standard set for this review was extremely limited.  The only trial with strong generalizability potential also exhibited good study quality.�\16õw0£ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  It was a small trial, however (n = 12).

Summary Matrix 1: Study quality and applicability of RCT evidence regarding respiratory outcomes*

	
	Quality

	
	A
	B
	C

	Applicability
	I
	
	
	
	Author
	Year
	N
	

	
	
	
	
	
	Kirsch
	1988
	12
	

	
	II
	
	
	

	
	III
	Author
	Year
	N
	Author
	Year
	N
	Author
	Year
	N

	
	
	Arm

Emelyanov

Nagakura†

Thien
	1988

2002

2000

1993
	25

46

30

37
	McDonald
Hodge†
	1991
1998
	15
45
	Okamoto
	2000a
	14

	
	
	
	
	
	
	
	
	Stenius-Aarniala
	1989
	36

	N = number of randomized participants; *Dry, 1991 (total quality grade: C) not entered since received an “X” (insufficient information) for applicability; †Pediatric trial


Qualitative Synthesis of Individual RCT Results

Adult and pediatric study results are organized separately, and the most frequently investigated outcomes are presented first.  Regarding FEV1 as the gold standard measure of pulmonary function, two of three adult RCTs showed no benefit relating to omega-3 fatty acid exposure.  

In an adult study conducted in Japan, involving a very wide range of ages (22 to 84 years) and investigating the efficacy of ALA derived from perilla seed supplementation compared with corn oil rich supplementation, Okamoto et al. observed a significantly greater increase in FEV1 in the omega-3 fatty acid group.�\16õw0£ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
  Yet, Kirsch et al.’s trial, which compared high-dose (4 g/day EPA ethyl ester and trace amounts of DHA) and low-dose omega-3 fatty acids (0.1 g/day EPA ethyl ester and trace amounts of DHA) in a sample population of older Americans (42 to 73 years), found a nonsignificant change in FEV1 in either study arm.�\16õw0£ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  Emelyanov et al.’s Russian study of an adult population (18 to 56 years), which compared low-dose green-lipped mussel extract (200 mg/day EPA/DHA, plus 400 mg/day olive oil) and olive oil capsules (600 mg/day olive oil), showed nonsignificant between-arm differences in changes in FEV1.�\16õw0£ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69

For AM PEF, two studies reported a significant benefit, and three reported no benefit.  Emelyanov et al.’s study, which compared low-dose green-lipped mussel extract with olive oil capsules, showed a significantly greater increase in AM PEF in the omega-3 fatty acids arm,�\16õw0£ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
 whereas Okamoto et al.’s perilla seed supplementation trial (ALA vs. corn oil) observed a significant increase in AM PEF only in the treatment arm.�\16õw0£ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
  However, Arm et al.’s English trial of a sample of relatively young adults, which compared high-dose omega-3 fatty acids (5.4g/day EPA/DHA) with visually identical olive oil capsules, reported a nonsignificant between-arm difference in changes in AM PEF.�\16õw0£ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
  Thien et al.’s English trial of pollen-sensitive young adults with hay fever, which compared high-dose EPA/DHA (5.4 g/day) derived fish oil capsules with visually identical olive oil capsules, observed a nonsignificant between-arm difference in AM PEF during the pollen season.�\16õw0£ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
67
  In addition, Stenius-Aarniala et al.’s three-phase crossover study of likely Scandinavian adults from across a wide age spectrum (19 to 61 years), which compared 20 mL daily of fish oil (omega-3 fatty acid content undefined) with equivalent amounts of olive oil and evening primrose oil, reported a nonsignificant difference between phases for AM PEF.�\16õw0£ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
  While providing neither the data nor the results of statistical testing, McDonald et al.’s study of Australian adults, who received either high-dose omega-3 fatty acid supplementation via fish oil (4.5 g/day EPA/DHA) or control capsules with 15 g/day of olive oil, reported a nonsignificant between-arm difference in change in AM PEF.

All five studies revealed a nonsignificant benefit for PM PEF.  The Arm et al. study,�\16õw0£ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
 as well as Thien et al.’s,�\16õw0£ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
67
 each of which compared high-dose omega-3 fatty acids (5.4g/day EPA/DHA) with visually identical olive oil capsules in young adults, reported a nonsignificant between-arm difference in changes in PM PEF.  The findings from Emelyanov et al.’s study,�\16õw0£ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
 which compared low-dose green-lipped mussel extract with olive oil capsules, and the findings from Stenius-Aarniala’s crossover trial�\16õw0£ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
 concurred.  The results of McDonald et al.’s study were similar, yet no data were reported.�\16õw0£ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03951\15McDonald 1990 951 /id\00\15\00  QUOTE "58" 
58
  The two trials that investigated high-dose omega-3 fatty acids (vs. olive oil) observed a nonsignificant between-arm difference in diurnal PEF variability during the pollen season in pollen sensitives with hay fever,�\16õw0£ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
67
 or outside pollen season.�\16õw0£ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57

Four trials evaluated the impact of omega-3 fatty acids on self-reported bronchodilator use, with only the Emelyanov et al. investigation showing a significantly greater decrease in use (puffs/day) in its low-dose green-lipped mussel study arm.�\16õw0£ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
  Both English studies of high-dose omega-3 fatty acids failed to find a significant between-arm difference either during�\16õw0£ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
67
 or outside�\16õw0£ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
 pollen season.  McDonald et al.’s unreported data regarding high-dose EPA/DHA were in agreement.�\16õw0£ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03951\15McDonald 1990 951 /id\00\15\00  QUOTE "58" 
58

Four RCTs failed to find a benefit expressed in terms of between-arm differences in changes in self-reported asthma symptom scores, including both high-dose omega-3 fatty acids studies conducted during or outside pollen season, QUOTE "57,67" 
57,67

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00 
 Kirsch et al.’s project investigating high versus low doses of EPA in an older American population,�\16õwP»ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
 and McDonald et al.’s trial of high-dose omega-3 fatty acids.�\16õwP»ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03951\15McDonald 1990 951 /id\00\15\00  QUOTE "58" 
58

Kirsch et al.’s additional assessment of observer-reported asthma severity ratings revealed nonsignificant changes in both study arms.�\16õwP»ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  Regarding other self-reported measures, Emelyanov et al. reported a significantly greater decrease in daytime wheeze in the omega-3 fatty acid arm, but a nonsignificant between-arm difference in changes in nighttime awakenings.�\16õwP»ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69

Two studies each failed to find a significant between-arm difference in changes in airways histamine responsiveness (specific airways conductance: sGAW) in either the high-dose EPA/DHA or olive oil control arms, both during and outside pollen season. QUOTE "57,67" 
57,67

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00 
  Other, single-study evaluations are organized by whether or not their results attained statistical significance. 

Okamoto et al.’s investigation of the impact of perilla seed (vs. corn oil) supplementation observed a significantly greater increase in FVC in the omega-3 fatty acid arm.�\16õw@¼ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
  They also observed a significant increase in V25 only in the omega-3 fatty acid arm.  Emelyanov et al. identified a significantly greater decrease in the concentration of exhaled hydrogen peroxide in expired breath condensate in the green-lipped mussel arm.�\16õw@¼ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69

Kirsch et al. compared high- and low-dose omega-3 fatty acids and found a nonsignificant change in FEF25-75, TLC, and airflow resistance in each study arm.�\16õw@¼ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  Arm et al. compared high-dose omega-3 fatty acids with visually identical olive oil capsules, and reported nonsignificant changes in the maximal percent decreases in specific airways conductance in response to exercise challenge in both study arms.�\16õw@¼ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
  They also reported a nonsignificant change in the acute airways response to allergen challenge in both study arms.�\16õw@¼ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
  However, they reported a significant suppression at 2 hours, then at 3 to 7 hours on late airways response to allergen challenge, but only in the omega-3 fatty acids arm.

Hodge et al.’s investigation of Australian children (ages 8 to12 years) receiving either omega-3 fatty acids (1.2 g/day EPA/DHA from fish oil capsules; ALA from canola diet) or omega-6 fatty acid supplementation (matched capsules with safflower, palm, and olive oils; sunflower oils) revealed a nonsignificant change in FEV1 or parent-endorsed asthma severity scores in each study arm.�\16õw@¼ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
  In a study randomizing Japanese children from a wider age range (4 to 17 years), and comparing EPA/DHA from fish oil capsules with visually identical olive oil capsules, Nagakura et al. reported a significant decrease in observer-evaluated asthma symptom scores only in the treatment arm.�\16õw@¼ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0251%Nagakura, Matsuda, et al. 2000 51 /id\00%\00  QUOTE "64" 
64
  Their doses were weight-adjusted.  Nagakura et al. also reported a significant decrease in bronchial hyperresponsiveness to acetylcholine challenge only in the treatment arm.  Finally, Hodge et al.’s study revealed a nonsignificant change in the dose response ratio to a histamine challenge in both study arms.�\16õw@¼ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
  Dry and Vincent compared low-dose (1 g/day) EPA/DHA with an undefined placebo at nine months, and found a significantly greater increase in FEV1 in the omega-3 fatty acid arm of a study failing to define its sample’s age.�\16õw@¼ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00  QUOTE "65" 
65

Overview of Relevant Studies With Designs Other Than an RCT

Adult and pediatric studies are organized separately.  Masuev divided participants, in a very small Russian cohort exhibiting both an acute and late asthmatic response to allergen challenge, into two matched subgroups.  One then received 6 g/day of EPA and DHA capsules over 8 weeks (n = 5) and the other took olive oil capsules (n = 3) over this same period.�\16õw@¼ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03163\13Masuev 1997 163 /id\00\13\00  QUOTE "61" 
61
  In this non-RCT, participants had bronchial asthma, and were hypersensitive to house dust.  Change in PEF after 4-8 hours was the sole outcome.

Ashida et al.’s similarly small Japanese noncomparative case series (n = 5) received perilla seed supplementation (ALA amount undefined) for 2 weeks.�\16õw@¼ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00  QUOTE "59" 
59
  The oil intervention was delivered as replacement salad dressing and/or mayonnaise.  Four participants exhibited bronchial asthma, and the other, cough variant asthma.  Outcomes included AM PEF, PM PEF, and, an asthma symptoms score (e.g., cough).  In a small noncomparative case series (n = 8), Hashimoto et al. exposed a small number of Japanese adults with mild to moderate asthma, and hyperlipidemia, to 1,800 mg/day of EPA over 8 weeks.�\16õw@¼ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00  QUOTE "62" 
62
  The mode of delivery was not reported.  Respiratory outcomes included AM PEF, PM PEF, and various undefined ones: symptom score, asthma score, therapeutic score, sleep score, and, daily life score.  

In a very small noncomparative case series (n = 7) receiving a 30-day, capsule-based exposure to 3g/day of EPA and DHA, Villani et al. observed atopic adults in Italy with mild seasonal asthma (from airborne allergens).�\16õw@¼ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03123%Villani, Comazzi, et al. 1998 123 /id\00%\00  QUOTE "72" 
72
  Respiratory outcomes included: PEF (undefined), FEF25-75, TLC, change in fall in FEV1 in response to bronchial challenge, airways responsiveness to bronchial challenge, residual volume (RV), and, slow vital capacity.  Okamoto et al.’s somewhat larger noncomparative case series of mild asthmatics (half were atopic) in Japan (n = 26) was exposed to perilla oil supplementation (10-20 g/day; ALA amount undefined) in salad dressing or mayonnaise over 4 weeks, with the background diet unchanged.�\16õw@¼ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0260&Okamoto, Mitsunobu, et al. 2000 60 /id\00&\00  QUOTE "71" 
71
  They distinguished responders from nonresponders as those participants with significantly decreased LTC4 generation by peripheral leukocytes (undefined).�\16õw@¼ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0260&Okamoto, Mitsunobu, et al. 2000 60 /id\00&\00  QUOTE "71" 
71
  The goal was to see whether these two groups were distinguishable on the basis of the following respiratory outcomes: FEV1, AM PEF, FVC, and, V25.

Picado et al. exposed a small noncomparative case series of aspirin-intolerant asthmatics (n = 10), first to 6 weeks of placebo (lactose) capsules plus a poorly defined eucaloric diet (e.g., 32% fat), then to another 6 weeks of an experimental diet including 3 g/day of omega-3 fatty acids (i.e., undefined EPA/DHA), via capsules, and the same eucaloric diet.�\16õw@¼ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
  Respiratory outcomes included: PEF (undefined), oral corticosteroid use, bronchodilator use, and, pulmonary symptom score.  In an attempt to alter the intake ratio of omega-6/omega-3 fatty acids in atopic asthmatics, Broughton et al. exposed an American noncomparative case series (n = 26) to 4 weeks of low fish oil supplementation (~0.7 g/day EPA/DHA), followed by another 4 weeks of high fish oil supplementation (~3.3 g/day EPA/DHA), yielding a low (1:0.1) and high (1:0.5) ratio exposure, respectively.�\16õw@¼ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73
  The investigators assessed the change from baseline in the magnitude of the provocative dose of methacholine required to cause a 20% fall in each of FEV1, FVC, PEF, and FEF25-75.  They also evaluated the differences between responders and nonresponders on these bases.
In a relatively large pediatric non-RCT with Polish children (n = 60), Machura et al. investigated the impact on bronchial asthma of a 12-week exposure to either fish oil supplementation (15 mL fish oil/day; n = 37) or a control (15 mL of sunflower oil; n = 23).�\16õw@¼ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00  QUOTE "63" 
63
  Respiratory outcomes included: FEV1, PEF (undefined), FEF25-75, the number of days with increased severity of asthma symptoms, and, loss of asthma control.  In a second pediatric non-RCT, conducted in Russia over an undefined period, Gorelova and Semikina compared 4.5 g/day of fish oil in capsules (omega-3 fatty acid content undefined; n = 23) plus a poorly defined hypoallergenic diet with the same diet and an undefined control (n = 10).�\16õw@¼ö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03137 Gorelova & Semikina 1998 137 /id\00 \00  QUOTE "70" 
70
  Their outcome was bronchodilator use.

Qualitative Synthesis of Evidence Regarding Respiratory Outcomes from Study Designs Other Than an RCT 

Study characteristics.  Nine studies with either a non-RCT or noncomparative case series design, published between 1988 and 2000, were identified as being pertinent to Question 1 (Summary Table 2; Evidence Table 2, Appendix E).  Six exclusively involved adults, QUOTE "59,62,71-74" 
59,62,71-74

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03123%Villani, Comazzi, et al. 1998 123 /id\00%\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00 
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 and is considered along with the adult studies, and two evaluated children. QUOTE "63,70" 
63,70
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Only two of the adult studies presented clearly defined inclusion and exclusion criteria, QUOTE "62,73" 
62,73
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 and four adult studies exclusively described inclusion criteria. QUOTE "59,61,71,74" 
59,61,71,74
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  For example, one of the studies excluded adults with a history of bleeding disorders or delayed clotting time.�\16õwp\12\00\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
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  Both pediatric investigations failed to report any selection criteria. QUOTE "63,70" 
63,70
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One non-RCT, after identifying adults exhibiting both an acute and late asthmatic response to allergen challenge, divided the eight responders into two groups matched for age, gender, and asthma duration.�\16õw \12\00\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03163\13Masuev 1997 163 /id\00\13\00  QUOTE "61" 
61
  Four adult studies each employed a single-phase, noncomparative case series design. QUOTE "59,62,71,72" 
59,62,71,72
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  Two adult investigations each selected a noncomparative case series, which they then exposed to two interventions in a fixed sequence. QUOTE "73,74" 
73,74
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  Both pediatric studies used a non-RCT design. QUOTE "63,70" 
63,70
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  The first one matched the groups for age, diagnosis, and asthma treatment (no data);�\16õw \12\00\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03137 Gorelova & Semikina 1998 137 /id\00 \00  QUOTE "70" 
70
 the second one did not report how, or if, the groups were matched.�\16õw \12\00\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00  QUOTE "63" 
63
  

Summary Table 2: Evidence from other study designs of omega-3 fatty acids to improve respiratory outcomes in asthma 

	Author, Year, Location
	Omega-3 Fatty Acid

Cohort/Phase
	Comparator

Cohort/Phase
	# of S Unique Results

Favoring

Omega-3

Fatty Acids
	Total Quality

(Internal Validity)
	Applicability

(External Validity)

	
	n
	Type &

Dose/Day
	n
	Type &

Dose/Day
	
	
	

	ADULTS

	Ashida, 1997, 

Japan59†
	5
	15 g perilla seed oil (ALA: NR)
	NA
	NA
	3/3
	3 

(Grade: B)
	III

	Broughton, 1997,

USA73†
	26
	“Low” EPA +

DHA intake:

~0.7 g (mean)
	26
	“High” EPA + DHA intake:

~3.3 g (mean)
	5/16
	3 

(Grade: B)
	I

	Hashimoto, 1997, 

Japan62†
	8
	1.8 g

EPA
	NA
	NA
	5/7
	3 

(Grade: B)
	III

	Masuev, 1997b, 

Russia61††
	5
	6.0 g

EPA+DHA
	3
	6.0 g

olive oil
	1/1
	4 

(Grade: A)
	III

	Okamoto, 2000b, 

Japan71†
	26
	10-20 g of perilla seed oil 

(ALA: NR)
	NA
	NA
	5/5
	4 

(Grade: A)
	III

	Picado, 

1988, 

Spain74†
	10
	3.0 g EPA+DHA + eucaloric diet 
	10
	3.0 g

lactose + eucaloric diet
	3/4
	5 

(Grade: A)
	III

	Villani, 

1998, 

Italy72†
	7
	3.0 g EPA+DHA 

(1:1 ratio)
	NA
	NA
	3/7
	4 

(Grade: A)
	III

	CHILDREN

	Gorelova, 1998, 

Russia70††
	23
	4.5 g fish oil (NR) + hypo-allergenic diet
	10
	Control (NR) + hypo-allergenic diet
	1/1
	2

(Grade: C)
	III

	Machura, 1996, 

Poland63††
	37
	3.0 g

EPA+DHA (15 mL fish oil)
	23
	15 mL

sunflower oil
	2/6
	3

(Grade: B)
	III

	n = number of enrolled participants; NR = not reported; NA = not applicable; S = significant; †Noncomparative case series;  ††non-RCT


The nine studies typically involved few participants, with a mean number of 20.3 (range: 5-60).�\16õw \12\00\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\012\1FWoods, Thien, et al. 2002 2 /id\00\1F\00  QUOTE "35" 
35
  A total of 93 children and 90 adults were enrolled.  On average, more children than adults were studied (mean: 46.5 participants).  Five studies involved no more than ten adults. QUOTE "59,61,62,72,74" 
59,61,62,72,74
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For the eight studies that reported data on study length and intervention length, the average study length was 7.7 (range: 2-14) weeks and the mean intervention length was 6.0 (range: 2-12) weeks.  Only four of the eight studies had intervention periods that lasted longer than 8 weeks. QUOTE "61-63,74" 
61-63,74
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  Two adult investigations reported the length of a run-in period (each 2 weeks), with neither detailing a protocol. QUOTE "62,74" 
62,74
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  Neither of the studies employing a two-phase, noncomparative case series design included a washout between their two exposure periods. QUOTE "73,74" 
73,74
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The studies were conducted in six different countries, with Japan represented three times QUOTE "59,62,71" 
59,62,71
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 and Russia twice. QUOTE "61,70" 
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  The remaining locations were Poland, Italy, the United States, and Spain.  Where data were available, a single site conducted the study.  Only two adult studies reported a funding source: a university and industry,�\16õw@\15\00\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73
 and a professional society.�\16õw@\15\00\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
  Other than the fact that only the pediatric studies exclusively undertook controlled studies, there were no noticeable differences between these and the adult studies with regards to study characteristics.

Population characteristics.  Neither pediatric study reported a mean age or a percentage of male participants. QUOTE "63,70" 
63,70
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  However, they did provide an age range: children aged 1 to 12 years for one study,�\16õwÐ\15\00\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03137 Gorelova & Semikina 1998 137 /id\00 \00  QUOTE "70" 
70
 and children aged 7 to 17 years for the other one.�\16õwÐ\15\00\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00  QUOTE "63" 
63
  For the six adult studies that reported data on the age of the participants, the average age was 48.0 (range: 17-84) years. QUOTE "59,62,71-74" 
59,62,71-74
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  The average percentage of males in the five investigations that provided these data was 27.6% (0%-57%). QUOTE "59,62,71,72,74" 
59,62,71,72,74
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  No authors explicitly stated the racial/ethnic background of the study participants, yet it is likely that Caucasian/Europeans and Asian populations were represented five QUOTE "61,63,70,72,74" 
61,63,70,72,74
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 and three QUOTE "59,62,71" 
59,62,71
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 times, respectively.  Americans constituted the final population, yet its racial/ethnic composition was not described.�\16õw`\16\00\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73

Two adult studies indicated having employed a standard definition of asthma, QUOTE "71,74" 
71,74
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 and the remaining studies provided no definition at all.  For example, Okamoto et al.�\16õw�\16\00\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0260&Okamoto, Mitsunobu, et al. 2000 60 /id\00&\00  QUOTE "71" 
71
 employed the International Consensus on Diagnosis and Treatment of Asthma criteria, whereas, another study indicated that their participants were in “relative remission,” although this term was not defined.�\16õw�\16\00\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03163\13Masuev 1997 163 /id\00\13\00  QUOTE "61" 
61
  A description of the diagnostic method used to identify asthma was reported on only four occasions, and with varying degrees of detail.�\16õw�\16\00\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0260&Okamoto, Mitsunobu, et al. 2000 60 /id\00&\00  QUOTE "71-74" 
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  The one pediatric study enrolling children as young as 1 year-of-age did not provide information regarding how, or if, asthma and wheezing disorders were distinguished.�\16õw�\16\00\02N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03137 Gorelova & Semikina 1998 137 /id\00 \00  QUOTE "70" 
70
  None of the adult studies that involved the older populations indicated how, or if, asthma and possible COPD were differentiated. QUOTE "59,62,71,74" 
59,62,71,74
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Four of nine studies indicated the asthma severity of the included study population.  This included one study that described subgroups of children with mild or severe asthma,�\16õwÈÐï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00  QUOTE "63" 
63
 one study with adults diagnosed with mild-to-moderate asthma,�\16õwÈÐï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00  QUOTE "62" 
62
 and two studies that enrolled adults with mild asthma. QUOTE "71,72" 
71,72
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  Only one study described the criteria used to classify asthma severity.�\16õwXÑï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0260&Okamoto, Mitsunobu, et al. 2000 60 /id\00&\00  QUOTE "71" 
71
  For four of seven adult studies that reported an asthma duration, the average was 12.9 (range: 3-24.7) years. QUOTE "59,61,63,71,74" 
59,61,63,71,74
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 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00 
  One pediatric study reported that the average duration of asthma was 7.36 years for their subgroup with mild asthma, and 9.25 years for their subgroup with moderately-severe asthma.�\16õw¸Ñï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00  QUOTE "63" 
63
  None of these studies attempted to define the severity of asthma at baseline, or on-study, in light of how well it was controlled by medication.  Of the two pediatric studies with a control group, no information was provided regarding how, or if, the groups were matched on the basis of asthma severity. QUOTE "63,70" 
63,70
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Typically, without clear definition, studies identified their asthma population as having the following concomitant conditions: atopy, QUOTE "71,73" 
71,73
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 atopic dermatitis,�\16õwøÐï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03137 Gorelova & Semikina 1998 137 /id\00 \00  QUOTE "70" 
70
 atopy with allergic asthma,�\16õwøÐï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00  QUOTE "63" 
63
 atopy with aero-allergens,�\16õwøÐï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03123%Villani, Comazzi, et al. 1998 123 /id\00%\00  QUOTE "72" 
72
 hypersensitivity to dust,�\16õwøÐï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03163\13Masuev 1997 163 /id\00\13\00  QUOTE "61" 
61
 aspirin-intolerant asthma and nasal polyps (50%),�\16õwøÐï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
 and cough variant asthma (20%).�\16õwøÐï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00  QUOTE "59" 
59
  One adult investigation evaluated participants with allergic dermatitis (50%) concurrent with hyperlipidemia in its full sample.�\16õwøÐï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00  QUOTE "62" 
62
  Of the two non-RCTs with children, the report information indicated that there was matching across groups for atopic dermatitis,�\16õwøÐï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03137 Gorelova & Semikina 1998 137 /id\00 \00  QUOTE "70" 
70
 and to some extent for atopy.�\16õwøÐï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00  QUOTE "63" 
63
  In the second pediatric study, it was unclear whether, as with the treatment group, the control group contained any children with allergic asthma.�\16õwøÐï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00  QUOTE "63" 
63
  No information was reported regarding concurrent conditions (or related medications), or the seasons in which the studies took place.  One study involved adults hospitalized for asthma.�\16õwøÐï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00  QUOTE "59" 
59

Regarding the reporting of asthma risk factors, or those with the potential to influence asthma control, very little information was provided.  Only one adult study reported having enrolled non-smokers, yet no details were provided regarding their smoking history.�\16õwøÐï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73
  Data concerning exposure to environmental smoke or a history of early respiratory infections in children were not provided, although one study excluded adult participants if they had had an upper respiratory infection less than 6 weeks prior to the study.�\16õwøÐï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73
  The two non-RCTs involving children reported no data as to whether their groups were equivalent on any of these or other bases. QUOTE "63,70" 
63,70
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  Consequently, nothing can be concluded about the influence of these potential confounders on individual study results.

Intervention/exposure characteristics.  Two noncomparative case series employed perilla seed oil as their source of omega-3 fatty acids, QUOTE "59,71" 
59,71
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 four used fish oil, QUOTE "63,70,73,74" 
63,70,73,74
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 and three likely used fish oil, given the omega-3 fatty acids that were identified.  However, this information was not explicitly stated. QUOTE "61,62,72" 
61,62,72
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  Both pediatric studies employed fish oil. QUOTE "63,70" 
63,70
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  Only one study described the specific type of fish from which part of their intervention was derived (i.e., sardine).�\16õwxÕï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
  Four of nine investigations identified the type of omega-3 fatty acid as EPA and DHA, QUOTE "61,72-74" 
61,72-74
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 two used EPA exclusively, QUOTE "62,63" 
62,63
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 two employed ALA, QUOTE "59,71" 
59,71
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 and one did not report the exact type(s) of omega-3 fatty acids.�\16õwxÕï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03137 Gorelova & Semikina 1998 137 /id\00 \00  QUOTE "70" 
70

The two pediatric non-RCTs compared: fish oil capsules plus a poorly defined hypoallergenic diet with a hypoallergenic diet and no description of the placebo capsules;�\16õwxÕï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03137 Gorelova & Semikina 1998 137 /id\00 \00  QUOTE "70" 
70
 and fish oil with sunflower oil, the latter considered a source of omega-6 fatty acids.�\16õwxÕï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00  QUOTE "63" 
63
  In the first non-RCT, the investigators wished to establish a lower omega-6/omega-3 ratio of fatty acids, yet the data reported were contradictory.�\16õwxÕï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03137 Gorelova & Semikina 1998 137 /id\00 \00  QUOTE "70" 
70
  Also, the 4.5 g/day dose was of fish oil, not omega-3 fatty acids. As a result, it was unclear how either exposure was defined in this investigation. 

In the two noncomparative case series where the participants received two exposures in sequence, the exposure were: placebo capsules and a eucaloric (32% fat) diet, followed by the same diet, fish oil capsules, and sardine oil in one;�\16õwxÕï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
 and, a low omega-3 fatty acid intake of fish oil capsules followed by a high omega-3 fatty acid intake in the other.�\16õwxÕï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73
  In the latter study, fish oil regimens were individualized based on an analysis of prestudy omega-6 fatty acid intake, yielding a low omega-6/omega-3 fatty acid ratio of 1:0.1 in the low fish oil exposure and a high omega-6/omega-3 fatty acid ratio of 1:0.5 in the high fish oil exposure.�\16õwxÕï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73
  The non-RCT that selected participants on the basis of an acute and late asthmatic response to allergen challenge subsequently assigned participants to receive either EPA and DHA (likely by way of fish oil), or an olive oil control.�\16õwxÕï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03163\13Masuev 1997 163 /id\00\13\00  QUOTE "61" 
61

If greater than or equal to 3 grams per day is considered to be a high daily dose or serving of omega-3 fatty acids, then five studies attained this level: 6 g/day,�\16õwxÕï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03163\13Masuev 1997 163 /id\00\13\00  QUOTE "61" 
61
 3.3 g/day in one noncomparative case series’ high-dose phase;�\16õwxÕï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73
 3 g/day in the other noncomparative case series’ second phase;�\16õwxÕï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
 3 g/day in a pediatric non-RCT;�\16õwxÕï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00  QUOTE "63" 
63
 and, 3 g/day in a noncomparative case series.�\16õwxÕï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03123%Villani, Comazzi, et al. 1998 123 /id\00%\00  QUOTE "72" 
72
  One adult noncomparative case series received 1,800 mg/day.�\16õwxÕï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00  QUOTE "62" 
62
  Three studies did not define their omega-3 fatty acid dose or serving. QUOTE "59,70,71" 
59,70,71
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The most frequently used method for delivering the fish oil was standardized dosing capsules. QUOTE "61,70,72,73" 
61,70,72,73
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  In one study, the method by which participants received the sardine oil was not specified.�\16õw ›ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
  In another study, the hypoallergenic diet given along with the fish oil capsules was poorly defined, with no clear indication of the types or amounts of food consumed, or whether consumption varied across the study.�\16õw ›ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03137 Gorelova & Semikina 1998 137 /id\00 \00  QUOTE "70" 
70
  One study described a range for the daily intake of perilla seed supplementation (10-20 g in salad dressing and/or mayonnaise), precluding a precise definition of a serving size or amount of ALA for any participant on any given day.�\16õw ›ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0260&Okamoto, Mitsunobu, et al. 2000 60 /id\00&\00  QUOTE "71" 
71
  The investigators reported that the adults consumed an average of 14.65 g/day, suggesting variability in intake among study participants. 

A second investigation mandated 15 g/day of perilla seed oil consumption, yet there was no report of how, or if, the investigators attempted to control the intake.�\16õw ›ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00  QUOTE "59" 
59
  One pediatric�\16õw ›ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00  QUOTE "63" 
63
 and one adult�\16õw ›ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00  QUOTE "62" 
62
 study did not describe how their omega-3 fatty acid exposure was delivered.  In the reports of the four studies that did not use a completely controlled dosing vehicle, no information was provided to establish a description of the omega-3 fatty acid content. QUOTE "59,70,71,74" 
59,70,71,74
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  Thus, for six of the studies employing a design other than an RCT it was impossible to establish the exact definition of the omega-3 fatty acid exposure.  In the two pediatric non-RCTs, no data were provided showing that the oil intake was matched, suggesting a likely, between-group difference in caloric intake. QUOTE "63,70" 
63,70
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  This potential source of confounding was not addressed.

Only one study described the exact timing of the intervention (i.e., at each main meal),�\16õwP�ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00  QUOTE "63" 
63
 while a second study mentioned that the intervention was in the morning.�\16õwP�ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73
  Few study reports indicated that participants had been instructed to maintain their background diet. QUOTE "59,71" 
59,71
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  One noncomparative case series was told that they could maintain a free diet (undefined).�\16õw°�ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03123%Villani, Comazzi, et al. 1998 123 /id\00%\00  QUOTE "72" 
72
  Two studies altered the diet of their participants: one to a hypoallergenic diet (undefined),�\16õw°�ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03137 Gorelova & Semikina 1998 137 /id\00 \00  QUOTE "70" 
70
 and one to an eucaloric diet (poorly defined).�\16õw°�ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74

No study mandated the intake of omega-6 fatty acids as a cointervention, despite one investigation’s attempt to alter the omega-6/omega-3 fatty acid ratio through the consumption of omega-3 fatty acids,�\16õw°�ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73
 and another study’s attempt to do so through a hypoallergenic diet and fish oil capsules.�\16õw°�ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03137 Gorelova & Semikina 1998 137 /id\00 \00  QUOTE "70" 
70
  The first investigation also excluded adults if they were consuming fish oil supplements or more than one fish meal per week.�\16õw°�ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73

No report indicated the manufacturer of the omega-3 fatty acid intervention although the use of MaxEPA® suggests the involvement of Seven Seas, Ltd.�\16õw°�ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73
  Information concerning the purity of the supplementation was never provided.

Cointervention characteristics.  There were no data regarding any additional treatment received by the participants in the only study that had a clearly identified concurrent condition (i.e., hyperlipidemia).�\16õw°�ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00  QUOTE "62" 
62
  There was a dearth of information reported regarding the types and dosing of asthma medication.
One noncomparative case series excluded adults if they were taking any asthma medication.�\16õw°�ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03123%Villani, Comazzi, et al. 1998 123 /id\00%\00  QUOTE "72" 
72
  Another excluded those taking more than 5 mg/day of prednisone or longterm steroids (undefined) started less than one month prior to the study.�\16õw°�ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00  QUOTE "62" 
62
  A third study asked that no nonsteroidal anti-inflammatory drugs (NSAIDS) be taken,�\16õw°�ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73
 and a fourth asked participants to maintain a fixed dose of inhaled corticosteroids and bronchodilator medication during the study.�\16õw°�ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
  No other study described whether their participants maintained a constant on-study dose of inhaled or oral corticosteroids.  Two studies reported the number of users of each of these drugs. QUOTE "59,71" 
59,71

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00 
  In one of these, the range of allowable inhaled corticosteroid doses varied greatly across participants (400-1200 ug/day).�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00  QUOTE "59" 
59
  Seven of ten adults in one noncomparative case series were corticosteroid dependent, with two taking prednisolone.�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
  However, whether their on-study doses were maintained was not reported.  Other asthma medications were also poorly described, such that it was impossible to determine whether on-study doses were kept constant, or whether the types and doses were equivalent across groups in the controlled studies.

Outcome characteristics.  The most frequently employed respiratory outcomes were PEF (undefined, yet likely AM), QUOTE "61,63,72-74" 
61,63,72-74

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03163\13Masuev 1997 163 /id\00\13\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00 
 AM PEF, QUOTE "59,62,71" 
59,62,71

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00 
 and FEV1. QUOTE "63,71,73" 
63,71,73

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00 
  Given the limited descriptions in the individual study reports, it was difficult to determine whether all the pulmonary function tests were based on standard methodologies.  The psychometric performance of symptom rating scales was never described. Relative to RCTs, few dropouts or withdrawals were observed.

Study quality and applicability.  The mean total quality score was 3.6 (range: 2-5), likely indicating good quality.  Of note, five of nine studies provided very limited descriptions of study participants. QUOTE "59,60,62,70,73" 
59,60,62,70,73

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03158\13Masuev 1997 158 /id\00\13\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00 
  The quality grades associated with quality scores were entered into the summary matrix.  Little variability characterized the applicability rating, with eight of nine studies assigned a level III rating (Summary Matrix 2).  This indicates the extremely limited potential for generalization to the typical North American population with asthma.  
Four studies exhibited high quality, defined by a total quality score of 4 or 5.  However, the generalizability of the results of these four studies to the North American standard set for this review was extremely limited.  The only study with strong generalizability potential also exhibited good study quality.�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73

Summary Matrix 2: Study quality and applicability of evidence regarding respiratory outcomes from study designs other than an RCT
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	5
8

60
	Gorelova*
	1998
	33

	
	
	
	
	
	
	
	
	
	
	

	N = number of randomized participants; *Pediatric trial


Qualitative Synthesis of Individual Study Results From Study Designs Other Than a RCT

Adult and pediatric study results are organized separately.  Masuev divided participants, in a Russian cohort exhibiting both an acute and late asthmatic response to allergen challenge, into two matched subgroups.  One received 6 g/day of EPA and DHA capsules over 8 weeks and the other took olive oil capsules over this same period.�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03163\13Masuev 1997 163 /id\00\13\00  QUOTE "61" 
61
  In this non-RCT, they noted a significant increase in PEF 4 to 8 hours after allergen challenge (i.e., late response period) only in the omega-3 fatty acids group.

Ashida et al.’s Japanese noncomparative case series received perilla seed supplementation (ALA amount undefined) for 2 weeks, and they reported a significant increase in AM PEF.�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00  QUOTE "59" 
59
  Hashimoto et al. exposed Japanese adults with mild to moderate asthma and hyperlipidemia, to 1,800 mg/day of EPA over 8 weeks.�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00  QUOTE "62" 
62
  They reported a significant increase in AM PEF.  Hashimoto et al.�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00  QUOTE "62" 
62
 found a significant increase in PM PEF, as did Ashida et al.�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00  QUOTE "59" 
59
  On the other hand, Picado et al. exposed a noncomparative case series of aspirin-intolerant asthmatics from Spain, first to 6 weeks of placebo (lactose) capsules plus a poorly defined eucaloric diet (e.g., 32% fat), then to another 6 weeks of an experimental diet including EPA/DHA capsules and the eucaloric diet.�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
  They reported a significant decrease in (likely AM) PEF only in response to the fish oil, as well as a significant between-exposure difference in PEF at final followup.  In a noncomparative case series with a 30-day exposure to 3g/day of EPA and DHA in Italian adults allowed to maintain a free diet, Villani et al. found a nonsignificant change in (likely AM) PEF.�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03123%Villani, Comazzi, et al. 1998 123 /id\00%\00  QUOTE "72" 
72
  They also reported a nonsignificant change in TLC, FEF25-75, SVC, in addition to a significant decrease in RV.

Hashimoto et al. reported a significant decrease in both symptom scores and asthma scores (each undefined).�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00  QUOTE "62" 
62
  Ashida et al. reported a significant decrease in asthma symptoms score (cough, wheeze, daytime activity, sputum volume, dyspnoea).�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00  QUOTE "59" 
59
  Yet, a nonsignificant change in pulmonary symptom score (cough/dyspnoea) was associated with both the fish oil and control exposures in Picado et al.’s noncomparative case series.�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
  Hashimoto et al. observed a significant decrease in a therapeutic score (undefined) along with nonsignificant changes in sleep score (undefined), and a daily life score (undefined).�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00  QUOTE "62" 
62

Picado et al. reported a significant increase in bronchodilator use only within the last 2 weeks of the fish oil exposure.�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
  During this period, bronchodilator use was significantly higher during the fish oil exposure.  On the other hand, the investigators found a nonsignificant between-exposure difference in oral corticosteroid use. Villani et al. noted a significant reduction in the maximum fall in FEV1 and in the airways responsiveness to bronchial challenge.�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03123%Villani, Comazzi, et al. 1998 123 /id\00%\00  QUOTE "72" 
72
  

In an attempt to alter the intake ratio of omega-6/omega-3 fatty acids, Broughton et al. exposed an American case series to 4 weeks of low fish oil supplementation (~0.7 g/day EPA/DHA), followed by another 4 weeks of high fish oil supplementation (~3.3 g/day EPA/DHA), yielding a low (1:0.1) and high (1:0.5) ratio exposure, respectively.�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73
  With the low-ratio exposure, they observed a significant reduction from baseline of 51%, 89%, 65% and 92% in the provocative dose of methacholine required to cause a 20% fall in FVC, FEV1, PEF, and FEF25-75, respectively.  With the high-ratio exposure, they noted a nonsignificant difference from baseline in the magnitude of the provocative dose required to cause a 20% fall in each of FVC, FEV1, PEF, and FEF25-75.  With the high-ratio exposure they also observed that, in responders (i.e., those with nonsignificant reductions in respiratory measures with increased challenge), the respiratory responses were never reduced by 20%, regardless of the methacholine dose (no data provided); nonresponders (i.e., those with respiratory reductions with increased challenge) had significantly greater difficulty breathing at 1.375 units methacholine, and demonstrated a reduced respiratory capacity in three of four respiratory outcomes (no data provided) with the high-ratio exposure.  Only FEF25-75 improved (no data provided).

Okamoto et al.’s noncomparative cases series in Japan was exposed to perilla oil supplementation (ALA amount undefined) in salad dressing or mayonnaise over 4 weeks, with background diet unchanged.�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0260&Okamoto, Mitsunobu, et al. 2000 60 /id\00&\00  QUOTE "71" 
71
  They distinguished responders from nonresponders as those participants with significantly decreased leukotriene C4 generation by peripheral leukocytes (undefined).�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0260&Okamoto, Mitsunobu, et al. 2000 60 /id\00&\00  QUOTE "71" 
71
  In an attempt to distinguish the two subgroups they reported: significantly lower baseline FVC, FEV1, and V25 for responders; while there was a significant increase in AM PEF for both subgroups in response to the exposure, the values were significantly lower for responders during the study; significant increases in FEV1 and FVC following the exposure were observed only for responders, and, significant differences between responders and nonresponders in these two outcomes were noted at final followup.  However, without additional evidence to support them, Broughton et al. and Okamoto et al.’s observations concerning responders likely shed little direct light on whether omega-3 fatty acid supplementation provides a clinical benefit.

In a pediatric non-RCT with Polish children, Machura et al. investigated the impact of a 12-week exposure to either fish oil supplementation or a control (sunflower oil).�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00  QUOTE "63" 
63
  They found a nonsignificant difference in PEF between both the mild, or the severe, subgroup and the control.  They also observed a significantly higher FEF25-75 only in the mild asthma subgroup relative to the control, in addition to a nonsignificant difference in FEV1 between the mild asthma subgroup and the control, and the severe asthma subgroup and the control.  Machura et al. noted a significant difference between the severe, but not the mild, asthma subgroup and the control in both the number of days with increased severity of asthma symptoms and the loss of asthma control.�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00  QUOTE "63" 
63
  In a pediatric non-RCT conducted in Russia over an undefined period, which compared 4.5 g/day of fish oil in capsules (omega-3 fatty acid content undefined) plus a poorly defined hypoallergenic diet with the same diet and an undefined control, Gorelova and Semikina observed significantly lower bronchodilator use in the omega-3 fatty acid arm.�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03137 Gorelova & Semikina 1998 137 /id\00 \00  QUOTE "70" 
70

Question 2: What is the evidence that the possible value (efficacy/association) of omega-3 fatty acids in improving respiratory outcomes is dependent on specific effect modifiers?

Specific effect modifiers identified in consultation with our TEP were candidates for planned investigations with respect to respiratory outcomes.  They included the: specific type of fatty acid; specific source; serving size or dose; amount/dose of omega-6 fatty acids given as a co-intervention; ratio of omega-6/omega-3 fatty acids used; fatty acid content of blood lipid biomarkers; absolute fatty acid content of the baseline diet; relative fatty acid content of the baseline diet; tissue ratios of fatty acid (omega-6/omega-3) during the investigative period; intervention length; anti-oxidant use; and, the manufacturer and its product(s).  

Qualitative Synthesis of Evidence Regarding the Assessment of Effect Modifiers

Question 2 pertains exclusively to respiratory outcomes.  A reasonable alternative when it is impossible to experimentally manipulate the above-noted variables would be, for example, to assess their potential impact as covariates via subgroup analysis.  However, in the present evidence base there were very few direct evaluations of these variables, and meta-analysis of any kind was considered to be inappropriate (Chapter 4).  Therefore, a third, albeit less than ideal approach was adopted.  It distinguished between studies yielding statistically significant results and studies with other (i.e., null, or, significant in the opposing direction) results for a specific outcome on the basis of specific operational definitions, or levels, of independent variables.  To illustrate, a high (but not low) dose of omega-3 fatty acids would have to be consistently and exclusively associated with a particular benefit (e.g., significantly increased FEV1) in order to prompt further empirical testing to assess whether dose magnitude reliably influences results.

To investigate the impact of certain covariates in this way, it is assumed that, given the small size of the included studies, at least two studies investigating an outcome are required, with at least one demonstrating a significant result.  Four outcomes were therefore evaluated: FEV1; AM PEF; PM PEF; and, bronchodilator use.  A fifth outcome might have been assessable had the operational definitions of “symptom scores” been more consistent or better described.

Both RCT evidence (n = 8) and evidence from noncomparative case series (n = 4) were included in the present appraisal, with greater emphasis placed on the former given its far greater potential to control for confounding influences (Summary Table 3; Evidence Tables 1 and 2: Appendix E).  One RCT could not be classified;�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00  QUOTE "65" 
65
 all other studies involved adult participants.  Quality data were excluded from the summary table given their noncomparable definition for the two types of design (i.e., RCTs vs others); a summary matrix was not possible.  While the results of direct tests (e.g., high vs. low dose)�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
 have already been presented in relation to Question 1, they are briefly revisited.  After the predefined covariates are addressed, the possible influence of study-defined covariates (e.g., patterns of asthma severity; patterns of on-study corticosteroid use) is assessed.  Given that all studies have already been synthesized qualitatively with reference to Question 1, these summaries (e.g., population characteristics) are not repeated. 

Of the six studies in this review that investigated FEV1, two pediatric controlled studies produced nonsignificant clinical effects, thereby precluding an evaluation of covariates. QUOTE "52,63" 
52,63

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00 
  The population characteristics were similar between the two studies (nearly all were atopic) and accounted for two of the three largest samples (n = 45 and n = 60, respectively) included in the present systematic review.  The children in these studies received the intervention for a substantial period of time (6 months and 12 weeks, respectively).

Of the four RCT studies involving adult participants, two demonstrated significant, QUOTE "65,66" 
65,66

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00 
 and two demonstrated nonsignificant, QUOTE "54,69" 
54,69

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00 
 increases in FEV1 in response to an omega-3 fatty acid intervention.  Three different definitions of the intervention (ALA; EPA/DHA; EPA ethyl ester, with trace amounts of DHA), and 4 different definitions of comparator, were observed.  Three of the four studies used a marine source (fish oil; mussel extract), whereas, one RCT used perilla seed oil.�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66

Summary Table 3: An indirect assessment of the impact of effect modifiers on the value of omega-3 fatty acids to improve four respiratory outcomes in asthma, organized by research design 

	Author, Year, Location
	Omega-3 Fatty Acid

Arm/Phase
	Comparator

Arm/Phase
	Results

Favoring

Omega-3

Fatty Acids
	Research Design
	Applicability

(External Validity)

	
	n
	Type &

Dose/Day
	n
	Type &

Dose/Day
	
	
	

	ADULTS

	Arm, 1988, England56,57
	NR


	3.2 g EPA +

2.2 g DHA
	NR


	Olive oil (NR)
	NS: AM PEF NS: PM PEF 

NS: BDU
	RCT
	III

	Dry, 1991, France65*
	NR
	1.0 g

EPA+DHA 
	NR
	“Placebo” (NR)
	S: FEV1
	RCT
	X

	Emelyanov, 2002, Russia69


	23
	200 mg EPA+DHA +

400 mg olive oil
	23
	600 mg

olive oil
	S: AM PEF 

S: BDU

NS: FEV1
NS: PM PEF
	RCT
	III

	Kirsch, 1988, 

USA54,55
	6
	4.0 g

EPA ethyl ester (trace DHA)
	6
	0.1 g

EPA ethyl ester (trace DHA)
	NS: FEV1
	RCT
	I

	McDonald, 1991, Australia58
	15
	2.7 g EPA +

1.8 g DHA
	15
	15 g

olive oil
	NS: AM PEF

NS: PM PEF

NS: BDU
	RCT, 2-phase crossover
	III

	Okamoto, 2000a, 

Japan66
	7
	10-20 g perilla seed oil

(ALA: NR)
	7
	10-20 g 

corn oil
	S: FEV1
S: AM PEF
	RCT
	III

	Stenius-Aarniala, 1989, 

Finland68
	36
	20 mL fish oil

(EPA+DHA: NR)
	36
	(1) 20 mL

olive oil

(2) 20 mL evening primrose oil
	NS: AM PEF

NS: PM PEF
	RCT, 3-phase crossover
	III

	Thien, 1993, England67
	NR


	3.2 g EPA +

2.2 g DHA
	NR


	Olive oil (NR)
	NS: AM PEF

NS: PM PEF

NS: BDU
	RCT
	III

	Ashida, 1997,

Japan59
	5
	15 g perilla seed oil

(ALA: NR)
	NA
	NA
	S: AM PEF

S: PM PEF
	Non-comparative case series
	III

	Hashimoto, 1997,

Japan62
	8
	1.8 g

EPA
	NA
	NA
	S: AM PEF
	Non-comparative case series
	III

	Picado,

1988,

Spain74
	10
	3.0 g

EPA+DHA + eucaloric diet
	10
	3.0 g

lactose + eucaloric diet
	S: AM PEF

NS: BDU†
	Non-comparative case series (placebo, then fish oil)
	III

	Villani,

1998,

Italy72
	7
	3.0 g EPA+DHA

(1:1 ratio)
	NA
	NA
	NS: AM PEF
	Non-comparative case series
	III

	n = number of enrolled/randomized participants; NR = not reported; NA = not applicable; S = significant; NS = nonsignificant; BDU = bronchodilator use; *Age not reported   †S greater BDU in last 2 weeks within the omega-3 fatty acids phase


A significant effect for FEV1 was not exclusively associated with the use of a high dose of omega-3 fatty acids or with serving size.  The only clearly defined high-dose (EPA ethyl ester) versus low-dose comparison produced a nonsignificant result.�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
  Perilla seed oil, which was considered to be a source of high-dose omega-3 fatty acids, resulted in a significant increase in FEV1; however, the amount of ALA contained in the perilla seed oil was not reported.�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
  None of the four studies used omega-6 fatty acids as a cointervention or evaluated the impact of an omega-6/omega-3 fatty acid ratio.  A single study evaluated the on-study fatty acid content of blood lipid biomarkers or tissue ratios of fatty acid; however, the statistically significant findings were associated with nonsignificant clinical effects for FEV1 and five other respiratory outcomes.�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  For example, only the high dose of EPA ethyl ester significantly increased the total quantity of EPA while significantly decreasing that of AA and DHA in the phospholipids of polymorphonuclear and mononuclear leukocytes.  The ratio of EPA to AA in polymorphonuclear leukocytes rose from 0.3 to 0.4 after intake of the high dose, and was attributable to an increase in EPA and an approximately 60% suppression of AA.  The effects of EPA on AA and EPA content in mononuclear leukocytes were less prominent than those in the polymorphonuclear leukocytes.

Both the longest (12 months)�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00  QUOTE "65" 
65
 and the shortest intervention periods (4 weeks)�\16õwp"ó\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
 significantly increased FEV1.  No study mandated or evaluated the use of antioxidants; no patterns of covariation relating the manufacturer and the results were observed.  As well, no study reported data concerning the purity of the exposure, the presence therein of other potentially (added) active agents (e.g., anti-oxidants), or the relative or absolute fatty acid contents of the baseline diet.

Regarding other study-defined covariates, a few patterns were noted.  The two studies that demonstrated a nonsignificant effect for FEV1 each mandated some form of control of on-study use of asthma medications. QUOTE "54,69" 
54,69
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  One study �\16õw¸\15ù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
 permitted only beta-2 agonists, whereas, the other�\16õw¸\15ù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
 kept constant all types and doses of asthma medications except oral corticosteroids.  The likely goal was to increase the likelihood that any positive clinical effects could be attributed to the intervention and not this cointervention (Chapter 4).

One RCT with a nonsignificant result for FEV1 was the only study to control for smoking.�\16õw¸\15ù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
  Since smoking is a factor with the potential to influence asthma control and thereby affect the likelihood of being able to meaningfully attribute possible benefits to the omega-3 fatty acid intervention, Emelyanov et al. excluded current and ex-smokers from the study.�\16õw¸\15ù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
  In addition, two RCTs, one with significant results and the other with nonsignificant results, included an older population but did not take into account the possibility that some of the sample population might have been current or ex-smokers, or might have had COPD rather than asthma. QUOTE "54,66" 
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In the single pediatric study that employed AM PEF as an outcome, a nonsignificant effect was observed.�\16õw¨\16ù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00  QUOTE "63" 
63
  Of the adult studies, four RCTs QUOTE "57,58,67,68" 
57,58,67,68
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 and one noncomparative case series�\16õw\08\17ù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03123%Villani, Comazzi, et al. 1998 123 /id\00%\00  QUOTE "72" 
72
 produced a nonsignificant result, whereas, two RCTs QUOTE "66,69" 
66,69
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 and three noncomparative case series QUOTE "59,62,74" 
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 each demonstrated a benefit related to the omega-3 fatty acid exposure.  The investigators of a two-phase, noncomparative case series (placebo and eucaloric diet, followed by 3g/day of EPA and DHA with the same eucaloric diet) reported a significant result.�\16õwh\17ù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74

The only non-marine source (perilla seed oil) produced two significant results, one in an RCT�\16õwh\17ù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
 and the second in a noncomparative case series.�\16õwh\17ù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00  QUOTE "59" 
59
  However, both studies were very small.  Marine-derived oils produced both significant and nonsignificant results, with all but one�\16õwh\17ù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
 using an olive oil control group. 

A particular serving size or dose did not exclusively produce a significant result.  Four of five studies, of varying design QUOTE "57,58,67,72" 
57,58,67,72
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 and employing a high dose (i.e., 3-5.4 g/day) as it was operationally defined in this review, failed to find a significant benefit.  The sole significant result was found in a noncomparative case series.�\16õwˆ\18ù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
  Three of the RCTs employed an olive oil control. QUOTE "57,67,68" 
57,67,68
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  Although significant effects were associated with an RCT�\16õw¸\18ù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00  QUOTE "65" 
65
 and a noncomparative case series�\16õw¸\18ù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00  QUOTE "62" 
62
 exposed to a low dose of omega-3 fatty acids, the comparators were too discordant to permit a meaningful comparison of these studies.  One significant�\16õw¸\18ù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
 and one nonsignificant result�\16õw¸\18ù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
 were observed in studies failing altogether to provide clear omega-3 fatty acid content data pertaining to their exposure.  No study evaluated the impact on AM PEF of omega-6 fatty acids included as a co-intervention, in turn making it impossible to investigate the influence of an omega-6/omega-3 fatty acid intake ratio.  Likewise, none of the studies assessed the relative or absolute fatty acid contents of the baseline diet.

One, two-phase noncomparative case series�\16õw¸\18ù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
 and three RCTs QUOTE "57,67,68" 
57,67,68
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 assessed the on-study fatty acid content of blood lipid biomarkers or tissue ratios of omega-6/omega-3 fatty acids.  Results yielded a significant�\16õw\08\1Aù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
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 and three nonsignificant effects QUOTE "57,67,68" 
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 relating to AM PEF.  A two-phase noncomparative case series also revealed a significant increase in EPA and DHA, concomitant with a nonsignificant change in AA in the fish oil supplementation phase.�\16õwØ\19ù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
  One RCT assessed the AA and EPA compositions in plasma and in neutrophil membranes.�\16õwØ\19ù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
67
  The study found that only EPA increased significantly, and exclusively, in the omega-3 fatty acids arm.  There was a nonsignificant change in AA content in both the EPA/DHA and olive oil study arms.  A crossover RCT comparing EPA/DHA to olive oil and to evening primrose oil investigated the percent distribution of fatty acids in plasma cholesterol esters.�\16õwØ\19ù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
  Results indicated that EPA, DHA, and palmitic acid each increased significantly in the EPA/DHA arm, but no change was observed for AA.  Another RCT assessed the fatty acid composition of phospholipid membranes, and reported a nonsignificant change in the relative AA and DHA compositions in both study arms (EPA/DHA vs. olive oil), concomitant with a significant increase in EPA exclusively in the treatment arm; the latter rose to 2.6% of the total neutrophil content.�\16õwØ\19ù\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
  There was insufficient variability in these observations to be able to distinguish between studies producing significant and nonsignificant benefits in AM PEF.

Looking exclusively at the two RCTs that yielded a significant effect QUOTE "66,69" 
66,69
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 and the four RCTs that yielded a nonsignificant effect, QUOTE "57,58,67,68" 
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 the latter employed a longer intervention period (mean = 14 weeks) than did the former (mean = 6 weeks).  None of the studies reporting AM PEF results employed antioxidants as a cointervention or reported information concerning the purity or presence of other potentially active agents in their omega-3 fatty acid interventions.  There was insufficient information regarding the manufacturers of the fatty acids to assess this variable’s possible relationship with specific results.

Concerning other population, intervention, or co-intervention covariates, it was observed that the adult studies associated with null results included younger study participants (mean = 32.7 years; range 15-72) QUOTE "57,58,67,68,72" 
57,58,67,68,72
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 compared with studies that produced significant results (mean = 52.9 years; range 18-84 years) QUOTE "59,62,66,69" 
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  Among the studies finding no benefit for AM PEF, three of the sample populations fell between the ages of 15 and 49 years. QUOTE "57,67,72" 
57,67,72

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00 
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  Any study conducted in Japan, and likely involving an Asian population, was exclusively associated with a significant effect for AM PEF. QUOTE "59,62,66" 
59,62,66

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00 
  The two studies that included in-patients were both conducted in Japan and both studies reported a significant benefit associated with omega-3 fatty acids QUOTE "59,66" 
59,66

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00 
.  Three of five studies that yielded nonsignificant results, as well as one study that produced a significant resulted in favor of omega-3 fatty acids, enrolled participants who did not receive on-study oral corticosteroids. QUOTE "57,67,72" 
57,67,72

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00 
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  The mean sample sizes associated with significant and nonsignificant effects were 16.6 and 24 participants, respectively.  While none of the five studies with significant results reported any withdrawals or dropouts, four of the five studies with null findings each reported at least five withdrawals or dropouts. QUOTE "57,58,67,68" 
57,58,67,68
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 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03951\15McDonald 1990 951 /id\00\15\00 

No pediatric studies utilized PM PEF as an outcome.  The two adult studies that reported a significant effect each involved noncomparative case series. QUOTE "59,62" 
59,62

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00 
  The two studies employed different omega-3 fatty acid exposures (ALA�\16õw8\04ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00  QUOTE "59" 
59
; EPA�\16õw8\04ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00  QUOTE "62" 
62
), and enrolled an average of 6.5 participants.  Five RCTs yielded nonsignificant results. QUOTE "57,58,67-69" 
57,58,67-69
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  The five RCTs averaged 31.8 participants.  Nonsignificant results were associated with a longer intervention period (12.8 weeks vs. 5 weeks) and a younger population (35.4 [range: 15-72] years vs. 60.9 [range: 38-78] years).  No other patterns of difference were observed.

Only one pediatric study employed on-study bronchodilator use as an outcome.�\16õw˜\04ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03137 Gorelova & Semikina 1998 137 /id\00 \00  QUOTE "70" 
70
  Of the two adult studies that demonstrated a significant result, the RCT showed a benefit associated with the omega-3 fatty acids arm,�\16õw˜\04ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
 whereas, the other study found significantly greater bronchodilator use exclusively in the last 2 weeks of the fish oil supplementation phase in a noncomparative case series.�\16õw˜\04ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
  There were an insufficient number of studies yielding a significant result to afford a meaningful evaluation of predefined or study-defined covariates.

Question 3: What is the evidence that, in individuals with asthma, omega-3 fatty acids influence mediators of inflammation which are thought to be related to the pathogenesis of asthma?

As observed in Summary Tables 4 and 5, and derived from Evidence Tables 1 and 2 (Appendix E), respectively, two types of evidence addressing Question 3 met eligibility criteria for treatment studies.  A qualitative synthesis of the RCT evidence precedes data derived from other designs.  The evidence comes from in vitro studies using samples taken from asthma patients.  These samples were then investigated using procedures to influence the production of mediators of inflammation.

Overview of Relevant RCTs 

No RCTs other than a subset of those addressing Question 1 were found to address Question 3.  Given these RCTs had their basic study parameters described, then synthesized with respect to Question 1, many of these descriptions are not repeated.  Instead, only notable patterns are highlighted, with the reader encouraged to consult the qualitative synthesis pertaining to Question 1, and, the Evidence Tables for more detail.  
Qualitative Synthesis of RCT Evidence Regarding Mediators of Inflammation

Notable patterns.  Five RCTs published between 1988 and 2000 were identified as being relevant to address Question 3 (Summary Table 4; Evidence Table 1: Appendix E).  The studies were conducted by Arm et al,�\16õw˜\04ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
 Kirsch et al.,�\16õw˜\04ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
 Okamoto et al.,�\16õw˜\04ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
 Stenius-Aarniala et al.,�\16õw˜\04ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
 and, Hodge et al.�\16õw˜\04ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
 Only the last study enrolled children. 
A minority of studies reported both inclusion and exclusion criteria. QUOTE "52,54" 
52,54

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00 
  The studies were typically small, with an average of 26.4 (range: 12-45) participants.  A total of 45 children and 87 adults were randomized.  The trials lasted an average of 18.2 (range: 4-32) weeks, with a mean intervention length of 11.6 (range: 4-26) weeks.  

Summary Table 4: RCT evidence of omega-3 fatty acids to influence mediators of inflammation in asthma

	Author, Year, Location
	Omega-3 Fatty Acid

Arm/Phase
	Comparator

Arm/Phase
	# of S Unique Results

Favoring

Omega-3

Fatty Acids
	Jadad Total Quality / Allocation Concealment (Internal Validity)
	Applicability

(External Validity)

	
	n
	Type &

Dose/Day
	n
	Type &

Dose/Day
	
	
	

	ADULTS

	Arm, 1988, England56,57


	NR


	3.2 g EPA +

2.2 g DHA
	NR


	Olive oil (NR)
	3/5
	4 (Grade: A)/

unclear
	III

	Kirsch, 1988, 

USA54,55
	6
	4.0 g

EPA ethyl ester (trace DHA)
	6
	0.1 g EPA

EPA ethyl ester (trace DHA)
	9/17
	3 (Grade: B)/

unclear
	I

	Okamoto, 2000a, 

Japan66
	7
	10-20 g perilla seed oil 

(ALA: NR)
	7
	10-20 g 

corn oil
	2/2
	2 (Grade: C)/

unclear
	III

	Stenius-Aarniala, 1989, 

Finland68*
	36
	20 mL fish oil

(EPA+DHA: NR)
	36
	(1) 20 mL

olive oil

(2) 20 mL evening primrose oil
	2/8
	2 (Grade: C)/

unclear
	III

	CHILDREN

	Hodge, 1998, Australia52
	NR
	0.72 g EPA

0.48 g DHA + ALA (NR) via canola diet
	NR
	Omega-6 fatty acids: 1.8 g safflower oil +

1.8 g palm oil +

0.4 g olive oil + sunflower oil diet (NR)
	0/1
	3 (Grade: B)/

unclear
	III

	N = number of randomized participants; NR = not reported; S = significant; *Crossover trial


The average age of adult participants was 36.8 (range: 15-84) years, and the pediatric trial included children with an average age of 10.25 (range: 8-12) years.  Almost no racial/ethnic information was provided, leaving the reader to infer from the trial locations that the backgrounds of the participants likely varied considerably.  Three of the adult studies included participants with asthma of moderate severity, QUOTE "54,66,68" 
54,66,68
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 whereas, the remaining trial enrolled participants with mild asthma.�\16õw\18\06ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
  None of these studies defined severity in light of how well-controlled the asthma was by medication.  Only two of the adult studies reported the duration of asthma (mean duration = 20.9 years; 15 years�\16õw\18\06ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
 and 26.08 years�\16õw\18\06ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
).  Three of five trials reported having roughly equivalent proportions of asthma concomitants (e.g., atopy) across study arms. QUOTE "52,54,57" 
52,54,57

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00 
  Cross-study arm equivalence for level of asthma severity was reported in three of the studies. QUOTE "52,54,57" 
52,54,57
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  In one trial, three of the 29 study completers were present smokers and 12 of the 29 were non-smokers over the previous 2 years.�\16õwh\07ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
  No other information concerning risk factors or factors influencing asthma control could be extracted from this set of studies.
The source of the omega-3 fatty acid intervention varied across the RCTs (Summary Table 4).  The most frequently used control was olive oil, and together with EPA/DHA, constituted the most widely investigated comparison. QUOTE "57,68" 
57,68

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00 
  If a high daily dose or serving of omega-3 fatty acids for adults is defined as 3 grams of omega-3 fatty acids, then two adult studies met this criterion. QUOTE "54,57" 
54,57

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00 
  Another study only reported the amount of oil to be consumed in each of the ALA (10-20 g/day) and the corn oil (omega-6 fatty acid) study arms, but not the gram amounts of omega-3 fatty acids consumed.�\16õw\08\07ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
  Various methods were used to deliver the omega-3 fatty acid exposure, ranging from standardized dosing with capsules, QUOTE "54,57" 
54,57
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 to uncontrolled dosing/servings. QUOTE "52,66,68" 
52,66,68
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  Little or no information was reported regarding dosing/serving schedules or the apportionment of food across meals. QUOTE "52,66,68" 
52,66,68
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  A few reports indicated that participants were told to maintain their background diet during the study period. QUOTE "57,66" 
57,66
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  No RCT provided omega-6 fatty acids or any other supplement as a co-intervention.  None of the studies attempted to alter the ratio of omega-6 to omega-3 intake.

There were no data regarding the presence or treatment of concurrent conditions in any of the five RCTs.  There was a scarcity of information reported concerning the dosing levels of asthma medications.  Four reports did not indicate that participants had to maintain a constant on-study dose of especially the corticosteroid medications. QUOTE "52,57,66,68" 
52,57,66,68

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00 
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  One trial asked that all types and doses of medication other than oral corticosteroids be kept constant during the trial.�\16õwh\07ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  Only two studies explicitly stated that participants used on-study oral corticosteroids. QUOTE "54,68" 
54,68

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00 
  Of these, one report mentioned that there was no change in the use of this medication during their study period,�\16õwH\09ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
 whereas, the second study acknowledged that oral corticosteroid use may have changed over the 8-week intervention period.�\16õwH\09ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  The first study reported no data concerning the cross-arm equivalence of oral corticosteroid use.�\16õwH\09ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
  The second indicated that all six participants in the high-dose omega-3 fatty acid dose group, and four of the six participants in the low-dose group, used oral corticosteroids.�\16õwH\09ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  All five RCTs reported participants having taken on-study inhaled corticosteroids. QUOTE "52,54,57,66,68" 
52,54,57,66,68
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  Two of the reports suggested that inhaled corticosteroid use did not change across the study period; QUOTE "52,68" 
52,68

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00 
 two of the studies provided no data, QUOTE "57,66" 
57,66

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00 
 and one study reported a single user.�\16õwH\09ô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  Three of the studies failed to provide data regarding the equivalence of inhaled corticosteroid use across the study arms. QUOTE "57,65,66" 
57,65,66

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00 
  
Outcome characteristics.  The most frequently studied foci regarding mediators of inflammation (Evidence Table 1: Appendix E) involved the generation of leukotrienes B4 and B5 by various leukocytes.  The methods by which the human samples were collected, processed, and analyzed were reported with varying degrees of detail and complexity.
Study quality and study applicability.  As was the case with Question 1, the lack of variability in ratings of allocation concealment (i.e., all “unclear”) permitted quality grades derived from Jadad total scores to be entered into the summary matrix.  The mean total quality score was 2.8 (range: 2-4), placing it lower than the larger set of RCTs addressing Question 1 from which these five studies were drawn.  The quality score for the only pediatric trial was slightly higher than the present average (3).  Two of the five RCTs received a “O” for blinding. QUOTE "66,68" 
66,68

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00 

Summary Matrix 3:  Study quality and applicability of RCT evidence regarding mediators of inflammation 

	
	Quality

	
	A
	B
	C

	Applicability
	I
	
	
	
	Author
	Year
	N
	

	
	
	
	
	
	Kirsch
	1988
	12
	

	
	II
	
	
	

	
	III
	Author
	Year
	N
	Author
	Year
	N
	Author
	Year
	N

	
	
	Arm
	1988
	25
	Hodge*
	1998
	45
	Okamoto
	2000a
	14

	
	
	
	
	
	
	
	
	Stenius-

Aarniala
	1989
	36

	N = number of randomized participants; *Pediatric trial


For four of five studies, applicability grades indicated very restricted generalizability.  The only RCT (n = 12) with strong applicability exhibited good quality.�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54

Qualitative Synthesis of Individual RCT Results

In an adult study conducted in Japan that involved participants with a wide range of ages (22-84 years) and that investigated the efficacy of ALA derived from perilla seed supplementation compared with corn oil rich supplementation, Okamoto et al.�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
 observed a significantly greater decrease in the generation of leukotriene B4 by peripheral leukocytes in the omega-3 fatty acid arm.  Kirsch et al. compared high-dose (4 g/day EPA ethyl ester, and trace amounts of DHA) with low-dose (0.1 g/day EPA ethyl ester, and trace amounts of DHA) omega-3 fatty acids in an older American sample population (42-73 years) and observed significant decreases in the generation of leukotriene B4 by 106 polymorphonuclear leukocytes and by 106 mononuclear leukocytes only in the high-dose study arm.�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  In a relatively young adult English population, Arm et al. compared high-dose omega-3 fatty acids (5.4g/day EPA/DHA) with identical olive oil capsules, and reported a nonsignificant suppression in the calcium ionophore-induced generation of leukotriene B4 by 106 polymorphonuclear leukocytes in either study arm.�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57

Kirsch et al. reported significant increases in the generation of leukotriene B5 by 106 polymorphonuclear leukocytes and by 106 mononuclear leukocytes in each of the high-dose and low-dose study arms.�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  Arm et al. compared high-dose omega-3 fatty acids (5.4g/day EPA+DHA) with identical olive oil capsules, and reported no calcium ionophore-induced generation of leukotriene B5 by 106 polymorphonuclear leukocytes before either intervention or after the control intervention, yet some was observed after the omega-3 fatty acid exposure.�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57

Arm et al. also reported a significant suppression of total leukotriene B compound generation by 106 polymorphonuclear leukocytes only in the omega-3 fatty acid arm.�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
  Okamoto et al. observed a significantly greater decrease in the generation of leukotriene C4 by peripheral (undefined) leukocytes in the omega-3 fatty acid arm.�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
  Kirsch et al. found nonsignificant changes in the generation of PGE by 106 polymorphonuclear leukocytes and by 106 mononuclear leukocytes in either the high-dose or low-dose omega-3 fatty acid study arm.�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54

Kirsch et al. also identified a significant suppression of polymorphonuclear leukocyte chemotaxis to complement fragment 5a (C5a), leukotriene B4 (3 ng/ml), leukotriene B4 (30 ng/ml), 10-7 fMLP (M), and 10-6 fMLP (M) only in the high-dose omega-3 fatty acid dose arm.�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  They also reported nonsignificant changes in the suppression of mononuclear leukocyte chemotaxis to C5a, leukotriene B4 (3ng/ml), and, leukotriene B4 (30ng/ml).�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  Arm et al. compared high-dose omega-3 fatty acids (5.4g/day EPA/DHA) with visually identical olive oil capsules, and reported a significant suppression of neutrophil chemotaxis (# neutrophils per five high power fields) to leukotriene B4, only in the omega-3 fatty acid arm.�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
  They also reported a significant suppression of neutrophil chemotaxis (# neutrophils per five high power fields) to fMLP (M) only in the omega-3 fatty acid arm.  Kirsch et al. reported a nonsignificant change in the suppression of mononuclear leukocyte chemotaxis to 10-7 fMLP (M) and to 10-6 fMLP (M).�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54

A three-phase crossover study of likely Scandinavian adults from across a wide age spectrum (19-61 years), compared 20 mL daily of fish oil (omega-3 fatty acid content undefined) with equivalent amounts of olive oil and evening primrose oil.�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
  Results demonstrated significantly higher plasma PGE2 levels in the fish oil phase and significantly lower plasma PGF2-alpha levels in the olive oil phase compared with the other two phases.  In addition, nonsignificant between-phase differences in plasma levels of TxB2 and 6-keto-PGF1-alpha, and urine levels of PGE2, PGF2-alpha, TxB2, and 6-keto-PGF1-alpha, were observed.

Hodge et al.’s investigation of Australian children (ages 8-12 years) receiving either omega-3 fatty acid (1.2 g/day EPA/DHA from fish oil capsules; ALA from canola diet) or omega-6 fatty acid supplementation (matched capsules with safflower, palm, and olive oils; sunflower oils), revealed a nonsignificant between-study arm difference in changes in TNF-α production.�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52

Overview of Relevant Studies With Designs Other Than an RCT

Five of the studies addressing Question 1 also investigated Question 3.  Given these investigations had their basic study parameters described, then synthesized with respect to Question 1, many of these descriptions are not repeated here.  Instead, only notable patterns are highlighted.  

One non-RCT was found, which had not addressed Question 1.  Masuev selected 34 Russian participants, 17 with bronchial asthma, and 10 with infection-dependent asthma.�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03158\13Masuev 1997 158 /id\00\13\00  QUOTE "60" 
60
  Two groups were formed, matched for age, sex, and asthma severity (undefined).  The first group (n = 27) received 6g/day of EPA and DHA (with an undefined amount of vitamin E) in capsule form, and the other group took 6g/day of an olive oil control.  The intervention period was 2 months.  Relevant outcomes included: 5-hydroxyeicosatetraenoic acid (5-HETE) production, and, 5-hydroxyeicosapentaenoic acid (5-HEPE) production.

Qualitative Synthesis of Evidence Regarding Mediators of Inflammation From Study Designs Other Than an RCT


Notable patterns.  Six relevant studies published between 1988 and 2000 addressed Question 3 (Summary Table 5; Evidence Table 2: Appendix E).  All exclusively involved adults.  Five were the noncomparative case series evaluated by Ashida et al.,�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00  QUOTE "59" 
59
 Broughton et al.,�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73
  Hashimoto et al.,�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00  QUOTE "62" 
62
 Okamoto et al.,�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0260&Okamoto, Mitsunobu, et al. 2000 60 /id\00&\00  QUOTE "71" 
71
 and, Picado et al.�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
  The Broughton et al. and Picado et al. noncomparative case series each involved two intervention phases.  The sixth relevant study is Masuev’s above-noted non-RCT.�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03158\13Masuev 1997 158 /id\00\13\00  QUOTE "60" 
60
  

Summary Table 5:  Evidence from other study designs of omega-3 fatty acids to influence mediators of inflammation in asthma 

	Author, Year, Location
	Omega-3 Fatty Acid

Cohort/Phase
	Comparator

Cohort /Phase
	# of S Unique Results

Favoring

Omega-3

Fatty Acids
	Total Quality

(Internal Validity)
	Applicability

(External Validity)

	
	n
	Type &

Dose/Day
	n
	Type &

Dose/Day
	
	
	

	Ashida, 1997, 

Japan59†
	5
	15 g perilla seed oil (ALA: NR)
	NA
	NA
	2/2
	3 (Grade: B)
	III

	Broughton, 1997, 

USA73†
	26
	“Low” EPA+

DHA intake: 

~0.7 g (mean)
	26
	“High” EPA+ DHA intake: ~3.3 g (mean)
	4/7
	3 (Grade: B)
	I

	Hashimoto, 1997, 

Japan62†
	8
	1.8 g

EPA
	NA
	NA
	0/2
	3 (Grade: B)
	III

	Masuev, 1997a, 

Russia60††
	27
	6.0 g eiconol:

EPA+DHA (NR)


	7
	6.0 g

olive oil
	1/1

	2 (Grade: C)
	III

	Okamoto, 2000b, 

Japan71†
	26
	10-20 g perilla seed oil

(ALA: NR)
	NA
	NA
	1/1
	4 (Grade: A)
	III

	Picado, 

1988, 

Spain74†
	10
	3.0 g

EPA+DHA + eucaloric diet 
	10
	3.0 g

lactose + eucaloric diet
	1/1
	5 (Grade: A)
	III

	n = number of enrolled participants; NR: not reported; NA = not applicable; S = significant; †Noncomparative case series; ††non-RCT


A minority of studies reported both inclusion and exclusion criteria. QUOTE "62,73" 
62,73

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00 
  The six studies typically involved few participants (n = 109), with a mean number of 18.2 (range: 5-34).  Three of the studies involved no more than 10 adults. QUOTE "59,62,74" 
59,62,74

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00 
  The studies lasted an average of 7.8 (range: 2-14) weeks and the mean intervention length was 5.5 (range: 2-8.7) weeks.  Only one study did not last at least 4 weeks.�\16õw¸\0Bô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00  QUOTE "59" 
59
  Neither of the studies employing a two-phase noncomparative case series included a washout between their exposure periods. QUOTE "73,74" 
73,74

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00 

In the six studies, the average age of participants was 51.2 (range: 19-84) years. QUOTE "59,60,62,71,73,74" 
59,60,62,71,73,74

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03158\13Masuev 1997 158 /id\00\13\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00 
  No authors explicitly stated the racial/ethnic background of any of their participants, yet it is likely that Caucasian/Europeans QUOTE "60,74" 
60,74

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00 
 and Asian populations QUOTE "59,62,71" 
59,62,71

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00 
 were represented twice and three times, respectively.  Americans constituted the final population yet its racial/ethnic composition was not reported.�\16õw@ýö\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73

Only two studies indicated having employed a standard definition of asthma. QUOTE "71,74" 
71,74

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00 
  Only three reported their diagnostic method. QUOTE "71,73,74" 
71,73,74

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00 
  None of the studies involving the oldest populations indicated how, or if, asthma and possible COPD were differentiated. QUOTE "59,62,71,74" 
59,62,71,74

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00 
  Only one of the studies described criteria classifying asthma severity.�\16õwÈ\0Dô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0260&Okamoto, Mitsunobu, et al. 2000 60 /id\00&\00  QUOTE "71" 
71
  None of these studies attempted to define the severity of asthma at baseline, or on-study, on the basis of how well it was controlled by medication.  In the non-RCT, no information indicated whether the groups had been matched on the basis of asthma severity.�\16õwÈ\0Dô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03158\13Masuev 1997 158 /id\00\13\00  QUOTE "60" 
60

Conditions concomitant to asthma were poorly defined.  One of the studies evaluated participants with allergic dermatitis (50%) concurrent with hyperlipidemia in its full sample.�\16õwÈ\0Dô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00  QUOTE "62" 
62
  No information was reported regarding other concurrent conditions (or related medications) or the seasons within which the studies took place.  One study involved adults hospitalized for asthma.�\16õwÈ\0Dô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00  QUOTE "59" 
59
  Regarding the reporting of asthma risk factors, or those with the potential to influence asthma control, very little information was provided.  Only one study reported having enrolled non-smokers yet no details were provided regarding their smoking history.�\16õwÈ\0Dô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73
  Consequently, nothing can be concluded about the influence of these potential confounders on individual study results.

Various sources of omega-3 fatty acids were used.  If a high daily dose or serving of omega-3 fatty acids for adults is defined as greater than or equal to 3 g of omega-3 fatty acids, then three studies met this criterion. QUOTE "60,73,74" 
60,73,74

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00 
  Two studies did not define their omega-3 fatty acid dose or serving. QUOTE "59,71" 
59,71

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00 
  One study described a range of intake for the daily use of perilla seed oil-supplemented salad dressing and/or mayonnaise (10-20 g), precluding a precise definition of a serving size for any participant on any given day.�\16õw\18\0Fô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0260&Okamoto, Mitsunobu, et al. 2000 60 /id\00&\00  QUOTE "71" 
71
  The investigators reported that the adults consumed only 14.65 g/day, likely suggesting variability in intake among study participants.  A second investigation mandated 15 g/day of perilla seed oil consumption yet there was no report of how, or whether, the investigators attempted to control the intake.�\16õw\18\0Fô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00  QUOTE "59" 
59
  One study did not describe how their omega-3 fatty acid exposure was delivered.�\16õw\18\0Fô\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00  QUOTE "62" 
62
  In the studies that did not use a completely controlled dosing vehicle, no information was provided to establish a description of the omega-3 fatty acid content. QUOTE "59,71,74" 
59,71,74

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00 
  For four studies it was thus impossible to establish exactly the definition of the omega-3 fatty acid exposure. 
Two studies indicated that participants were told to maintain their background diet. QUOTE "59,71" 
59,71

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00 
  One study altered the diet of their participants to an eucaloric diet (poorly defined).�\16õwPãð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
  No study mandated the intake of omega-6 fatty acids as a cointervention, although one study did attempt to alter the omega-6/omega-3 fatty acid ratio through the consumption of omega-3 fatty acids.�\16õwPãð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73
  Information concerning the purity of the supplementation was never provided.

There are no data concerning the treatment received by participants in the study in which participants were reported to have a clearly identified concurrent condition (i.e., hyperlipidemia).�\16õwPãð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00  QUOTE "62" 
62
  There is a dearth of information reported regarding the types and dosing of asthma medication.  One noncomparative case series excluded individuals taking more than 5 mg/day of prednisone, or longterm steroids (undefined) that were started less than one month prior to the study.�\16õwPãð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00  QUOTE "62" 
62
  A second study requested that no NSAIDS be taken,�\16õwPãð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73
 and a third asked participants to maintain a fixed dose of inhaled corticosteroids and bronchodilator medication during the study.�\16õwPãð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
  No other study described whether their participants maintained a constant on-study dose of inhaled or oral corticosteroids.  A few studies reported the number of users of each of these drugs; QUOTE "59,71" 
59,71

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00 
 in the one study,�\16õw äð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00  QUOTE "59" 
59
 the range of allowable inhaled corticosteroid doses varied greatly across participants (400-1200 ug/day).  Seven of ten adults in one noncomparative case series were steroid-dependent, with two of the adults taking prednisolone;�\16õw äð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
 however, whether their on-study doses were maintained was not reported.  Other asthma medications were also poorly described and hence it was impossible to determine whether on-study doses were kept constant, or, whether the types and doses were equivalent across groups in the only controlled study.
Outcome characteristics.  The most frequently employed intermediate outcomes were the various leukotriene series.  Given the limited descriptions in the individual study reports, it was difficult to determine whether all the pulmonary function tests were based on standard methodologies. 

Study quality and applicability.  The mean total quality score was 3.3 (range: 2-5), likely indicating good quality.  Of note, two of six studies provided very limited descriptions of study participants lost to followup. QUOTE "60,73" 
60,73

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00 
  The quality grades associated with quality scores were entered into the summary matrix.  Little variability characterized the applicability rating, with five of six studies assigned a level III rating (Summary Matrix 4).  This indicates the extremely limited potential for generalization to the typical North American population with asthma.

Summary Matrix 4:  Study quality and applicability of evidence regarding mediators of inflammation from study designs other than an RCT

	
	Quality
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	N
	

	
	
	
	
	
	Broughton
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	2000b
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	26
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	Ashida
Hashimoto
	1977
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	5
8
	Masuev
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	34

	
	
	
	
	
	
	
	
	
	
	

	N = number of randomized participants


Two noncomparative case series exhibited high quality, defined by a total quality score of 4 or 5. QUOTE "71,74" 
71,74
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  However, the generalizability of the results of these studies to the North American standard set for this review was extremely limited.  The only study with strong generalizability potential also exhibited good study quality.�\16õw\00åð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73

Qualitative Synthesis of Individual Study Results From Study Designs Other Than a RCT

In a non-RCT of Russian adults exposed either to 6g/day of EPA and DHA or olive oil for 2 months, Masuev�\16õw\00åð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03158\13Masuev 1997 158 /id\00\13\00  QUOTE "60" 
60
 investigated likely less potent mediators of inflammation.  They found a significant decrease in 5-HETE production and an undefined change in 5-HEPE production related to the omega-3 fatty acids exposure.

Okamoto et al.’s noncomparative case series of Japanese adults exposed to perilla oil-supplemented (ALA amount undefined) salad dressing or mayonnaise over 4 weeks (background diet unchanged) found that leukotriene C4 generation by peripheral leukocytes decreased significantly in adults defined as responders and increased significantly in those defined as nonresponders.�\16õw\00åð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0260&Okamoto, Mitsunobu, et al. 2000 60 /id\00&\00  QUOTE "71" 
71
  At final follow-up, leukotriene C4 levels differed significantly for these two subgroups.  Ashida et al.’s noncomparative case series of Japanese adults also received perilla seed oil supplementation (ALA amount undefined) for 2 weeks, and they reported a significant decrease in the generation of leukotriene C4 as well as leukotriene B4 by peripheral leukocytes.�\16õw\00åð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00  QUOTE "59" 
59

Broughton et al. exposed a noncomparative case series of American adults to 4 weeks of low-dose fish oil supplementation (~0.7 g/day EPA and DHA), followed by another 4 weeks of high-dose fish oil supplementation (~3.3 g/day EPA and DHA), in an attempt to alter the intake ratio of omega-6/omega-3 fatty acids, yielding a low (1:0.1) and high (1:0.5) ratio exposure.�\16õw\00åð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73
  The authors reported a significant increase in urinary total leukotriene E4 excretion associated with the low-ratio exposure.  In addition, they noted: a nonsignificant change in urinary total leukotriene E5 excretion associated with the low-ratio exposure; a nonsignificant change in urinary leukotriene E4 excretion with the high-ratio exposure for responders (nonsignificant fall in respiratory measures with increased methacholine challenge) or nonresponders (respiratory reductions with increased challenge); a nonsignificant change in leukotriene E4 excretion when responders and nonresponders were combined; significantly lower urinary leukotriene E4 excretion with the high-ratio exposure; and, a significant increase in urinary leukotriene E5 excretion with the high-ratio exposure for responders and nonresponders.  Hashimoto et al. exposed a noncomparative case series of Japanese adults with mild to moderate asthma and hyperlipidemia, to 1800 mg/day of EPA over 8 weeks and reported a nonsignificant change in the urinary excretion of leukotrienes B4 and E4.�\16õw\00åð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00  QUOTE "62" 
62

Picado et al. exposed a noncomparative case series of aspirin-intolerant asthmatics first to 6 weeks of placebo (lactose) capsules plus a poorly defined eucaloric diet (e.g., 32% fat), then another 6 weeks with an experimental diet including EPA/DHA capsules and the eucaloric diet.  They reported a significant decrease in concentrations of TxB2 only with the fish oil exposure.�\16õw\00åð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74

Question 4: Are omega-3 fatty acids effective in the primary prevention of asthma?

As observed in Summary Tables 6 and 7, and derived from Evidence Tables 3 and 4 (Appendix E), one RCT and 5 observational studies addressed the question of primary prevention. A qualitative description of the former precedes the latter.

Qualitative Synthesis of RCT Evidence Regarding Primary Prevention

Given that there is only one RCT, its study parameters and results are described together.  A factorial design was employed to test the separate and combined effects of an active diet containing omega-3 fatty acids (500 mg/day of tuna fish oil from age 6 months, along with other omega-3 fatty acids such as canola oils and margarine prior to age 6 months), and, active house dust mite reduction.�\16õw\00åð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041326%Mihrshahi, Peat, et al. 2003 1326 /id\00%\00  QUOTE "51" 
51
  The study required four groups to achieve this.  The diet was placebo-controlled (Sunola oil) but the control used for the dust mite reduction primarily involved advice.  One co-objective of the study was to alter the omega-6/omega-3 fatty acid ratio in the active diet arm.  Pregnant women (n = 616; 36 weeks gestation) were randomized to one of four groups in this 5-year study, with their unborn children at risk for asthma given that at least one parent or sibling exhibited asthma or its symptoms.

Summary Table 6: RCT evidence of omega-3 fatty acids to prevent asthma in children

	Author, Year, Location
	Omega-3 Fatty Acid

Group
	Comparator

Group
	# of S Unique Results

Favoring

Omega-3

Fatty Acids
	Jadad Total Quality/ Allocation Concealment (Internal Validity)
	Applicability

(External Validity)

	
	n
	Type &

Dose/Day
	n
	Type &

Dose/Day
	
	
	

	Mihrshahi, 2003, Australia50,51


	312
	0.8 mg EPA + 3.6 mg DHA per kg body weight (500 mg fish oil) + canola oil/ margarine (ALA: NR)
	304
	500 mg Sunola oil + PUFA oils/

margarine
	2/10
	2 (Grade: C)/ adequate
	III

	n = number of randomized participants; S = significant; PUFA = polyunsaturated fatty acids


Mihrshahi et al. recently reported the results of an 18-month interim analyses even though they explicitly recognized the difficulty in identifying asthma in such a young population.�\16õw\00åð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041326%Mihrshahi, Peat, et al. 2003 1326 /id\00%\00  QUOTE "51" 
51
  They found a nonsignificant difference between the active and control diet groups in the diagnosed prevalence of asthma.  The statistically significant benefits of the omega-3 fatty acid intervention, relative to controls, were observed with respect to very few variables reflecting problems with wheeze (i.e., lower number of episodes “ever;” wheeze lasting more than a week).  The intervention did not influence health care utilizations relating to problems with wheeze, or the use of asthma medications, including inhaled corticosteroids.  Dust mite reduction neither independently, nor by way of interaction with the omega-3 fatty acid intervention, had a positive effect on respiratory outcomes.  They also found that, in terms of reaching the children’s plasma, the omega-3 fatty acid intervention significantly altered the omega-6/omega-3 fatty acid ratio relative to controls.  Jadad-defined study quality was low, yet the concealment of allocation was adequate.  Applicability was restricted.

Overview of Relevant Observational Studies

Hodge et al. employed a stratified case-control design to evaluate a cross-section of Australian school children aged 8 to 11 years.�\16õw\00åð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03205"Hodge, Salome, et al. 1996 205 /id\00"\00  QUOTE "77" 
77
  Stratification yielded four groups, that is, children with current asthma (wheeze and airways hyperresponsiveness; n = 71), airways hyperresponsiveness only (n = 55), wheeze only (n = 79), and normal airways (neither wheeze nor airways hyperresponsiveness; n = 263).  Inclusion in one of the four groups was determined by respiratory functions testing and physician examination.  A parental questionnaire focused on diet over the last 12 months, including fish (i.e., oily vs non-oily) consumption.  Satomi et al.’s cross-sectional study observed children in grades 1, 3, and 5 in coastal and inland areas of Japan.�\16õw\00åð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041203$Satomi, Minowa, et al. 1994 1203 /id\00$\00  QUOTE "78" 
78
  Current diet (e.g., reddish fish vs pale fish vs other marine foods) was assessed via parental questionnaire, and, health status was likely determined by physician examination.  Children with (n = 706) and without asthma (n = 6,882) were identified.

Huang et al. investigated Taiwanese adolescents aged 13 to 17 years in a cross-sectional study.�\16õw\00åð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0243\1EHuang, Lin, et al. 2001 43 /id\00\1E\00  QUOTE "48" 
48
  Both a food-frequency questionnaire and a 24-recall method were employed to assess current diet (e.g., seafish vs. oily fish vs. shellfish).  A health status questionnaire and a physician diagnosis identified participants who were asthmatic (n = 35), had allergic rhinitis (n = 115), wheezed (n = 11), or exhibited none of these conditions (n = 1,030).  The cross-sectional study by Takemura et al. investigated elementary and junior high school children and adolescents in Japan.�\16õw\00åð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0219%Takemura, Sakurai, et al. 2002 19 /id\00%\00  QUOTE "76" 
76
  A quantitative food frequency questionnaire evaluated current fish intake, and, a physician diagnosis yielded those with (n = 1,673) and without asthma (n = 22,109).  Each of the studies including children or adolescents was primarily concerned with asthma prevalence.

The Nurses Health Study’s prospective cohort (U.S.) was evaluated for a possible association of risk of adult-onset asthma, and, the frequency of intake of various types of food.�\16õw\00åð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03239$Troisi, Willett, et al. 1995 239 /id\00$\00  QUOTE "75" 
75
  A semi-quantitative food frequency questionnaire was employed to index food intake over the past year (e.g., dark meat fish vs other fish).  Over 1,200 cases of adult-onset asthma were identified.

Qualitative Synthesis of Observational Study Evidence Regarding Primary Prevention

Study characteristics.  Adult and pediatric studies are described separately.  All studies were published between 1994 and 2003 (Summary Table 7; Evidence Table 4: Appendix E).  The study evaluating both young children and adolescents is included with the pediatric investigations.

Summary Table 7: Observational study evidence of omega-3 fatty acids for primary prevention of asthma 

	Author, Year, Location
	Number

with

asthma
	Types of Control

(n)
	Unadjusted or Adjusted Associations of Dietary Fish Intake and Asthma Prevalence
	Study Quality

(Internal Validity)
	Applicability

(External Validity)

	ADULTS

	Troisi, 1995,

USA75
	1446
	NA
	· NS relationship between 6-y risk of asthma and frequency of intake of dark meat fish

· NS adjusted risk reduction associated with all levels of omega-3 fatty acid intake
	3 (Grade: B)
	II

	ADOLESCENTS

	Huang, 2001,

Taiwan48,49
	36
	· Allergic rhinitis (n=115)

· No asthma or rhinitis (n=1,030)
	· S association between higher frequencies of oily fish intake and asthma prevalence
	3 (Grade: B)
	III

	ADOLESCENTS & CHILDREN

	Takemura, 2002,

Japan76
	1673
	· Not currently asthmatic (n=22,109)
	· S higher asthma prevalence (adjusted) for consumers of 1-2 fish meals/wk than for consumers of 1-2/mo (overall, and only in males)
	3 (Grade: B)
	III

	CHILDREN

	Hodge, 1996, Australia77
	71
	· Normal airways (n=263)

· Airways hyper-responsiveness only (n=55)

· Wheeze only (n=79)
	· S lower (unadjusted) risk of asthma in eaters of fresh fish and oily fresh fish

· S lower (adjusted) risk of asthma in consumers of oily fish
	2 (Grade: C)
	III

	Satomi, 1994, Japan78
	706
	· Not asthmatic (n=6,882)
	· S negative correlation between asthma prevalence and frequency of fish consumption (e.g., reddish fish)
	4 (Grade: A)
	III

	n = number of evaluated participants; NA = not applicable; S = significant; NS = nonsignificant


All but one study reported both inclusion and exclusion criteria, with one pediatric study failing to explicitly state exclusion criteria.�\16õw\00åð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041203$Satomi, Minowa, et al. 1994 1203 /id\00$\00  QUOTE "78" 
78
  Two studies provided very few details regarding their sampling procedure. QUOTE "76,78" 
76,78
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  The full sample sizes varied, ranging from a cross-section of 808 school-age children�\16õw`èð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03205"Hodge, Salome, et al. 1996 205 /id\00"\00  QUOTE "77" 
77
 to 121,700 nurses in the Nurses Health Study.�\16õw`èð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03239$Troisi, Willett, et al. 1995 239 /id\00$\00  QUOTE "75" 
75
  Two studies were funded by government, QUOTE "48,77" 
48,77

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0243\1EHuang, Lin, et al. 2001 43 /id\00\1E\00 
, one by a medical association,�\16õwðèð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0219%Takemura, Sakurai, et al. 2002 19 /id\00%\00  QUOTE "76" 
76
 one by the NIH,�\16õwðèð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03239$Troisi, Willett, et al. 1995 239 /id\00$\00  QUOTE "75" 
75
 and one did not report a funding source.�\16õwðèð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041203$Satomi, Minowa, et al. 1994 1203 /id\00$\00  QUOTE "78" 
78

Population characteristics.  The adult study followed a cohort of exclusively female nurses aged between 34 and 68 years.�\16õwðèð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03239$Troisi, Willett, et al. 1995 239 /id\00$\00  QUOTE "75" 
75
  Approximately half of the participants in the other studies were male.  Of the two studies that included adolescents, one examined individuals between the ages of 6 and 15 (mean: 10.41) years,�\16õwðèð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0219%Takemura, Sakurai, et al. 2002 19 /id\00%\00  QUOTE "76" 
76
 and the ages of the participants in the other study ranged between 3 and 17 (mean: 14.7) years.�\16õwðèð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0243\1EHuang, Lin, et al. 2001 43 /id\00\1E\00  QUOTE "48" 
48
  Children in the two pediatric investigations ranged in age between 6 and 11 (mean: NR) years,�\16õwðèð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041203$Satomi, Minowa, et al. 1994 1203 /id\00$\00  QUOTE "78" 
78
 and 8 and 11 (mean: 9.5) years.�\16õwðèð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03205"Hodge, Salome, et al. 1996 205 /id\00"\00  QUOTE "77" 
77
  While it could be surmised that the three studies that involved Asian populations, QUOTE "48,76,78" 
48,76,78
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 the Australian project�\16õw êð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03205"Hodge, Salome, et al. 1996 205 /id\00"\00  QUOTE "77" 
77
 likely included those of primarily Caucasian/European descent, whereas, the American study provided no race/ethnicity details.�\16õw êð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03239$Troisi, Willett, et al. 1995 239 /id\00$\00  QUOTE "75" 
75

Each study evaluating asthma prevalence included a subset of asthmatic participants.  The only study to assess incidence of asthma excluded all asthmatic individuals prior to following a cohort of nurses prospectively.�\16õw êð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03239$Troisi, Willett, et al. 1995 239 /id\00$\00  QUOTE "75" 
75
  Of those including asthmatic participants, the asthma sample sizes ranged from 36 adolescents�\16õw êð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0243\1EHuang, Lin, et al. 2001 43 /id\00\1E\00  QUOTE "48" 
48
 to 1,673 children and adolescents.�\16õw êð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0219%Takemura, Sakurai, et al. 2002 19 /id\00%\00  QUOTE "76" 
76
  Three of the latter four samples of asthmatics�\16õw êð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0219%Takemura, Sakurai, et al. 2002 19 /id\00%\00  QUOTE "76-78" 
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 included an average of 60.2% males, exceeding the 50% value for their full sample populations.  Methods to identify asthma varied, and included questionnaires asking about a physician-assigned diagnosis of asthma, QUOTE "48,75,78" 
48,75,78
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 a modified American Thoracic Society questionnaire,�\16õwðëð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0219%Takemura, Sakurai, et al. 2002 19 /id\00%\00  QUOTE "76" 
76
and testing combined with a clinical assessment.�\16õwðëð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03205"Hodge, Salome, et al. 1996 205 /id\00"\00  QUOTE "77" 
77
  Asthma severity data were not reported for any study.  Only the report of the Nurses Health Study described the range of asthma medications used by the participants.�\16õwðëð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03239$Troisi, Willett, et al. 1995 239 /id\00$\00  QUOTE "75" 
75
  These included various types of corticosteroid.

The four pediatric studies each defined a control sub-sample of individuals without asthma, QUOTE "48,76-78" 
48,76-78
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 with their sizes ranging from 263 children�\16õw°ìð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03205"Hodge, Salome, et al. 1996 205 /id\00"\00  QUOTE "77" 
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 to 22,109 children and adolescents.�\16õw°ìð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0219%Takemura, Sakurai, et al. 2002 19 /id\00%\00  QUOTE "76" 
76
  Only two reports described whether, and how, its sub-populations varied.  Hodge et al. found more children with atopy in their asthmatic group than in their other subpopulations; in addition they found no difference between groups with respect to a history of early respiratory infections or parental history of asthma.�\16õw°ìð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03205"Hodge, Salome, et al. 1996 205 /id\00"\00  QUOTE "77" 
77
  Takemura et al. reported that, relative to non-asthmatics, the asthmatic children and adolescents were younger, more likely to be male, and more likely to have parents with a history of asthma.�\16õw°ìð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0219%Takemura, Sakurai, et al. 2002 19 /id\00%\00  QUOTE "76" 
76

Exposure characteristics.  The exposures of interest to the present systematic review involved the dietary intake of various types of fish, indicating the possible presence of EPA and DHA.  However, the specific amounts (in grams) of these omega-3 fatty acids were never reported.  Four studies reported the types of fish, arguing that certain fish (reddish;�\16õw°ìð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041203$Satomi, Minowa, et al. 1994 1203 /id\00$\00  QUOTE "78" 
78
 oily; QUOTE "48,77" 
48,77
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) contained greater amounts of omega-3 fatty acids.  One study did not report the types of fish.�\16õwÐíð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0219%Takemura, Sakurai, et al. 2002 19 /id\00%\00  QUOTE "76" 
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  The timeframe of food intake varied between respondents but was reported to be within: the past year; QUOTE "75,77" 
75,77
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 the current diet; QUOTE "76,78" 
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 and, both the last month, and, 24-hour recall.�\16õw0îð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0243\1EHuang, Lin, et al. 2001 43 /id\00\1E\00  QUOTE "48" 
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  Every study employed at least a semi-quantitative questionnaire with which to collect data, although one also included interviews with the participating adolescents.�\16õw0îð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0243\1EHuang, Lin, et al. 2001 43 /id\00\1E\00  QUOTE "48" 
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  The various questionnaires provided different response options (e.g., “never” to “daily;”�\16õw0îð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03205"Hodge, Salome, et al. 1996 205 /id\00"\00  QUOTE "77" 
77
 “less than once a month” to “more than 4-5 times a week;”�\16õw0îð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041203$Satomi, Minowa, et al. 1994 1203 /id\00$\00  QUOTE "78" 
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 “almost never” to “at least 3-4 times a week”).�\16õw0îð\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0219%Takemura, Sakurai, et al. 2002 19 /id\00%\00  QUOTE "76" 
76
  Assessments involving children required that parents provide the data. QUOTE "48,76-78" 
48,76-78
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  While investigators were invariably focused on fresh fish consumption (vs canned products), no studies factored into their analysis the ways in which the fish were prepared or the impact of the preparation method (e.g., frying) on the omega-3 fatty acid content.

Outcome characteristics.  The key outcomes were the prevalence QUOTE "48,76-78" 
48,76-78
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 of asthma and its core symptoms.

Study quality and applicability.  The mean total quality score was 3.2 (range: 2-4), likely indicating good quality.  All five studies failed to describe their exposures adequately, and two failed to satisfactorily describe their study participants. QUOTE "76,77" 
76,77
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  The quality grades associated with quality scores were entered into the summary matrix.  Virtually no variability characterized the applicability rating, with four of five studies assigned a level III rating (Summary Matrix 5).  This indicates the extremely limited potential for generalization to the typical healthy North American population, or to those at risk for asthma.  

Summary Matrix 5: Study quality and applicability of observational study evidence regarding primary 

prevention

	
	Quality

	
	A
	B
	C

	Applicability
	I
	
	
	

	
	II
	
	Author
	Year
	N
	

	
	
	
	Troisi*
	1995
	1446
	

	
	III
	Author
	Year
	N
	Author
	Year
	N
	Author
	Year
	N

	
	
	Satomi
	1994
	706
	Huang Takemura
	2001a
2002
	36
1673
	Hodge
	1996
	71

	
	
	
	
	
	
	
	
	
	
	

	N = number of randomized participants; *Adults (nurses) only


One observational study exhibited high quality, defined by a total quality score of 4.�\16õw°\14÷\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041203$Satomi, Minowa, et al. 1994 1203 /id\00$\00  QUOTE "78" 
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  However, its applicability was extremely limited.  The only study with reasonable applicability also exhibited good quality.�\16õw°\14÷\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03239$Troisi, Willett, et al. 1995 239 /id\00$\00  QUOTE "75" 
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Qualitative Synthesis of Individual Observational Study Results 

In a cross-section of Australian children aged 8 to 11 years, Hodge et al. found that, when results were unadjusted, the risk of asthma was significantly lower in consumers of fresh fish or oily fresh fish (high in omega-3 fatty acids).�\16õw°\14÷\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03205"Hodge, Salome, et al. 1996 205 /id\00"\00  QUOTE "77" 
77
  The focus was on consumption over the past year.  Current asthma was observed in 8.8% of children who ate oily fish, compared with 15.6% of those eating non-oily fish, and 23% of those who never ate fresh fish.  When the results were adjusted for specific risk factors (atopy, parental asthma, parental smoking, ethnicity, country of birth, early respiratory illness), only children who ate oily fresh fish had a significantly reduced risk of asthma.  In these children, the risk was one-quarter that of those who did not eat oily fish.  But, the consumption of fresh fish of any kind did not significantly reduce the risk of airways hyperresponsiveness alone or of wheeze alone either before or after adjusting for the above-noted risk factors.

Similarly, observing children in grades 1, 3, and 5 in coastal and inland areas of Japan, Satomi et al. reported a significant negative correlation between asthma prevalence and frequency of fish consumption in the current diet.�\16õw°\14÷\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041203$Satomi, Minowa, et al. 1994 1203 /id\00$\00  QUOTE "78" 
78
  After excluding the effects of multiple confounders positively correlated with asthma prevalence (air conditioning in home, dusty home, temperature difference between day and night, at least one parental smoker, maternal intake of fermented beans and mushrooms, and, living near a pasture), asthma prevalence decreased as reddish fish (high in omega-3 fatty acids) intake increased.  In addition, the asthma prevalence was lower in those who ate fish at least four times a week as compared to with those who ate it less than once a month.

Yet, both studies including at least some adolescents found a significant positive association between fish intake and asthma prevalence.  Based on a univariate analysis of food frequency questionnaire data relating to the previous month, Huang et al. reported that, in adolescents aged 13 to 17 years, higher frequencies of oily fish intake were significantly associated with asthma prevalence.�\16õw°\14÷\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0243\1EHuang, Lin, et al. 2001 43 /id\00\1E\00  QUOTE "48" 
48
  However, oily fish intake did not play a significant role in predicting asthma prevalence in multivariate logistic regression.  The study by Takemura et al. investigated elementary and junior high school children and adolescents and found that, using one to two meals per month as the reference standard, and after adjusting for age, gender, and a parental history of asthma, a significantly higher asthma prevalence was observed for those who ate fish one to two times per week compared with those who ate fish one to two times a month.�\16õw°\14÷\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0219%Takemura, Sakurai, et al. 2002 19 /id\00%\00  QUOTE "76" 
76
  The risk increased gradually with increasing frequency of fish intake, with a significant positive trend observed.  When vegetable and fruit intake were included as additional risk factors, a similar significant and positive association was observed.  The significant trend was attributed exclusively to results from male participants.  Takemura et al. did not distinguish between the types of fish (e.g., oily vs. non-oily).�\16õw°\14÷\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0219%Takemura, Sakurai, et al. 2002 19 /id\00%\00  QUOTE "76" 
76

The Nurses Health Study data showed that the 6-year risk of adult-onset asthma was unrelated to the frequency of intake of dark meat fish, tuna fish, or shrimp.�\16õw°\14÷\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03239$Troisi, Willett, et al. 1995 239 /id\00$\00  QUOTE "75" 
75
  This nonsignificant association was maintained when results were adjusted for age and smoking status, and also when other factors (body mass index, residential area, number of physician visits, and energy intake) were adjusted for.

Question 5:  Among Individuals with Asthma, do Omega-3 Fatty Acids Alter the Progression of Asthma (i.e., Secondary Prevention)?

There were no studies found that investigated this question.

Question 6:  What is the Evidence for Adverse Events, Side Effects, or Counter-Indications Associated with Omega-3 Fatty Acid Use to Treat or Prevent Asthma (DHA, EPA, DPA, ALA, Fish Oil, Fish)?

Qualitative Synthesis of Safety Data for All Research Designs 

Studies not included in Summary Table 8 did not report any safety issues.  No primary prevention studies reported safety concerns.  Adverse events or side effects were observed in ten studies, six of which were adult RCTs, QUOTE "54,57,58,67-69" 
54,57,58,67-69
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 two of which were pediatric trials, QUOTE "52,64" 
52,64
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 and two of which were studies of adults involving study designs other than an RCT. QUOTE "61,73" 
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The most serious consequence of involvement in a study occurred when one participant almost died following repeated allergen challenge.�\16õw°\14÷\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03163\13Masuev 1997 163 /id\00\13\00  QUOTE "61" 
61
  In this study, the omega-3 fatty acid exposure had not yet begun.  Of the intervention/exposure-related events, the most serious was nausea and vomiting after taking the fish oil capsules, which forced the participant to withdraw.�\16õw°\14÷\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
67
  An undefined number experienced occasional, “mild gastrointestinal discomfort” (undefined) while taking fish oil capsules.�\16õw°\14÷\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
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  Three children experienced “discomfort” (undefined) after taking exposure capsules, two of whom were receiving a mixture of oils rich in omega-6 fatty acids (safflower).�\16õw°\14÷\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
  Consequences of the events relating to the latter two studies were not reported.  Seventeen adults and one child across four RCTs each experienced problems swallowing capsules because of their size or number, and were forced to withdraw. QUOTE "57,58,64,67" 
57,58,64,67
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  Only for the one child was it reported to which study arm they had been randomized (control).�\16õw`Ýë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0251%Nagakura, Matsuda, et al. 2000 51 /id\00%\00  QUOTE "64" 
64
  An unreported number (<7) left a crossover trial because they could not tolerate the taste of the oil delivered by spoonfuls poured from masked bottles.�\16õw`Ýë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
  An undisclosed number of adults experienced fishy hiccups while taking fish oil, with no indication of the consequences.�\16õw`Ýë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73
  Two adults developed skin itch (one per study arm: mussel vs olive oil) and another three reported a metallic taste (two receiving olive oil capsules).�\16õw`Ýë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69

One adult withdrew after being hospitalized for acute asthma.�\16õw`Ýë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
  Three adults, two of whom were in the high-dose EPA ethyl ester group, had adverse reactions to aspirin or NSAIDS, but no information was reported as to whether they remained in the study.�\16õw`Ýë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
 

Three studies likely decided to avoid situations whereby omega-3 fatty acids might exacerbate an existing condition.  They excluded adults with a history of bleeding disorders, delayed clotting time and coagulation diseases, and peptic ulcers. QUOTE "58,68,73" 
58,68,73
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Summary Table 8: Studies reporting adverse events, side effects, and counter-indications 

	Author, Year, Location
	Omega-3 Fatty Acid Arm/Phase
	Comparator Arm/Phase
	Safety data

	
	n
	Type & 

Dose/ Day
	n
	Type & 

Dose/Day
	

	ADULTS

	Arm, 1988, England56,57†
	NR


	3.2 g EPA +

2.2 g DHA
	NR


	Olive oil (NR)
	Withdrew (timing: NR): size & number of capsules not tolerable (n=3; arm: NR); Withdrew after 3 wk (omega-3 fatty acids): hospitalized for acute asthma (n=1)

	Broughton, 1997,  USA73††
	26
	‘Low’ EPA + DHA intake: ~0.7 g (mean)
	26
	‘High’ EPA + DHA intake: 

~3.3 g (mean)
	Fishy hiccups (omega-3 fatty acids arm: NR); Occasional mild gastrointestinal discomfort (omega-3 fatty acids arm: NR);

Exclusion criteria: history of bleeding disorder or delayed clotting time

	Emelyanov, 2002, Russia69†
	23
	200 mg EPA+DHA +

400 mg olive oil
	23
	600 mg

olive oil
	Skin itch (1 per study arm); Metallic taste (omega-3 fatty acids arm: 1; control arm: 2)

	Kirsch, 1988, 

USA54,55†
	6
	4.0 g

EPA ethyl ester (trace DHA)
	6
	0.1 g

EPA ethyl ester (trace DHA)
	Adverse reactions to aspirin or NSAIDs in high (n=2) & low dose (n=1) arms

	Masuev, 1997b, Russia61†††
	5
	6.0 g EPA+DHA
	3
	6.0 g Olive oil
	Withdrew (timing: NR) due to severe clinical apnea in response to repeated allergen challenge (n=1)

	McDonald,

1991,

Australia58†*
	15
	2.7 g EPA + 

1.8 g DHA
	15
	15 g 

olive oil
	Withdrew (timing: NR): problems swallowing capsules (n=2). Exclusion criteria: peptic ulcers, cardiovascular disease, other potential bleeding disorders

	Stenius-Aarniala, 1989, 

Finland68†*
	36
	20 mL fish oil

(EPA+DHA: NR)
	36
	(1) 20 mL

olive oil

(2) 20 mL evening primrose oil
	Withdrew (timing: NR): could not tolerate taste of oil, or, difficulty keeping diary (n=7; breakdowns: NR)

Exclusion criteria: coagulation disorders & diabetes

	Thien, 1993, England67†
	NR


	3.2 g EPA +

2.2 g DHA
	NR


	Olive oil (NR)
	Withdrew in wk 1: nausea & vomiting after taking capsules (omega-3 fatty acids arm: n=1); withdrew after wk 1: size & number of capsules unmanageable (n=6; arm: NR); withdrew in first 2 wk: size & number of capsule unmanageable (n=4; arm: NR); withdrew (timing: NR): difficulty taking capsules & recording data (n=2; arm: NR)

	CHILDREN

	Hodge, 1998, Australia53†
	NR
	0.72 g EPA

0.48 g DHA + 

ALA (NR) via Canola diet
	NR
	‘Omega-6 fatty acids:’ 1.8g Safflower oil + 1.8g Palm oil + 0.4g Olive oil + Sunflower diet (NR)
	Discomfort after taking capsules: omega-3 fatty acids arm (n=1); omega-6 fatty acids arm (n=2)

	Nagakura, 2000, 

Japan64†

	15
	17.0-26.8 mg/kg EPA;

7.3-11.5 mg/kg DHA (300 mg fish oil)
	15
	300 mg olive oil
	Dropped out: unable to swallow capsules at beginning of study (n=1; arm: control)

	n = number of enrolled/randomized participants; NR = not reported; NA = not applicable; †RCT; ††Noncomparative case series  †††non-RCT   *Crossover trial


Question 7:  What is the Evidence that Omega-3 Fatty Acids are Associated with Adverse Events in Specific Subpopulations of Asthmatic Individual such as Diabetics?

There were no studies found that investigated this question.

Chapter 4. Discussion

Overview

Twenty-six studies investigated five of the seven questions addressed in this systematic review of the evidence concerning the health effects of omega-3 fatty acids in asthma.  The question of secondary prevention and the question of safety related to omega-3 fatty acid use in subpopulations of asthmatic could not be addressed since there were no studies addressing either of these topics.  Eleven RCTs (ten treatment; one primary prevention) and 15 studies employing other designs (ten treatment; five primary prevention) were included.  Three of the former and six of the latter exclusively involved either children or adolescents.  It is likely that, other than Ashida et al.’s noncomparative case series lasting 2 weeks,�\16õw°Þë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00  QUOTE "59" 
59
 all treatment studies lasted long enough to demonstrate that a difference could be found in terms of respiratory outcomes and mediators of inflammation.  Relevant studies could only be synthesized qualitatively according to the question(s) that they addressed.  Reasons for choosing to forego meta-analysis follow from a critical analysis of the evidence base. After the response to each research question is presented, the discussion turns to the broader implications and issues raised by the findings. 

The Evidence

There is not enough consistent evidence, or sufficient evidence from methodologically sound and adequately powered studies with which to conclude definitively that omega-3 fatty acids are or are not efficacious in improving respiratory outcomes in adults or children (Question 1).  Failure to control for confounding in over half the RCTs also made it difficult, if not inappropriate, to summarize their data.  The greater inability to control for confounders in study designs less “naturally” rigorous than RCTs complicated the synthesis of those data.  

In light of the available information, the inconsistency among study results may be attributable to the heterogeneity in definitions of the: settings (e.g., hospital vs outpatient; countries); populations (e.g., age; gender; clinical picture of asthma, including its severity and concomitants, or triggers with the potential to impact asthma control); interventions and their contrasts with comparators (e.g., different types and amounts of oil and omega-3 fatty acid contents; controlled vs uncontrolled dosing), and cointerventions (e.g., asthma medication with varying capacities to control asthma in the short-term or longterm).  This observation applies to all patterns of results relating to Questions 1, 2, 3, and 4.  Explicitly defined study quality was good for the various types of study design, with the prominent limitation for RCTs being limited blinding, and the key limitation for studies using other designs being the poor description of study participants.  All but one RCT�\16õw°Þë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
 and one two-phase, noncomparative case series �\16õw°Þë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73
 exhibited very restricted applicability to the typical North American population of asthmatics.

Adult RCTs revealed a somewhat contradictory picture of efficacy with respect to this systematic review’s primary outcome, FEV1.  One very small adult study (n = 14) that employed uncontrolled dosing of perilla seed oil and corn oil (control) over a short intervention period (n = 4 weeks) reported a significant effect.  However, two RCTs each observed no benefit relating to an omega-3 fatty acids intervention.  One compared high and low doses of EPA ethyl ester�\16õw°Þë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
 over 16 weeks in a small study (n = 12), whereas the second investigated the benefit of low dose EPA/DHA (vs. olive oil) over ten weeks in the systematic review’s highest quality RCT.�\16õw°Þë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
  The latter involved one of the largest sample populations (n = 46) included in the evidence review.  Emelyanov et al. also demonstrated good control of three confounding factors (see Critical Analysis) while providing one of the most rigorous methods to select its asthma population.�\16õw°Þë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
  No studies of adults in a non-RCT or noncomparative case series investigated this outcome.  With regard to studies of children, one RCT�\16õw°Þë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
 and a non-RCT�\16õw°Þë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00  QUOTE "63" 
63
 observed no benefit in terms of FEV1.  Thus, while it might be tempting to conclude an absence of efficacy based on the solid Emelyanov et al. study,�\16õw°Þë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
 the fact that there were few studies to consider makes the most balanced understanding one that suggests more research is needed before anything definitive can be concluded about the impact of omega-3 fatty acids on FEV1.  Moreover, a change in this outcome perhaps should not have been expected in the Emelyanov et al. trial because they utilized a low dose of omega-3 fatty acids, as well as randomized mild asthmatics.  That said, exactly to what the other observed clinical effects (e.g., AM PEF) in their study may be attributed (e.g., another component in Lyprinol) is unclear.

With respect to several other respiratory outcomes, there is likewise no unequivocal response to the question of efficacy for adults or children.  For AM PEF in adults, two RCTs, QUOTE "66,69" 
66,69
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 including Emelyanov et al.,�\16õw�àë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
 and three noncomparative case series QUOTE "59,62" 
59,62
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 showed a significant benefit for omega-3 fatty acid supplementation.  However, four RCTs QUOTE "57,58,67,68" 
57,58,67,68
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 and a noncomparative case series�\16õw`àë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03123%Villani, Comazzi, et al. 1998 123 /id\00%\00  QUOTE "72" 
72
 reported no benefit.  The pediatric non-RCT also revealed no benefit.�\16õw`àë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03186"Machura, Brus, et al. 1996 186 /id\00"\00  QUOTE "63" 
63

For PM PEF in adults, five RCTs including Emelyanov et al.,�\16õw`àë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
 showed no benefit whereas two noncomparative case series noted a significant effect. QUOTE "59,62" 
59,62
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  While the RCT evidence likely deserves to be “weighted” more heavily, and suggests no efficacy, this pattern requires interpretation within the larger context of the various outcomes’ findings.  Based on two RCTs,  QUOTE "57,67" 
57,67
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 no effect was observed for diurnal PEF variability in adults.  Pediatric studies did not employ either of these latter two outcomes.

Results varied with respect to adult bronchodilator use.  Three RCTs QUOTE "57,58,67" 
57,58,67
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 reported no benefit (i.e., decreased use) associated with omega-3 fatty acid supplementation.  One noncomparative case series with two exposures observed a significant increase in bronchodilator use associated with deteriorating airflow obstruction in the last two weeks of fish oil supplementation (versus placebo).�\16õw`àë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
  Emelyanov et al.’s adult RCT,�\16õw`àë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
 and a non-RCT with children,�\16õw`àë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03137 Gorelova & Semikina 1998 137 /id\00 \00  QUOTE "70" 
70
 each observed a benefit associated with omega-3 fatty acid use.  The latter enrolled children as young as one year of age, however.

Observing results relating to subjective ratings of respiratory function, including asthma symptom scores and severity scores, with each based on widely varying definitions and informants (i.e., participants; professionals; parents), revealed a significantly greater decrease in daytime wheeze for adults receiving omega-3 fatty acids in one RCT,�\16õw`àë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
 and a significant decrease in symptom and asthma scores in two noncomparative case series. QUOTE "59,62" 
59,62
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  Two adult RCTs QUOTE "57,67" 
57,67
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 noted no benefit with respect to airways responsiveness to histamine challenge, whereas one adult RCT�\16õw\00ãë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
 and a non-RCT of adults�\16õw\00ãë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03163\13Masuev 1997 163 /id\00\13\00  QUOTE "61" 
61
 each reported some value associated with omega-3 fatty acid use in blunting late airways responses to allergen challenge.  The remaining observations from both RCTs and other designs involved one study per outcome, including poorly defined subjective ones (e.g., “daily life score”) and several others reflecting pulmonary function (e.g., FVC).  No discernible patterns were observed supporting an unequivocal interpretation of omega-3 fatty acids’ efficacy.

Given the largely inconsistent picture of efficacy within and across respiratory outcomes, it is impossible to conclude one way or the other that omega-3 fatty acids are an efficacious adjuvant or monotherapy in improving respiratory outcomes in adults or children.  This view is perhaps best illustrated by what was observed with respect to the primary outcome, FEV1.  In general, very few studies were available with which to address the question for adults, and even fewer for children and adolescents.  Even though study quality, as operationally defined in the present review, was not an obvious shortcoming of the 20 included treatment studies, the very limited generalizability potential for all but two of them may be taken to suggest that answering Question 1 requires more research conducted with North American samples.  Additional observations are highlighted in subsequent sections.

The observations derived from the indirect assessment of the possible influence of predefined or study-defined covariates (Question 2) on the results of treatment studies are highly unreliable.  With almost no direct tests of the predictive utility of effect modifiers, or the possibility of subgroup meta-analysis (see below), and with few studies consistently observing significant effects for a given outcome, the evaluation yielded few clear observations.  Nevertheless, it did highlight one exposure potentially worth exploring in future empirical investigations of the health effects of omega-3 fatty acids in asthma. 

It was noted that perilla seed oil supplementation, provided in an uncontrolled fashion to adults across various studies, exclusively produced significant clinical effects in favor of this omega-3 fatty acids exposure (12/12).  This observation is based on results from a small RCT (e.g., FEV1, AM PEF)�\16õw\00ãë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
 and two noncomparative case series (e.g., AM PEF; PM PEF). QUOTE "59,71" 
59,71
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  However, one issue requiring resolution is the amount of omega-3 fatty acid content participants actually received from this supplementation.  Aside from the perilla seed oil observation, too many tenuous connections were observed to permit their extrapolation.  The relationship of variables such as the type, source, or dose of the omega-3 fatty acids could not be investigated with any precision.  Nevertheless it seemed to be the case that none of the specific definitions, or levels, of the predefined or study-defined covariates was associated exclusively with a significant effect (e.g., high or low dose).  Without the option of meta-analysis, it is difficult to respond adequately to Question 2.  It must be concluded that, at present, effect modifiers responsible for any significant asthma-related benefits accruing to omega-3 fatty acids supplementation cannot be identified.  This exploration was complicated by the fact that few significant effects were found.

It is likewise unfeasible to conclude one way or the other that omega-3 fatty acids positively influence the lipid mediators of inflammation in adult studies in accordance with the biological model implicating the lipoxygenase and cyclooxygenase pathways in asthma.  The effects with respect to any of leukotriene series when omega-3 fatty acids were given were not consistently observed across this collection of studies.  Possible reasons include poorly designed studies, varying populations, small sample sizes, and, varying or problematic laboratory methods. Moreover, virtually no mediators of inflammation other than the lipid variety were found to have been investigated (e.g., TNF-α).  With the omega-3 fatty acids exposure, there was a significantly suppressed generation of LTB4 by various types of leukocyte observed in two small RCTs totaling 16 participants QUOTE "54,66" 
54,66
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 and an even smaller noncomparative case series, (n = 5)�\16õwðãë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041335'Ashida, Mitsunobu, et al. 1997 1335 /id\00'\00  QUOTE "59" 
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 but no effect was observed in a larger RCT (n = 25).�\16õwðãë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
  An inconsistent picture was observed with respect to the increased generation of LTB5 by various types of leukocyte, with a significant increase revealed by one small RCT (n = 12)�\16õwðãë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
 and a null effect found in a larger RCT (n = 25).�\16õwðãë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
  One RCT noted the significant suppression of total LTB compounds by leukocytes.�\16õwðãë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
  Yet, one small RCT (n = 14)�\16õwðãë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
 and two noncomparative case series QUOTE "59,71" 
59,71
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 totaling 31 adults consistently found a significantly suppressed generation of LTC4 by peripheral leukocytes.  In these three studies, perilla seed oil had been delivered via uncontrolled servings.

The nonsignificant generation of PGE by various leukocytes in one small RCT (n = 12)�\16õw åë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
 is contrasted with the significantly higher plasma PGE2 and significantly lower plasma PGF2-alpha reported for omega-3 fatty acid supplementation in a crossover RCT (n = 36), the latter a study that failed to provide a washout in comparing uncontrolled servings of fish oil supplementation, olive oil, and evening primrose oil.�\16õw åë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
  This same crossover study also revealed nonsignificant effects with respect to plasma TxB2, plasma 6-keto-PGF1-alpha, in addition to urinary PGE2, PGF2-alpha, TxB2, and 6-keto-PGF1-alpha.  Yet, Picado’s small (n = 10), two-exposure noncomparative case series reported a significant decrease in TxB2 associated with omega-3 fatty acids use.�\16õw åë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03461%Picado, Castillo, et al. 1988 461 /id\00%\00  QUOTE "74" 
74
  In their noncomparative case series (n = 26), Broughton et al. found that significantly lower urinary LTE4 excretion and significantly higher urinary LTE5 excretion were associated with high, but not low, dose EPA.�\16õw åë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73
  Hashimoto et al.’s noncomparative case series noted a nonsignificant change in urinary LTB4 and LTE4 excretion.�\16õw åë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00  QUOTE "62" 
62

Two RCTs found a significant suppression of polymorphonuclear leukocyte chemotaxis in response to various stimuli (C5a, LTB4, and two fMLP concentrations) in a total of 37 adult with asthma, QUOTE "54,57" 
54,57
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 while the smaller of the two RCTs (n = 12) also reported a nonsignificant suppression of mononuclear leukocyte chemotaxis to various stimuli (C5a, LTB4) associated with omega-3 fatty acid use.�\16õwÀæë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  Finally, Hodge et al. reported a nonsignificant change in TNF-α production in their pediatric RCT that compared omega-3 fatty acid with omega-6 fatty acid supplementation.�\16õwÀæë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52

The only consistent impacts of omega-3 fatty acids on mediators of inflammation involved the suppression of LTC4 and of polymorphonuclear leukocyte chemotaxis to various stimuli.  However, all of the results must be interpreted with caution given the small sample sizes and the fact that the findings of significant effects for the same outcome involved different intervention-comparator contrasts, as well as varying doses of omega-3 fatty acids.  As with the evidence regarding Question 1, considerable clinical heterogeneity characterizes these studies.  Their average study quality was good, and, their applicability was very restricted.  The implications of these observations are described later.

Dietary fish consumption, including oily fish intake, was assessed primarily through retrospective food-frequency questionnaires, and appeared to serve as a primary prevention for asthma in two pediatric populations (Question 4). QUOTE "77,78" 
77,78

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041203$Satomi, Minowa, et al. 1994 1203 /id\00$\00 
  However, asthma prevalence and fish, or oily fish, intake were significantly and positively related in studies that included adolescents from Asia, QUOTE "48,76" 
48,76

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0243\1EHuang, Lin, et al. 2001 43 /id\00\1E\00 
 with one of these studies also including some children.�\16õw çë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0219%Takemura, Sakurai, et al. 2002 19 /id\00%\00  QUOTE "76" 
76
  In a prospective study that followed nurses, no association was found between adult-onset asthma and dietary fish intake.�\16õw çë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03239$Troisi, Willett, et al. 1995 239 /id\00$\00  QUOTE "75" 
75

One possible interpretation of the inverse relationship between age and the ability of regular fish intake to protect against asthma is that, the sooner people, especially children at risk, are exposed to omega-3 fatty acids, the more likely they will be protected.  It is possible that even low fish (oil) intake has effects on specific immunological factors inherent to the development of asthma in childhood, which may no longer be modifiable later in life.�\16õw çë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03206!Thien, Woods, et al. 1996 206 /id\00!\00  QUOTE "79" 
79
  Early in life, omega-3 fatty acids may reduce inflammatory responses to allergens.�\16õw çë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
  Eventually, a critical period may be identified.

Mihrshahi et al.’s factorial RCT is, in large part, a study evaluating the impact of an omega-3 fatty acid regimen (vs placebo), initiated prebirth, on neonates at risk for asthma, given that at least one parent or sibling had received this diagnosis.�\16õw çë\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041326%Mihrshahi, Peat, et al. 2003 1326 /id\00%\00  QUOTE "51" 
51
  Their interim results indicated a limited benefit accruing to the omega-3 fatty acid exposure, yet 18 months is likely too early in life to reliably identify asthma.  Final followup at five years of age should provide a clearer picture of the value of omega-3 fatty acids as primary prevention.  Regarding the prevention studies, study quality was better, on average, for the observational studies than for the single RCT; and, as was the case for treatment studies, almost no studies even remotely resembled the North American population standard established in this review.  Problems with these prevention studies are enumerated below, including speculation as to why the protective effect was not observed in the studies enrolling adolescents.

No safety profile relating to omega-3 fatty acids as an exposure was reported for primary prevention studies (Question 6); evidence from the remaining studies suggests that the safety profile in treatment studies was good.  Most of the adverse events were related to the capsule delivery of oils, rather than to the oils per se. QUOTE "57,58,64,67" 
57,58,64,67
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  On several occasions, an inability to swallow capsules led to withdrawal from a study.  Other participants may have had difficulties taking eighteen capsules a day of oil in two specific RCTs, yet these difficulties were not reported. QUOTE "57,67" 
57,67
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  The one moderately serious reaction observed was an undefined number of episodes of nausea and vomiting after ingesting the fish oil capsules, and this led to a withdrawal.�\16õwP>÷\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
67
  Unspecified numbers of children and adults experienced some mild gastrointestinal discomfort, but not all individuals had been receiving the omega-3 fatty acid exposure.�\16õwP>÷\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
  Fishy hiccups or burping were a rare complaint.  By far the most serious event linked to a treatment study involved severe apnea associated with repeated allergen challenge, not the omega-3 fatty acid exposure.�\16õwP>÷\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03163\13Masuev 1997 163 /id\00\13\00  QUOTE "61" 
61
  

Thus, either omega-3 fatty acid supplementation in these studies did not constitute a notable safety problem, or safety data were under-reported.  Given what has been observed by others,�\16õwP>÷\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\012\1FWoods, Thien, et al. 2002 2 /id\00\1F\00  QUOTE "35" 
35
 the first interpretation appears to be, at the very least, tenable.  While the U.S. Food and Drug Administration has in the past recommended three grams as the maximum daily intake of EPA and DHA, even minor safety concerns associated with larger doses were rare in the present collection of studies.  A critical analysis puts into perspective the less than definitive answers to the investigated research questions.

Critical Analysis

Many limitations and problems characterize the present evidence base.  To begin with, for the treatment studies, only a small minority of RCTs QUOTE "52,54,69" 
52,54,69
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 and studies using other designs QUOTE "62,72,73" 
62,72,73
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 reported both inclusion and exclusion criteria.  Most studies were very small, with many of the RCTs likely being underpowered.  Relative to the RCTs, studies with designs exhibiting considerably less potential rigor were even smaller, shorter in duration, and provided less information.  Thus, most of the following critique focuses on the RCTs.  It must also be recalled that only two treatment studies and one investigating primary prevention demonstrated good and somewhat restricted applicability, respectively.  The results of all other studies likely cannot be generalized to the North American reference standard defined in the present review.

The majority of studies were poorly reported, often failing to include key details that could clearly identify the target population, the intervention/exposure it received, or any other treatments that they may have been receiving for asthma.  For example, some of the studies did not present any, complete, or non-contradictory, population information as basic as demographic details (e.g., age; gender distribution), diagnosis-related information beyond a label of “asthma” (e.g., definition, including severity, duration, concomitants/triggers with the potential to influence asthma control; method of diagnosis), or lifestyle/racial/ethnic factors with the potential to influence asthma or the effectiveness of its treatment (e.g., background diet). QUOTE "65,66" 
65,66
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  Yet, three of 20 treatment studies did acknowledge that their asthma participants had been in-patients in controlled, hospital environments. QUOTE "59,64,66" 
59,64,66
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  Investigators of a noncomparative case series claimed their asthma participants were in “remission” yet, while they never defined the term, they continued to describe them as if they were currently asthmatic.�\16õw\10?÷\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03123%Villani, Comazzi, et al. 1998 123 /id\00%\00  QUOTE "72" 
72
  Some RCT reports stated how many adults or children had been randomized, but did not report numbers of participant per study arm. QUOTE "52,57,65,67" 
52,57,65,67
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  One RCT reported data and information only for study completers,�\16õw@?÷\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
67
 and the scarcity of information contained in all reports of the treatment studies suggest that this was not the only instance.  One pediatric RCT�\16õw@?÷\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0251%Nagakura, Matsuda, et al. 2000 51 /id\00%\00  QUOTE "64" 
64
 included children under the age of five, whereas a non-RCT enrolled children as young as one year of age.�\16õw@?÷\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03137 Gorelova & Semikina 1998 137 /id\00 \00  QUOTE "70" 
70
  In neither of these reports did the authors assure, with or without data, that they had adequately distinguished between wheezing disorders and asthma.  Early transient wheeze is not a reliable predictor of asthma.�\16õw@?÷\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041326%Mihrshahi, Peat, et al. 2003 1326 /id\00%\00  QUOTE "51" 
51
  Some studies involving older adults, with some current or ex-smokers, did not report if they had ruled out COPD. QUOTE "66,68" 
66,68
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  Almost no information was made available regarding concurrent conditions (e.g., hyperlipidemia) or their treatment.�\16õwxjï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03156&Hashimoto, Majima, et al. 1997 156 /id\00&\00  QUOTE "62" 
62
  The latter could have interacted with the participants’ asthma treatment.

The same limitations are observed with respect to the reporting of characteristics defining the intervention/exposure (e.g., amounts of omega-3 fatty acid), comparators (e.g., “placebo”), and the allowable or mandated types and doses of cointervention (e.g., types and doses of asthma medication).  Some authors defined an intervention/exposure only in terms of the amount of oil known to contain omega-3 fatty acids, while others solely described the amount of omega-3 fatty acid content without any indication of the amount of oil consumed. QUOTE "59,66,68,71" 
59,66,68,71
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  When whole foods were a component of the on-study intervention/exposure (e.g., hypoallergenic diet), little descriptive information was reported. QUOTE "52,64,70" 
52,64,70
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  Problems relating to the failed control of two confounders (i.e., uncontrolled serving/dose sizes; varying uses of asthma medication with the potential to influence asthma) are described below.  Finally, outcomes involving subjective measures of respiratory function tended to be poorly defined, if at all.

What data were reported suggest the presence of flawed methodologies and designs.  This observation contradicts the picture of good study quality (i.e., internal validity) for both RCTs and other designs obtained through formal quality assessment.  An implication of this discord is addressed later.  Nevertheless, restricted, failed or no attempts at blinding, was one of the biggest threats to the internal validity of RCTs.  It was the Jadad quality component for which the most studies failed to receive a single point (n = 2/10); QUOTE "66,68" 
66,68
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 and, in the case of the Stenius-Aarniala trial, the authors also suggested that their prestudy familiarity with participants likely influenced the latter’s improvements in functioning.�\16õw\08kï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
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  Very few studies provided information regarding their run-in protocol or duration.  Two crossover trials and two noncomparative case series, each of the latter with two exposures, did not include a washout period. QUOTE "58,68,73,74" 
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  In these uncontrolled investigations, participants always received the exposures in the same order.�\16õw˜kï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73
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74
  The timing of the delivery of the exposures was seldom described. QUOTE "57,69" 
57,69
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  Problems associated with some of the delivery methods were presented in the results section regarding safety (e.g., 18 large capsules/day). QUOTE "57,67" 
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  Having so many participants drop out because of such a difficulty raises questions about the levels of compliance in those who remained in the studies.  Also, few treatment studies framed their results in terms of whether they took place during pollen season, a time of great instability in pulmonary functioning for many children and adults.

Very few studies reported having analyzed their data on an intention-to-treat basis. QUOTE "58,64,69" 
58,64,69
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  Some studies reported no withdrawals or dropouts, yet did not indicate that they had analyzed their data in accordance with this principle.�\16õw˜kï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00  QUOTE "65" 
65
  Moreover, most treatment studies did not report the results of, or possibly never undertook, tests of significance evaluating between-arm differences in outcomes.  They did not present or possibly analyze their data in terms of between-group differences in (percent) change from baseline in a particular outcome.  Rather, they tended to present results of data analyzed separately from each group.  While this may be appropriate to assess whether, for example, EPA levels in cell membranes actually increased in an omega-3 fatty acids intervention group, independently analyzing study groups’ data means failing to benefit from the RCT’s capacity to control for the effects of certain key factors that could, in less rigorous designs, make difficult or impossible the relatively unequivocal interpretation of between-group results.  The number of significant results reported by studies may be exaggerated as a result.  

One option entertained was to have the present review team derive effect sizes and confidence intervals for each study’s respiratory outcome data.  However, considerable data were not reported in trials, making it difficult to calculate these estimates and their precision.  For example, estimation of the effect size requires an estimate of the standard deviation of the difference in outcomes between the treatment and control groups.  When the outcome is measured as (percent) change from baseline, incomplete reporting of results may complicate or prevent estimation of this standard deviation.  When pretest and posttest means and standard deviations are given, as was the case regarding many of the included trials’ outcomes, but standard deviations of the change (from pretest to posttest) are not, one possibility is to use a variance imputation strategy such as that proposed by Follmann et al.�\16õw˜kï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041371'Follmann, Elliott, et al. 1992 1371 /id\00'\00  QUOTE "80" 
80
 

Since observations on individuals are generally correlated, the standard deviation of the change within an individual depends on this correlation.  Follmann et al. note that if the population measurement variances are equal pretest and posttest, then “presumably the correlation is at least 0.5, otherwise the pretest-posttest design is less efficient than a test based on just the final measurements.”  Assuming a correlation of 0.5 (or a correlation estimated from similar trials with more complete reporting of results) then leads to an imputed estimate of the standard deviations of the change.  A further assumption that the population change variances are equal in the treatment and control groups then leads to an estimate of the standard deviation of the difference in outcomes between the treatment and control groups.  Although this approach may be intuitively appealing, it lacks empirical verification and depends on assumptions of equality of measurement and change variances that may be difficult to verify.  Standard deviations imputed in this manner may be very sensitive to the assumed correlation, and resulting effect size estimates may be biased.  As a result, it was decided not to follow this strategy.  Instead, available results were entered into the respective trials’ evidence tables.

That so much important information was missing from reports concerning these next variables’ assessment/status and significance, or because available descriptions clearly indicated failures to adequately deal with them, suggest that in planning their studies most investigators did not appreciate the need to control for the threat to the internal validity of their treatment studies posed by at least three key confounders (i.e., population, intervention/exposure, cointervention).  If uncontrolled for in treatment studies of any design, these could complicate or prevent the meaningful interpretability of results regarding the utility of omega-3 fatty acids for asthma.  That is, failure to control for their possible influence could make it difficult to unequivocally attribute any result (e.g., significant or null) to the actions of this intervention/exposure.  Poor reporting of study details further complicates matters by making it difficult to rule out the possibility that these factors alone or in combination could account for the study results, perhaps as well as the omega-3 fatty acids exposure could.  How the following observations relate to the issue of study quality is discussed later.

Asthma is a multi-factorial phenomenon that can be triggered by numerous stimuli or circumstances, including exposure to feathered or furry pets, respiratory infections, smoking, or exposure to secondhand smoke and other pollutants; and, asthma control afforded by medication can deteriorate when an asthmatic is exposed to these.  It is thus important in studies evaluating the clinical benefit of an asthma intervention that factors with the potential to influence asthma control be assessed and taken into consideration in trying to understand the results. 

For example, if during pollen season a greater number of children seriously affected by pollen are randomized to the placebo arm than to the omega-3 fatty acids intervention arm, then a greater frequency and severity of exacerbations indicating a loss of asthma control in the control group could influence the picture of omega-3 fatty acids’ efficacy, when expressed as a between-arm difference in objective or subjective measures of respiratory function.  A significant treatment effect might have to be attributed to both the benefit from taking omega-3 fatty acids in the active treatment arm and the significant loss of asthma control in the control group.  That said, rarely did a study provide clear information as to whether it had been conducted in or out of pollen season, a time when many asthma reactions are triggered.�\16õw˜kï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
67
  This raises the possibility that this factor was not adequately controlled for.  Only one RCT noted that their study took place out of pollen season,�\16õw˜kï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
 while another intentionally assessed participants both during and outside pollen season.�\16õw˜kï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
67
  

In general, studies did a poor job of describing how, and if, factors with the potential to influence asthma control were handled.  Whether atopic participants, or those with more severe forms of asthma, were distributed equally across study arms was rarely reported.�\16õw˜kï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
  The few RCTs that did report on these factors also demonstrated that randomization does not necessarily neutralize possible key confounding influences by equally distributing participants characterized by these factors across study arms.  For example, one RCT noted that the severity ratings were higher at baseline in the omega-3 fatty acids group, which may have contributed to a significant decrease in these scores across treatment.�\16õw˜kï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0251%Nagakura, Matsuda, et al. 2000 51 /id\00%\00  QUOTE "64" 
64
  The same pediatric RCT noted, without data, significant between-arm differences in the amount of on-study asthma medication required for acute asthma attacks.  Yet, such reports of possible confounders were rare.

Thirty percent of each of the included RCTs and studies with other designs mandated that participants consume certain servings of oil or food rich in omega-3 fatty acids without the use of standardized “dosing” (e.g., capsules).  One RCT�\16õw˜kï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
 and two noncomparative case series QUOTE "59,71" 
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 each employed perilla seed oil supplementation, while another RCT delivered its fish and control oils by having it poured from masked bottles.�\16õw8nï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
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  On several occasions, an intake range was specified (e.g., 10-20 g/day) for delivery by spoon�\16õw8nï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
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 or by being poured from a bottle and used as food (e.g., salad oils).�\16õw8nï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
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  A pediatric RCT included a canola diet component,�\16õw8nï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
 and a non-RCT provided children with a poorly defined hypoallergenic diet.�\16õw8nï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03137 Gorelova & Semikina 1998 137 /id\00 \00  QUOTE "70" 
70
  Each report failed to specify exact serving sizes and the amount of omega-3 fatty acids derived from these dietary elements, although one non-RCT report claimed, without data, that their diets were matched for energy intake.�\16õw8nï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03137 Gorelova & Semikina 1998 137 /id\00 \00  QUOTE "70" 
70
  The issue of uncontrolled servings/dosing is problematic for the following reason.

Methods of delivering exposures in an uncontrolled fashion preclude knowing exactly what the “exposure” is, and cannot help but lead to variation in individual participants’ daily intake across a study.  This, in turn, translates into daily changes in a study group’s daily consumption, or “exposure,” across a study, thereby complicating the interpretation of study results.  The exposure is constantly changing within- and between-participants, which is quite different from the situation where a pediatric RCT weight-adjusts its on-study EPA/DHA doses.�\16õw8nï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0251%Nagakura, Matsuda, et al. 2000 51 /id\00%\00  QUOTE "64" 
64
 

In the few instances where consumption data were reported in studies employing uncontrolled servings, they merely illumined that, on average, participants either did not consume the mandated amount, or, in the case of a study employing an instruction pertaining to a range of possible consumption, the maximum allowable amount. QUOTE "68,71" 
68,71
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  Nonetheless, a precise and constant definition of the treatment is required to meaningfully interpret study results, and the present treatment studies employing uncontrolled dosing strategies did not achieve this ideal.

Where controlled studies are concerned, uncontrolled servings created other problems, given that control participants also had their exposure delivered in the same, uncontrolled manner.  This made it highly unlikely that participants in different study groups received the same amount of oil- or food-as-calories,�\16õw¸oï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
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 or that the difference in the amount of omega-3 fatty acid content consumed in the two study arms —reflecting a planned disparity (e.g., 5.4g/day from fish oil vs virtually no g/day from other oils)— was kept constant.  Thus, unlike studies of controlled dosing (e.g., identical capsules containing fish oil or olive oil), and notwithstanding compliance, uncontrolled serving/dosing studies fail to provide a precise and constant definition of the exposure as oil/food or omega-3 fatty acid content.  The ability to unequivocally interpret study results is thus hindered, while raising serious concerns about the internal validity of the three treatment studies conducted in Japan with perilla seed supplementation and which never failed to find a significant clinical effect. QUOTE "59,66,71" 
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The third confounding factor relates to the impact on results of the on-study use of corticosteroids.  It is important to know exactly how many corticosteroid users were included in a given study, at what doses, and whether or not these doses were changed (and how) due to improved or failing asthma control.  Yet, knowing these patterns of use will not necessarily make it less difficult to meaningfully interpret study results.  The reason is that corticosteroid users may have had their doses altered across a study, or, in controlled investigations the distributions of users and of doses across study groups may have been unequal.  In these circumstances, the ability of corticosteroids to improve respiratory outcomes particularly over the longterm can mask the benefits associated with omega-3 fatty acid use.  For example, in sensing a lessening of their asthma control, participants receiving a placebo in an RCT might have their corticosteroid dose increased.  This could improve respiratory functioning to a level equal to that produced by the omega-3 fatty acids intervention given to the other study group.  A lack of cross-arm equivalence, either produced because of a change in one study arm, or because more corticosteroid users were enrolled in the control arm to begin with,�\16õw\18pï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
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 could eliminate any between-group differences in outcome that would denote a significant clinical effect in favor of the omega-3 fatty acids exposure.  Also, within a single group of participants, the effects of increased doses of corticosteroids can bring about improved respiratory functioning thought to be attributable to the omega-3 fatty acids.  Failing to know the exact role played by corticosteroids in a study owing to inadequate study design, reporting, or both, makes it impossible to rule out their possible impact on study results.�\16õw\18pï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
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In the relevant studies of all design types, there was a scarcity of information regarding users of corticosteroids and their doses, including to which arms users had been allocated. QUOTE "57,62,64" 
57,62,64
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  Even less information was provided concerning whether doses of these drugs were kept constant or how they may have changed across the study for participants; or, whether the number of users and their doses were equivalent across study groups in controlled investigations.  Yet, one RCT did ask participants to maintain a constant use of inhaled corticosteroids, although compliance data were not reported.�\16õw¨pï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
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  Another trial reporting no clinical effects claimed that similar oral corticosteroid doses had been observed for the two study arms.�\16õw¨pï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  Finally, having all participants not take corticosteroids might provide one of the clearest tests of the benefits of omega-3 fatty acids,�\16õw¨pï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
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 especially since Emelyanov et al.’s RCT of corticosteroid-naïve adults also excluded current or ex-smokers, provided controlled dosing via capsules, controlled for the intake of calories across study arms, and randomized one of the largest samples (n = 46) identified by the present review.�\16õw¨pï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
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Thus, the goal with respect to these three factors is to assess and control their confounding influences.  Otherwise, it may be impossible to unequivocally attribute significant or null clinical effects to the impact of the omega-3 fatty acids.  Given how poorly the present collection of studies fared in achieving this goal, it is difficult to place much trust in the internal validity of many of the treatment studies in spite of their good Jadad-defined quality.  One RCT selected only nonsmokers, yet failed to report whether they had also obtained information allowing them to rule out participants’ smoking history.�\16õw¨pï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
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  Another factor worth noting for its possible influence as a confounder, yet for which there was a similar lack of appreciation in the present studies, is background diet.  Very few investigators asked participants to maintain a constant background diet to assure that changes thereto would not bring additional variation to the task of explaining results. QUOTE "57,70" 
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On the other hand, the primary prevention studies were far more likely to recognize the need to control for at least two of these confounders (i.e., factors influencing asthma control, and specifying exposures)�\16õwÈqï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0243\1EHuang, Lin, et al. 2001 43 /id\00\1E\00  QUOTE "48" 
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 although these investigations were not conducted without limitations of their own.  Most of the observational studies adopted a cross-sectional perspective whereby the timeframes associated with the assessment of the frequency of dietary fish intake were likely too short (e.g., the last month, current intake) QUOTE "48,76" 
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 to reliably shed light on the possible influence of lifetime dietary intake patterns on the risk of developing asthma.�\16õw(rï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041203$Satomi, Minowa, et al. 1994 1203 /id\00$\00  QUOTE "78" 
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  Moreover, in that interview questionnaires likely produce less misclassification of food-related information than is found in self-administered surveys, results using the former strategy might have been quite different.�\16õw(rï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0243\1EHuang, Lin, et al. 2001 43 /id\00\1E\00  QUOTE "48" 
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  Unfortunately, Huang et al.’s interview data regarding PUFA use were not broken down by type of PUFA.�\16õw(rï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0243\1EHuang, Lin, et al. 2001 43 /id\00\1E\00  QUOTE "48" 
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The primary prevention studies also investigated the possible impact of different definitions of fish.  For example, some identified the types of (e.g., oily) fish rich in omega-3 fatty acids,�\16õw(rï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03205"Hodge, Salome, et al. 1996 205 /id\00"\00  QUOTE "77" 
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 whereas at least one of the studies including adolescents did not make any distinctions regarding the type of fish.�\16õw(rï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0219%Takemura, Sakurai, et al. 2002 19 /id\00%\00  QUOTE "76" 
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  This might account for the positive relationship between fish intake and asthma prevalence.  Had only fish assumed to be rich in omega-3 fatty acids been investigated, the positive association might have disappeared.  The other study with adolescents did differentiate by type of fish, yet their sample was small.�\16õw(rï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0243\1EHuang, Lin, et al. 2001 43 /id\00\1E\00  QUOTE "48" 
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  No studies directly assessed the possibility that the ways of preparing fish rich in omega-3 fatty acids (e.g., frying; salting) could influence results by altering their fatty acid content.�\16õw(rï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0243\1EHuang, Lin, et al. 2001 43 /id\00\1E\00  QUOTE "48" 
48
  Finally, no study attempted a comprehensive analysis of the omega-3 fatty acid content of the fish participants had eaten, at best preferring to define “oily fish” as containing more than 2% fat, for example. QUOTE "76,77" 
76,77

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03205"Hodge, Salome, et al. 1996 205 /id\00"\00 
  As with some of the treatment studies, the primary prevention RCT included, as part of its intervention, uncontrolled servings of margarine and oils.�\16õw¨sï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041326%Mihrshahi, Peat, et al. 2003 1326 /id\00%\00  QUOTE "51" 
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The Decision to Forego Meta-Analysis

A number of criteria required satisfaction before meta-analysis could be considered.  First, only RCTs were eligible, because of their greater potential to control for certain biases in meaningfully elucidating questions about the efficacy of any intervention/exposure.  Second, it was established that, given the differences in clinical picture associated with age, data from pediatric and adult studies should not be combined in qualitative or quantitative synthesis.  At the same time there had to be at least two studies with data capturing the same outcome construct (e.g., asthma severity).  Yet, it is likely the case that having data contributed by more than two studies is best, especially if the studies contain small samples.  More reliable estimates of variation may be derived.

Regarding Questions 1 (improving respiratory outcomes), 2 (impact of effect modifiers), and 3 (influencing mediators of inflammation), there were only seven adult and two pediatric treatment trials; and, meta-analysis with data from children was impossible given that the RCTs neither employed the same clinical or intermediate (i.e., mediators of inflammation) outcomes.  One RCT had to be excluded from consideration for quantitative synthesis since it did not provide demographic information sufficient to determine even the age of participants.�\16õw¨sï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00  QUOTE "65" 
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The varying definitions of symptom scores observed in three RCTs ruled out any possibility of meta-analysis; QUOTE "57,58,67" 
57,58,67
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 and, while there were four separate occasions when at least four RCTs employed the same clinical outcome (FEV1, AM PEF, PM PEF, bronchodilator use), several important observations translated into a decision to forego meta-analysis.

First, to meaningfully compare, then combine, RCTs evaluating the possible impact of omega-3 fatty acids, the contrasts involving a treatment and comparator should be similar or the same.  In five of seven RCTs, the contrast involved controlled dosing of fish oils (i.e., EPA/DHA) compared with similar olive oil capsules. QUOTE "57,58,67-69" 
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  One other RCT compared high- versus low-dose EPA ethyl ester, while a seventh compared uncontrolled servings of perilla seed oil and corn oil.�\16õwhtï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
  The interpretability of a pooled estimate combining data from one of the latter two trials with any of the five studies comparing fish oil and an olive oil control would be limited.  The contrasts are too dissimilar.  This restricts the pool of studies.

Second, as discussed previously, there was too much missing, limited or contradictory information concerning both the adult study populations (e.g., asthma diagnosis details, including severity, duration, and concomitants/triggers) and study interventions (e.g., omega-3 fatty acid content).�\16õwhtï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
  Moreover, in studies of older adults, and for whom descriptions of current or past smoking were typically unavailable, there is little confidence that trialists reliably excluded adults with COPD. QUOTE "54,58,66" 
54,58,66
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  The situation that these examples illustrate does not permit an unambiguous appreciation of the populations and interventions to whom any pooled results could be generalized.  Combining studies whose specific potential for generalization is uniformly low, or that vary on this basis, would yield a single estimate without a well-defined target.  In the present collection of studies, so many population and intervention data were missing, making it difficult to generalize any meta-analytic results. 

Third, there were too many studies of adults with flawed or limited research designs and methodologies to be able to meaningfully determine the relative contributions of each of the wanted and unwanted influences (e.g., the above-noted confounders) on a pooled effect.  Fourth, certain study populations were too different to consider combining data from them.  For example, one adult trial randomized in-patients,�\16õwøtï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
 whereas all other samples included out-patients; and, one RCT studied allergic asthmatics during pollen season.�\16õwøtï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
67
  Also, there was likely strong heterogeneity in the background diets given the countries in which the studies were conducted.  Overall, while there were sufficient numbers of RCT to consider, a decision was made to forego any meta-analysis.  

Regarding the primary outcome, FEV1, three very different intervention-comparator contrasts were represented.  They included: uncontrolled perilla seed oil supplementation compared with uncontrolled corn oil supplementation;�\16õwøtï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
 a high as opposed to a low dose EPA ethyl ester;�\16õwøtï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
 and, EPA/DHA from green-lipped mussel versus olive oil.�\16õwøtï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
 This lack of comparability in contrasts, combined with other key differences (e.g., in-patients in a very structured environment who received the uncontrolled supplementation;�\16õwøtï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
 very different background diets) made it inappropriate to pool their data.  The situations with respect to the other three outcomes are somewhat more complicated.
Five studies reported having collected AM PEF data, yet one did not report data.�\16õwøtï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03951\15McDonald 1990 951 /id\00\15\00  QUOTE "58" 
58
  As well, Okamoto et al. gave uncontrolled servings of oil to in-patients,�\16õwøtï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
66
 while Stenius-Aarniala et al. used uncontrolled servings of oil in their 3-phase crossover RCT.�\16õwøtï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
  This intervention-related problem complicates the inclusion of these two studies in any synthesis.  Stenius-Aarniala also failed to report inclusion criteria and, whether corticosteroid use was balanced across study arms.�\16õwøtï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03424*Stenius-Aarniala, Aro, et al. 1989 424 /id\00*\00  QUOTE "68" 
68
  They also did not employ a washout, and thus control for a possible carryover effect; and, they never established blinding given there was no attempt to conceal the taste of the dietary oil supplementation.  Furthermore, Stenius-Aarniala et al. acknowledged having randomized three smokers and 12 ex-smokers, yet never made it clear that they had ruled out COPD, or that these participants were equally distributed across the study arms.  Finally, seven participants withdrew due to problems with the taste of the oil, although there was no indication of the study arm from which they withdrew.  This RCT was extremely flawed, and received the lowest Jadad total quality score of all trials.  Their total quality score of 2 indicates low internal validity.

Also with respect to AM PEF, Thien et al.’s study on the one hand provided insufficient data regarding their population (e.g., asthma severity; diagnostic method), while at the same time suggesting that they had randomized a very unstable population (i.e., allergic asthmatics studied during and outside pollen season) which was very different from any other study population in the present review.�\16õwøtï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03290)Thien, Mencia-Huerta, et al. 1993 290 /id\00)\00  QUOTE "67" 
67
  They also did not establish participants’ smoker status, appeared only to begin to collect “pretreatment” data at the same time treatment began, and reported data only for completers.  Almost a third of participants left the study due to nausea or vomiting, in addition to various difficulties swallowing the 18 capsules per day.  They nevertheless received a Jadad total quality score of 4 on the strength of solid blinding, and a clear description of participants lost to followup.

Arm et al. failed to report inclusion or exclusion criteria, the method by which the diagnosis was determined, participants’ smoker status, and whether the use of inhaled corticosteroids was balanced across the study arms.�\16õwøtï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03462 Arm, Horton, et al. 1988 462 /id\00 \00  QUOTE "57" 
57
  They also reported three dropouts due to problems with the size and number of capsules.  Finally, notwithstanding their use of a unique source of EPA/DHA (i.e., green-lipped mussel), Emelyanov et al.’s RCT was strong methodologically.�\16õwøtï\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03581\16Emelyanov 2002 581 /id\00\16\00  QUOTE "69" 
69
  All studies that obtained AM PEF data were conducted in different countries, indicating a wide divergence in background diets.

Thus, on the basis of the aforementioned limitations and problems, as well as their lack of comparability, meta-analysis of AM PEF data was not considered appropriate.  All of these same studies also provided either PM PEF QUOTE "57,58,67-69" 
57,58,67-69
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 or bronchodilator use data, QUOTE "57,58,67,69" 
57,58,67,69
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  thereby making inappropriate any quantitative pooling of these datasets.  Three of these studies contributed data pertaining to the impact of omega-3 fatty acid supplementation on mediators of inflammation. QUOTE "54,57,66" 
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  On the basis of divergent intervention-comparator contrasts and the above-noted problems, meta-analysis was not conducted.   

A recent Cochrane review exclusively of fish oils in asthma conducted a number of meta-analyses of respiratory outcomes.�\16õw``ü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\012\1FWoods, Thien, et al. 2002 2 /id\00\1F\00  QUOTE "35" 
35
  As with the decision made in the present review, they did not pool studies with different intervention-comparator contrasts.  On the other hand, they did enter the Dry and Vincent trial data�\16õw``ü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03343\1ADry & Vincent 1991 343 /id\00\1A\00  QUOTE "65" 
65
 into meta-analysis in spite of a lack of population-related information that would have permitted this RCT’s classification as an adult or pediatric investigation.  Moreover, they pooled data from this trial with that from a pediatric RCT,�\16õw``ü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
 and failed to find a significant effect for FEV1.  While they performed numerous analyses for PEF (undefined), including for the beginning and the end of studies, their analysis of change from baseline data revealed a nonsignificant effect.  PEF data from one pediatric trial�\16õw``ü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
 were pooled with those from three adult study reports. QUOTE "56,57,67" 
56,57,67
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  In doing so, Woods et al.�\16õw aü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\012\1FWoods, Thien, et al. 2002 2 /id\00\1F\00  QUOTE "35" 
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 likely entered duplicate data since the two Arm et al. trial reports included a large number of the same participants. QUOTE "56,57" 
56,57
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  Analysis of asthma symptom scores included data from scales assessing varying constructs, and revealed no effect.  Data from two pediatric studies QUOTE "52,64" 
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 and three adult study reports QUOTE "56,57,67" 
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 were pooled, including those from the Arm et al. publications. QUOTE "56,57" 
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  Data pertaining to varying definitions of bronchial hyper-responsiveness likewise failed to reveal a significant benefit.  Results from two studies randomizing children, QUOTE "52,64" 
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 were combined.  When bronchial hyper-responsiveness results from children and adults were meta-analyzed separately, no benefits were found for fish oil supplementation.  Nonsignificant effects were also reported for asthma symptom score results when pediatric and adult data were analyzed independently. 

Whether or not the Cochrane review’s results suggest what the present review might have found had meta-analysis been conducted for respiratory outcomes, it is clear that the Cochrane undertaking failed to critically assess included studies so as to seriously consider foregoing meta-analysis, appeared to enter duplicate data, pooled results from children and adults, and included data from a trial without any specification of basic information such as age.  Even so, they reported no benefit associated with fish oil supplementation.

Meta-analysis of primary prevention data was not considered, given the existence of one RCT.�\16õw0cü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041326%Mihrshahi, Peat, et al. 2003 1326 /id\00%\00  QUOTE "51" 
51
  Too few safety data were observed to consider their further synthesis.  Overall, poor reporting practices, which led to an inability to know whether and how these or other confounders might have influenced individual treatment RCT results, together with the lack of comparability in many of the RCTs’ parameters (e.g., intervention-comparator contrasts), led to the decision to forego meta-analysis.  Any pooled estimates would have been derived within a context instilling as little confidence in the appropriateness of the extrapolations of results as in the validity of the results themselves.

Clinical Implications

For those participants entered into treatment (or primary prevention) studies there is no notable safety profile associated with the consumption of omega-3 fatty acid content.  As well, there is no consistent evidence, or any evidence from well-designed and sufficiently powered studies to recommend their use or avoidance to treat asthma in populations in North America, or in those countries in which their efficacy was tested.  There is thus no way to conclude anything definitive about their therapeutic potential.  Moreover, to which factors (e.g., type, source or dose of omega-3 fatty acids) their value as a therapy can be attributed cannot be established based on the present evidence.  While some studies did investigate the impact of high doses,�\16õw0cü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
 it is clear that more studies of this sort, albeit with more than 12 participants, must be conducted.  Various sources (e.g., marine, seed) and types of omega-3 fatty acid content (e.g., EPA, EPA/DHA, ALA) were also investigated, but they too require proper testing in trials that are larger and better-controlled.  At present, from treatment studies, perhaps the only consistent observation regarding the short- or longterm use of omega-3 fatty acids with the types and doses herein evaluated is that it is unlikely to do notable harm.

While the results obtained by Emelyanov et al. are interesting because they gave a relatively large adult sample a low dose of a unique marine source (i.e., 200mg/d of extract of green-lipped mussel, with 400 mg/d olive oil vs 600mg/d olive oil), while also controlling several confounders (i.e., corticosteroid-naïve; no current or ex-smokers; controlled dosing; equal intake of calories across study arms), more research is required to establish that their four (of seven) significant clinical benefits did not occur because of some undetermined factors (e.g., blinding broken).  Likewise, more work is required to understand how three studies of invariably limited intervention length (<4 weeks) failed to produce a nonsignificant clinical effect when uncontrolled doses of perilla seed oil, and thus undefined amounts of ALA, were given to adults. QUOTE "59,66,71" 
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  Further testing might show that the observed clinical effects diminish over longer periods of time, the consumed doses of ALA were extremely high, or, in the case of two of these studies, the results were obtained because in-patients in controlled environments had been enrolled. QUOTE "59,66" 
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  To better understand the possible utility of this type/source of omega-3 fatty acids, more research is needed.   

One other factor that needs to be accounted for with respect to the perilla seed oil supplementation is that all three studies were conducted in Japan, where the omega-6/omega-3 fatty acid ratio in the typical diet (4:1) is much lower than in the United States (10-30:1), for example.�\16õwðcü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041374\18Simopoulos 1999 1374 /id\00\18\00  QUOTE "81-83" 
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  The lower ratio in Japan might make it more likely that this country’s population can be affected by additional omega-3 fatty acid supplementation.  With “less competition” from AA for the same metabolic pathways, EPA and DHA may be better able to affect the inflammation-based process by which the symptoms of asthma are produced.  Also, it may explain why, in spite of poor air quality and higher rates of smoking,�\16õwðcü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0213\1CMermer & Mercola 2002 13 /id\00\1C\00  QUOTE "84" 
84
 for example, asthma is less prevalent in Japan (0.7%) than it is worldwide (5%).�\16õwðcü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041376\1CGergen & Weiss 1995 1376 /id\00\1C\00  QUOTE "85" 
85
  As an aside, a crude assessment of the numbers of significant result relating to respiratory outcomes showed that clinical benefits accruing to omega-3 fatty acid supplementation were more likely in RCTs (6/6 in two trials QUOTE "64,66" 
64,66
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 vs 6/38 in the remaining eight trials) and noncomparative case series investigated in Japan (13/15 in three noncomparative case series QUOTE "59,62,71" 
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 vs 15/35 in the other 6 studies) than in all other countries combined.  

At the same time, it may be the case that the continuing high consumption of omega-6 fatty acids in countries such as the United States can offset the possible asthma-related benefits from omega-3 fatty acid supplementation.  Some have even speculated that a highly imbalanced omega-6/omega-3 intake ratio in favor of the omega-6 fatty acids predisposes individuals to asthma.�\16õw€dü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03168\1BBlack & Sharpe 1997 168 /id\00\1B\00  QUOTE "30" 
30
  Correct or not, it is likely essential that background diet be accounted for in the interpretation of individual study results, as well as any between-study differences.�\16õw€dü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03576\17Simopoulos 2002 576 /id\00\17\00  QUOTE "24" 
24
  In trying to explain the impact of PUFA consumption in asthma, it is also likely important to take into consideration the possibility that populations may vary in terms of the genetic factors influencing the expression of the asthma phenotype.  It may also be best in planning treatment studies, as was seen in a few included studies QUOTE "70,73" 
70,73
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 and the primary prevention RCT,�\16õwpeü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041326%Mihrshahi, Peat, et al. 2003 1326 /id\00%\00  QUOTE "51" 
51
 to try to modify these PUFAs simultaneously.  

Broughton et al. have suggested that it is the ratio of omega-6 to omega-3 fatty acid consumption that inhibits or attenuates inflammatory activity, leading to reliable respiratory benefits.�\16õwpeü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03166'Broughton, Johnson, et al. 1997 166 /id\00'\00  QUOTE "73" 
73
  They have noted that modifying this ratio is critical for altering eicosanoid biosynthesis in rats.  One implication is that, while providing omega-3 fatty acid supplementation alone necessarily alters the intake ratio involving omega-3 and omega-6 fatty acids, it is the active, marked reduction in omega-6 fatty acid ingestion that should likely accompany omega-3 fatty acid supplementation.  With so few studies in the present evidence collection measuring background diet, however, study participants’ intake of all PUFAs largely remains unknown.

Determining whether, and how, the clinical benefits of omega-3 fatty acid supplementation are made possible by their influence on mediators of inflammation was not an objective of the present systematic review.  Nonetheless, an informal assessment is likely appropriate.  There were few studies that observed significant and consistent influences of omega-3 fatty acids on mediators of inflammation (i.e., any leukotriene series), as well as too few studies that found significant and consistent clinical benefits while also having collected data regarding their impact on mediators of inflammation.  Possible reasons for both observations include poorly designed studies, varying populations, and, small sample sizes.  Before these observations are scrutinized further, however, an even more basic question may be whether there is evidence from the present collection of treatment studies that the omega-3 fatty acid exposures were incorporated into the biosystems of participants receiving them.  EPA content did typically increase significantly although a concomitant, significant decrease in the AA content of tissue/plasma was not reliably observed. QUOTE "57,67,68,74" 
57,67,68,74
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  But, this picture did not correlate well with significant clinical effects.  Three of four nonsignificant clinical effects for AM PEF were associated with increased fatty acid content in tissue/plasma, QUOTE "57,67,68,74" 
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 and, an RCT reported increased fatty acid content yet nonsignificant clinical effects for FEV1 as well as five other respiratory outcomes.�\16õw`fü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54

Five studies were identified which employed one or more of the four respiratory outcomes (FEV1, AM PEF, PM PEF, bronchodilator use) meeting the criteria to address Question 2 (i.e., at least two studies, with at least one demonstrating a significant clinical effect), while also reporting data with respect to the impact of omega-3 fatty acids on mediators of inflammation.  Three were RCTs QUOTE "54,57,66" 
54,57,66
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) and two were noncomparative case series. QUOTE "59,71" 
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  The only pattern highlighting a mediator of inflammation that was exclusively associated with a significant clinical effect involved the suppression of LTC4.  That is, when LTC4 generation was significantly suppressed, two RCTs and one noncomparative case series reported a significant clinical effect (i.e., increase) for AM PEF. QUOTE "59,66,71" 
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  Interestingly enough, all three studies had used uncontrolled perilla seed supplementation.  Also, when perilla seed supplementation led to a significant suppression of both LTB4 and LTC4 produced by leukocytes, two of these same studies reported a significant increase in AM PEF, QUOTE "59,66" 
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 and there was a significant effect for FEV1 in one of these trials.�\16õw gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0268&Okamoto, Mitsunobu, et al. 2000 68 /id\00&\00  QUOTE "66" 
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  Yet, two RCTs observed no benefit from fish oil supplementation despite a substantial attenuation of neutrophil chemotactic responses to LTB4, fMLP, and C5a. QUOTE "54,57" 
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  Unfortunately, given the limitations of these studies (e.g., small samples), all that these observations can suggest are possible future directions for research.

With the present studies, it is thus impossible to adequately address the issue of the observed lack of “translation” into significant clinical effects of some of the observed changes in fatty acid content in tissue/plasma or the observed influences on mediators of inflammation.  Future research with asthmatic participants may discover that the present servings/doses of omega-3 fatty acids had been too small, mediators associated with pathways other than the lipoxygenase and cyclooxygenase ones are actually more important to the pathogenesis or treatment of asthma,�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041203$Satomi, Minowa, et al. 1994 1203 /id\00$\00  QUOTE "78" 
78
 or that without also intentionally altering the intake of omega-6 fatty acids, positive impacts on both the mediators of inflammation and respiratory outcomes may be unlikely.  Of note, the small numbers of study identified by this review made it impossible to adequately assess the relationship between the less “potent” LTB5, and clinical effects.�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03575\10Gil 2002 575 /id\00\10\00  QUOTE "86" 
86
  One small RCT (n = 12) in which a significant increase in LTB5 was observed, produced a nonsignificant effect for FEV1.�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03458"Kirsch, Payan, et al. 1988 458 /id\00"\00  QUOTE "54" 
54
  Finally, the lipid mediators of inflammation were primarily evaluated in the present evidence collection; and, nonsignificant results regarding TNF-α were obtained from a pediatric study.�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03138"Hodge, Salome, et al. 1998 138 /id\00"\00  QUOTE "52" 
52
  

One of this report’s peer reviewers highlighted a very recently published study that, because of its late arrival, could not be systematically reviewed in the present review.  Nevertheless, it is summarized here because it identified another exposure that might prove interesting in future studies of the impact of omega-3 fatty acids on leukotriene biosynthesis.  In a three arm trial, 43 adults with mild to moderate, atopic asthma were randomized to receive, for 4 weeks, either 10 g of an emulsion containing 0.75 GLA and 0.5 g EPA, 15 g of this emulsion (1.13 g GLA and 0.75 g EPA), or, an olive oil placebo.�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041379'Surette, Koumenis, et al. 2003 1379 /id\00'\00  QUOTE "87" 
87
  Results indicated a significant increase in plasma levels of EPA, DHA, dihommogamma-linolenic acid, and GLA; and, relative to placebo, stimulated whole blood LTB4 biosynthesis decreased significantly in both active study arms.  What is interesting is that GLA and EPA derive from different “parent” PUFAs.

It may also be too soon to conclude with respect to asthma, that omega-3 fatty acid supplementation is a better primary prevention than a therapeutic.  While the results exclusively with children suggest a protective role, the studies involving adolescents do not.  However, the failure to distinguish consumption data by type of fish in one study,�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0219%Takemura, Sakurai, et al. 2002 19 /id\00%\00  QUOTE "76" 
76
 and the very small sample in the other,�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0243\1EHuang, Lin, et al. 2001 43 /id\00\1E\00  QUOTE "48" 
48
 might account for the positive associations of fish intake and asthma prevalence for adolescents.  The adult study�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03239$Troisi, Willett, et al. 1995 239 /id\00$\00  QUOTE "75" 
75
 found no relationship, but this study also did not distinguish by fish type in the same way that one pediatric study had, for example.�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03205"Hodge, Salome, et al. 1996 205 /id\00"\00  QUOTE "77" 
77
  Interestingly enough, the other study involving children likewise did not draw such distinctions, yet it still reported a significant negative correlation between fish intake and asthma prevalence.�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041203$Satomi, Minowa, et al. 1994 1203 /id\00$\00  QUOTE "78" 
78
  The reason for this result is unknown.  Unfortunately, none of the studies reported having guesstimated the omega-3 fatty acid content of their subjects’ exposures.  What remains to be seen is whether or not the speculation that the capacity to alter risk may be inversely related to age is supported by future research.  What appears certain is that a strong assessment of the possible protective role of omega-3 fatty acids in early childhood is currently underway.�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041326%Mihrshahi, Peat, et al. 2003 1326 /id\00%\00  QUOTE "51" 
51

Two additional, recently published studies were pointed out by the above-noted peer reviewer.  While they also arrived too late to be systematically reviewed, their key observations are likely worth mentioning.  Nafstad et al. prospectively evaluated a cohort of Norwegian children and found that an inverse relationship between the early dietary intake of (any) fish (i.e., in the first 12 months of life) and the risk of asthma at age 4 years (n = 2,531) was only statistically significant in the bivariate analysis.�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041380%Nafstad, Nystad, et al. 2003 1380 /id\00%\00  QUOTE "88" 
88
  Adjusting for many factors such as parental atopy and respiratory tract infections, multivariate analysis did not reveal a statistically significant association.  This appears to confirm the collective observation from the aforementioned primary prevention studies with children.  Finally, Woods et al.’s adjusted and unadjusted analyses demonstrated a lack of association in young Australian adults (aged 20-44 years; n = 1,601) between fish intake (types undefined) and asthma risk.�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041381$Woods, Walters, et al. 2003 1381 /id\00$\00  QUOTE "89" 
89
  This seems to confirm Troisi et al.’s finding from the Nurses study.�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03239$Troisi, Willett, et al. 1995 239 /id\00$\00  QUOTE "75" 
75
  Since neither of these studies was systematically reviewed, their key findings must be taken with caution.
It may turn out that the most profound protective effect requires the incorporation of omega-3 fatty acids in one’s weekly diet beginning early in life.  It may also be found that the propensity for eating fish starting early in life is naturally associated with a lesser intake of foods rich in omega-6 fatty acids.  Yet, as children age, and with the increasing influence of a less balanced intake of omega-3 and omega-6 fatty acids, the possibility for protection against asthma diminishes.  Eventually, it may be observed that different ratios, or balances, of omega-6/omega-3 intake increase and decrease the risk of asthma.�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0213\1CMermer & Mercola 2002 13 /id\00\1C\00  QUOTE "84" 
84
  The possible protective effect of non-marine sources (e.g., ALA) may be a question worth exploring as well.  

Other studies have looked at the possible protective effects of dietary fish intake, yet each was excluded from the review because, instead of evaluating its relationship to asthma, it assessed possible associations with respiratory symptoms (wheeze, bronchitis)�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03385\1DSchwartz & Weiss 1990 385 /id\00\1D\00  QUOTE "90" 
90
 or FEV1 in adults over 29 years of age,�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03251\1DSchwartz & Weiss 1994 251 /id\00\1D\00  QUOTE "91" 
91
 respiratory symptoms (e.g., wheeze) in children 7 to 11 years of age�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041305'Antova, Pattenden, et al. 2003 1305 /id\00'\00  QUOTE "92" 
92
 or adults 20 to 44 years of age,�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03124#Fluge, Omenaas, et al. 1998 124 /id\00#\00  QUOTE "93" 
93
 and, bronchial hyper-responsiveness in children and adults.�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041372"Peat, Salome, et al. 1992 1372 /id\00"\00  QUOTE "94" 
94
  A final study was excluded because it did not specifically evaluate the possible impact of omega-3 fatty acids in their assessment of the relationship of dietary PUFA intake and asthma risk.�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041334 Haby, Peat, et al. 2001 1334 /id\00 \00  QUOTE "95" 
95
  

Research Implications and Possibilities

The research implications of the present findings are likely singular in pointing out the need for more research to address the questions of treatment and prevention.  It is unlikely that attempts to try and explain the inconsistent results concerning treatment will ever yield a definitive answer to the question of efficacy.  Moreover, such an attempt may be irrelevant if one of the key concerns is finding out whether omega-3 fatty acid supplementation can serve as an efficacious therapeutic for North American children and adults.  Almost none of the included studies involved such populations with asthma.  Asthma is an important health care problem, and it might be wise to plan some next research steps.  

That there are no studies of secondary prevention may say as much about the difficulties inherent in planning a longterm study to evaluate the impact of omega-3 fatty acid supplementation on the progression of asthma as in conducting it.  Such an undertaking presupposes knowing the exact nature and timing of the milestones (e.g., fundamental changes in respiratory functioning) marking the “natural progression” of asthma, and whose trajectory might be altered by omega-3 fatty acid supplementation (with or without modification of omega-6 fatty acid intake).  At this time, what is known about the natural progression of asthma needs to be fully appreciated to permit designing such a study.  On the other hand, the best test to date with respect to primary prevention is ongoing,�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041326%Mihrshahi, Peat, et al. 2003 1326 /id\00%\00  QUOTE "51" 
51
 and its results may be pivotal in identifying the dietary/lifestyle changes required to prevent the development of asthma in children at risk.  Early intervention may turn out to be the most cost-effective strategy.  

With respect to the subject of treatment, it may be useful to design a large, well-powered, multi-site RCT in North America comparing three study arms, and with stratification.  The study would follow the CONSORT guidelines for reporting so that study quality could be adequately appraised, and the results effectively compared with those highlighted by other studies.  Equal numbers of adult males and females would be randomized to receive controlled dosing (i.e., capsules) of fish oil (i.e., EPA/DHA), perilla seed oil (i.e., ALA), or controls (likely olive oil).  The goal would be to evaluate the absolute efficacy of each of the omega-3 fatty acid interventions (vs placebo), as well as their comparative efficacy.  

Appropriate methods to randomize participants as well as conceal these allocations would be employed.  Double-blinding may require strengthening by altering the taste of the oils (e.g., peppermint flavoring).�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041370#Damico, Stoll, et al. 2002 1370 /id\00#\00  QUOTE "96" 
96
  Capsules would be identical.  The investigators would need to be mindful of another key issue.  The identity of the exposure, including the exact types and amounts of omega-3 fatty acids, must be clearly known.  Different fish oils, or even the “same” fish oil from a single manufacturer across or within batches, may contain different ratios of EPA and DHA; and, if these fish oils vary in terms of their ratios of EPA to DHA, this is a possible confounder when the dose of omega-3 fatty acids is calculated as “EPA plus DHA.”  This calls for an in-depth assessment of the composition and purity of each exposure.  As well, the presence and nature of other active agents perhaps added to the oils would need to be established.  

Stratification would be by dose (high vs low), with the number and contents of capsules taken by all participants used to control the amount of oil/calorie intake.  Control oil would be added to active interventions, as needed, to produce the low dose.  Pilot testing could establish reasonable definitions of high and low doses especially for the perilla seed oil intervention.  Yet, whether the intervention contains perilla seed oil, or flaxseed oil, as others might recommend instead as a source of ALA, there remains an as yet unanswered question posed from the point of view of biology: given its status as a “parent” omega-3 fatty acid, and relative to EPA and DHA, could increased ALA intake possibly affect asthma? 
Half of the participants randomized to each arm would also have their background diet adjusted based on an assessment of their lifetime (assessed by decade) intake of omega-6 fatty acids, including patterns of preparing all foods.  The goal would be to establish a more balanced omega-6/omega-3 intake ratio.  Monthly assessments of dietary intake would be conducted.  The remaining half of participants would have their lifetime background diet assessed prior to the study and followed on a monthly basis.  A request would be made of this second group of participants to maintain their prestudy diet across the study.  A panel of experts could determine the appropriate definition of the modified omega-6/omega-3 intake ratio as well as the length of the intervention period needed to observe a meaningful clinical effect.  Compliance for all participants would be monitored closely via monthly contacts.  Stratification by dose and diet would allow secondary questions to be investigated.

Unfortunately, there is no shortage of candidate participants for inclusion in such a study.  To qualify, each would have to receive a diagnosis of asthma following established professional criteria.  Data would be obtained concerning concomitants/triggers with the potential to influence asthma control (e.g., allergies), as well as the duration and severity of asthma determined via pre-established professional criteria.  The prestudy severity of each of the concomitants/triggers would be ascertained.  A judgment regarding how well the prestudy asthma is being controlled by medication could be derived.  Data concerning all prestudy asthma medications, and doses, would be collected and participants would be asked to maintain their prestudy regimen while on-study.  They would also be asked to notify the appropriate study liaison should their on-study asthma status change or their medication require modification.  A predetermined protocol would guide all decisions.  A clear indication of possible differences among study arms for asthma- and asthma medication-related variables would be established at baseline, although controlling experimentally for either of these variables might make the research design too complex.

It might also be easier to exclude adults who are current and ex-smokers, thereby excluding adults with possible COPD.  Otherwise, this would constitute another variable requiring control.  Excluded would be individuals exhibiting bleeding or clotting disorders.  The inclusion of equal numbers of males and females is suggested by the possibility that hormonally mediated genetic processes may make the male lung more susceptible to exposures, result in lung immaturity in utero, and yield a different picture of asthma than is observed in females.�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041373$Schwartz, Gold, et al. 1990 1373 /id\00$\00  QUOTE "97" 
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  Any parallel study of children would require distinguishing asthma and disorders of wheezing as well as weight-adjusting treatment doses, for example.

While multiple respiratory outcomes could be used, it is important to employ an established standard to assess pulmonary function. FEV1 is a likely candidate for primary outcome yet other objective measures (e.g., PEF; bronchodilator use; health care utilization), and even one subjective measure (e.g., functional status), might be appropriate.  Changes produced by supplementation would turn out to be respiratory outcome/function-dependent.  Modifications to medication use would also be measured, and this might indicate either worsening or improving asthma.  A panel of experts could determine the most pertinent ways to assess fatty acid compositions in tissue/plasma, as well as those mediators of inflammation that may be impacted by supplementation.  In the active treatment arms, identifying those who do and those who do not respond with the significantly increased suppression of LTC4 by leukocytes in response to omega-3 fatty acid supplementation may help predict those for whom the treatment does and does not produce some clinical benefit.�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\0260&Okamoto, Mitsunobu, et al. 2000 60 /id\00&\00  QUOTE "71" 
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The details of this or any other proposed study require consultation and collaboration.  Moreover, if there is a belief that there may be some asthma-related benefit associated with taking omega-3 fatty acid supplementation, then some might argue that only by randomizing North Americans will results be observed that exhibit the degree of applicability required to elucidate the treatment of asthma in this population.  Others might suggest that research also needs to be done to clearly ascertain whether or not North Americans and other populations vary sufficiently on any bases, including or beyond their patterns of omega-6/omega-3 fatty acid intake (e.g., cultural; racial-ethnic; environmental; genetic), to justify the above-noted divide when it comes to generalizing results.  And, if significant empirical differences are not observed, it may become untenable to suggest that results from studies of those living outside North America cannot be generalized to North Americans.  Still others might argue that, given the methodologic problems observed with respect to the present evidence base, it is more important at this point in time to conduct small, inexpensive trials to further clarify the mechanisms responsible for the putative beneficial effect of omega-3 fatty acids in asthma while also determining key data such as “the appropriate dose” required to yield reliable effects.
Limitations of the Review

The assessment of RCT quality was conducted using validated instruments; and, notwithstanding the uniformly “unclear” status of studies’ handling of the concealment of allocation, the grades indicated good quality.  However, in exclusively utilizing the four constructs provided by the Jadad and Schulz instruments, this review missed an opportunity to find that, using other constructs, the quality of the present collection of RCTs was actually low.  If one were to measure quality in terms of each study’s reporting of having controlled for confounders discussed previously (e.g., lack of cross-arm equivalence in asthma medication users and doses), most of the studies would have received a grade of “unclear” or “inadequate.”  A failure to explicitly address the issues raised by these possible threats to internal validity means their confounding influences in the studies cannot be ruled out.  

A similarly restricted definition of study quality likely characterized assessments of studies using designs other than an RCT.  While the Downs and Black instrument from which the five items were selected, is a validated instrument, the fact that these typically small studies with many methodological limitations received a mean score likely indicating good quality is misleading.  As with the evaluation of RCTs, a more comprehensive quality assessment of these other study designs (e.g., inadequate reporting of how, and if, asthma medication changed in a cohort across a study) likely would have yielded a very different picture.  That this tool was insensitive to certain key quality issues required that this review’s authors discuss these issues in considerable detail.  

It is conceivable that identifying the country in which a study was conducted may have been all that was needed to assign an applicability rating, and may account for the observation that, on only one of 26 occasions did the independent assessors disagree.  Nevertheless, the two applicability tools developed for the purposes of this review were never validated.  More work is required to validate the assessment of this construct in systematic reviews.

Finally, while one publication reporting data from the NHANES II survey was captured and excluded because asthma per se had not been investigated,�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\03385\1DSchwartz & Weiss 1990 385 /id\00\1D\00  QUOTE "90" 
90
 another publication referring to results of this same, large study was missed when electronic and manual searches were conducted for this review.�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041373$Schwartz, Gold, et al. 1990 1373 /id\00$\00  QUOTE "97" 
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  It was discovered only after the present qualitative synthesis had been completed.  Considered evidence pertaining to primary prevention, this study revealed that, after adjusting for age, gender, and race, fish intake (undefined fish types) in proportions per week for American children ages six months to eleven years of age neither predicted asthma nor wheeze.�\16õw€gü\01N\16õw¨\07ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041373$Schwartz, Gold, et al. 1990 1373 /id\00$\00  QUOTE "97" 
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  This finding contradicts the picture of a protective effect seen for Australian and Japanese children. QUOTE "77,78" 
77,78
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  Yet, it is consistent with the findings from the other American primary prevention study, which likewise reported a nonsignificant association between fish intake (undefined fish types) and asthma prevalence in adult nurses.  The difference between the findings of this pediatric study and the others reported earlier QUOTE "77,78" 
77,78

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00ID:\5CDocuments and Settings\5CIsabella\5CMy Documents\5CCHEO\5CFinal w-3 asthma-IS2\03\00\041203$Satomi, Minowa, et al. 1994 1203 /id\00$\00 
 may be related to sampling methods or the possibility that the American diet contains enough omega-6 fatty acid content to offset the benefits of eating fish, even in children. 

Conclusion

The present findings suggest that, with omega-3 fatty acid supplementation intended to influence asthma, there is little probability of harm beyond occasional mild discomfort.  The most frequent troublesome events were produced by the delivery of the oils by large numbers and sizes of capsule.  On the other hand, the lack of sufficiently consistent evidence, as well as a paucity of evidence from well-designed, well-conducted and adequately powered studies, suggests that no definitive conclusion can yet be drawn regarding the efficacy of omega-3 fatty acid supplementation as a treatment for asthma in children or adults.  Likewise, nothing specific can be concluded regarding the role of specific sources, types or doses of omega-3 fatty acid content in producing significant clinical effects.  One possible explanation for the inconsistent findings is the heterogeneity in definitions of settings, populations, interventions/exposures, and the types and doses of asthma medication.  To afford generalizability to adult and pediatric populations of North American asthmatic, or to those at risk, some research may need to be conducted on this continent.  The present review highlighted some of the methodological issues worth considering in treatment RCTs.  An interesting hypothesis requiring investigation relates to the possible asthma-related benefits associated with actively decreasing levels of omega-6 fatty acid intake concurrent with increasing the intake of omega-3 fatty acids.  

Having too few well-designed studies with which to adequately address this question means that nothing definitive can be said about the influence of omega-3 fatty acids on those mediators of inflammation thought to be implicated in the pathogenesis of asthma, or about the actual role played by these mediators in asthma.  More research is required.  

No studies were identified which investigated the potential of omega-3 fatty acids as secondary prevention.  Primary prevention attempts were found, again without unanimity in their findings.  While two studies of children outside North America noted a protective effect of dietary fish intake for asthma, one recently identified American study reported no benefit.  Moreover, studies outside North America and primarily including adolescents found that dietary fish intake actually increased the risk of asthma.  The only study involving adults found no relationship between these variables.  However, these studies employed varying sampling methods and definitions of both the frequency of fish intake and, fish types.  Likely the most promising attempt to use omega-3 fatty acids as primary prevention involves a large, ongoing RCT of expectant mothers whose children at risk for asthma are being followed for five years.  To date, 18-month, interim analysis data are too unreliable given the difficulties in diagnosing asthma in children this young.

At this point in time, aside from an acceptable safety profile, it is impossible to definitively conclude anything with respect to the value of using omega-3 fatty acid supplementation in asthma for adults or children either in or beyond North America.
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