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Abstract

EDITORIAL

In the Paleolithic era 40,000 years ago (1), the hunter-
gatherers foods were rich in long chain Omega-3 fatty acids
with an estimated ratio of 1:1 of Omega-6 to Omega-3 fatty
acids (2). In the Neolithic era 10,000 years ago animals were
domesticated and farms grew various crops rich in Omega-6
fatty acids relative to Omega-3 fatty acids. This changed the
intake of Omega-6/0Omega-3 fatty acid ratio from 1:1 to
anywhere from 15:1 to 50:1 in the modern era. Currently,
the mortality rate from cardiovascular disease is estimated
to be about 45/1000 population in Europe and the U.S. (2).
In contrast, the Inuit from Greenland and Alaska have an
estimated cardiovascular mortality of about 7/1000
population and still maintain a diet with an Omega-6 to
Omega-3 ratio of 1:1 (2). The high Omega-3 level in the
Innuit diet is felt to be secondary to a high fish and seafood
intake. This striking data has spawned many studies to try to
explain the fatty acid content of the diet in relation to
cardiovascular disease and health. It appears that as a general
concept the Western diet that is high in Omega-6 fatty acids
and low in Omega-3 fatty acids promotes inflammation,
atherosclerosis, and subsequent cardiovascular disease (2,3).
Moving back to a diet rich in Omega-3 fatty acids with less
Omega-6 fatty acids with a reduction in Omega-6 to
Omega-3 ratio closer to one appears to lower secondary (4,5)
and primary cardiovascular events in subjects at high risk
(6).

Similar to cardiovascular disease, the Inuit have shown a low
prevalence of asthma (7) and inflammatory markers as
measured by C-reative protein (low) and high red blood cell
markers for the presence of long chain Omega-3 fatty acids
(8,9). This has prompted study of the possible effects of
Omega-3 fatty acids in asthma, a chronic inflammatory
disease of the airways. An association between low dietary

intake of long chain Omega-3 fatty acids (OR 1.65, 95%
C.I;; 1.18 to 2.39) versus higher intake and asthma in
adolescents has been suggested in a cross-sectional study,
although causality cannot be determined (10,11). When
comparing Omega-3/Omega-6 ratios of polyunsaturated
fatty acids (PUFA) in plasma and erythrocyte membranes as
a surrogate for intake, PUFA ratios were significantly lower
in asthmatics relative to healthy controls (12). Subdividing
asthmatics by Omega-3/Omega-6 ratios of PUFA revealed
higher exhaled nitric oxide (eNO) in asthmatics with low
versus high ratios (12). When feeding house dust mite
allergen sensitive asthmatics 0.7 gms/day of Omega-3 PUFA
versus placebo for 5 weeks, there was a significant drop in
eNO and in vitro cysteinyl leukotriene release in the
Omega-3 PUFA diet group of asthmatics relative to regular
diet asthmatics (13). Finally, one prospective cohort study
followed those from age 18-30 at baseline and found an
inverse association between intake of Omega-3 fatty acids
and incident asthma (14). The adjusted hazard ratio for the
highest versus lowest quintile of Omega-3 fatty acid intake
was 0.46 (95% C.1.; 0.33 to 0.64). This protective effect was
slightly attenuated in those on a high Omega-6 fatty acid diet
(14).

Exercise challenge to precipitate c in relation to dietary fish
oil supplements (long chain Omega-3 fatty acids) has been
evaluated in at least three studies (15,16,17). The first study
evaluated elite athletes who only had asthma secondary to
exercise (15). The three week diet consisted of 3.2 g of
eicosapentaenoic acid (EPA) and 2.2 g of docosahexaenoic
acid (DHA) compared to a regular diet for three weeks. The
results clearly showed less of a reduction in 15 minute post-
exercise FEV1 back to the normal range with Omega-3
supplements compared to the placebo or normal diet. In
addition, leukotrienes E4 and B4, tumour necrosis factor,
interleukin-1beta, and 9 alpha, 11Beta prostaglandin F2 were
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all reduced after exercise on the Omega-3 diet (15). Finally,
the neutrophil lipid content of EPA increased in the
Omega-3 diet and the arachidonic acid (AA) and linoleic
content significantly decreased, relative to the normal diet.
This provided evidence of compliance with diet, the speed
with which lipid membranes can be changed with diet (3
weeks) and manifest a change in clinical response from
baseline (3 weeks), and reveal rapid interactions with other
lipids (15). A second study by the same authors found
similar findings with subjects who were both known
asthmatics and also had exercise-induced asthma (16). A
third study in primarily mild asthmatics with exercise-
induced asthma compared montelukast 10 mg daily versus a
fish oil diet of EPA 3.2 g daily and DHA 2 g daily for 3
weeks (17). The outcome was prevention of exercise-
induced bronchospasm as measured by eucapnic voluntary
hyperventilation (EVH) after 3 weeks of treatment. Both the
montelukast and a fish oil diet improved EVH-induced
bronchospasm to a similar extent from baseline. Combining
both treatments for 3 weeks gave no additive benefits
compared with each individual treatment. In addition, all
three treatments reduced eNO compared to baseline and the
fish oil diet reduced urinary markers of inflammation after
EVH stimulation. Finally, compared to baseline,
bronchodilator use was reduced in all subjects on any
treatment.

The current study compared the long chain Omega-3 fatty
acid DHA 4 g daily versus placebo for three weeks to
determine the effect of DHA without EPA (18). No effects
were found compared to placebo in relation to improvement
in EVH induced bronchospasm, expired breath condensate
(EBC) pH, or EBC 8-isoprostane or protectin D1
concentrations. This is in contrast to the same authors
previous studies using both EPA and DHA combined
(15,16,17). Using the combination long chain fish oils
resulted in a clear reduction in bronchospasm as measured
by exercise (15,16) or EVH (used as a proxy for exercise,17)
compared to a regular diet without fish oils.

One weakness of the current study was related to having no
objective evidence that the subjects actually took the fish oil
(18). Food frequency questionnaires, although validated, are
not as certain as biochemical measurements of compliance.
Pill counts to determine compliance do not prove that
subjects actually ingested what was prescribed. In addition,
EBC values were not different between groups which could
simply reflect that DHA does not change values and EPA is
also needed. It could also mean that subjects were not
compliant with the treatment prescribed. Another weakness

of the study was the very small sample size. Based on
previous studies the authors did calculate the sample size
needed to find a difference if one was present and they
evidently had an 80% power to detect a difference.
However, the sample size was very small making individual
variation between subjects a possible reason for not
detecting a difference if one was present. A third weakness
of the study might be the length of the study, only three
weeks. The time course of DHA concentrations in different
cell compartments can vary up to 1-6 months which might
mean even if there were effects, treatment might need to be
extended a bit longer (19). Therefore, there is some
uncertainty related to the findings of this study (18).
Conversely, the authors in previous studies have had
objective evidence of ingestion of fish oil which was
convincing (15,16,17). The previous studies also
demonstrated a reduction in inflammatory markers and
resolution of exercise-induced asthma with the combination
of the two major long chain Omega-3 fish oils used, both
EPA and DHA (15,16,17). These previous studies give the
authors credibility in carrying out these studies and a sense
this study may be correct.

Assuming the subjects were compliant with the DHA fish oil
and the lack of benefit of DHA is present, this clearly shows
in a short study that all fish oils are not created equal in
relation to exercise-induced asthma. Although the
conversion rate of DHA to EPA is up to 12% (20), this
evidently was not enough to replenish EPA stores to act to
improve exercise-induced asthma (18). Either EPA alone or
EPA with DHA appears to be needed to improve exercise-
induced asthma. If EPA alone is given, there is neglible
conversion of EPA to DHA when given as a supplement
(19,21). This means EPA supplements, if effective in
preventing exercise-induced asthma would be without DHA
influence. However, since there are many other beneficial
effects of DHA it would still be prudent to give both EPA
and DHA together if taken as a supplement.

If one believes that Omega-3 fatty acids are healthy and
should be in one’s diet, what would be some recommended
minimal requirement? It is generally felt that the long chain
Omega-3 fatty acids EPA and DHA cannot be synthesized
effectively from dietary alpha-linolenic acid, with a rate of
conversion of 5-10% and 2-5% in humans, respectively (22).
Therefore, exogenous intake is required. A NIH working
group suggested a minimal intake of a combination of EPA
and DHA of at least 650 mg/day (22), which can be easily
obtained from only 1200 mg fish oil tablet daily. If one is
eating fish, a reasonable dose of nonfried fish intake would
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be eating fish approximately twice per week to increase EPA
and DHA to desired levels (23). Since frying fish may
reduce the content of Omega-3 fatty acids, nonfried fish is
preferred (23).

The NIH has listed at least three conditions where long chain
Omega-3 fatty acids (fish or fish oil tablets) are highly
recommended to improve health: high blood pressure
reduction, secondary cardiovascular disease, and
hypertriglyceridemia. There are more than 20 other
conditions that have suggestive evidence to improve one’s
health. In addition, new studies continue to pour out of the
literature suggesting improvements in health when taking the
long chain Omega-3 combination EPA and DHA (24). When
it comes to fatty acid intake and nutrition, it appears that
moving back in time to the Paleolithic era would be
reasonable.

References

1. Eaton SB, Konner M. Paleolithic nutrition: a
consideration of its nature and current implications. N Eng J
Med 1985;312:283-289.

2. Simopoulos AP. Evolutionary aspects of diet, essential
fatty acids and cardiovascular disease. Eur Heart J
Supplements 2001;3(Suppl D):D8-D21).

3. Calder PC. Polyunsaturated fatty acids and inflammatory
processes: new twists in an old tale. Biochimie
2009;91:751-795.

4. Burr ML, Fehily AM, Gilbert JF, et al. Effect of changes
in fat, fish, and fibre intakes on death and myocardial
reinfarction trial (DART). Lancet 1989;2:757-761.

5. De Lovgeril M, Renaud S, Mamelle N, et. al.
Mediterranean alpha-linolenic acid-rich diet in secondary
prevention of coronary heart disease. Lancet
1994;343:1454-1459.

6. Estrush R, Ros E, Salas-Salvado J, et. al. Primary
prevention of cardiovascular disease with a Mediterranean
diet. N Eng J Med 2013; February.

7. Horrobin DF. Low prevalence of coronary heart disease,
psoriasis, asthma, and rheumatoid arthritis in Eskimos: are
they caused by high dietary intake of EPA, a genetic
variation of essential fatty acid metabolism or a combination
of both? Medical Hypothesis 1987;22:421-428.

8. Makhoul Z, Kristal AR, Gulati R, Luick B, Bersamin A,
Boyer B, Mohatt GV. Associations of very high intakes of
eicosapentanoic and docosanexanoic acids with biomarkers
of chronic disease risk among Yup’ik Eskimos. Am J Clin
Nutr 2010;91:777-785.

9. Makhoul Z, Kristal AR, Gulati R, et. al. Associations of
obesity with triglycerides and C-reactive protein are
attenuated in adults with high red blood cell
eicosapentaenoic and docosahexaenoic acids. Eur J Clin Nut
2011;65:808-817.

10. Burns JS, Dockery DW, Neas LM, Schwartz J, et. al.

Low dietary nutrient intakes and respiratory health in
adolescents. Chest 2007;132:238-245.

11. Rothman KE. What is causation? In: Rothman KE. Ed.
Epidemiology: An Introduction, 2nd Edition. New York,
NY: Oxford Univ. Press, 2012; 23-37.

12. Kitz R, Rose MA, Schubert R, Beermann C, et. al.
Omega-3 polyunsaturated fatty acids and bronchial
inflammation in grass pollen allergy after allergen challenge.
Resp Med 2010;104:1793-1798.

13. Schubert R, Kitz R, Beermann C, et. al. Effect of n-3
polyunsaturated fatty acids in asthma after low-dose allergen
challenge. Allergy Immunology 2009;148:321-329.

14. LiJ, Xun P, Zamora D, et. Al. Intakes of long-chain
omega-3 (n-3) PUFAs and fish in relation to incidence of
asthma among American adults: the CARDIA study. Am J
Clin Nutr 2013;97:173-178.

15. Mickleborough TD, Murry RL, Ionescu AA, Lindley
MR. Fish oil supplementation reduces severity of exercise-
induced bronchoconstriction in Elite athletes. Am J Respir
Crit Care Med 2003;168:1181-1189.

16. Michleborough TD, Lindley MR, Ionescu AA, Fly AD.
Protective effect of fish oil supplementation on exercise-
induced bronchoconstriction in asthma. Chest
2006;129:39-49.

17. Tecklenburg-Lund, S, Mickleborough TD, Turner LA,
Fly AD, Stager JM, Montgomery GS. Randomized
controlled trial of fish oil and montelukast and their
combination on airway inflammation and hyperpnea-induced
bronchoconstriction. PLoS ONE 5(10):e13487.

18. S K Head, T D Mickleborough. Randomized Cross-Over
Controlled Pilot Study of Docosahexaenoic Acid
Supplementation on Airway Inflammation and Hyperpnea-
Induced Bronchoconstriction in Adults with Asthma. The
Internet Journal of Asthma, Allergy and Immunology. 2013
Volume 9 Number 1. http://ispub.com/IJAAI/9/1/1573

19. Arterburn LM, Hall EB, Oken H. Distribution,
interconversion, and dose response of n-3 fatty acids in
humans. Am J Clin Nutr 2006;83(suppl):1467S-1476S.

20. Conquer JA, Holum BJ. Supplementation with an algae
source of docosahexaenoic acid increases (n-3) fatty acid
status and alters selected risk factors for heart disease in
vegetarian subjects. J Nutr 1996;128:3032-3039.

21. Grimsgaard S, Bonaa KH, Hansen JB, Nordey A. Highly
purified eicosapentaenoic acid and docosahexaenoic acid in
humans have similar triacylglycerol-lowering effects but
divergent effects on serum fatty acids. Am J Clin Nutr
1997;66:649-659.

22. David BC, Kris-Etherton PM. Achieving optimal
essential fatty acid status in vegetarians: current knowledge
and practical implications. Am J Clin Nutr
2003;78(suppl):640S-646S.

23. Hyoju C, Nettleton JA, Lemaire RN, Barr RG, Tsai MY,
Tracy RP, Siscovick DS. Frequency and type of seafood
consumed influence plasma (n-3) fatty acid concentrations. J
Nutr 2008;138:2422-2427.

24. Skulas-Ray AC, Kris-Etherton PM, Harris WS, West
SG. Effects of marine-derived omega-3 fatty acids on
systemic hemodynamics at rest and during stress: a dose-
response study. Ann Behav Med 2012;44:301-308.

3of4



Omega-3 Supplementation And Exercise-Induced Asthma: Not All Fish Oils Are Created Equal

Author Information

Gene R. Pesola, MD, MPH

Section of Pulmonary Disease, Harlem Hospital/Columbia University and the Mailman School of Public Health
(Epidemiology)

New York N.Y., USA

Femi Lawal, MD

Section of Pulmonary Disease, Harlem Hospital/Columbia University and the Mailman School of Public Health
(Epidemiology)

New York N.Y., USA

40f4



