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Abstract

Background:  Fish oil supplementation has been shown to attenuate hyperpnea- and exercise-induced bronchoconstriction.  In
vitro studies suggest that the omega-3 polyunsaturated fatty acid docosahexaenoic acid (DHA), rather than eicosapentaenoic
acid, may be the potent component of fish oil. 
Objective: Therefore, the main aim of this study was to determine whether DHA supplementation can attenuate hyperpnea-
induced bronchoconstriction (HIB) and airway inflammation in adults with asthma compared to placebo. 
Methods:  Nine subjects (aged 18-30 years) with asthma and HIB participated in a randomized, double-blind, placebo-controlled
crossover trial where they received either 4.0 g of DHA or placebo capsules for 3 weeks.  Following a 2-week washout phase,
subjects then received the opposite supplement for 3 weeks.  Subjects were tested in a laboratory following an initial 2-week
run-in phase and after each supplementation phase.  Each time, bronchoprovocation was elicited with eucapnic voluntary
hyperventilation (EVH), a surrogate for an exercise challenge.  Prior to and following the EVH challenge, pulmonary function,
exhaled breath condensate (EBC) pH, and  EBC concentrations of 8-isoprostane and the DHA metabolites 17S-
hydroxydocosahexaenoic acid and protectin D1 were measured.  This study was registered at clinicaltrials.gov (study #
NCT01200446).
Results:  Nine subjects completed the crossover design protocol without any adverse effects. There were no significant changes
(p > 0.05) in any variables measured (i.e., percent change in forced expiratory volume-1-sec, EBC pH, 8-isoprostane, protectin
D1 and 17S-hydroxydocosahexaenoic acid) among the pre-supplementation, placebo, and DHA tests.  The effect size (ω2) for
the maximum percent change in FEV1 was 0.08.
Conclusion:  The data indicate that supplementation with 4.0 g of DHA for 3 weeks does not attenuate HIB or airway
inflammation in asthmatic subjects compared to baseline or placebo.  Variations in study design, including time course, dose,
and route of administration, should be conducted to further address DHA’s role as a potential treatment for HIB.

INTRODUCTION

The Center for Disease Control recently reported that 8.2%
of the United States population has asthma [1].  Exercise-
induced bronchoconstriction (EIB) is an important
complication of this chronic inflammatory disease of the
airways as patients with asthma often report limitations in
their physical activity [2].  Moreover, EIB is an indication
that a patient’s current asthma treatment may be inadequate
[3].  As nearly a third of the estimated $19.7 billion in direct
and indirect healthcare costs for asthma in 2007 stemmed
from prescription medications [4], there is a growing interest
in non-pharmacological alternatives to treat this condition.

A nutritional approach is an appealing alternative as the
prevalence of asthma has been linked to societal changes in
diet [5].  Moreover, dietary supplement use is already
popular in both the general and asthmatic populations, for
according to a recent National Health and Nutrition
Examination Survey, approximately 50% of people in both
of these populations reported "dietary supplement use in the
last 30 days." [6].  It is thus important to study these
nutritional supplements and their effect on asthma in order to
form a scientific basis upon which clinicians can recommend
their proper and safe use.
  Omega-3 polyunsaturated fatty acid (PUFA)
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supplementation is used by 6.7% of asthmatics as nutritional
therapy [6].  The omega-3 PUFAs eicosapentaenoic acid
(EPA) and docosahexaenoic (DHA) are the primary
components of fish oil.  Previous research has shown that
supplementation with fish oil (3.2 g EPA and 2.0-2.2 g DHA
per day for 3 weeks) reduces airway inflammation and EIB
in elite athletes without asthma [7] and in adults with asthma
[8,9].  The mechanism of action of the omega-3 PUFAs is
thought to involve decreasing the availability of the more
pro-inflammatory omega-6 PUFA- derived metabolites (i.e.,
4-series leukotrienes and 2-series prostanoids) through
competition for common enzymes [5]. 
The optimal fish oil formula, dose, and duration of treatment
used for alleviating EIB has yet to be determined; this is
partly due to the fact that there is no consensus as to which
component of fish oil, EPA or DHA, is the more potent
contributor to the positive effects seen with supplementation
in asthma or EIB [10].  Although there have been several in
vivo studies in humans and mice [10,11] as well as in vitro
studies on human macrophage cells [12,13] comparing the
anti-inflammatory effects of EPA and DHA, the existing
research primarily focuses on markers of inflammation and
immune function, not airway responsiveness.  This is a
notable shortcoming since airway responsiveness is
clinically important for patients with asthma.
  Studies by Serhan et al. [14] and Levy et al. [15] provide
the principle support for DHA as the more potent contributor
of fish oil.  Serhan et al. [14] demonstrated that a metabolite
of DHA, named protectin D1, can actively resolve
inflammation by reducing pro-inflammatory signaling. 
Applying this mechanism to in vivo murine studies, Levy et
al. [15] have shown that injecting mice with protectin D1
decreased subsequent bronchoconstriction during a
methacholine challenge.  Furthermore, adding DHA to the
homogenized murine lung tissue ex vivo yielded a
significant increase in the protectin D1 concentration, which
suggests that DHA can be converted to its anti-inflammatory
metabolite by the respiratory tissues [15].  In addition, it was
shown that during an asthma attack, patients had
significantly lower levels of protectin D1 in exhaled breath
condensate as compared to healthy individuals [15].  Based
on these findings [14,15], it is therefore important to
determine whether asthmatics taking DHA supplements 1)
increase their exhaled breath condensate concentration of
protectin D1 and 2) experience less bronchoconstriction
upon provocation.
  Therefore, the main aim of this study was to determine the
effect of DHA supplementation on hyperpnea-induced

bronchoconstriction (HIB) and airway inflammation in
adults with asthma.  We hypothesized that DHA
supplementation would attenuate HIB and airway
inflammation in asthmatic individuals compared to placebo.

MATERIALS AND METHODS

Ethics Statement.  This study was approved by the Indiana
University Institutional Review Board (protocol #
1005001346) and was registered as a clinical trial with
clinicaltrials.gov (study # NCT01200446).  All testing
occurred in the Human Performance Laboratory at Indiana
University in Bloomington, IN.  All subjects gave their
written informed consent before enrolling in the study. 
Subjects.  Nine subjects (6 male, 3 female) between the ages
of 18-30 years with physician-diagnosed asthma and EIB
were recruited from a university setting.  Mild to moderate
asthmatics were included based on their pulmonary function
in response to a eucapnic voluntary hyperventilation (EVH)
challenge at the first laboratory test.  Each subject’s forced
expiratory volume in one second (FEV1) was measured at
rest and following EVH, a surrogate exercise challenge used
to diagnose EIB [16].  Subjects who demonstrated a 10-50%
change in their FEV1 from pre- to post-EVH challenge were
classified as mildly to moderately asthmatic and permitted to
continue in the study.  All subjects were allowed to continue
to use their prescribed short-acting β2-agonist (albuterol)
throughout the study except for in the six hours before they
reported to the laboratory for testing.  No other prescribed
maintenance medications for asthma were allowed during
the study.  This required one subject to stop taking his
maintenance medication (fluticasone propionate and
salmeterol) with the written permission of his physician for
four weeks prior to beginning the study [8].  Exclusion
criteria included current fish oil supplementation, pregnancy,
or a history of seizures, diabetes, hypertension,
hyperlipidemia, bleeding disorders, or delayed clotting time. 
Subjects were asked to limit their fish consumption to one
meal per week throughout the course of the study.  Healthy,
non-asthmatic subjects were not recruited to this study to act
as a control group; it has been demonstrated that fish oil
supplementation does not significantly change pulmonary
function or inflammatory mediators in individuals without
asthma or EIB [7].
  Study Design.  This study was conducted as a randomized,
double-blind, placebo-controlled crossover trial where
subjects received either active capsules containing 4.0 g of
DHA (Martek Biosciences Corporation, Columbia, MD) (n
= 4) or placebo capsules containing a corn and soy oil blend
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(n = 5) every day for 3 weeks.  Following a 2-week washout
period, subjects who were given placebo capsules received
active DHA capsules and subjects who were given active
DHA capsules received placebo capsules for 3 weeks.
  Subjects were enrolled while on their normal diet.  The
order of supplementation was randomly assigned with the
use of a computerized random number generator
(http://www.randomizer.org/form.htm).  The randomization
sequence was created using a fixed random block size of two
to correspond to the two treatments (i.e. active and
placebo).   Sealed pill bottles labeled with one of two
material numbers were provided.  Data collection and initial
data analysis was completed before the principle investigator
was informed which material number corresponded to each
treatment.  The active and placebo capsules were identical in
appearance so that subjects were not aware of which
treatment they received.
  At each laboratory visit, subjects completed the same series
of tests.  They reported to the laboratory having abstained
from exercise for 24 hours, caffeine for 8 hours, and their
short-acting β2-agonist for 6 hours [9].  Before and after
bronchoprovocation with EVH, inflammatory markers and
pulmonary function were evaluated.  Food frequency
questionnaires were employed to assess changes in diet
between phases of the study.  Compliance with
supplementation was determined through pill counts of the
bottles returned by each subject at the second and third
laboratory visits.
  Eucapnic Voluntary Hyperventilation. Bronchoprovocation
was elicited using an EVH challenge, which requires
subjects to breathe cold, dry air at a rapid rate.  While
wearing nose clips, subjects were asked to breathe through a
non-rebreathing two-way valve (Hans Rudolph, Inc., Kansas
City, MO) connected to a reservoir bag continually filled
with 21% oxygen, 5% carbon dioxide, and balance nitrogen
from a compressed gas tank containing less than 3 mg
H2O*L-1 air [9].  Subjects were instructed to breathe for 6
minutes at 85% of their maximal voluntary ventilation as
estimated by 30 times their resting FEV1 [16].  In order to
verify the ventilatory rate, a flow sensor measured
ventilation (Vmax 22 Metabolic Measurement Cart,
SensorMedics, Yorba Linda, CA) [17]. 
Pulmonary Function Tests.  Pulmonary function was
measured pre-EVH and post-EVH at 5, 10, 15, and 20
minutes using a calibrated computerized pneumotachograph
spirometer (Vmax 22 Metabolic Measurement Cart,
SensorMedics, Yorba Linda, CA) [9].  In accordance with
American Thoracic Society (ATS) recommendations, each

subject performed three acceptable spirograms, of which the
largest and second largest forced vital capacity (FVC) and
FEV1 values did not vary by more than 0.15 liters [18].  The
largest value of each was recorded.  EIB was defined as a
greater than 10% decrease in the post-EVH FEV1 from the
pre-EVH value [16].  Values for the forced expiratory flow
at 25-75% of the FVC (FEF25-75%) were recorded from the
trial with the greatest sum of FVC and FEV1 [18]. 
Exhaled Breath Condensate.  Exhaled breath condensate
(EBC) was collected from seven subjects (6 male, 1 female)
pre-EVH and post-EVH at 0-10 minutes [9] according to
ATS and European Respiratory Society recommendations
[19].  Subjects were instructed to breathe normally into a
non-rebreathing valve attached to a condensing chamber
(ECoScreen, Viasys Healthcare-Jaeger, Germany) for 10
minutes while wearing nose clips [9].  The pH of the non-
deaerated EBC was measured within 5 minutes of collection
(Orion 2 Star pH benchtop meter, ROSS™ Glass
Combination Micro pH electrode, Thermo Fisher Scientific,
Inc., Beverly, MA). 
  The EBC samples were then stored at -80 ˚C until liquid
chromatography analysis was performed.  Quantification of
the DHA metabolites 17S-hydroxydocosahexaenoic acid and
protectin D1, as well as the oxidative stress marker 8-
isoprostane, was performed using the QTRAP 4000
instrument (ABI Sciex, Foster City, CA).  The mobile phase
and gradient conditions were similar to those used by Lu et
al. [20]. 
Nutrient Intake.  The GSEL version of food frequency
questionnaires developed by the Nutrient Assessment Shared
Resource of the Fred Hutchinson Cancer Research Center
was used to evaluate subjects’ nutrient intake during the
study.  Subjects were asked to complete a questionnaire at
the end of each phase of the study referring to their diet
during the course of that particular phase.  Food frequency
questionnaires are a valid and reliable method of collecting
dietary data [21].
Data Analysis.  Data was analyzed with SPSS version 18.0
statistical software (SPSS Inc., Chicago, IL).  Repeated
measures ANOVA assessed differences among pre-
supplementation, placebo, and DHA supplementation values
at the laboratory tests as well as among the pre-
supplementation, placebo, DHA supplementation, and
washout phases for nutrient intake.  Mauchley’s test was
conducted to determine if sphericity was violated; if it was, a
Greenhouse-Geisser adjustment was applied.  When a
significant F-ratio was present (p ≤ 0.05), Tukey’s post-hoc
test was used to isolate differences in group means.  To
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determine the presence of a carry-over effect between the
two treatment periods, a 2 x 2 cross-over trial split-plot
ANOVA was conducted.  Significance was held at p ≤ 0.05
for all statistical tests.  The data is presented as mean and
their 95% confidence intervals (CI).
An a priori power analysis was conducted using data from a
previous study conducted in our laboratory to determine the
number of subjects needed for the present study [8].  Based
on the reported maximal post-exercise drop in FEV1 (L) in
asthmatics supplemented with fish oil, it was determined that
at least 3 subjects would be needed to achieve a power of
0.80.  Since this study used DHA only, which is a different
fish oil formula, we recruited additional subjects with
asthma.  After 9 subjects completed the protocol, initial data
analysis was performed to calculate the effect size and
determine whether to continue the study based on the
preliminary results.

RESULTS

Recruitment.  Subject recruitment and testing occurred
between October 2010 and January 2011.  Participant flow
through the study was as indicated in figure 1.  The
estimated number of subjects needed to show a significant
difference in the primary outcome measure was 3. 
Recruitment was suspended after 9 subjects completed the
protocol.  Initial data analysis was performed indicating that
there were no significant differences (p > 0.05) between the
two treatment arms in any of the dependent variables.  The
study was thus stopped at that time.  One subject who was
enrolled and randomized to receive a treatment was
immediately removed from the study since the initial
analysis showed that data from an additional subject would
not have altered the ability of the study to detect
significance.  This subject was not included in any data
analysis.  The material codes were then broken, and the
statistical analysis was completed.

Figure 1

Participant flow through the study.

Subjects.  There were no reported adverse effects with
supplementation.  According to the 2 x 2 cross-over design
split-plot ANOVA, there was not a significant carry-over
effect (p   = 0.76) between the two treatment periods.  The
subjects’ measurements at the pre-supplementation
laboratory visit were considered their baseline values (table
1).  The subjects’ resting pulmonary function was not
significantly different (p > 0.05) among the three laboratory
visits (table 2).

Table 1

Subject (baseline) characteristics.  Values are reported as
mean ± standard error of the mean (n = 9).  BMI, body mass
index; FEV1, forced expiratory volume in one second; FVC,
forced vital capacity
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Table 2

Resting pulmonary function.  Percent predicted values are
based on age, height, weight, and sex.  They are reported as
mean ± standard error of the mean (n = 9).  FVC, forced
vital capacity; FEV1, forced expiratory volume in one
second; FEF25-75%, forced expiratory flow at 25-75% of
the FVC; DHA, docosahexaenoic acid

Pulmonary Function.  Subjects were able to obtain between
68.8-88.7% of their individual MVV values at the initial
laboratory visit; each subject maintained the percent of his or
her MVV achieved at the initial laboratory test at their
subsequent laboratory tests.  At the pre-supplementation
laboratory test, the mean maximum drop in FEV1 following
the eucapnic voluntary hyperventilation (EVH) challenge
was 21.07%; 95% CI, -5.49 to 36.65% (n = 9).  At the
subsequent laboratory tests, the mean maximum drop in
FEV1 remained greater than the diagnostic threshold for
EIB; the mean maximum drop in FEV1 was not significantly
different (p  = 0.15, ω2 = 0.08) among the pre-
supplementation, placebo (17.20%; 95% CI, 2.03 to
36.43%), and DHA supplementation (17.27%; 95% CI, 4.66
to 39.20%) values for the 9 subjects (figure 2).  When
examined as a change in volume, there were no significant
differences (p = 0.48, ω2 = 0) in the values for the maximum
drop in FEV1 among the pre-supplementation (0.87 L; 95%
CI, -0.22 to 1.52 L), placebo (0.69 L; 95% CI, 0.07 to 1.45
L), and DHA supplementation (0.79 L; 95% CI, 0.27 to 1.85
L) tests.

Figure 2

 The maximum percent change in FEV1 after the eucapnic
voluntary hyperventilation challenge.  There were no
significant differences (p = 0.15) among the pre-
supplementation, placebo, and docosahexaenoic acid (DHA)
supplementation phases (n = 9).  Error bars express standard
error of the mean.  FEV1, forced expiratory volume in one
second

No significant differences (p = 0.61, ω2 = 0) were observed
in the maximum percent change in FVC among the baseline
pre-supplementation (12.23%; 95% CI, -3.82 to 20.64%),
placebo (10.49%; 95% CI, 0.62 to 21.60%), and DHA
(10.06%; 95% CI, 6.23 to 26.35%) phases.  There were also
no significant differences (p = 0.06, ω2 = 0.19) in the
maximum percent change in FEF25-75% among the pre-
supplementation (31.57%; 95% CI, 5.89 to 69.03%), placebo
(26.86%; 95% CI, 8.01 to 61.73%), and DHA (26.85%; 95%
CI, 13.02 to 66.72%) phases. 
Exhaled Breath Condensate.  Out of the 9 subjects, only 7
individuals were able to provide enough exhaled breath
condensate for pH analysis at each of the laboratory tests. 
Although a significant difference (p = 0.04, ω2 = 0.20) was
detected for the the pre-EVH EBC pH with repeated
measures ANOVA, Tukey’s post-hoc did not reveal any
significant differences among pre-supplementation (6.86;
95% CI,  -6.25 to 7.47), placebo (7.15; 95% CI, -6.96 to
7.34), and DHA (6.86; 95% CI, -6.56 to 7.16).   The post-
EVH exhaled breath condensate (EBC) pH values did not
significantly change (p = 0.72; ω2 = 0) among the pre-
supplementation (6.86; 95% CI, -6.39 to 7.33), placebo
(6.95; 95% CI, -6.26 to 7.64), and DHA (7.01; 95% CI,
-6.04 to 7.98) phases.
  EBC was also analyzed by liquid chromatography for the
oxidative stress marker 8-isoprostane and the DHA
metabolites protectin D1 and 17S-hydroxydocosahexaenoic
acid at each laboratory test before and after the EVH
challenge.  For these variables, 7 subjects provided enough
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EBC volume for pre-EVH 8-isoprostane analysis while 5
subjects provided enough EBC volume for protectin D1,
17S-hydroxydocosahexaenoic acid, and post-EVH 8-
isoprostane analyses.  There was no significant difference (p
= 0.51; ω2 = 0) in the pre-EVH EBC 8-isoprostane
concentration among the pre-supplementation phase (3.08
pg/μL; 95% CI, 4.70 to 10.86 pg/μL), the placebo treatment
(6.16 pg/μL; 95% CI, 4.83 to 17.15 pg/μL ), and DHA
treatment (4.48 pg/μL; 95% CI, 1.74 to 10.70 pg/μL).  Also,
there was not a significant difference (p = 0.78; ; ω2 = 0) in
the post-EVH EBC 8-isoprostane concentration among the
pre-supplementation (2.21 pg/μL ; 95% CI, 5.09 to 9.51 pg/μL
), placebo (1.78 pg/μL; 95% CI, 2.12 to 5.68 pg/μL), and
DHA supplementation (3.42 pg/μL; 95% CI, 5.10 to 11.94
pg/μL) phases.  The levels of protectin D1 and 17S-
hydroxydocosahexaenoic acid were too low for detection (<
0 pg/μL) both pre- and post-EVH at each of the three
laboratory tests (table 3).

Table 3

Inflammatory mediators.  There were no significant changes
in the measures of airway inflammation with DHA
supplementation as compared to pre-supplementation or
placebo (*n = 7, #n=5).  Values are reported as mean ±
standard error of the mean. DHA, docosahexaenoic acid;
EVH, eucapnic voluntary hyperventilation

Nutrient Intake and Compliance.  Subject adherence to the
treatment regimens was assured by finding that pill counts at
the end of each supplement period reflected that capsules
were consumed regularly.  Eight subjects completed a food
frequency questionnaire for each phase of the study. 
Although the subjects’ usual diets were expected to vary, the
mean daily nutrient intake did not differ significantly among
the phases (p > 0.05) (table 4).

Table 4

Average intake amounts of selected nutrients.  There were
no significant changes in diet for the subjects (n = 8) among
the four study phases as assessed by nutrient intake.  The
average values for the intake of selected nutrients from the
subjects’ diets are presented here.  Please note that DHA
from the supplements is not included.  SEM, standard error
of the mean; EPA, eicosapentaenoic acid; DHA,
docosahexaenoic acid

DISCUSSION

Since it has been shown that fish oil effectively attenuates
bronchoconstriction and airway inflammation in elite
athletes and asthmatic subjects with EIB [7-9], the main
purpose of this study was to determine whether
supplementation with docosahexaenoic acid (DHA), an
omega-3 fatty acid found in fish oil, can reduce hyperpnea-
induced bronchoconstriction (HIB) and airway inflammation
in adults with asthma.  Using a placebo-controlled crossover
design, the present study has shown that supplementation
with 4.0 g of DHA per day for 3 weeks does not
significantly alter pre- and post-EVH pulmonary function,
markers of airway inflammation, or DHA metabolite
concentrations in comparison to placebo or baseline values
in a group of 9 adults with asthma.
There are several reasons as to why DHA supplementation
may not have had a significantly altered pulmonary function
or EBC inflammatory markers in the present study.  First, it
is possible that DHA supplementation, taken in isolation,
cannot improve HIB.  This may be because eicosapentaenoic
acid (EPA) is the more important component of fish oil in
terms of attenuating HIB and airway inflammation although
there is not a consensus in the literature as to whether this is
true.  There is substantial evidence to support DHA’s
effectiveness in reducing inflammation [13,15,22,23].  Levy
et al. [15] found that compared to mice injected with saline,
mice injected with protectin D1, a metabolite of DHA, 30
minutes prior to an aerosol challenge had less
bronchoalveolar lavage fluid inflammation as measured by
reduced eosinophils, airway mucus, and proinflammatory
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leukotrienes and prostaglandins.  Furthermore,
bronchoconstriction following exposure of the mice to
increasing concentrations of inhaled methacholine was also
decreased.  When DHA was added ex vivo to homogenized
lung tissue from these mice, the protectin D1 concentration
increased significantly suggesting that DHA can be
converted to protectin D1 by respiratory tissues during
airway inflammation.  Since respiratory DHA levels are
reduced in diseases featuring airway inflammation, such as
asthma [15], we hypothesized that increasing DHA levels
through supplementation would increase the availability of
protectin D1 to alleviate airway inflammation and
bronchoconstriction.  Yokoyama et al. [23] used an atopic
asthma mouse model to demonstrate that exposure to
aerosolized DHA reduced the airway inflammatory response
to a methacholine challenge; the number of cells and percent
of eosinophils in the bronchoalveolar lavage were reduced
with DHA exposure as compared to exposure with
aerosolized saline or soybean oil.  In vivo experiments by
Weldon et al. [13] similarly showed that DHA has an anti-
inflammatory effect.  Here, either DHA or EPA was used to
treat lipopolysaccharide-stimulated macrophages [13]. 
Although both DHA and EPA significantly reduced
production of the inflammatory cytokines tumor necrosis
factor-α (TNF-α), interleukin-1β (IL-1β), and interleukin-6
(IL-6), DHA decreased IL-1β and IL-6 production to a
greater extent than EPA did [13].  In contrast,
Mickleborough et al. [12] showed that EPA was more
effective than DHA in reducing the inflammatory responses
in lipopolysaccharide-stimulated macrophages. 
Mickleborough et al. [12] demonstrated that treatment with
EPA decreased the production of TNF-α, prostaglandin D2,
IL-1β, and leukotriene B4 as compared to treatment with
DHA.  The discrepancy in the findings between these two
studies may be explained by the different cell lines used. 
Weldon et al. [13] studied human THP-1 macrophages, a
monocytic leukemia cell line, whereas Mickleborough et al.
[12] studied human asthmatic alveolar macrophages, which
suggests that their data may be more relevant to patients with
asthma. 
Second, it is possible that our study used an inappropriate
dose of DHA or inadequate time course of supplementation. 
The DHA supplementation period in the present study was 3
weeks in duration, which is a time course that has been
shown to be effective in EIB studies with fish oil
supplementation [8,9].  The 4.0 g dose is twice the dose of
DHA used in conjunction with EPA in earlier fish oil studies
[8,9].  Repeating the measurements after the washout period

may have ensured that the subjects reached their pre-
supplementation values prior to starting the second treatment
period; however, the results did not show a significant
carryover effect, which suggests that the duration of the
washout period was sufficient.  Since the EBC concentration
of the DHA metabolites protectin D1 and 17S-hydroxy-
docosahexaenoic acid did not increase with supplementation,
it suggests that perhaps a higher dose of DHA is required to
have an effect.  Levy et al. [15] reported that there were only
“trace amounts” of protectin D1 in the EBC of 4 adults
during an acute exacerbation of their asthma.  In the current
study, the concentrations of protectin D1 and 17S-
hydroxydocosahexaenoic acid were not detectable at
baseline, following placebo supplementation, or following
DHA supplementation.  Since the levels were below the
instrument’s detection ability, differences among the three
phases could not be ascertained.  Future studies should
include a non-asthmatic control group for this parameter to
demonstrate significantly greater DHA metabolite levels in a
healthy population.  Additionally, DHA supplementation
was accomplished via oral intake of gel capsules similar to
previous fish oil studies [7-9].  However, murine studies
demonstrating the effectiveness of DHA administered this
omega-3 fatty acid via aerosol [23] or intravenously in its
metabolite form [15].  Thus, the efficacy of DHA may have
been affected by the means of administration. 
  Third, the data variability in our subject population was
greater than expected.  There were no suitable data available
on DHA supplementation in adults with asthma to use to
determine an appropriate sample size.  Therefore, an a priori
power analysis was conducted using data from
Mickleborough et al.’s [8] study on fish oil supplementation
in adults with asthma because it used a similar placebo-
controlled crossover design.  Due to the large effect size in
the Mickleborough et al. [8] study, it was determined that 3
subjects would be needed to show a significant reduction in
the maximum drop in FEV1 volume with DHA
supplementation compared to placebo.  However, we were
unable to demonstrate a significant difference in this
measure or any other pulmonary function measure in the 9
subjects in the present study.  The coefficients of variation
for the maximum drop in FEV1 volume for our subjects
were 0.38 at pre-supplementation, 0.55 with placebo, and
0.68 with DHA supplementation; in contrast, the coefficients
of variation for the subjects in the Mickleborough et al. [8]
study were 0.30 at pre-supplementation, 0.23 with placebo,
and 0.26 with fish oil supplementation.  Therefore, the
subjects in the current study showed greater variability in
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their pulmonary function responses.  This lack of
reproducibility may have impaired our ability to detect
statistically significant differences between treatments.
Before concluding that pure DHA is not effective in
alleviating HIB in asthmatic individuals, variations of the
current study should be undertaken.  First, time course trials
using different doses should be completed.  Additionally, a
different route of administrating DHA should be attempted. 
Although intravenous administration of DHA may be
problematic in humans, aerosolized DHA may be a viable
option [23].  Furthermore, it would also be worthwhile to
conduct a similar study using pure EPA instead of DHA.

CONCLUSIONS

In conclusion, this is the first study to evaluate the effect of
DHA supplementation on airway responsiveness and
inflammation in adults with asthma and HIB.  Although no
significant changes in pulmonary function, markers of
inflammation, or DHA metabolite concentrations were
demonstrated in this pilot study, future research should
address the time-course, dose, and administration route to
further elucidate the anti-inflammatory potential of pure
DHA supplementation in adults with asthma.  A better
understanding of an appropriate omega-3 polyunsaturated
fatty acid regimen is necessary in order to advise asthmatics
seeking an alternative to pharmacologic treatment.
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