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Abstract

Background:
Asthma can have a negative impact on quality of life although this is not well correlated with objective

evaluations of pulmonary function. A medical food, EFF1009, containing the fatty acids gamma-linolenic

acid (GLA) and eicosapentaenoic acid (EPA) decreases leukotriene B4 synthesis in patients with asthma. Two

previous clinical studies with EFF1009 provided preliminary evidence that the medical food improves

asthma-related quality of life (ARQOL) and asthma management.

Objective:
To evaluate the impact on ARQOL of EFF1009 in adults with asthma.

Research design and methods:
The study was a randomized, prospective, double-blind, placebo-controlled, parallel group study in twenty-

one (N" 21 evaluable) subjects with mild to moderate persistent asthma who consumed the medical food

emulsion or placebo emulsion daily for 28 days. All participants continued their asthma medications

throughout the study. ARQOL, including asthma signs and symptoms, and asthma control were

measured using the Mini Asthma Quality of Life Questionnaire (MiniAQLQ) and the Asthma Control

Questionnaire (ACQ), administered at baseline, Day 14 and Day 28. Safety and tolerability parameters,

including adverse events, were monitored.

Results:
Baseline ARQOL scores, forced expiratory volume in one second (FEV1) and other characteristics were

balanced between both groups. Mean (standard error) total MiniAQLQ scores changed by 0.73 (0.38) and

#0.22 (0.36) in the EFF1009 and placebo groups, respectively, (p50.05). The MiniAQLQ symptom domain

score was improved in the EFF1009 group (p50.05). Total scores for the ACQ were not significantly

improved in either group. Levels of the fatty acid EPA in plasma increased in the EFF1009 group but not the

placebo group (p50.03). The medical food was well tolerated and no safety concerns were identified.

Conclusions:
The dietary addition of the medical food EFF1009 to asthma management regimens can improve patient

perceived, ARQOL and can also improve asthma management as evidenced by reduced asthma symptoms.

An additional study of the medical food, with larger subject population and longer treatment duration, is

warranted to confirm these findings.

Introduction
Leukotrienes (LTs), one type of inflammatory eicosanoid derived from the essen-
tial fatty acid arachidonic acid (AA), contribute significantly to the pathophy-
siology of asthma and allergic rhinitis1–4. The biosynthesis of AA metabolites,
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including the leukotrienes, can be measurably impacted by
modifying the relative dietary intake of polyunsaturated
fatty acids (PUFAs) such as gamma-linolenic acid
(GLA) and eicosapentaenoic acid (EPA). It is well estab-
lished that both EPA and the GLA metabolite dihomo-
gamma-linolenic acid (DGLA) resident in immune cell
membranes act as inhibitors of eicosanoid synthesis5–8.
DGLA is a precursor of 15-hydroxyeicosatrienoic acid
(15-HETrE), a metabolite that directly inhibits leuko-
triene biosynthesis9–12. When human diets are supplemen-
ted with GLA, its metabolite DGLA accumulates in
immune cell membranes, and ex vivo synthesis of leuko-
triene B4 is significantly decreased13–15. It is not known
whether other leukotrienes are impacted by dietary GLA.
In healthy individuals, the relative ratios of AA, DGLA
and EPA in immune cell membranes, which are deter-
mined by dietary intakes5,6 are sufficient to maintain leu-
kotriene homeostasis. However, since 5-lipoxygenase
(5-LO), the enzyme responsible for further conversion of
AA to leukotrienes, is typically upregulated in asthmatic
individuals16–21, the relative proportions of precursor and
inhibitor fatty acids in immune cell membranes are insuf-
ficient to maintain leukotriene homeostasis. As a result,
individuals with asthma may benefit from a higher dietary
intake of inhibitor fatty acids than can be obtained from
a standard diet. Recognition of these special dietary
needs led to the development of a medical food22,23.
Furthermore, inhibition of the leukotriene pathway is
expected to lead to a reduction of cysteinyl leukotrienes
C4, D4, and E4 (LTC4, LTD4, and LTE4). LTC4 and LTD4

are potent bronchoconstrictors strongly implicated in
asthma. Due to their rapid metabolism in vivo, the result-
ing metabolite LTE4 is typically used as a surrogate bio-
marker for these important compounds.

The medical food EFF1009 is a flavored dietary emul-
sion product containing GLA and EPA from borage oil
and fish oil, respectively. In previous studies, the medical
food effectively reduced leukotriene B4 synthetic capacity
in both healthy subjects and patients with mild to moder-
ate atopic asthma23,24.

While a reduction in inflammatory mediators such as
leukotrienes should theoretically improve asthma manage-
ment, this theory should be investigated. Further, even
objective assessments of lung function are often not well
correlated with patient perceptions of their asthma status
and asthma-related quality of life (ARQOL)25. Thus, it is
important to include ARQOL measurements in asthma
clinical trials. Validated questionnaires that measure
ARQOL and asthma control have been developed and
are now widely used26–29. Although the impact of the med-
ical food EFF1009 on the management of the disease and
ARQOL in patients with asthma has been evaluated in
two previous studies30, an additional, independent and
more rigorous assessment of the impact on ARQOL was
warranted.

In this study, safety was monitored, and effects on
asthma-related quality of life and asthma control of the
medical food product EFF1009 were evaluated using the
MiniAQLQ28 and the ACQ29, respectively, in a double-
blind, placebo-controlled design.

Patients and methods

Study design

This was a 28-day, randomized, double-blind, prospective,
placebo-controlled, parallel group clinical study in subjects
with mild to moderate persistent asthma performed at
MetaClin Research, Inc. (Austin, TX). An external ethi-
cal review board (IntegReview) approved the protocol,
and each subject provided written informed consent
before entering the study. Subjects were recruited by
MetaClin Research using local newspaper and radio adver-
tisements. Eligibility criteria included non-smoking males
and females aged 18–65 years with a body mass index
(BMI) $32. All subjects had a history of asthma of at
least one year, met National Asthma Education and
Prevention Program (NAEPP) criteria31 for mild or mod-
erate asthma, and had a FEV1460% of predicted at screen.
No subject had required more than 800 mcg/day of inhaled
steroids or had a history of requiring systemic steroids
within the year prior to study enrollment. Leukotriene
synthesis inhibitors, leukotriene receptor antagonists,
immunosuppressive drugs and dietary supplements con-
taining GLA or EPA were disallowed during the study
period. Subjects with a history of liver disease, hypersen-
sitivity or allergy to fish, shellfish or soy, or females who
were pregnant or nursing were excluded from the trial.
Subjects were enrolled within two weeks of screening.

The efficacy endpoints were the change from baseline
of MiniAQLQ, ACQ, and leukotrienes. The study was
powered to an expected 24% decrease in ex vivo leuko-
triene B4, since sufficient data were not available to base
the power on MiniAQLQ scores. The fatty acids GLA and
EPA were quantified in plasma as a measure of dosing
compliance. An equal number of subjects were randomly
assigned to the medical food emulsion (EFF1009) or pla-
cebo emulsion group. Each subject consumed the contents
of a packet containing one serving of the emulsion once
daily for 28 days. Efficacy endpoints, plasma fatty acids and
safety parameters were measured at baseline and after
14 days and 28 days of daily emulsion ingestion.

Vital sign measurements, hematology and clinical
chemistry tests were performed at baseline and at the
end of the study period (analyses performed at Esoterix,
Inc., Austin, TX). Baseline FEV1 was measured for deter-
mination of eligibility at screening and to determine a
complete ACQ score. Plasma fatty acids, stimulated
whole blood leukotriene B4 synthesis (analyses performed
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at Pyxant Labs, Colorado Springs, CO), and urine levels of
LTE4, normalized for creatinine (analyses performed at
Cayman Chemical, Analytical Testing Service, Ann
Arbor, MI), were measured at baseline and after 14 days
and 28 days of daily emulsion ingestion.

EFF1009 and placebo

The EFF1009 medical food was a flavored emulsion pack-
aged as single serving tear-open pouches as described pre-
viously30. Each daily serving of EFF1009 delivered a
minimum of 0.75 g GLA, 0.5 g EPA and 0.35 g docosahex-
aenoic acid (DHA). The placebo emulsion contained no
GLA, EPA, or DHA, but was otherwise identical in com-
position and packaging to EFF1009.

Asthma-related QOL and asthma control
assessments

ARQOL and asthma control were measured using the two
self-administered validated instruments, the MiniAQLQ28

and the ACQ29, respectively.
The MiniAQLQ was developed specifically for use in

clinical studies and surveys, has the same measurement
properties as the longer AQLQ, and has been validated.
The MiniAQLQ instrument is comprised of 15 questions
in 4 domains: Symptoms (5 questions), Activities
(4 questions), Emotions (3 questions) and Environment
(3 questions). In all cases the questions refer to how the
subject was feeling during the previous two weeks due to
their asthma. For each question low scores indicate poor
asthma-related quality of life compared to higher scores.
The activity domain focuses on the extent of the perceived
limitation while the other domains characterize frequency
of a given symptom or other perception. The scale for each
question is from 1 (‘all of the time’ or ‘totally limited’) to 7
(‘none of the time’ or ‘not at all limited’). The total score is
computed as the mean of responses to all 15 questions and
each domain score is computed as the mean of the
responses with the domain28. Changes in domain scores
are only valid if there is a statistically significant change in
the total score.

The Asthma Control Questionnaire (ACQ) is com-
prised of 1 question on airway caliber answered by the
clinic staff and 6 questions that are answered by the
study subjects. The subjects’ questions focus on symptom
frequency and severity, and the need for rescue medication
(short-acting bronchodilator) during the previous week.
The scale for each question is from 0, indicating good
asthma control to 6, indicating poor asthma control. The
total score is computed as the mean of responses to all of
the questions. The ACQ does not have domains. The fre-
quency of use of a short-acting bronchodilator (question
number 6) was evaluated individually as well as being

included in the total score since this treatment is allowed
on an as needed basis and could potentially impact the
study results. In this question, responses bracket the
number of puffs used ‘most days’, e.g. a response of ‘0’
means none, ‘1’ means 1–2 puffs most days, ‘2’ means
3–4 puffs most days, etc. The ACQ was developed with
input from 92 asthma clinicians from 18 countries and has
been validated29.

Participants completed these questionnaires during
their clinic visits at baseline (Day 0), Day 14, and Day
28. A fully completed questionnaire was required for inclu-
sion in the analysis, except that study subjects were not
required to answer the ACQ question on FEV1. The valid-
ity and the measurement properties of the ACQ at the
group level are not affected in the absence of FEV1 mea-
surement32. Screening FEV1 was imputed into the Day 0
ACQ questionnaire only for the purpose of characterizing
subjects’ asthma as either ‘well-controlled’ or ‘not well-
controlled’33,34 at baseline.

Biological fluid collection procedures

All subjects fasted for at least eight hours prior to collec-
tion of biological specimens. Plasma was prepared by cen-
trifuging whole blood (300%g, 10 min, 4&C), separating
the upper plasma layer, and centrifuging (900%g, 25 min,
4&C) to remove platelets. Plasma for fatty acid analysis was
frozen immediately in a cryotube. Duplicate 1.5 mL ali-
quots of plasma for leukotriene analysis were mixed with
previously prepared zymosan A (Sigma-Aldrich # Z4250)
in HBSS buffer (0.04 g/mL), shaken for 30 minutes at
37&C, then centrifuged (920%g, 10 min, 4&C). The upper
plasma layer was transferred to a cryotube. Urine was col-
lected into a 10 mL tube and frozen. Plasma and urine
samples were stored frozen (#80&C) until analysis.

Extraction, derivatization and quantitation of
plasma fatty acids

Standard solutions of GLA (Sigma-Aldrich #L2378) and
EPA (Cayman Chemical #90110) were prepared in both
blank plasma and water in a range of concentrations
(5–300mg/mL) used to generate average response factors
for these analytes and were injected at regular intervals in
each analysis set. Both clinical plasma samples and pre-
pared standards (0.5 mL) were extracted using procedures
adapted from literature35. Briefly, lipids were extracted
from plasma with CHCl3-MeOH (2:1 v/v). Following sep-
aration by centrifugation (3000 rpm) from the salinified
aqueous layer, the lipids were hydrolyzed by heating
(1 hr, 80&C) in 3M KOH-MeOH (1:9 v/v). To isolate
the fatty acids, the solution was acidified to pH" 2–2.5
with 2N H2SO4, extracted first in 1N H2SO4-hexane-iso-
propanol (0.1:1:4), then with 2 mL of H2O and 3 mL
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hexane and centrifuged (3000 rpm, 5 min). The organic
layer, containing fatty acids, was transferred to a clean
tube and evaporated to dryness under N2 (50&C). The
fatty acids were derivatized to the corresponding n-butyl
esters by the addition of 3 N HCl in n-BuOH (0.5 mL).
The tubes were heated at 110&C for 30 minutes, then eva-
porated to dryness under N2 (45&C). Finally, 1.0 mL of
toluene was added and the solution sonicated for
s10 seconds prior to transfer to autosampler vials.
Positive ion electron impact – gas chromatography/mass
spectrometry (EI-GC/MS) was conducted on a
ThermoFinnigan Model Trace DSQ/MSD instrument,
equipped with a DB-5 MS column (J&W Scientific
#123-5532). The column was heated from 150&C to
260&C (2&C/min, injector temp. 240&C, splitless mode,
He carrier gas). The n-butyl esters were analyzed using
selective ion-recording techniques for each compound
(e.g. GLA m/z 334.2' 0.5). Quantitation of analytes was
determined by comparison of peak heights, as determined
by MS response, to the average response factors of the
corresponding standards that were(1.5 times that of back-
ground GLA or EPA in plasma blanks. The limits of detec-
tion of GLA and EPA in plasma were approximately
100 ng/mL and 1 mg/mL, respectively.

Extraction and quantitation of leukotrienes

Quantitation of zymosan-stimulated whole blood plasma
LTB4, and its oxidation products 20-hydroxy-LTB4

(20-OH-LTB4) and 20-carboxy-LTB4 (20-COOH-LTB4)
was performed using high performance liquid chromato-
graphy – electrospray ionization tandem mass spectrometry
(LC/MS-MS). Standards (Cayman Chemical), ranging
1–80 ng/mL in 500 mL blank plasma, were used to generate
linear calibration curves for each analyte, and quantitation
of analytes was determined by comparison of MS response
to the corresponding linear calibration formula. To both
clinical and standard samples was added 20 ng/mL internal
standard (LTB4-d4; Cayman Chemical), and 1.0 mL of
MeOH-CH3CN (1:1) extraction solvent. Following cen-
trifugation (13,000 rpm) the upper liquid layer was trans-
ferred to an autosampler vial for analysis. The LC/MS-MS
was a Sciex API 3000 Tandem Mass Spectrometer
(Applied Biosystems) interfaced to an Agilent 1100
HPLC system. The MS was operated in the negative
Turbo-Ionspray mode. The HPLC system was equipped
with a Phenomenex Luna phenyl/hexyl column
(150% 2.0 mm; 3 mm). Gradient elution (flow rate 400
mL/min) was used, beginning with 70% mobile phase A
(H2O-MeOH, 95:5 v/v, with 10 mM NH4OAc in both
solvents) and 30% B (H2O-MeOH, 5:95 v/v, 10 mM
NH4OAc in both solvents). Mobile phase B was increased
linearly to 100% at 10 minutes, held for 3 minutes, and
reduced to 30% at 13.1 minutes. This composition was

held until 17 minutes. The estimated lower limit of quan-
titation (LLOQ) was 1 ng/mL plasma for LTB4 and
20-OH-LTB4. LLOQ for 20-COOH-LTB4 was 10 ng/mL.
Resulting levels of 20-COOH-LTB4 were too low to be
measured in these samples.

Urinary LTE4 was quantified using the Leukotriene E4

ACETM Competitive Enzyme Immunoassay Kit (Cayman
Chemical, #520411), which is based on the competition
between LTE4 in the urine samples and LTE4-acetylcholi-
nesterase (AChE) conjugate for a limited amount of LTE4

antiserum36. Urine samples were diluted two- or five-fold
with EIA buffer for LTE4 analysis. Creatinine was
measured using the Creatinine Assay Kit (Cayman
Chemical, # 500701).

Safety and tolerability assessment

The safety and tolerability of the medical food was mon-
itored during this study by recording of adverse events and
the analysis of vital sign measurements, hematology and
clinical chemistry tests at baseline and at the end of the
study period (analyses performed at Esoterix, Inc, Austin,
TX). Baseline FEV1 was measured for determination of
eligibility at screening and to determine a complete
ACQ score. Adverse events that occurred after adminis-
tration of the first dose of test article were recorded in the
appropriate Case Report Form at Day 14 and Day 28.

Statistical analyses

The MiniAQLQ and ACQ data from all subjects who
completed both the baseline and at least one follow-up
set of questionnaires were analyzed by comparing changes
from baseline scores, including individual domain score
analyses, by t-test (JMP Statistical Software, SAS
Institute, Inc., Cary, NC). Leukotriene reduction was ana-
lyzed by comparing changes from baseline using
ANCOVA adjusted by baseline leukotriene
concentration.

Results

Subject characteristics

Baseline demographic and disease characteristics were
similar between the two study groups (Table 1). There
was no significant correlation between MiniAQLQ score
at baseline and FEV1 at screening (Figure 1), consistent
with other reports37,38. Twenty-one of twenty-two
enrolled subjects completed the study. One subject in
the placebo group dropped out voluntarily due to the
taste of the emulsion. Eleven (11) and 10 subjects com-
pleted the study in the EFF1009 and placebo groups,
respectively, and were evaluable for efficacy.
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Safety and tolerability

The medical food EFF1009 appeared to be well tolerated
by most subjects in the study. There were no unexpected or
unanticipated safety issues, and no serious adverse events
occurred during the trial. Overall, adverse events were
experienced by 54% of subjects who received placebo,
and 36% of subjects who received EFF1009 (Table 2).
Reported events were mild to moderate in severity and
resolved without concomitant therapy. The incidence of
adverse events that were deemed by the Investigator to be
at least possibly related to the emulsion was comparable
across both groups (36% and 36% of subjects who received
EFF1009 and placebo, respectively). The majority of
events were gastrointestinal in nature (88% EFF1009 vs.
83% placebo) and the incidence was comparable between
the two groups (Table 3). The means of all laboratory
analytes for both treatment groups were within normal
limit ranges, and changes in vital sign measurements
were unremarkable (Table 4). There were 10 abnormal
test results reported for clinical laboratory analytes: 7 in
the EFF1009 group (4 subjects) and 3 in the placebo
group (3 subjects). The majority of abnormalities were
not unusual, and the causal etiologies were often known.
These data contribute to the safety profile for the medical
food EFF1009, which includes safety monitoring data from
two previous clinical studies and the determination by an
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Table 3. Adverse events (AE) deemed possibly or probably related to test
article.

Event Description EFF1009
N" 11

Placebo
N" 11

Emesis 2 1
Nausea 3
Dyspepsia 1
Abdominal cramping 1
Stomach cramping 1
Stomach ache 1
Heartburn 1
Flatus or increased flatus 1
Lightheadedness 1
Headache 1

Total 8 6

Table 1. Demographic characteristics and baseline pulmonary function of
subjects with asthma who were enrolled in the study.

Asthma Placebo
N" 11

Active
N" 11

Mean (SD) age, yrs 33 (13) 30 (10)
Mean (SD) body weight, Kg 66 (14) 75 (11)
Sex, no.

Male 4 2
Female 7 9

Race, no.
White 11 9
Black 0 1
Asian 0 1

Mean (SD) FEV1, % predicted 80 (7.7) 77 (9.7)

Table 2. Study subjects who experienced adverse events (AE).

Treatment Total
Subjects

N

Subjects
Reporting
Any AE

AEs Possibly or
Probably Related

to Test Article

N % N %

22 10 45 8 36
EFF1009 11 4 36 4 36
Placebo 11 6 54 4 36
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Expert Panel that the medical food is Generally
Recognized as Safe (GRAS).

Efficacy

MiniAQLQ evaluation
At baseline, MiniAQLQ scores in both groups were less
than optimal, 4.5 and 5.0 in the EFF1009 and placebo
groups, respectively (Table 5). By Day 28 (Figure 2) a
clinically and statistically significant improvement in
the total MiniAQLQ score of 0.73 was reported by sub-
jects in the EFF1009 group (p50.05), whereas there was
no improvement in the placebo group (mean change of
#0.22). A change of (0.5 in the total scale or domain
scores is considered clinically significant39-41. The mag-
nitude of the treatment effect compares favorably with
other asthma management options40. Significant
improvement (p50.02) was also evident by Day 14 in
the EFF1009 group compared to placebo (data not
shown).

When the MiniAQLQ domain scores were considered
individually, significant improvements were observed for
the symptoms domain in the EFF1009 group (Table 5).
There was a clinically significant improvement in the
activity domain in the EFF1009 group, but this did not
reach statistical significance compared to placebo.
The emotional function and environmental stimuli
domains were not significantly impacted in either group
(data not shown).

ACQ evaluation
In the ACQ, a score of 1.5 is considered a ‘cut-point’,
separating those whose asthma may be ‘well-controlled’
from those whose asthma is ‘not well-controlled’33,34.
Sixty-four percent and 55% of subjects in the EFF1009
and placebo group, respectively, had baseline ACQ
scores that were consistent with ‘not well-controlled’
asthma. There was no significant change in the ACQ
total score in either group during the study (Table 5).
One subject in the placebo group did not complete the
ACQ questionnaire on Day 28 and was excluded from
the analysis.

Nine (9) and 7 subjects in the EFF1009 and placebo
groups, respectively, reported needing to use their rescue
inhaler at least sometimes during the study. Of these, 78%
percent of subjects in the EFF1009 group reported reduced
rescue inhaler use frequency by Day 28 compared to base-
line versus 14% of subjects in the placebo group. Mean
rescue inhaler use among users in the EFF1009 group
decreased from approximately 2–3 puffs per day at baseline
to less than 1 puff per day by Day 28. Thus, the improve-
ment in MiniAQLQ total score and symptom domain
score cannot be attributed to an increase in rescue inhaler
use among patients in the EFF1009 group.

Leukotrienes

Ex vivo LTB4 from zymosan stimulated whole blood
dropped an average of 20% in the EFF1009 group, but

Table 5. Asthma-related quality of life and asthma management scores from the MiniAQLQ and ACQ questionnaires in subjects (n" 21) consuming EFF1009
or placebo daily for 28 days.

Measurement Mean (SE)

Placebo Group (N" 10) Active Group (N" 11)

Baseline Day 28 Mean Change Baseline Day 28 Mean Change

MiniAQLQ Total Score 4.97 (0.30) 4.75 (0.27) #0.22 (0.36) 4.50 (0.26) 5.22 (0.32) 0.73 (0.38)a

Symptoms Domain 4.92 (0.39) 4.52 (0.47) #0.4 (0.41) 4.42 (0.25) 5.13 (0.40) 0.71 (0.46)a

Activity Limitation 5.9 (0.2) 5.8 (0.3) #0.05 (0.3) 5.6 (0.3) 6.2 (0.2) 0.6 (0.4)
ACQ Total Score 1.46 (0.23) 1.61 (0.34) 0.15 (0.26) 1.61 (0.21) 1.39 (0.22) #0.21 (0.23)

Note: in the MiniAQLQ an increased score is indicative of an improvement in asthma-related quality of life while in the ACQ a decreased score is indicative of
improved asthma control.
aSignificantly different from placebo, p50.05.

Table 4. Vital signs: mean (standard deviation).

Parameter EFF1009 Placebo

Screen Day 28 Screen Day 28

Temperature 36.3 (0.7) 36.7 (0.6) 36.3 (0.6) 36.3 (0.8)
Pulse 72.7 (12.2) 71.0 (11.5) 63.6 (14.2) 66.5 (13.9)
Systolic blood pressure 111.5 (15.6) 112.9 (8.8) 118.3 (13.5) 117.0 (9.6)
Diastolic blood pressure 73.0 (12.7) 71.0 (8.2) 73.5 (10.7) 71.0 (8.0)
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this change was not significantly different from placebo
(Table 6). Unanticipated and unexplained increases in
plasma GLA in the placebo group described below may
have contributed to this effect. Urinary LTE4, normal-
ized to creatinine, decreased in the EFF1009 group,
as much as 30% at Day 14, and increased by almost
50% in the placebo group by Day 28. The changes
in urinary LTE4 in the EFF1009 group exhibited a
statistical trend at Day 28 compared to placebo
(p50.08).

Fatty acids

Increases in plasma levels of GLA and EPA in the EFF1009
group were as expected and indicated good compliance
with the daily dosing regimen (Table 7). EPA is accumu-
lated in plasma more readily than is GLA, and thus is the
more reliable indicator of dosing compliance with the
medical food. Plasma EPA increased s100% by Day
28 in the EFF1009 group, versus s7% in the placebo
group. Elevations of GLA in the placebo group were unex-
pected. Site and data audits did not uncover any explana-
tion for the GLA results in the placebo group. In the
absence of specific dietary supplementation such eleva-
tions are biologically implausible, suggesting that some
individuals in the placebo group may have been using dis-
allowed dietary supplements containing GLA during the
study.

Discussion
Improvement of ARQOL is an important goal of the
asthma treatment regimen37. The ARQOL indicators

deemed most important to physicians (sleep disturbance
and activity limitation)29 and to patients (symptoms con-
trol)37 are amenable to patient self-assessment and were
evaluated during this study. A previous open-label study30

showed that these important indicators could be favorably
impacted by one daily serving of EFF1009 used for four
weeks along with asthma medications. However, due to
inherent limitations of an open-label study an additional,
clinic-based study was warranted. The current study corro-
borates those earlier findings relative to management of
asthma symptoms and also demonstrates that ARQOL
benefits are evident by 14 days, consistent with the obser-
vation that leukotriene biosynthetic capacity decreases
after a minimum of two weeks of dietary supplementation
with the medical food23. An additional study of the med-
ical food, with a larger subject population and longer treat-
ment duration, is warranted to confirm these findings.
Further, information gained from the retrospective ACQ
suggests that the medical food could potentially reduce the
need for rescue inhaler medication, but this should be con-
firmed in a future study using a daily diary of inhaler use
rather than via a question about the past week average use.

Statistically significant improvements in ARQOL were
demonstrated according to the MiniAQLQ for subjects
who consumed the medical food EFF1009 daily. A mean
change of 0.73 shows that the medical food produced a
clinically significant improvement in asthma-related qual-
ity of life as well. Importantly, the symptoms domain
was also significantly improved, demonstrating that the
medical food EFF1009 had a significant impact on
asthma management.

Previous studies with the medical food have demon-
strated that LTB4 elaboration from zymosan stimulated
whole blood is reduced 20–25%23,24. The same magnitude

Table 6. Changes in mean (standard error) urinary LTE4 and ex vivo plasma LTB4 in adult subjects with mild to moderate persistent asthma
consuming EFF1009 or placebo for 28 days.

LTB4 (ng/mL plasma) LTE4 (pg/mg urine)*

Day 0 Day 14 Day 28 Day 0 Day 14 Day 28

EFF1009 (N" 11) 83.4 (10.8) 66.7 (9.6) 66.3 (12.1) 853 (226) 594 (165) 795 (151)**
Placebo (N" 10) 94.6 (14.9) 69.4 (8.4) 65.8 (8.3) 662 (117) 730 (145) 989 (199)

*Normalized for creatinine.
**Trend compared to placebo (p50.08).

Table 7. Changes in mean (standard error) plasma fatty acids in adult subjects with mild to moderate persistent asthma consuming EFF1009
or placebo emulsion for 28 days.

GLA (mg/mL plasma) EPA (mg/mL plasma)

Day 0 Day 14 Day 28 Day 0 Day 14 Day 28

EFF1009 (N" 11) 11.1 (1.9) 19.5 (2.1) 21.3 (3.8) 31.0 (3.3) 54.4 (5.7)* 62.5 (8.6)**
Placebo (N" 10) 12.3 (1.7) 16.6 (4.1) 20.3 (4.2) 37.4 (9.2) 42.7 (10.7) 40.0 (7.2)

*Change from Day 0 is significantly different from placebo, p50.04.
**Change from Day 0 is significantly different from placebo, p50.006.
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of reduction was observed in the current study, however
without reaching statistical significance. The unexpected
reduction in LTB4 in the placebo group is consistent with
the rise in GLA, perhaps suggesting poor compliance with
disallowed dietary supplements. Assuming that EFF1009
reduces the activity of 5-lipoxygenase, LTB4 is a relevant
biomarker for the entire leukotriene pathway, although it
is generally accepted that the cysteinyl leukotrienes are
more directly involved in the pathology of asthma than
is LTB4. This is the first study to evaluate the impact of the
medical food EFF1009 on cysteinyl LTs. That impact was
evaluated using spot samples of urine taken at each clinical
visit for measurement of the metabolite LTE4. While the
results were encouraging, in any future study a more rigor-
ous analysis of impact on cysteinyl LTs should be con-
ducted, based on the collection of either first morning
urine or 24-hour urine samples. Since a statistical trend
of reduced LTE4 was observed only in the EFF1009 group,
this suggests the potential that the EPA and/or DHA com-
ponent of the medical food, when ingested along with
GLA, may specifically influence the regulation of the
cysteinyl leukotrienes, possibly via the DHA metabolite,
protectin D142.

Previous studies in patients with asthma who ingested
either GLA or EPA, but not both, as a dietary supplement
have yielded mixed, but primarily negative, results. For
example, low dose GLA (0.3 to 0.5 g/day) produced no
significant clinical benefit for atopic asthma compared to
placebo in children after 16 weeks43 or adults after 8
weeks44. High dose GLA alone (1.8–2.0 g/day) was
reported to reduce ex vivo leukotriene B4 production with-
out a favorable impact on quality of life or asthma man-
agement45,46. Neither very low dose (0.1 g/day) nor very
high dose (4 g/day) EPA in the form of purified ethyl esters
ingested for eight weeks produced significant changes in
pulmonary function in adult asthmatics47. Similarly, very
high dose fish oil (2.7 g EPA/day plus 1.8 g DHA/day) or a
diet rich in fish (averaging 3 g EPA/day) ingested for 6–10
weeks produced no significant change in symptoms, pul-
monary function or medication requirements compared to
placebo48 or a control diet49. Methacholine-induced respi-
ratory distress was increased by low dose EPA (ca. 0.7 g)
but decreased by high dose (43 g) EPA from fish oil in a
study lasting one month50. Neither FEV1 nor airway
responsiveness to histamine were significantly improved
in children with asthma ages 8 to 12 years after 3 or
6 months supplementation with 0.72 g EPA plus 0.48 g
DHA compared to placebo, although both TNFa produc-
tion from stimulated peripheral blood mononuclear cells
and peripheral blood eosinophil numbers fell significantly
from baseline in the active arm51. In a separate study last-
ing one year, relatively low dose EPA!DHA (1 g/day)
significantly improved FEV1 compared to placebo, but
not until month 9 of the study52. High dose EPA (3.2 g
EPA/day) had no significant impact on symptoms in

pollen sensitive, adult asthma patients followed through
the respiratory allergy season53. EPA supplied at 3.2 g/day
(!2.0 g/day DHA) has been reported to favorably impact
exercise-induced asthma in elite athletes54 as well as in
nonathletes who participate in recreation55. Asthma
symptoms and responsiveness to acetylcholine decreased
significantly in children with asthma who were given fish
oil for 10 months in an in-patient setting56. The late
airway response to inhaled allergen was also attenuated
by high dose 3.2 g/day EPA-rich fish oil after 10 weeks57.
In contrast, airway responsiveness to histamine and to
exercise was not significantly impacted by EPA at 3.2 g/
day in patients with mild asthma although ex vivo LTB4

levels were significantly reduced58.
The GLA metabolite, DGLA, is a more potent inhib-

itor of the leukotriene pathway than is EPA59 which
has allowed for the use of relatively low doses of GLA
(51 g/day) to achieve significant reductions in leuko-
trienes15,23,24,60. However, a reduction in the capacity of
the blood to synthesize LTB4 when stimulated ex vivo has
not been associated with a favorable effect on ARQOL or
asthma management in most of the studies cited above, or
for the current study’s placebo patients, suggesting that this
mechanism alone may not be sufficient for a meaningful
impact on asthma. The authors think that the fish oil
component of the medical food may be significantly con-
tributing to the effectiveness of the EFF1009, as well as
increasing its safety. In addition to preventing an increase
in AA when GLA is fed22, EPA-rich fish oil is known to
down-regulate inflammatory cytokines, such as TNF-a and
IL-1!, in asthmatics55. Thus, a combination of the fatty
acids GLA and EPA could potentially reduce both leuko-
trienes and cytokines in asthma. In this study, an increase
in plasma levels of both GLA and EPA (EFF1009 arm) but
not GLA alone (placebo arm) was associated with
improved asthma management and asthma related quality
of life. Since the level of EPA in the medical food is low
(500 mg EPA), and a low level of fish oil alone (700 mg
EPA) was previously reported to exacerbate asthma50, it is
unlikely that the fish oil component of EFF1009 could be
responsible for all of the benefit derived during this and
previous studies with the product. Therefore, both fatty
acids are required in combination to yield a benefit. As
demonstrated in this clinical study, only in the EFF1009
group, where both EPA and GLA increased in plasma, was
there an improvement in ARQOL, including the symp-
toms domain, and a strong statistical trend for reduced
urinary LTE4.

Although very high levels of fish oil appear to confer
significant benefit in exercise induced asthma as described
above, there are some difficulties associated with a dietary
supplementation strategy using fish oil alone. First, low
dose fish oil was reported to either exacerbate asthma50

or to demonstrate a benefit only after 9 months of use52.
In order to achieve positive results in a relatively short
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period of time, very high levels of fish oil have been
required, delivering 45 g EPA!DHA per day.
Combined intakes of EPA!DHA are generally recog-
nized as safe (GRAS) at 3 g per day or less due to concerns
over prolonged bleeding times, increased LDL-cholesterol
and impaired glycemic control at dietary intakes above 3 g
per day61,62. Second, the sheer number of capsules required
to deliver such high doses of the fatty acids would be
expected to produce poor compliance with the regimen.
Thus, for long-term management of asthma, fish oil alone
may not be advisable.

The medical food, EFF1009, supplies 0.75 g GLA, 0.5 g
EPA, and 0.3 g DHA per daily serving for adults, provided
in a pleasantly flavored, emulsified food form that facili-
tates compliance and absorption23. The medical food has
consistently produced a statistically significant improve-
ment in patients with mild to moderate asthma within
four weeks. In the current study, a significant improvement
in ARQOL was reported within two weeks. Taken
together, the previously published body of data along
with results from this clinical study support the conclusion
that a high dose of either GLA or EPA is neither required
nor necessarily sufficient to produce a benefit, but rather, a
low to moderate amount of both fatty acids combined
appears to be optimal for benefit in the dietary manage-
ment of asthma as well as being generally recognized as safe
for long-term use.

Conclusions
This small, randomized, placebo-controlled study demon-
strates that the daily consumption of a specially formulated
medical food EFF1009 containing the fatty acids GLA and
EPA is well tolerated and can improve the overall asthma-
related quality of life and also improve the management of
asthma symptoms. While this study corroborates two pre-
vious studies and adds to the body of data supporting safety
and effectiveness of the medical food, a larger controlled
study of longer treatment duration is warranted to confirm
the specific findings.
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