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Abstract. Oxidative stress, inflammation, and increased cholesterol levels are all mechanisms that have been associated with
Alzheimer’s disease (AD) pathology. Several epidemiologic studies have reported a decreased risk of AD with fish consumption.
This pilot study was designed to evaluate the effects of supplementation with omega-3 fatty acids alone (ω-3) or omega-3 plus
alpha lipoic acid (ω-3 + LA) compared to placebo on oxidative stress biomarkers in AD. The primary outcome measure was
peripheral F2-isoprostane levels (oxidative stress measure). Secondary outcome measures included performance on: Mini-Mental
State Examination (MMSE), Activities of Daily Living/Instrumental Activities of Daily Living (ADL/IADL), and Alzheimer
Disease Assessment Scale-cognitive subscale (ADAS-cog). Thirty-nine AD subjects were randomized to one of three groups:
1) placebo, 2) ω-3, or 3) ω-3 + LA for a treatment duration of 12 months. Eighty seven percent (34/39) of the subjects completed
the 12-month intervention. There was no difference between groups at 12 months in peripheral F2-isoprostane levels (p = 0.83).
The ω-3 + LA and ω-3 were not significantly different than the placebo group in ADAS-cog (p = 0.98, p = 0.86) and in ADL
(p = 0.15, p = 0.82). Compared to placebo, the ω-3 + LA showed less decline in MMSE (p < 0.01) and IADL (p = 0.01) and the
ω-3 group showed less decline in IADL (p < 0.01). The combination of ω-3 + LA slowed cognitive and functional decline in AD
over 12 months. Because the results were generated from a small sample size, further evaluation of the combination of omega-3
fatty acids plus alpha-lipoic acid as a potential treatment in AD is warranted.
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INTRODUCTION

Although significant progress has been made in both
understanding some of the mechanisms of Alzheimer’s
disease (AD) pathology and developing therapeutic
agents, these efforts have had no impact on decreas-
ing disease prevalence and have had limited effects on
improving the clinical course of AD [1]. The exponen-
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tial rise in the prevalence, incidence, and cost of care
for AD make finding therapeutic agents that can delay
disease progression an urgent public health concern.

Omega-3 fatty acids (ω-3) are a family of polyun-
saturated fatty acids (PUFAs) that contain a common
carbon-carbon double-bond at the third carbon from
the terminal methyl end of the molecule. The parent
ω-3 is linolenic acid, it is an ‘essential fatty acid’ and
cannot be synthesize in humans, and therefore it must
be supplied in the diet. Eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) are two types of
ω-3 that are synthesized from linolenic acid through
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a series of enzymatic steps [2]. High concentrations
of both EPA and DHA can be found in cold water
fish and fish oils. DHA is the major PUFA present in
the phospholipid fractions of the brain [3] and EPA
is a potent anti-inflammatory agent and can displace
arachidonic acid in immune cell membranes to affect
T-cell signaling and antigen presentation [4]. A number
of epidemiologic studies have observed a consistent
association of a decreased risk for AD and greater fish
consumption [5–7].

Alpha lipoic acid (LA) is a naturally occurring
dithiol compound that is synthesized in the mito-
chondria. Dietary sources of LA include meat, heart,
kidneys, liver, and small amounts from fruits and veg-
etables. Only small amounts of LA can be obtained
from the diet and therefore, most information on clini-
cal effects come from studies that supplement LA [8]. It
is a powerful antioxidant and can recycle other antioxi-
dants such as vitamin C, vitamin E, and glutathione [9].
It has anti-inflammatory properties and has been shown
to reduce NF-κB activity in vitro in cells stimulated
with TNF-� in a dose dependent manner [10].

The primary aim of this study was to evaluate the
effects of ω-3 (fish oil concentrate) alone and in combi-
nation with LA on oxidative stress in AD. The primary
outcome measure was peripheral F2-isoprostane levels
which is a measure of lipid oxidation. LA was added
to enhance the potential treatment effects of ω-3, as
it could mitigate oxidation of the fish oil supplement,
and might also have direct antioxidant effects in vivo.
Secondary outcomes included measures of cognition
[Alzheimer Disease Assessment Scale-cognitive sub-
scale (ADAS-cog), Mini-Mental State Examination
(MMSE)] and a measure of functional ability [Activ-
ities of Daily Living/Instrumental Activities of Daily
Living (ADL/IADL)]. We hypothesized that each treat-
ment would have a greater effect compared to placebo
on lipid oxidation and clinical outcomes, with the com-
bination therapy showing the greatest effect on all
outcomes.

MATERIALS AND METHODS

Participants

All participants and study partners provided written
informed consent before entering the study. Inclu-
sion criteria were age 55 years or older, diagnosis
of probable AD (NINCDS/ADRDA criteria), MMSE
score 15–26, Clinical Dementia Rating Scale 0.5 to
1.0, not depressed (Center for Epidemiological Stud-
ies of Depression Score <4.0), general health status that

would not interfere with patient’s ability to participate
and complete the study, and caregiver/informant able to
accompany participant to study visits. Exclusion crite-
ria were non-AD dementia, residence in a long-term
care facility at screening visit, history of clinically
significant stroke, health conditions such as cancer
(prostate cancer gleason grade <3 and non-metastatic
cancers were acceptable), liver disease, history of ven-
tricular fibrillation or ventricular tachycardia, major
psychiatric disorder, major central nervous system
diseases (e.g., brain tumor, seizure disorder), taking
lipid lowering medication, hyperlipidemic (triglyc-
erides >500 mg/dl, LDL >160 mg/dl, Total cholesterol
>240 mg/dl), fish oil or cod liver oil supplementation
within 30 days of enrollment, greater than one 6 ounce
serving per week of fish or seafood within 30 days
of enrollment, lipoic acid supplementation within 30
days of enrollment, taking systemic corticosteroids,
neuroleptics, antiparkinsonian agents, and narcotic
analgesics. The following medications and supple-
ments were allowed if stable for four months prior
to study enrollment, acetylcholinesterase inhibitors,
memantine, vitamin E, and ginkgo biloba. This study
was approved and monitored by Oregon Health &
Science University’s Institutional Review Board and
registered at ClincalTrials.gov, NCT00090402.

Study design and randomization

This study was designed as a 3-arm, parallel group,
randomized, double-blind, placebo-controlled pilot
clinical trial to test the safety and efficacy of ω-3
and ω-3 + LA with a 12-month treatment period. The
study sample size was powered to enroll the num-
ber needed to see a difference in F2-isoprostane levels
between placebo and either treatment arm. After meet-
ing screening eligibility criteria, 39 subjects were
randomized to one of three groups (13/group): 1)
placebo; 2) ω-3 (fish oil concentrate containing a daily
dose of 675 mg DHA and 975 mg EPA; or 3) ω-3 (fish
oil concentrate containing a daily dose of 675 mg DHA
and 975 mg EPA) plus LA (600 mg/day). Participants
were randomized by a computer-generated scheme that
was stratified by smoking status (current smoker ver-
sus nonsmoker) as this would have the greatest impact
on the primary outcome [11].

Outcome measures

The primary outcome measure was a change in urine
F2-isoprostane levels (adjusted for creatinine) from
baseline to 12-months. Secondary outcome measures
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included a change from baseline to 12-months on the
following: ADAS-cog, MMSE, ADL, IADL.

Study drugs

ω-3 only group: ω-3 was given in the form of fish
oil concentrate in the triglyceride form at 3 grams/day,
containing a daily dose of 675 mg DHA and 975 mg
EPA and flavored with lemon to mask the fishy taste.
Each participant was instructed to take 2 capsules in
the morning with food and 1 capsule in the afternoon
with food. These participants also took 1 placebo LA
tablet in the morning. ω-3 + LA group: LA was given
in the racemic form at 600 mg/day in one tablet. Each
participant randomized to the ω-3 + LA group took 1
LA tablet and 2 fish oil capsules in the morning with a
meal and 1 fish oil capsule in the afternoon with a meal.
Placebo group: The placebo LA contained no LA and
the following excipients, lactose, hypromellose, sili-
con dioxide, microcristalline cellulose, polyethylene
glycol, povidone, corn starch, talc, and magnesium
stearate. The placebo oil contained soybean oil that
contained 5% fish oil and lemon flavor to match the fish
oil concentrate. Participants randomized to placebo
took 3 placebo oil capsules per day, 2 in the morn-
ing with a meal and 1 in the afternoon with a meal and
1 placebo LA tablet in the morning with a meal. Fish
oil concentrate and soybean oil placebo capsules were
supplied by Nordic Naturals, Watsonville, CA and the
LA and LA placebo tablets were supplied by Meda
Pharma, Bad Homburg, Germany.

Omega-3 and LA measures

ω-3, DHA, and EPA, were measured in red blood
cell (RBC) membranes using methods described by
Ruyle et al. [12] at the Oregon Health & Science Uni-
versity (OHSU) Lipid Lab. RBC fatty acids are good
indicators for tissue fatty acid levels. EPA and DHA
levels are indicated by percent of total fatty acids mea-
sured in RBC membranes. A higher percent reflects
higher amounts of DHA and EPA incorporated into
membranes. Change from baseline at 6 months and
12 months was compared between groups. Because
LA’s clearance is rapid [13], LA was measured at one
in-clinic visit, 45 and 90 minutes post oral dosing. Sub-
jects took their usual study medications in clinic (one
LA capsule plus two fish oil capsules or corresponding
placebo capsules), blood was drawn 45 and 90 minute
post-oral administration. Plasma samples were stored
at −70◦C and measured in batches at OHSU. LA lev-
els were determined by liquid chromatography tandem

mass spectrometry (LC/MS/MS) using an adaptation
of the method of Chen et al. in a 96 well plate for-
mat [14]. Levels are expressed in �g/ml, the 45 and
90 minute time point levels were averaged for a single
mean serum LA level.

F2-isoprostane levels

Urine F2-isoprostane measurements were used to
avoid ex vivo lipid peroxidation that can occur with
plasma samples and to give a measure that reflects
systemic oxidative damage over time [15, 16]. Levels
were standardized by reporting as ng/mg creatinine.
Clean catch urine was collected for each subject and a
1 ml aliquot was immediately frozen on dry ice; all
samples were kept frozen at –70◦C until analyzed.
F2-isoprostanes in urine were quantified using gas
chromatography with negative ion chemical ionization
mass spectrometry and selective ion monitoring [15,
16]. Samples were analyzed in batches at the Univer-
sity of Washington, Seattle, WA.

Cognitive and functional measures

MMSE is a measure of global cognitive func-
tion, and scores range from 0–30, with a lower
score indicates greater cognitive impairment [17]. The
ADAS-cog assesses general cognitive function over
multiple domains [18]. A higher score indicates greater
impairment and the range of scores is 0 to 70. A single
rater trained at OHSU’s Oregon Alzheimer’s Disease
Center administered MMSE and ADAS-cog measures.
A modified Alzheimer’s Disease Cooperative Study
ADL (ADCS ADL) was used to measure ADL/IADL
[19]. The participant’s caregiver/study partner rates
basic and instrumental ADL. A higher ADL/IADL
score indicates a worsening in functionality; scores
range from 0 to 27 for ADL and 0 to 14 for IADL.

Compliance and blinding

Compliance was assessed by pill count at 6 months
and 12 months. The study assessed the maintenance of
blinding over 12 months by asking the participant’s
study partner, the participant, and all research staff
involved in administering outcome measures about
knowledge of group assignment at 12 months.

Safety measures

Safety was evaluated by adverse events reported by
the participant and their study partner, laboratory tests
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Fig. 1. Study flow.

(comprehensive metabolic panel and prothrombin time
(PT/INR)), vital signs, and physical and neurological
examinations.

Statistical analysis

Baseline characteristics were compared among
placebo, ω-3, and ω-3 + LA, groups using Pearson chi-
square or Fisher’s exact tests for categorical variables
and analysis of variance (ANOVA) for continuous
variables. The primary outcome measure was the dif-
ference at 12 months in urine F2-isoprostane level
adjusted for creatinine levels. Secondary outcome
measures included MMSE, ADAS-cog, ADL, and
IADL, and evaluated change in scores over 12 months.
Because of significant group differences at baseline
for F2-isoprostane levels between the ω-3 group and
the other two groups (placebo and ω-3 + LA), F2-
isoprosatane level between groups was analyzed at
6 and 12 months using linear regression, rather than
using linear mixed effects model that would mea-
sure repeated observations over time. For each time
point, 6 months or 12 months, F2-isoprostane level
was used as the dependent variable; independent vari-
ables included treatment group, age, and body mass
index. For secondary outcome measures (ADAS-Cog,
MMSE, ADL, and IADL), a linear mixed effects model
was used. This method allows for correlation between

repeated observations on each subject and provides
valid inference in the presence of missing data as
long as the data is missing at random (MAR). Each
outcome was set as the dependent variable, and inde-
pendent variables included treatment group, education
level (1 = bachelor’s degree or higher, 0 = less than a
bachelor’s degree), and age. The group difference in
slope was assessed by the interaction of intervention
time by ω-3 group, and intervention time by ω-3 + LA,
using the placebo group as the reference. Fischer’s LSD
was used to evaluate pairwise comparisons of means
between placebo versus ω-3 and placebo versus ω-
3 + LA. Bonferroni adjustment was used to account
for multiple comparisons by dividing p = 0.05 by five
outcomes (F2-isoprostane, MMSE, ADAS-cog, ADL,
IADL); significance was set at p ≤ 0.01.

RESULTS

Patient characteristics

The CONSORT (Consolidated Standards of Report-
ing Trials) flowchart for the study is presented in
Fig. 1. A total of 39 patients were randomized, 13
to each group. Except for F2-isoprostanes, there were
no significant differences between groups in baseline
characteristics (Table 1).
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Table 1
Baseline characteristics

Placebo ω-3 ω-3 + LA p value
Mean (SEM) Mean (SEM) Mean (SEM)

Age (years) 75.2 (10.8) 75.9 (8.1) 76.7 (10.6) p = 0.93
Female 54% 39% 39% p = 0.74
White 100% 100% 100% p = 1.00
College or greater 54% 39% 39% p = 0.66
Body mass index 23.8 (3.1) 26.2 (4.5) 25.4 (3.6) p = 0.26
MMSE 22.2 (3.1) 20.7 (2.7) 22.5 (3.0) p = 0.27
F2-isoprostane (ng/mg creatinine) 1.5 (0.2) 3.6 (1.0) 1.4 (0.2) p = 0.03
ADL 3.3 (1.0) 2.2 (.0.3) 1.5 (0.6) p = 0.23
IADL 10.0 (1.8) 10.8 (1.1) 6.8 (1.9) p = 0.13
ADAS-Cog 32.2 (9.5) 31.8 (9.4) 29.0 (7.1) p = 0.60
*DHA 4.4 (1.0) 5.1 (1.3) 5.0 (1.8) p = 0.39
*EPA 0.55 (0.14) 0.60 (0.23) 0.66 (0.38) p = 0.60
**AD med use 77% 92% 77% p = 0.50

SEM is standard error of the mean. *Percent of total in red blood cell membranes. **AD med use indicates
cholinesterase inhibitor or memantine.

Table 2
Percent fatty of total fatty acids in red blood cell membranes

Baseline 6 Months 12 Months *p value
(mean, SEM) (mean, SEM) (mean, SEM)

DHA
Placebo 4.4 (0.3) 4.0 (0.3) 4.1 (0.3) 0.41
ω-3 5.1 (0.4) 8.0 (0.4) 7.7 (0.2) <0.001
ω-3 + LA 5.0 (0.5) 7.2 (0.5) 7.2 (0.3) 0.001
EPA
Placebo 0.6 (0) 0.6 (0) 0.6 (0) 0.95
ω-3 0.6 (0.1) 2.9 (0.2) 3.0 (0.2) <0.001
ω-3 + LA 0.7 (0.1) 2.8 (0.2) 2.7 (0.2) <0.001

SEM is standard error of the mean. *Change from baseline to 12
months.

Omega-3 levels, LA levels, blinding

At 6 and 12 months, the groups that received fish
oil showed a significant increase from baseline in the
percent of DHA and EPA in red blood cell mem-
branes (Table 2). Mean LA levels that were measured
once in-clinic were: placebo, 0.03 (±0.03) �g/ml; ω-
3, 0.29 (±0.29) �g/ml; and ω-3 + LA, 2.17 (±0.60)
�g/ml. There was no significant difference between
placebo and ω-3 groups (p = 0.60); the ω-3 + LA group
had higher serum LA levels when compared to the
placebo group (p = 0.002) and compared to the ω-3
group (p = 0.006). When asked about treatment assign-
ment at the end of the study, the majority reported
no knowledge of treatment assignment: research staff
(100%), AD participant (84%), participant study part-
ner (81%).

Urine F2-isoprostane levels

Because the ω-3 group had significantly higher base-
line F2-isoprostane levels than the other two groups

Fig. 2. F2 isoprostane levels. Standardized urine F2-isoprostane
levels by adjusting for creatinine. Comparison between groups mea-
sured at baseline (p = 0.03), 6 months (p = 0.78), and 12 months
(p = 0.83) by linear regression adjusting for age and body mass index.
Error bars indicate standard error of the mean.

(p = 0.03), it was difficult to interpret treatment effects
on the change in F2-isoprostane levels after 12 months.
There was no difference between groups on F2-
isoprostane levels at 6 months (p = 0.78) and 12 months
(p = 0.83); concentrations at both time points were sim-
ilar (Fig. 2).

Cognitive measures (ADAS-cog, MMSE)

The mean change in ADAS-cog over 12 months for
the placebo group was 3.2 points (±2.1); for the ω-3
group 4.4 points (±2.2), and for the ω-3 + LA group
2.8 points (±2.0). The linear mixed effects model
adjusting for age and education showed no difference
in ADAS-cog between placebo and ω-3 (p = 0.86) or
between placebo and ω-3 + LA (p = 0.98). The mean
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Fig. 3. Mini-Mental State Exam. Comparison of change scores for
activities of daily living, using linear mixed effects model adjusting
for age and education, error bars indicate standard error of the mean.
A lower score reflects worsening of MMSE. No difference between
placebo and ω-3 was found over 12 months (p = 0.80). A significant
difference was found between placebo and ω-3 + LA over 12 months
(p < 0.01).

change in MMSE over 12 months for the placebo group
was −4.6 points (±1.4), for the ω-3 group −4.3 points
(±1.3), and for the ω-3 + LA group −1.0 points (±0.7).
In the linear mixed effects model adjusted for age
and education level, there was no difference between
placebo and ω-3 (p = 0.80), but there was a significant
difference between placebo and ω-3 + LA (p < 0.01),
suggesting that the combination therapy decreased the
rate of decline in MMSE over 12 months (Fig. 3).

Functional measures (ADL/IADL)

The mean change in IADL over 12 months for the
placebo group was 4.2 points (±0.9), for the ω-3 group
0.7 points (±1.0), and for the ω-3 + LA group 0.9
points (±1.1). Linear mixed effects model adjusting
for age and education level showed that compared to
placebo both ω-3 and ω-3 + LA showed less decline in
IADL (p < 0.01, p = 0.01) (Fig. 4). The mean change
in ADL over 12 months for the placebo group was
2.9 points (±0.7), for the ω-3 group 2.5 points (±1.0),
and for the ω-3 + LA group 1.3 points (±0.8). Linear
mixed effects model adjusting for age and education
level showed no difference between placebo and ω-
3 (p = 0.82) and no difference between placebo and
ω-3 + LA (p = 0.15).

Safety

The study treatments were well tolerated and
most adverse events were mild. The most commonly

Fig. 4. Instrumental activities of daily living. Comparison of change
scores for instrumental activities of daily living, using linear mixed
effects model adjusting for age and education. Error bars indicate
standard error of the mean. A higher score reflects worsening of
IADL. A significant difference was found between placebo and
ω-3 and between placebo and ω-3 + LA over 12 months (p < 0.01,
p = 0.01).

reported adverse events included the following: cold
or flu (3 placebo, 2 ω-3, 2 ω-3 + LA), loose stools
(3 placebo, 3 ω-3 + LA), dizziness (1 placebo, 2 ω-
3, 2 ω-3 + LA), falls (2 placebo, 1 ω-3). Two serious
adverse events (SAE) occurred. One death occurred
in the placebo group from complications after a uri-
nary tract infection. One death occurred in the ω-3
group from cardiac arrest. Neither SAE were deemed
related to study medications. Mean values for the com-
prehensive metabolic panel and PT/INR were within
normal limits at baseline and at 12 months (data not
shown).

DISCUSSION

Because oxidative stress has been implicated in AD
progression [20, 21], the pilot study was designed to
examine the effects of ω-3 and ω-3 + LA on periph-
eral F2-isoprostane levels. Compared to placebo, there
was no significant difference at 6 or 12 months in
the primary outcome measure, urinary F2 isoprostane
levels. Additional post-hoc analysis of peripheral pro-
tein carbonyls (markers of protein oxidation) showed
no baseline difference between groups and no change
in levels over 12 months (p > 0.20, data not shown).
Thus, there appeared to be no treatment effect on
biomarkers of lipid or protein oxidation. For secondary
measures of cognitive and functional impairment, the
study did not demonstrate a treatment effect on ADAS-
cog change over 12 months. However, both treatment
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arms showed a delay in progression of functional
impairment (IADL) when compared to placebo over
12 months. In addition, the ω-3 + LA group showed
a slowing of global cognitive decline as measured by
the MMSE that was not seen in the placebo or ω-3
groups.

The positive effects observed in the combination
therapy group on cognitive and functional measures
is not associated with a decrease in biomarkers of
oxidative stress, therefore the mechanism of action
remains unclear. There is one reported study in AD
evaluating the effects of supplementation with a com-
bination of antioxidanst on cerebrospinal fluid (CSF)
biomarkers; cognitive and functional measures. Sub-
jects were randomized to one of three groups: 1)
placebo, 2) antioxidant combination (daily dose, 800
IU �-tocopherol, 500 mg vitamin C, 900 mg alpha
lipoic acid), 3) Coenzyme Q10 (400 mg three times
a day) [22]. Although the antioxidant combination
group showed a reduction in CSF F2-isoprostane lev-
els, this group also exhibited faster cognitive decline
(MMSE) over 16 weeks than the placebo group. The
authors concluded that although antioxidant effects
had been achieved with the specific dose and com-
bination of antioxidants, the rapid decline in MMSE
scores raised “a caution” and a longer-term clinical
trial of this antioxidant combination was warranted. In
a transgenic model of cerebral amyloidosis (Tg2576),
Tg2576 mice and wild type mice were fed a LA diet
(1%) or a control diet for 6 months then assessed
for memory, oxidative stress (F2-isoprostanes, neuro-
prostanes), and amyloid-� levels. LA-treated Tg2576
mice had significant improvement in learning and
memory retention (Morris water maze task) compared
to untreated mice. Although LA significantly reduced
hipppocampal-dependent memory deficits, markers of
oxidative stress (F2-isoprostanes and neuroprostanes)
and amyloid-� levels were not affected by LA treat-
ment [23]. It is interesting to note that the pilot study
outcomes from the ω-3 + LA group mirror the Tg2576
animal study’s finding, where improvements in cogni-
tive measures were observed without improvements in
oxidative stress measures. Furthermore, supplementa-
tion of an antioxidant combination in AD subjects was
able to improve brain oxidative stress without improve-
ment in cognition or daily function [22]. In agreement
with the cited studies, the results from our pilot study
do not support a positive association between antiox-
idant biomarkers and cognitive/functional outcomes.
The combination of ω-3 with LA may impact multi-
ple mechanisms associated with AD pathogenesis that
are not based on antioxidant capacity and these mech-

anisms should be explored in future studies. Data from
AD animal models support the ability of DHA to pro-
tect from synaptic and dendritic loss [24]. Oral LA has
been reported in two open-label AD studies to delay
cognitive decline and, in non-AD cohorts, has a posi-
tive effect on insulin resistance [25–27]. In multiple
sclerosis studies, oral LA given to multiple sclero-
sis participants has been shown to increase cAMP
production and can decrease immune cell secreted
inflammatory cytokines by modulating cAMP [28, 29].
ω-3 and LA have been shown to decrease s-ICAM-1
levels and therefore, may have an impact on inflam-
matory markers of vascular risk [30, 31]. The pilot
study was not powered to assess whether outcomes
observed were associated with biomarkers other than
F2-isoprostane levels. A larger study is currently under
way that will assess the effects of ω-3 + LA on slow-
ing the rate of cognitive and functional decline in AD
(NCT01058941; ClinicalTrials.gov). The larger study
is also designed to evaluate the combination therapy
on peripheral biomarkers (IL-6, TNF-�, lipid panel,
insulin resistance) and brain changes (MRI total brain
atrophy and white matter hyperintensity) that may be
associated with AD progression.

The two largest placebo controlled studies evaluat-
ing ω-3 in AD found no effect in slowing rate of decline
in ADAS-cog, MMSE, or ADL [32, 33]. In agreement
with the two larger studies, our pilot study showed no
effect of ω-3 in slowing rate of decline in ADAS-cog
or MMSE, although ω-3 did slow IADL decline when
compared to placebo. In a review of EPA and DHA
in atherosclerosis factors, the authors note that vari-
ability in dose, dose duration, and DHA to EPA ratio
can influence reported outcomes [34]. There is no con-
sensus in AD studies for evaluating a standard ratio or
dose of DHA and EPA: Quinn et al. evaluated DHA
at 2 grams/day; Freund-Levi et al. evaluated fish oil
(DHA 1.7 g/day and EPA 0.6 g/day). This pilot study
evaluated ω-3 using 2-fold lower daily doses of DHA
and a much lower ratio of DHA:EPA than the Quinn
and Freund-Levi studies. As it is still unclear what ratio
and dose of DHA and EPA would be beneficial in AD,
it may be that the observed slowing in IADL progres-
sion in the ω-3 only group reflects a beneficial dose
and ratio that constitutes a higher EPA to DHA ratio
and a lower daily dose of DHA.

There are two published open-label studies evalu-
ating LA in AD patients, both from the same group
in Germany [25, 26]. The first study followed nine
patients with AD and related dementias for approxi-
mately 1 year after treatment with acetylcholinesterase
inhibitors and 600 mg/day of LA and reported a
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stabilization of cognitive function measured by MMSE
and ADAS-cog after one year [25]. The investigators
extended the study to 43 AD patients over an observa-
tion period of 48 months, in a subset of mildly impaired
patients (ADAS-cog score <15); they report a yearly
change in MMSE of -0.6 points and yearly change in
ADAS-cog at+1.2 points, which is significantly less
decline than reported for these measures in mildly
impaired AD patients that did not receive LA [26].
The study suggested a potential benefit of LA ther-
apy in mildly impaired AD patients. Our pilot study
found that ω-3 + LA resulted in less decline of MMSE
when compared to placebo or ω-3 alone, although we
do not know if the effects observed in the ω-3 + LA
group were a result of combining the two dietary sup-
plements or from LA alone as we did not evaluate a
LA only group.

It is possible that there is added protective ben-
efit in combining an antioxidant like LA to ω-3 as
in a related earlier study, higher baseline levels of
carotenoids (antioxidants) and DHA were associated
with higher MMSE scores [35]. In a cross-sectional
study of cognitively intact elderly, high plasma levels
of EPA and DHA were associated with low white mat-
ter hyperintensity burden and higher executive function
performance. In addition higher plasma levels of an
“antioxidant” cluster (vitamins C, E, B, and D) was
associated with greater total brain volume and higher
scores on global cognitive function [36]. The two stud-
ies support the idea that adding antioxidants to ω-3
may enhance benefit in protecting cognitive function.
The cross-sectional study in cognitively intact elderly
suggests that EPA/DHA and antioxidants have differ-
ent and specific mechanisms of action on preserving
brain integrity and that combining nutrients may have
more favorable outcomes than using a single nutrient
or combining nutrients with the same mechanism of
action.

There are a number of factors that could have
impacted the treatment effects we observed. The study
had a small sample size with multiple outcomes that
increase our chance of finding a false positive outcome.
When we use Bonferronni adjustment for multiple
outcomes, setting significance at p ≤ 0.01, our main
findings favoring the combination treatment in MMSE
and IADL remained significant (p < 0.01, p = 0.01).
The ω-3 only group also remains significant for delay-
ing IADL progression (p < 0.01). Most, but not all, of
the participants were taking a cholinesterase inhibitor
or a NMDA-receptor antagonist (memantine) and out-
comes could have been influenced by the use of these
medications. In a mixed effects model analysis, we

assessed cholinesterase inhibitor and NMDA-receptor
agonist use (individually) on each outcome (MMSE,
ADAS-cog, ADL, IADL) and did not see a signifi-
cant effect on any outcome (p-values>0.30, data not
shown). The ω-3 + LA group showed less decline on
MMSE and IADL, but we did not find a corresponding
effect in ADAS-cog and ADL. Differential completer
numbers at 12 months could account for this incon-
gruity. All subjects who completed the study could
perform the MMSE at 12 months while 10/13 (77%)
in placebo group and 12/13 (92%) in ω-3 + LA group
were able to perform ADAS-cog. Although change
in ADAS-cog between groups was not significant, a
higher percentage in the combination group was able
to do the ADAS-cog which is in the expected direction
of MMSE findings if this were a factor. Mean base-
line ADL scores were relatively low reflecting higher
function on basic living skills such as bathing and eat-
ing but mean baseline IADL scores were in a moderate
range. Higher function on ADL at baseline may have
blunted the ability to distinguish a change between
groups over 12 months. Although not significant, mean
ADL change scores for each group follow the general
pattern of the IADL scores with the placebo group hav-
ing greater decline than ω-3 + LA and ω-3 groups. As
IADL measures more complex tasks such as using the
telephone or preparing meals, it may have been more
sensitive to AD progression over time than the more
basic ADL measures.

CONCLUSIONS

In a small pilot study combining ω-3 with LA slowed
both cognitive and functional decline in mild to mod-
erately impaired AD participants over 12 months, and
the combination appears to be safe at the doses eval-
uated. Because the results are derived from a small
sample size, caution in broadly interpreting the out-
comes reported is warranted. A larger pilot trial is
underway to further assess the benefit and potential
mechanism of action of this novel combination for AD.
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