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Abstract

Background: Alzheimer's disease (AD) is the most common cause of dementia world-
wide. Omega-3 fatty acids (n-3-PUFA) are essential to normal neural development
and function. Souvenaid®, a medical supplement that contains n-3-PUFA's: eicosa-
tetraenoic acid (EPA) and docosahexaenoic acid (DHA), has emerged as an alternative,
slowing cognitive decline in AD patients. In this study, we investigated the effect of
dietary supplementation with n-3-PUFA, EPA, DHA, and Souvenaid® in AD patients.
Aim: This systematic review and meta-analysis aim to establish the relationship be-
tween n-3-PUFA, EPA, DHA, and Souvenaid® with cognitive effects, ventricular vol-
ume and adverse events in AD patients.

Methods: A systematic search of randomized control trials (RCT), cohorts, and case-
control studies was done in PubMed, Scopus, Web of Science, Cochrane, and Embase
for AD adult patients with dietary supplementation with n-3-PUFA, EPA, DHA, or
Souvenaid® between 2003 and 2024.

Results: We identified 14 studies with 2766 subjects aligned with our criteria. Most
publications described positive cognitive outcomes from supplements (58%). The
most common adverse events reported were gastrointestinal symptoms. CDR scale
showed reduced progression of cognitive decline (SMD =-0.4127, 95% Cl: [-0.5926;
-0.2327]), without subgroup differences between different dietary supplement inter-
ventions. ADCS-ADL, MMSE, ADAS-cog, adverse events, and ventricular volume did
not demonstrate significant differences. However, Souvenaid® showed a significant
negative effect (SMD=-0.3593, 95% Cl: -0.5834 to -0.1352) in ventricular volumes.
Conclusions: The CDR scale showed reduced progression of cognitive decline among
patients with n-3-PUFA supplemental interventions, with no differences between dif-

ferent n-3-PUFA supplements.
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1 | INTRODUCTION

Alzheimer's disease (AD) is a multifactorial, progressive and ir-
reversible neurodegenerative disorder. The biological markers of
B-amyloid and tau neurofibrillary tangles are defining features
of this disease.»? Unfortunately, AD remains a leading cause of
dementia, affecting 27 million people worldwide (60-70% of all
dementia cases)® and over 6 million Americans in 20234 num-
bers are expected to grow 152 million and 27 million by 2050,
respectively. The global cost of dementia-related care is $1 tril-
lion annually, and no known cure currently exists to modify the
course of AD.*3

Some risk factors for AD include age, genetics, family history,
diabetes, hypertension, obesity, and dyslipidemia.%®® The preva-
lence of AD is correlated with age: 5.0% aged 65-74, 13.1% of
those 75-84, and 33.3% of those 85years of age and above.”
Disturbances in Omega-3 fatty acids (n-3 PUFA) which include
alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA), docosa-
hexaenoic acid (DHA) levels, lipid rafts, and phospholipid compo-
sition are observed in AD.®

N-3 PUFA are essential nutrients obtained from the diet, usu-
ally found in fatty fish and fish oil supplements. They are essential
to the retina and brain, and myocardium cellular membranes.”1°
DHA, a n-3 PUFA, has been shown to be essential in normal neu-
ronal development particularly retina and neuronal cellular mem-
brane by changing the physical properties of membranes.!%! The
brain contains large amounts of n-3 PUFA, predominantly DHA,
which has a half-life of 2.5 years in the brain, suggesting functional
brain changes with n-3 PUFA deprivation.12 Meanwhile, EPA has
significant anti-inflammatory effects protective of the cellular
membrane. It directly inhibits proinflammatory markers including
IL-1B and IL-6.131

There are limited options for AD patients' cognitive decline
some dietary supplements have emerged as a possible treatment
measure.® Souvenaid®, a medical supplement intended for AD pa-
tients, which includes several vitamins and n-3 PUFA has shown a
slowed decline in cognition, brain atrophy, and disease progression
in patients with AD. This systematic review and meta-analysis aim to
investigate the efficacy of n-3 PUFA along with Souvenaid®, in man-
aging AD and explore their impact on cognition, ventricular volume

and adverse effects.®*?

2 | METHODS

The present study employed the Preferred Reporting Items for

Systematic Review and Meta-Analysis (PRISMA) 2020 guidelines to

conduct a comprehensive systematic review.*>*¢

2.1 | Searching methods

Our search encompassed PubMed, Scopus, Web of Science,
Cochrane, and Embase using Medical Subject Headings (MeSH)
terms and free text terms on January 29, 2024 (see Data S1). We
adhered to a PRISMA flowchart!® to guide the systematic review ar-
ticle selection process, resulting in a uniform dataset and enhancing

the accuracy and reliability of our findings.

3 | CRITERIA FOR CONSIDERING STUDIES
IN THIS REVIEW

3.1 | Types of study

For our research study, the effects of omega-3, DHA, EPA,
Souvenaid® in Alzheimer's disease, we systematically reviewed
relevant studies published from 2003 to 2024. The selected years
capture significant advancements and emerging research trends
in omega-3 fatty acid supplementation and Alzheimer's disease.
Available in English and Spanish. This systematic review included
studies that met the following inclusion criteria: RCT, cohort, and
case-control studies reporting the effects of omega-3 fatty acid,
DHA, EPA, and Souvenaid® (medical, nutritional drink with DHA,
EPA, and more nutrients) in Alzheimer's disease. We excluded case
reports, case series, dissertations, book chapters, protocol articles,
reviews, news articles, conference abstracts, letters to the editor,
editorials, and comment publications. Furthermore, we excluded
studies that did not clearly describe their operationalization, dupli-
cates, and those for which we could not obtain the necessary data
or receive a response from the original author via email.

3.2 | Types of participants

This study has set specific participant selection criteria, including
both genders. The focus will be on adults who have Alzheimer's dis-
ease. Including only articles that report the effects of omega-3 fatty
acid, DHA, EPA, and Souvenaid® (medical, nutritional drink with
DHA, EPA, and more nutrients); exclude studies involving pediatric
populations (under 18 years of age). The study aims to include a vari-
ety of participants to gain a better understanding of the intervention.

3.3 | Types of intervention

To be eligible for inclusion in this study, the selected research
must evaluate the effect of Omega-3, DHA, EPA, and nutritional
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supplement Souvenaid® in Alzheimer's disease adult patients. The
interventions may include oral supplements or any other consump-
tion way. The control group can receive no intervention, standard
care, or alternative intervention. Exclude studies that do not involve
the administration of Omega-3, DHA, EPA, and nutritional supple-
ment Souvenaid® in any subgroups or groups.

3.4 | Outcomes

The outcomes to be measured included studies that report relevant
outcomes, specifically effect on cognition, assessed by Alzheimer's
Disease Cooperative Study - Activities of Daily Living Scale (ADCS-
ADL), Mini-Mental Scale Examination (MMSE), Alzheimer's Disease
Assessment Scale-cognitive (ADAS-cog) and Clinical Dementia
Rating (CDR) Scale; Ventricular Volume assessed by MRI; Adverse
Effects and exclude studies that do not report information related to
cognitive impairment.

3.5 | Selection of studies
After an initial screening of titles and abstracts, two reviewers
(JVSO, NRSM) independently chose trials for inclusion in this re-
view based on predetermined criteria. The search was conducted
using Rayyan,'” with relevant data extracted and duplicates filtered.
Keywords were utilized to identify inclusion and exclusion criteria-
related terms on Rayyan (see Data S1). Any disagreements regarding
study inclusion were resolved through consensus and consultation
with a third reviewer (ECM).

Following this, a full-text analysis was undertaken, with two review-
ers (JVSO, OABS) independently selecting trials for inclusion based on
the predetermined criteria. Any disagreements on study inclusion were

settled through consensus and consultation with a third reviewer (SZS).

3.6 | Data evaluation

We conducted data evaluation according to the criteria outlined by
Cochrane. We used the Cochrane RoB 2.0 tool for randomized con-
trolled trials (RCTs)*” and the Newcastle Ottawa Scale for Cohort
and case-control studies to assess study quality in the systematic
review.'® Two independent reviewers assessed bias risk in each
study (JVSO, SZS), adhering to the specific criteria and guidelines
of the respective tools. Any reviewer disagreements were resolved
through discussion with a third, blinded reviewer (ECM).

The methodological aspects of trials and case-control studies
were categorized as having low, high, or unclear risk of bias following
the Cochrane Handbook for Systematic Reviews of Interventions'’
and NOS guidelines,?® respectively. Details regarding any down-
grading or upgrading of evidence quality will be presented in the
summary of findings table, providing transparency and explanations
for bias assessment in each study included.

REPORTS

3.7 | Statistical analysis

Meta-analysis was performed using the R Software version
023.09.1+494 (2023.09.1+494) to calculate the effect size.?
Effect sizes were presented as mean differences with 95% confi-
dence intervals (Cl). The random-effects model was used for pool-
ing analysis to compensate for the heterogeneity of studies???®
statistics. In this regard, I2>50% and =75% indicated substantial
heterogeneity23 study removal method to the sub-analysis to as-
sess whether any individual study exerted particular influence on

24,25

the overall effect size, p-values <0.05 were considered statis-

tically significant.

4 | RESULTS

Across the database, we identified 4295 possible articles using five
total databases. After a thorough examination, five duplicate articles
were removed before screening. During the screening, 75 publica-
tions were sought for retrieval, and 18 were further removed in the
screening process. Out of the remaining, 57 publications were as-
sessed for screening eligibility, and 14 were assessed and included in
the final review process. The total sample size of the 14 publications
was 2766 participants (Figure 1).

This risk of bias assessment used Cochrane's Risk of Bias 2.0 tool
for randomized control trials to assess the quality or risk of bias of
the 11 included studies. Risk of bias traffic light plot and bar plot
were created using the tool ROBVIS.? Our results summarized in
Figure 2 show that one article (9%) showed a high risk of bias, while
three (28%) showed some concerns, and the remaining seven (63%)
showed a low risk of bias. Our selection showed that most of our
publications resulted in low risk to some concern, with only one
article (9%) in the red high-risk label. The remainder of the publi-
cations, both prospective and retrospective studies, used the New
Castle-Ottawa Scale (NOS). Our selection showed that three articles
(100%) of the studies were of Good Quality.

The primary outcome obtained from the selected research
papers focuses on the effect of Omega-3, DHA, EPA, and nutri-
tional supplement Souvenaid® interventions in older patients with
Alzheimer's disease, emphasizing the effect on cognition measured
by different cognitive function measures (MMSE, ADAS-Cog, CDR,
ADCS-ADL). These participants and studies were from a wide
geographic range, including diverse countries such as Finland, the
Netherlands, Japan, Sweden, the USA, the United Kingdom, and
Taiwan.

While the selected publications had varied results, most saw a
positive effect on cognition, using Omega 3 interventions compared
to placebo. Of the selected publications (58%) saw a positive ef-
fect on cognition using Omega 3 interventions, while the remaining
(42%) saw no significant difference. This information is summarized
in Table 1.

The review highlighted varied outcomes in cognitive and func-
tional measures. Two Studies employing the Clinical Dementia
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FIGURE 1 PRISMA flow diagram.
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Rating scale yielded conflicting results®”?8; one found no significant

differences at 12months,?” while the other reported less worsening
in the treatment group at 24 months.?®

The efficacy of Omega-3 fatty acids (EPA and DHA) was mixed.
Two studies found no significant improvement in MMSE scores,
suggesting a limited impact on cognitive function.?®?’ However, an-
other study observed benefits in mild Alzheimer's cases, suggesting
potential cognitive improvements in the early stages, implying po-
tential early-stage cognitive improvements‘30

For ADAS-cog scores, the results were inconsistent. One study
reported improvements with Souvenaid® in patients with higher
baseline scores,®! while another found no significant effects of
EPA and DHA.?8 Overall, these studies present a nuanced picture
of Alzheimer's interventions, with some showing benefits in spe-
cific cognitive aspects while others indicate no significant change.

Adverse events were reported in 9 out of 14 publications in-
cluded in our paper. Of those, two publications did not report ad-
verse events compared to a control or placebo group.?”%? In the
remaining seven publications, two are identified as continuing the

2829 six studies were included in the review

same research study
of reported adverse events. All six of the research studies have
reported no statistically significant difference in the incidence of
adverse events between active and control groups. In the nine pub-
lications that reported adverse events, the most reported adverse

events involved the gastrointestinal.

5 | META-ANALYSIS RESULT

5.1 | Adverse events

This meta-analysis assessed adverse events from Omega-3 fatty
acid supplements in six studies (1184 observations). The relative risk
(RR) was 1.0149 (95% Cl: 0.9624-1.0702, p=0.5861), indicating no
significant risk increase (see Data S1). Low heterogeneity was con-
firmed by a tau-squared value (<0.0001) and an I-squared value of
17.4% (95% Cl: 0.0-62.2%).

5.1.1 | Subgroup and sensitivity analysis

Different Omega-3 forms showed variable RRs, but none indi-
cated a significant risk increase. Moderate residual heterogeneity
(I*=55.45%) was observed. Sensitivity analysis was not performed

due to the low heterogeneity.

5.1.2 | Publication bias

A linear regression test was not conducted due to the limited num-
ber of studies. Funnel plot symmetry suggested no publication bias
(see Data S1).

REPORTS

5.2 | Cognitive decline rating (CDR) scale

Two studies involving 485 participants showed that Omega-3 sup-
plements significantly reduced the progression of cognitive decline
(SMD=-0.4127, 95% Cl: [-0.5926; -0.2327]). Heterogeneity among
studies was minimal, with an % value of 0.0% and tau? of O (See Figure 3).

5.2.1 | Subgroup and sensitivity analysis

Different Omega-3 types, such as Souvenaid® and DHA+EPA,
demonstrated similar benefits. No significant subgroup differences
were found (Q=0.50, df=1, p=0.4801). Sensitivity analysis was not

conducted due to the lack of heterogeneity.

5.2.2 | Publication bias
The number of studies precluded a linear regression test, but funnel

plot symmetry indicated no publication bias (see Data S1).

5.3 | ADCS-ADL

In three studies totaling 964 observations, omega-3 supplements
had minimal nonstatistical important effects on ADCS-ADL scores
(SMD=0.0140, 95% Cl: -0.1123 to 0.1403). Heterogeneity was
negligible, with tau? of 0 and I? of 0.0% (95% Cl: 0.0-89.6%; See
Figure 4).

5.3.1 | Subgroup and sensitivity analysis
Due to insufficient data, no subgroup analysis was conducted.
Sensitivity analysis was not performed, given the low heterogeneity.

5.3.2 | Publication bias

The limited number of studies made a linear regression test unfea-
sible. Nevertheless, funnel plot symmetry suggests no publication
bias (see Data S1).

5.4 | Ventricular volume

This meta-analysis included two studies with 713 observations (391
in experimental groups and 322 in control groups). The standardized
mean difference (SMD) for ventricular volume changes was -0.1305
(95% Cl: -0.5730 to 0.3120, p=0.5633). The heterogeneity among
studies was high, with tau? at 0.0903 and an I? value of 88.5% (95%
Cl: 56.4-97.0%; See Figure 5).
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TABLE 1 General outcomes of included studies.

CALDERON MARTINEZ et AL.

Author Year Study design Age
Hikka 5.8 2017 RCT N/A
Hikka S.?? 2020 RCT N/A
Kamphuis P.2% 2011 RCT N/A
Yamazaki T.3* 2015 Prospective 78.6+7.2
Scheltens P.3* 2010 RCT 73.7+7.51
Kamphuis P.2° 2011 RCT N/A
Eriksdotter 2015 Retrospective 74+9
Mm.35 Cohort

Shah R% 2013 RCT 76.7+8.2
Freund-Levi 2006 RCT 72.5+8.9
Y.27

Quinn J.¥ 2010 RCT 76+8.7
Freund-Levi 2007 RCT N/A

Y.38

Boston P.2 2004 Prospective N/A

Sample size
(total)

311

81

225

133

212

225

165

527

174

402

204

22

Follow-up
period

24 months

36 months

6 months

12months

3months

6 months

6 months

6 months

12months

18 months

12months

6 months

Result

The multinutrient intervention had no significant
effect on the Neuropsychological Test Battery
primary endpoint over 2years in prodromal
Alzheimer's disease, although potential benefits
were seen on the cognitive-functional measure
CDR-SB and brain atrophy measures. We observed
significantly less increase in ventricular volume
(p=0.046)

This multinutrient intervention slowed decline on
clinical and other measures related to cognition,
function, brain atrophy, and disease progression.
These results indicate that intervention benefits
increased with long-term use

Patients with lower BMI at baseline may benefit
more from Souvenaid®, with respect to functional
outcome, than those with higher baseline BMI.
Baseline BMl is a predictor of ADL outcome

Long-chain omega-3 PUFA is closely associated with
cognitive function, and the EPA/AA ratio can be
regarded as a predictive marker for the preservation
of cognitive ability in elderly AD patients

This proof-of-concept study showed that
supplementation with the multinutrient drink
Souvenaid® for 12 weeks is well-tolerated and
results in an improvement in memory in patients
with mild AD

Overall, intake adherence was significantly
correlated with ADAS-cog improvement

in the active product group (correlation
coefficient=-0.260; p=0.019), but not the control
group

Preservation of cognitive functioning, assessed by
ADAS-cog or its sub-items (but not MMSE) scores,
was significantly associated to increasing plasma
omega 3 FA levels over time

Cognitive performance as assessed by ADAS-cog
showed decline over time in both control and
active study groups, with no significant difference
between study groups

At 6 months, the decline in cognitive functions
did not differ between the groups. However,
in a subgroup (n=_32) with very mild cognitive
dysfunction (MMSE >27 points), a significant
(p<0.05) reduction in MMSE decline rate was
observed in the w-3 fatty acid-treated group
compared with the placebo group

Supplementation with DHA compared with placebo
did not slow the rate of cognitive and functional
decline in patients with mild to moderate Alzheimer
disease

Supplementation with omega3 in patients with mild
to moderate AD did not result in marked effects

on neuropsychiatric symptoms except for possible
positive effects on depressive symptoms

No statistic/clinical difference in treatment effect of
ethyl-EPA on cognition during this 12-week study
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TABLE 1 (Continued)
Sample size  Follow-up
Author Year Study design Age (total) period Result
Chiu cc® 2008 RCT N/A 46 émonths Omega 3 PUFA can improve general clinical function
but not cognitive function
Shinto L.4° 2014 RCT N/A 39 12 months In a small pilot study combining ®-3 with LA
slowed both cognitive and functional decline in
mild to moderately impaired AD participants over
12months, and the combination appears to be safe
at the doses evaluated
Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (common) (random)
= [
Hikka S., 2017 153 0.56 1.3200 158 1.12 1.7200 — -0.36 [-0.59;-0.14] 64.5% 64.5%
i
- . N = |
Freund-Levi Y.,2006 89 1.20 0.2000 85 1.30 0.2000 —'—i— -0.50 [-0.80; -0.20] 35.5% 35.5%
i
|
Common effect model 242 243 S -0.41 [-0.59; -0.23] 100.0% .
Random effects model - -0.41 [-0.59; -0.23] 100.0%
T 1
Heterogeneity: 12 = 0%, t?= 0, p = 0.48 -0.5 0 0.5

Test for subgroup differences (common effect): Xz =0.50,df =1 (p = 0.48)
Test for subgroup differences (random effects): 7 = 0.50, df = 1 (p = 0.48)

FIGURE 3 Forest plot detailing mean difference and 95% confidence intervals (Cl) for the effect of different Omega 3 types against
Placebo on the CDR scale. Forest plot illustrating the Standardized Mean Difference (SMD) on the CDR scale between two studies
under the random effect model, indicating Omega-3 supplements significantly reduced the progression of cognitive decline with minimal

heterogeneity among studies (1?=0%).

Control
SD

Experimental

Study Total Mean SD Total Mean

113 62.60 10.6000
106 62.30 10.7000
265 54.66 15.5600

112 62.50 10.2000
106 62.60 11.4000
262 54.15 15.9100

Kamphuis P.,2011
Scheltens P., 2010
Shah R, 2013

Common effect model 484 480

Random effects model

Weight Weight
95%-Cl (common) (random)

Standardised Mean
Difference

SMD

001 [-0.25;0.27]  23.3%  23.3%
-0.03 [0.30;0.24]  22.0%  22.0%
0.03 [-0.14:0.20]  54.7%  54.7%
0.01 [-0.11; 0.14]  100.0% .
0.01 [-0.11; 0.14] 100.0%

Prediction interval

Heterogeneity: 12=0%, %= 0, p =0.93
Test for subgroup differences (common effect): xg =0.00, df =0 (p = NA)
Test for subgroup differences (random effects): x; = 0.00, df = 0 (p = NA)

[0.80; 0.83]

FIGURE 4 Forest plot detailing mean difference and 95% confidence intervals (Cl) for the effect of different Omega 3 types against
Placebo on ADCS-ADL scores. Forest plot illustrating the Standardized Mean Difference (SMD) on ADCS-ADL scores across three studies
under random effect model, indicating Omega-3 supplements had minimal nonstatistical important effect on ADCS-ADL scores with

minimal heterogeneity among studies (I>=0%).

5.4.1 | Subgroup and sensitivity analysis

Subgroup analyses compared different interventions

(Souvenaid® vs. DHA). Souvenaid® showed a significant neg-
ative effect (SMD=-0.3593, 95% ClI: -0.5834 to -0.1352),

whereas DHA showed a nonsignificant positive effect
(SMD=0.0922, 95% CI: -0.1068 to 0.2912). The test for sub-
group differences was significant (Q=8.72, df=1, p=0.0031).
Sensitivity analysis was not conducted due to the limited num-

ber of studies.
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5.4.2 | Publication bias (95% Cl: -0.2454 to 0.1049, p=0.4320). The heterogeneity was
moderate to high, with tau? at 0.0281 (95% Cl: 0.0000-0.2855) and
The linear regression test was impossible due to the small number of an 12 of 59.6% (95% Cl: 0.8-83.6%; See Figure 6).
studies. However, funnel plot asymmetry suggests potential publica-
tion bias (see Data S1).
5.5.1 | Subgroup and sensitivity analysis

5.5 | Alzheimer's disease assessment scale (ADAS) Subgroup analyses evaluated different interventions (Souvenaid®,

DHA, DHA+EPA). DHA+EPA showed a nonsignificantly nega-
Involving six studies with 1586 observations (834 in experimental tive effect (SMD=-0.2847, 95% Cl: -0.8510 to 0.2815), whereas
and 752 in control groups), the analysis showed an SMD of -0.0702 Souvenaid® and DHA alone showed no significant effects. The

Experimental Control Standardised Mean Weight Weight

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (common) (random)
’ = ‘ i

Hikka S., 2017 153 596 4.6600 158 7.80 5.5300 —+—— -0.36 [-0.58;-0.14] 44.1% 49.3%

Ir vention = DAA
Quinn J.,2010 238 9.10 10.6400 164 8.10 11.1300 0.09 [-0.11; 0.29] 55.9% 50.7%

Common effect model 391 322
Random effects model

-0.11 [-0.26; 0.04] 100.0% .
-0.13 [-0.57; 0.31] . 100.0%

Heterogeneity: /2 = 89%, ? = 0.0903, p < 0.01 -04 -02 0 02 04
Test for subgroup differences (common effect): xi =8.72,df=1(p <0.01)
Test for subgroup differences (random effects): x; =8.72, df = 1 (p <0.01)

FIGURE 5 Forest plot detailing mean difference and 95% confidence intervals (Cl) for the effect on ventricular volume by different
Omega 3 types against Placebo. Forest plot illustrating the Standardized Mean Difference (SMD) of Ventricular volume between two
studies under random effect model, SMD for ventricular volume changes was -0.1305 (95% Cl: -0.5730 to 0.3120, p=0.5633) with high
heterogeneity among studies (I>=88.5%).

Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (common) (random)

il
Scheltens P., 2010 106 25.90 7.7000 106 25.80 7.8000 —Llr'— 0.01 [-0.26; 0.28] 13.5% 17.0%
Kamphuis P.,2011 112 29.80 8.4000 113 30.10 5.9000 —F— -0.04 [-0.30; 0.22] 14.4% 17.4%
Shah R, 2013 265 25.44 11.5600 262 24.42 10.9500 j{(\—-i— 0.09 [-0.08; 0.26] 33.6% 22.4%

i

i

i

i

:

i
Freund-Levi Y.,2006 89 31.20 3.0000 85 32.80 3.1000 —=+—— : -0.52 [-0.83;-0.22] 10.7% 15.4%
Chiu CC, 2008 24 590 5.6300 22 5.57 4.7600 0.06 [-0.52; 0.64] 2.9% 6.9%

_—

€>

i

i

i

il
Quinn J.,2010 238 31.75 11.5900 164 32.23 10.1600 ' -0.04 [-0.24; 0.16] 24.8% 20.8%
Common effect model 834 752 -0.04 [-0.14; 0.06] 100.0% .
Random effects model -0.07 [-0.25; 0.10] . 100.0%

Prediction interval [-0.60; 0.46]

Heterogeneity: 12 = 60%, t* = 0.0281, p = 0.03
Test for subgroup differences (common effect): 2 = 8.53, df = 2 (p = 0.01)
Test for subgroup differences (random effects): x5 = 1.57, df = 2 (p = 0.46)

FIGURE 6 Forest plot detailing mean difference and 95% confidence intervals (Cl) for the effect of different Omega 3 types against Placebo
on ADAS scores. Forest plot illustrating the Standardized Mean Difference (SMD) on ADAS scores across six studies under the random effect
model, SMD of -0.0702 (95% Cl: -0.2454 to 0.1049, p=0.4320) with moderate to high heterogeneity among studies (I =59.6%).
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insignificant (Q=1.57, df=2,

p=0.4552). Sensitivity analysis was not performed due to the com-

subgroup differences test was

plex nature of interventions and heterogeneity levels.

5.5.2 | Publication bias
The linear regression test was not conducted due to the limited
number of studies, and the funnel plot asymmetry indicated possible

publication bias (see Data S1).

5.6 | Mini-mental state examination (MMSE)

This meta-analysis incorporated data from four studies with 834 ob-
servations (457 in experimental groups and 377 in control groups).
The analysis yielded an SMD of 0.1232 (95% Cl: -0.0139 to 0.2603,
p=0.0781). Heterogeneity was minimal, with tau? at 0 and an I? of
0.0% (95% Cl: 0.0-84.7%; See Figure 7).

5.6.1 | Subgroup and sensitivity analysis

Different interventions (Souvenaid®, DHA, DHA +EPA) were con-
sidered. The DHA group showed a small, nonsignificant positive
effect (SMD=0.1674, 95% Cl: -0.0319 to 0.3666). No significant
effects were observed for Souvenaid® and DHA+EPA. The sub-
group differences test was insignificant (Q=0.67, df=2, p=0.7158).
Sensitivity analysis was not conducted due to the consistent effects
and low heterogeneity.

Experimental Control
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)

5.6.2 | Publication bias

A linear regression test was not feasible because of the limited num-
ber of studies. The funnel plot indicated no significant publication
bias (see Data S1).

6 | DISCUSSION
Alzheimer's is an irreversible, progressive neurodegenerative dis-
order and the primary cause of dementia, affecting approximately
27 million people worldwide.>? The lack of discovered treatment to
halt the progression of functional and cognitive decline continues to
compound the burden of society. This systematic review and meta-
analysis, which analyses data from 14 articles, aims to establish the
role of dietary supplements such as n-3 PUFA (DHA and EPA) and
Souvenaid® in improving cognition, quality of life, and other param-
eters in patients with AD.&*? We have used certain cognitive param-
eters such as the CDR scale, ADCS-ADL score, ADAS-cog score, and
MMSE to assess the impact of the intervention on cognition, while
MRI assessed ventricular volume. Most selected publications (58%)
reported a positive effect on cognition with omega-3 interventions,
while the remaining (42%) observed no significant difference. This
indicates that while omega-3 interventions might benefit specific in-
dividuals, they may not offer benefits across the board. Considering
individual patient characteristics and preferences is essential when
deciding on a treatment plan.

Nine articles reported adverse effects from Omega-3 fatty acid
supplementation. None of these studies posed a statistically signifi-
cant difference between the active and control groups. We excluded

Standardised Mean Weight Weight

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (common) (random)
Scheltens P., 2010 106 24.10 3.5000 106 24.00 3.4000 — 0.03 [-0.24; 0.30] 25.9% 25.9%
Freund-Levi Y.,2006 89 22.10 1.0000 85 21.90 1.0000 0.20 [-0.10; 0.50] 21.2% 21.2%
Chiu CC, 2008 24 271 25200 22 3.09 4.5900 -0.10 [-0.68; 0.48] 5.6% 5.6%
Quinn J.,2010 238 17.20 5.8300 164 16.26 5.2900 T 0.17 [-0.03; 0.37] 47.3% 47.3%

!

i
Common effect model 457 377 <= 0.12 [-0.01; 0.26] 100.0% .
Random effects model = 0.12 [-0.01; 0.26] 100.0%
Prediction interval e — [-0.18; 0.42]

[ T I T I 1

Heterogeneity: 1=0%,t?=0,p =068
Test for subgroup differences (common effect): Xz =0.67,df =2 (p =0.72)
Test for subgroup differences (random effects): x; = 0.67, df =2 (p = 0.72)

-06-04-02 0 02 04 0.6

FIGURE 7 Forest plot detailing mean difference and 95% confidence intervals (Cl) for the effect of different Omega 3 types against
Placebo on MMSE scores. Forest plot illustrating the Standardized Mean Difference (SMD) on MMSE scores across four studies under the
random effect model, SMD of 0.1232 (95% Cl: -0.0139 to 0.2603, p=0.0781) with minimal heterogeneity among studies (1*=0%).
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three articles for quantitative analysis due to insufficient data. The
most common adverse events were gastrointestinal symptoms; this
was not analyzed in the meta-analysis as it was not one of the main
outcomes of interest.

The review of Ventricular volumes in the brain stated a positive
effect of intervention with significantly less volume reduction and
a lower rate of deterioration among the active group of patients.26
However, the meta-analysis found it statistically insignificant, with an
estimated mean difference of -0.1305 (95% Cl: -0.5730 to 0.3120,
p=0.5633) with high heterogeneity. Intervention with Souvenaid®
showed a significant negative effect on the volumes, whereas DHA
showed a nonsignificant positive effect, conveying a difference in
outcome among the type of dietary intervention. Subgroup analysis
suggests that Souvenaid® and DHA may affect ventricular volume
changes differently. The difference observed between interventions
underscores the importance of future research in explaining the un-
derlying mechanisms. Clinicians should consider the differences in
the intervention and closely monitor patients while receiving inter-
ventions with regular imaging assessments and clinical evaluation.

The review of the Clinical Dementia Rating scale observed varied
outcomes in cognitive and functional measures. Meta-analysis of the
CDR scale showed that nutritional intervention significantly reduced the
progression of cognitive decline in patients with AD (SMD=-0.4127,
95% Cl: [-0.5926; —0.2327]). A significant reduction in the progression
of cognitive decline suggests that the intervention could serve as an op-
tion for individuals at risk of cognitive impairment. However, it is crucial
to recognize that various cognitive scales may measure different aspects
of cognitive function and can have differing sensitivity to changes in
cognitive abilities. Future research is necessary to enhance our under-
standing of the specific effect of intervention and long-term implication
among various population and cognitive domain.

ADAS-cog score showed variable response to intervention,
with a few articles reporting improved cognition and the others
reporting no change.31’33'34 The group receiving DHA showed a
small yet nonsignificant positive effect on the MMSE, while none
were observed with Souvenaid® and EPA. The meta-analysis
found no significant overall effect on ADAS scores across the
studies. Subgroup analyses indicated that DHA + EPA had a non-
significantly negative effect, while Souvenaid® and DHA alone
did not exhibit substantial effects. Considering the moderate to
high heterogeneity observed, it is advisable to interpret the re-
sults cautiously. The clinical importance of these findings em-
phasizes the need for further research aimed at enhancing our
understanding of the effects of different interventions on ADAS
scores in individuals with Alzheimer's disease.

Most of the selected articles resulted in a low risk of bias, with only
one article (9%) having a high risk of bias. This leads us to believe that
our conclusions from the articles are reliable. Asymmetry observed in
the funnel plots assessing Ventricular Volumes and ADAS Score signi-
fies a potential Publication Bias in the respective cognition parameters
with an overestimated effect size. Our qualitative findings indicate that
nutritional supplementation with Omega-3 fatty acids appeared to de-
celerate cognitive decline and enhance overall well-being in patients

with Alzheimer's disease (AD). However, our quantitative analysis
did not reveal a statistically significant difference between the ac-
tive and control groups, contradicting these qualitative observations.
Healthcare providers should interpret qualitative findings cautiously,
acknowledging that they may not always correlate with quantitative
analysis. While qualitative data offer valuable insights, quantitative
analysis is essential for establishing statistical significance and treat-
ment efficacy. Despite the lack of statistical significance in quantitative
analysis, healthcare providers should consider individual patient char-
acteristics, preferences, and responses to intervention.

Scouring through Systematic Reviews and meta-analyses per-
formed in the previous years on related subjects taught us that most
studies addressed populations with mild to moderative cognitive
dysfunction in AD rather than severe levels of impairment. A previ-
ous Meta-analysis showed positive effects on cognition in long-term
(minimum period of 10% of total life span) supplementation with
omega-3 FA on mice models with advanced AD.*! In addition, this
study suggests differential effects according to gender, showing a
larger diminished neurodegeneration in female animals. Another pre-
vious quantitative study supports a positive relationship between a
longer follow-up duration and a stronger protective effect of higher
fish intake against the risk of AD.*? Despite these studies suggesting
that supplementation with Omega-3 FA slowed down cognition de-
cline, especially in the long term, they did not find statistically signif-
icant evidence of this protective effect on humans.

Additionally, heterogeneity among studies raises concerns about
the consistency of these findings. This statement is underpinned by
a previous Meta-analysis, which sustains that there is no consistent
evidence to support the effectiveness of Omega-3 supplementation
on cognition in AD in the short and medium term and that supple-
mentation only improves certain aspects of cognitive function in pa-
tients with cognitive impairment not associated with dementia.*® Our
study assesses the impact of multiple nutritional supplements such
as Omega-3s, DHA, EPA, and Souvenaid® on cognitive parameters.
Such a detailed review has not been done in the recent past. Although
our Systematic Review and Meta-analysis found positive effects on
Souvenaid® supplementation in decelerating cognitive decline and
enhancing overall well-being in patients with AD, it was not enough
to reach a statistical significance between the active and control
groups. These results may be due to the lack of a common strategy
to report improvement and the few articles we have included for our
strict criteria. Nevertheless, healthcare providers should consider

these outcomes when preventing and treating AD.

7 | LIMITATIONS

Our review focused on articles published in English and Spanish,
Randomized Control Trials, Case-Control and Cohort Studies. The
findings of this Systematic Review and Meta-Analysis led the authors
to come to a common consensus that though dietary supplementation
positively impacts certain cognition parameters, evidence was insuffi-

cient to bring statistical significance. This can be attributed to the small
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sample size of fourteen publications assessed in this study. Additionally,
considerable differences in heterogeneity and the inability to perform
sensitivity analysis on parameters because of limited sample size
highlight the need for further research. Future directions should be
aimed towards conducting additional long-term and large-scale stud-
ies, examining dose-response relationship to set an optimal dosage,
considering factors such as genetic predispositions to identify specific
populations that might benefit from Omega-3 supplementation and
explore potential synergistic effects of combining supplementation
with other interventions, such as cognitive training, physical exercise,
or other nutritional supplements, to enhance cognitive benefits.

8 | CONCLUSION

Our Systematic review and meta-analysis span from 2003 to 2023,
covered a sample size of 14 studies, and 2766 participants explored
the effects of omega-3 fatty acid (particularly DHA) and nutritional
supplement Souvenaid® on cognition, adverse events, and ven-
tricular size in Alzheimer's disease. Our meta-analysis did not find
statistically significant differences between intervention and con-
trol groups for cognitive outcomes like ADCS-ADL, ADAS-cog, and
MMSE scores. Ventricular volume analysis showed a nonsignificant
trend in reduced decline with the Souvenaid® intervention group.
The CDR scale analysis suggested that nutritional intervention may
slow cognitive decline. Adverse effects from the omega-3 supple-
mentation were minimal and comparable to those of the control
groups. While these findings contribute to the existing body of evi-
dence on omega-3 and Souvenaid® in AD, the provide inconclusive
evidence of cognitive improvement. However, results suggest a po-
tential beneficial effect in slowing cognitive decline and emphasize
the need for further research to develop a personalized treatment
proposal for individual patient presentation. Strengths of our review
include robust methodologies and comprehensive analysis of multi-
ple studies. It is imperative to acknowledge the limitations of this,
such as the limited sample size, study heterogeneity, and publica-
tion bias. Future research should focus on several factors, includ-
ing a larger, diverse sample size with an extended follow-up period,
elucidating the underlying mechanism, duration, dose of omega-3
supplementation, and observation of Potential interaction between
interventions. Although this review does not conclusively establish
the efficacy of omega-3 and Souvenaid® in enhancing cognition in
AD patients, it sets the context for further investigation of a more
personalized treatment approach. In doing so, it opens avenues for
potential future benefits in managing cognitive decline associated

with a debilitating condition called Alzheimer's disease.
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