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Abstract

OBJECTIVES: To investigate the impact of a six-month multiingredient nutrition supplement intervention (Smartfish®),
containing omega-3 polyunsaturated fatty acids (PUFAs),
vitamin D, resveratrol, and whey protein, on cognitive function
in Irish older adults.
DESIGN: Double-blind, randomised controlled trial
(ClinicalTrials.gov: NCT02001831). A quantitative, mixedmodel design was employed in which the dependent variable
(cognitive function) was analysed with a between-subjects factor
of group (placebo, intervention) and within-subjects factor of
testing occasion (baseline, three-months, six-months).
SETTING: Community-based intervention including
assessments conducted at University College Dublin, Ireland.
PARTICIPANTS: Thirty-seven community-dwelling older
adults (68-83 years; mean (x̄)= 75.14 years; standard deviation
(SD)= 3.64; 18 males) with normal cognitive function (>24 on the
Mini Mental State Examination) were assigned to the placebo
(n= 17) or intervention (n= 20) via a block randomisation
procedure.
INTERVENTION: Daily consumption for six-months of a
200mL liquid juice intervention comprising 3000mg omega-3
PUFAs [1500mg docosahexaenoic acid (DHA) and 1500mg
eicosapentaenoic acid (EPA)], 10μg vitamin D3, 150mg
resveratrol and 8g whey protein isolate. The placebo contained
200mL juice only.
MEASUREMENTS: A standardised cognitive assessment
battery was conducted at baseline and follow-ups. Individual
test scores were z-transformed to generate composite scores
grouped into cognitive domains: executive function, memory,
attention and sensorimotor speed. Motor imagery accuracy
and subjective awareness of cognitive failures variables were
computed from raw scores.
RESULTS: A hierarchical statistical approach was used
to analyse the data; first, by examining overall cognitive
function, then by domain, and then by individual test scores.
Using mixed between-within subjects, analyses of variance
(ANOVAs), no significant differences in overall cognitive
function or composite cognitive domains were observed
between groups over time. The only significant interaction was
for Stroop Color-Word Time (p< 0.05). The intervention group
demonstrated reduced task completion time at three- and sixmonth follow-ups, indicating enhanced performance.
CONCLUSION: The present nutrition intervention
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encompassed a multi-ingredient approach targeted towards
improving cognitive function, but overall had only a limited
beneficial impact in the older adult sample investigated.
Future investigations should seek to establish any potential
clinical applications of such targeted interventions with longer
durations of supplementation, or in populations with defined
cognitive deficits.
Key words: Cognitive failures, executive function, aging, nutrition,
supplementation.
Abbreviations and Symbols: ANOVA: Analysis of Variance; AVLT:
Auditory Verbal Learning Test; BMI: Body Mass Index; CFQ:
Cognitive Failures Questionnaire; COWA: Controlled Oral Word
Association; C-W: Color-Word; DHA: Docosahexaenoic acid; EPA:
Eicosapentaenoic acid; INT: Intervention Group; MI: Motor Imagery;
MMSE: Mini Mental State Examination; PI: Principal Investigator;
PLAC: Placebo Group; PUFA: Polyunsaturated fatty acid; RCT:
Randomised controlled trial; SD: Standard deviation; TMT: Trail
Making Test; TUG: Timed Up and Go; UCD: University College
Dublin; WAIS-III: Wechsler Adult Intelligence Scale III; x̄: Mean.

Introduction

C

ognitive function tends to decline with
advancing age. Older adults may experience
compromises in memory, attention and
executive functioning that significantly impair their
capacity to cope with daily social and occupational
demands (1). In the quest to understand possible
mechanisms, recent research has explored the role of
modifiable risk factors, such as physical activity (2)
and diet (3), in curbing age-related cognitive decline.
Of the dietary factors investigated to date, omega-3
polyunsaturated fatty acids (PUFAs) has the highest
evidence-based potential for clinical use (4). The precise
nature of this impact, however, remains unclear. To
illustrate, in some studies, high omega-3 PUFA
consumption is associated with improved cognitive
© Serdi and Springer-Verlag International SAS, part of Springer Nature
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functioning or reduced risk of dementia; whereas in
others, no such effect is evident (5-9). A Cochrane review
(3) reported on three randomised controlled trials (RCTs)
(10-12) in this field and found no benefit of omega-3
PUFA supplementation on cognitive function in healthy
elderly. However, more recent RCTs have demonstrated
enhanced executive functioning (13) and object location
memory task performance (although no effect on the
Auditory Verbal Learning Test; AVLT) (14) after omega-3
PUFA supplementation in healthy older adults.
Vitamin D insufficiency has been suggested as a
potential modifiable risk for age-associated cognitive
decline (15, 16). In this regard, two prospective
population-based cohort studies (17, 18) examined this
association, using the Mini Mental State Examination
(MMSE) (19) and at least one version of the Trail Making
Test (TMT) (20) in older adults at baseline and follow-up.
Again, inconsistency of findings is apparent; whereas
poorer cognitive function exists in participants who are
vitamin D deficient (17), negligible evidence of a link
between vitamin D and executive function or incident
cognitive decline has also been observed (18). In addition,
a 12-year population-based longitudinal study of 1058
adults (aged >50 years at baseline) found an association
between vitamin D deficiency and poorer performance
on a range of baseline cognitive assessments, but no
association between vitamin D status and task
performance or cognitive decline at follow-ups (21). As
such, RCTs are warranted to causally determine the
benefits, if any, of vitamin D supplementation in the
treatment or prevention of cognitive decline.
Emerging research suggests that resveratrol, a
polyphenol plant compound, may modulate mechanisms
of neuronal aging (22-24). However, the complexity of the
biological substrates of polyphenols in cells and animals
represents a major challenge in extending this research
to humans (25). In this regard, human studies evaluating
the role of resveratrol on cognitive function are scant.
The beneficial role of whey protein supplementation
has also been examined; mostly regarding physiological
health outcomes, including enhanced muscle mass (26),
increased artery elasticity and decreased risk of heart
disease and stroke (27). Despite the significant positive
associations between these outcomes and brain function,
interventional evidence is lacking on the specific role
of dairy constituents in neurocognitive health over the
lifespan (28).
In summary, evidence concerning the benefits of
nutrition supplementation on cognitive processes in
older adults remains inconclusive. Moreover, previous
research has focused almost exclusively on the impact
of individual ingredients on cognitive function. Against
this background, the present study addresses this gap in
the literature by experimentally evaluating a six-month
multi-ingredient supplement intervention containing
omega-3 PUFAs, vitamin D, resveratrol and whey
protein on cognitive function in Irish older adults. It

was hypothesised that the experimental intervention
would improve overall cognitive functioning, executive
function, memory, attention, sensorimotor speed, motor
imagery (MI) accuracy and subjective awareness of
cognitive failures, compared to the placebo condition.

Methods
Design
A double-blind RCT was employed to investigate
the efficacy of a six-month, multi-ingredient nutrition
supplement intervention for improving cognitive
functioning in older adults; specifically, effects on
executive function, memory, attention, sensorimotor
speed, MI accuracy, and subjective awareness of cognitive
failures were assessed. For this quantitative, mixed-model
design, the dependent variable (“cognitive function”)
was analysed with respect to a between-subjects factor of
“group allocation” (placebo or intervention group) and
a within-subjects factor of “testing occasion” (baseline,
three-months, and six-months).

Ethical approval
All study procedures were enacted in accordance
with the ethical codes of conduct of the Psychological
Society of Ireland and the guidelines of the Declaration of
Helsinki (2008, 2013). The research protocol was reviewed
under the broader Smartfish® project and granted ethical
approval from the University College Dublin (UCD)
Human Research Ethics-Sciences Board (reference: LS-1328-Egan). Participants provided written informed consent
prior to study enrolment. No animals were included in
this research.

Sample size calculation and study power
To calculate an estimate for sample size, an alpha value
of 0.05 and beta value of 0.2 was set to ensure Power
would be 0.8. Given our two allocation groups and three
testing occasions, this determined that a sample size of 28
participants would be required to detect a medium effect
size (f= 0.25) (GPower v3.1). To account for potential
drop-out rate, we aimed to recruit more participants prior
to randomisation. A post-hoc calculation of our actual
power based on 37 trial-completers was conducted and
demonstrated a 0.914 power to detect medium effects, in
line with our intended goal.

Participants
Participants were recruited via a combination of
methods including an advertisement placed in a national
newspaper (Irish Times), invitations issued on the UCD
alumni website, and recruitment flyers distributed
2
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to local elderly organisations and retirement homes.
Individuals who expressed interest in the study were
invited to UCD and provided with an information leaflet,
which addressed issues of confidentiality, anonymity
and data protection. At this point, a consent form was
signed in the presence of the researcher. Eligibility for
participation was then established from a pre-screening
examination with a medical doctor. Participants aged 65
years or over, defined as ‘healthy’ (disease free) (29), who
were independent, mobile and capable of completing
the trial, and who scored above 24 on the MMSE [19]
were considered eligible. Potential participants who
concurrently fulfilled these inclusion prerequisites, and
did not report current or recent (8-week) use of fish
oil, or vitamin D or whey protein supplements, were
subsequently selected for the trial.
Only participants who completed assessments at
all three time-points were included in the statistical
analysis (per protocol analysis). The total sample (N= 37)
comprised 18 males and 19 females with an overall mean
age of 75.14 years (SD= 3.64; range 68- 83 years). Of the
37 ‘trial completers’, 17 had been randomised into the
placebo group (PLAC) and 20 had been randomised into
the intervention group (INT) (see Figure 1 for a consort
diagram detailing study participation). The principal
investigator (PI), blind to the assessments, conducted
this random allocation procedure by means of a block
randomisation. Envelopes were selected from an opaque
container, which contained an equal distribution of
placebo and supplement. Once an envelope had been
drawn it was not returned prior to the subsequent
randomisation.

In the active arm, the intervention liquid nutrient
support (quantity 200mL per day; energy 200kcal per
day) comprised 3000mg of long-chain omega-3 PUFAs
[as 1500mg docosahexaenoic acid (DHA) and1500mg
eicosapentaenoic acid (EPA)], 10μg of vitamin D3,
150mg of resveratrol, and 8g of whey protein isolate.
The placebo nutrient support contained 200mL of juice
only (energy 100kcal per day). Smartfish®, a Norwegian
biotech company, provided both the supplement and
placebo as ready-to-drink, palatable, pomegranate
and apple flavoured juice formulations, presented in
identically sealed TetraPak cartons. The formulations
were indistinguishable in appearance and taste, and
participants were required to consume their allotted
formulation daily for a period of six-months. Research
staff and participants were completely blind to group
allocation until completion of the data collection.
Participants received the juice cartons immediately
following their baseline assessment, and these were
replenished following their intermediate assessment.
Compliance to the supplementation protocol was
recorded using a daily tick-box diary completed by each
participant.

Cognitive assessments
Between October 2013 and January 2015 data were
collected in the Human Performance laboratory at
the UCD Institute for Sport and Health. An extensive
cognitive assessment battery comprising seven
measures was conducted at three time points [baseline,
intermediate (three-months) and follow-up (sixmonths)]. The battery was an English replication of
that used in a previous investigation of omega-3 PUFA
supplementation and cognitive function (13) with the
addition of the Timed Up and Go (TUG) test (30) and
the Cognitive Failures Questionnaire (CFQ) (31). The
Trail Making Test (TMT) [20] was administered in two
parts: Part A assessed sensorimotor speed and visual
tracking and part B measured cognitive flexibility. The
Auditory Verbal Learning Test (AVLT) (32) examined
learning (immediate recall), retention (30-minute delayed
recall) and retrieval (30-minute delayed recognition) of
newly acquired verbal information. Alternate versions
of the AVLT were used at follow-ups to prevent
practice effects. The Stroop test (33) was administered
as a measure of selective attention, processing speed,
and susceptibility to cognitive interference. The version
used consisted of two components, namely Color and
Color-Word (C-W) tasks (34). The Controlled Oral
Word Association test (COWA) (35) measured executive
functioning and was administered in two parts to explore
phonemic and categorical verbal fluency. The Digit Span
test, taken from the Wechsler Adult Intelligence Scale
III (WAIS-III) (36), comprised two different tests; the

Figure 1. Consort diagram detailing study participation
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Table 1. Descriptive and Test Statistics Comparing Baseline Group Characteristics
Variable

PLAC (n= 17)

INT (n= 20)

Statistic

p

Gender

9 (8)

9 (11)

x2= 0.02

.879

Age

74.76 (3.80)

75.45 (3.56)

t= -0.57

.575

Height (m)

1.70 (0.11)

1.67 (0.09)

t= 0.97

.338

Body Mass (kg)

71.15 (12.49)

71.37 (16.74)

t= -0.04

.966

Body Mass Index (BMI)
(kg/m2)

24.94 (5.44)

25.82 (6.50)

t= -0.44

.664

Education

15.18 (2.81)

15.72 (3.71)

t= -0.49

.628

x = 4.47

.215

Key Variables

Qualification:

2

None

0

1

Leaving Certificate

4

1

Undergraduate

8

13

Postgraduate

5

3

Note. Abbreviations: INT: Intervention group; PLAC: Placebo group. Gender data expressed as: n male (n female). Age, Height, Body Mass, BMI and Education data
expressed as mean (SD). Qualification data expressed as frequency counts.

Table 2. Independent Samples t-Tests Comparing Baseline Cognitive Function Across Groups
Variable

PLAC

INT

Independent Samples t-test

Mean (SD)

Mean (SD)

t

p

Phoneme Total

41.53 (15.97)

43.95 (13.47)

-0.50

.620

Category Total

39.00 (9.91)

43.60 (9.51)

-1.43

.159

TMT A Time

40.24 (11.19)

42.00 (14.99)

-0.40

.692

TMT B Time

85.81 (32.21)

84.55 (30.61)

0.12

.905

Stroop Color Time

60.75 (11.32)

59.53 (10.13)

0.34

.738

Stroop C-W Time

157.13 (39.21)

161.05 (38.51)

-0.30

.765

AVLT Total

42.82 (9.62)

44.95 (12.17)

-0.58

.564

AVLT Delay

7.82 (3.70)

8.45 (4.70)

-0.45

.659

AVLT Recognition

46.24 (3.36)

46.94 (2.99)

-0.66

.514

Digit Forward

11.71 (2.69)

11.50 (2.42)

0.25

.808

Digit Span Backward

7.71 (2.05)

6.60 (1.60)

1.84

.074

Digit Span Total

19.76 (4.74)

18.30 (4.11)

1.01

.320

TUG Real

9.53 (1.50)

9.10 (1.77)

0.79

.437

TUG Imagined

7.59 (1.97)

7.95 (2.98)

-0.44

.662

CFQ Total

36.76 (11.99)

36.95 (10.11)

-0.05

.960

Key Variables

Note. Abbreviations: AVLT: Auditory Verbal Learning Test; CFQ: Cognitive Failures Questionnaire; INT: Intervention group; PLAC: Placebo group; SD: standard deviation; Stroop C-W: Stroop Color-Word Time; TMT: Trail Making Test; TUG: Timed Up and Go.

digits forward task, which measured attentional capacity
and digits backward, which assessed working memory
performance.
The TUG (30) is a chronometric task designed to
measure MI accuracy. MI is the mental simulation of
an action in the absence of execution (37). The standard
version of the task (TUG Real) (38) measures, in seconds,
the time taken for participants to stand from a standard

chair, walk a distance of three metres, turn around, return
to the chair and sit down again. In the MI task version
(TUG Imagined), participants perform this task in their
imagination and then, signal ‘stop’ to terminate the task.
This measure was added to the battery as recent research
has focused on the interface between mental and physical
functioning, namely MI, as a potential biomarker of
cognitive decline (39). Finally, the CFQ (31) is a 25-item
4
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self-report inventory that measures cognitive lapses in
everyday life. It assesses frequencies of self-reported
anomalies in perception, memory and motor function
over the previous month. This aspect of cognitive
function is often neglected in the literature, which focuses
almost exclusively on subtle changes in performance
as assessed by objective, lab-based measures. Few
studies investigate the relative impact on real dayto-day functioning; and as impaired meta-awareness
of cognitive failures has been demonstrated in early
neurological conditions (40), this measure was included
in the present study to fully establish the clinical utility of
the intervention.
Data collection for each of the three testing occasions
lasted approximately 45-minutes and was conducted
by trained psychology Research Assistants under the
supervision of a Clinical Neuropsychologist using
scripted instructions and following standardised
procedures. Each participant was issued a unique subject
number at study entry. To ensure anonymity, only this
subject number was used on the data recording forms;
no other identifying information was linked to the
assessments. Testing was conducted in the same quiet
room at approximately the same time in the morning.
Consumption of coffee and tea was not permitted before
or during testing; participants were provided with a
standard breakfast prior to commencement.

TUG Delta: [(TUGr – TUGi)/(TUGr + TUGi)/2]*100
Finally, the subjective awareness of cognitive failures
variable comprised raw CFQ total scores.
Subsequently, a three-tier hierarchical approach was
adopted to test the research hypotheses for a Group
X Time interaction as evidence of change due to the
intervention (see Table 3). Firstly, a mixed betweenwithin subjects ANOVA investigated whether there
was an effect of intervention on overall cognition at sixmonths using composite variables. The alpha coefficient
used as the significance criterion was 0.05. Secondly,
each composite variable (executive function, memory,
attention, sensorimotor speed, MI accuracy, subjective
awareness of cognitive failures) was explored separately
using a number of individual mixed between-within
subjects ANOVAs. Thirdly, each individual test variable
was investigated for an effect of intervention compared to
placebo using mixed between-within subjects ANOVAs.
Sensitivity analyses using intention-to-treat methods
for dealing with dropout-missing data (last observation
carried forward, imputing means of the group, imputing
means of the other group) were also conducted, and the
inferential analyses repeated. However, as there were no
major differences in findings between methods, only the
results of the per-protocol analysis of 37 ‘trial completers’
are reported here.

Statistical Analysis

Results

IBM SPSS Statistics 20 (41) was used to analyse the
data. Preliminary analyses were conducted to compare
the placebo and intervention groups on demographics
and baseline cognitive function variables (see Tables
1 and 2). Independent samples t-tests were used to
compare the groups on continuous variables such as age,
height, body mass, body mass index (BMI), number of
years of full-time education and baseline cognitive test
variables; while chi square tests compared the groups for
gender and categorisation of highest qualification.
Following the protocol of previous research (12, 13),
individual cognitive test scores were z-transformed and
averaged to generate composite scores for each time point
that were grouped for analysis in the following cognitive
domains:
Executive function: [Z Phonemic Total + Z Category Total – Z TMT (part
– Z Stroop (part C-W – part C)]/4
B-part A)/part A
Memory: (ZAVLT Total + Z15 AVLT Delay + Z15 AVLT Recognition + ZDigit
)/4
Span Backward
Attention: ZDigit Span Forward
Sensorimotor speed: (-ZTMT A Time - ZStroop part C - ZStroop part
)/3
C-W
To establish a measure of MI accuracy that allowed
for comparisons between groups, participants’ durations
when performing the TUG Real and TUG Imagined were
entered in the following formula, yielding an objective
index, namely ‘TUG Delta’ (30):

Cognitive function data for 37 participants, excluding
the 14 dropout participants (27.45%), were available
after six-months of the intervention. Seven participants
withdrew from the trial before their intermediate
assessment (1 male, 6 females; mean age 77.00 ± 5.60
years), and a further 7 withdrew before their final
assessment (1 male, 6 females; mean age 73.86 ± 4.45
years). See Figure 1 for more detail on participant
recruitment and retention. Chi-square and independent
t-test analyses demonstrated that ‘excluded’ participants
were not significantly different from ‘included’
participants regarding demographic characteristics or
baseline cognitive function.
Data from the 37 trial completers were inspected for
outliers using boxplots and any data points that extended
above or below two standard deviations from the mean
were excluded from further analysis. In total, 1.98% of
data points were excluded as outliers and a further 0.66%
of data points were counted as missing.
Continuous variables approximated normal
distributions; thus, parametric statistics were utilised.
At baseline, groups (PLAC, INT) were matched on
demographic characteristics and cognitive function
(Tables 1 and 2). Compliance to the supplementation
protocol, using the self-report daily tick-box diary, was
95±5% for PLAC and 96±4% for INT.
Using mixed between-within subjects ANOVAs, no
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-.08 (.83)

.15 (.73)

.09 (1.09)

-.06 (.63)

24.08 (22.65)

36.00 (11.96)

42.87 (16.59)

39.93 (10.18)

39.87 (11.89)

86.27 (33.28)

60.47 (11.65)

155.60 (40.10)

42.82 (9.62)

7.82 (3.70)

46.24 (3.36)

11.71 (2.69)

7.71 (2.05)

19.76 (4.73)

9.53 (1.50)

7.59 (1.97)

Memoryb

Attentionc

Sensorimotor Speedd

MI Accuracye

Subjective Awarenessf

Phoneme Total

Category Total

TMT A Time

TMT B Time

Stroop Color Time

Stroop C-W Time g

AVLT Total

AVLT Delay

AVLT Recognition

Digit Forward

Digit Backward

Digit Total

TUG Real

TUG Imagined

7.65 (1.66)

9.06 (2.05)

19.65 (3.57)

7.59 (1.91)

12.06 (2.54)

45.76 (3.96)

6.88 (2.76)

38.82 (8.47)

159.73 (57.20)

63.60 (10.58)

75.73 (23.40)

37.00 (9.76)

39.00 (7.82)

46.40 (16.33)

37.19 (11.62)

16.58 (26.15)

-.12 (.82)

.24 (1.03)

-.05 (.62)

.01(.66)

-

7.35 (1.62)

9.18 (2.01)

20.06 (3.49)

7.94 (1.89)

12.18 (2.42)

44.53 (3.66)

6.24 (3.31)

39.41 (10.15)

151.73 (49.71)

69.27 (23.01)

68.33 (17.48)

34.47 (8.38)

41.20 (8.57)

48.07 (18.84)

38.50 (11.35)

21.83 (24.53)

-.07 (.84)

.26 (.98)

-.10 (.71)

.20 (.76)

-

7.35 (2.64)

8.82 (1.70)

18.44 (4.31)

6.61 (1.69)

11.76 (2.19)

46.94 (2.99)

9.39 (3.91)

46.61 (11.60)

157.31 (33.67)

60.25 (10.38)

81.44 (21.64)

39.94 (7.72)

45.06 (8.25)

45.94 (12.05)

36.95 (10.11)

22.69 (29.59)

-.04 (.57)

.01 (.98)

.23 (.74)

.13 (.55)

-

7.82 (2.79)

9.06 (1.56)

17.67 (3.01)

6.78 (1.66)

11.18 (2.04)

46.72 (3.04)

7.94 (3.75)

46.22 (10.04)

140.44 (28.50)

62.63 (12.12)

83.81 (22.93)

32.38 (7.72)

43.31 (6.87)

43.50 (8.93)

37.30 (11.09)

19.03 (35.45)

.26 (.45)

-.22 (.86)

.14 (.71)

-.00 (.49)

-
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7.65 (2.40)

9.65 (1.84)

17.44 (3.15)

6.72 (1.32)

11.29 (2.34)

45.94 (3.78)

7.56 (3.79)

44.17 (11.69)

138.81 (25.69)

62.94 (10.10)

82.13 (26.15)

31.81 (8.46)

47.31 (9.60)

47.25 (8.43)

38.80 (8.77)

25.91 (29.80)

.28 (.42)

-.30 1.05

.01 (.75)

.16 (.58)

-

6

.02

.03

2.92

3.97

.55

1.19

1.48

2.86

-

.35

.57

.73

3.77

.00

.02

.05

1.46

1.49

.31

.06

1.29

F

.903

.865

.097

.055

.464

.284

.232

.100

-

.558

.456

.399

.062

.964

.894

.825

.237

.231

.583

.804

.301

p

Group (Main Effect)

.31

.52

.53

.28

.09

2.66

7.14

2.60

-

3.56

2.30

7.57

2.64

2.56

3.03

.84

2.12

.16

5.13

3.90

3.27

F

.733

.599

.592

.753

.918

.078

.002**

.082

-

.035*

.110

.001***

.080

.086

.062

.440

.138

.852

.012*

.032*

.013*

p

Time (Main Effect)

.29

1.40

.99

.36

1.59

.17

.15

.98

4.54

1.20

2.81

.84

.22

1.93

.05

.14

3.19

2.16

.18

.91

.95

F

.752

.253

.376

.703

.212

.842

.864

.381

.015*

.309

.069

.438

.802

.154

.949

.870

.056

.131

.836

.413

.499

p

Group X Time
(Interaction)

Note. 0, 3 and 6 denote month of testing. Abbreviations: AVLT: Auditory Verbal Learning Test; INT: Intervention group; MI: Motor Imagery; PLAC: Placebo group; SD: standard deviation; Stroop C-W: Stroop Color-Word
Time; TMT: Trail Making Test; TUG: Timed Up and Go; *Significance at the .05 level; **Significance at the .01 level; ***Significance at the .001 level; a. Calculated from the formula: [Z Phonemic Total + Z Category Total – Z
TMT (part B-part A)/part A – Z Stroop (part C-W – part C)]/4. The resulting data for ‘executive function’ are based on z-scores; b. Calculated from the formula: (ZAVLT Total + Z15 AVLT Delay + Z15 AVLT Recognition +
ZDigit Span Backward)/4. The resulting data for ‘memory’ are based on z-scores; c. Calculated from the formula: Zdigit span-forward. The resulting data for ‘attention’ are based on z-scores; d. Calculated from the formula:
(-ZTMT A Time - ZStroop part C - ZStroop part C-W)/3. The resulting data for ‘sensorimotor speed’ are based on z-scores; e. Calculated from the formula: [(“TUG” – “TUGi”)/(“TUG” + “TUGi”/2] x 100; f. Calculated from
CFQ total scores; g. Significant effect of time for the intervention group, variance ratio F (2, 58) = 8.48; probability (p) <.05; No significant effect of time for the control group, F (2, 58) = 1.21; p >.05; No significant group effect
at baseline, F (1, 58) = 0.12; p >.05; Significant group effect at 3-months, F (1, 58) = 14.57; p <.01; Significant group effect at 6-months, F (1, 58) = 6.53; p <.05.

-

Executive Functiona

0

6

0

3

INT Mean (SD)

PLAC Mean (SD)

Overall Cognition

Key Variables

Variable

Table 3. Mixed Between-Within Subjects ANOVAs for Composite and Individual Test Variables

IMPACT OF A NUTRITION INTERVENTION ON COGNITION

JPAD - Volume 3,

statistically significant differences in overall cognitive
function or cognitive function domain scores (executive
function, memory, attention, sensorimotor speed, MI
accuracy and subjective awareness of cognitive failures)
were observed for either group over six-months (Table
3). There was no evidence to suggest that the groups
differed; that is, there was no difference in the efficacy
of the intervention compared with the placebo on these
cognitive variables. The effect of time, regardless of
group, was significant for overall cognitive function,
executive function and memory. Inspection of the
z-scored means demonstrated that participants improved
on these variables over the multiple testing occasions.
This analytic procedure was repeated for all the
individual cognitive test variables (Table 3). The only
significant interaction between group and time was for
‘Stroop Color-Word Time’. However, it should be noted
that a Bonferroni adjustment would remove this effect.
Tests of simple effects were conducted to explore the
nature of this interaction (see ‘Notes’, Table 3 for exact
statistics). Results revealed a significant effect of time
(reduction in scores) for the intervention group; no such
significant effect was observed in the control group. The
tests revealed that groups did not significantly differ
at baseline, but by 3-months, the intervention group
demonstrated significantly lower time scores than
the control group. These effects were also evident at
6-months. This suggests that Stroop Color-Word
performance improved over time for the intervention
group compared to the placebo group.
No other significant interactions or group effects
occurred. However, significant effects for time were
observed for TMT A Time, Stroop Color Time and AVLT
Delay variables. Using tests of within-subjects contrasts
these effects were observed to be linear. Irrespective of
group, participants showed a pattern of dis-improvement
on the Stroop Color Time and AVLT Delay variables, and
a pattern of performance improvement on the TMT A
Time, task over the three testing occasions.

the hypotheses stating that overall cognitive function,
executive function, memory, attention, sensorimotor
speed, MI accuracy and subjective awareness of
cognitive failures would improve in the intervention
group compared to placebo group at six-months were not
supported. However, with one exception, Stroop ColorWord performance did improve for participants receiving
the intervention compared to the placebo at three- and
six-month follow ups. However, it should be noted that
a Bonferroni adjustment would remove this effect. Thus,
the multi-ingredient nutrition intervention had only
limited beneficial impact on cognitive functioning after
six-months of supplementation in an Irish, communitydwelling older adult population.
When looking to studies exploring single-ingredient
interventions, findings are mixed. Several studies
have supported the clinical utility of omega-3 PUFAs
for cognitive enhancement and reduced dementia risk
(5, 7); while, other similarly designed studies have
contradicted such purported benefits (8). These seemingly
incompatible reported findings served as a point of
departure for a more systematic investigation. To this
end, a Cochrane review (3) assimilated data from three
interventional studies investigating the impact of omega3 PUFA (EPA-DHA) supplementation on cognitive
function in healthy older adults. The results refuted
the purported benefits of omega-3 PUFAs on cognitive
function following supplementation of 700mg/day EPADHA over 24-months (10), 400mg/day EPA-DHA over
40-months (11), and 1800mg/day or 400mg/day EPADHA six-months (12). In contrast, Witte and colleagues
(13) assessed the impact of 26-week supplementation
of 2200mg/day EPA-DHA on cognitive function in
healthy older adults and observed measureable enhanced
executive functions in the treatment group. Moreover, a
double-blind placebo-controlled proof-of-concept trial
found a differential beneficial effect of 2200mg/day
omega-3 PUFA supplementation over 26 weeks on recall
in an object-location-memory task but not for AVLT
performance (14). However, the present study used a
similar research design, omega-3 PUFA intervention
dose and duration, and comparable cognitive assessment
battery, but did not yield concordant results. The present
study provided limited evidence for the positive and
prophylactic impact of the multi-ingredient intervention
(including omega 3 PUFA, vitamin D, resveratrol and
whey protein), for maintaining neuronal health in later
life.
The effects of vitamin D are also unclear from the
previous literature, while some recent research has
claimed a beneficial role of vitamin D in neuronal
function (17); in contrast, other research reports no
association between vitamin D status and cognitive
function (18) or decline in cognitive performance over
time (21). Here, mixed findings may be attributed to
the fact that these studies did not use an interventional
design and featured limited cognitive assessment

Discussion
The present study investigated the effects of a sixmonth multi-ingredient nutrition supplement
intervention on cognitive function in communitydwelling Irish older adults. Although some previous
research has demonstrated beneficial effects of individual
ingredients on cognitive function in interventions with
nutrition supplementation, the present study employed
a novel multi-ingredient approach with nutrients
combined to target cognitive function in older adults.
Importantly, the assessment of cognitive function was
comprehensive, with only two previous studies in which
a comparable range of cognitive outcomes was examined
[12, 13]. Overall, no statistically significant differences in
cognitive functioning or in composite cognitive outcomes
were observed between groups over time. Therefore,
7
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batteries that may have lacked sensitivity for detecting
subtle changes in cognitive function in healthy
participants. The present study employed a prospective,
longitudinal design with double-blind and placebocontrolled contrasts but reports negligible cognitive
enhancement by the supplementation investigated.
Studies examining the impact of resveratrol on
cognitive function remain in their infancy. Emerging
animal and in vitro research suggests that dietary
resveratrol may protect against cognitive decline in later
life (22, 24). However, human clinical trials in this field
are scarce. Moreover, evidence is lacking on the role of
dairy constituents, such as whey protein, in cognition
(28). Thus, the findings of the present study make an
important contribution in this regard too; our results
show that the combined omega 3 PUFA, vitamin D,
resveratrol and whey protein supplementation did not
yield benefits to cognitive function in this older adult
sample.
A key challenge in the present study concerned
retaining older adult participants in the longitudinal
trial; seven participants dropped out before their
intermediate assessment and a further seven, before their
final assessment. Thus, it is possible that with a larger
sample size, the associated increase in statistical power
may have detected smaller effects. In addition, stringent
recruitment procedures (namely, the pre-screening
assessment of cognitive function via MMSE) may have
favoured the selection of participants who were healthier
than average i.e. the absence of a cognitive deficit. For
instance, a recent investigation employing a broadly
similar multi-ingredient nutrition supplement (omega3 PUFAs, vitamin D, resveratrol and whey protein)
reported improvements in cognitive function in older
adults, albeit with a longer supplementation period and
with participants with cognitive impairment ranging
from mild to severe (43). Indeed, the majority of the
present sample were university alumni. The recourse of
educated participants is that the sample may have been
unrepresentative of the wider older adult population.
This may limit the generalizability of findings and raises
issues from the standpoint of determining the efficacy of
the intervention.
The study implemented a prospective, longitudinal
design with double-blind and placebo-controlled
contrasts to establish a causal effect of the intervention. In
addition, standardised protocol was followed by trained
and supervised researchers for data collection to reduce
the potential impact of extraneous factors on cognitive
performance. Participants were provided with a standard
breakfast, and tested at the same time of day in the same
room on both testing occasions. This allowed for the use
of an extensive cognitive assessment battery comprising
widely-used standardised measures with acceptable
reliability and validity for use with the population
under investigation. Finally, following previous research
protocol, cognitive function was analysed by grouping

crude individual test scores into a priori defined
composite cognitive domains (12, 13, 30). The assimilation
of cognitive measures in this way decreased variation
associated with the individual tests, improved robustness
of the outcomes and allowed for cross-comparison of
findings with previous studies.
Although the present study reported no evidence
elucidating the benefits of a combined omega-3 PUFA,
vitamin D, resveratrol and whey protein intervention
in this older adult sample, the results add to the large
body of research in the field of nutrition, health and
aging and extend the evidence base to an Irish context.
From the perspective of identifying a suitable nutrition
intervention to target age-related cognitive decline,
current evidences are disappointing. Future researchers
can build upon the current findings by conducting
longer-term studies with larger more representative
samples and incorporating diet and lifestyle measures,
to more fully establish the prophylactic impact of the
nutritional intervention on cognition.
In conclusion, the present study aimed to examine
the impact of a targeted multi-ingredient nutrition
supplement intervention, containing omega-3 PUFA,
vitamin D, resveratrol and whey protein, on cognitive
function. Overall, our findings suggest that the sixmonths of intervention had, with the exception of
improved Stroop Color-Word performance, no beneficial
impact on cognitive function in Irish communitydwelling older adults.
Acknowledgments: The authors’ responsibilities were as follows- JB, AM,
BE, and GDV: designed the research; BE: acted as PI for the trial; CM and ASP:
conducted data collection; JB & BR: planned and supervised the analysis; and CM
and JB: wrote the manuscript, analysed the data and had primary responsibility
for final content. All authors read and approved the final publication. A special
word of thanks must be given to the psychology research assistants who assisted
with data collection and recruitment; namely, Hannah Stynes, Susan Gibbons, Jane
Maguire, Katie Grogan, Naoise MacGiollabhui, and Siobhan Blackwell. We would
like to especially thank all the participants who generously contributed their time
and efforts into realising this research.
Conflict of Interest: The research described herein was part-funded by
Norwegian biotech company Smartfish®. Smartfish® provided the ready-todrink juice formulations for the nutrition supplement intervention and placebo,
but played no role in data collection, data analysis, or in the writing of this
manuscript. None of the authors had any conflicts of interest with regard to the
research described in this article.
Disclosure statementI: Catherine Moran had no conflicts of interest with regard
to this research. Alessandro Scotto di Palumbo had no conflicts of interest with
regard to this research. Jessica Bramham had no conflicts of interest with regard to
this research. Aidan Moran had no conflicts of interest with regard to this research.
Brendan Rooney had no conflicts of interest with regard to this research. Giuseppe
De Vito had no conflicts of interest with regard to this research. Brendan Egan had
no conflicts of interest with regard to this research.
Ethical standards:All study procedures were enacted in accordance with the
ethical codes of conduct of the Psychological Society of Ireland and the guidelines
of the Declaration of Helsinki (2008, 2013). The research protocol was granted
ethical approval from the UCD Human Research Ethics-Sciences Board (reference:
LS-13-28-Egan). Participants provided written informed consent prior to study
enrolment. No animals were included in this research.

References
1.

8

Johansson B. Memory and cognition in aging. In: Woods R, Clare L (eds)
Handbook of the clinical psychology of aging, 2nd edn. John Wiley & Sons
LTD, New York, 2008;pp 33-55.

JPAD - Volume 3,

2.
3.
4.

5.
6.

7.
8.

9.
10.

11.

12.

13.

14.

15.
16.
17.

18.

19.
20.

Forte R, Boreham CA, Leite JC, De Vito G, Brennan L, Gibney ER, Pesce C.
Enhancing cognitive functioning in the elderly: multicomponent vs resistance
training. Clin Interv Aging 2013;8: 19-27. doi: 10.2147/CIA.S36514.
Sydenham E, Dangour AD, Lim WS. Omega 3 fatty acid for the prevention
of cognitive decline and dementia. Cochrane Database of Syst Rev 2012;13(6):
1–42. doi: 10.1002/14651858.CD005379.pub3.
Gillette Guyonnet S, Abellan van Kan G, Andrieu S, Barberger Gateau P,
Berr C, Bonnefoy M, Dartigues JF, de Groot L, Ferry M, Galan P, Hercberg
S, Jeandel C, Morris MC, Nourhashemi F, Payette H, Poulain JP, Portet F,
Roussel AM, Ritz P, Rolland Y, Vellas B. IANA task force on nutrition and
cognitive decline with aging. J Nutr Health Aging 2007;11: 132– 152.
Barberger-Gateau P, Raffaitin C, Letenneur L, Berr C, Tzourio C, Dartigues JF,
Alperovitch A. Dietary patterns and risk of dementia: the Three-City cohort
study. Neurology 2007;69: 1921–1930. doi: 10.1212/01.wnl.0000278116.37320.52
Hooijmans CR, Pasker-de Jong PC, de Vries RB, Ritskes-Hoitinga M. The
effects of long-term omega-3 fatty acid supplementation on cognition and
Alzheimer’s pathology in animal models of Alzheimer’s disease: a systematic
review and meta-analysis. J Alzheimers Dis 2012;28: 191–209. doi: 10.3233/
JAD-2011-111217.
van Gelder BM, Tijhuis M, Kalmijn S, Kromhout D. Fish consumption, n-3
fatty acids, and subsequent 5-y cognitive decline in elderly men: the Zutphen
Elderly Study. Am J Clin Nutr 2007;85: 1142–1147.
Engelhart MJ, Geerlings MI, Ruitenberg A, van Swieten JC, Hofman A,
Witteman JC, Breteler MM. Diet and risk of dementia: does fat matter?
The Rotterdam Study. Neurology 2001;59: 1915–1921. doi: 10.1212/01.
WNL.0000038345.77753.46.
Kalmijn S, Feskens EJ, Launer LJ, Kromhout D. Polyunsaturated fatty acids,
antioxidants, and cognitive function in very old men. Am J Epidemiol
1997;145: 33–41.
Dangour AD, Allen E, Elbourne D, Faey N, Fletcher AE, Hardy P, Holder
GE, Knight R, Letley L, Richards M, Uauy R. Effect of 2-y n-3 long-chain
polyunsaturated fatty acid supplementation on cognitive function in older
people: a randomised, double-blind, controlled trial. Am J Clin Nutr 2010;91:
1725–1732. doi: 10.3945/ajcn.2009.29121.
Geleijnse J, Giltay E, & Kromhout D. Effects of n-3 fatty acids on cognitive
decline: A randomised, double-blind, placebo-controlled decline in stable
myocardial infarction patients. Alzheimers Dement 2012;8: 278–287. doi:
10.1016/j.jalz.2011.06.002.
van de Rest O, Geleijnse JM, Kok FJ, van Staveren WA, Dullemeijer C,
Olderikkert MGM, Beekman AT, de Groot CP. Effect of fish oil on cognitive
performance in older subjects; A randomised, controlled trial. Neurology
2008;71: 430–438. doi: 10.1212/01.wnl.0000324268.45138.86.
Witte AV, Kerti L, Hermannstädter HM, Fiebach JB, Schreiber SJ, Schuchardt
JP, Hahn A, Flöel A. Long-chain omega-3 fatty acids improve brain function
and structure in older adults. Cereb Cortex 2014;24: 3059-3068. doi: 10.1093/
cercor/bht163.
Külzow N, Witte VA, Kerti L, Grittner U, Schuchardt JP, Hahn A, Flöel
A. Impact of omega-3 fatty acid supplementation on memory functions in
healthy older adults. J Alzheimers Dis 2016;51: 713-725. doi: 10.3233/JAD150886
Buell JS, Dawson-Hughes B. Vitamin D and neurocognitive dysfunction:
Preventing “D”ecline? Mol Aspects Med 2008;29: 415–422. doi: 10.1016/j.
mam.2008.05.001.
Miller JW. Vitamin D and cognitive function in older adults. Are we
concerned about vitamin D-mentia? Neurology 2010;74: 13–15. doi: 10.1212/
WNL.0b013e3181c719a2.
Llewellyn DJ, Lang IA, Langa KM, Muniz-Terrera G, Phillips CL,
Cherubini, A, Ferrucci L, Melzer D. Vitamin D and risk of cognitive decline
in elderly persons. Arch Inter Med 2010;170: 1135–1141. doi: 10.1001/
archinternmed.2010.173.
Slinin Y, Paudel ML, Taylor BC, Fink HA, Ishani A, Canales MT, Yaffe
K, Barrett-Connor E, Orwoll ES, Shikany JM, Leblanc ES, Cauley JA,
Ensrud KE, Osteoporotic Fractures in Men (MrOS) Study Research Group.
25-Hydroxyvitamin D levels and cognitive performance and decline in elderly
men. Neurology 2010;74: 33–41. doi: 10.1212/WNL.0b013e3181c7197b.
Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical
method for grading the cognitive state of patients for the clinician. J Psychiatr
Res 1975;12: 189–198. doi: 10.1016/0022-3956(75)90026-6.
Army Individual Test Battery. Manual of directions and scoring. War
Department, Adjutant General’s Office, Washington DC, 1944.

21.

22.
23.
24.
25.
26.

27.
28.
29.
30.

31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

41.
42.
43.

9

Laughlin GA, Kritz-Silverstein D, Bergstrom J, Reas ET, Jassal SK, BarrettConnor E, McEvoy LK. Vitamin D insufficiency and cognitive function
trajectories in older adults: The Rancho Bernardo study. J Alzheimers Dis
2017;58: 871-883. doi: 10.3233/JAD-161295.
Anekonda TS. Resveratrol - A boon for treating Alzheimer’s disease? Brain
Res Rev 2006;52: 316–326. doi: 10.1016/j.brainresrev.2006.04.004.
Bedalov A, Simon JA. Neuroscience. NAD to the rescue. Science 2004;305: 954955.
Parker JA, Arango M, Abderrahmane S, Lambert E, Tourette C, Catoire H,
Neri C. Resveratrol rescues mutant polyglutamine cytotoxicity in nematode
and mammalian neurons. Nat Genet 2005;37: 349–350. doi: 10.1038/ng1534.
Walle T. Bioavailability of resveratrol. Ann N Y Acad Sci 2011;1215: 9–15. doi:
10.1111/j.1749-6632.2010.05842.x.
Bauer JM, Verlaan S, Bautmans I, Brandt K, Donini LM, Maggio M, McMurdo
ME, Mets T, Seal C, Wijers SL, Ceda GP, De Vito G, Donders G, Drey M, Greig
C, Holmbäck U, Narici M, McPhee J, Poggiogalle E, Power D, Scafoglieri
A, Schultz R, Sieber CC, Cederholm T . Effects of a vitamin D and leucineenriched whey protein nutritional supplement on measures of sarcopenia
in older adults, the PROVIDE Study: A randomized, double-blind, placebocontrolled trial. J Am Med Dir Assoc 2015;16(9): 740-747. doi: 10.1016/j.
jamda.2015.05.021.
Weaver CM. Role of dairy beverages in the diet. Physiol Behav 100: 2010;63–
66. doi: 10.1016/j.physbeh.2010.01.020.
Camfield DA, Owen L, Scholey AB, Pipingas A, Stough C. Dairy constituents
and neurocognitive health in aging. Br J Nutr 2011;106: 159–174. doi: 10.1017/
S0007114511000158.
Greig CA, Young A, Skelton DA, Pippet E, Butler FM, Mahmud SM. Exercise
studies with elderly volunteers. Age Ageing 1994;23: 185–189. doi: 10.1093/
ageing/23.3.185.
Beauchet O, Annweiler C, Assal F, Bridenbaugh S, Herrmann FR, Kressig
RW, Allali G. Imagined Timed Up & Go test: A new tool to assess higher-level
gait and balance disorders in older adults? J Neurol Sci 2010;294: 103-106. doi:
10.1016/j.jns.2010.03.021.
Broadbent DE, Cooper PF, FitzGerald P, Parkes KR. The Cognitive Failures
Questionnaire (CFQ) and its correlates. Brit J Clin Psychol 1982;21: 1-16. doi:
10.1111/j.2044-8260.1982.tb01421.x.
Rey A. The clinical examination in psychology. Universitaires de France, Paris,
1964.
Stroop J. Studies of interference in serial verbal reactions. J Exp Psychol
1935;18: 643–662. doi: 10.1037/h0054651.
Trenerry M, Crosson B, DeBoe J, Leber W. Stroop neuropsychological
screening test manual. Psychological Assessment Resources (PAR), Adessa,
Florida, 1989.
Benton AL, Hamsher KD. Multilingual aphasia examination. AJA Associates,
Iowa City, Iowa, 1989.
Wechsler D. Wechsler adult intelligence scale, 3rd edn. Harcourt Assessment,
San Antonio, Texas, 1997
Jennerod M. Mental imagery in the motor context. Neuropsychologia 1995;33:
1419-1432. doi: 10.1016/0028-3932(95)00073-C.
Podsiadlo D, Richardson S. The timed “up and go”: a test of basic functional
mobility for frail elderly persons. J Am Geriatr Soc 1991;39: 142-148. doi:
10.1111/j.1532-5415.1991.tb01616.x.
Beauchet O, Launay CP, Sejdic E, Allali G, Annweiler C. Motor imagery of
gait: a new way to detect mild cognitive impairment? J Neuroeng Rehabil
2014;11(66): 1-7. doi: 10.1186/1743-0003-11-66.
Vogel A, Stokholm J, Gade A, Andersen BB, Hejl AM, Waldemar G.
Awareness of deficits in mild cognitive impairment and Alzheimer’s disease:
Do MCI patients have impaired insight? Dement Geriatr Cogn Disord
2004;17(3): 181-187. doi: 10.1159/000076354.
IBM SPSS Statistics. IBM SPSS statistics 20.0 for Windows/Apple Mac. SPSS
Inc, Chicago, 2011.
Norman G. Likert scales, levels of measurement and the “laws of statistics”.
Adv Health Sci Educ Theory Pract 2010;15: 625–632. doi: 10.1007/s10459-0109222-y.
Famenini S, Rigali EA, Olivera-Perez HM, Dang J, Chang MT, Halder R,
Rao RV, Pellegrini M, Porter V, Bredesen D, Fiala M. Increased intermediate
M1-M2 macrophage polarization and improved cognition in mild cognitive
impairment patients on omega-3 supplementation. FASEB J 2017;31: 148-160.
doi: 10.1096/fj.201600677RR.

