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Abstract

A few studies have assessed the association between omega-3 polyunsaturated fatty

acids (n-3 PUFA) and cognitive impairment (CI) in very old adults. The aim of this study

was to evaluate the effect of a multinutrient supplementation rich in n-3 PUFA on the cog-

nitive function in an institutionalized �75-year-old population without CI or with mild cog-

nitive impairment (MCI). A multicenter placebo-controlled double-blind randomized trial

was conducted between 2012 and 2013. Cognitive function was assessed at baseline

and after one year using 4 neuropsychological tests. Nutritional status was assessed

using Mini Nutritional Assessment (MNA). Interaction between Mini-Mental State Exami-

nation (MMSE) score and nutritional status were analyzed using linear regression mod-

els. A total of 99 participants were randomized to receive placebo or pills rich in n-3

PUFA. After 1-year follow-up, both groups decreased their MMSE score (-1.18, SD:0. 53

and -0.82, SD:0. 63, p = 0.67 for the control and the intervention group respectively). The

memory subscale of the MMSE showed an improvement (+0.26, SD:0.18) in the inter-

vention group against a worsening in the control group (-0.11, SD: 0.14; p = 0.09 for dif-

ferences between groups). Patients at intervention group with normal nutritional status

(MNA �24) showed an improvement in the MMSE (+1.03, p = 0.025 for differences

between 1-y and baseline measurements) against a worsening in the group with malnu-

trition (MNA<24) (-0.4, p = 0.886 for differences between 1-y and baseline; p of interac-

tion p = 0.05). Supplementation with n-3 PUFA did not show an improvement in the

global cognitive function in institutionalized elderly people without CI or with MCI. They

only suggest an apparent improvement in memory loss if previously they were well

nourished.
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Introduction

According to the World Health Organization, 47.5 million people worldwide have dementia

and 7.7 million new cases are developed every year [1]. Dementia is currently one of the most

important causes of disability among elderly and it has a high physical, psychological, social

and economic impact on patients, their caregivers, families and society. The lack of effective

treatments makes a priority the development of preventive strategies to preserve cognition or

at least to delay the progression of cognitive impairment to dementia.

Diet is an important area to explore preventive interventions. There is growing evidence

showing that certain nutritional factors could be associated with cognitive impairment (CI)

[2,3] and they might play an important role in the prevention of dementia [4–7]. Among these

nutritional factors, polyunsaturated fatty acids (PUFAs) and specifically omega-3 (n-3 PUFA),

Vitamin E, B vitamins, folates, and Ginkgo biloba might be involved [8–13]. In this context, it

has been demonstrated that better cognitive results might be obtained using multinutrient

supplementation; this is because the possible synergies between the components, similar as it

happens with an adequate diet [14–16]. Previous studies have reported beneficial effects over

cognition when patients were supplemented with multinutrients, all of those containing n-3

PUFA as principal component [8–9, 17–20].

Results from epidemiological studies have suggested that diets high in PUFAs and n-3

PUFA, docosahexaenoic acid (DHA) and Eicosapentaenoic acid (EPA), might reduce the risk

of CI and Alzheimer disease (AD) [21]. However, contradictory results have been observed in

interventional studies [22]. Recent meta-analyses have concluded that n-3 PUFA intake could

help to prevent CI in elderly [23–26] while others have found opposite results [27–29]. In addi-

tion, scarce intervention studies have assessed whether the n-3 PUFA are beneficial for the pre-

vention of CI in patients aged� 75 years and even never has been explored the possible

interaction with their prior nutritional status.

Therefore, the aim of this study was first to identify if a multivitamin supplement including

n-3 PUFA (Docosohexanoic Acid (DHA) and Eicosapentaenoic Acid (EPA) produces benefi-

cial effects in the cognition of elderly institutionalized patients without CI or with mild cogni-

tive impairment (MCI). And second, we explored a possible interaction between the

supplements and the prior nutritional status.

Materials and methods

Study population and design

This was a multicenter, randomized, double-blinded, and placebo-controlled trial, study. Par-

ticipants were randomized to take either one capsule of multinutrients rich in n-3 PUFA, 3

times a day (350 mg n-3 PUFA/capsule) or placebo (gelatin capsule). Randomization was sim-

ple with sequentially numbered containers. Patients and researchers in charged to perform the

assessments at baseline and after 1 year were blinded to the intervention, MR-C generated the

random allocation sequence and JB, MP, TA, JIG, CG and BI enrolled and assigned partici-

pants to intervention.

Inclusion criteria were: 1) age�75 years, 2) a score between 1 to 3 on the Global Deterio-

ration Scale (GDS) [30–31]. Exclusion criteria were: 1) Illiterate participants or those

patients who do not understand the implementation and evaluation of the applied test, 2)

patients with neurological diseases, or other systemic alterations and mental disorders

poorly controlled, 3) vision and hearing impairments, 4) negative assessment by the

researcher based on the evaluation tests, 5) established diagnosis of dementia, and 6) history

of epilepsy, or seizures. Participants who suffered during follow-up a sudden and
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permanent decrease of the functional performance in the Reisberg scale GDS, attributable

to a disease or acute life event were also excluded.

Before each patient was included in the study we checked cognitive status using two

scales the MMSE and the fast GDS. To include the patients in the study they have to had a

fast GDS � 3 (e.g. patients without dementia or with mild cognitive impairment). After

this, patients were evaluated and if they accomplished all the inclusion criteria, and they did

not have any exclusion criteria they were asked to sign the informed consent, and if they

agree they were included in the study. Recruitment of patients started January 2012, and fin-

ished December 2012. All patients were followed-up for 1 year. Therefore, follow-up time

finished in December 2013.

All participants were institutionalized at one nursing home group with 3 centers in Navarra

(Spain) one in Mutilva and two of them located in Pamplona. Recruitment of patients was

done evaluating all the residents of the 3 included centers and including all those who accepted

to participate and filled all the inclusion criteria as stated before. The AMMA Navarra Institu-

tional Review Board approved the trial protocol (December 7th, 2011). All study participants

provided written, informed consent. The trial was registered in ClinicalTrials.gov with the

name “Dietary supplement for the prevention of cognitive decline in a very elderly population”

and number: NCT01817101.

The registration was due after enrolment of participants started in the study because we

were aware of the importance to register our trial during follow-up but not at the beginning of

the study, taking into account that several years ago it was not so usual to register a small trial.

The authors confirm that all on going and related trials for this drug/intervention are

registered.

Intervention. The nutritional composition of every capsule of the multinutrient supple-

ment was: DHA 250 mg, EPA 40 mg, vitamin E 5 mg, phosphatidylserine 15 mg, tryptophan

95 mg, vitamin B 12 5 μg, folate 250 μg and ginkgo biloba 60 mg. The product was manufac-

tured by Angelini Pharma.

Subjects were randomized to one capsule, orally, three times a day, for breakfast lunch and

dinner, or placebo for 12 months.

Cognitive and nutritional assessment. Cognitive status was assessed at baseline and after

one year of intervention using several scales: 1) The MMSE, validated test in screening for

dementia and one of the most used both clinical practice and research, despite its limitations is

considered a test of choice for longitudinal monitoring of patients [32–33]. It was used, the

Spanish validated version of the Mini-Mental State Examination (MMSE), the “Mini Examen
Cognoscitivo”(MEC) [34] that is a tool for screening of dementia. This test evaluates 5 items

and the maximum possible score is 30 considering that the patient have CI if the score is<23

points. 2) The Global Deterioration Scale (GDS), that grades the CI in 7 stages from less to

more severity of the CI; stage 3 corresponds to MCI [30–31]. 3) The Short Portable Mental

State Questionnaire by Pfeiffer (SPMSQ), this 10–item scale assess temporal and space orienta-

tion, attention, and recent and past memory [35]. The cut-off of this scale were 4 or more mis-

takes in those patients with low educational level; 3 or more mistakes in literate patients (at

least know how to write and read); and 2 or more mistakes in those who had higher educa-

tional level. 4) The Semantic Verbal Fluency Test, this test measures the number of elements of

one category (e.g. animals) that the patient could mention in one minute [36]. This test allows

to correctly classifying 93% of the patients with dementia versus those without dementia. In

this case the cut-off point was10 5) Clock Drawing Test, is quick and easy to administer cogni-

tive screening instrument and it taps into a wide range of cognitive abilities including execu-

tive functions [37]. The cut-off point was 6, we considered a positive test if the score was� 6,

and negative test if the total score was > 6.
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The nutritional status was assessed using the Mini Nutritional Assessment (MNA) test [38].

The MNA has been designed to provide a rapid assessment of nutritional risk in elderly. This

test is composed of four parts: anthropometric measurements, global assessments, dietary

questionnaire and subjective assessment. The maximum score is 30 points. In our study we

classified participants in two groups according the nutritional status: well-nourished� 24 and

at risk or undernourished those with a score < 24 points.

Statistical analysis

We calculated 38 participants randomized to each group to detect a mean difference between

the intervention group and the group control in 3 points on the MEC scale [39], referring to

the difference of pre and post mean difference in the intervention group versus pre and post

mean difference in the control group, (standard deviation = 4.5) with 80% power and 5% sig-

nificance level. We estimated 10% loss to follow-up at 1 year and therefore the estimated total

number of participants was 84 [39].

We used unpaired Student’s t test for continuous variables and Chi squared (χ2) test for cat-

egorical variables to compare baseline and 1-year follow-up characteristics between interven-

tion and control groups. To assess differences in 1-yr changes between intervention and

control groups, since some of the variables were not distributed normally we calculated p val-

ues using also non-parametric Mann-Whitney U test. To assess differences between 1-yr and

baseline cognitive status variables we used Wilcoxon test.

Multivariate linear regression models were used to analyze difference in score levels

between the intervention and control group. Covariates included in these models were: cogni-

tive stimulation (yes, no); physical activity (yes, no); educational level (3 categories), and occu-

pation (3 categories), automatic dummies for educational level and occupation were created

and we used the first category as the reference.

Analyses were also stratified according to the nutritional status using the MNA score. We

evaluated the interaction between cognitive level determined by MEC scale and the nutritional

status. Adjusted means of MEC memory scale using ANCOVA models were calculated for

baseline and 1-year of follow-up in control and intervention groups stratified by nutritional

status.

As secondary analysis, we calculated effect size (Cohen’s d) of mean differences of cognitive

scales after 1 year of follow-up.

All p values presented are two-tailed; p< 0.05 was considered statistically significant. Anal-

yses were performed using STATA/SE version 12.1 (StataCorp, College Station, TX, USA).

Results

The results are presented in accordance with the CONSORT statement [40–41].

The flow chart of participants is shown in Fig 1. From 2012 to 2013, 679 institutionalized

patients were screened for eligibility and 580 of them were not eligible for the study for the fol-

lowing reasons: 54 were aged< 75 years, 29 had previous diagnosis of dementia or serious cog-

nitive disorder and/or taking antidementia drugs, 430 had GDS greater than 3,19 had history

of epilepsy and 48 declined to participate in the study because they did not want to take more

pills than the usual medication. A total of 99 patients were randomized either to the interven-

tion or control group. Fifty-five patients were assigned to the control group and 44 to the inter-

vention group. Withdrawals in the study were similar in the intervention and the control

group. Reasons for withdrawal were death, left the residential center, and refused to participate

during the follow-up of the study.
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The baseline characteristics of the participants according to study group are shown in Table 1.

Sociodemographic characteristics and morbidity were similar for participants in the both groups.

Table 2 shows no differences between control and intervention groups on the cognitive

baseline characteristics and also after 1 year of follow-up for the study groups.

There were no adverse effects reported in any of the study groups, and the compliance was

100% in both groups. None of the participants reported to change their usual routine during

the study. In nursing homes the regime of life is very stable (diet, time of meals, sleeping

hours, and physical activity) this allowed to ensure the compliance of the treatment and also

avoid changes in food intake or other type of changes.

Cognitive results

After 12 months of intervention the cognitive status showed no significant improvement in

any of the study groups (Table 3). All participants decreased the score in all the scales, except

in the clock-drawing test, which showed an improvement in the control group. However, no

differences between groups were statistically significant. When we evaluated each subscale of

Fig 1. Flow chart of participants.

https://doi.org/10.1371/journal.pone.0193568.g001
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the MEC scale, the memory subscale showed an improvement in the intervention group in

comparison with a decreased in the control group, although differences were not statistically

significant (mean difference: +0.27 for the intervention group and -0.11 in the control group;

p = 0.09 for differences between groups).

When we calculated effect size Cohen’s d index of mean differences of cognitive scales after

1 year of follow-up results were consistent. All of them presented an effect size small or very

small (absolute values from 0.02 to 0.39) (S2 Table).

Similarly, we found none statistically significant differences between groups when we

adjusted for potential confounding factors (Table 4).

Stratified analysis by nutritional status

We stratified participants in 2 groups according to their nutritional status, based on the MNA

score, considering those patients with a score�24 as well-nourished and those under this

Table 1. Baseline characteristics of participants according to the study group.

TOTAL CONTROL INTERVENTION p�

(= 78) (n = 44) (n = 34)

Age (years) 86.9 (5.9) 87.8 (6.5) 85.8 (4.9) 0.127

Men (%) 55 (70.5) 30 (68.2) 25 (73.5) 0.608

CVD (%) 64 (82.1) 35 (79.6) 29 (85.3) 0.512

HT (%) 52 (66.7) 28 (63.6) 24 (70.6) 0.518

Diabetes (%) 16 (20.5) 7 (15.9) 9 (26.5) 0.252

Dyslipidemia (%) 30 (38.5) 18 (40.9) 12 (35.3) 0.613

Stroke (%) 22 (28.2) 12 (27.3) 10 (29.4) 0.835

Thyroid disorders (%) 16 (20.5) 7 (15.9) 9 (26.5) 0.252

Anxiety (%) 17 (21.8) 10 (22.7) 7 (20.6) 0.820

Other diseases (%) 76 (98.7) 42 (97.7) 34 (100) 0.371

Smoking 0.731

Former (%) 15 (19.2) 8 (18.2) 7 (20.6)

Current (%) 4 (5.1) 3 (6.8) 1 (2.9)

Alcohol consumption (%) 16 (20.5) 10 (22.7) 6 (17.7) 0.582

Cognitive stimulation (%) 33 (42.3) 23 (52.3) 10 (29.4) 0.043

Physical activity (%) 11 (14.1) 10 (22.7) 1 (2.94) 0.013

Supplements (%) 49 (62.8) 27 (61.4) 22 (64.7) 0.762

Educational level 0.012

Less than primary 14 (17.9) 5 (11.3) 9 (26.5)

Primary (%) 45 (57.7) 23 (52.3) 22 (64.7)

Secondary (%) 19 (24.4) 16 (36.4) 3 (8.82)

Occupation (%) 0.029

Housewife (%) 16 (20.5) 8 (18.2) 8 (23.5)

Worker (%) 41 (52.7) 19 (43.2) 22 (64.7)

Professional (%) 21 (26.9) 17 (38.6) 4 (11.8)

Nutritional status Normal (MNA> = 24) (%) 22 (28.2) 11 (25.0) 11 (32.4) 0.474

Barthel scale> = 60 (%) 49 (62.8) 28 (63.6) 31 (61.8) 0.865

Continuous variables are expressed as means (SD). Categorical variables are expressed as number (%). CVD. Cardiovascular disease; HT. Hypertension; MNA. Mini-

Nutritional Assessment

�Unpaired Student’s t test for continuous variable and Chi squared (χ2) test for categorical variables were used to compare baseline characteristics between intervention

and control groups

https://doi.org/10.1371/journal.pone.0193568.t001
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score as at risk of under nutrition. We observed a statistically significant improvement in the

memory subscale of the MEC scale, in those patients in the intervention group with a MNA

�24 (Differences between intervention and control group: +1.03 (95% CI: +0.15 to +1.92;

p = 0.025 and p for interaction of MNA and intervention on the memory subscale of the

MEC = 0.05) (Table 3 and Fig 2).

Safety, tolerability and compliance

All the participants tolerated well the supplement or placebo without appreciating any side

effects. The main complains were the difficulty to swallow the capsules (4 subject in the group

intervention and 3 in the placebo) and the excessive number of pills (11 in the group interven-

tion and 14 in the placebo). The compliance of the essay was 100% in both groups.

Discussion

The results of this study found that a multinutrient supplement, whose main component is n-3

PUFA, does not improve the global cognitive function after 1 year of supplementation. Only, it

was observed an apparent reduction in loss of memory in institutionalized patients aged�75

years old without DC or with MCI, specially among those previously well-nourished.

Previous studies [21, 42–47] and two recent meta-analyses [25–26] have reported some

benefits in memory associated with the intake of n-3 PUFA. Other scales that were used in this

study did not showed statistically significant differences between the control group and the

intervention group. Overall, this improvement in memory but not in other cognitive function,

with multinutrients rich in n-3 PUFA is consistent with other results [26,44], those studies

Table 2. Baseline and 1 year cognitive characteristics of the participants according to the study group.

TOTAL (n = 78) CONTROL (n = 44) INTERVENTION (n = 34) p�

Pfeiffer baseline 2.23 (1.87) 2.25 (1.88) 2.21 (1.87) 0.918

Pfeiffer 1 year 2.50 (2.02) 2.65 (2.08) 2.29 (1.96) 0.433

MEC total baseline 24.32 (4.29) 24.18 (4.61) 24.50 (3.89) 0.748

MEC total 1 yr 23.29 (5.27) 23.00 (5.54) 23.67 (4.95) 0.577

MEC Orientation baseline 8.51 (1.81) 8.61 (1.88) 8.38 (1.72) 0.579

MEC Orientation 1 yr 8.29 (2.23) 8.23 (2.26) 8.38 (2.22) 0.762

MEC Fixation baseline 3.06 (0.69) 2.98 (0.15) 3.18 (1.03) 0.208

MEC Fixation 1 yr 2.96 (0.19) 2.95 (0.21) 2.97 (0.19) 0.719

MEC Concentration baseline 3.76 (1.60) 3.73 (1.53) 3.79 (1.70) 0.856

MEC Concentration 1 yr 3.40 (1.77) 3.50 (1.69) 3.26 (1.88) 0.563

MEC Memory baseline 1.33 (1.10) 1.32 (1.03) 1.35 (1.20) 0.891

MEC Memory 1 yr 1.38 (1.14) 1.20 (1.07) 1.62 (1.21) 0.114

MEC Language baseline 7.62 (1.45) 7.52 (1.61) 7.74 (1.24) 0.525

MEC Language 1 yr 7.26 (1.81 7.11 (1.94) 7.44 (1.63) 0.432

GDS baseline 2.10 (0.85) 2.07 (0.85) 2.15 (0.86) 0.686

GDS 1 yr 2.24 (0.96) 2.23 (1.08) 2.26 (0.96) 0.873

Verbal fluency baseline 9.85 (4.64) 9.59 (4.77) 10.18 (4.50) 0.583

Verbal fluency 1 yr 9.62 (4.93) 9.44 (5.28) 9.85 (4.52) 0.719

Clock Test baseline 6.13 (3.45) 5.75 (3.37) 6.62 (3.53) 0.274

Clock Test 1 yr 5.86 (3.40) 5.77 (3.07) 5.97 (3.82) 0.800

Values are presented as means (SD)

�Unpaired t test was used to test differences between groups.

https://doi.org/10.1371/journal.pone.0193568.t002
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showed beneficial effects in memory performance after supplementation with n-3 PUFA, and

no effects were apparent in the cognitive function measured by the MMSE.

The results for the main analysis showed certain favorable effect in the MEC, Pfeiffer, verbal

fluency and the GDS of Reisberg in the intervention group, but none of them achieved neither

clinical nor statistically significant differences between study groups, this might confirm the

conclusions of some studies that did not find beneficial effects in the prevention of the CI with

n-3 PUFA supplements [48–52]. Nevertheless, the lack of association in our study might be

Table 3. Mean differences of cognitive scales after 1 year of follow-up between control and intervention group and stratified by nutritional status.

CONTROL

(n = 44)

INTERVENTION

(n = 34)

DIFFERENCES BETWEEN CONTROL AND INTERVENTION

(95% CI)

p1 p2

Pfeiffer +0.41 (1.48) +0.09 (1.44) +0.32 (-0.34 to +0.99) 0.341 0.541

At risk of undernutrition +0.42 (1.56) +0.39 (1.47) +0.03 (-0.80 to +0.86) 0.936 0.774

Well-nourished +0.36 (1.29) -0.55 (1.21) +0.91 (-0.20 to +2.02) 0.104 0.140

MEC total -1.18 (3.55) -0.82 (3.69) -0.36 (-2.00 to +1.28) 0.665 0.867

At risk of undernutrition -1.33 (3.63) -1.52 (3.76)� +0.19 (-1.82 to +2.19) 0.851 0.669

Well-nourished -0.72 (3.41) +0.63 (3.20) -1.36 (-4.31 to +1.58) 0.345 0.465

MEC Orientation -0.39 (1.65) 0.00 (1.30) -0.39 (-1.07 to +0.30) 0.265 0.272

At risk of undernutrition -0.42 (1.78) -0.13 (1.32) -0.29 (-1.17 to +0.59) 0.506 0.542

Well-nourished -0.27 (1.19) +0.27 (1.27) -0.55 (-1.64 to +0.55) 0.312 0.282

MEC Fixation -0.02 (0.15) -0.21 (1.04) +0.18 (-0.13 to +0.50) 0.251 0.406

At risk of undernutrition -0.03 (0.17) -0.30 (1.26) +0.27 (-0.17 to +0.72) 0.221 0.348

Well-nourished 0 0 - - -

MEC Concentration -0.23 (1.55) -0.53 (1.81)� +0.30 (-0.46 to +1.06) 0.431 0.297

At risk of undernutrition -0.36 (1.27 -0.74 (1.76)� +0.38 (-0.44 to +1.19) 0.358 0.210

Well-nourished +0.18 (2.22 -0.09 (1.92) +0.27 (-1.58 to +2.12) 0.762 0.534

MEC Memory -0.11 (0.92) +0.27 (1.02) -0.38 (-0.82 to +0.06) 0.090 0.075

At risk of undernutrition -0.03 (0.88) +0.04 (0.88) -0.07 (-0.55 to +0.41) 0.759 0.587

Well-nourished -0.36 (1.03) +0.73 (1.19) -1.09 (-2.08 to -0.10) 0.032 0.026

MEC Language -6.32 (1.62)��� -6.11 (1.81)��� -0.20 (-0.98 to +0.58) 0.608 0.442

At risk of undernutrition -6.24 (1.77)��� -6.04 (1.82)��� -0.20 (-1.17 to +0.78) 0.684 0.417

Well-nourished -6.54 (1.12)�� -6.27 (1.84)�� -0.27 (-1.63 to +1.09) 0.681 0.837

GDS +0.16 (0.78) +0.12 (0.64) +0.04 (-0.29 to +0.37) 0.802 0.995

At risk of undernutrition +0.15 (0.79) +0.22 (0.73) -0.07 (-0.49 to +0.35) 0.754 0.476

Well-nourished +0.18 (0.75) -0.09 (0.30) +0.27 (-1.63 to +1.09) 0.277 0.247

Verbal fluency -0.37 (3.69) -0.32 (2.46) -0.05 (-1.51 to +1.42) 0.948 0.822

At risk of undernutrition -0.81 (3.44) -0.61 (2.14) -0.20 (-1.84 to +1.43) 0.803 0.993

Well-nourished +0.91 (4.23) +0.27 (3.04) +0.64 (-2.64 to +3.91) 0.689 0.947

Clock Test +0.02 (2.57) -0.65 (1.95) +0.67 (-0.38 to +1.72) 0.210 0.144

At risk of undernutrition -0.27 (1.96) -1.04 (2.03)� +0.77 (-0.31 to +1.85) 0.159 0.162

Well-nourished +0.91 (3.85) +0.18 (1.54) +0.73 (-1.89 to +3.34) 0.567 0.265

Values are presented as means (SD)

1: p values were calculated using Unpaired t test to assess differences between groups

2: p values were calculated using U Mann-Whitney test to assess differences between groups

��� p <0.001 for differences between baseline and 1-yr follow-up in each group using Wilcoxon test

�� p <0.01 for differences between baseline and 1-yr follow-up in each group using Wilcoxon test

�p <0.05 for differences between baseline and 1-yr follow-up in each group using Wilcoxon test

https://doi.org/10.1371/journal.pone.0193568.t003
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due to the weak statistical power in our study to detect differences between the control and the

intervention group.

Previous studies provided evidence that individuals with established AD do not get any

benefit from this type of intervention [53–54] and yet individuals with MCI or AD in incipient

stage could benefit from n-3 PUFA supplements [9, 54–56]. On the other hand, the improve-

ments detected are coherent with previous studies [3, 9, 57–62]. Therefore, the evidence still

uncertain, especially, when the majority of the intervention studies were conducted on relative

small samples. These contradictory findings are shown in the present study in people without

Table 4. Adjusted� mean differences of cognitive scales after 1 year of follow-up between control and intervention group.

Cognitive Scales CONTROL INTERVENTION p value

Pfeiffer (Ref.) -0.27 (-1.05 to 0.52) 0.500

MEC total (Ref.) 0.13 (-1.80 to 2.07) 0.894

MEC Orientation (Ref.) 0.44 (-0.37 to 1.26) 0.283

MEC Fixation (Ref.) -0.30 (-0.67 to 0.07) 0.107

MEC Concentration (Ref.) -0.25 (-1.12 to 0.62) 0.565

MEC Memory (Ref.) 0.32 (-0.19 to 0.83) 0.214

MEC Language (Ref.) 0.10 (-0.80 to 1.01) 0.823

GDS (Ref.) -0.10 (-0.50 to 0.29) 0.614

Verbal fluency (Ref.) +0.15 (-1.59 to 1.89) 0.863

Clock Test (Ref.) +0.07 (-1.12 to 1.27) 0.904

�Adjusted for cognitive stimulation, physical activity, educational level, and occupation.

https://doi.org/10.1371/journal.pone.0193568.t004

Fig 2. Mean in memory MEC scale at baseline and after 1 year of intervention stratified by treatment and by

nutritional status. Adjusted for: cognitive stimulation, physical activity, educational level, and occupation. Ancova test

was used to calculate adjusted means.

https://doi.org/10.1371/journal.pone.0193568.g002
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AD, showing improvement in memory, but are not conclusive in an improvement of global

cognition.

Dietary patterns can better predict the risk of CI than individual nutrients or foods [14]. A

recent review proposes to explore potential synergies between nutrients similar to those found

on a balanced diet, in this way, better results could be obtained with multinutrient supplemen-

tation due to this synergies [15]. A recent study concluded that multinutrient supplement

including n-3 PUFA, DHA and EPA, improved the cognition in older women [19]. This study

used a multinutrient supplement with a very similar composition of the one we used in our

study, finding benefits in the psychomotor speed and verbal memory.

In our study we found that those in the intervention group and well-nourished showed a

significant improvement in memory. However, this improvement was not apparent in those

who had worse nutritional status. This might be explained because the possibility of better

nutrient synergies between the supplement and a good nutritional status. Moreover, malnutri-

tion in elderly is associated with worse health, a decrease in the functional and physiological

reserve and fragility, these might conduct to a worse reaction to adverse factors or diseases

including cognitive function [63–64].

Only few intervention studies have included patients older than 65 years [18, 20, 48, 51–53].

For example, one study conducted in patients with a mean age of 81.1 years found a slight

improvement in career’s visual analogue rating (p = 0.02) and concluded that it was unlikely to

find any clinically important treatment effects of EPA on cognition during 12 weeks of treat-

ment period [53]. Other study conducted on patients with a mean age of 76 years and with mild

to moderate AD, concluded that supplementation with DHA compared to placebo did not

diminish the rate of cognitive and functional deterioration in patients with mild to moderate

AD [51]. In the same line, an intervention over 25 patients (mean age of 86 years) found, that a

dietary supplement based on an oily emulsion of DHA-phospholipids containing tryptophan

and melatonin showed a significant treatment effect for the MMSE, a positive trend for the

semantic verbal fluency, and the olfactory sensitivity assessment, and as regards the nutrition

evaluation, the supplemented group showed an improvement in the MNA in comparison with

the control group [20]. Or another intervention study over 50 patients aged 65 years with MCI

found that compared with the Linoleic acid supplemented group the DHA group improved in

verbal fluency (Initial Letter Fluency) (p = 0.04), and there were no treatment effects on other

cognitive assessments [57].

Two bigger studies found that higher adherence to supplementation intervention was asso-

ciated with lower AD incidence [18], and the other found that there was no change in cognitive

function scores over 24 months [48].

In general, using a multinutrient supplements limits the possibility to attribute only to one

of the components all the beneficial effects, even though, the principal component was the n-3

PUFA, however this fact allows to explore potential synergies between nutrients that, can

mimic what it is found on a balanced diet [14–16]. It is very difficult to evaluate the association

between each individual nutrient and the risk of dementia, because everybody eats complex

combinations of nutrients that might have synergic effects through non well known mecha-

nisms [65]. A recent systematic review that analyzed the association between supplements and

dementia found that studies conducted with multinutrients supplementation had better results

over dementia [66].

A limitation of this study was the small simple size, another limitation was the heterogeneity

of the population included in our study including patients without memory impairment and

patients with MCI. Probably a longer treatment period may be necessary to demonstrate the

efficacy of the supplementation. Finally, the only positive finding in memory loss was based on

a secondary analysis carried out to test multiple comparisons. We cannot rule out the existence
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of this result by chance. Some of the strengths of our study can be also considered as limita-

tions, for example the type of studied population, in our study we included older patients insti-

tutionalized in a nursing home, this allowed to ensure the compliance of the treatment and

also avoid changes in food intake or other type of changes because its regime of life is very sta-

ble (diet, time of meals, sleeping hours, and physical activity) but this can be consider as a limi-

tation in our study in order to extrapolate our results to general population that lives in the

community. On the other hand, using a multinutrient complex as intervention treatment

might cause interactions between the different nutrients, and also limit the possibility of attrib-

uting the effects to specifically one of them, although the main component was n-3 PUFA.

Due to lack of statistical power, these observations can be considered only as preliminary

results. More studies are needed with older people, applying specific tests of memory and with

greater number of participants to confirm our results.

Conclusions

The results of this randomized, double blind, placebo-controlled trial found no improvement

in global cognitive function during one year of supplementation with a multinutrient supple-

ment whose main component is the n-3 PUFA. They only suggested an apparent improvement

in memory loss in institutionalized elderly people without CI or with MCI if previously they

were well nourished. More studies similar to this are needed, to confirm our results.
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63. Restrepo MSL, Morales GRM, Ramı́rez GMC, López LMV, Varela LLE. Los hábitos alimentarios en el

adulto mayor y su relación con los procesos protectores y deteriorantes en salud. Rev Chil Nutr. 2006;

33:500–10.

64. Shatenstein B, Kergoat M, Reid I. Poor Nutrient Intakes during 1-Year Follow-Up with Community-

Dwelling Older Adults with Early-Stage Alzheimer Dementia Compared to Cognitively Intact Matched

Controls. J Am Diet Assoc. 2007; 107:2091–9. https://doi.org/10.1016/j.jada.2007.09.008 PMID:

18060894

65. Gu Y, Nieves JW, Yaacov S. Food Combination and Alzheimer Disease Risk. Arch Neurol. 2010;

67:699. https://doi.org/10.1001/archneurol.2010.84 PMID: 20385883

66. Baleztena J, Arana M, Bes-Rastrollo M, Castellanos MC, Gozalo MJ, Ruiz-Canela M. Is the omega-3

supplementation useful for the cognitive function after 65 years old? Results from a systematic review.

An Sis Sanit Navar 2017; 40:433–442. https://doi.org/10.23938/ASSN.0046 PMID: 29149110

Cognitive function and omega-3

PLOS ONE | https://doi.org/10.1371/journal.pone.0193568 March 26, 2018 15 / 15

https://doi.org/10.1212/01.wnl.0000324268.45138.86
http://www.ncbi.nlm.nih.gov/pubmed/18678826
https://doi.org/10.1001/archneur.63.10.1402
https://doi.org/10.1001/archneur.63.10.1402
http://www.ncbi.nlm.nih.gov/pubmed/17030655
https://doi.org/10.1016/j.pnpbp.2008.05.015
http://www.ncbi.nlm.nih.gov/pubmed/18573585
https://doi.org/10.1016/j.neurobiolaging.2011.12.014
https://doi.org/10.1016/j.neurobiolaging.2011.12.014
http://www.ncbi.nlm.nih.gov/pubmed/22305186
https://doi.org/10.1017/S0007114511004788
https://doi.org/10.1017/S0007114511004788
http://www.ncbi.nlm.nih.gov/pubmed/21929835
https://doi.org/10.1179/147683008X301450
http://www.ncbi.nlm.nih.gov/pubmed/18510807
https://doi.org/10.1093/cercor/bht163
http://www.ncbi.nlm.nih.gov/pubmed/23796946
https://doi.org/10.1007/s11357-012-9453-3
http://www.ncbi.nlm.nih.gov/pubmed/22791395
http://www.ncbi.nlm.nih.gov/pubmed/21267518
https://doi.org/10.1007/s10900-015-0070-9
http://www.ncbi.nlm.nih.gov/pubmed/26187093
https://doi.org/10.1016/j.jada.2007.09.008
http://www.ncbi.nlm.nih.gov/pubmed/18060894
https://doi.org/10.1001/archneurol.2010.84
http://www.ncbi.nlm.nih.gov/pubmed/20385883
https://doi.org/10.23938/ASSN.0046
http://www.ncbi.nlm.nih.gov/pubmed/29149110
https://doi.org/10.1371/journal.pone.0193568

