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Abstract

Introduction: : Few large, randomized trials have evaluated marine n-3 supplements

and cognition in healthy older adults.

Methods: : Healthy community-dwelling participants aged 60+ years (mean [standard

deviation] = 70.9 [5.8] years) in VITAL (randomized trial of n-3 fats [1 g/day, includ-

ing 840 mg of eicosapentaenoic acid + docosahexaenoic acid] and vitamin D) were

included: 3424 whose cognition was assessed by phone (VITAL-Cog; eight neuropsy-

chological tests; 2.8 years) and 794 evaluated in person (CTSC-Cog; nine tests; 2.0

years). The primary outcome was a global score (average of test z-scores) of change

over two assessments.Weusedmultivariable-adjusted linearmixedmodels; substudy-

specific results weremeta-analyzed.

Results: : We observed no significant effect of n-3 supplementation: the mean differ-

ence in annual rate of cognitive change for the n-3 versus placebo group was –0.01

standard units (95% confidence interval [CI]: –0.02, 0.003) in VITAL-Cog and –0.002

(95% CI: –0.04, 0.03) in CTSC-Cog; the pooled difference was –0.01 (95% CI: –0.02,

0.003; P= .15).

Discussion: : Marine n-3 supplementation (1 g/day) did not confer cognitive benefits

over 2 to 3 years in community-dwelling older adults.
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RESEARCH INCONTEXT

1. Systematic Review: The authors conducted a PubMed

search to review the literature and have cited the rele-

vant works, including meta-analyses of randomized clin-

ical trials of marine n-3 fatty acids and cognitive func-

tion. Previous clinical trials havebeen small, of short dura-

tion, and fewwere in general community-dwellinghealthy

older adults.

2. Interpretation: Our null findings for marine n-3 fats and

cognition in the VITAL trial cognitive ancillary study con-

tribute to the existing literature in that it was a large ran-

domizedclinical trial of n-3 fatty acidsof2 to3yearsdura-

tion among 4218 relatively healthy community-dwelling

older adults, including close to 20%whowere Black.

3. Future Directions: The article proposes future avenues

for additional studies further understanding of the

effect of marine n-3 fatty acids on cognitive decline in

community-dwelling older adults: (a) longer term trials;

and (b) evaluation of the relation in those with low n-3

fatty acid status.

1 BACKGROUND

Marine long-chain omega-3 (n-3) fatty acids, such as eicosapentaenoic

acid (EPA) and docosahexaenoic acid (DHA), have been associated

with lower risk of cognitive decline. N-3 fatty acids may help to main-

tain neuronal tissue integrity1 and enhance synaptic plasticity;2 may

havedirect neuroprotective effects, antioxidant and anti-inflammatory

properties,3 and may reduce amyloid beta accumulation,4 important

in Alzheimer’s disease pathology. Marine n-3 fats may reduce the inci-

dence of hypertension, or dyslipidemia,5 which in turn are associated

with cognitive decline.6,7 A meta-analysis of 21 prospective observa-

tional studies reported that greater fish and marine n-3 intakes were

associated with lower cognitive impairment risk.8

Randomized clinical trials (RCTs) of marine n-3 supplements ver-

sus placebo on cognitive decline in healthy community-dwelling older

people have been contradictory, and inconclusive, although most have

shown no effect.9,10 Most RCTs had modest sample sizes (n = 21

to 867), with relatively short duration (2.5 to 24 months), making it

challenging to draw firm conclusions. In two recent larger and longer

studies,11,12 Andrieu et al.11 followed 1525 participants for 3 years

and Chew et al.12 followed 3073 Age-Related Eye Disease Study 2

(AREDS2) participants for 5 years; both studies observed no cognitive

benefits of marine n-3 supplements. As these studies included partic-

ipants who had distinct characteristics (e.g., subjective memory com-

plaints, limitation in instrumental activities of daily living [IADL]11 or

age-related macular degeneration [AMD]),12 and had few non-White

participants, additional larger and longer RCTs from a general healthy

population are needed.

Thus, we evaluated whether marine n-3 supplementation (1 g/day,

including EPA [460mg]+DHA [380mg]) versus placebo (olive oil with

negligible amounts of marine n-3 fats) may provide cognitive benefits

over a 2- to 3-year period among 4218 community-dwelling partici-

pants aged60+ years in theVITAL study (VitaminDandOmega-3Trial;

NCT 01169259).13–15

2 METHODS

2.1 Study design and population

2.1.1 VITAL trial

VITAL13–15 was a randomized, double-blind, placebo-controlled, 2 ×

2 factorial clinical trial of marine n-3 fatty acids (one daily capsule

containing 1 g, including EPA [460 mg] and DHA [380 mg]; Oma-

cor fish oil donated by Pronova BioPharma and BASF) and vitamin

D3 (vitamin D3 [cholecalciferol], 2000IU/day, donated by Pharmavite)

supplements in the primary prevention of cardiovascular disease and

cancer. Both agents have undergone extensive quality control testing

for nutrient content stability at various temperatures and humidity

levels.13–15 Placebo capsules (olive oil) lacked any significant marine n-

3 fats, and contained an amount of olive oil that was insignificant for

health effects. Participants (n = 25,871 US men aged ≥50 and women

aged≥55 years) free of cardiovascular disease and cancer (except non-

melanoma skin cancer) were enrolled andwere randomized from2011

to 2014. They were required to limit out-of-study use of supplemental

vitaminD3 to≤800IU/day and supplemental calcium to≤1200mg/day

and to avoid using out-of-study n-3 supplements. To assess compli-

ance, participants received follow-up questionnaires at 6months and 1

year after randomization and annually thereafter;14,15 compliancewas

defined as self-reported taking of at least two-thirds of assigned cap-

sules. In the parent trial, in the intervention group, n-3 supplementa-

tion for 1 year led to a 54.7% increase (from 2.7% to 4.1%; n = 1583)

in the plasma n-3 index compared to < 2% increase in the placebo

group,14 and the plasma n-3 index remained elevated at a similar level

at each of the following years until the study end. The parent VITAL

trial main findings have been published.14,15 Because this trial was

designed as a 2 × 2 factorial trial, with primary aims focused on the

main effects of each agent separately, and because there was no inter-

action between the two active treatments, we present here the results

of the n-3 fatty acids intervention (with analyses all adjusted for the

vitaminD intervention).16 This substudy protocol was approved by the

institutional review board of the Brigham andWomen’s Hospital.

We used data from two non-overlapping subsets of VITAL partici-

pants.One subset (VITAL-Cog; n=3424)were administered telephone

cognitive assessments at randomization and again 2.8 years later.

Another subset (CTSC-Cog; n=794; all enrolled in an ancillary study of

depression prevention [VITAL-DEP; NCT0169643517,18]) completed

in-person cognitive assessments at randomization and again 2.0 years

later. The interval of 2 to3yearswas chosen to allowus to complete the

follow-up assessments within the parent trial’s intervention period.
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2.1.2 VITAL-Cog study population

In VITAL-Cog (NCT 01669915), eligible participants were ≥60 years

old, and in the VITAL screening questionnaire, indicated a willing-

ness to participate in a cognitive function study. From September

2011 through April 2014, participants completed the baseline cog-

nitive interview, an average 1 month prior to randomization (only

1.31% were > 1 month after randomization; range of 1.2 years before

to 0.5 years after randomization; Figure 1A). Among the 3658 eli-

gible participants that we tried to contact as of April 2014, 241

(7%) were unreachable; of the 3417 contacted, 3271 (96%) partic-

ipated. For the analysis, we further excluded 262 participants who

were also in the CTSC-Cog, leaving 3009 participants (2984, includ-

ing 317 Blacks, with complete scores on all tests and 25 with scores

missing on some tests). For the second cognitive assessment (Febru-

ary 2013 to June 2016), of the 3009 who participated in the first

assessment, 58 had died (2%) and 322 were unreachable (11%). Of the

2629 contacted, 100 (4%) refused, and 2529 (96%) participated (2501

with complete scores on all tests and 28 with scores missing on some

tests).

To allowadequate timewithin themainVITAL trial period for follow-

up assessments and because we had reached the target of 3000 par-

ticipants, we stopped administering baseline cognitive assessments in

April 2014, even though there were additional eligible participants.

However, to increase the number of Blacks, at the initiation of second

assessments, we invited 618 additional eligible Blacks (Figure 1A; aged

60+ years at randomization and willing to be part of VITAL-Cog). Of

618 Blacks, 141 (23%) could not be contacted. Of 477 contacted, 48

refused (10%) and 429 (90%) participated (November 2014 to June

2016; 422 with complete scores on all tests; and 7 with scores miss-

ing on some tests). Thus, the total number of unique individuals in the

VITAL-Cog analyses was 3424: of these, 2984 had complete baseline

assessments and2923 (=2501+422newBlack participants) had com-

plete second follow-up assessments.

2.1.3 VITAL-Cog telephone cognitive function
assessment

General cognition was assessed with the Telephone Interview of Cog-

nitive status (TICS; range=0–41 points), a telephone adaptation of the

Mini-Mental State Examination (MMSE).19 Verbal memory was eval-

uated with four tasks: the immediate and delayed recalls of both the

East Boston Memory Test (EBMT; range = 0–12)20 and the TICS 10-

word list (range = 0–10).19 To assess executive function/attention, a

test of category fluency was administered; participants were asked to

name as many animals as possible in 1 minute.21 We also administered

an assessment of attention/processing speed, the digit span backward

test (range = 0–12 points), which asked participants to repeat back-

ward a series of digits;22 and the Oral Trail Making Test (TMT), Part

A (range = 0–120 seconds), which asked participants to count from

1 to 25 as fast as possible. For assessing executive function, the Oral

TMT Part B (range = 0–120 seconds) was given, which asked partici-

pants to count to 13 and state the alphabet in alternating order (1-A,

2-B, and so on until 13-M).23,24 For the primary outcome, we evaluated

a global composite score with all eight measures (using the baseline

distributions in the VITAL-Cog as the standard). Secondarily, we were

interested in theoutcomesof TICS, verbalmemory, and executive func-

tion/attention. We calculated the verbal memory composite score by

averaging the z-scores of four tests: the immediate and delayed recalls

of both the EBMT and a 10-word list. We derived the executive func-

tion/attention composite scorebyaveraging the z-scoresof three tests:

the animal naming test, and the TMTA and B (square root transformed

values for both). At follow-up, we similarly calculated the composite

scores for global, verbal memory, and executive function/attention for

the second assessment, by using means and standard deviations (SDs)

of the baseline VITAL-Cog scores.

2.1.4 CTSC-Cog study population and cognitive
function assessment

A subgroup of 1054 VITAL participants received in-person health

assessments, including cognitive assessments as part of VITAL-DEP,17

by trained interviewers at the Clinical and Translational Science Cen-

ter (CTSC) in Boston with randomization (CTSC-Cog). All participants

provided informed consent for the CTSC evaluation. The baseline

assessment occurred from January 2012 to March 2014 (mean = 0.5

month before randomization; range of 3.0 months before to within

1 month after randomization). In CTSC-Cog (Figure 1B), we excluded

229 participants aged < 60 years and 4 people who refused par-

ticipation, leaving 821 participants (776 with complete scores on all

tests and 45 with scores missing on some tests). A 2-year follow-

up in-person interview was conducted from January 2014 through

April 2016. Of 821 who participated in the baseline assessment, 3

died (0.4%), 217 (26%) were ineligible for VITAL-DEP follow-up due

to their baseline assessments showing neuropsychiatric disorders, 6

(1%) with baseline neuropsychological testing performance consis-

tent with major neurocognitive disorders and possible dementia, 55

(7%) refused, and 540 participated (515 with complete scores on all

tests and 25 with scores missing on some tests). The total number of

unique individuals inCTSC-Coganalyseswas794 (including44Blacks),

with 776 complete baseline assessments and 515 complete follow-up

assessments.

Cognitive function was assessed in-person by trained interview-

ers, using nine cognitive tests assessing general cognition (Modified

MMSE [3MS]; range = 0–100),25 verbal memory and executive func-

tion/attention. As per the protocol for VITAL-DEP (NCT01696435),

first, theHearingHandicap Inventory–Screening Version (HHIE-S) was

administered to all participants. Those who scored at > 50% likeli-

hood of significant hearing impairment were administered only the

3MS (range = 0–100) and not the other cognitive tests. General cog-

nition was assessed by the 3MS.25 Verbal memory was assessed with

the same four tests used in VITAL-Cog. To assess executive func-

tion/attention, two tests of category fluency were also administered

(the animal naming test and a test in which participants were asked
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F IGURE 1 A, VITAL Cognitive substudy (VITAL-Cog) population. B, CTSC cognitive substudy (CTSC-Cog) population. CTSC, Clinical and
Translational Science Center; VITAL, Vitamin D andOmega-3 Trial

to name as many vegetables as possible)21 along with the TMT Part

A (range = 0–150 seconds), which asked participants to draw lines to

connect the numbers from 1 to 25 as fast as possible, and the TMT

Part B (range = 0–300 seconds), which asked participants to draw

lines to connect numbers (1–13) and the alphabet (A–L) in alternat-

ing order (1-A, 2-B, and so on until 13-M) as fast as possible.26,27 For

the primary outcome, we evaluated a global composite score with all

nine measures (using the baseline distributions in the CTSC as the

standard) and derived similar measures for secondary outcomes as in

VITAL-Cog.
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2.1.5 Validation study of the VITAL-Cog telephone
cognitive assessment with the CTSC in-person
assessment

Cognitive assessment by phone has been extensively validated.28,29 In

VITAL-Cog, we validated our telephone cognitive assessment against

in-person assessments among a subset of 181 of the 262 CTSC par-

ticipants with both assessments who had both within 1 month of each

other. We compared the global composite score derived from scores

on the eight tests administered by telephone to a similar score derived

from the nine tests administered in person. The intraclass correlation

between the two modes was 0.64, supporting the validity of our tele-

phone cognitive interview.

2.1.6 Plasma omega-3 index

Baseline blood samples were obtained among willing participants and

assayed for the plasma n-3 index (EPA plus DHA as a percentage

of total fatty acids)30 by Quest Diagnostics with the use of liquid

chromatography–tandem mass spectrometry. Results were based on

peak areas, with each individual phospholipid fatty acid divided by the

total phospholipid fatty acid (19 total) areas (the coefficient of varia-

tion for EPA was 10.4% and DHA was 10.9%, with a high correlation

among blinded duplicates [r= 0.79]).14

2.1.7 Statistical analyses

We compared characteristics at randomization by treatment group

using Wilcoxon’s rank-sum tests for continuous variables and Chi-

square tests for proportions. Primary analyses were conducted using

the intention-to-treat principle. For each substudy, we examinedmean

performance at each cognitive assessment in the treatment versus

placebo groups using linear mixed models with random intercepts.31

We treated mean scores at each assessment as repeated continuous

outcomes and modeled the treatment effect with a time by treatment

interaction; time was modeled as a continuous variable representing

years between randomization and each cognitive assessment. We fit-

ted models by maximum likelihood, incorporating the longitudinal cor-

relation within participants; for statistical testing, we usedWald tests.

We calculated multivariable-adjusted mean differences in annual rate

of cognitive change and 95% confidence intervals (CIs); information

on covariates at pre-randomization were collected by questionnaires.

We used twomodels: model 1 included just the treatment group, while

model 2 was additionally adjusted for age at randomization (years),

sex, highest attainededucation, race, vitaminD3 (theother randomized

agent), and depression history.

In secondary analyses, we evaluated potential effect modification

by baseline blood n-3 levels, which was prespecified given that sup-

plementation may have stronger effects on subgroups with relatively

lower blood n-3 levels. We evaluated effect modification by testing

the three-way interaction terms inmultivariable-adjusted linearmixed

models for possible risk factors of cognitive decline (assessed pre-

randomization): age, self-reported race, sex, vitamin D3 assignment,

education, depression, body mass index (BMI kg/m2), diabetes, hyper-

tension, high cholesterol, multiple cardiovascular disease risk factors,

baseline seafood intake, and baseline cognitive score.

We first evaluated associations separately by substudy and then

pooled the substudy-specific results using the Dersimonian and Laird

meta-analytic approach incorporating fixed-effects;32 when the P for

heterogeneity of results was < 0.05, we incorporated random effects.

Because the TICS and 3MS had different scales, for pooling, we multi-

plied the 3MS scores by 0.41 to generate the same scale as the TICS.

For the n-3 supplementation effect on the global composite score and

the prespecified effect modification by baseline omega-3 index evalu-

ation, significance tests were two-sided with α = 0.05 for the pooled

main effect and interaction terms. For the effect of n-3 supplementa-

tionon the three secondaryoutcomes,weusedaBonferroni corrected-

significance threshold of 0.0167 ( = 0.05/3); for the post hoc eval-

uation of the pooled effect modification by the additional non-pre-

specified 14 factors for the primary outcome, we used a Bonferroni

corrected significance threshold of 0.00357 ( = 0.05/14); for the post

hoc evaluation of the pooled effect modification for the three sec-

ondary outcomes, we used a Bonferroni corrected significance thresh-

old of 0.0011 (=0.05/45 [for 3outcomes x15modifiers]).WeusedSAS

(release 9.4; SAS Institute Inc.).

3 RESULTS

VITAL-Cog participants (n = 3424) were aged 60 to 91 years (mean

[SD]=71.9 [5.4]) at the first cognitive assessment (Table1); 58.9%were

women, 22.2% were Black, and 49.8% had some years of post-college

studies. CTSC-Cog participants (n = 794) were aged 60 to 87 years

(mean [SD] = 67.1 [5.3]) at the first cognitive assessment; 50.4% were

women, 5.7% were Black, and 55.5% had some years of post-college

studies.

In VITAL-Cog, n-3 supplementation had no effect on the global com-

posite score at the end of follow-up (mean = 2.8 years [range = 1.4–

4.3 years]; Table 2): the least squares mean was –0.28 standard units

(standard error [SE] = 0.02) for the n-3 group and –0.26 (SE = 0.01)

for the placebo group (mean difference = –0.02, 95% CI: –0.07,

0.02).

Similarly, in CTSC-Cog, at the end of follow-up (Table 2; mean 2.0

years [range = 1.0–3.1]), the least squares mean for the global score

was 0.06 (SE = 0.03) for the n-3 group and 0.11 (SE = 0.03) for the

placebogroup (meandifference=–0.05, 95%CI: –0.14, 0.04). The least

squares means for the individual tests are provided in Table 3.

There were no significant effects of n-3 supplementation on the

primary outcome of change over time in the global composite score

(Table 4). The pooled mean differences in the annual rate of decline

were –0.01 (95%CI: –0.02, 0.003; P= .15) for the global score.

For prespecified interaction analysis (Table 5), we observed no sta-

tistically significant effect modification by baseline plasma n-3 index

for the global score (pooled p-interaction= 0.37). For the global score,
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TABLE 1 Baseline characteristics of participants aged 60+ years in the VITAL cognitive substudy by N-3 supplement assignment for
VITAL-Cog (n= 3424) and CTSC-Cog (n= 794)*

VITAL-Cog (n= 3424) CTSC-Cog (n= 794)

N-3 group

(n= 1699)

Placebo group

(n= 1725)

N-3 group

(n= 396)

Placebo group

(n= 398)

mean (SD)

Age at first interview, years

* (n= 2984 in VITAL-Cog; n= 776 in CTSC-Cog)

71.9 (5.6)

(n= 1498)

71.8 (5.3)

(n= 1486)

67.1 (5.3)

(n= 385)

67.1 (5.3)

(n= 391)

Age at second interview, years

* (n= 2923 in VITAL-Cog; n= 515 in CTSC-Cog)

73.4 (5.7)

(n= 1440)

73.3 (5.7)

(n= 1483)

69.4 (5.4)

(n= 251)

69.7 (5.3)

(n= 264)

Cognitive test scores at first interview

VITAL-Cog only tests

TICS 33.9 (2.8) 33.9 (2.8) – –

OTMT-Part A, seconds 10.4 (3.5) 10.5 (3.8) – –

OTMT-Part B, seconds 38.5 (24.7) 37.4 (23.5) – –

Digit span backward 6.8 (2.3) 6.8 (2.4) – –

CTSC-Cog only tests

3MS – – 94.5 (4.8) 95.2 (4.4)

TMT-Part A, seconds – – 29.9 (10.6) 29.2 (10.4)

TMT-Part B, seconds – – 82.1 (44.8) 80.5 (42.3)

Vegetable naming test – – 15.4 (4.5) 15.6 (4.5)

Common tests across VITAL-Cog and CTSC-Cog

TICS 10-word list recall-immediate 4.7 (1.7) 4.7 (1.7) 4.7 (1.4) 4.8 (1.3)

TICS 10-word list recall-delayed 2.7 (1.9) 2.8 (1.9) 1.9 (1.7) 2.0 (1.8)

EBMT-immediate 9.6 (1.7) 9.6 (1.7) 9.7 (1.7) 9.8 (1.6)

EBMT-delayed 9.3 (1.8) 9.2 (1.8) 9.3 (1.9) 9.4 (1.6)

Animal naming test 19.5 (5.6) 19.6 (5.6) 20.9 (5.8) 20.5 (6.2)

Global composite score –0.003 (0.6) 0.003 (0.6) –0.03 (0.6) 0.03 (0.6)

Baseline omega-3 (EPA+DHA) Index (%)† 2.7 (0.9) 2.7 (0.9) 3.0 (0.9) 3.0 (1.0)

Bodymass index (kg/m2) 27.4 (5.4) 27.5 (5.3) 28.5 (5.5) 27.7 (5.1)

n (%)

Vitamin D3 assignment

Active group 844 (49.7) 866 (50.2) 198 (50.0) 198 (49.8)

Placebo group 855 (50.3) 859 (49.8) 198 (50.0) 200 (50.3)

Sex

Female 987 (58.1) 1029 (59.7) 202 (51.0) 198 (49.8)

Male 712 (41.9) 696 (40.4) 194 (49.0) 200 (50.3)

Self-reported race/ethnicity

Non-HispanicWhite 1219 (73.4) 1210 (71.8) 338 (88.0) 348 (89.2)

Black 359 (21.6) 384 (22.8) 21 (5.5) 23 (5.9)

Other 83 (5.0) 92 (5.5) 25 (6.5) 19 (4.9)

Highest attained education

High school or under 187 (11.0) 185 (10.7) 31 (7.8) 32 (8.1)

College 648 (38.2) 694 (40.3) 147 (37.1) 143 (36.0)

Graduate school 860 (50.7) 843 (49.0) 218 (55.1) 222 (55.9)

(Continues)
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TABLE 1 (Continued)

VITAL-Cog (n= 3424) CTSC-Cog (n= 794)

N-3 group

(n= 1699)

Placebo group

(n= 1725)

N-3 group

(n= 396)

Placebo group

(n= 398)

Depression‡

No 1365 (82.7) 1381 (82.9) 313 (80.3) 320 (83.3)

Yes 286 (17.3) 284 (17.1) 77 (19.7) 64 (16.7)

Abbreviations: 3MS, Modified Mini-Mental State Examination (range = 0–100);25 CTSC, Clinical and Translational Science Center for VITAL in Boston, MA;

DHA, docosahexaenoic acid; EBMT, East Boston Memory Test (range = 0–12);20 EPA, eicosapentaenoic acid; OTMT, Oral Trail Making Test (range = 0–120

seconds)23,24; SD, standard deviation; TICS, Telephone Interview for Cognitive Status (range = 0–41);19 TMT, Trail Making Test (range= 0–150 seconds for

part A and range= 0–300 seconds for part B);26,27 VITAL, Vitamin D andOmega-3 Trial.

*Characteristics as of randomization unless noted otherwise; for categorical variables, the percentages do not add to 100% due to rounding errors and num-

bers do not add to the total due tomissing values, whichwere taken out of descriptive statistical analyses. In theVITAL-Cog, 501 completed only the baseline,

440 completed only the second assessment and 2483 completed both assessments. In the CTSC-Cog, 498 completed both assessments, 279 completed only

the baseline and 17 completed only the second assessment.
†The plasmaOmega-3 Index is a measure of the amount of EPA andDHA relative to other fatty acids in the plasma.
‡Depression is defined as a lifetime history of a depression diagnosis or of treatment for depression; current use of antidepressants; experiencing 2 or more

weeks of depression in the past 2 years; or scoring 10 points or higher on the Patient Health Questionnaire-8.

we observed no significant interactions for the other 14 effect modi-

fiers evaluated (Table 5 footnote 3).

Similarly, we observed no effect of n-3 supplementation on the sec-

ondary outcomes, after correction for multiple testing (Table 4): –0.02

(95%CI: –0.04, –0.001) for the verbal composite score, 0.002 (95%CI:

–0.01, 0.02) for the executive function/attention composite score, and

–0.04 (95%CI: –0.18, 0.10) for general cognition (TICS/3MS).

Also, no statistically significant pooled effect modification was

observed for the executive function/attention score and TICS/3MS

score (Table 6). However, for the verbal memory score, we observed

a significant interaction by BMI (pooled p-interaction = 0.0006),

where in overweight (25≤BMI < 30 kg/m2) and obese participants

(BMI≥30 kg/m2), n-3 supplementation was associated with worse

decline (pooledmean difference in annual rate of decline= –0.03 [95%

CI: –0.06, –0.001] and –0.06 [95% CI: –0.09, –0.02], respectively) but

not in those with BMI< 25 kg/m2.

In sensitivity analyses in which we restricted the analyses to those

who reportednohearing impairment (68% inVITAL-Cog; 86% inCTSC-

Cog) or restricted the analyses in CTSC-Cog to those who did not

have baseline neuropsychiatric disorders/possible dementia (72%) or

restricted the analyses to those who were in the top 90% of perfor-

mance in each outcome or, in VITAL-Cog, restricted the analyses to

those enrolled from the first assessment, results were similar to the

main results.

4 DISCUSSION

In this randomized trial among 4218 generally healthy older partici-

pants followed for 2 to 3 years, marine n-3 supplementation (1 g/day,

including 840 mg of EPA + DHA) versus placebo (olive oil with neg-

ligible amount of marine n-3 fats) was not associated with cognitive

decline. A subgroup analysis by baseline plasma levels of n-3 fatty acids

showedno interaction for any of the outcomes, despite n-3 supplemen-

tation increasing plasma n-3 levels.14 A significant effect modification

was observed by BMI for the secondary outcome of a verbal mem-

ory score, with adverse effects of n-3 fats found in those who were

overweight or obese but not in those with normal weights; however,

this was unexpected. Although existing literature33 supports a possi-

ble beneficial effect of n-3 fatty acids in older adults with early stages

of dementia, overall, these results do not provide support for n-3 fatty

acids conferring cognitive benefits over 2 to 3 years for healthy older

adults.

Our null results are consistent with a meta-analysis10 that eval-

uated 36 RCTs of marine n-3 fatty acids (with ≥6 month duration)

that observed little or no effect of supplementation on cognitive out-

comes. In the AREDS2 trial12 among 3073 participants (aged 50–85

years) with intermediate AMD, an n-3 supplement with 650 mg EPA

and 350 mg DHA was administered for 5 years; there was no sig-

nificant difference in yearly change of the global score (–0.03 [99%

CI: –0.20, 0.13], P = .63) or the TICS score (–0.10 [99% CI: –0.24,

0.04], P = .07) between participants receiving n-3 supplements ver-

sus placebo. In the 3-year Multidomain Alzheimer Preventive Trial

among 1525 community-dwelling older persons aged ≥70 years with-

out dementia but with subjective memory complaints or limitation in

IADL or slow gait,11 n-3 supplements (225 mg EPA and 800 mg DHA)

were part of a multipronged intervention that also involved cognitive

training and physical activity; the investigators observed no overall dif-

ference (P = .72) in cognitive decline between the n-3 supplemented

versus placebo groups. Thus, our results were consistent with those

from prior studies but were unique because they included 2 to 3 years

follow-up from 4218 healthy older participants free of cardiovascular

disease and cancer at baseline, of whom ≈20%were Black.

We observed suggestive adverse effects of n-3 supplementation for

the secondary outcome of verbal memory score, particularly among

those with BMI > 25 kg/m2 (67% of the population; interaction by

BMI = 0.0006). The mechanisms underlying these unexpected results

are unclear, and these results may have chance findings, especially
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TABLE 4 Meta-analysis of themean differences (95%CI) in change over time among VITAL-Cog participants (n= 3424) and CTSC-Cog
participants (n= 794), by N-3 supplement assignment

Difference in annual rate of change
(N-3 Group – Placebo Group; 95% confidence interval)

Primary outcome: Global composite score* Model 1:
univariate†

Model 2: 
mul�variable-adjusted‡

VITAL-Cog -0.01 (-0.02, 0.01) -0.01 (-0.02, 0.003)
CTSC-Cog 0.001 (-0.03, 0.03) -0.002 (-0.04, 0.03)
POOLED ‡ -0.01 (-0.02, 0.003)

p-value=0.15
Key secondary outcomes§

Verbal composite score*

VITAL-Cog -0.02 (-0.04, -0.001) -0.02 (-0.04, -0.002)
CTSC-Cog -0.001 (-0.06, 0.06) -0.003 (-0.06, 0.06)
POOLED ‡ -0.02 (-0.04, -0.001)

Execu�ve func�on/a�en�on composite score*

VITAL-Cog 0.01 (-0.01, 0.02) 0.003 (-0.01, 0.02)
CTSC-Cog -0.01 (-0.04, 0.03) -0.01 (-0.04, 0.03)
POOLED ‡ 0.002 (-0.01, 0.02)

General cogni�on||
VITAL-Cog -0.09 (-0.16, -0.02) -0.10 (-0.17, -0.04)
CTSC-Cog 0.05 (-0.08, 0.17) 0.04 (-0.08, 0.17)
POOLED ‡ -0.04 (-0.18, 0.10)

Placebo be�er                N-3 be�er
-0.2 -0.1 0 0.1 0.2

Abbreviations: CI, confidence interval; 3MS, Modified Mini-Mental State Examination (range = 0–100); CI, confidence interval; CTSC, Clinical and Transla-

tional Science Center for VITAL in Boston,MA; TICS, Telephone Interview of Cognitive Status (range= 0-41);19 VITAL, Vitamin D andOmega-3 Trial.

*For definitions of the global scores and the key secondary outcomes for the two populations, see footnotes for Tables 2.
†From linearmixedmodels of cognitive performance:model 1 includes time since randomizationmodeled as a continuous variable, omega-3 assignment, and

their interaction.
‡From linear mixed models of cognitive performance: model 2 is model 1 with adjustment for vitamin D assignment (yes/no), sex (male/female), age at ran-

domization (years), race/ethnicity (non-HispanicWhite, Black, other), education (high school or under, college, graduate school), history of depression (yes/no;

see footnote in Table 1 for definition). Pooled using Dersimonian and Laird32 fixed-effects method formeta-analysis except for general cognitionwhere the P
for heterogeneity across the two substudies was 0.04 and results weremeta-analyzedwith random effects.
§For secondary outcomes, none of the differences in the annual rate of change were significant at the significance threshold of 0.0167 (raw P-values ≥.04;

based on Bonferroni correction of doing three simultaneous tests for the three secondary outcomes: 0.05/3= 0.0167).
||Due to the differences in scale between the TICS (0–41) used in VITAL-Cog and 3MS (range 0–100) used in CTSC-Cog, for pooling purposes, the 3MS scores

were multiplied by 0.41 for conversion to the same scale as the TICS scores. As the P for heterogeneity across the two substudies was 0.04, the results were
meta-analyzedwith the Dersimonian and Laird32 method incorporating random effects.

because n-3 fatty acids may favorably influence cardiometabolic risk

factors.5 Further study of these associations is warranted given the

immense global popularity of n-3 supplements34 and the projected

global increases in obesity.35

Our study had several limitations. In VITAL-Cog, we used telephone

cognitive assessments; however, our telephone assessment was found

to be valid, and the main results were similar in VITAL-Cog and CTSC-

Cog. Our trial focused on well-educated individuals (> 50% had post-

graduate studies) free of cancer and cardiovascular disease at enroll-

ment andwho consumed amedian of 1.5 servings of fish per week; this

likely led to modest observed cognitive decline with few participants

being low in n-3 fatty acid intake. Both factors may have limited our

ability to detect modest effects of n-3 supplements on cognition. Also,

the 2- to 3-year follow-up period may have been too short to allow for

detecting effects of n-3 supplementation, particularly in a population

at relatively low risk for cognitive decline. Given our and other studies’

results,11,12 marine n-3 fats are not supported for prevention of cog-

nitive decline in healthy older adults; however, future trials of marine

n-3 fats and cognitive decline in healthy older adults may benefit from

durations of>5 years, with possibly greater doses of EPA (460mg/day)

andDHA (380mg/day) thanusedhere (e.g., 4950mg/day36) and should

consider targeting recruitment to those with low n-3 fatty acid status.

Our study had several strengths. This was a randomized trial

with > 3500 participants, and high rates of follow-up and adherence

to assigned treatment group. Second, we were able to investigate the

effect of n-3 supplements on multiple cognitive domains. Finally, our

study population was diverse and included a relatively high proportion

of Blacks (≈20%).37–40

In conclusion, among generally well-educated healthy adults aged

60+ years, marine n-3 supplementation (1 g/day) versus placebo (olive

oil with negligible amount of marine n-3 fats) did not slow cognitive

decline over 2 to 3 years.
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TABLE 5 Mean difference (95%CI) in rate of change in global score* between the N-3 and placebo groups: Effect modification by risk factors
for cognitive decline

VITAL-COG CTSC POOLED
Characteris�cs Difference (95%CI)† N Difference (95%CI)† N Difference (95%CI)†§

Pre-specified Modifier
Baseline plasma n-3 index p for interac�on=0.37

< median (2.6%) -0.02 (-0.04, 0.001) 1424 -0.01 (-0.06, 0.04) 308 -0.02 (-0.04, 0.001)
≥ median (2.6%) -0.01 (-0.03, 0.01) 1498 -0.001 (-0.04, 0.04) 484 -0.01 (-0.02, 0.01)

Non-pre-specifiedModifiers
Age at first assessment 

< 70 years -0.02 (-0.04, -0.001) 1781 0.01 (-0.02, 0.05) 600 -0.01 (-0.03, 0.003)
≥ 70 years -0.003 (-0.02, 0.02) 1643 -0.05 (-0.12, 0.01) 194 -0.01 (-0.02, 0.01)

Vitamin D3 assignment
No -0.01 (-0.02, 0.01) 1714 -0.02 (-0.06, 0.03) 398 -0.01 (-0.02, 0.01)
Yes -0.01 (-0.03, 0.003) 1710 0.002 (-0.04, 0.05) 396 -0.01 (-0.03, 0.004)

Sex
Female -0.01 (-0.03, 0.01) 2016 -0.01 (-0.06, 0.04) 400 -0.01 (-0.03, 0.004)
Male -0.01 (-0.03, 0.01) 1408 0.01 (-0.03, 0.05) 394 -0.01 (-0.02, 0.01)

Self-reported race
Non-African-American -0.004 (-0.02, 0.01) 2604 0.004 (-0.03, 0.04) 730 -0.003 (-0.02, 0.01)
African-American -0.04 (-0.07, 0.002) 743 -0.08 (-0.24, 0.08) 44 -0.04 (-0.08, -0.002)

Educa�on
High School/College -0.02 (-0.03, 0.002) 1714 -0.03 (-0.08, 0.02) 353 -0.02 (-0.03, -0.0001)
Post-college studies -0.004 (-0.02, 0.01) 1703 0.01 (-0.03, 0.05) 440 -0.002 (-0.02, 0.01)

Depression||
No -0.01 ( -0.02, 0.003) 2746 -0.01 (-0.04, 0.03) 633 -0.01 (-0.02, 0.003)
Yes -0.02 (-0.05, 0.01) 570 0.05 (-0.05, 0.15) 141 -0.01 (-0.04, 0.02)

Body mass index (kg/m2)
<25 0.01 (-0.01, 0.03) 1107 0.01 (-0.05, 0.07) 238 0.01 (-0.01, 0.03)
25-29 -0.02 (-0.04, 0.004) 1323 -0.02 (-0.07, 0.03) 335 -0.02 (-0.03, 0.002)
≥30 -0.02 (-0.05, 0.002) 909 0.02 (-0.03, 0.08) 221 -0.02 (-0.04, 0.01)

Diabetes 
No -0.01 (-0.03, -0.001) 2955 -0.001 (-0.04, 0.03) 711 -0.01 (-0.02, 0.0001)
Yes 0.02 (-0.02, 0.06) 465 -0.04 (-0.14, 0.07) 82 0.01 (-0.02, 0.05)

Hypertension
No -0.01 (-0.03, 0.01) 1557 -0.01 (-0.05, 0.04) 419 -0.01 (-0.03, 0.01)
Yes -0.01 (-0.03, 0.01) 1852 -0.0002 (-0.05, 0.05) 371 -0.01 (-0.02, 0.01)

High cholesterol
No -0.01 (-0.02, 0.01) 1949 -0.02 (-0.06, 0.02) 467 -0.01 (-0.02, 0.01)
Yes -0.01 (-0.03, 0.01) 1445 0.02 (-0.04, 0.07) 324 -0.01 (-0.03, 0.01)

Mul�ple CVD risk factors
<2 risk factors -0.01 (-0.03, 0.01) 1836 -0.01 (-0.05, 0.03) 475 -0.01 (-0.03, 0.003)
≥2 risk factors -0.01 (-0.03, 0.01) 1414 0.01 (-0.04, 0.07) 306 -0.01 (-0.03, 0.01)

Seafood intake
<1.5 servings/week -0.02 (-0.04, -0.002) 1707 -0.01 (-0.06, 0.05) 324 -0.02 (-0.04, -0.002)
≥1.5 servings/week 0.001 (-0.02, 0.02) 1660 -0.01 (-0.05, 0.04) 434 0.0002 (-0.02, 0.02)

Baseline global score**

≤medianof baseline score -0.02 (-0.04, 0.003)
-0.00004 (-0.02, 0.02)

1492 -0.01 (-0.06, 0.04) 388 -0.02 (-0.03, 0.002)
>median of baseline score 1492 0.003 (-0.04, 0.04) 388 0.0003 (-0.01, 0.02)

Compliance to treatment††

Compliant -0.003 (-0.02, 0.01) 3007 -0.01 (-0.04, 0.03) 761 -0.003 (-0.02, 0.01)
Non-compliant -0.05 (-0.10, -0.01) 354 0.10 (-0.05, 0.25) 23 0.01 (-0.14, 0.15)

-0.155 0 0.155

Placebo be�er        N-3 be�er

Abbreviations: CI, confidence interval; CTSC-Cog, subset that received in-person interviews at the Harvard Clinical and Translational Science Center for

VITAL in Boston,MA; CVD, cardiovascular disease; VITAL-Cog, subset that received telephone cognitive interviews in VITAL.

*For definitions of the global scores for the two populations, see footnote for Table 2.
†Mean difference in annual rate of decline of n-3 – placebo groups from multivariable-adjusted linear mixed models: see footnotes for Tables 2 and 3. The

stratified analyses were done among those with non-missing data on the effect modifier.
‡None of the interaction terms were significant at the Bonferroni-corrected significance threshold of P = .0036 (= 0.05/14 other modifiers): p-

interaction≥0.04
.§Stratum-specific estimates and interaction terms were pooled using Dersimonian and Laird fixed-effects method for meta-analysis32 except for where the

P for heterogeneity across the two substudies for the interaction term for age was< 0.05 (P= .03) and results weremeta-analyzedwith random-effects.
||See footnote in Table 1 for definition of depression.

**Median for the global score was 0.05 in both the VITAL-Cog and the CTSC-Cog.
††Compliance is defined as self-reported taking of ≥two-thirds of pills on all the follow-up questionnaires between the first and the second cognitive assess-

ment and not initiating out-of-study fish oil supplementation.
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TABLE 6 Pooled* results across VITAL-Cog and CTSC-Cog for mean difference in annual rate for the secondary outcomes for N3 group versus
placebo group: Effect modification by risk factors for cognitive decline

VERBAL MEMORY*†‡ EXECUTIVE
FUNCTION/ATTENTION*†‡

GENERAL COGNITION*‡§

Characteris�cs Difference (95%CI)|| Difference (95%CI)|| Difference (95%CI)||
Baseline plasma n-3 index

< median (2.6%) -0.03 (-0.06, -0.01) -0.004(-0.03, 0.02) -0.05(-0.14, 0.05)
≥ median (2.6%) -0.01 (-0.04, 0.01) 0.003(-0.02, 0.0 2) -0.07(-0.15, 0.02)

Age at first assessment 
< 70 years -0.02 (-0.05, 0.001) -0.004 ( -0.02, 0.01) -0.04 (-0.23, 0.14)
≥ 70 years -0.02  (-0.05, 0.01) 0.01 (-0.02, 0.03) -0.07 (-0.17, 0.02)

Vitamin D3 assignment
No -0.01 (-0.04, 0.0 2) -0.000 4(-0.02, 0.02) -0.06 (-0.15, 0.02)
Yes -0.03 (-0.06, -0.01) 0.004 ( -0.02, 0.02) -0.00 1(-0.31, 0.30)

Sex
Female -0.03 (-0.05, -0.002) 0.001 ( -0.02, 0.02) -0.09 (-0.17, -0.01)
Male -0.01 (-0.04, 0.01) 0.003 ( -0.02, 0.02) 0.01 (-0.24, 0.2 5)

Self-reported race
Non-African-Americans -0.01 (-0.03, 0.01) 0.004 ( -0.01, 0.02) 0.001 ( -0.15, 0.15)
African-Americans -0.03 (-0.09, 0.02) -0.05 (-0.09, -0.01) -0.21 (-0.40, -0.01)

Educa�on
College/High School -0.03 (-0.06, -0.01) 0.001 ( -0.02, 0.02) -0.07 (-0.16, 0.02)
Post -graduate  studies -0.01 (-0.03, 0.02) 0.004 ( -0.02, 0.02) -0.07 (-0.15, 0.01)

Depression**

No -0.02(-0.04, -0.003) -0.001 ( -0.02, 0.01) -0.01 (-0.20, 0.19)
Yes -0.02 (-0.07, 0.03) 0.01 (-0.03, 0.05) -0.25 (-0.42, -0.09)

Body mass index (kg/m2)‡ p for interac�on=0.0006
<25 0.03 (-0.01, 0.06) 0.001 ( -0.02, 0.03) -0.01 (-0.12, 0.10)
25-29 -0.03 (-0.06, -0.001) -0.00 4(-0.03, 0.02) -0.11(-0.20, -0.02)
≥30 -0.06 (-0.09, -0.02) 0.02 (-0.01, 0.05) 0.01 (-0.39, 0.41)

Diabetes 
No -0.02 (-0.04, -0.004) -0.00 2(-0.02, 0.01) -0.08(-0.14, -0.02)
Yes 0.00 4(-0.05, 0.05) 0.02 (-0.03, 0.06) 0.01 (-0.18, 0.20)

Hypertension
No -0.02 (-0.04, 0.01) -0.01 (-0.03, 0.01) -0.09 (-0.18, -0.01)
Yes -0.02 (-0.05, 0.001) 0.01 (-0.01, 0.03) -0.05 (-0.13, 0.04)

High cholesterol
No -0.02 (-0.04, 0.0 1) -0.003 ( -0.02, 0.02) -0.05  (-0.13, 0.0 3)
Yes -0.03(-0.05, 0.0 03) 0.01 (-0.02, 0.03) -0.10 (-0.19, -0.00 3)

Mul�ple CVD risk factors
<2 risk factors -0.01 (-0.04, 0.01) -0.01 (-0.03, 0.01) -0.08 (-0.15, -0.001)
≥2 risk factors -0.03 (-0.06, -0.001) 0.02 (-0.01, 0.04) -0.08 (-0.18, 0.02)

Seafood intake
<1.5 servings/week -0.03 (-0.05, 0.0001) -0.01 (-0.03, 0.01) -0.04 (-0.13, 0.04)
≥1.5 servings/week -0.01 (-0.04, 0.01) 0.01 (-0.01, 0.03) -0.09 (-0.18, -0.01)

Baseline score††

≤medianof baseline score -0.02 (-0.04, 0.01) -0.01 (-0.03, 0.02) -0.06 (-0.15, 0.03)
>medianof baseline score -0.01 (-0.03, 0.01) 0.01 (-0.01, 0.03) -0.06 (-0.13, 0.01)

Compliance to treatment ‡‡

Compliant -0.01 (-0.03, 0.004) 0.01 (-0.01, 0.02) -0.06 (-0.12, 0.01)
Non-compliant -0.05 (-0.11, 0.01) -0.02(-0.07, 0.03) 0.08(-0.66, 0.82)

-0.15 0 0.15 -0.15 0 0.15 -0.85 0 0.85

N-3 be�erPlacebo
be�er

N-3 be�erPlacebo
be�er

N-3 be�erPlacebo
be�er

(Continues)
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TABLE 6 (Continued)

Abbreviations: 3MS, Modified Mini-Mental State Examination; CI, confidence interval; CTSC-Cog, subset that received in-person interviews at the Harvard

Clinical and Translational Science Center for VITAL in Boston, MA; CVD, cardiovascular disease; TICS, Telephone Interview of Cognitive Status; VITAL-Cog,

subset that received telephone interviews in VITAL.

*Stratum-specific estimates and interaction termswere pooled using Dersimonian and Laird fixed-effectsmethod formeta-analysis32 except for where the P
for heterogeneity across the two substudies was< 0.05; for these, the results weremeta-analyzedwith random-effects.
†For definitions of the verbal memory and executive function scores for the two populations, see footnotes for Tables 2.
‡For these secondary analyses, none of the tests of the pooled interaction terms were significant at the Bonferroni-corrected significance threshold of

P = .0011 (= 0.05/45 [3 outcomes, 15 modifiers[; raw p for interactions≥0.05) except for the interaction by body mass index for verbal memory score: P
for interaction= 0.0006.
§Due to thedifferences in scale between theTICS (0–41) and3MS (range0–100), for pooling purposes, the3MS scoresweremultiplied by0.41 for conversion

to the same scale as the TICS scores.
||From multivariable-adjusted linear mixed models of cognitive performance: multivariable-adjusted analysis with adjustment for vitamin D3 assignment

(yes/no), sex (male/female), age at randomization (years), race/ethnicity (non-HispanicWhite, Black, other), education (high school or under, college, graduate

school), history of depression (yes/no), except when a particular factor was being used for stratified analyses or tested for interaction.

**For the definition of depression, see footnote in Table 1.
††For the verbal memory score, the median was –0.02 standard units in VITAL-Cog and 0.02 in the CTSC-Cog; for the executive memory/attention score,

the median was 0.04 in VITAL-Cog and 0.02 in the CTSC-Cog; for TICS, the median was 34 in VITAL-Cog and for the 3MS in CTSC-Cog, the median was 96

(equivalent to 39 on the transformed variable to have the same range as the TICS).
‡‡Compliance is defined as self-reported taking of ≥two-thirds of pills on all the follow-up questionnaires between the first and the second cognitive assess-

ment and not initiating out-of-study fish oil supplementation.
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