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@@ Discussion: Cocoa extract did not benefit cognition. However, COSMOS-Mind pro-
vides the first evidence from a large, long-term, pragmatic trial to support the potential

efficacy of a MVM to improve cognition in older adults. Additional work is needed to
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for MVM effects.
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1 | BACKGROUND

There is an urgent need to identify effective strategies to preserve
cognitive function to mitigate the heavy societal burden associated
with Alzheimer’s disease (AD) and related dementia, which affect more
than 46 million people worldwide.! No interventions to prevent cogni-
tive decline in asymptomatic older adults have been approved by the
United States Food and Drug Administration (FDA), and to dat %

Maco-
logic treatment for adults with mild cognitive impairme
Identifying a safe, affordable, and accessible interyg to protect
cognitive function against decline in older adult pressing public
health priority.*

Cocoa, in its unprocessed form, co s“high quantities of cate-
chins and epicatechins, members \*bclass of flavonoids known as
flavanols,>¢ and modest amoun@

cacao bean) and caffeine. Die

eobromine (an alkaloid of the
nsumption of cocoa flavanols may
slow cognitive decline thra¥gh improved cerebral vasodilation,” blood
flow, perfusion and an esis.8? Epicatechin, the most common fla-
vanol in cocoa, i @w- absorbed, readily crosses the blood-brain
barrier, can b ted in the brain,’® and may have accumulating
physiologicd&ects at higher levels.!112 Much of the support for
cognitj hancing effects of flavonoids in healthy older adults comes
fromiePidemiological studies,’®1# and a few small clinical trials.1>~17
ry and executive function appear to benefit the most, partic-
ularly with higher amounts of cocoa flavanols (500-750 mg/day),
according to a recent review. 18
Individual micronutrients and minerals target multiple biologic
pathways that support normal body and brain function,’? and defi-
ciencies in older adults may increase risk for cognitive decline and
dementia.?® Trials of single nutrients such as folic acid with or without

other B vitamins,21~24 omega-3 fatty acids,2>2¢ and vitamin D20.27.28

confirm these findings in a more diverse cohort and to identify mechanisms to account

aging, clinical trial, cocoa extract, cognition, cognitive function, flavanols, multivitamin, older

A

* COSMOS-Mind was a large simple pragmatic randomized clinical trial in older%fs
conducted by mail and telephone.

* The trial used a two-by-two factorial design to assess treatme e@ts of two
different interventions within a single large study. )i

* We found no cognitive benefit of daily cocoa extract adnfinlistsation (containing
500 mg flavanols) for 3 years.

* Daily multivitamin-mineral (MVM) supplementatioﬁ]{% years improved global
cognition, episodic memory, and executive functio(n der adults.

* The MVM benefit appeared to be greater fo with cardiovascular disease.

@

on cognition ielded mixed results, which could reflect either no
benefit or design issues that impede cross-study comparisons.
Some se issues relate to the specific micronutrients tested (alone

o?ombination), the specific cognitive tests administered, the out-
measure (single test vs. composite score), and participant demo-

bc
graphics and nutritional status.2?.3% Although not without controversy,

particularly with respect to potential cognition-enhancing effects of B
vitamins,2%22 the conclusion of meta-analytic reviews is that the evi-
dence is insufficient to encourage care providers to recommend use of
individual nutrient supplements for brain health.3:32

Longer-term daily intake (>12 months) of a multivitamin-mineral
(MVM) alone or with other dietary supplements to enhance global
cognitive function in older adults (>65 years) has been examined in
just one large randomized controlled trial (RCT), which included only
male physicians.® Further study is needed given their widespread use
in the general population.3* Here we tested whether daily treatment
with cocoa extract (CE) and/or a MVM for 3 years protected cognitive

function in older adults.

2 | METHODS

2.1 | Study design

COSMOS-Mind (COcoa Supplement and Multivitamin Outcomes
Study of the Mind) was an ancillary study to a large pragmatic, placebo-
controlled, 2 x 2 factorial clinical trial testing the effects of daily
supplementation with cocoa extract (CE) and/or a MVM on cardiovas-
cular and cancer outcomes.®>=37 Given that no additive or synergistic
effects were expected with CE and MVM supplementation, the 2 x 2
factorial design provided an efficient strategy to examine treatment
effects of two different agents within a single trial. The CE (Mars Edge,
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of Mars, Inc.) contained 500 mg of cocoa flavanols, including 80 mg (-)-
epicatechins and modest amounts of theobromine (~50 mg/day) and
caffeine (~15 mg/day) that likely enhance flavanols’ central and vas-
cular effects.83? The 500 mg/day of cocoa flavanols exceeds mean
reported intake“° and is consistent with amounts tested in short-term
cardiovascular trials.*! The essential nutrients contained in the MVM
(Centrum Silver; Pfizer Consumer Healthcare, now part of GSK Con-
sumer Healthcare) are listed in Table S6. COSMOS-Mind examined
the effects of these supplements on cognitive function, and the details
of study design, participant demographics, and baseline characteris-
tics are published.*2 The study was conducted in accordance with The
Code of Ethics of the World Medical Association, and was approved
by the Institutional Review Board of Wake Forest University School of

Medicine.

2.2 | Participants

Enrollment of two thousand parent trial participants was targeted for
COSMOS-Mind. Parent trial eligibility criteria included: (1) no history
of myocardial infarction (Ml) or stroke (history of other cardiovascu-
lar events including transient ischemic attack, congestive heart failure,
coronary artery bypass graft, angioplasty, and stent was permitted); (2)
no history of cancer within the past 2 years (excluding non-melanoma
skin cancer); (3) no serious illness precluding participation; (4) not tak-
ing cocoa or vitamin/mineral supplements, or, willing to forego use
during the trial; (5) no reported extreme sensitivity to cocoa prod-
ucts or caffeine; (6) successful completion of >2-month placebo run-in
with >75% study pill adherence; and (7) not currently participz
in another clinical trial. Additional COSMOS-Mind eligibilit
included: (1) >65 years of age; (2) not taking insulin for d§

s; and
(3) able to complete the telephone cognitive assessn@ to screen
out participants with significant impairment). Pﬁi nts provided
informed consent and received a $15 gift card @ mpletion of each

assessment.

.%
Randomization a@asking

d by the parent trial using a computer-

23 |

Randomization was cont
generated sequential I@ random allocations for the four treatment
combinations.3¢-%4 @random allocation sequence was created using
SAS statistica @a

(5-year bi

re (version 9.4) and was stratified by sex, age

d recruitment source (Brigham and Women’s Hospi-
tal, W Health Initiative). All trial investigators, examiners, and
r &ts were masked to treatment group assignment.

24 | Procedures

As previously described,*? parent trial participants were recruited
through mailings to Women'’s Health Initiative Extension Study partici-
pants and by Brigham and Women'’s Hospital to participants contacted

for, but not randomized into, the vitamin D and OmegA-3 Trial, and
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RESEARCH IN CONTEXT

1. Systematic review: The literature was reviewed using
PubMed and MEDLINE. Much of the support for poten-
tial cognitive benefits of cocoa flavanols in older adults is
based on observational studies. Only a few controlled tri-
als have examined the effects of a multivitamin-mineral
(MVM) supplement on cognition for older adults. &
2. Interpretation: There was no cognitive improven%
with daily intake for 3 years of cocoa extract in-
ing 500 mg/day cocoa flavanols. However, ovide
the first evidence in a long-term, rand ed controlled
trial of older women and men that daily use of a safe,
readily accessible, and low-co V| c‘én improve cog-
nition. This finding could h, ilpfortant public health
implications for brain he{twé%resilience against future
cognitive decline.
3. Future directions: (@‘esults challenge the current sta-
tus quo regardsi efficacy of MVM supplementation
to improv itive function and set the stage for new
avenue @search toidentify mechanisms and alternate

ap@Qes involving combination therapy.

S

o

\ through commercial mailing lists and media campaigns. As a result,

35,669 adults began a placebo run-in, of which 21,442 (60%) were ulti-
mately randomized into COSMOS. During the placebo run-in, eligible
candidates received aninvitation to also participate in COSMOS-Mind.
Interested individuals were contacted to: (1) provide more information
about the ancillary study, (2) test for hearing acuity, and (3) schedule
the baseline telephone cognitive assessment. Individuals from tradi-
tionally underrepresented groups in research (self-identified as Amer-
ican Indian/Alaska Native, Asian/Pacific Islander, Black/African Amer-
ican, Hispanic; completing 12 years or less of education) were priori-
tized in the COSMOS-Mind initial contact queue (pre-randomization)
to increase their representation in the sample. Demographics and
baseline anthropometrics (height, weight) and medical history were
provided by participants via questionnaires.

2.5 | Outcomes

A standardized telephone cognitive battery was administered at base-
line and annually for 3 years to assess general cognitive status, episodic
memory and executive function. Tests included the 50-point modi-
fied Telephone Interview for Cognitive Status (TICSm with 10-minute
short delay word list recall), an additional 40-minute Long Delay Word
List Recall,*3 immediate and delayed Story Recall (SRI & 11),*4 Oral
Trail-Making Test Part B (OTMT-B, log transformed; Part A was admin-
istered for practice only),*> Verbal Fluency by category (VF-C) and
letter (VF-L),*¢ Number Span (NS),*” and Digit Ordering Test (DOT).*8



il Alzheimer’s & Dementia®

BAKER ET AL.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

Details about testing procedures, including hearing acuity screening,
and administration and scoring are published.*?

The primary outcome was a global cognition composite (reported as
a z-score based on baseline data from the study cohort) formed from
mean standardized (z) scores of pre-specified individual test metrics,
with higher scores reflecting better performance. Key secondary out-
comes included an episodic memory composite (Long Delay Word List
Recall, SRI, SRII) and an executive function composite (OTMT-B, VF-
C, VF-L, NST, DOT) that were also formed using mean standardized (z)
scores.

Tertiary outcomes included the Cognitive Change Index (CCI),*? a
self-report measure of cognitive concerns, and the short 15-item ver-
sion of the Geriatric Depression Scale (GDS-SF) to permit subgroup
analyses for individuals scoring low and high on these scales. Adverse
events were recorded by the parent trial, and events reported during a
cognitive assessment were relayed to the COSMOS team for tracking

and follow-up.

2.6 | Statistical analyses

The primary and secondary endpoints have been previously
described*? and were pre-specified in the protocol (provided as a
supplement). We followed the intention-to-treat approach: all par-
ticipants were grouped as originally randomly assigned and scores
from all cognitive assessments (baseline and Years 1, 2 and 3) for all
participants were included in analyses. Scores were used as depen-
dent variables in linear mixed effects models. Time was a categorigal
factor. No covariates were included in models for the primar %
parisons. As specified in the protocol, inference was bas&he
mean difference of scores obtained across follow-u @ssments
relative to the baseline score for participants assi receive CE
versus CE-placebo (primary endpoint), and for ipants assigned
to receive MVM versus MVM-placebo ( @condary endpoint).
That is, for means at Years O, 1, 2, an resented by uo, u1, o,
and w3, this can be expressed as (ﬂ& Ho + u3)/3 — ug. Separate
linear contrasts were used to ’éﬁre active and placebo arms
by CE and by MVM group a
for CE effects is describ®dgd by [(uce1 + pce2 + Mce3)/3 — pceol -
[(ce-pL1 + Mcepr2 +(@RDPL3)/3 — Hce-pol, Where uce and ucepL
represent the mar: means for CE and CE-placebo at each time

point, respecti@ris corresponds to an intention-to-treat approach
in which al are included in analyses irrespective of follow-up.

ment. For example, the contrast

We ch @ parameterize our primary and secondary endpoints as
ifferences from baseline across follow-up to avoid making

i#ic assumptions about the nature of intervention effects (for
example, we did not assume that intervention effects accumulated
linearly and base comparisons on differences between slopes) and to
treat any differences at each of the time points equally. We explored
interactions between the CE and MVM treatments and the consis-
tency of CE and MVM treatment effects among subgroups (using
forest plots®?) based on sex, and baseline age (<70 or >70 years),
body mass index (BMI; < 25, 25-29, >30 kg/m2), general cognitive

function (TICSm tertiles), subjective cognitive concerns (CCI median
split), depressive symptoms (GDS-SF median split), type 2 diabetes,
history of hypertension, and history of CVD (based on self-report of
transient ischemic attack, congestive heart failure, coronary artery
bypass graft, angioplasty, or stent). Subgroups were pre-specified
given their possible associations with cognitive and/or cardiovascular
response to the interventions.>X53 Multiple imputation by fully
conditional specification was used to examine the influence of miésing
data.>* No adjustments were made for multiple compari Th

targeted 2000-person sample was projected to provide >20% Mower
to detect an effect size of 0.10 standard deviations (:&atistical

Power supplement for more information. Analy«es @ performed

using SASv9.4.
q()/‘

3 | RESULTS Q

COSMOS-Mind participants
August 17, 2017. A to

ent trial were appro

e enrolled from August 2, 2016 to
42 individuals screening for the par-
or ancillary study enrollment. Phone calls
3 individuals (60%) and of these, 2262 (70%)
SMOS-Mind (Figure 1). Baseline characteristics
and baseli itive test scores were well balanced across treatment
group € 1 and Table S1). Of enrolled participants, 2082 (92%)

leted the cognitive assessment at Year 1, 1906 (84%) at Year 2,
&79%) at Year 3, and 1732 (77%) in all 3 years of follow-up. Rel-

were attempted f;

were enrolle

ba&ive to participants who completed all assessments, those missing at

least one assessment were more likely to be from underrepresented
racial or ethnic groups, reported less physical activity and chocolate
intake and more smoking, tended to have lower education and base-
line TICSm scores, and higher prevalence of type 2 diabetes (Table S2).
Characteristics of participants with no follow-up data (N = 180) are
provided in Table S3. Self-reported compliance (pill count) was compa-
rable across treatment groups (% taking >75% study pills in Years 1, 2,
and 3: 92%, 88%, and 84%).

Figure 2A shows change in global cognition, relative to baseline, for
participants assigned to CE (Figure 1, Groups 2 & 4) versus CE-placebo
(Figure 1, Groups 1 & 3). Mean scores in both CE groups increased
through the first 2 years (likely due to retest practice effects®>) and
then plateaued but did not differ significantly from one another. The
mean change (CE minus CE-placebo) z-score for global cognition was
0.03 (95% Cl: -0.02 to 0.08; P = .28). In contrast, Figure 2B shows a
significant treatment effect of MVM (Figure 1, Groups 3 & 4) versus
MVM-placebo (Figure 1, Groups 1 & 2) on global cognition (secondary
endpoint), with a mean change (MVM minus MVM-placebo) z-score of
0.07 (95% Cl1:0.02t00.12; P=.007). Baseline MVM use was not associ-
ated with MVM treatment response (no prior use: 0.062, 95% Cl: -0.002
to 0.13; prior use: 0.077, 95% Cl: 0.003 to 0.15; interaction, nominal
P=.88).

In pre-specified subgroup analyses of the primary outcome (global
cognition composite), forest plots of CE effects (Figure 2C) suggest that
response may vary with baseline BMI. Figure 2D forest plots show a

relative benefit of MVM versus MVM-placebo for participants with a
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633 unable to contact by phone
187 ultimately not randomized in COSMOS
141 declined COSMOS-Mind assessment

2262 COSMOS-randomized participants completed
COSMOS-Mind baseline cognitive assessment

Group 1: N=587
CE-Placebo, MVM-Placebo

Group 2: N=553
CE, MVM-Placebo

Group 3: N=551
CE-Placebo, MVM

543 completed at least
one annual assessment

515 completed at least
one annual assessment

515 completed at least
one annual assessment

_
(5do 6
ompleted at least
e annual assessment

A

462 completed Year 3 assessment
125 did not complete Year 3
assessment

e 46 withdrawn

¢ 10 deceased

* 69 refused/unable to contact

442 completed Year 3 assessment
111 did not complete Year 3
assessment

¢ 49 withdrawn

¢ 12 deceased

* 50 refused/unable to contact

442 completed Year 3 assessm

109 did not complete Year 3

assessment Q
¢ 37 withdrawn

* 9 deceased
ontact

\, 444 completed Year 3 assessment

127 did not complete Year 3
assessment

* 51 withdrawn

* 9 deceased

* 67 refused/unable to contact

S

. 63 refused/unﬂ

g

FIGURE 1 Consort diagram showing flow of participants from first approach %"andomization to each of the four treatment
t;

combinations in the two-by-two factorial design. Abbreviations: CE, cocoa extrac

, multivitamin-mineral

W)

CVD history (no history: 0.06,95% Cl:0.01 to 0.11; history: 0.14,95% ClI: b‘ There was no evidence for an interaction between CE and MVM

-0.02 t0 0.31; interaction, nominal P=.01). As seen in Figure 3, at base-
line, participants without CVD history outperformed those wit@

history on the global cognition composite (mean differen 22,
95% Cl: 0.08 to 0.37; P = .003); after Year 1, the placebo
declined while the MVM group showed relative imp ent (or pro-

tection against decline). There was no evidenc isproportionate
loss of Year 3 data by CVD history (Table @e CVD history sub-
group (compared to subgroup withou istory) included more
men, and tended to be older, have figher BMI, more hypertension,
more statin use, more depressi &

scores on the TICSm. Whe
excluded in a sensitivity t

physical activity, and lower
icipants with CVD history were
from the overall analysis of MVM effects
on the global cognitio posite, the main MVM finding remained

unchanged (mean ge z-score = 0.06, 95% Cl: 0.01 to 0.11; P

= .02). That is though the pattern of results differed for sub-
groups wit ithout CVD at baseline, 3 years of MVM treatment
improv: al cognition for all participants, not just those with CVD

histefry»

CRhad no effect on the episodic memory composite (mean change z-
score =0.03,95% Cl:-0.04 to 0.09; P =.40) or on the executive function
composite (mean change z-score = 0.03, 95% Cl: -0.02 to 0.08; P = .23)
(Figure S1). In contrast, but consistent with the positive MVM effect
described above, MVM supplementation led to relative improvements
both for memory (mean change z-score = 0.06, 95% Cl: 0.002 to 0.13;
P =.04) and for executive function (mean change z-score = 0.06, 95%
Cl:0.01t00.11; P=.02) (Figure 4).

supplementation for the primary outcome (mean change z-score [95%
Cl]; CE-placebo/MVM-placebo: 0.15 [0.10 to 0.20]; CE/MVM-placebo:
0.15 [0.11 to 0.20]; CE-placebo/MVM: 0.20[0.15 to 0.24]; CE/MVM:
0.24 [0.19 to 0.29]; interaction, P = .40) or for the memory and exec-
utive function composites. That is, adding CE did not alter the benefit
of MVM on cognition.

Multiple imputation provided no evidence that differential attrition
biased the results (Table S5), and there were no safety concerns of
supplement use during the trial.

4 | DISCUSSION
COSMOS-Mind is the first large-scale, long-term RCT to assess the
effects of cocoa extract and a MVM supplement on global cognition
in older women and men from the general population. Although our
findings did not support a positive effect of CE (primary endpoint), cog-
nition significantly benefited from 3 years of daily MVM use (secondary
endpoint). Moreover, the results of pre-planned subgroup analyses
indicated that participants with baseline history of CVD may show
a more pronounced MVM benefit, suggesting either greater relative
improvement or more protection from CVD-related cognitive decline.
Daily CE supplementation for 3 years did not affect cognitive func-
tion in our trial. Only a handful of controlled, shorter-term trials have
examined the potential benefits of cocoa flavanols on cognitionin older

16,17,56

adults. While some studies showed cognitive benefits, others
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TABLE 1 Distribution of baseline characteristics for COSMOS-Mind participants by cocoa extract (CE) and multivitamin-mineral (MVM)

treatment assignment

Characteristic?

Age, mean (SD), years
Sex, N (%)
Male

Female

Race and ethnicity, N (%)
American Indian/Alaska native
Asian/Pacific Islander
Black/African American

Hispanic

Multiracial/unknown/not reported

Non-Hispanic White
Education, N (%)

Did not complete high school

High school diploma or G.E.D.

Attended or graduated college

Post-college

Body mass index, mean (SD), kg/m?2

Diabetes, N (%)

CVD history, N (%)°

Hypertension, N (%)

Medication use, N (%)
Antihypertensive

Non-steroidal anti-inflammatory drug

(NSAID)
Statin

Total metabolic equivalent (MET) hours of

exercise per week, mean (SD)

Depression, N (%)

Smoking status, N (%) Q

Never

Past 6
Current @

Alcohol intake, l@o
Rarely/ \

edkly
aily

Baseline chocolate intake, N (%)
Rarely/never
Monthly
Weekly
Daily

CE-Placebo,
MVM- CE, MVM-
Overall Placebo Placebo
(N=2262) (N=587) (N=553)
72.97 (5.63) 73.10(5.72) 73.21(5.62)
914 (40.4) 227(38.7) 223 (40.3)
1348 (59.6) 360(61.3) 330(59.7)
13(0.6) 2(0.3) 1(0.2)
39(1.7) 8(1.4) 12(2.2)
131(5.8) 34(5.8) 23(4.2)
67(3.0) 21(3.6) 18(3.3)
6(0.3) 2(0.3) 1(0.2)
2006 (88.7) 520(88.6) 498 (90.1)
11(0.5) 4(0.7) 1 :
258(11.4) 69(11.8)
880(38.9) 230(39.2) Q (37.4)
1113(49.2) 284 (48.4) 77 (50.1)
27.64(5.16) 27.48 (5.08 % 27.86(5.40)
255(11.3) @ 60(10.9)
197(8.7) '\5&0.1) 36 (6.5)
1333(59.2) * 358(61.3) 321(58.3)
1013 (54, Cb@ 327(56.2) 292(53.5)
62@ 168 (28.9) 152(27.7)
69 6(43.5) 262 (45.0) 240(43.8)
22.41(23.47) 21.51(22.65) 22.55(23.83)
469 (20.9) 123(21.2) 105(19.1)
1153(51.8) 308 (53.4) 271(49.5)
1004 (45.1) 247 (42.8) 267 (48.7)
68(3.0) 22(3.8) 10(1.8)
646(29.4) 193 (33.6) 140 (25.9)
152(6.9) 37(6.5) 42(7.8)
812(36.9) 196 (34.2) 219 (40.5)
588(26.8) 148 (25.8) 140 (25.9)
361(16.5) 88 (15.4) 90(16.7)
307 (14.0) 77 (13.5) 74 (13.8)
1274 (58.2) 337(59.0) 319(59.3)
249 (11.4) 69 (12.1) 55(10.2)

CE-Placebo,
MVM
(N=551)

72.86(5.64)

232(42.1)
319(57.9)

8(1.5) «
10(1.8)

34452) 0

4(0.7)
58(10.5)
220(39.9)
269 (48.8)
27.57 (5.15)
61(11.1)

44 (8.0)
318(57.7)

296 (54.0)
137(25.3)

224 (41.0)
23.57(25.78)

124 (22.8)

276(51.2)
245 (45.5)
18(3.3)

152(28.4)
38(7.1)
192(35.8)
154(28.7)

91(17.0)
70(13.1)
312(58.3)
62(11.6)

CE,MVM
(N=571)

72.70(5.52)

232 )&
o

2(0.4)

63(11.0)
223(39.1)
283 (49.6)
27.65(5.01)
60(10.5)
58(10.2)
336(59.3)

314 (55.5)
170(30.0)

250 (44.1)
22.07(21.51)

117 (20.6)

298(53.1)
245 (43.7)
18(3.2)

161(29.4)

(
(6.
205 (37.5)
146 (26.7)
92(16.8)
86(15.7)
306 (55.9)
63(11.5)

(Continues)
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TABLE 1 (Continued)
CE-Placebo,
MVM- CE, MVM- CE-Placebo,
Overall Placebo Placebo MVM CE,MVM

Characteristic® (N =2262) (N=587) (N=553) (N=551) (N=571)
Baseline multivitamin-mineral use, N (%) 956 (42.5) 242 (41.7) 232(42.3) 238(43.4) 244 (42.7)
Baseline cognitive function, mean (SD)

Global cognition composite 0.00 (1.00) -0.05 (0.99) 0.02 (1.00) 0.05(1.02) -0.01 (0.9

Executive function composite 0.00(1.00) -0.05(0.99) -0.03(0.97) 0.08 (1.04) 0.01 )

Episodic memory composite 0.00 (1.00) -0.03(1.01) 0.07 (0.99) 0.01(1.00) -0, .01)

TICSm*® 36.60(3.89) 36.45 (3.88) 36.66 (3.96) 36.63(3.84) 68 (3.87)

Long Delay Word List Recall? 3.02(1.83) 2.95(1.78) 3.05(1.83) 3.09(1.86) « 2.99(1.85)
Story Recall®

Immediate 12.00(3.85) 11.91(3.91) 12.26(3.77) 11.9 %ﬁ 11.89(3.91)

Delayed 10.77 (3.94) 10.77 (3.95) 10.98(3.88) 1@%6) 10.57 (4.06)
Oral Trail-Making Test, median (IQR)f (L

Part A 9(8,11) 9(8,11) 9(8,11) é 9(8,11) 9(8,11)

Part B 30 (24, 46) 30(23,44) 30 (24,\@ 30(24,46) 31(24,48)
Verbal Fluency® @

Category 35.02(8.24) 34.80(7.88) &@26) 35.32(8.33) 35.07(8.51)

Letter 25.54(8.12) 25.34(7.82) QAO (7.67) 26.01(8.29) 25.42(8.65)
Number Span” %Q

Forward 8.19(2.39) 8.10 (2. 8.06 (2.43) 8.39(2.51) 8.22(2.29)

Backward 6.87(2.32) 6. @ 6.86(2.17) 6.97(2.53) 6.80 (2.25)
Digit Ordering Test' 6.27(2.19) \R.ﬂ) 6.25(2.08) 6.39(2.27) 6.27(2.19)

2There were no significant group differences for any baseline characteb% (i.e., P>.05).

“Telephone Interview for Cognitive Status-modified (TICSm; ma

bBased on self-report of transient ischemic attack, congestive hezt
(10-minute delay).

coronary artery bypass graft, angioplasty, or stent.
score = 50) is a measure of global cognition and includes short delay word list recall

dLong Delay Word List Recall (40-minute delay; maximu @z = 10) measures verbal memory.
¢Immediate and Delayed Story Recall (SRI & I1) meas&bbal memory (maximum score per test = 25).

fOral Trail-Making Test is a modified version of th
executive function (Part B); times to complete r@v

al paper and pencil version that measures simple attention (Part A; not included in analyses) and
ere log transformed prior to analysis.

&Verbal Fluency is a measure of language agcasSility and includes fluency by category (animals, vegetables) and by letter (F, L).
n

"Number Span measures simple attenf‘iﬁn orking memory.

iDigit Ordering Test is a task of worki% ory that is similar to but more difficult than Number Span Backward.

did not.857-59 In the Co %y, a double-blind, 8-week RCT that
examined cocoa flava cts on cognition, 90 cognitively healthy
older adults'’ and@ individuals with amnestic MCI*¢ received a

daily drink co g low (45 mg/day), medium (520 mg/day), or
high (993 ) amounts of cocoa flavanols. Performance on the
Trail- @ est, verbal fluency, and the cognitive composite that

these test scores improved for high- and medium-dose
s relative to the low-dose group, regardless of participant cogni-
tive status. In a smaller (n = 37) 3-month RCT comparing 900 mg/day
versus 45 mg/day of cocoa flavanols, blood flow increased in the
dentate gyrus of the hippocampus, which was associated with a
treatment-related improvement on a hippocampal-dependent mem-
ory task in adults (50-69 years old).>® In a 12-week RCT of 260,
510, or 770 mg/day of cocoa flavanols in 211 adults (50-75 years
old), although there was no effect on the primary endpoint (computer-

administered object-recognition task), secondary analyses indicated a
dose-dependent improvement on list-learning in adults with a poor
quality baseline diet.?0 These trials all included short treatment
durations showing acute effects of cocoa flavanols on cognition. In
COSMOS-Mind, acute cognitive effects of cocoa flavanols (less than
3 months) that were not sustained would have been missed as our
assessments were completed only once per year. COSMOS-Mind also
differed from these studies as the active supplement included not
only cocoa flavanols, but also theobromine and caffeine. Furthermore,
it is possible that the COSMQOS-Mind cocoa flavanol dose was too
low to provide cognitive benefit within the study observation period,
particularly in light of previous dose-dependent findings.?®

In contrast to the negative CE findings, we found that assignment to
3years of MVM improved global cognition, episodic memory, and exec-
utive function. Previous RCTs of MVM supplements on cognition have
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(95% CI)

(D)
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Subgroup Differences for Multivitamii neral

LS Mean estimate P Value for

Active vs. Placebo Interaction

(95% 1)

Q/

%)
<70 0.08 (-0.01,0.16) 0.53 <70 0.07 5) — 0.12
70+ 0.01(-0.05,0.07) o 70+ 913) E—

Sex Sex
Male 0.06 (-0.02,0.13) 0.18 Male (-0.02,0.13) 0.98
Female 0.00 (-0.06, 0.07) —_— Female @).07 (0.01,0.14) E—

BMI BMI \
Normal, <25 0.04 (-0.05,0.12) 003 * Normal, <25 0.10(0.02,0.19) 0.87
Overweight, 25.0-29.9 0.10(0.03,0.17) Overwei@- 0.02(-0.05,0.10) s
Obese, 30+ -0.10 (-0.20,-0.00) es 0.08(-0.02,0.18) =

Baseline Cognitive Function Baseline Co Fuliction
Lower Half 0.02(-0.05, 0.09) 0.88 Lo If 0.04(-0.03,0.12) o E— 0.75
Upper Half 0.04 (-0.03,0.10) -1 per Half 0.09 (0.03,0.16) E—

Cognitive Complaints % Complaints
Lower Half 0,03 (-0.04,0.10) 073 Lower Half 004 (003,0.11) —_— 0.72
Upper Half 0.02(-0.04,0.09) R Upper Half 0.09 (0.03,0.16) —

Depressive Symptoms \ Depressive Symptoms
Lower Half 006 (-0.01,0.12) E— 03 Lower Half 008 (0.01,0.14) S 0.95
Upper Half -0.01(-0.08,0.06) Upper Half 0.06 (-0.01,0.13) —

cvp cvD
No 002 (-0.03,007) —— No 006 (0.01,0.11) _— 001 ¥
Yes 012 (-0.05,0.29) Yes 0.14 (0.02,031) —

Hypertension Hypertension
No 004 (-0.03,0.11) _— 6 0.83 No 002 (-0.05,0.09) _— 0.50
Yes 002 (-0.05,0.09) _— @ Yes 010 (0.03,0.16) E——

Diabetes Diabetes
No 0.02(-0.03,0.07) 0.90 No 0.08(0.03,0.13) e 0.23
Yes 0.06 (0.10,0.22) Yes -0.04 (-0.20,0.12) e

-0.2 w 0.1 02 03 02 00 02
4 Fav e Favors CE ==p> < Favors Placebo  Favors MVM =

.\
FIGURE 2 Three-year chan ’%

multivitamin-mineral supplemﬁ
plot marginal differences a baseline subgroups for

reported inconsist %cts. The majority were short in duration (up
to 12 months) ied on individual test scores to assess cognitive
effects rat ian a composite, which may provide greater statisti-
cal po Ijthect a difference across multiple tests and cognitive
d effect sizes are similar across its components).6*

only long-term MVM RCT prior to our study was the 12-year
Physician’s Health Study Il (PHS Il) of older U.S. male physicians that
tested whether a daily MVM supplement prevented risk of major
CVD®? and cancer.?® A PHS Il cognitive substudy of 5947 healthy,
highly educated men (aged >65 years) reported no MVM effects on a
global cognition composite.33 There are several differences between
COSMOS-Mind and PHS Il worth highlighting. The COSMOS-Mind and

PHS Il cohorts differed on key baseline characteristics: PHS Il par-

bal cognition composite by assignment to (A) daily cocoa extract supplementation, and (B) daily
ion (plotted values: mean standardized (z) scores (relative to baseline) and 95% confidence intervals). Forest
(C) cocoa extract and (D) multivitamin-mineral treatment groups

ticipants were restricted to male physicians who were predominantly
White and non-Hispanic, whereas COSMOS-Mind included a relatively
more diverse cohort. Although baseline cognitive scores were com-
parable for participants across studies (i.e., TICSm; VF-C for animals),
COSMOS-Mind administered additional tests of executive function
(i.e., OTMT-B, VF-L, NS, DOT) and more challenging episodic mem-
ory tests (i.e., Long Delay Word List Recall, and a longer version of
Story Recall with 55% more components to remember) that may have
increased sensitivity to detect effects. In PHS II, the initial cognitive
testing began an average of 2.5 years (range: 0.18-5.3 years) after
randomization to MVM or placebo, nearly at the point in time when
the final follow-up assessment was completed in COSMOS-Mind. Our

data suggest that MVM treatment effects increased from baseline in
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cardiovascular disease, which was based on self-report of transient ischemic attack, congestive heart failure, cor%‘y%ytery bypass graft,

angioplasty, or stent (plotted values: mean standardized (z) scores and 95% confidence intervals).
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FIGURE 4 Three-year change in the episodic mség%mosite (A) and executive function composite (B) for the active and placebo

multivitamin-mineral groups (plotted values: meaE

2

the first 2 years and then remained etween Years 2 and 3
(Figure 2). As a result, any early cogwe enefits of MVM in PHS Il
would likely have been missed b
given the COSMOS-Mind cognit
years. Also, the specific co&n ts of the MVM supplements adminis-
tered in the two studie ed (Table S6); in COSMOS (parent study),
lutein and chopen@%added, amounts of vitamins D and K were

Qe\and amounts of vitamin A and minerals such as

of their assessment schedule

trajectory showing benefit within 2

and copper were lower. Although some reports sug-

gest co, n-protecting benefits of components that were at higher

| he COSMOS MVM,64-¢7 no consensus has been reached
he role of specific supplement quantities for brain health.

Our results suggest that MVM cognitive benefits may be more pro-
nounced among older adults with CVD. At baseline, global cognitive
function was lower for adults with versus without CVD history, which
is consistent with other reports.®® The MVM-treated CVD history
subgroup had sustained increases in cognitive function after 2 years
(Figure 3), while the placebo-treated CVD history subgroup showed
cognitive decline after Year 1. One account for this finding relates to

the potential treatment-related improvement in micronutrient levels
in CVD-compromised individuals, which could, in turn, have beneficial
consequences for brain health. The results of observational studies®?
suggest that micronutrient levels are typically lower in patients with
CVD versus those without CVD (e.g., heart failure), and may be sus-
ceptible to drug interactions.?? In CVD patients, for example, vitamin
D deficiency is highly prevalent and predicts disease severity; vitamin K
deficiency is linked to coronary artery calcification and increased CVD-
related mortality; circulating levels of thiamine, vitamin C and selenium
are relatively low (suboptimal, not necessarily deficient)®?: and certain
medications can reduce vitamin B12 absorption and bioavailability.”®
In PHS Il, there was no evidence that MVM supplementation affected
cardiovascular health status.®? Nonetheless, additional investigation
of treatment-related micronutrient status in a more diverse cohort
of participants is warranted to confirm COSMOS-Mind findings
and to explore mechanisms that might account for the observed
benefit.

To estimate clinical significance of our findings, we used COSMOS-
Mind data to model treatment-related protection against cognitive
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aging. At baseline, slope of the global cognition composite scores by
participant age (ranging from 64 to 100 years) was -0.045 SD/year
(standard error = 0.004). The treatment effect of MVM relative to
MVM-placebo was 0.083 SDs (95% Cl: 0.020 to 0.146) at Year 3. This
corresponds to baseline composite scores for individuals who were
1.8 years apart in age. By this albeit imprecise yardstick, 3 years of
MVM supplementation appeared to have slowed aging by 1.8 years, or
by 60%. Further speculation regarding the clinical significance of our
MVM findings is difficult at this time given the relatively short dura-
tion of follow-up and the likely impact of practice effects commonly
observed in trials with repeat cognitive testing that distort estimates of
treatment-related change on metrics such as ‘cognitive age.” Another
trial is needed in a diverse cohort to confirm our findings and further
assess the clinical significance of MVM supplementation on cognitive
health in older women and men.

COSMOS-Mind had several strengths. The 2 x 2 factorial design
allowed us to efficiently examine the effects of two different interven-
tions within a single study, under the assumption of no additive effects
when interventions are combined. The pragmatic approach (using mail
and telephone only) facilitated recruitment of over 2000 older adults in
less than 15 months, minimized participant burden (no travel needed),
and provided an opportunity for research participation to individuals
who may not have had ready access to an academic institution.

Study limitations included: (1) race and ethnicity of the cohort was
not representative of older Americans, which affects generalizability of

our results; (2) adherence to study pills and health history (e.g., CVD)

components of the COSMOS MVM were responsible for the observed
cognitive benefits; (4) data were not collected to permit anal %
biomarkers or potential effect modifiers (e.g., apolipoprotei@o-
type); and (5) type 1 error was not controlled across ary and
tertiary analyses in COSMOS-Mind and for outcom ured in the
parent COSMOS trial and its other ancillary studi

In conclusion, daily intake of cocoa extra @ years had no effect
on cognition. However, COSMOS-Mi

from a large-scale, long-term, pragm:

ides the first evidence
\'KRC to suggest that daily use

of a safe, readily accessible, and ly low-cost MVM supplement

has the potential to improve otect cognitive function for older

women and men. An addit

1al is needed to confirm these findings
in a more representati ort and to explore potential mechanisms
for cognitive benefi 1s work may ultimately have important public
health implicati r standard of care to improve or protect cognitive

functionin dults.
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