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Abstract: Whether vitamin D or
marine omega-3 (n-3) fatty acid
supplementation reduces risk of
cancer or cardiovascular disease
(CVD) in general populations at usual
risk for these outcomes is relatively
unexplored in randomized trials. The
primary goal of the ViTamin D and
OmegA-3 Trial. (VITAL), a nationwide,
randomized, placebo-controlled,

2 x 2 factorial trial of vitamin D,
(2000 IU/day) and marine n-3 7
Jatty acids (1 g/day) in the primary
prevention of cancer and CVD among
25871 US men aged >50 years and
women aged 255 years, was to fill
these knowledge gaps. Studying the
influence of sex and race/ethnicity

on treatment-related outcomes was

a prespecified goal; such analyses
belp ensure that important effects

are not missed and contribute to the
Joundation for developing targeted
recommendations for supplement use.
To enable investigation of potential
sex- and race-specific treatment
effects, trial investigators enrolled an
even balance of men (n=12786) and
women (n = 13085) and oversampled
African Americans (n = 5100).
Significant or suggestive variation in
intervention effects according to sex,
race/ethnicity, and other participant

characteristics was observed for some,
though not all, outcomes. Additional
research is needed to determine which
individuals may be most likely to
derive a net benefit from vitamin D
or n-3 fatty acid supplementation.
(VITAL clinicaltrials.gov identifier:
NCT01169259).
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increasingly being used for the possible
prevention of cancer or a first
cardiovascular event, and their US sales
soared.*® These possible new benefits
were supported by promising data from
some ecologic, laboratory, and
observational studies, but such data were
inconsistent and insufficient to establish
causality."”® With respect to vitamin D,
trials that had considered cancer or
cardiovascular disease (CVD) outcomes
in secondary or post hoc analyses had
produced generally null results but were
limited by one or more of the following

!. . . data [on vitamin D and n-3 fatty
acids] were inconsistent and
insufficient to establish Causality.i

itamin D supplementation is an

established intervention for the

prevention and treatment of bone
disorders." Marine omega-3 (n-3) fatty
acid supplementation has been
recommended for heart health in patients
with coronary heart disease (CHD) who
do not meet target intakes for fish rich in
n-3 fatty acids.”® A decade ago, vitamin
D and n-3 fatty acids were also

issues: low doses, insufficient power,
short durations, and nonrigorous
assessment of endpoints.' Because of the
lack of large trials of vitamin D in doses
sufficient to produce meaningful
increases in 25-hydroxyvitamin D
(25(0H)D) levels and designed with
cancer or CVD as primary outcomes, the
Institute of Medicine' in 2011 and the US
Preventive Services Task Force” in 2014
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concluded that the effectiveness of
supplemental vitamin D for prevention
of cancer, CVD, or other nonskeletal
outcomes was uncertain. The Institute of
Medicine called for trials of higher doses
(at least twice the current recommended
dietary allowance of 600-800 [U/day for
bone health) to assess the benefit-risk
balance in diverse populations.
Supplementation may be particularly
salient for Black individuals, who tend to
have lower cutaneous synthesis of
vitamin D in response to solar radiation
than members of other racial groups."’
With respect to n-3 fatty acids, some'"™"
though not all"™ trials in secondary
prevention or high-risk settings had
found CVD risk reductions, but no large
trial in a general population unselected
for elevated cardiovascular risk had been
conducted. Moreover, previous trials had
included few Black participants.

We conducted the VITamin D and
OmegA-3 Trial (VITAL) to address these
knowledge gaps. VITAL is the first of only
2 large (N > 10000) trials of moderate- to
high-dose vitamin D for cancer or CVD
prevention; the only trial of supplemental
n-3 fatty acids for primary prevention of
CVD in a usual-risk population; and the
only large trial of either intervention to
enroll a significant number of Black
participants. In this article, we summarize
the rationale, design, and results of the
main trial”""™" and available ancillary
studies. Our focus is on whether
intervention effects differ by sex or race/
ethnicity, but we also report significant or
suggestive findings from analyses of other
prespecified subgroups. The results are
discussed in the context of relevant
research, including recent meta-analyses
of randomized trial data.

VITAL Overview
Design

VITAL was a nationwide, randomized,
double-blind, placebo-controlled trial of
the benefits and risks of supplemental
vitamin D3 (2000 1U/day) and marine n-3
fatty acids (1 g/day Omacor fish-oil
capsule with 840 mg of the n-3 fatty
acids eicosapentaenoic acid [EPA; 460

Figure 1.
VITAL Factorial Design.

25,871 Initially Healthy Men and Women
(Men >50 yrs; Women >55 yrs)

VitamIn D, Placlebo
(2000 1U/d); N=12,927 N=12,944
I I
[ | I |
EPA+DHA Placebo EPA+DHA Placebo
(1 gm/d); N=6463 N=6464 (1 gm/d); N=6470 N=6474

Adapted from Bassuk et al.”° with permission. Copyright ©2016, Elsevier.

mg] and docosahexaenoic acid [DHA;
380 mg]) in the primary prevention of
cancer and CVD among 25871 US men
and women, aged >50 and >55 years,
respectively.””"** By design, a similar
number of men and women were
enrolled, and African Americans were
oversampled, to permit investigation of
potential sex- and race-specific treatment
effects. Eligible participants had no
history of cancer (except non-melanoma
skin cancer), myocardial infarction (MD),
stroke, transient ischemic attack, or
coronary revascularization. They also had
to agree to limit intakes of vitamin D and
calcium from outside supplemental
sources, including multivitamins, to no
more than 800 U per day and 1200 mg
per day, respectively (the recommended
dietary allowances [RDAs] for older
adults") and to refrain from taking
outside fish-oil supplements. Individuals
with renal failure or dialysis, severe liver
disease, anticoagulant use, history of
hypercalcemia or parathyroid disorders,
or other conditions that could pose
safety concerns were not eligible to
enroll. After successfully completing a
3-month placebo run-in, participants
were randomized in a 2 x 2 factorial
design to vitamin D, n-3 fatty acids, both
active agents, or both placebos (Figure 1).
Randomization took place from
November 2011 to March 2014.

Randomized treatment ended as planned
on December 31, 2017. The median
intervention period was 5.3 years, with a
range of 3.8 to 6.1 years. Postintervention
follow-up is ongoing.

Participants completed baseline
questionnaires about clinical and lifestyle
risk factors for cancer, CVD, and other
conditions. They also completed annual
follow-up questionnaires regarding
treatment compliance and side effects,
risk factor updates, and endpoint
occurrence. Study physicians blinded to
treatment assignment reviewed
participants’ medical records to confirm
or disconfirm reported endpoints using
accepted criteria.”* Deaths were
ascertained with the National Death
Index-Plus and other sources. All
participants were asked to provide an
optional prerandomization blood sample;
16956 participants (66% of the study
population) did so, and ~6000 provided
follow-up samples in years 1 to 5. Some
Boston-area participants (n = 1054)
visited a local Clinical and Translational
Science Center clinic for detailed
assessments at baseline and years 1, 2,
and 4. Ancillary studies were or are
being conducted to assess treatment
effects on a wide range of cancer- and
cardiovascular-related and other
outcomes with the goal of determining
the overall benefit-risk balance of
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supplementation. Findings regarding
bone health, colorectal adenoma, heart
failure, chronic knee pain, falls,
depression, and diabetic kidney disease
have been published and are
summarized below. With the exception
of clinic assessments, blood collections,
and some ancillary studies, VITAL has
been conducted by postal mailings and
electronic communications.

Although the primary goal of VITAL
was to estimate treatment effects in the
overall study population, sex and race/
ethnicity were prespecified as potential
effect modifiers, as were other baseline
characteristics, including age, traditional
cardiovascular risk factors (smoking,
diabetes, hypertension, high cholesterol,
and parental history of premature MI),
body mass index (BMI), aspirin use,
statin use, serum 25(OH)D, outside use
of supplemental vitamin D (in amounts
allowed by the trial protocol), dietary
fish intake, plasma n-3 index (EPA +
DHA as a percent of total fatty acids™),
and concurrent randomization to the
active group of the other VITAL
intervention. Analyses stratified by these
variables may increase the likelihood
that significant effects are not
overlooked and provide a basis for
“precision prevention”—that is, the
development of targeted guidelines for
supplement use.

Findings of all analyses stratified by sex
and race/ethnicity are reported below, as
are significant or suggestive findings
from analyses stratified by other
prespecified variables.

Baseline Characteristics

Characteristics of the study population
at enrollment are shown in Table 1. Of
the 25871 participants, 49% are men and
51% women. The mean age is 67.1 years.
The cohort is racially diverse, with 71%
self-identified non-Hispanic Whites, 20%
African Americans, and the rest members
of other racial/ethnic groups. As
expected in this large sample,
randomization balanced the
characteristics between the treatment
groups, rendering it unlikely that
confounding factors explain the
findings.”

Follow-up, Adherence,
Achieved Serum
25-Hydroxyvitamin D,
and Plasma n-3 Index

Yearly questionnaire response rates
averaged 93%, and mortality follow-up
exceeded 98% during the 5.3-year trial."”
Adherence to randomized treatment was
high."”"® Among the ~15500 participants
with analyzable blood samples at
baseline, the mean serum total 25(OH)D
level was 30.8 ng/mL (standard deviation
[SD], 10.0 ng/mL), with 12.7% and 32.2%
having levels <20 ng/mL and 20 to <30
ng/mL, respectively, and the mean
plasma n-3 index was 2.6% (SD, 0.9%).
After 1 year of treatment, there was a
large postrandomization difference in
25(0OH)D levels between the active
vitamin D and placebo groups (40%
increase) and in the n-3 index between
the active n-3 fatty acid and placebo
groups (55% increase), which remained
throughout the trial. In the subgroup
with follow-up measures, the achieved
serum 25(OH)D with active vitamin D
exceeded 40 ng/mL and the achieved
plasma n-3 index with active n-3 fatty
acids was ~4.1%, without changes over
time in the placebo groups.

Baseline 25(OH)D was lower in men
than in women (29.7 [SE (standard
error), 0.30] vs 31.4 [SE, 0.30] ng/mL; P,
interaction <.0001) and in African
Americans than in non-Hispanic Whites
(27.9 [SE, 0.29] vs 32.5 [SE, 0.22] ng/mL,;
P, interaction <.0001) after adjustment
for clinical factors.”” The increases in
25(0OH)D levels with 1 year of treatment
were greater in women than in men
(13.7 [SE 0.49] vs 11.7 [SE 0.51] ng/mL;
P, interaction = .007) and in African
Americans than in Whites (+15.7 [0.84]
vs +12.0 [0.42] ng/mL; P, interaction
<.0001).”

The baseline plasma n-3 index was
higher in African Americans than in
non-Hispanic Whites (2.83% [SD 0.93]
vs 2.58% [SD 0.90], P, interaction
<.001).” Baseline fish intake was also
higher in African Americans than in
non-Hispanic Whites (dark-meat fish:
1.4 [SD 3.1] vs 0.9 [SD 1.1] servings per
week, P, interaction <.001; white-meat
fish: 1.6 [SD 4.4] vs 1.0 [SD 1.2] servings
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per week, P, interaction <.001).%
Baseline n-3 index levels by sex and
treatment-associated changes in fatty
acid blood levels by sex and race/
ethnicity have not been reported.

VITAL Results
Supplemental Vitamin D

Findings for primary, secondary, and
selected other outcomes of vitamin D
supplementation in the total study
population are shown in Table 2. A
summary of key subgroup findings is
provided in Table 3.

Vitamin D and Cancer

Total cobort. Supplemental vitamin
D did not significantly reduce the
primary endpoint of total invasive
cancer incidence (hazard ratio [HR]
=0.96 [95% confidence interval 0.88-
1.06)) but showed a promising signal
for reduction in total cancer mortality
(HR = 0.83 [0.67-1.02]), which was most
apparent in analyses that excluded
the first year (HR = 0.79 [0.63-0.99)) or
first 2 years (HR = 0.75 [0.59-0.96]) of
follow-up to account for latency."” The
cumulative incidence curves for cancer
mortality diverged starting at 4 years
(Figure 2). The HRs for incidence of
prespecified site-specific cancers were
1.02 (0.79-1.31) for breast cancer, 0.88
(0.72-1.07) for prostate cancer, and
1.09 (0.73-1.62) for colorectal cancer.
In ancillary analyses, vitamin D was
unrelated to incidence of colorectal
adenoma or serrated colorectal polyps.”
Preliminary analyses show that vitamin
D was associated with a significant
reduction in incidence of advanced-
stage (metastatic or fatal) cancer (HR =
0.83 [0.69-0.99]; P = .036; unpublished
data).

7

Sex and race/ethnicity
subgroups. Vitamin D did not
significantly reduce total cancer
incidence in either men (HR = 0.93
[0.82-1.06]) or women (HR = 1.02
[0.87-1.18]) (P, interaction = .38)."” For
colorectal cancer incidence, there was
no modification of the treatment effect
by sex (unpublished data). African
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Table 2.
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Hazard Ratios (HR) and 95% Confidence Intervals (CIs) of Primary, Secondary, and Other Outcomes by Randomized Assignment to

Vitamin D?®.

Vitamin D Placebo
(N=12927) (N =12944)

Endpoint No. of participants w/event

95% Cl

Cardiovascular disease (CVD),
primary and secondary outcomes
Major CVD event®* 396 409 0.97 0.85-1.12
Expanded CVD event® 536 558 0.96 0.86-1.08
Total myocardial infarction (M) 169 176 0.96 0.78-1.19
Total stroke 141 149 0.95 0.76-1.20
Cardiovascular mortality 152 138 1.11 0.88-1.40
Other vascular outcomes'
Percutaneous coronary intervention (PCI) 182 188 0.97 0.79-1.19
Coronary artery bypass graft (CABG) 73 98 0.75 0.55-1.01
Fatal MI 24 15 1.60 0.84-3.06
Fatal stroke 19 23 0.84 0.46-1.54
Total invasive cancer® 793 824 0.96 0.88-1.06
Cancer mortality 154 187 0.83 0.67-1.02
All-cause mortality 485 493 0.99 0.87-1.12
Excluding the first 2 years of follow-up:
Major CVD event 274 296 0.93 0.79-1.09
Total invasive cancer 490 522 0.94 0.83-1.06
Cancer mortality 112 149 0.75 0.59-0.96
All-cause mortality 368 384 0.96 0.84-1.11

Adapted from Manson et al."” with permission. Copyright ©2019, Massachusetts Medical Society.

PAnalyses were from Cox regression models controlling for age, sex, and n-3 fatty acid randomization group. Analyses were not adjusted for multiple

comparisons.

“Primary outcome.

YA composite of myocardial infarction, stroke, and cardiovascular mortality.

°A composite of major cardiovascular events plus coronary revascularization (CABG + PCl).
"Not prespecified as primary or secondary outcomes.

Americans assigned to vitamin D had also had lower treatment-associated HRs
a suggestive reduction in total cancer for breast, prostate, and colorectal cancer
incidence (HR = 0.77 [0.59-1.01)), than did non-Hispanic Whites, but, as
although the P value for interaction for total cancer, the interactions were

by race/ethnicity was not significant not significant (unpublished data). For
(non-Hispanic Whites: HR = 0.99 [0.89- colorectal adenoma or serrated polyps,
1.11]; others: HR = 1.03 [0.70-1.51]; P, treatment effects were not modified by
interaction = 0.21)." African Americans sex or race.”’

Other subgroups. Individuals with
normal BMI (<25 kg/m®) expetienced a
significant treatment-associated reduction
in incidence of total cancer (HR = 0.76
[0.63-0.90]), but overweight or obese
individuals did not (P, interaction = .002)."
Compared with participants with baseline
25(0H)D serum levels of 30 ng/mL
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Table 3.
VITAL Vitamin D Intervention: Summary of Key Subgroup Findings.

Total invasive cancer

o No significant interaction by sex

o No significant interaction by race/ethnicity (signal for greater benefit in African Americans)

o Significant interaction by body mass index (reduction in those with healthy weights but not in those with elevated body
mass index)

Major cardiovascular disease events®

e No significant interaction by sex

o No significant interaction by race/ethnicity

All-cause mortality

o No significant interaction by sex

o No significant interaction by race/ethnicity

Other endpoints

e (Colorectal adenoma

o No significant interaction by sex or race/ethnicity

Advanced colorectal adenoma

o Significant interaction by baseline 25(0H)D level (greater benefit in those with levels below 30 ng/mL)

Bone mineral density

° No significant interaction by sex or race/ethnicity

o Significant interaction by baseline free 25(0H)D level: (greater benefit in those with levels below the median)

Chronic knee pain

o No significant interaction by sex or race/ethnicity

Falls

° No significant interaction by sex or race/ethnicity

o No significant interaction by body mass index (signal for greater benefit in those with healthy weights but not in those
with elevated body mass index)

Depression

° No significant interaction by sex or race/ethnicity

° No significant interaction by body mass index (signal for greater benefit in those with healthy weights but not in those
with elevated body mass index)

Chronic kidney disease in individuals with diabetes

°  No significant interaction by race/ethnicity

A composite of myocardial infarction, stroke, and cardiovascular mortality.
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Figure 2.
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Cumulative incidence rate of cancer mortality by year of follow-up: vitamin D versus placebo.

0015+

0.010 +

Cumulative Incidence

0.005—

00

Hazard ratio, 0.83 (95% CI. 0.67-1.02)

Placebo

Active

No. at Risk

Active
Placebo

12927
12044

From Manson et al."”

or greater, those with lower 25(OH)D
levels had a greater treatment-associated
reduction in conventional adenoma,
particularly advanced adenoma (P,

interaction of .07 and .04, respectively).”’

However, interactions by baseline
25(OH)D were not observed for total
invasive cancer.”

Vitamin D and CVD

Total cobort. Vitamin D did not
reduce the co-primary endpoint of
major CVD events (a composite of
MI, stroke, and CVD mortality; HR
=0.97 [0.85-1.12]), nor did it reduce
prespecified secondary cardiovascular
endpoints, including an expanded
composite of major CVD events plus
coronary revascularization (HR =
0.96 [0.86-1.08)), or MI (HR = 0.96
[0.78-1.19)), stroke (HR = 0.95 [0.76-
1.20D), and CVD mortality (HR = 1.11
[0.88-1.40]) considered individually."”
Analyses of major CVD events that
excluded the first year or 2 years of
follow-up also yielded null findings.
Vitamin D did not influence 1-year
changes in lipids or inflammatory
markers.” In ancillary analyses,

1 2 3 4
Years since Randomization
12885 12804 12711 12483
12907 12831 12729 12481

with permission. Copyright ©2019, Massachusetts Medical Society.

there was no association between
vitamin D and risk of first or recurrent
hospitalization for heart failure.”

Sex and race/ethnicity
subgroups. Associations between
supplemental vitamin D and risk of
primary and secondary CVD endpoints
did not significantly vary by sex or
race/ethnicity; and vitamin D did not
significantly reduce these outcomes in any
sex or race/ethnicity subgroup.'” For major
CVD events, HRs in men and women
were 1.01 (0.84-1.21) and 0.93 (0.76-1.14),
respectively (P, interaction by sex = .57);
and HRs in non-Hispanic Whites, Blacks,
and members of other races/ethnicities
were 0.93 (0.79-1.10), 0.91 (0.65-1.26), and
1.36 (0.80-2.31), respectively (P, interaction
by race/ethnicity = .37).

Vitamin D and All-Cause Mortality
Vitamin D supplementation was
unrelated to all-cause mortality (HR =
0.99 [0.87-1.12]) in analyses of the full
cohort, in sex-stratified analyses, and in
race/ethnicity-stratified analyses."” The
HRs in men and women were 0.98 (0.83-
1.16) and 1.00 (0.83-1.20), respectively
(P, interaction by sex = .90; unpublished

5 6
10045 801
10037 789

data); and the HRs also did not differ
significantly by race/ethnicity (P,
interaction = .56; unpublished data).

Vitamin D and Other Outcomes
Vitamin D supplementation did not
significantly increase risk of
hypercalcemia, kidney stones, or
gastrointestinal symptoms.” In women,
vitamin D was associated with a trend
toward smaller decreases in bone
mineral density at the spine over a
2-year interval (P = .0062); a similar
benefit was not seen in men (P,
interaction by sex = .067).* Other
analyses indicate that baseline levels of
free 25(OH)D (but not total 25(OH)D)
are useful for identifying those who
derive bone mineral density benefit from
supplemental vitamin D,” supporting
the potential importance of this novel
biomarker on treatment-associated
outcomes. Vitamin D did not decrease
risk of chronic knee pain,” falls,** or
depression® in the total study
population; neither sex nor race/
ethnicity was a significant effect
modifier. For the latter 2 outcomes,
vitamin D tended to confer a stronger
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protective effect in individuals with
normal BMI than in those with
overweight or obesity (falls [defined as
>2 falls]: P, interaction by BMI = .07,
depression: P, interaction by BMI = .00).
Among 1312 participants with type 2
diabetes, vitamin D did not prevent
development or progression of chronic
kidney disease (assessed by change in
glomerular filtration rate estimated from
serum creatinine and cystatin C from
baseline to year 5),** with no difference in
the treatment effect between non-Hispanic
White and African-American participants.

Supplemental n-3 Fatty Acids

Findings for primary, secondary, and
selected other outcomes of n-3 fatty acid
supplementation in the total study
population are shown in Table 4. A
summary of key subgroup findings is
provided in Table 5.

n-3 Fatty Acids and CVD

Total cobort. Supplemental n-3 fatty
acids did not significantly reduce the
primary endpoint of major CVD events
(HR = 0.92 [0.80-1.06) but did reduce
total MI, a key secondary endpoint, by a
significant 28% (HR = 0.72 [0.59-0.90])."®
This benefit became apparent after the
first year and lasted for the rest of the
trial period (Figure 3). In addition, the
intervention significantly reduced the
exploratory endpoints of percutaneous
coronary intervention (PCI; HR = 0.78
0.63-0.95)), fatal MI (HR = 0.50 [0.26-
0.97]), and total CHD (HR = 0.83 [0.71-
0.97)). However, there were no significant
reductions in risk of coronary artery
bypass grafting (CABG), stroke, CVD
mortality, or an expanded CVD endpoint
(major CVD events plus coronary
revascularization [PCI or CABG)). In
analyses that excluded the first 2 years
of follow-up, the HR for major CVD
events strengthened slightly to 0.89 (0.76-
1.05). In ancillary analyses, n-3 fatty acid
supplementation was associated with a
significant reduction in risk of recurrent
(but not first) hospitalization for heart
failure.”” Among participants with 1-year
follow-up blood samples, n-3 fatty acid
supplementation was associated with
a small but significant reduction in
triglycerides but had no significant effect

on other lipids (unpublished data) or on
inflammatory markers.”

Sex and race/ethnicity
subgroups. The effect of n-3 fatty acid
supplementation on major CVD events
and MI did not differ for men and
women (major CVD events: men, HR
=0.91 [0.76-1.10]; women, HR = 0.93
[0.76-1.15]; P, interaction by sex = .88;
MI: men, HR = 0.72 [0.55-0.95]; women,
HR = 0.73 [0.52-1.03]; P, interaction
by sex =.99)."® Associations between
n-3 fatty acids and risk of major CVD
events also did not significantly vary
by race/ethnicity (P, interaction =
.26); and the intervention did not
significantly reduce this outcome in
any race/ethnicity subgroup, although
there was a suggestive signal for a
protective effect in African Americans
(HR = 0.74 [0.53-1.03])."® For MI, African
Americans experienced a significant 77%
treatment-associated reduction (HR =
0.23 [0.11-0.47]), whereas other racial/
ethnic groups had smaller reductions
(non-Hispanic Whites, HR = 0.93 [0.73-
1.18]; others: HR = 0.54 [0.23-1.26]; P,
interaction by race/ethnicity = .001).
Of note, African Americans derived
this treatment benefit irrespective
of their baseline dietary fish intake,
whereas non-Hispanic Whites benefitted
only when their fish intake was low.
In African Americans, treatment-
associated HRs among those with low
fish intake (below the cohort median
of 1% servings/week) and those with
higher fish intake were 0.23 (0.09-0.62)
and 0.21 (0.06-0.74), respectively (P,
interaction = .92). In non-Hispanic
Whites, the corresponding HRs were
0.71 (0.51-0.98) and 1.32 (0.90-1.95)
(P, interaction = .0106; see also next
paragraph). In addition, the treatment
benefit on MI for African Americans
did not diminish after adjustment for
cardiovascular risk factors (HR = 0.19
[0.07-0.50]) and was more apparent
than in non-Hispanic Whites across all
cardiovascular risk-factor strata. African
Americans also had significant treatment-
associated reductions in coronary
revascularization (HR = 0.51 [0.28-0.92])
and total CHD (HR = 0.61 [0.43-0.88)),
whereas non-Hispanic Whites did not
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(HR = 1.00 [0.82-1.21], P, interaction
=.001, and HR = 1.00 [0.85-1.17], P,
interaction = .004, respectively).

Other subgroups. Baseline dietary fish
intake significantly influenced the effect
of n-3 fatty acid supplementation on
major CVD events (P, interaction = .045);
it also modified the intervention’s effect
on MI (P = .048) and on levels of the
inflammatory marker C-reactive protein
(P = .06)."** Supplemental n-3 fatty
acids led to a 19% reduction in major
CVD events (HR = 0.81 [0.67-0.98]) and
a 40% reduction in MI (HR = 0.60 [0.45-
0.81]) among individuals with low fish
intake (below the cohort median) but
not among those with higher fish intake
(major CVD events: HR = 1.08 [0.88-1.32];
MI: HR = 0.94 [0.67-1.31])." Consistent
with this finding, treatment-associated
reductions in C-reactive protein were
greater in those with low fish intake than
in those with high fish intake.”

Individuals with traditional
cardiovascular risk factors were more
likely to derive an MI benefit from n-3
fatty acids than those without risk
factors." Treatment-associated HRs for
those with at least 2 risk factors, with 1
risk factor, and with no risk factors were
0.57 (0.41-0.81), 0.75 (0.53-1.08), and
1.01 (0.65-1.56), respectively (P,
interaction = .047).

n-3 Fatty Acids and Cancer

Total cobort. Supplemental n-3
fatty acids did not significantly predict
incidence of total cancer (HR = 1.03
[0.93-1.13]); breast (HR = 0.90 [0.70-
1.16]), prostate (HR = 1.15 [0.94-1.39]), or
colorectal cancer (HR = 1.23 [0.83-1.83));
or cancer mortality (HR = 0.97 [0.79-
1.20)) in analyses of the full trial period."
A signal for increased cancer incidence
(HR = 1.13 [1.00-1.28]), though not for
cancer mortality (HR = 0.93 [0.73-1.19]),
was seen in analyses that excluded the
first 2 years of follow-up. In ancillary
analyses, n-3 fatty acid supplementation
was unrelated to incidence of colorectal
adenoma or serrated colorectal polyps.26

Sex and race/ethnicity
subgroups. The effect of n-3 fatty
acid supplementation on total cancer
incidence was more favorable in women
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Table 4.
Hazard Ratios (HR) and 95% Confidence Intervals (CIs) of Primary, Secondary, and Other Outcomes by Randomized Assignment to
n-3 Fatty Acids (n-3 FAs)".

n-3 FAs Placebo
(N =12933) (N =12938)

Endpoint No. of participants w/event 95% Cl

Cardiovascular disease (CVD),
primary and secondary outcomes

Major CVD event®* 386 419 0.92 0.80-1.06
Expanded CVD event® 527 567 0.93 0.82-1.04
Total myocardial infarction (M) 145 200 0.72 0.59-0.90
Total stroke 148 142 1.04 0.83-1.31
Cardiovascular mortality 142 148 0.96 0.76-1.21
Other vascular outcomes'
Percutaneous coronary intervention (PCl) 162 208 0.78 0.63-0.95
Coronary artery bypass graft (CABG) 85 86 0.99 0.73-1.33
Fatal MI 13 26 0.50 0.26-0.97
Coronary heart disease (CHD) mortality 37 49 0.76 0.49-1.16
Total CHD? 308 370 0.83 0.71-0.97
Ischemic stroke 111 116 0.96 0.74-1.24
Hemorrhagic stroke 25 19 1.32 0.72-2.39
Fatal stroke 22 20 1.10 0.60-2.01
Total invasive cancer® 820 797 1.03 0.93-1.13
Cancer mortality 168 173 0.97 0.79-1.20
All-cause mortality 493 485 1.02 0.90-1.15
Excluding the first 2 years of follow-up:
Cardiovascular outcomes
Major CVD event 269 301 0.89 0.76-1.05
Total myocardial infarction 94 131 0.72 0.55-0.93
Total stroke 103 112 0.92 0.70-1.20
Total invasive cancer 536 476 1.13 1.00-1.28
Cancer mortality 126 135 0.93 0.73-1.19
All-cause mortality 371 381 0.97 0.84-1.12

Adapted from Manson et al.'® with permission. Copyright ©2019, Massachusetts Medical Society.

®Analyses were from Cox regression models that were controlled for age, sex, and randomization group in the vitamin D portion of the trial. Analyses were
not adjusted for multiple comparisons.

“Primary outcomes.

YA composite of M, stroke, and cardiovascular mortality.

°A composite of MI, stroke, cardiovascular mortality, and coronary revascularization (CABG, PCI).

"Not prespecified as primary or secondary outcomes.

9A composite of MI, coronary revascularization (CABG, PCI), and CHD death.
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Table 5.
VITAL n-3 Fatty Acid Intervention: Summary of Key Subgroup Findings.

Major cardiovascular disease events®

o No significant interaction by sex

o No significant interaction by race/ethnicity (signal for greater benefit in African Americans)

o Significant interaction by baseline dietary fish intake (reduction in those with below-median intake but not in those with
above-median intake)

Myocardial infarction

e No significant interaction by sex

o Significant interaction by race/ethnicity (reduction in African Americans but not in members of other racial/ethnic groups)

o Significant interaction by baseline dietary fish intake (reduction in those with below-median intake but not in those with
above-median intake)

o Significant interaction by traditional cardiovascular risk factors (reduction greatest in those with at least 2 risk factors)

Coronary revascularization

o Significant interaction by race/ethnicity (reduction in African Americans but not in members of other racial/ethnic groups)

Total coronary heart disease

o Significant interaction by race/ethnicity (reduction in African Americans but not in members of other racial/ethnic groups)

Total invasive cancer

o Significant interaction by sex (greater benefit in women)

o No significant interaction by race/ethnicity

o No significant interaction by baseline fish intake (signal for greater benefit in those with below-median intake)

All-cause mortality

o No significant interaction by sex

o No significant interaction by race/ethnicity

e Significant interaction by baseline dietary fish intake (trend toward reduction in those with below-median intake but not
in those with above-median intake)

Other endpoints

e (Colorectal adenoma

o Significant interaction by race/ethnicity (reduction in African Americans but not members of other racial/ethnic groups)

o Significant interaction by baseline plasma n-3 index (reduction in those with low baseline plasma n-3 index but not in
those with high baseline plasma n-3 index)

o Chronic knee pain

° No significant interaction by sex or race/ethnicity

A composite of myocardial infarction, stroke, and cardiovascular mortality.
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Total Myocardial Infarction
Comparing Omega-3 Fatty Acids Active and Placebo

Figure 3.
Cumulative incidence rates of major CVD events and total MI by year of follow-up, in the n-3 fatty acid group and the placebo
group.
(A) Major Cardiovascular Events (B)
Comparing Omega-3 Fatty Acids Active and Placebo

E Hazard ratio, 0.92 (95% C1, 0.80-1.06) "

4 p=0.24 - 0015

3 003 o / g

§ o -

F y k!

& g 0010

; . 3

3 4 / B g

§ o - oo g

0.005

i [T /“‘/ é

g = - o P

= P il el

0w 0.000 =
0 1 3 H 6 0 1
Follow-up, years
Number at Rk 2
iR b et 14 st o Paccto 12308 1207%

Adapted from Manson et al."®

(HR = 0.90 [0.78-1.05]) than in men

(HR = 1.13 [1.00-1.29]) (P, interaction

by sex = .02), likely because of the
combination of (nonsignificant) trends
for risk reduction for breast cancer and
risk elevation for prostate cancer.” The
effect of n-3 fatty acid supplementation
on total cancer incidence did not differ
in non-Hispanic Whites (HR = 1.02
(0.91-1.13) and African Americans (HR =
1.02[0.79-1.33]) (P, interaction = .86)."
Ancillary analyses show significant
inverse associations between n-3 fatty
acid supplementation and colorectal
adenoma in African Americans (OR =
0.59 [0.35-1.00]) but not in members of
other racial/ethnic groups (non-Hispanic
Whites: OR = 1.06 [0.89-1.28]; others: OR
= 0.86 [0.48-1.52]) (P, interaction = .11).%°

Other subgroups. Baseline fish
intake tended to modify the effect
of supplemental n-3 fatty acids on
cancer, with more favorable effects
in those with low fish intake (HR =
0.96 [0.84-1.09]) than in those with
high fish intake (HR = 1.13 [0.98-1.31];
P, interaction = .09)." In ancillary
analyses, there was an inverse
association between the intervention
and colorectal adenoma in those with

with permission. Copyright ©2019, Massachusetts Medical Society.

low baseline plasma n-3 index (below
the cohort median of 2.5%; OR = 0.76
[0.57-1.02]) but not in those with a
higher n-3 index (OR = 1.19 [0.90-1.50];
P, interaction = 0.03).%

n-3 Fatty Acids and All-Cause Mortality

Supplemental n-3 fatty acids were not
associated with all-cause mortality in
analyses of the full trial period (HR =
1.02 [0.90-1.15)) or in analyses that
excluded the first 2 years of follow-up
(HR = 0.97 [0.84-1.12])."® Effects tended
to be more favorable in women (HR =
0.92 [0.76-1.11]) than in men (HR = 1.11
[0.93-1.31]), and in African Americans
(HR = 0.84 [0.64-1.11)) than in non-
Hispanic Whites (HR = 1.09 [0.92-1.26]),
although neither the sex nor the race/
ethnicity interaction was significant (P,
interaction by sex = .15; P, interaction by
race/ethnicity = .26)." Baseline fish
intake modified the effect of n-3 fatty
acid supplementation on all-cause
mortality (P, interaction = .02)." The
intervention was associated with a trend
toward a mortality reduction in those
with low fish intake (HR = 0.87 [0.73-
1.04) but not in those with higher fish
intake (HR = 1.19 [0.99-1.44]).
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n-3 Fatty Acids and Otber Outcomes

With regard to side effects, the n-3 fatty
acid intervention was well tolerated, with
no treatment-associated increase in
bleeding or gastrointestinal symptoms.'®
The intervention did not reduce chronic
knee pain in the total study population,
and neither sex nor race/ethnicity was a
significant effect modifier.” Among
participants with type 2 diabetes, the
intervention did not prevent
development or progression of chronic
kidney disease.**

Discussion
Supplemental Vitamin D

VITAL is the first large (N > 10,000)
trial of moderate- or high-dose vitamin
D for cancer prevention. Despite
methodologic limitations, several®”™
(though not all”®) earlier trials had also
suggested stronger benefits for cancer
mortality than for cancer incidence.” In
a 2019 meta-analysis of randomized
trials that included VITAL, treatment-
associated relative risks for cancer
mortality (5 trials, 1591 cancer deaths)
and cancer incidence (10 trials, 6537
incident cancers) were 0.87 (0.79-0.96)
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Figure 4.

Meta-analysis of randomized trials of vitamin D supplementation and cancer mortality.

First author, year
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Source: From Keum et al.* with permission. Copyright ©2019, Oxford University Press.

and 0.98 (0.93-1.03), respectively
(Figure 4)." Of note, the reduction in
cancer mortality was largely attributable
to interventions with daily rather than
intermittent bolus dosing. The latter may
lead to nonphysiological fluctuations in
vitamin D blood levels.” Sex and race
were not analyzed as modifiers of
vitamin D treatment effects in this
meta-analysis.

To understand VITAL's promising signal
of a treatment-associated cancer
reduction in African Americans,
elucidating the role of genetic factors
may be useful. People with African
ancestry differ from those with European
ancestry with regard to variation in
GC"™% a gene that encodes vitamin D
binding protein, which is the major
transporter of circulating vitamin D.
Variation in GC: VDR, which encodes
vitamin D receptor, a major determinant
of the body’s responsiveness to vitamin
D; and other genes involved in vitamin D
synthesis, transport, and metabolism™*’
may combine with supplemental vitamin
D to influence the development of
cancer, CVD, and other outcomes.
Although these potential interactions
have rarely been studied in the setting of
a randomized trial, data from the Vitamin
D/Calcium Polyp Prevention Study
highlight the potential utility of such

investigations.48 In that trial, 2259
participants were randomized to vitamin
D, calcium, both, or placebo for
prevention of recurrent colorectal
adenoma. Vitamin D supplementation
was unrelated to the risk of advanced
colorectal adenoma in the overall study
population. However, analyses stratified
by VDR variation found a 64% treatment-
associated reduction in risk among
participants with the rs7968585 AA
genotype and a 41% increase in risk
among those with 1 or 2 G alleles (P,
interaction <.001).

Regarding VITAL' finding of significant
modification by BMI of the treatment
effect on incident cancer, there is
evidence suggesting that obesity affects
vitamin D bioactivity. Excess body
weight correlates with lower levels of
free and total 25(OH)D;* may
disproportionately reduce the former;
and may influence the correlation
between the 2 markers.” In mice,
diet-induced obesity decreased free but
not total 25(OH)D, and increased
expression of CYP2R1, a key vitamin
D-related gene.” Higher levels of free
25(OH)D were associated with reduced
cardiovascular and all-cause mortality in
CHD patients with normal weight but
not in their heavier counterparts.”
Randomized trials of vitamin D have

found more favorable treatment effects
on blood pressure™ and incident
diabetes™ in individuals with normal BMI
than in those who were overweight or
obese. Considered together, these data
lend credence to VITAL's finding of an
interaction between treatment and BMI
on incident cancer.

Mechanisms by which vitamin D may
reduce cancer incidence and/or cancer
mortality are shown in Figure 5.
Laboratory data suggest that 1,25(OH) D,
the active vitamin D hormone produced
from 25(OH)D, decreases tumor
invasiveness, angiogenesis, and metastatic
propensity.” In addition, observational
studies show that higher 25(OH)D levels
at cancer diagnosis predict longer
survival in patients.””* In some®”™ but
not all”” studies, higher prediagnostic
25(OH)D or genetically determined
vitamin D levels in initially cancer-free
cohorts are favorably correlated with
cancer mortality and/or survival following
diagnosis. Two recent trials in patients
with gastrointestinal cancer suggested
that high-dose vitamin D may reduce
disease progression and death. !
However, not all vitamin D trials in
cancer patients have shown benefits,**
and supplementation may be more
effective if initiated in the preclinical
stage or earlier, as was done in VITAL.
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Figure 5.

Mechanisms by which vitamin D may lower cancer and cardiovascular disease risk.
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Regarding CVD, VITAL is the first large
trial of moderate- or high-dose vitamin D
for prevention of this outcome. Although
VITAL was designed to overcome
methodologic limitations of earlier trials,
its null cardiovascular findings are
consistent with the results of these
trials,**¥** including those that tested
moderate or high doses.””® A 2019
meta-analysis of vitamin D trials that
included VITAL found that
supplementation did not reduce risk of
major adverse cardiovascular events (10
trials, 6243 events, 79111 participants;
relative risk [RR] = 1.00 [0.95-1.06]), MI
(18 trials, 2550 events, 82576
participants; RR = 1.00 [0.93-1.08]), stroke
(15 trials, 2354 events, 82239
participants; RR = 1.06 [0.98-1.15)), or
cardiovascular mortality (10 trials, 2202
events, 76783 participants; RR = 0.98
[0.90-1.07]).” There was little evidence of
effect modification by sex, baseline
25(0OH)D level, vitamin D dose or
administration frequency, or concurrent
randomization to supplemental calcium.
Race was not analyzed as an effect
modifier.

Mechanisms by which vitamin D may
prevent CVD are shown in Figure 5.
Laboratory and animal data suggest
that 1,25(OH) D inhibits vascular
smooth muscle cell proliferation and
vascular calcification, favorably affects
volume homeostasis and blood
pressure via regulation of the renin-
angiotensin-aldosterone system,
reduces inflammation, and improves
insulin sensitivity.””"* In prospective
observational studies, 25(OH)D levels
are inversely correlated with
cardiovascular risk factors and CVD
events. However, small, short-term
trials have generally failed to show that
vitamin D improves intermediate
endpoints, including blood pressure,
glucose or insulin homeostasis,
inflammation, vascular function
parameters, and lipids."” In VITAL, as
noted earlier, vitamin D did not
improve lipids or other CVD-related
biomarkers assessed after one year.

In VITAL, the lack of cardiovascular
benefit among African American and
normal-weight participants contrasts
with the suggestive and significant

findings, respectively, for cancer
reduction in these groups. The
contrast may stem from the fact that
vitamin D requirements for CVD and
cancer prevention may be dissimilar.
In observational studies, individuals
with 25(OH)D levels of 20 to 25 ng/
mL tend to have the lowest CVD risk,”
whereas those with levels above 30
ng/mL tend to have the lowest risk of
cancer (at least colorectal cancer).”
Thus, many participants in VITAL (and
other recent trials) may have entered
the study with their vitamin D
requirements for cardiovascular health
already met. Although analyses
restricted to participants with low
baseline 25(OH)D indicated no CVD
benefit in VITAL, it is possible that a
trial among individuals with 25(OH)D
levels well below the 20 ng/mL
recommended for bone health' would
show a greater risk reduction.
However, targeting those with known
vitamin D deficiency to participate in
a long-term trial with a 50% chance of
randomization to placebo would not
be ethical.
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Figure 6.

Mechanisms by which marine omega-3 fatty acids may lower cardiovascular disease risk.
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Regarding all-cause mortality, the VITAL
findings of no association between
vitamin D and this outcome are in
agreement with the results of previous
trials, which have found no or at most
modest reductions.””'* In a 2019
meta-analysis of 20 vitamin D trials (6502
deaths among 83059 participants) that
included VITAL, the treatment-associated
relative risk for all-cause mortality was
0.97 (0.93-1.02).” Longer follow-up may
be necessary to detect a benefit,
however.

Because VITAL tested only one vitamin
D dose and administration frequency, the
efficacy of other doses or dosing
schedules could not be assessed.
Ongoing vitamin D trials'"" may help
address these questions. D-Health'"*—the
only other large (N > 10000) trial of
moderate- or high-dose vitamin D
besides VITAL—is testing a bolus vitamin
D dose of 60000 IU/month for 5 years in
21315 Australian men and women aged
05 to 84 years; the primary endpoints are

cancer and all-cause mortality, but CVD
will also be examined. Results are
expected in 2021. Of note, D-Health
includes few if any Black participants,
precluding an examination of treatment
effects in this group.

Supplemental n-3 Fatty Acids

VITALs finding that supplemental n-3
fatty acids confer significant coronary
benefits is in agreement with data from
laboratory and animal studies, and small
trials of intermediate cardiovascular
endpoints in humans, which suggest that
n-3 fatty acids reduce inflammation,
thrombosis, triglycerides, blood pressure,
heart rate, and atherosclerotic plaque
progression; and increase nitric-oxide
induced endothelial relaxation
(Figure 6)."' Experimental studies
indicate relevant molecular and gene-
regulatory effects."” Dose-response
curves for some effects plateau at n-3
fatty acid doses of 1 g/day or less.""" In
observational studies, fish intake,'” EPA

+ DHA intake from food or
supplements,®!"” and n-3 fatty acid
biomarkers'®'® are inversely associated
with coronary outcomes. However, the
marked treatment benefit on MI and PCI
in VITAL—the only large trial of n-3 fatty
acids for primary prevention of CVD in a
usual-risk population—contrasts with the
findings of meta-analyses of earlier n-3
fatty acid trials in patients with or at high
risk for CVD," ™M which indicate at most
a weak preventive effect on coronary
death but not on other heart-related
outcomes. Of note, neither VITAL nor
earlier n-3 fatty acid trials found a benefit
for stroke. Results from three recent trials
in high-risk populations have been
mixed. ASCEND, which tested the same
EPA-DHA dose as in VITAL for 7.4 years
in 15480 UK adults with diabetes,
reported nonsignificant results for major
CVD events but a significant reduction in
vascular death.""* REDUCE-IT, which
tested 4.9 years of high-dose synthetic
EPA (icosapent ethyl [4 g/day]) in 8179

American Journal of Lifestyle Medicine
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statin users with elevated triglycerides
and at high CVD risk, found significant
reductions in major CVD events (26%),
and MI, stroke, and CVD death (20% to
31%).""® Most recently, STRENGTH,
which tested a high-dose intervention
(n-3 carboxylic acids [4 g/day], EPA-DHA
ratio of 2.75:1) in 13086 statin users with
hypertriglyceridemia, low high-density
lipoprotein cholesterol, and either
established atherosclerotic disease or
elevated CVD risk,"™ was stopped ealier
than its planned 3- to 5-year duration
because preliminary trial data suggested a
“low likelihood” of CVD benefit (detailed
results have not yet been reported).'
Potential reasons'® for a greater magnitude
of coronary reduction in VITAL than in
the collective trials of patients with or at
high risk for CVD include attenuation of
incremental n-3 fatty acid benefit by CVD
medications in secondary prevention
settings; more advanced atherosclerotic
disease in high-risk individuals, requiring
more powerful interventions than n-3 fatty
acids (or, as suggested by REDUCE-IT
though not STRENGTH, higher n-3 fatty
acid doses) to forestall clinical events;
differences in dietary fish intake (few
trials have examined this variable); and
differences in race/ethnicity (few trials
have enrolled a sizeable number of Black
participants, a group with the greatest
benefits in VITAL). A 2019 meta-analysis
of n-3 fatty acid trials (13 trials, 127477
participants) that included VITAL and
ASCEND data reported modest but
statistically significant reductions for MI,
CHD death, total CHD, CVD death, and
total CVD."® Inclusion of the REDUCE-IT
findings magnified these reductions,®
whereas inclusion of the STRENGTH
findings would presumably have the
opposite effect. However, results of meta-
analyses that combine VITAL with trials in
higher-risk cohorts may not be relevant
for recommendations regarding n-3 fatty
acid supplementation in usual-risk
populations. Moreover, such results
obscure VITAL's promising findings in
African Americans, which are of interest
because of the potential for ameliorating
health disparities.

That African Americans, who entered
the trial with a higher plasma n-3 index
and fish intake than non-Hispanic Whites,

were more likely than the latter group to
experience coronary benefit with n-3 fatty
acid supplementation was an unexpected
result that requires replication in future
trials. Trials of n-3 fatty acids for CVD
prevention have, with few exceptions,'”
been conducted in White populations,
precluding an assessment of treatment
effects by race."” However, REDUCE-IT,
with approximately 800 non-White
participants (the number of Black
participants was not reported), also found
a trend toward a stronger protective effect
of supplementation on major CVD events
in non-Whites (HR = 0.55 [0.38-0.82]) than
in Whites (HR = 0.76 [0.67-0.86)); P,
interaction = .13)."" In addition, a recent
pooling project of 19 observational
cohorts from 16 countries reported racial
differences in associations of marine- and
plant-derived n-3 fatty acid biomarkers
with incident coronary disease, including
a significantly stronger inverse
relationship between a-linolenic acid and
nonfatal MI in Blacks than Whites."”
Observational studies also suggest that
genetic variation in genes related to fatty
acid metabolism, including the fatty acid
desaturase genes FADST and FADS2, the
5-lipooxygenase gene ALOXS5, the
5-lipoxygenase activating protein gene
ALOX5AP, and the cyclooxygenase
COX-2 gene, may interact with dietary
fatty acid intakes to influence risk of
CHD and other health outcomes,'*
and that people with African ancestry
and those with European ancestry differ
with respect to FADS variation."”"*
Elucidating the role of genetic factors
may help clarify the treatment benefit
for MI in African American participants.
In addition, although stronger treatment
benefits in African Americans than in
non-Hispanic Whites persisted after
accounting for traditional cardiovascular
risk factors, it is possible that racial
differences in other clinical, dietary, or
socioenvironmental factors may help
explain this finding. For example, n-3
fatty acids may ameliorate the adverse
impact of air pollution,'** an exposure
that disproportionately affects African
Americans'® and raises cardiovascular
risk '

The lack of sex differences in the effect
of supplemental n-3 fatty acids on
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cardiovascular outcomes in VITAL is
consistent with findings of meta-analyses
of eatlier n-3 fatty acid trials,'"
ASCEND,"? and REDUCE-IT.'"

For cancer, the VITAL findings agree
with those from n-3 fatty acid trials for
secondary prevention of CVD, which
indicate neutral effects or slight (but
nonsignificant) elevations in cancer
incidence'™""*'* and neutral effects or
borderline significant reductions in cancer
mortality."*'** In contrast to the VITAL
finding of greater benefit for n-3 fatty
acid supplementation on cancer
incidence in women than in men, a 2014
meta-analysis of 11 trials of n-3 fatty acids
(1039 cancers, 39122 participants) found
no evidence of effect modification by
sex.'® For all-cause mortality, the absence
of benefit in VITAL aligns with results of
meta-analyses of earlier trials,"”'"
ASCEND,"* and REDUCE-IT.'™ A 2019
meta-analysis of 41 n-3 fatty acid trials
(10707 deaths, 134034 participants) that
included VITAL and ASCEND reported a
RR of 0.98 (0.93-1.02) for this endpoint,'*’
although extended follow-up may be
required to detect a reduction. This
meta-analysis did not report on sex as a
potential effect modifier. However, in
contrast to VITAL finding suggestive of a
more favorable effect on all-cause
mortality in women than men, a 2014
meta-analysis of 17 trials (7025 deaths,
08705 participants) reported that n-3 fatty
acid supplementation was associated with
a reduction in this endpoint only in trials
where the proportion of men exceeded
80%.' Thus, taken in aggregate,
evidence for a sex difference in
supplemental n-3 fatty acids on incidence
of total cancer and all-cause mortality is
mixed. The VITAL results of greater
benefit in women than in men for these
outcomes may be chance findings.
Additional research is warranted.

Because only one n-3 fatty acid dose
and formulation was tested in VITAL, the
trial could not assess whether the
effectiveness of supplementation varies
according to these parameters. However,
the tested dose is that recommended by
the American Heart Association for
cardioprotection in individuals with prior
CHD** and, based on fish consumption
(1-2 servings/week), is at least twice the
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dose recommended by this organization
for cardiovascular risk reduction in
healthy persons.*'™ That coronary
benefits of supplementation were limited
to participants with low fish intake (in
non-Hispanic White individuals and in the
total cohort) suggests that further benefits
may not accrue beyond a threshold dose.
Indeed, the 2 recent trials testing a
higher-dose formulation in patients with
CVD or at high risk for it (REDUCE-IT and
STRENGTH) found conflicting results,
suggesting that the formulation of n-3
fatty acids may be more important and
relevant than the dose. However, the
generalizability of these findings to
usual-risk populations is unknown.
Additional trials of higher doses and other
formulations of n-3 fatty acids in primary
prevention populations are needed.

Benefit-Risk Balance,
Postintervention
Follow-up

In VITAL, results of ancillary
investigations of mammographic density,
telomere biology, diabetes, hypertension,
atrial fibrillation, and cardiac structure/
function (2D-echocardiograms) will soon
provide a fuller picture of cancer- and
cardiovascular-related effects of vitamin
D and n-3 fatty acid supplementation.
Additionally, forthcoming results of
ancillary studies of other outcomes,
including fractures, cognition, infections,
pulmonary conditions, autoimmune
disorders, and macular degeneration, will
allow an assessment of the overall
balance of benefits and risks of
supplementation. Ongoing
postintervention follow-up of the cohort
will enable the capture of any latent and
long-term treatment effects and will
increase statistical power, an especially
important consideration for analyses of
secondary endpoints and effects within
subgroups, including sex and race/
ethnicity subgroups.

Overall Conclusions

In VITAL, daily high-dose vitamin D did
not significantly reduce the trial’s
co-primary endpoints of total invasive

cancer or major CVD events but showed
a promising signal for reducing cancer
death. Supplemental n-3 fatty acids led to
a small but statistically nonsignificant
reduction in a composite endpoint of
major CVD events, a significant 28%
reduction in total MI, and reductions in
other coronary outcomes, but no
reduction in stroke or cardiovascular
deaths not related to heart disease, or
total invasive cancer. Race-stratified
analyses revealed a promising signal for
a vitamin D-associated reduction in total
cancer incidence as well as a significant
n-3 fatty acid-associated reduction in MI
in African Americans. Sex-stratified
analyses found a significantly more
favorable effect of n-3 fatty acids on total
cancer incidence and a trend toward a
more favorable effect on all-cause
mortality in women than in men.
Regarding analyses stratified by other
characteristics, there was variation in the
effect of vitamin D on cancer, falls, and
depression by BMI; the effect of n-3 fatty
acids on multiple outcomes, including
major CVD events, MI cancer, and all-
cause mortality, by baseline dietary fish
intake; and the effect of n-3 fatty acids
on MI by traditional cardiovascular risk
factors. These findings suggest that
consideration of sex, race, and other
participant characteristics is warranted in
future analyses (including meta-analyses)
of trials of vitamin D and n-3 fatty acids
to ensure that important effects are not
missed and to help provide a foundation
for developing targeted
recommendations for supplement use.
Additional investigation is necessary to
determine which individuals may be
most likely to derive a net benefit from
supplementation.
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of this manuscript. Please contact the corresponding author
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