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Effects of One Year of Vitamin D and Marine Omega-3
Fatty Acid Supplementation on Biomarkers of
Systemic Inflammation in Older US Adults

Karen H. Costenbader,”” Lindsey A. MacFarlane,’ I-Min Lee, >3 Julie E. Buring,>® Samia Mora,>*
Vadim Bubes,? Gregory Kotler,? Carlos A. Camargo, Jr.,>® JoAnn E. Manson,?? and Nancy R. Cook?®?

BACKGROUND: Observational studies suggest vitamin D
and marine -3 fatty acid (n-3 FA) supplements are as-
sociated with lower systemic inflammation. However,
past trials have been inconsistent.

METHODS: The randomized, double-blind, placebo-
controlled VITamin D and OmegA-3 Trial. (VITAL)
tested vitamin D (2000 IU/day) and/or n-3 FA (1 g/day)
supplementation in a 2 X 2 factorial design among
women =55 and men =50 years of age. We assessed
changes in interleukin (IL)-6, tumor necrosis factor re-
ceptor 2 (TNFR2), and high-sensitivity C-reactive pro-
tein (hsCRP) concentrations from baseline to 1 year
among participants randomized to vitamin D + n-3 FA
(392), vitamin D (392), n-3 FA (392), or placebo only
(385). Geometric means and percent changes were com-
pared, adjusting for baseline factors.

RESULTS: Baseline characteristics were well balanced. In
the active arms, 25-OH vitamin D rose 39% and n-3 FA
rose 55% vs minimal change in placebo arms. Neither
supplement reduced biomarkers at 1 year. Vitamin D
resulted in 8.2% higher IL-6 (95% CI, 1.5%-15.3%;
adjusted 2 = 0.02), but TNFR2 and hsCRP did not.
Among 784 receiving vitamin D, hsCRP increased
35.7% (7.8%-70.9%) in those with low (<20 ng/mL)
but not with higher baseline serum 25(OH) vitamin D
[0.45% (—8.9% to 10.8%); P interaction = 0.02].
Among 777 randomized to n-3 FA, hsCRP declined
[—10.5% (—20.4% to 0.8%)] in those with baseline low
(<1.5 servings/week), but not with higher fish intake
[6.4% (95% CI, —7.11% to 21.8%); P interaction =
0.06].

CONCLUSIONS: In this large sample from a population-
based randomized controlled trial, neither vitamin D nor
n-3 FA supplementation over 1 year decreased these bio-
markers of inflammation.

CLINICALTRIALS.GOV IDENTIFIER: NCT01169259;
NCT01351805

© 2019 American Association for Clinical Chemistry

Vitamin D and marine w-3 fatty acids (n-3 FA)® are
widely consumed supplements advertised to prevent dis-
ease and reduce systemic inflammation. Their purported
health benefits have received enormous attention in the
medical and popular presses. Observational evidence of
antiinflammatory and immunomodulatory associations
is substantial, although measurable effects on systemic
inflammation in the general adult population have not
been well established (1-10).

Active 1,25-dihydroxy (OH) vitamin D binds to its
receptors, abundant on T and B cells, macrophages, and
dendritic cells, to regulate inflammatory genes. In vitro
1,250H vitamin D inhibits monocyte differentiation
into dendritic cells and blocks T-cell stimulatory effects
(11). It promotes monocyte differentiation into macro-
phages, prevents release of inflammatory cytokines, and
decreases antigen presentation. It also has been shown to
downregulate interleukin (IL)-2, a T-cell growth factor,
and suppresses T-cell cytokines IL-12, tumor necrosis
factor-a (TNFa), and IL-6 (11—14). Cross-sectional and
observational studies have demonstrated lower 25-OH
vitamin D concentrations among individuals with many
inflammatory diseases (15-18). However, some small
randomized trials of supplemental vitamin D in selected
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populations have shown antiinflammatory effects on bio-
markers, whereas others have not (1-6).

N-3 FAs also hold promise for reducing systemic
inflammation. Metabolites eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) exert effects through
leukotriene and prostaglandin pathways, decreasing in-
flammatory mediators and cytokine production. Block-
ing nuclear translocation of nuclear factor kB decreases
gene transcription for inflammatory cytokines, adhesion
molecules, and cyclooxygenase enzymes (19-21). In ob-
servational studies, high fish and n-3 FA intakes have
been inversely associated with risks of rheumatoid arthri-
tis and Crohn disease (22, 23). Recent small trials re-
ported that n-3 FA supplementation of various doses and
durations reduced these biomarkers in patients with heart
failure, Alzheimer disease, and end-stage renal disease
(7-10, 24 ).

The VITamin D and OmegA-3 Trial (VITAL) is a
recently completed NIH-funded randomized, double-
blind, placebo-controlled clinical trial of these 2 supple-
ments for the primary prevention of cancer and cardio-
vascular disease among 25871 Americans (women age
=55 years; men age =50 years). Main results were pub-
lished: Neither supplement was associated with a statis-
tically significant reduction in incidence of invasive can-
cers nor composite cardiovascular disease events over
randomized 5 years of follow-up (25, 26). However,
there were a few signals of potential benefit in preplanned
subgroup analyses: Participants with normal body mass
index (BMI < 25 mg/kgz) randomized to active vs pla-
cebo vitamin D showed a significant reduction in inva-
sive cancers, and African Americans had a borderline sig-
nificant reduction. Cardiovascular disease events were
significantly lower for active vs placebo n-3 FA among
individuals who consumed <1.5 fish servings/week. Ad-
ditionally, n-3 FA supplementation reduced risk of myo-
cardial infarction, a prespecified secondary end point,
with particularly strong effect among African Americans
(25).

IL-6, TNFa, and high-sensitivity C-reactive protein
(hsCRP) are common biomarkers of systemic inflamma-
tion. IL-6 is produced by subcutaneous adipose tissue, as
well as lymphocytes, monocytes, fibroblasts, and endo-
thelial cells, and is a strong predictor of cardiovascular
disease and type 2 diabetes (27-29). Circulating IL-6
increases with age, BMI, and percentage body fat
(30, 31). TNFa s a critical proinflammatory cytokine in
the pathogenesis of multiple inflammatory diseases. TNF
receptor 2 (TNFR2) expression parallels TNFa and is a
surrogate marker. CRP, an acute phase reactant pro-
duced in response to IL-6, is a sensitive but nonspecific
biomarker of inflammation. CRP elevation within the
normal range, detected by the hsCRP, reflects low-grade
systemic inflammation and is an independent predictor
of cardiovascular disease (27). Increases in these bio-

markers are associated with diseases of aging and obesity,
including cardiovascular disease, heart failure, osteoporo-
sis, diabetes mellitus, some cancers, and neurodegenera-
tive diseases such as Alzheimer disease (32, 33).

We investigated effects of vitamin D5 and n-3 FA
supplementation for 1 year upon biomarkers of systemic
inflammation within a sample of VITAL participants.
We hypothesized that one or both supplements would
significantly reduce IL-6, TNFR2, and/or hsCRP. We
also sought to examine prespecified effects, by age, sex,
race, BMI, smoking, baseline fish intake, baseline bio-
marker concentration, baseline 25-OH vitamin D con-
centration (or w-3 index), and the other randomized
agent. Additionally, we conducted exploratory analyses
incorporating the potential effect of statin use on hsCRP
over time.

Materials and Methods

STUDY POPULATION

VITAL is a randomized, double-blind, placebo-
controlled trial, designed to test effects of vitamin Dy
[2000 IU (50 pg)/day] and marine n-3 FAs (Omacor® 1
g/day; 460 mg of EPA and 380 mg of DHA) upon inci-
dence of cancer and cardiovascular disease (25, 26). The
trial consented, enrolled, and followed 25871 random-
ized participants over a median of 5.3 years (34 ). Briefly,
nationwide recruitment of men age =50 years and
women age =55 years began in March 2011. More than
20% African American enrollment was obtained. VITAL
used a placebo run-in, and participants were randomized
within 5-year age-groups if they (2) demonstrated high
adherence; (4) were willing to continue; (¢) reported no
new ineligibility; and (4) were willing to limit supple-
mental vitamin D intake to =800 IU/day and to forego
n-3 FA supplements. In this 2 X 2 factorial trial, 25% of
participants were randomized to each arm (34). The n-3
FA supplement did not contain vitamin D. Excellent
results were obtained in nutrient stability tests at a range
of temperatures and humidity at 3 to 24 months.

The original aim of this ancillary study was to test
biomarker concentrations in approximately 2000 partici-
pants across the 4 trial arms at baseline and follow-up.
We identified 1561 trial participants with sufficient
blood sample for biomarker assays at baseline and 1-year
follow-up, balanced by sex, and matched on blood draw
season. VITAL and the biomarkers substudy were regis-
tered at clinicaltrials.gov (NCT01169259; NCT01351805).
The Partners’ Human Research Committee approved
these studies. Before randomization, participants com-
pleted a questionnaire assessing demographic, clinical,
and lifestyle factors, including age, sex, race, years of ed-
ucation, household income, height and weight, physical
activity, smoking, alcohol intake, and medical history,
including cholesterol-lowering medications (2). They
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completed a modified food frequency questionnaire as-
sessing vitamin D and n-3 FA-containing foods and sup-
plements. Side effects were elicited for monitoring by the
Data and Safety Monitoring Board. At 1 year, >95% of
participants returned follow-up questionnaires, and ap-
proximately 90% were taking more than two-thirds of
study pills (definition of compliance).

During run-in, participants willing to provide a
blood sample were sent a kit with consent form, supplies,
and instructions to have blood drawn into two 10-mL
EDTA vials, one 6-mL sodium heparin vial, and one
6-mL serum vial, and a gel-filled freezer pack. Partici-
pants were asked to provide a fasting blood sample, re-
cord times of venipuncture and last meal, and send sam-
ples in freezer packs in =24 h. On receipt, samples were
centrifuged to separate plasma, red blood cells, and buffy
coat, aliquoted into 2-mL Nunc vials, and stored in
—80 °C freezers. The process ensured that samples were
frozen <30 to 36 h after venipuncture. One-year blood
samples were similarly collected (all baseline and 1-year
samples collected during winter/early spring), shipped,
and stored.

LABORATORY ANALYSES

Total serum 25(OH)D concentrations were assayed by
Quest Diagnostics using LC-MS/MS. Plasma samples
were assayed for plasma phospholipid DHA, EPA, and
-3 index (EPA plus DHA) as a percentage of total fatty
acids by Quest Diagnostics by LC-MS/MS (35). We
selected 1561 individuals, approximately 50% each sex,
with available and sufficient paired baseline and 1-year
samples. These were thawed, aliquoted, sent to the Bos-
ton Children’s Hospital Immunology Core (Nadar Rifai,
PhD, Director), and run in 14 batches. Baseline and
1-year blood samples were assayed in tandem, in random
order, and with masking of randomization status. IL-6
was assayed by an ultrasensitive quantitative sandwich
enzyme immunoassay from R&D Systems. TNFR2 was
assayed by a quantitative sandwich ELISA assay from
R&D Systems. HsCRP was assayed by latex-enhanced
immunonephelometric assay on a BNII analyzer (Dade
Behring). CVs from 10% blinded split quality control
samples from VITAL included across batches were good:
10.5% InIL-6, 5.1% In'TNFR2, and 8.8% InhsCRP. The
within-run SDs were 0.71 InIL-6, 0.33 InTNFR2, and
1.10 InhsCRP.

STATISTICAL ANALYSES

We assessed participant characteristics across treatment
groups using #tests for continuous variables and x tests
for categorical variables. Box plots and histograms were
used to examine biomarker distributions. Biomarker
concentrations were right-skewed, and results were nat-
ural log-transformed (In) to improve normality. Geomet-
ric means of biomarker concentrations with 95% CI were
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calculated for baseline and 1-year biomarkers by treat-
ment group. Linear repeated measures models calculated
percent change in means for each biomarker from base-
line to 1 year and the overall effect of randomized treat-
ment (net difference in logs expressed as a ratio of ratios,
converted to overall percent change) with 95% confi-
dence limits. Primary models were unadjusted; secondary
models included age, sex, race (white, African American,
other/unknown), and the other randomized treatment to
adjust for potential imbalance.

We assessed for effect modification, calculating per-
cent changes in biomarkers stratified by prespecified
baseline factors, including age, sex, race, BMI (= vs >25
kg/ m?), smoking, fish intake (< vs =1.5 servings/week),
serum 25(OH) vitamin D concentration (<20 vs =20
ng/mL), plasma ®-3 index (median <2.60 vs >2.60),
biomarker concentration (< vs = mean), and other ran-
domized treatment. We assessed interactions between
randomized treatment assignment and baseline variables
of interest by including interaction terms in linear bio-
marker models. In an exploratory sensitivity analysis, to
examine the extent to which statin use affected hsCRP,
we imputed a constant statin treatment effects on hsCRP
of constant 20% and 30% reductions (36). Statistical
significance was interpreted from 95% Cls excluding
zero and 2-tailed P values <0.05. Strict adjustments for
multiple comparisons were not performed, but results
were interpreted cautiously considering the strengths of
the underlying biologic mechanisms and a priori hypoth-
eses. SAS version 9.4 was used for all analyses.

Results

The baseline characteristics of the 1561 VITAL partici-
pants with matched baseline and 1-year biomarker results
in this substudy are shown in Table 1 by randomized
group. Participants were well balanced in baseline char-
acteristics across the trial’s 4 arms and a representative
sample of the overall VITAL trial. (Minor differences
are shown in Table 1 in the online Data Supplement.)
There was a borderline significantly higher proportion of
those in receiving active vs placebo vitamin D with a high
school education orless (15.1% vs 11.7%; P = 0.05) and
self-reported mean household income of <$50000 an-
nually (36.4% vs 30.6%; P = 0.02). Dietary intakes of
vitamin D and n-3 FA-containing foods and supple-
ments were evenly balanced, except for slightly, although
significantly, higher vitamin D-fortified food intake
among those randomized to active vitamin D (mean daily
servings, 0.62 vs 0.54; P = 0.03).

At 1 year, mean serum 25(OH)D concentration in-
creased by 39.1% in those randomized to vitamin D, and
the mean n-3 FA concentration rose by 55.1% among
those randomized to n-3 FA, whereas there were minimal
changes of both in the placebo groups, consistent with
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Table 2. Biomarkers of systemic inflammation at baseline and 1 year, by vitamin D randomization.
Overall percent
change active/
Active vitamin D, Placebo vitamin D, placebo vitamin D P unadjusted P adjusted
n=784 n=777 (95% Cl) model® model®
Baseline In (IL-6) pg/mL, geometric 1.71(1.65-1.78) 1.68(1.61-1.74)
mean (95% Cl)
Year 1 In (IL-6) pg/mL, geometric 1.80(1.73-1.87) 1.63(1.57-1.69)
mean (95% ClI)
Percent change from baseline 5.08% (0.46-9.91) —2.88% (-7.16 to 1.60) 8.19% (1.52-15.31) 0.02° 0.02
(95% Cl)
Baseline In (TNFR2) pg/mL, 2546.5(2508.6-2584.9) 2525.4 (2482.7-2568.9)
geometric mean
(95% CI)
Year 1 In (TNFR2) pg/mL, 2604.7 (2565.2-2644.7) 2567.9 (2523.9-2612.7)
geometric mean
(95% Cl)
Percent change from baseline 2.32% (1.13-3.53) 1.68% (0.49-2.89) 0.63% (—1.03to 2.31) 0.46 0.57
(95% CI)
Baseline In (hsCRP) mg/L, 1.48 (1.40-1.57) 1.51(1.43-1.60)
geometric mean
(95% Cl)
Year 1 In (hsCRP) mg/L, geometric 1.62 (1.53-1.71) 1.54 (1.46-1.63)
mean (95% Cl)
Percent change from baseline 9.46% (2.93-16.39) 2.18% (-3.94t0 8.68) 7.12%(-1.81to 16.87) 0.12 0.16
(95% Cl)
2 Linear models comparing natural logarithm of biomarker concentration in active vs placebo vitamin D groups.
® Linear models comparing natural logarithm of biomarker concentration in active vs placebo vitamin D groups, adjusted for age, sex, race, and n-3 FA randomized treatment group.
“Values in bold indicate statistical significance, P < 0.05.

high compliance. Significant increases from baseline to 1
year in both serum 25-OH vitamin D concentrations
and w-3 FA indices among those in the active vs placebo
arms of the trial are shown in Table 2 of the online Data
Supplement. The number of hours fasting (time since
last meal) at blood draw was comparable for all groups at
baseline compared with follow-up blood draw (data not
shown, all P > 0.05). Cholesterol-lowering medication
use was also well balanced in follow-up (P = 0.79 across
n-3 FA arms and P = 0.93 across vitamin D arms).
Almost all follow-up blood samples were similarly drawn
in winter/spring season of the year (>>97.9% throughout;
all 2> 0.05). Adverse effects were rare and previously
reported for the entire VITAL trial (25, 26).

The 3 biomarkers of systemic inflammation in the
active vs placebo vitamin D arms at baseline, year 1, and
percent changes from baseline to year 1 are shown in
Table 2. At year 1, the IL-6 concentration had risen
5.08% from baseline among those randomized to active
vitamin D, whereas it fell (by 2.88%) among those ran-
domized to placebo; the overall increase was significantly
greater among those in the active than in the placebo
vitamin D group [overall effect, +8.19% (95% CI,
1.52%-15.31%); adjusted P = 0.03]. None of the other
percent changes in biomarker concentrations over the
year was significantly different comparing active vs pla-
cebo vitamin D groups. Table 3 similarly displays the
geometric means and percent changes for the 3 biomark-

ers among those randomized to active vs placebo n-3 FA.
For all 3 biomarkers, overall percent changes over the
year did not differ between active and placebo n-3 FA
groups.

For all 3 biomarkers, stratified percent changes from
baseline to year 1 in placebo and active vitamin D groups,
percent changes, and tests of interactions between the
strata are shown in Table 4. No significant interactions
were observed for IL-6 between the vitamin D random-
ized group and sex, BMI, race, smoking, baseline IL-6, or
vitamin D concentration. For vitamin D’s effect upon
TNFR2, we observed a statistical interaction with race:
The overall effect on TNFR2 concentration was 1.69%
(95% CI, —0.26% to 3.68%) among whites, —1.50%
(95% CI, —5.43% to 2.60%) among African Americans,
and —4.61% (95% CI, —9.58% to 0.63%) among those
of other or unknown race (adjusted Pinteraction 0.03 for
effect among those of white vs other or unknown race;
Table 4). Among those with baseline vitamin D <20
ng/mL, active vitamin D was associated with a 35.71%
(95% CI, 7.78%-70.89%) net increase in hsCRP from
baseline to year 1, while among those with baseline
25(OH) vitamin D concentration >20 ng/mlL, there was
no change [0.49% (95% CI, —8.89% to 10.83%); ad-
justed P interaction 0.02; Table 4]. A directionally simi-
lar nonsignificant increase of 20.5% in IL-6 was also
noted among participants with low baseline 25(OH)D
concentration.
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Table 3. Biomarkers of systemic inflammation at baseline and 1 year, by n-3 FA randomization.
Overall percent
change active/ P P
Active n-3 FA, Placebo n-3 FA, placebo n-3 FA unadjusted adjusted
n=784 n=777 (95% ClI) model® model
Baseline In (IL-6) pg/mL, 1.69 (1.63-1.75) 1.70(1.63-1.77)
geometric mean (95% Cl)
Year 1 In (IL-6) pg/mL, geometric 1.70 (1.64-1.77) 1.72 (1.66-1.79)
mean (95% ClI)
Percent change from baseline 0.67% (-3.76 t0 5.31) 1.41% (-3.07 to 6.10) -0.73% (—6.87 to 5.81) 0.82 0.97
(95% Cl)
Baseline In (TNFR2) pg/mL, 2571.3(2528.1-2615.2) 2500.9 (2463.6-2538.8)
geometric mean (95% Cl
Year 1 In (TNFR2) pg/mL, 2605.3 (2561.4-2649.9) 2567.3(2527.7-2607.6)
geometric mean (95% Cl
Percent change from baseline 1.35% (0.17-2.55) 2.66% (1.46-3.87) -1.27% (-2.89 to 0.39) 0.13 0.13
(95% ClI)
Baseline In (hsCRP) mg/L, 1.57 (1.49-1.66) 1.43(1.35-1.51)
geometric mean (95% Cl)
Year 1 In (hsCRP) mg/L, geometric 1.63(1.54-1.72) 1.53(1.45-1.62)
mean (95% Cl)
Percent change from baseline 3.70% (—2.49 to 10.27) 7.90% (1.44-14.77) -3.89% (-11.92 to 4.86) 0.37 0.44
(95% Cl)
2 Linear models comparing natural logarithm of biomarker concentration in active vs placebo n-3 FA groups.
® Linear models comparing natural logarithm of biomarker concentration in active n-3 FA vs placebo n-3 FA groups, adjusted for age, sex, race, and vitamin D randomized treatment
group.

Investigating these results, we examined whether
changes in statin use in the active vs placebo vitamin D
groups could have influenced the observed changes in
hsCRP. There were slight differences in statin uptake and
discontinuation in the active vs placebo vitamin D over 1
year with 4.0% vs 6.1% starting (P = 0.06) and 5.1% vs
3.5% stopping (P = 0.14). Imputing a treatment effect
had limited effect overall. The overall net effect for the
active vs placebo vitamin D groups was a 6.1% increase in
hsCRP (2 = 0.18) assuming the more extreme 30% re-
duction with statin use. In the subgroup with baseline
25(OH) vitamin D levels <20 ng/mL, the difference was
more extreme, with 3.8% vs 9.0% starting (” = 0.09)
and 6.8% vs 1.8% stopping (P = 0.06), although this
was based on a small number in this subset (n = 244).
Imputing a statin effect again had limited impact on
overall estimates in this subgroup, with a net difference of
33.1% (P = 0.01) assuming a 20% reduction and 32.0%
(P = 0.02) for a 30% reduction.

Biomarker changes comparing placebo with active
n-3 FA assignment groups within strata are shown in
Table 5. No significant differences in the overall effects of
n-3 FA on the 1-year changes in IL-6 or TNFR2 were
observed across all strata investigated. However, the over-
all effect of active n-3 FA upon the 1-year change in
hsCRP differed by baseline fish intake. Among individ-
uals who had <1.5 servings of fish per week at baseline,
active n-3 FA was associated with a decline in hsCRP of
10.45% (95% CI, —20.44% to 0.79%), whereas an in-
crease of 6.36% (95% CI, —7.11% to 21.78%) was seen

1514 Clinical Chemistry 65:12 (2019)

among those with greater baseline fish intake (adjusted P
interaction 0.06; Table 5). These results were virtually
unchanged after accounting for changes in statin use. In
models testing for interactions using the continuous
baseline variables (age at randomization in years and BMI
in mg/ kgz), no significant interactions were detected for
any of the biomarker changes with either vitamin D or
n-3 FA randomized group (all 2> 0.05).

Discussion

In this substudy of 1561 participants of a large random-
ized trial of vitamin D and n-3 FA in older Americans, we
found no evidence that either of these widely used over-
the-counter nutritional supplements reduce biomarkers
of systemic inflammation over 1 year. Unexpectedly,
those randomized to active vitamin D compared with
placebo experienced an overall 8% increase in IL-6 con-
centration, consistent with a nonsignificant 6.9% in-
crease in hsCRP. In stratified analyses, we observed a
large increase in hsCRP (35.7%) and nonsignificant in-
crease of 20.5% in IL-6 among those randomized to vi-
tamin D with low vitamin D (<20 ng/mlL) at baseline,
but no effect among those with higher baseline vitamin
D. These results are contrary to our a priori hypothesis
and are difficult to explain on a biologic basis. We found
no evidence that vitamin D supplementation reduced
any of these markers of potentially harmful systemic in-
flammation. A borderline effect of active n-3 FA upon
biomarkers of systemic inflammation was observed
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among those with low fish intake at baseline (a —10.45%
decrease vs 6.36% increase in hsCRP among those with
higher intake at baseline). This finding is interesting
given the protective effect of active n-3 FA upon myocar-
dial infarction risk observed among those with low fish
intake at baseline in the parent VITAL trial (25).

The current results conflict with past studies, mainly
cross-sectional and case-control, which have reported in-
verse associations between vitamin D and n-3 FA levels
and biomarkers of systemic inflammation in a range of
diseases. Some, but not all, past randomized controlled
trials of these supplements in specific populations, such
as diabetes, hemodialysis, polycystic ovary syndrome,
and heart failure, have shown reductions in hsCRP with
vitamin D and marine w-3 supplementation (17, 37).
A meta-analysis of vitamin D supplementation trials in
type 2 diabetic individuals reported an overall reduction
of hsCRP by 0.34 ug/mL among those randomized to
=4000 IU/day (5). Our study, which had a 15% diabe-
tes prevalence, tested a 2000 IU/day dose of vitamin D,
similar to that in the diabetes trials. However, only one of
the past diabetes trials tested treatment for an entire year.

Although past trials were small, used varying doses
and durations of n-3 FAs, and several were null, meta-
analysis of past n-3 FA supplementation studies has sug-
gested that marine n-3 FAs™ effects upon reducing sys-
temic inflammation might be greater in those with
chronic inflammation, among the overweight, and with
longer use (7, 37). There is currently enormous interest
in n-3 FAs’ abilities to generate specialized proresolving
mediators of inflammation (SPMs), which may have pro-
found and widespread beneficial effects in both acute and
chronic inflammation (38). It is possible that the circu-
lating plasma biomarkers of systemic inflammation mea-
sured here do not reflect the body’s ability to produce
SPMs, as inflammation stimulating SPM generation may
take place in tissues and SPMs are likely generated for
short periods in times of acute inflammation. There is
also great interest in the ability of EPA metabolites such
as icosapent ethyl in reducing cardiovascular disease risk
among patients with high baseline cardiovascular disease
risk, as has been recently demonstrated among those with
high triglyceride levels and diabetes or other cardiovascu-
lar disease risk factors in the REDUCE-IT trial (39). Itis
not clear whether those observed reductions in cardiovas-
cular disease risk were mediated by reductions in systemic
inflammation detectable by the current biomarkers, or
attributable to mechanisms such as SPM generation or
changes in triglycerides and other cholesterol subsets.

Strengths of the current study include the blinded
randomized controlled trial design, a large proportion of
African American enrollees, high rates of adherence with
study medications, and balanced baseline covariates of
the participants. Participants continued to take the
blinded supplements for the year of this substudy, with

these measurements at baseline and 1 year, contrasting
with many past short-term studies of 6 to 24 weeks. Par-
ticipants also included smokers and nonsmokers, with a
range of BMI and baseline fish intake, ensuring ade-
quately sized subgroups for analyses. The results address
real-world over-the-counter use of these supplements by
older community-dwelling Americans from a variety of
sociodemographic backgrounds, with common comor-
bidities increasing the risk of systemic inflammation,
such as smoking, obesity, and diabetes.

The current study has potential limitations. Many
over-the-counter vitamin D and n-3 FA supplements are
available to the public, and this trial tested one specific
preparation and dose of each. The vitamin D5 dose was
chosen as 2000 1U/day to reduce the likelihood of ad-
verse events; these results do not address higher dose or
intermittent vitamin D use. Similarly, the Omacor prep-
aration studied may differ from other doses and prepara-
tions of n-3 FA supplements and may not be as effective
at inducing proresolution lipid mediators as others.
Blood samples were shipped and stored, not assayed im-
mediately, possibly affecting biomarker concentrations,
although this should have affected all trial arms similarly.
Serum 25(OH)D concentrations vary by season and ge-
ography, but baseline and follow-up samples were
matched on season, and participants’ geographic distri-
bution across the 4 subsample arms was balanced. Al-
though cholesterol-lowering medication use was evenly
balanced at baseline and 1 year, we had limited informa-
tion about other medications, such as corticosteroids,
which potentially could have influenced biomarker
concentrations.

In this study of participants in the VITAL trial,
neither vitamin D 2000 IU/day nor Omacor n-3 FA
supplements (1 g of EPA/DHA per day) reduced sys-
temic inflammation biomarkers over 1 year. Thus, it is
unlikely that these supplements, taken widely in the
general population, have major antiinflammatory ef-
fects. These results address important questions con-
cerning these supplements’ potential effects on inflam-
matory pathways.
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