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IMPORTANCE Marine omega-3 fatty acid (omega-3) supplements have been used to treat
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depression but their ability to prevent depression in the general adult population is unknown.

CME Quiz at
OBJECTIVE To test effects of omega-3 supplementation on late-life depression risk and mood jamacmelookup.com and CME

scores. Questions page 2425

DESIGN, SETTING, AND PARTICIPANTS A total of 18 353 adults participated in the VITAL-DEP
(Vitamin D and Omega-3 Trial-Depression Endpoint Prevention) ancillary study to VITAL,

a randomized trial of cardiovascular disease and cancer prevention among 25 871 US adults.
There were 16 657 at risk of incident depression (no previous depression) and 1696 at risk of
recurrent depression (previous depression, but not for the past 2 years). Randomization
occurred from November 2011 through March 2014; randomized treatment ended on
December 31, 2017.

INTERVENTIONS Randomized 2 x 2 factorial assignment to vitamin D5 (2000 [U/d), marine
omega-3 fatty acids (1g/d of fish oil, including 465 mg of eicosapentaenoic acid and 375 mg of
docosahexaenoic acid) or placebo; 9171 were randomized to omega-3 and 9182 were
randomized to matching placebo.

MAIN OUTCOMES AND MEASURES Prespecified coprimary outcomes were risk of depression or
clinically relevant depressive symptoms (total of incident + recurrent cases); mean difference
in mood score (8-item Patient Health Questionnaire [PHQ-8] depression scale).

RESULTS Among 18 353 participants who were randomized (mean age, 67.5 [SD, 7.1] years;
49.2% women), 90.3% completed the trial (93.5% among those alive at the end of the trial);
the median treatment duration was 5.3 years. The test for interaction between the omega-3
and the vitamin D agents was not significant (P for interaction = .14). Depression risk was
significantly higher comparing omega-3 (651 events, 13.9 per 1000 person-years) with
placebo (583 events, 12.3 per 1000 person-years; hazard ratio [HR], 113; 95% Cl, 1.01-1.26;

P =.03). No significant differences were observed comparing omega-3 with placebo groups
in longitudinal mood scores: the mean difference in change in PHQ-8 score was 0.03 points
(95% Cl, -0.01to 0.07; P = .19). Regarding serious and common adverse events, the
respective prevalence values in omega-3 vs placebo groups were major cardiovascular events
(2.7% vs 2.9%), all-cause mortality (3.3% vs 3.1%), suicide (0.02% vs 0.01%), gastrointestinal
bleeding (2.6% vs 2.7%), easy bruising (24.8% vs 25.1%), and stomach upset or pain

(35.2% vs 35.1%).

CONCLUSIONS AND RELEVANCE Among adults aged 50 years or older without clinically
relevant depressive symptoms at baseline, treatment with omega-3 supplements compared
with placebo yielded mixed results, with a small but statistically significant increase in risk of
depression or clinically relevant depressive symptoms but no difference in mood scores, over o
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a median follow-up of 5.3 years. These findings do not support the use of omega-3 affiliations are listed at the end of this
supplements in adults to prevent depression. article.
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utrient supplementation may be an efficient, safe, and

broadly applicable approach to depression preven-

tion, a public health priority.! Marine omega-3 fatty ac-
ids (omega-3) (eicosapentaenoicacid [EPA] and docosahexae-
noic acid [DHA]) may reduce depression risk and promote
favorable mood.>* Expert panels have supported omega-3
supplements for reducing major depressive disorder recur-
rence in select high-risk patients but not broadly.>® There are
no guidelines regarding omega-3 for depression prevention in
the general population.

A major limitation in assessing omega-3 as prevention is the
heterogeneity of participants.”-® In a meta-analysis® of 39 ran-
domized clinical trials (RCTs), only 6 included participants with-
out clinical depression: there was no mean difference in de-
pressive symptoms comparing omega-3 and control; treatment
durations were brief (range, 4-26 weeks). A meta-analysis of 9
RCTs with adults 60 years or older showed mixed results for re-
duction in depressive symptoms, although benefits appeared
greater with higher daily dosage®; samples were small and most
trials did not test prevention in initially nondepressed per-
sons. In an example of selective and indicated prevention,'®©
12-month treatment of 1025 adults with a multinutrient agent
containing 1.4 g/d of omega-3 had no effect on risk of major
depressive disorder.'! No study has yet been large enough to
examine omega-3 supplementation for universal prevention of
depression, which would require thousands of participants.!?
Thus, tests of universal depression prevention using daily doses
of nutraceuticals or registered therapeutics are rare.!>4

The Vitamin D and Omega-3 Trial-Depression Endpoint
Prevention (VITAL-DEP) was an ancillary study to the VITAL
parent trial and tested effects of daily vitamin D, and omega-3
supplementation vs placebo for depression prevention.
Coprimary outcomes were (1) total risk of depression (total oc-
currence of both incident and recurrent cases) and (2) long-
term trajectory of mood based on 6 annual assessments. Re-
sults from the vitamin D5 group were previously reported.'*
The design and results for omega-3 are presented herein.

Methods

Study Protocol Approval

All participants provided written informed consent. Approvals
for the parent trial and this study were obtained from the insti-
tutional review board of Brigham and Women’s Hospital. Anin-
dependent data and safety monitoring board regularly reviewed
data on end points and adverse events. The study protocol, in-
cluding enumeration of prespecified primary and secondary aims
and the statistical analysis plan appear in Supplement 1.

Participants

The parent trial tested effects of vitamin D; and marine omega-3
fatty acids on prevention of incident cancer and cardiovascu-
lar disease!>'®; 25 871 men aged 50 years or older and women
aged 55 years or older were randomized between November
2011 and March 2014 to receive vitamin D5 (2000 IU/d of
cholecalciferol), marine omega-3 (Omacor, a 1-g/d fish oil cap-
sule containing 465 mg of EPA and 375 mg of DHA) or match-
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Key Points

Question Doeslong-term supplementation with marine omega-3 fatty
acids (omega-3) prevent depression in the general adult population?

Findings In this randomized clinical trial that included 18 353
adults aged 50 years or older without depression or clinically
relevant depressive symptoms at baseline, daily omega-3
supplementation compared with placebo resulted in mixed
findings of a statistically significant increase in risk of depression or
clinically relevant depressive symptoms (hazard ratio, 1.13) but no
significant difference in change in 8-item Patient Health
Questionnaire depression scale mood scores (0.03 points,
comparing omega-3 with placebo), over a 5-year treatment period.

Meaning These findings do not support the use of omega-3 fatty
acid supplements in adults to prevent depression.

ing placebos in a 2 x 2 factorial design. Randomization was
computer-generated within sex, race, and 5-year age groups
in blocks of 8. Race and ethnicity were self-reported by select-
ing response options on the questionnaire; participants could
select as many as apply. Achieving a racially and ethnically di-
verse sample was a goal in the parent trial. Eligible partici-
pants were required to have no history of cancer or cardiovas-
cular disease; to have limited use of supplemental vitamin D,
to be willing to forego use of fish oil supplements, and to be
free of allergies or health conditions that would preclude par-
ticipation. Baseline blood samples were collected from 16 956
participants. Details have been published previously.!®!”

As described elsewhere,'* additional eligibility require-
ments of this study were absence of current clinically rel-
evant depressive symptoms (8-item Patient Health Question-
naire [PHQ-8] depression scale score =10 points); core features
of depression (anhedonia or dysphoria) for 2 or more weeks
within the past 2 years; current treatment for depression; or
major psychiatric or neurological conditions (Figure 1).

Follow-up Procedures

Parent trial participants were followed up annually via mailed
questionnaires to update information on illnesses or adverse
events, health and lifestyle factors, and study adherence.
Follow-up continued until the end of randomized treatment
on December 31, 2017, for a median treatment duration of 5.3
years (IQR, 5.0-5.7 years). The total follow-up and study pill
adherence rates were high, and use of outside fish oil supple-
ments was low (<3.5% in each group). Among a subset of 1583
participants, plasma omega-3 index levels measured at ran-
domization and 1 year later confirmed an increase of 55% in
the active group and less than 2% in the placebo group.'® Par-
ticipants randomized in later years did not complete the maxi-
mum of 5 postbaseline annual mood score questionnaires and
were administratively censored; thus, the proportion who re-
ceived the year-5 questionnaires was lower than for earlier fol-
low-up waves but did not differ between treatment groups.

Outcomes
The 2 coprimary outcomes of this study were (1) risk of

depression or clinically relevant depressive symptoms and
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Figure 1. Flow of Participants in the Vitamin D and Omega-3 Trial (VITAL)-Depression Endpoint Prevention Ancillary Study to the VITAL Trial®

401605 Participants completed screening questionnaire
and were assessed for eligibility

362175 Excluded

126823 Willing but ineligible?
73707 Willing but enrollment already reached
61304 Unwilling and ineligible
56703 Pending receipt of more information
43122 Eligible but unwilling

458 Incomplete information provided to
determine eligibility

39430 Initially willing and eligible to participate
and entered run-in phase

" 25871 Randomized )

13559 Excluded
7339 No response to run-in questionnaire
3989 Ineligible due to poor adherence and/or
new diagnosis excluding participation
1249 Unwilling to continue in trial
510 Incomplete information provided to
determine eligibility
460 Willing and able but enrollment goal
already reached

12933 Randomized to omega-3 fatty acids
9171 Followed up for depression

12938 Randomized to receive placebo
9182 Followed up for depression

status

796 Any: alcohol or substance use
disorder in past 12 mo;
delirium episode in past 12 mo;
major neurocognitive disorder;
schizophrenia or psychotic
disorder; bipolar disorder; PTSD
or OCD; clinical hypothyroidism
(per ICD/codes in study files)

379 Current symptoms PHQ-8210

outcomes outcomes
3762 Excluded 3756 Excluded
8 VITAL exclusions (inconsistent reported 9 VITAL exclusions (inconsistent reported
diagnosis dates) diagnosis dates)
3754 Additional VITAL-DEP exclusions® 3747 Additional VITAL-DEP exclusions®

1573 Core features (dysphoria, 1579 Core features (dysphoria,
anhedonia) for 22 wk anhedonia) for 22 wk

1469 Current medications and/or 1525 Current medications and/or
counseling for depression counseling for depression

1321 Missing or unknown depression P L 1293 Missing or unknown depression

status

834 Any: alcohol or substance use
disorder in past 12 mo;
delirium episode in past 12 mo;
major neurocognitive disorder;
schizophrenia or psychotic
disorder; bipolar disorder; PTSD
or OCD; clinical hypothyroidism
(per ICD/codes in study files)

376 Current symptoms PHQ-8210

Status at end of intervention
8851 Alive at the end of intervention

Status at end of intervention
8880 Alive at the end of intervention

320 Died
!

302 Died
!

9171 Included in the primary analysis

‘ 9182 Included in the primary analysis

@ The participant flow diagram for the 25 871 participants randomized in VITAL
has been provided elsewhere.”

®Included 76 190 individuals with history of cardiovascular disease, cancer, and/or
safety exclusion criteria; 32 647 individuals unwilling to forgo supplemental
vitamin D5 intake greater than 800 1U/d, supplemental calcium intake greater
than 1200 mg/d, or fish oil supplementation during the trial; 13 521 men younger

than 50 years and women younger than 55 years; and 4465 individuals who
reported another exclusion criterion (eg, participation in another trial).

€ Participants could have had more than 1exclusion condition. ICD indicates,
International Classification of Diseases; OCD, obsessive-compulsive disorder;
PHQ-8, 8-item Patient Health Questionnaire; PTSD, posttraumatic
stress disorder.

(2) longitudinal mood scores. A depression event (henceforth,
“depression or clinically relevant depressive symptoms™)
was defined as a new self-report of physician- or clinician-
diagnosed depression, treatment (medication or counseling)

jama.com

for depression, or presence of clinically relevant depressive
symptoms (PHQ-8 >10 points, a validated cutoff'®°) on an-
nual questionnaires, as previously described.!* Incident cases
arose from among those with no current or previous history of
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depression; recurrent cases arose from among those with prior
history of depression but currently without clinically relevant
symptoms or treatment for depression within the past 2 years.
Safety procedures included sending letters to participants with
elevated PHQ-8 scores.'*!” Longitudinal mood scores were as-
certained with the PHQ-8 on 6 annual questionnaires (range,
0-24 points; higher scores indicate worse mood); the prespeci-
fied minimal clinically important difference for change scores
was 0.5 points (Supplement 1).

Power Analysis

The study was designed to have 85% or greater power to de-
tect an observed hazard ratio (HR) of depression or clinically
relevant depressive symptoms of 0.85 with the planned total
sample of 18 200 (Supplement 1). This HR was obtained from
prior literature summarizing that, if an intervention for uni-
versal prevention of a mental disorder is completely effective
at addressing a source of risk, the incidence of cases could be
expected to be reduced by up to 15%.'* Power was greater than
99% to detect the minimal clinically important difference for
change in PHQ-8 score.

Statistical Analyses

Analyses of Coprimary Outcomes

Participants’ outcomes were analyzed according to their ran-
domization groups. Interaction between agents was tested using
a multiplicative interaction term'4; single agent effects were
tested after combining all participants randomized to omega-3
or to its matching placebo into 2 groups. In examining depres-
sion events, participants were followed up until the occur-
rence of the end point, death, or the end of the trial, whichever
came first; cumulative incidence curves were used to compare
the omega-3 and placebo groups. Cox proportional hazards mod-
els were used to estimate HRs and 95% CIs for omega-3 vs pla-
cebo, adjusting for age, sex, and the other randomized agent
(vitamin Ds). The proportional hazards assumption was as-
sessed by testing the treatment x log of follow-up time inter-
action (time-dependent model) and the Kolmogorov-type
supremum test. In examining mood scores over time, general
linear models of response profiles were used to estimate means,
adjusting for design variables, and time was modeled as an in-
dicator variable.?° Models were fitted using maximum likeli-
hood and correlations within participants were modeled using
an unstructured covariance pattern; statistical tests used the
Wald test.2° Participants with scheduled follow-up interviews
after the trial ended were administratively censored and treated
as missing completely at random. Data for other participants
missing interviews were treated as missing at random given their
observed baseline and follow-up data. Because results from the
2 coprimary outcomes could differ, we included plans to guide
interpretation (Supplement 1).

Prespecified Secondary Analyses

First, we addressed whether outcomes differed across sub-
groups selected a priori: age, sex, race, baseline plasma EPA
and DHA levels, baseline total fish and seafood consumption,
Charlson-Deyo comorbidity index,?-22 and the other treat-
ment (vitamin Ds). For subgroup analyses, interactions were
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tested using multiplicative interaction terms. Second, we ad-
dressed the potential influence of initiating antidepressants
during follow-up on the observed effect of omega-3 on longi-
tudinal mood scores. Third, analyses of effects of omega-3 on
risk of depression or clinically relevant depressive symptoms
were repeated with censoring at nonadherence (ie, taking less
than two-thirds of study pills).

Nonprespecified and Post Hoc Analyses

First, incident and recurrent depression or clinically relevant
depressive symptoms were addressed separately as out-
comes. Second, post hoc sensitivity analyses addressed addi-
tional censoring at the development of a cardiovascular dis-
ease or cancer end point; adjusting for cardiovascular disease
and cancer as time-updated covariates; Fine-Gray models treat-
ing death as a competing rather than censoring event??; re-
peating response profiles analysis of mood scores with omis-
sion of year-5 PHQ-8 values; censoring PHQ-8 scores at receipt
of amood safety letter. Third, repeated measures negative bi-
nomial regression was used as an alternative approach to model
change in PHQ-8 scores, which tend to be right skewed.

Fourth, because the total PHQ-8 score may not reflect
omega-3 effects on specific depressive features (eg, anhedo-
nia, sadness, sleep, fatigue), we addressed item-level symp-
tom burden, denoted by self-report of experiencing the symp-
tom “more than half the days” or “nearly every day.” We used
repeated-measures logistic regression and estimated the mean
effect of omega-3 on change in likelihood of item-level symp-
tom burden over follow-up. Fifth, when assessing the propor-
tional hazards assumption, the time-dependent model was sig-
nificant for age, and the supremum test was significant for age
and omega-3 randomized group and indicated possible dif-
ferences in treatment effect before vs after 2 years of follow-
up. Thus, in post hoc analyses we computed HRs by (1) allow-
ing the baseline hazard to differ by baseline age groups and
(2) excluding events within the first 2 years.

Sixth, given the known sex differences in late-life depres-
sion rates,2* as well as potential sex differences in treatment
effects in this study, we conducted additional sex-specific
analyses. Seventh, we examined effects of omega-3 among
participants with mild depressive symptoms (PHQ-8 range,
5-9 points'®!°) at baseline.

Changes to the Study Protocol

Differences between the initial statistical analysis plan and pub-
lished protocol'” and this report are briefly described herein
and detailed elsewhere.'* Due to a copyediting error, text in
one portion of Supplement 1 describes the use of the PHQ-8
diagnostic algorithm for the mood score outcome rather
than the PHQ-8 score cutoff of 10 or more, which is else-
where described in Supplement 1 as the threshold for mood
safety follow-up procedures; the PHQ-8 score cutoff of 10
or more was used throughout the entire study period for
both the mood score outcome and safety tracking proce-
dures. Other changes include: increased target enrollment in
the parent trial; increased number of participants with base-
line plasma EPA and DHA levels; modified minimum age for
eligibility; forgoing use of Centers for Medicare & Medicaid

jama.com
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Table 1. Characteristics of Participants at Baseline, According to Randomized Assignment

to Omega-3 Fatty Acid or Placebo?®

No. (%)

Omega-3 group

Placebo group

Characteristic (n=9171)° (n = 9182)°
Age, mean (SD), y 67.4(7.1) 67.5(7.0)
Age groups, y
50-54 354 (3.9) 298(3.3)
55-64 2947 (32.1) 3018(32.9)
65-74 4633 (50.5) 4598 (50.1)
>75 1237 (13.5) 1268 (13.8)
Sex Abbreviations:
Men 4674 (51.0) 4656 (50.7) DHA, docosahexaenoic acid;
Wi 4497 (49.0) 4526 (49.3) EPA, eicosapentaenoic acid.
e e e 2 Full comparison of baseline
g characteristics can be found in
No. 8982 9007 eTable 1in Supplement 2.
African American or Black 1683 (18.7) 1724 (19.1) bUnless otherwise stated.
Asian 150 (1.7) 144 (1.6) ¢ Race and ethnicity were reported
Hispanic (not African American) 347 (3.9) 361 (4.0) by participants.
d ' "
Native American or Alaska Native 80 (0.9) 70(0.8) Includes Native Hawaiian or other
. . . Pacific Islander, multiple race,
Non-Hispanic White 6563 (73.1) 6534 (72.5) unknown race, or unknown
Other? 159 (1.8) 174 (1.9) ethnicity.
Charlson-Deyo comorbidity index, points® ¢ A weighted comorbidity score
0 7764 (84.7) 7776 (84.7) derived from the sum of the scores
. ’ for each of several major medical
1 1206 (13.2) 1199(13.1) comorbid conditions. Participants
>2 201 (2.2) 207 (2.3) were categorized as having O, 1, or 2
Baseline biomarker levels, median (IQR), %" or more points.
No 5591 5638 f Expressed as a percent of the total
’ phospholipid fatty acids.
HEEIEIES el el 05 (@) & Assessed by a modified version of
No. 5598 5639 Harvard food frequency
Plasma DHA 1.9 (1.5-2.4) 1.9(1.6-2.4) questionnaire. The combined
Intake of total fish and seafood, median (IQR), servings/wk9 1.5(0.9-2.5) 1.5(0.9-2.5) category includes |nta|<g of
mackerel, salmon, sardines,
Randomization in vitamin D5 portion of trial bluefish, swordfish, canned tuna,
Active agent group 4608 (50.3) 4573 (49.8) cod, haddock, halibut; breaded fish
e 4563 (49.8) 4609 (50.2) cakes, pieces, or fish sticks; shrimp,

lobster, scallops.

Services data to supplement depression information because
linkage was unavailable for nearly one-third of the participants.

Statistical analyses were performed using SAS (SAS Insti-
tute Inc). Tests were 2-sided; for an a level of .05. Because of
the potential for type I error due to multiple comparisons, find-
ings from secondary and subgroup analyses should be inter-
preted as exploratory.

. |
Results

Baseline Characteristics

Among the 18 353 participants, 9171 were randomized to re-
ceive omega-3 and 9182 were randomized to receive placebo
(Figure 1); 90.3% completed the trial (93.5% among those alive
at the end of'trial). The median follow-up was 5.3 years. Base-
line characteristics were balanced between treatment groups
(eTable 1 in Supplement 2) and were similar to those among
the 25 871 participants in the parent trial; the mean age was
67.5 years, women comprised 49% of the sample, and 27% rep-

jama.com

resented racial and ethnic minority groups (Table 1). Mean
plasma EPA and DHA levels were identical in the omega-3 and
placebo groups. Additional characteristics are provided in
eTable 1in Supplement 2. Percentages of those eligible for in-
cidence and recurrence were similar by treatment group: 90.7%
(8322 of 9171) and 9.3% (849 of 9171) in the omega-3 group;
90.8% (8335 of 9182) and 9.2% (847 of 9182) in the placebo
group (Supplement 2).

Primary Outcomes

The test for interaction between the omega-3 and vitamin D
agents was not significant (P for interaction = .14). There were
651 cases of depression or clinically relevant depressive symp-
tomsin the omega-3 group (13.9 per 1000 person-years) and 583
cases in the placebo group (12.3 per 1000 person-years). The ad-
justed HR was 1.13 (95% CI, 1.01-1.26; P = .03). Cumulative inci-
dence curves showed separation between treatment groups ap-
proximately 2 years after randomization (Figure 2). The mean
difference in change between treatment groups in PHQ-8 change
scores was not significantly different from O over the entire
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. ro Ia follow-up (0.03 points; 95% CI, —0.01-0.07; P = .19) or at any time
s point during follow-up (Table 2; Supplement 2).
g3 an | 2
L £ © Fun ~ i =
i o w0 [
o 3 ! © Secondary Outcomes
Q b ' 2 . o .
,; : i S <o |3 There were no significant differences between treatment
s . B o = . .
N H g = g groups by subgroups, except elevated depression risk ob-
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Table 2. 8-Item Patient Health Questionnaire (PHQ-8) Depression Scale Mood Scores Each Year Since Randomization vs Baseline®

Omega-3 group Placebo group

Mean difference

No. of Adjusted mean No. of Adjusted mean in change P value for
participants (95% CI)® participants (95% CI)® (95% CI)© P value interaction

Baseline 9171 1.09 (1.06 to 1.13) 9182 1.11(1.08to0 1.15)

Year 1 vs baseline 8471 0.05 (0.01 to 0.09) 8549 0.01 (-0.02 to0 0.05) 0.03 (-0.02 to 0.09) 21

Year 2 vs baseline 8354 0.07 (0.03t0 0.11) 8371 0.04 (0.00 to 0.08) 0.03 (-0.03 t0 0.08) .38

Year 3 vs baseline 8116 0.10(0.06 t0 0.15) 8172 0.06 (0.02 t0 0.10) 0.05 (-0.01t00.10) 13

Year 4 vs baseline 7676 0.08 (0.04t00.12) 7690 0.05 (0.01 to0 0.09) 0.03 (-0.03 to 0.09) .29

Year 5 vs baseline 5295 0.18(0.13t00.23) 5252 0.19(0.13t0 0.24) -0.01(-0.08 to 0.06) .79 .52

1- to 5-y Average 9171 9182 0.03 (-0.01t00.07) .19

vs baseline

2 Assesses the severity of depressive symptoms (range, 0-24). Higher scores
indicate higher severity of depression. The prespecified minimal clinically
important difference for change in score was 0.5. Distribution of
PHQ-8 scores in omega-3 fatty acid and placebo groups by study year is
provided eFigure 4 in Supplement 2. Analyses were from general linear
models of response profiles to estimate the means, with time modeled as
indicator variables; models were controlled for age, sex, and vitamin D3
randomization group.

b Adjusted means (95% Cl) within each treatment group are shown at baseline
and adjusted mean differences in change (95% CI) within each treatment
group are shown for each follow-up time point. The repeated measures model

used all available responses and can handle missing outcome data, which were
assumed missing at random.

< Net difference in change comparing the omega-3 fatty acid and placebo
groups from the repeated measures model. The final row shows the main
outcome of the net difference between treatment groups in PHQ-8 change
scores averaged across all follow-up years (years 1-5) from the repeated
measures model; all participants contributed data to the repeated measures
analysis at 1or more times.

9 The P value for interaction is from the test of the 5 degree-of-freedom
treatment x time interaction term in the model.

2.7%), easy bruising (24.8% and 25.1%), and stomach upset
or pain (35.2% and 35.1%) (eTable 18 in Supplement 2). Full
details on adverse events for the VITAL omega-3 group
appear elsewhere.!®

|
Discussion

Among adults aged 50 years or older without clinically rel-
evant depressive symptoms at baseline, treatment with
omega-3 supplements compared with placebo yielded mixed
results, with a small but statistically significant increase in risk
of depression or clinically relevant depressive symptoms but
no difference in mood scores, over a median follow-up of
5.3 years. These findings do not support the use of omega-3
supplements in adults to prevent depression.

Results from prespecified subgroup analyses suggested a
modest increased risk, comparing omega-3 with placebo, of
depression or clinically relevant depressive symptoms
among women; this was limited to incident depression and
considered exploratory. Item-level exploratory analyses sug-
gested that core depression features were most elevated in
the omega-3 compared with placebo group; thus, the signal
for higher risk in women appeared unlikely to be driven by
higher endorsement in the omega-3 group of somatic or other
complaints (eg, fatigue, appetite change, motor symptoms).
Item-level analyses may help explain differences in results
for the coprimary outcomes. Although there were no statisti-
cally significant differences between treatment groups
in total PHQ-8 scores, the apparent increased risk of core
features at the item level is consistent with the increased
risk in depression events, primarily among older women
at risk of incident depression. Although all subgroup and
post hoc analyses are considered exploratory or hypothesis-
generating, the findings point to future work. For example,

jama.com

further studies, including RCTs,?> will be needed to examine
potential sex differences in mood responses to omega-3 and
to address their biological basis (eg, potential differences in
mood- or emotion-regulation brain circuitry in postmeno-
pausal older women with vs without prior depression°-28),

Although results from this study contrast some evidence
in support of omega-3 as adjunctive treatment or secondary
prevention among high-risk persons with an established
history of mood disorders, they are consistent with re-
sults from shorter-term and smaller-sample RCTs that
showed no benefit of omega-3 for prevention of depression in
community-based samples of adults without clinical depres-
sion at baseline.”-®!! Also, evidence for omega-3 as a treat-
ment augmentation for adults with major depressive dis-
order is modest and has not uniformly shown benefit.>-6-29-30
These results differ from the majority of evidence from meta-
analyses and large observational studies addressing associa-
tions of dietary omega-3 fatty acid and fish intake with
depression risk; these studies show protective associations in
the range of 15% to 30% relative risk reductions when con-
trasting higher vs lower intake levels.?>>*2 However, in analy-
ses using genomics tools to reduce bias and confounding,*
gene variants associated with plasma omega-3 fatty acid
concentration are not related to risk of depression. Overall,
these findings indicate no net benefit of omega-3 supplemen-
tation for depression prevention in the general adult popula-
tion. Future work should clarify signals of small increased
risks among older women, especially those with no prior his-
tory of depression.

Strengths of this study included: a large general population-
derived national sample; high racial and ethnic diversity;
moderate- to high-dose supplement given daily; long duration
of double-blind randomized treatment; high follow-up and ad-
herence; extensive covariate and biomarker data for character-
izing subgroup; testing universal prevention of depression.
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Figure 3. Primary, Secondary, and Nonprespecified and Post Hoc Outcomes Comparing Omega-3 Fatty Acids and Placebo?®

Omega-3 group Placebo group

Case rate Case rate P value
Event/No. of per 1000 Event/No. of per 1000 Hazard ratio Favors : Favors (P interaction
Outcomes participants  person-years  participants person-years  (95% Cl) omega-3 : placebo for subgroups)
Primary outcome
Total depression 651/9171 13.9 583/9182 12.3 1.13(1.01-1.26) —a— .03
Subgroup analyses
Sex
Women 379/4497 16.7 307/4526 13.3 1.26 (1.08-1.47) —a— 03
Men 272/4674 11.3 276/4656 11.5 0.99 (0.83-1.17) ——
Age,y
50-64 242/3301 14.7 214/3316 12.8 1.15(0.96-1.38) ———
65-74 315/4633 13.1 283/4598 11.8 1.11(0.95-1.31) - .90
275 94/1237 15.0 86/1268 13.2 1.15(0.86-1.54) —
RaceP
African American or Black 135/1683 16.2 126/1724 14.7 1.11(0.87-1.41) —
Non-Hispanic White 439/6563 13.0 388/6534 11.5 1.14(1.00-1.31) —— .63
Other¢ 60/736 15.7 58/749 14.8 1.04 (0.73-1.50) —_—
Baseline plasma EPA level median, %
<0.50 170/2187 15.1 141/2131 12.7 1.21(0.96-1.51) —— 34
20.50 220/3404 12.5 218/3507 11.9 1.04 (0.87-1.26) ——
Baseline plasma DHA level median, %4
<1.90 184/2525 14.1 145/2476 11.2 1.27(1.02-1.58) —— 10
21.90 207/3073 13.0 215/3163 13.1 1.00(0.82-1.21) —
Total fish and seafood intake, servings per wk®
<1.47 337/4785 13.7 297/4770 12.1 1.14(0.98-1.33) - 9
21.47 306/4251 14.2 274/4272 12.4 1.14(0.97-1.34) -
Charlson-Deyo comorbidity index, pointsf
0 493/7764 12.4 436/7776 10.8 1.14(1.01-1.30) ——
1 127/1206 21.3 121/1199 20.2 1.04 (0.81-1.34) —— 93
22 31/201 31.7 26/207 25.2 1.30(0.77-2.20) -
Randomization in vitamin D5 portion of trial
Active agent group 335/4608 14.3 274/4573 11.6 1.23(1.05-1.44) —— 14
Placebo group 316/4563 13.5 309/4609 13.1 1.04 (0.89-1.22) —a—
Post hoc outcomes
Incident depression 493/8322 11.5 427/8335 9.9 1.17(1.03-1.33) —— .02
Recurrent depression 158/849 38.8 156/847 38.2 1.02(0.82-1.27) — 88
0.‘6 ‘ 0‘.8 ‘ 1 2‘ ‘3

Hazard ratio (95% CI)

2 Analyses to compute hazard ratios (HRs) and Cls were from Cox regression
models that were controlled for age, sex, and vitamin D3 randomization group;
for subgroup analyses, interactions were tested using multiplicative
interaction terms. Because of the potential for type | error due to multiple
comparisons, findings for analyses of secondary end points and subgroups
should be interpreted as exploratory. Total depression is the sum of incidence
and recurrence of depression or clinically relevant depressive symptoms.
Incident depression cases arose from among the 16 657 participants with no
history of depression history at baseline. Recurrent depression arose from
among the 1696 participants with a prior history of depression but were
without clinically relevant symptoms or treatment for depression within the
past 2 years at baseline.

b Race and ethnicity were self-reported by participants.

€ Included Hispanic (not African American), Asian, Native Hawaiian or other
Pacific Islander, multiple race, or unknown race or unknown ethnicity.

dBaseline plasma levels of EPA and DHA were expressed as a percent of total
phospholipid fatty acids. Intake of food related to omega-3 fatty acids were
assessed by modified version of Harvard food frequency questionnaire.

€ The combined category included intake of mackerel, salmon, sardines,
bluefish, swordfish, canned tuna, cod, haddock, or halibut; breaded fish cakes,
pieces, or fish sticks; shrimp, lobster, or scallops.

f The Charlson-Deyo comorbidity index is a weighted comorbidity score derived
from the sum of the scores for each of several major medical comorbid
conditions; participants were categorized as having O, 1, or 2 or more points.

DHA indicates docosahexaenoic acid; EPA, eicosapantaenoic acid.

Limitations

This study has several limitations. First, outcome misclassifi-
cation was possible due to self-reported depression variables;
however, the data support validity of case ascertainment.'*
Second, few persons in this sample would likely be severely
omega-3-nutrient deficient; however, there is no established
healthful lower limit of omega-3 blood levels. Third, although

JAMA December 21,2021 Volume 326, Number 23

blood omega-3 index levels increased 55% in the omega-3
group vs the placebo group, it is unknown whether this
increase correlated with attained brain levels. Fourth, the
treatment agent did not include plant-based omega-3 and the
EPA:DHA ratio was balanced; however, accumulating evi-
dence indicates EPA as most relevant to depression.® The
study did not determine preventive effects of alternative
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compositions of omega-3, and meta-regression data from trials
in older adults suggested omega-3 doses of 1.5 g/d or higher may
be necessary for reducing depressive symptoms.® Fifth, the
study was underpowered to detect subgroup differences. Sixth,
by design, this study did not include all participants originally
randomized into the parent trial; although treatment groups
were balanced at baseline on measured factors, there was less
protection against potential confounding by unmeasured fac-
tors. Seventh, potential for type I error should be considered.
In particular, because of the potential for type I error due to mul-
tiple comparisons in the current study and other VITAL sub-
studies, findings from secondary and subgroup analyses should
be interpreted as exploratory. Eighth, results are not general-
izable to children or younger adults. Ninth, the PHQ-8 ques-
tionnaire does not measure suicidality, so effects of omega-3

Original Investigation Research

on suicide outcomes could not be determined. The number of
suicide deaths (3) was low, as expected in a study with fewer
than 100 000 person-years.

. |
Conclusions

Among adults aged 50 years or older without clinically rel-
evant depressive symptoms at baseline, treatment with
omega-3 supplements compared with placebo yielded mixed
results, with a small but statistically significant increase in risk
of depression or clinically relevant depressive symptoms but
no difference in mood scores, over a median follow-up of 5.3
years. These findings do not support the use of omega-3 supple-
ments in adults to prevent depression.
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Answer all questions accurately and completely in order to provide the PHRC with the relevant
information to assess the risk-benefit ratio for the study. Do not leave sections blank.

PRINCIPAL/OVERALL INVESTIGATOR
Olivia |. Okereke, MD, SM

PROTOCOL TITLE
VITAL-DEP: Depression Endpoint Prevention in the VITamin D and OmegA-3
TrialL

FUNDING
1 RO1 MH091448-01A1 from the National Institutes of Health (NIH)

VERSION DATE
March 27, 2012

SPECIFIC AIMS

Concisely state the objectives of the study and the hypothesis being tested.

Our aim is to investigate prospectively the effect of two agents — vitamin D and omega-3 fatty acids —
for reducing the risk of depression and yielding better mood scores in the context of a large
randomized clinical trial with 5 years of follow-up. Specifically, the VITamin D and OmegA-3 TriaL
(VITAL) was just funded to assess the ability of these agents to prevent cardiovascular disease and
cancer in a 2x2 randomized, double-blind, placebo-controlled factorial trial among 20,000 men and
women, aged =60 and =65 years, respectively.

VITAL-DEP is an ancillary study of VITAL (IRB # 2009P001217); all participants will be members of
the main VITAL protocol. The VITAL-DEP protocol is intimately linked to the VITAL protocol that
already been IRB approved. We present here only activities that are part of the VITAL-DEP study.
As with the parent proposal, we are asking for IRB review of our protocols in segments, and this
application is for the FULL cohort portion of VITAL-DEP, which involves all 20,000 VITAL
participants. For details please see RESEARCH DESIGN AND METHODS.

Specifically, we propose to evaluate the following aims:
PRIMARY AIMS

1. We will test whether vitamin D3 (cholecalciferol: 2000 1U/d) or marine omega-3 (EPA: 500 mg/d +
DHA: 500 mg/d) supplementation reduces risk of incident and recurrent clinical depressive
syndrome compared to placebo among all 20,000 participants in the VITAL trial.

2. We will test whether vitamin D3 (cholecalciferol: 2000 1U/d) or marine omega-3 (EPA: 500 mg/d +
DHA: 500 mg/d) supplementation yields better continuous mood scores on repeated measures
compared to placebo among all 20,000 VITAL trial participants over the 5-year study period.

SECONDARY AIMS

1. Response to D3 among African-Americans in the VITAL cohort:
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a. We will test whether African-American race modifies effects of vitamin D3 supplementation on
late-life depression risk and on mood scores among all VITAL participants (African-Americans, who
will be over-sampled and will represent 25% of the VITAL study population, are disproportionately
affected by vitamin D insufficiency).

2. Response to D3 and EPA+DHA among key clinical subgroups in the CTSC sub-cohort:

a. We will test whether individuals at high risk for depression (e.g., elevated anxiety, physical
functional impairment, chronic medical iliness, living without partner) will demonstrate lower 2-year
risk of clinical depressive syndrome and depression scores over 2 years on active agent vs. placebo.
b. We will test whether individuals with subsyndromal depressive symptoms will demonstrate lower
2-year risk of major depressive disorder and depression scores over 2 years on active agent vs.
placebo. NOTE: A separate IRB application will be submitted for the CTSC sub-cohort portion.

3. Response to D3 and/or EPA+DHA by baseline plasma biomarker levels in a nested case-control
sample:

a. We will test whether low baseline vitamin D and EPA+DHA levels will be associated with elevated
risk of clinical depressive syndrome and worse depression scores over 5 years in the full VITAL
cohort.

b. We will test whether effects of vitamin D3, and of EPA+DHA, on risk of clinical depressive
syndrome and on depression scores will be modified by baseline plasma levels of vitamin D, and of
EPA+DHA, respectively.

EXPLORATORY AIMS — we will address whether:

a. Combined vitamin D3 and EPA+DHA will exert synergistic or additive effects on risk of clinical
depressive syndrome and on depression scores over time;

b. Effect of vitamin D3 or EPA+DHA supplementation will vary by (1) age, (2) gender, (3) baseline
intakes of vitamin D and omega-3, (4) baseline major medical comorbidities, (5) geographic
region/latitude (for vitamin D3), and (6) physical activity (for vitamin D3).

BACKGROUND AND SIGNIFICANCE

Provide a brief paragraph summarizing prior experience important for understanding the
proposed study and procedures.

Despite much progress in the treatment of mood disorders, depression continues to be a leading
cause of disease burden and disability for millions of older Americans. VITAL-DEP proposes to
leverage the strengths of the VITAL (1 UO1 CA138962; IRB # 2009P001217) 2x2 factorial cancer
and heart disease prevention trial using vitamin D3 and marine omega-3 fatty acid (w-3)
supplementation among 20,000 men and women aged =60 and =65 years, respectively, and to
implement procedures to estimate the effects of these agents on mood and risk of late-life
depression; VITAL also includes a sub-cohort of 1,000 participants recruited to a Clinical and
Translational Science Center (CTSC). Biologic and observational data support potential mental
health benefits of both vitamin D and omega-3 fatty acids. However, it remains unclear whether
these supplements can prevent onset of late-life depression or significantly reduce late-life
depressive symptoms.

VITAL-DEP will have adequate sample size and statistical power to address both primary (incidence)
and secondary prevention (recurrence) of depression and to utilize all modalities of state-of-the-art
prevention research: universal, selective and indicated. Findings from this proposed study will clarify
whether these agents reduce risk of late-life depression and depressive symptoms, and will provide
important data that will be applicable to public health and clinical guidelines for both primary and
secondary prevention of depression.
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RESEARCH DESIGN AND METHODS

Briefly describe study design and anticipated enrollment, i.e., number of subjects to be enrolled
by researchers study-wide and by Partners researchers. Provide a brief summary of the
eligibility criteria (for example, age range, gender, medical condition). Include any local site
restrictions, for example, “Enrollment at Partners will be limited to adults although the sponsor’s
protocol is open to both children and adults.”

VITAL-DEP is an ancillary study of VITAL (IRB # 2009P001217). The VITAL-DEP protocol is
intimately linked to the VITAL protocol that already been IRB approved. As with the parent proposal,
we are asking for IRB review of our protocols in two segments. In the first stage of this application,
we are seeking permission for the following activities that involve the FULL cohort of VITAL.:

1. Receive updated data from the main VITAL parent trial regarding responses to the VITAL
mood questionnaire items.

2. Conduct enhanced telephone follow-ups with and send letters to VITAL participants who
meet an algorithmic threshold for clinically significant depressive symptoms on the VITAL
mood questionnaire.

3. Receive updated data from the main VITAL parent trial (via CMS [Centers for Medicare and
Medicaid Services] contractor) regarding evaluations, diagnoses and treatments related to
mood disorders (including depression) and other Diagnostic and Statistical Manual-1V (DSM-
IV) disorders.

4. Conduct biomarker analyses of baseline plasma vitamin D (25-hydroxy-vitamin D [25(OH)D])
and EPA and DHA acid levels among a subset (n=1,500) of the 20,000 VITAL participants, in
a nested case-control design, using pre-randomization blood samples collected by the main
VITAL study.

In parallel with the main VITAL study, in this application we are not applying for permission perform
the CTSC component (which will have its own separate IRB application). In the separate CTSC IRB
application we will seek permission for all CTSC protocol activities, with detailed descriptions of the
protocols and human subject protection issues. This present summary will include brief descriptions
of the portions of the protocol for which we will seek IRB approval in the later application.

Study Design:

We will conduct an ancillary study of depression within the VITAL trial (VITAL-DEP). VITAL-DEP will
be a randomized, double-blind, placebo-controlled 2x2 factorial clinical trial among 20,000 men and
women, respectively aged =60 and 265 years. All participants in VITAL-DEP will be participants in
the main VITAL trial (IRB # 2009P001217) and will be followed up for 5 years. We will assess
primary outcomes of the effects of the agents on prevention of incident and recurrent late-life
depression as well as benefits of the agents on continuous mood scores. The depression endpoint
(“depression”) in VITAL-DEP will be defined as any clinically significant depressive syndrome. This
combined depression endpoint will include the following DSM-IV and International Classification of
Disease-9 (ICD-9) diagnoses: major depressive disorder (MDD), dysthymia, adjustment disorder
including depressed mood, and depressive disorder not otherwise specified (NOS).

Anticipated enrollment:

Up to 20,000 men and women, respectively aged 260 and 265 years — the full complement of the
VITAL cohort — may be enrolled. However, given expected current prevalence of depression in this
population (which was informed by the available gender-, age- and ethnicity-specific evidence), we
anticipate that 18,200 persons will meet the additional eligibility criteria for VITAL-DEP (see below).

Eligibility criteria:

Participants in VITAL-DEP will be enrolled from across the US by mailed questionnaires.

Partners Human Subjects Research Application Form Filename: Protocol Summary
Version Date: June 1, 2005 3




Participants in VITAL-DEP will meet the criteria for eligibility of the main VITAL trial: (1) men aged
aged =60 years and women aged 265 years, (2) have at least a high school education (to complete
mail-based questionnaires); (3) have no history of cancer (except non-melanoma skin cancer), M,
stroke, TIA, angina pectoris, CABG, or PCI; (4) have none of the following safety exclusions: history
of kidney stones, renal failure or dialysis, hypercalcemia, hypo- or hyperparathyroidism, severe liver
disease (cirrhosis), or sarcoidosis or other granulomatous diseases, such as active chronic
tuberculosis or Wegener’s granulomatosis; (5) have no allergy to fish (for DHA+EPA); (6) have no
other serious illness that would preclude participation; (7) are consuming no more than 800 IU of
vitamin D from all supplemental sources combined (individual vitamin D supplements,
calcium+vitamin D supplements, medications with vitamin D [e.g., Fosamax Plus D], and
multivitamins), or if taking, willing to decrease or forego such use; (8) are consuming no more than
1200 mg/d of calcium (the RDA for individuals aged >50) from all supplemental sources combined,
or if taking, willing to decrease or forego such use during the trial; (9) are not taking fish oil
supplements, or if taking, willing to forego their use during the trial; and (10) are willing to participate,
as evidenced by signing the informed consent form.

In addition to the above criteria, VITAL-DEP will have additional eligibility criteria. Additional
exclusions for VITAL-DEP are: 1) current significant depressive symptoms; 2) self-reported history of
dysthymia with active dysthymic symptoms in the past one year; 3) self-reported core major
depressive disorder symptoms for a period of two or more weeks in the past two years; 4) any
history of alcohol and/or substance abuse disorder active in the past 12 months, schizophrenia or
other primary psychotic disorder, bipolar disorder, post-traumatic stress disorder or obsessive-
compulsive disorder; 5) any psychiatric hospitalization in the past 2 years; 6) current psychotherapy
or use of psychotropics (including non-prescription drugs or herbals for treatment of mood
disorders), except for limited use of mild sedatives/hypnotics; 7) history of major neurologic disorder
(e.g., Parkinson disease, Alzheimer disease or other dementia, brain tumor, seizure disorder) or
delirium episode in the past 12 months.

Local site restrictions:
Participants in VITAL and VITAL-DEP will be enrolled from across the US by mailed questionnaires;
thus there is no local site recruitment.

Briefly describe study procedures. Include any local site restrictions, for example, “Subjects
enrolled at Partners will not participate in the pharmacokinetic portion of the study.” Describe
study endpoints.

Study procedures:

1) Enroliment: The participants of VITAL will be enrolled by a screening questionnaire. Those who
are screened receive another questionnaire that includes questions on nutrition and supplement use,
health history, and willingness to participate in blood draws (“Would you be willing to provide a blood
sample if we sent you a convenient collection kit containing everything you need?”).

2) Run-in: Those who meet the basic VITAL eligibility criteria will then undergo a run-in period to
identify the excellent compliers. In this period, all participants will be given placebo vitamin D and
placebo fish oil and assessed on compliance and willingness to continue. In addition, all participants
will be asked for blood samples and completion of questionnaires on diet and depression (as part of
the main VITAL protocol).
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Importantly, using the mood items on the run-in questionnaires, we will ascertain current and past
history of depression symptoms, diagnoses and/or treatments. This information (supplemented by
information from CMS) will be used to determine eligibility for VITAL-DEP.

To perform follow-ups for VITAL participants scoring above established cutoffs for the PHQ-8, we
will adhere to a hierarchical approach to follow-up contacts, optimizing feasibility, timeliness and
contact coverage of our participants. First, we will be sending letters to all VITAL participants who
score above the PHQ-8 =10 algorithmic cutoff, where there is no self-report by the participant of both
recent diagnosis and treatment of depression on the questionnaire or an indication of such from the
CMS data. These letters serve to educate participants about the presence of mood problems that
could include depression and to encourage them to discuss their mood with their health provider; the
letters also provide contact information should the participants wish to speak with study investigators
about the letter. Data computer programmers will be able to determine such status as soon as
returned questionnaires are processed into the system, triggering generation of the follow-up letters.
We have composed three letters to cover all participants in the VITAL study who return responses to
the PHQ-8: 1) those who are subsequently randomized to active study pills, 2) those who are later
determined to be ineligible for VITAL, and 3) those who indicate unwillingness to continue future
involvement in the study. A key goal is to ensure that participants are educated about the need to
discuss their mood with their local providers and, thus, initiate a path for ongoing evaluation and/or
treatment as necessary; thus, among participants who are randomized and continue in the study, we
will only conducts these contacts when participants first report above-threshold scores. These letters
will also be sent to any participant who scores above the threshold for clinically significant
depressive symptoms on the PHQ-8 (215) (N.B.: work by the developers of the PHQ-8 indicates
likely depression of moderate-to-severe degree at this score), regardless of whether they report
recent depression diagnosis or treatment, or whether they have any core features (depressed mood
or anhedonia) in the PHQ algorithm. We feel that this step is important: although some individuals
with PHQ-8 scores 215 may not meet DSM-IV criteria for major depression, persons with such
symptoms may be at increased risk of poor outcomes if their symptoms go unrecognized and/or
untreated and/or under-treated.

3) Randomization: Those who demonstrate good compliance and a willingness to continue with the
2x2 factorial trial will be randomized by VITAL.

4) Follow-up data collection:
A. Self-reported symptoms (PHQ-8) as well as diagnoses and treatment(s) will be ascertained from
responses on the VITAL baseline (year 0) and follow-up questionnaires (years 1, 3 and 5).

B. On an annual basis, CMS data diagnoses and treatments related to depression and/or other
mental disorders will be ascertained with the assistance of VITAL’s CMS contractor ResDAC
(www.resdac.unm.edu/Index.asp).

C. The combination of the above follow-up data (self-reports on the VITAL questionnaires and CMS
data) will be used to ascertain the depression endpoint.

5) Biochemical analyses of baseline vitamin D and omega-3 fatty acids will be conducted on blood
samples collected as part of the main VITAL protocol. Participants will comprise a nested case-
control study and will be selected from among VITAL participants with baseline, pre-randomization
blood samples (as part of the main VITAL protocol). Blood levels of 25(OH)D and marine omega-3
fatty acids (DHA+EPA) will be assayed on 500 cases of depression and 1,000 controls matched on
5-year age group, gender, follow-up time and season of blood draw. Circulating 25(OH)D will be
determined by radioimmunoassay, and DHA and EPA will be quantified using a high-throughput
method that employs fast gas chromatography and robotic transesterification to achieve high fatty
acid methyl ester (FAME) resolution. VITAL-DEP will only use the existing blood samples collected
by VITAL, and will not solicit or collect any additional blood samples from participants.

6) Statistical analysis to evaluate the specific aims. The primary study endpoints are: 1) relative risks
of incident and recurrent depression and 2) trajectory of mood scores over time. Secondarily, we will
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assess: 1) impact of vitamin D3 supplementation on depression risk among African-Americans (who
are at increased risk of vitamin D insufficiency), 2) impact of both agents among clinical sub-groups
at high risk for depression (CTSC sub-cohort; separate IRB application), and 3) impact of baseline
plasma vitamin D and marine omega-3 levels on depression risk in a nested case-control sample of
1,500 participants. Finally, we explore potential interactions of the agents with key modifiers.

7) Manuscript preparation, submission and publication.

For studies involving treatment or diagnosis, provide information about standard of care at
Partners (e.g., BWH, MGH) and indicate how the study procedures differ from standard care.
Provide information on available alternative treatments, procedures, or methods of diagnosis.

This study does not involve treatment or diagnosis of participants. We will not be performing clinical
assessments of mood and/or other disorders, but rather will be obtaining self-reports of depressive
symptoms and diagnoses from participants, as well as CMS data on diagnoses and treatments
already performed by their health providers.

Describe how risks to subjects are minimized, for example, by using procedures which are
consistent with sound research design and which do not unnecessarily expose subjects to risk or
by using procedures already being performed on the subject for diagnostic or treatment purposes.

There is the possibility of social/psychological risk that could result from inadvertent disclosure of
confidential information. However, we have many safeguards in place to avoid this possibility, and
we have never had an inadvertent breach of confidentiality in any of the previous trials in the BWH
Division of Preventive Medicine (the “Division”) that is running the VITAL trial.

The potential risk of disclosure of confidential information is guarded against by maintaining data,
questionnaires and forms in locked files accessible by authorized personnel only. In these files,
participants are identified only by study ID. Subject identifiers are stored in separate computer files
with password protection, and results will be presented only in the aggregate. In addition, employees
involved with the proposed study will be asked to sign a form agreeing not to disclose any
information to which they might have access, regardless of their personal perception about its
confidentiality. Each employee of the study with human subject contact participates in an institutional
(Brigham and Women’s Hospital) human subjects educational program, which consists of reviewing
regulatory and informational documents pertaining to human subjects research; passing a test on
ethical principles and regulations governing human subjects research; and signing a statement of
commitment to the protection of human subjects. Finally, all such employees are required to
participate in HIPAA training.

Describe explicitly the methods for ensuring the safety of subjects. Provide objective criteria for
removing a subject from the study, for example, objective criteria for worsening disease/lack of
improvement and/or unacceptable adverse events. The inclusion of objective drop criteria is
especially important in studies designed with placebo control groups.

To further enhance the safety of our participants, we will be sending letters, as detailed above, to
those who score above the PHQ-8 =10 algorithmic cutoff, where there is no self-report by the
participant of both recent diagnosis and treatment of depression or an indication of such from the
CMS data; further, we will be sending the letters to any participant who scores at or above PHQ-8 of
15, regardless of recent diagnosis and/or treatment for depression by self-report. We feel that this
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step is important: although some individuals with PHQ-8 scores 215 may not meet DSM-IV criteria
for major depression, persons with such symptoms may be at increased risk of poor outcomes
(including self-harm) if depression goes unrecognized and/or untreated and/or under-treated. As
noted above, the letters also provide contact information should the participants wish to speak with
study investigators about the letter. Thus, the VITAL-DEP RA, working under the direction of the PI,
will work with data programmers to coordinate the send-out of the letters and to track the letters and
any participant responses, comments or questions pertaining to the letters.

Other methods for insuring subjects’ safety, removing subjects from the study and the DSMB review
of adverse events (including mental health-related events, such as suicidal behavior) are all part of
the main VITAL trial. The only additional risk in participating in VITAL-DEP is risk to subjects’ privacy
(please see above section on minimizing risks).

FORESEEABLE RISKS AND DISCOMFORTS

Provide a brief description of any foreseeable risks and discomforts to subjects. Include those
related to drugs/devices/procedures being studied and/or administered/performed solely for
research purposes. In addition, include psychosocial risks, and risks related to privacy and
confidentiality. When applicable, describe risks to a developing fetus or nursing infant.

There is the possibility of social/psychological risk that could result from inadvertent disclosure of
confidential information. However, we have many safeguards in place to avoid this possibility, and
we have never had an inadvertent breach of confidentiality in any of the previous trials in the
Division, which is overseeing VITAL.

EXPECTED BENEFITS

Describe both the expected benefits to individual subjects participating in the research and the
importance of the knowledge that may reasonably be expected to result from the study. Provide
a brief, realistic summary of potential benefits to subjects, for example, “It is hoped that the
treatment will result in a partial reduction in tumor size in at least 25% of the enrolled subjects.”
Indicate how the results of the study will benefit future patients with the disease/condition being
studied and/or society, e.g., through increased knowledge of human physiology or behavior,
improved safety, or technological advances.

For the majority of participants, there will be few direct benefits from participating in this primary
prevention study other than the awareness of being involved in a large endeavor to answer relevant
and timely questions regarding the possible benefit of vitamin D and fish oil.

During the trial itself, we will receive inquiries from the participants regarding both specific and
general health concerns. We will respond to each of those questions, primarily directing participants
to published sources or recommending that they see their local health provider who is familiar with
their medical history. In addition, participants may benefit from the enhanced follow-up of those
reporting high levels of depressive symptoms. Many such persons might not otherwise be referred to
their local providers for further evaluation and management of depression.

The purported health benefits of vitamin D and marine omega-3 fatty acids are receiving increasing
attention in the medical literature and the popular press. Sales of vitamin D supplements and
omega-3 fatty acid supplements at U.S. stores have increased substantially in recent years.
However, definitive data on health benefits and risks of these agents are lacking. Findings from this
large clinical trial will clarify the role of vitamin D and marine omega-3 fatty acid supplements in the
prevention of depression will help guide individual decisions, clinical recommendations, and public
health guidelines.
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EQUITABLE SELECTION OF SUBJECTS

The risks and benefits of the research must be fairly distributed among the populations that stand
to benefit from it. No group of persons, for example, men, women, pregnant women, children,
and minorities, should be categorically excluded from the research without a good scientific or
ethical reason to do so. Please provide the basis for concluding that the study population is
representative of the population that stands to potentially benefit from this research.

The gender distribution of the 20,000 participants in VITAL will be 50% male and 50% female—
specifically, 10,000 men aged 260 and 10,000 women aged =65.

Based on the VITAL pilot results, we expect the following ethnic distribution: 1,400 (7%) Hispanic
and 18,600 (93%) non-Hispanic; with regard to race, we anticipate 5,000 (25%) African-American,
500 (2.5%) Asian, 400 (2%) American Indian (Native American), 80 (0.4%) Pacific Islander, and
14,020 (70.1%) white individuals. Note that ethnic and racial categories can overlap—e.g.,
participants can be Hispanic-white or Hispanic-black.

The outcomes to be studied, incident and recurrent late-life depression, were selected for this
prevention trial because they represent major causes of disease burden and disability in older men
and women. Furthermore, as the funded parent VITAL study, with which the proposed VITAL-DEP
ancillary is associated, does not include participants under the age of 60 years, children and
adolescents were not included in the VITAL-DEP proposal. Finally, there are limited data available
regarding the efficacy and safety of vitamin D and omega-3 fatty acids as depression prevention
agents in adults; it would therefore be preferable to obtain more adult data prior to testing these
agents in younger children. As there are other treatments (i.e., non-medication treatments, or
psychotherapies) available for children and adolescents at risk for depression, exclusion of children
from this study should not prevent them from obtaining appropriate care.

When people who do not speak English are excluded from participation in the research, provide
the scientific rationale for doing so. Individuals who do not speak English should not be denied
participation in research simply because it is inconvenient to translate the consent form in
different languages and to have an interpreter present.

The participants in VITAL will be English speaking/ English proficient. It is not our intention to
exclude non-English speaking participants. Indeed, the mood items we are utilizing (e.g., the PHQ)
and will be on the VITAL questionnaires have been translated into several languages or are readily
translatable. However, because our VITAL-DEP participants will all be part of the VITAL trial, we
expect that they will all be English speaking/proficient.

For guidance, refer to the following Partners policy:
Obtaining and Documenting Informed Consent of Subjects who do not Speak English
http://healthcare.partners.org/phsirb/nonengco.htm

RECRUITMENT PROCEDURES
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Explain in detail the specific methodology that will be used to recruit subjects. Specifically
address how, when, where and by whom subjects will be identified and approached about
participation. Include any specific recruitment methods used to enhance recruitment of women
and minorities.

20,000 men and women, respectively aged 260 and 265 years will be recruited into VITAL. All of our
participants will come from the VITAL cohort. However, given expected current prevalence of
depression in this population (which was informed by the available gender-, age- and ethnicity-
specific evidence), we anticipate that 18,200 persons will meet the additional eligibility criteria for
VITAL-DEP and will be eligible for our analyses of depression prevention.

Provide details of remuneration, when applicable. Even when subjects may derive medical
benefit from participation, it is often the case that extra hospital visits, meals at the hospital,
parking fees or other inconveniences will result in additional out-of-pocket expenses related to
study participation. Investigators may wish to consider providing reimbursement for such
expenses when funding is available

There is no compensation for participating in VITAL-DEP.

For guidance, refer to the following Partners policies:
Recruitment of Research Subjects
http://healthcare.partners.org/phsirb/recruit.htm

Guidelines for Advertisements for Recruiting Subjects
http://healthcare.partners.org/phsirb/advert.htm

Remuneration for Research Subjects
http://healthcare.partners.org/phsirb/remun.htm

CONSENT PROCEDURES

Explain in detail how, when, where, and by whom consent is obtained, and the timing of consent
(i.e., how long subjects will be given to consider participation). For most studies involving more
than minimal risk and all studies involving investigational drugs/devices, a licensed physician
investigator must obtain informed consent. When subjects are to be enrolled from among the
investigators’ own patients, describe how the potential for coercion will be avoided.

VITAL-DEP participants will have provided informed consent for participation in VITAL using the
approved procedure ((IRB # 2009P001217). As part of the VITAL informed consent procedure,
participants will already be notified that study investigators may need to contact them directly with
regard to development of endpoints and also to obtain releases to contact their local health
providers. No additional informed consent procedures are planned for VITAL-DEP participants
beyond those of VITAL. Standard releases of medical information will be required to be signed by
participants in order to communicate with their local health providers, except in the case of an
emergency (such as suicidal ideation with imminent threat of self-harm). VITAL participants may
decline their participation in VITAL at any time and can refuse at any time to answer (leave blank)
items on mood or depression on the questionnaires.
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NOTE: When subjects are unable to give consent due to age (minors) or impaired decision-
making capacity, complete the forms for Research Involving Children as Subjects of Research
and/or Research Involving Individuals with Impaired Decision-making Capacity, available on
the New Submissions page on the PHRC website:
http://healthcare.partners.org/phsirb/newapp.htm#Newapp

For guidance, refer to the following Partners policy:
Informed Consent of Research Subjects
http://healthcare.partners.org/phsirb/infcons.htm

DATA AND SAFETY MONITORING

Describe the plan for monitoring the data to ensure the safety of subjects. The plan should
include a brief description of (1) the safety and/or efficacy data that will be reviewed; (2) the
planned frequency of review; and (3) who will be responsible for this review and for determining
whether the research should be altered or stopped. Include a brief description of any stopping
rules for the study, when appropriate. Depending upon the risk, size and complexity of the
study, the investigator, an expert group, an independent Data and Safety Monitoring Board
(DSMB) or others might be assigned primary responsibility for this monitoring activity.

NOTE: Regardless of data and safety monitoring plans by the sponsor or others, the principal
investigator is ultimately responsible for protecting the rights, safety, and welfare of subjects
under his/her care.

An independent Data and Safety Monitoring Board (DSMB) will be assembled, consisting of experts
in clinical trials, epidemiology, biostatistics, relevant clinical areas of cancer and CVD, cognitive
function and NIH representatives. The Physicians’ Health Study, the Women’s Health Study, and the
Women’s Antioxidant and Folic Acid Cardiovascular Study (the main trials as well as ancillary
outcome studies) have been monitored by the same DSMB since their inception. As two of these
trials have ended and the third is in its last years, we will ask our DSMB members if they would be
willing to also monitor VITAL. If they are not able to do so, we will consult with them in assembling a
new DSMB. Current VITAL DSMB members are Drs. Lawrence S. Cohen, Theodore Colton, Mark A.
Espeland, I. Craig Henderson, Alice H. Lichtenstein, Rebecca A. Silliman, and Nanette Wenger
(chair). Ex officio members are Drs. Josephine Boyington (NHLBI), Rebecca B. Costello (ODS),
Cindy D. Davis (NCI), Peter Greenwald (NCI), and Lawrence Fine (NHLBI). In addition, we will
nominate experts in depression clinical trials and psychiatric outcome measurement to the VITAL
DSMB. The DSMB Chair has strongly endorsed the importance of such experts on the DSMB, and
their presence will ensure a high level of acumen for monitoring differences in depression by
treatment arm.

The VITAL Data and Safety Monitoring Board (DSMB) will be charged with ensuring that the safety
of participants is protected and that the scientific goals of the study are being met. The VITAL
DSMB will include psychiatric expertise and will monitor differences by treatment arm of ancillary
study outcomes, including depression, and will be empowered to terminate the trial based on
evidence of substantial harm or benefit. To support those purposes, the DSMB will review any
proposed amendments to the study protocol, examine the progress of the trial and the unblinded
data on study endpoints, perform expedited review of all serious adverse events (i.e., events
meeting the FDA definition of Serious Adverse Events, such as any fatal event including suicide,
immediately life-threatening event, or permanently or substantially disabling event), perform ongoing
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monitoring of drop-outs and non-serious adverse events, determine whether study procedures
should be changed or the study should be halted for reasons related to the safety of participants,
and perform periodic review of the completeness and validity of data to be used for analysis of safety
and efficacy. The DSMB will also ensure participant privacy and research data confidentiality.

The DSMB will annually examine the progress of the trial and the unblinded data on study endpoints
and possible adverse effects to recommend continuation, alteration of study design, or early
termination, as appropriate. Interim trial results will be assessed with the Haybittle-Peto rule,
adjusting for multiple looks. In this method, interim results are compared to a z-score of 3 standard
deviations (p=0.0027) throughout the trial. The final results may then be interpreted as having close
to nominal significance levels. This rule appropriately requires very strong evidence for early
stopping, is more conservative than the Pocock and O’Brien-Fleming rules and the alpha-spending
function, and can be conducted at convenient times without inducing statistical complexity. The
monitoring rules will serve solely as guidelines in decisions regarding continuation or stopping of
treatment arms. All decisions will be made after examining the totality of evidence, including other
trial data, on these agents.

Describe the plan to be followed by the Principal Investigator/study staff for review of adverse
events experienced by subjects under his/her care, and when applicable, for review of sponsor
safety reports and DSMB reports. Describe the plan for reporting adverse events to the sponsor
and the Partners’ IRB and, when applicable, for submitting sponsor safety reports and DSMB
reports to the Partners’ IRBs. When the investigator is also the sponsor of the IND/IDE, include
the plan for reporting of adverse events to the FDA and, when applicable, to investigators at
other sites.

NOTE: In addition to the adverse event reporting requirements of the sponsor, the principal
investigator must follow the Partners Human Research Committee guidelines for Adverse Event
Reporting

The DSMB will annually examine the progress of the trial and the unblinded data on study endpoints
and possible adverse effects to recommend continuation, alteration of study design, or early
termination, as appropriate.

MONITORING AND QUALITY ASSURANCE

Describe the plan to be followed by the principal investigator/study staff to monitor and assure
the validity and integrity of the data and adherence to the IRB-approved protocol. Specify who
will be responsible for monitoring, and the planned frequency of monitoring. For example,
specify who will review the accuracy and completeness of case report form entries, source
documents, and informed consent.

NOTE: Regardless of monitoring plans by the sponsor or others, the principal investigator is
ultimately responsible for ensuring that the study is conducted at his/her investigative site in
accordance with the IRB-approved protocol, and applicable regulations and requirements of the
IRB.

All research forms (e.g., VITAL questionnaires) will be scanned in and the data read by a character
recognition software program (Teleform). Out-of-range, internally inconsistent, and unclear data will
be reviewed by a verifier who will edit misread variables. Forms that cannot be scanned will be
entered using traditional double-entry procedures. All data will undergo additional within form and
across-time checks to verify accuracy. Following data entry, all questionnaire responses that require
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additional follow-up for missing data, participant comments on the form or for endpoint validation will
be manually reviewed to insure correct processing and accurate follow-up.

For guidance, refer to the following Partners policies:
Data and Safety Monitoring Plans and Quality Assurance
http://healthcare.partners.org/phsirb/datasafe.htm

Adverse Event Reporting Guidelines
http://healthcare.partners.org/phsirb/adverse events.htm

PRIVACY AND CONFIDENTIALITY

Describe methods used to protect the privacy of subjects and maintain confidentiality of data
collected. This typically includes such practices as substituting codes for names and/or medical
record numbers; removing face sheets or other identifiers from completed
surveys/questionnaires; proper disposal of printed computer data; limited access to study data;
use of password-protected computer databases; training for research staff on the importance of
confidentiality of data, and storing research records in a secure location.

NOTE: Additional measures, such as obtaining a Certificate of Confidentiality, should be
considered and are strongly encouraged when the research involves the collection of sensitive
data, such as sexual, criminal or illegal behaviors.

The potential risk of disclosure of confidential information is guarded against by maintaining
completed questionnaires and blood test results in locked files accessible by authorized personnel
only. Depression endpoint and mental health-related questionnaire data will be stored in separate
files from the processing data and will be accessible only to approved investigators and
programmers. In these files, participants are identified only by study ID. Subject identifiers are stored
in separate computer files with password protection, and results will be presented only in the
aggregate. Subject identifiers will retrieved only by approved and trained personnel for the purposes
of making enhanced safety telephone follow-ups. Each dataset will require documentation with
information about the methodology and procedures used to collect the data, details about codes,
definitions of variables, variable field locations, frequencies, etc. The precise content of
documentation will vary by scientific area and characteristics of the dataset. Participants’ names and
contact information will be accessible only to staff members who need the information for their jobs.
In addition, employees involved with the proposed study will be asked to sign a form agreeing not to
disclose any information to which they might have access. Each employee of the study with human
subject contact participates in an institutional (Brigham and Women’s Hospital) human subjects
educational program, which consists of reviewing regulatory documents; passing a test on ethical
principles and regulations governing human subjects research; and signing a statement of
commitment to the protection of human subjects. Finally, employees are required to obtain HIPAA
training. Thus, our existing computer and security systems balance considerations of careful follow-
up and high levels of data security and privacy protection.

SENDING SPECIMENS/DATA TO RESEARCH COLLABORATORS OUTSIDE
PARTNERS

Specimens or data collected by Partners investigators will be sent to research collaborators
outside Partners, indicate to whom specimens/data will be sent, what information will be sent,

Partners Human Subjects Research Application Form Filename: Protocol Summary
Version Date: June 1, 2005 12



and whether the specimens/data will contain identifiers that could be used by the outside
collaborators to link the specimens/data to individual subjects.

Blood samples will be sent to the laboratory of Dr. Bruce at the Medical
University of South Carolina in Charleston (a Consultant on the VITAL parent
grant) for measurement of circulating 25(OH)D. Blood samples will be sent
to the laboratory of Cdr. Dr. Joseph Hibbeln at the Laboratory of Membrane
Biophysics and Biochemistry (LMBB), NIAAA, NIH for measurement of
plasma fatty acids. Per standard practice, hospital-approved Material
Transfer Agreements (MTAs) will be required of these Collaborators before
specimens can be transferred. All the blood samples will be provided in non-
identifiable form such that links to identifiable humans do not exist.

Specifically address whether specimens/data will be stored at collaborating sites outside
Partners for future use not described in the protocol. Include whether subjects can withdraw
their specimens/data, and how they would do so. When appropriate, submit documentation of
IRB approval from the recipient institution.

Specimens/data will not be stored at outside collaborating sites.

RECEIVING SPECIMENS/DATA FROM RESEARCH COLLABORATORS OUTSIDE
PARTNERS

When specimens or data collected by research collaborators outside Partners will be sent to
Partners investigators, indicate from where the specimens/data will be obtained and whether the
specimens/data will contain identifiers that could be used by Partners investigators to link the
specimens/data to individual subjects. When appropriate, submit documentation of IRB
approval and a copy of the IRB-approved consent form from the institution where the
specimens/data were collected.

We will not receive specimens/data from outside collaborators.
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Detailed Protocol: VITAL-DEP: Depression Endpoint Prevention in the VITamin D and OmegA-3 TriaL
Olivia I. Okereke, MD, SM
03-27-12

BACKGROUND AND SIGNIFICANCE

Depression is among the most disabling of all health conditions. By 2020, depression will nearly top the list of
global causes of disability — second only to heart disease'>. Depression in late-life, in particular, is strongly
associated with increased morbidity, health care utilization, and costs*. Thus, prevention of late-life depression
is a public health priority. The VITAL (VITamin D and OmegA-3 TriaL, 1 R0O1 CA 138962) study, which will
investigate effects of vitamin D and marine omega-3 polyunsaturated fatty acid (w-3 PUFA) supplements on
heart disease and cancer prevention among 20,000 men and women (aged =260 and 265 years, respectively)
presents a novel opportunity to conduct the first large-scale randomized controlled trial of primary and
secondary prevention of late-life depression. The proposed study will test whether long-term use of vitamin D
and/or marine w-3 PUFAs can reduce the risk of depression, as well as levels of depressive symptoms, among
older adults. VITAL-DEP also provides an opportunity to conduct a study with sufficient sample size and
statistical power® to test simultaneously agents for universal, selective and indicated prevention of depression®.

Recent observational data support an association between low vitamin D levels and depressed mood among
older people. In one large study’, serum 25(OH)D levels were significantly lower in depressed vs. non-
depressed elders, and depression scores were significantly inversely associated with vitamin D levels. Trial
data on vitamin D supplementation and depressive symptoms have produced mixed results® °, and have
featured important limitations'®, including small sample size and likely insufficient treatment dose/duration.
Overall, there are growing suggestions that a large-scale depression prevention trial of vitamin D — especially
among older people, who are at high risk for vitamin D deficiency — is an idea whose time has come.’® " In
addition, African-Americans are a particularly important group among whom to investigate this question, as
they tend to have lower vitamin D levels than Caucasian-Americans.'? ™® African-Americans are also
overrepresented among those with severe and disabling depression'* — yet simultaneously face significant
barriers to evaluation and treatment of depression, particularly at late-life.”> '® Thus, any late-life depression
trial of vitamin D3 would need to consider potential impact for African-Americans.

Depression has been inversely related to marine w-3 PUFA and fish intake in many'’? but not all**?° larger-
scale observational studies with cross-sectional design. However, there are no prospective data yet from large-
scale observational studies regarding marine w-3 PUFAs and depression. There have been several
randomized single- or double-blind clinical trials investigating marine w-3 PUFAs and non-bipolar depression in
adults®’°. These trials have suggested likely antidepressant effects of marine w-3 PUFAs, especially as
adjunctive therapy. However, limitations®® *" of prior RCTs include: 1) relatively small sample size (n<100), 2)
short-term follow-up (<6 months), 3) insufficient power to address racial/ethnic differences, or 4) having few
older participants. Furthermore, participants in all but two*" ** trials were from clinical populations, with existing
depressive disorders; most studies involved augmenting existing antidepressant therapy with marine w-3
PUFAs. There are no data from large-scale randomized controlled trials regarding the use of marine w-3
PUFA supplementation for prevention of clinical depression in generally healthy adults.

We propose an ancillary study to evaluate the critical health endpoint of depression within VITAL: VITAL-DEP
(depression endpoint prevention). VITAL-DEP will utilize both categorical and continuous outcome
measurements’ * — taking maximal advantage of the larger VITAL study design. Incidence and recurrence
rates of late-life clinical depressive syndromes and levels of depression symptom scores® will be the primary
outcomes. In addition, VITAL-DEP will conduct an RCT of these trial agents among a random subset of 1,000
men and women — aged =60 and 265 years, respectively — who will be evaluated in-person at the four VITAL-
affiliated Clinical and Translational Science Centers (CTSCs), using standard psychiatric interviews*’. The
CTSC sub-cohort participants will be administered psychiatric interviews at baseline, and again at two-year
follow-up, facilitating our examination of treatment effects in well-characterized, key clinical subgroups.
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SPECIFIC AIMS

PRIMARY AIMS

1. We will test whether vitamin D3 (cholecalciferol: 2000 1U/d) or marine omega-3 (EPA: 500 mg/d + DHA: 500
mg/d) supplementation reduces risk of incident and recurrent clinical depressive syndrome compared to
placebo among all participants in the VITAL trial.

2. We will test whether vitamin D3 (cholecalciferol: 2000 1U/d) or marine omega-3 (EPA: 500 mg/d + DHA: 500
mg/d) supplementation yields better continuous mood scores on repeated measures compared to placebo
among all VITAL trial participants over the 5-year study period.

SECONDARY AIMS

1. Response to D3 among African-Americans in the VITAL cohort:

a. We will test whether African-American race modifies effects of vitamin D3 supplementation on late-life
depression risk and on mood scores among all VITAL participants (African-Americans, who will represent 25%
of the VITAL study population, are disproportionately affected by vitamin D insufficiency).

2. Response to D3 and EPA+DHA among key clinical subgroups in the CTSC sub-cohort:

a. We will test whether individuals at high risk for depression (e.g., elevated anxiety, physical functional
impairment, chronic medical iliness, living without partner) will demonstrate lower 2-year risk of clinical
depressive syndrome and depression scores over 2 years on active agent vs. placebo.

b. We will test whether individuals with subsyndromal depressive symptoms will demonstrate lower 2-year risk
of major depressive disorder and depression scores over 2 years on active agent vs. placebo.

3. Response to D3 and/or EPA+DHA by baseline plasma biomarker levels in a nested case-control sample:

a. We will test whether low baseline vitamin D and EPA+DHA levels will be associated with elevated risk of
clinical depressive syndrome and worse depression scores over 5 years in the full VITAL cohort.

b. We will test whether effects of vitamin D3, and of EPA+DHA, on risk of clinical depressive syndrome and on
depression scores will be modified by baseline plasma levels of vitamin D, and of EPA+DHA, respectively.

EXPLORATORY AIMS — we will address whether:

a. Combined vitamin D3 and EPA+DHA will exert synergistic or additive effects on risk of clinical depressive
syndrome and on depression scores over time;

b. Effect of vitamin D3 or EPA+DHA supplementation will vary by (1) age, (2) gender, (3) baseline intakes of
vitamin D and omega-3, (4) baseline major medical comorbidities, (5) geographic region/latitude (for vitamin
D3), and (6) physical activity (for vitamin D3).

SUBJECT SELECTION

VITAL-DEP participants will be members of the full cohort (n=20,000) of VITAL (IRB # 2009P001217) who
meet all inclusion and exclusion criteria for VITAL and also satisfy additional exclusion criteria for the
depression prevention study. In general, participants with a history of psychiatric disorders apart from
depressive disorders will be excluded. Detailed exclusions are: 1) current significant depressive symptoms; 2)
self-reported history of dysthymia with active dysthymic symptoms in the past one year; 3) self-reported core
major depressive disorder symptoms for a period of two or more weeks in the past two years; 4) any history of
alcohol and/or substance abuse disorder active in the past 12 months, schizophrenia or other primary
psychotic disorder, bipolar disorder, post-traumatic stress disorder or obsessive-compulsive disorder; 5) any
psychiatric hospitalization in the past 2 years; 6) current psychotherapy or use of psychotropics (including non-
prescription drugs or herbals for treatment of mood disorders), except for limited use of mild
sedatives/hypnotics; 7) history of major neurologic disorder (e.g., Parkinson disease, Alzheimer disease or
other dementia, brain tumor, seizure disorder) or delirium episode in the past 12 months.
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Details on ascertainment of these exclusion variables for the full VITAL cohort are provided below. The
procedures for the entire full cohort VITAL study have been IRB-approved (IRB # 2009P001217).

For the CTSC sub-cohort (n=1,000) described in Secondary Aim 2, a separate IRB application will be
submitted. As there a numerous planned ancillary studies to VITAL (including the current VITAL-DEP
application), a single IRB for the entire CTSC protocol — including all detailed assessment and safety

procedures for VITAL-DEP — has been separately prepared for submission by VITAL.

SUBJECT ENROLLMENT

VITAL-DEP participants will consist only of those participants who have already been enrolled in VITAL (IRB #
2009P001217). Thus, VITAL-DEP will have the identical enrollment procedure. The IRB-approved enroliment
procedure for VITAL is as follows:

1) Enroliment: Participants in VITAL will be enrolled from across the US by mailed screening questionnaires.

2) Run-in: Those who meet the basic eligibility criteria will then undergo a run-in period to identify the excellent
compliers. In this period, all participants will be given placebo vitamin D and placebo fish oil and assessed on
compliance and willingness to continue. In addition, all participants will be asked for blood samples (as part of
the main VITAL protocol). Importantly, the VITAL run-in questionnaires will include questions on history of
current and past depression symptoms, diagnosis and treatment.

3) Randomization: Those who demonstrate good compliance, a willingness to continue with the 2x2 factorial
trial will be randomized.

STUDY PROCEDURES

1) Overview.

The depression endpoint (“depression”) in VITAL-DEP will be defined as any clinically significant depressive
syndrome*'. This combined depression endpoint will include the following Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (DSM-1V)* and International Classification of Disease-9 (ICD-9) diagnoses:
major depressive disorder (MDD), dysthymia, adjustment disorder including depressed mood, and depressive
disorder not otherwise specified (NOS). As depressive syndromes — even those that do not meet criteria for
MDD — can have significant impact on morbidity*> *, we chose not to restrict our endpoint to DSM-IV-defined
MDD. Use of such composite endpoints of highly-related outcomes is common in large prevention trials**,
and has also been utilized in studies of incident late-life depression®.

2) Measures and sources of information for depression status determination in the full VITAL cohort.
All VITAL participants will receive questionnaires at baseline, and at follow-up years 1, 3 and 5, that include the
Patient Health Questionnaire-8 (PHQ-8)*°. See mood questions in Appendix (VITAL 3).

Patient Health Questionnaire-8. The PHQ-8 was developed for detection of depression in primary care and
community-based settings. It is identical to the PHQ-9°° with the exception of the item on suicidal ideation and
behaviors® *'. Prior validation work in >6,000 participants established that elimination of this item has no
impact on the ability of the PHQ-8 to classify depression and that identical scoring thresholds for depression
can be used®?. We chose to delete this item after careful consideration of potential consequences. VITAL will
mail questionnaires to thousands of participants around the country, and the time lag between questionnaire
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send-date and post-receipt data processing is usually several weeks to months. Thus, we would not be able to
identify a positive response to suicide inquiry in a reasonable period of time. We believe that adding this item
could create a false expectation of a rapid response, as many participants might reasonably expect that
investigators would not make such an inquiry unless they intended to respond immediately. Consequently,
safety could actually be compromised, as participants could be induced to wait months for an investigator
response, rather than contacting health providers or supportive persons promptly with such symptoms. To best
protect participant safety, we worked with the VITAL parent trial investigators to modify the VITAL
questionnaire to include language informing all participants that if any of the questions raise their level of
awareness or concern about depression or mood, then they should promptly contact their health providers.
Also see “Enhanced follow-up procedures.”

After careful review of other available self-report instruments (e.g., CES-D%, Geriatric Depression Scale®,
BDI*®), the PHQ-8 was selected for VITAL-DEP for the following reasons: 1) it has validity for identifying
depression in the context of medical comorbidity, including heart disease — thus, earning the joint endorsement
of the American Heart Association and American Psychiatric Association for depression screening in this
context®®; 2) it has been validated against “gold-standard” interviews, such as the Composite International
Diagnostic Interview (CIDI)®*" and Structured Clinical Interview for DSM-III-R (SCID)%®; 3) a validated algorithm
can be used to determine whether a respondent meets criteria for MDD or other depressive disorder™?; 4)
continuous PHQ scores (range=0-24) provide a severity measure (with scores =15 and =20 signaling
moderate-high and high severity, respectively)® and are sensitive to change®’; 5) it has been validated in
cross-cultural settings and among community-dwelling elderly from diverse populations similar to that of
VITAL®"® and shows no evidence of differential item functioning (also called item bias) among African-
Americans and other minorities®* ®> — which has been detected with other instruments®®®; 6) it is very brief and
minimizes participant burden, and given the need to address multiple health, disease, demographic, and
lifestyle characteristics in all VITAL participants — while minimizing total VITAL questionnaire length (it is only 2
double-sided pages) — the high information yield-to-space use ratio of the PHQ-8 is a key strength.

Diagnostic Interview Schedule (DIS)*°. Two items from the DIS will be included; these have been selected for
use in other ancillary studies of large-scale RCTs, such as the WHI°, to detect symptoms of MDD and
dysthymia. These questions will allow us to establish whether individuals with a history of depression have had
clinical depression in the past 2 years — to better ensure inactive depression status and to identify persons who
have had symptoms consistent with dysthymia at any point in their lives, including currently. See VITAL 3.

Global questions. We will ask participants two global questions on prior clinical diagnosis and medication
and/or counseling treatment of depression. These items are adapted from questionnaires that have been
utilized for over 20 years in the Nurses’ Health Study (NHS) cohort involving >100,000 participants to
demonstrate strong relations of depression to numerous health outcomes’" 2. See VITAL 3.

3) Additional information from the Centers for Medicare and Medicaid Services (CMS).

A critical advantage of VITAL that will be leveraged in the proposed VITAL-DEP study is linkage to the CMS
inpatient and outpatient databases. We will annually obtain Medicare data with free assistance by ResDAC
(www.resdac.unm.edu/Index.asp), a CMS contractor. We will carefully adhere to the data use agreement that
delineates confidentiality requirements of the Privacy Act (HIPAA) and data release policies and procedures.
The VITAL data coordinating center will: ensure data integrity and confidentiality, secure access to the CMS
data storage cabinets, and utilize a password-protected logon policy.

The following CMS data files will be utilized: 1) Medicare Provider Analysis and Review (MedPAR) Inpatient
and Skilled Nursing Facility File: contains inpatient records summarizing all services rendered from admission
through discharge, and includes diagnoses and procedure codes, DRG, dates of service, hospital /SNF
provider and beneficiary demographics; 2) Outpatient Standard Analytical File (SAF): contains final action
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claims data from hospital outpatient departments, rural clinics, outpatient rehabilitation facilities, community
mental health centers and other ambulatory centers, and includes diagnosis and procedures codes, dates of
service, outpatient provider numbers, and beneficiary demographics; 3) Part D Drug Event File: contains
prescription data that enable CMS to administer the Part D benefit, and when a beneficiary fills a prescription
under Medicare Part D, a prescription drug plan sponsor must submit a summary record to CMS. Additional
CMS data on diagnoses, procedures, and service dates will be available on both Home Health and Carrier
(e.g., non-institutional providers, including physicians, physician assistants, clinical social workers) SAFs.

ICD-9 codes will be used to identify depression (Table 3), medical comorbidities and exclusionary conditions:
bipolar or psychotic disorders; alcohol or drug abuse/dependence (last 12 months); cognitive/behavioral
disorders of childhood onset; unspecified or transient disorders, such as delirium” (last 12 months, as delirium
can persist in 1/3 of elders after 6 months’*); and any dementing disorder’. A complete list of codes that will
be used is provided in Appendix C. A recent validation study’® found “substantial agreement” (k=0.67) between
ICD-9-CM codes and medical records for depression diagnoses: sensitivity=56.6 and specificity=99.4; positive
predictive value=92.8 and negative predictive value=94.4. Thus, as modest sensitivity of administrative data is
the primary concern, self-reports will further enhance depression detection.

Table 1. ICD-9 Codes Identifying Relevant Depressive Disorders

Psychiatric disorders ICD-9
Depressive disorders 296.2, 296.20-296.26, 296.3, 296.30-296.36, 300.4, 309.0-309.1, 309.28, 311
Major depressive disorder 296.2, 296.20-296.26, 296.3, 296.30-296.36
Dysthymia 300.4
Depressive disorder not otherwise specified 311
Adjustment disorder (including depressed mood) 309.0-309.1, 309.28

In addition to ICD-9 codes, the CMS data include Current Procedural Terminology (CPT)"® codes. We will
query the CMS database for the new appearance of relevant CPT codes for mental health evaluations and/or
treatments. The range of common CPT codes for depressive disorders is: 90801-90829, 90846-90862, 90870,
90882, 90887, 96101, 99051, 99060, 99201-99255, 99304-99318. Thus, we will be able to utilize CMS data
linkage to obtain all of the following: 1) appearance of an ICD-9 code for a depressive disorder; 2) psychiatric
hospitalization and the associated ICD-9 code’’; 3) outpatient mental health visits, for which ICD-9 diagnosis
and CPT service codes will be available; 4) prescription of antidepressants and/or other psychotropics and fill
dates. These codes can also be used to determine date of onset of depressive disorders (i.e., date of service).

4) Rationale for eligibility scheme (see Figure below).

The PHQ-8 will be used to assess depressive symptoms experienced over the past two weeks. Thus, even
among persons without a past history of depression diagnosis or treatment, it will be possible to exclude from
the study of incidence rates those whose current symptoms meet the threshold for a depressive disorder. The
combination of the PHQ-8, DIS items, global questions, and CMS data will enable us to determine which
persons have had a past history of depression and, thus, may be eligible for study of recurrence rates.

5) Procedure for identifying incident depression.

We will utilize a strategy that: 1) employs existing methods for case-finding that have been successfully used in
high-quality studies*" "® " involving large samples of community-dwelling elders and 2) enhances these
methods with the rich CMS data at our disposal. On the baseline questionnaire supported by the parent VITAL
trial, participants will complete the PHQ-8, as well as the DIS and global items. To supplement these self-
reports, VITAL-DEP proposes to fund CMS data queries for ICD-9 and CPT visit codes consistent with the
diagnosis of and/or treatment for a depressive disorder. A participant will be considered an incident case when
any of the following occurs: 1) PHQ-8 symptoms of MDD or other depressive disorder by algorithm, 2) self-
report of clinician diagnosis of depression, 3) self-report of DIS MDD symptoms, 4) self-report of DIS dysthymic
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symptoms, 5) presence of ICD-9 code for depression during an inpatient or outpatient encounter, with or
without a related mental health CPT code, 6) registration of prescription antidepressants. For any occurrence
of the above, date of onset will be assigned as follows: 1) questionnaire received date for self-reports, 2) CMS
visit date for clinician diagnostic codes, 3) dispense date of first antidepressant medication*'. The earliest date
will be used to define onset*'. Of note, we chose to use the PHQ-8 algorithm, rather than the 210 point cutoff,
as the algorithm can capture both MDD and other depressive disorders, which is consistent with our composite
depression endpoint®.

We will utilize a hierarchical approach*' for determining depression status and onset when 2 or more sources
of information indicate depression. Where available, the most specific method (e.g., ICD-9 code associated
with a mental health CPT code) will be preferred for determining case status. The onset of depression will be
that date which is linked to the preferred diagnosis method. When all methods are consistent with clinical
depression, the earliest date will be used to define onset*'. A Depression Endpoint Committee, consisting of
Drs. Okereke, Chang, Reynolds and
Mischoulon, and in consultation with
——— , , Dr. Beekman, will arrive at consensus

. Self-report of ever having clinician diagnosis or treatment of depression? . . g

. Self-report of symptoms consistent with dysthymia? for all cases with COﬂﬂICtIng reports

. History of psychotropic treatment (excluding minor sedatives), psychiatric from 2 or more sources.
diagnosis, and/or psychiatric hospitalization in CMS-linked data files?

Figure 1. Pathway for Determining Eligibility for Depression Incidence or Recurrence

¢ ¢ 6) Procedure for identifying
YES NO recurrent depression.
A person will be counted as a recurrent
l l case when any of the following occurs:
YES [€ e Self-report of MDD symptoms in last 2 years? [ YES 1) PHQ-8 symptoms consistent with
. Dysthymia symptoms active in the last year? MDD, 2) self—report of DIS MDD

. New psychiatric diagnosis, hospitalization, or .
symptoms, 3) two consecutive-year

v \ 4 . -
EXCLUDE | i e self-reports of active dysthymia
symptoms, 4) presence of a new

NO | no | mental health (CPT-coded) visit with

linked ICD-9 code for depressive

non-sedative psychotropic in last 2 years?

P , - disorder during a clinical encounter, 5)
YES |« e  Current depression by PHQ-8? » YES o . . .
hospitalization for depressive disorder,
v A 6) new registration of prescription
Y NO NO - antidepressants. The hierarchal
EXCLUDE 1 3 approach®' to duplicate reports will be
Eligible for Eligible for used. Notably, it is possible that
recurrence study incidence study incident cases of depression occurring
early in follow-up can remit during the

subsequent follow-up period. Technically, such persons — if remission is maintained for at least two years —
could later become recurrent cases. However, we will not be “double-counting” of cases, as we wish to
preserve original status from the time of the randomization. Thus, in analyses person-time will be counted from
randomization until event or censoring; we will stop counting person-time after incident depression.

7) Biochemical assays for VITAL-DEP.

Biochemical assays. VITAL will conduct the pre-randomization blood collection from VITAL participants.
VITAL-DEP proposes to fund all expenses related to assays of baseline 25(0OH)D, EPA and DHA in 1,500
persons for a 1:2-matched nested case-control study of depression.

Blood levels of 25(0OH)D will be assayed in the laboratory of Dr. Bruce Hollis at the Medical University of South
Carolina in Charleston (a Consultant on the VITAL parent grant). Circulating 25(OH)D will be determined by
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radioimmunoassay, as described elsewhere® ®'. The intra- and inter-assay coefficients of variation (CVs) are
<10%. We will utilize NIST Standard Reference Material (SRM) for 25(OH)D2 and 25(OH)D3 measurements
(SRM 972); Dr. Hollis will report his assay performance based on this SRM.

Plasma EPA, DHA and total n-6 fatty acids will be assayed in the laboratory of proposed Collaborator Cdr. Dr.
Joseph Hibbeln at the Laboratory of Membrane Biophysics and Biochemistry (LMBB), NIAAA, NIH. EPA and
DHA will be quantified using a method developed at LMBB and detailed elsewhere® . This high-throughput
method employs fast gas chromatography and robotic transesterification to achieve fatty acid methyl ester
(FAME) resolution at high accuracy and efficiency, allowing rapid separation and quantification of fatty acids.
CVs are <10% for all plasma fatty acids.

8) Enhanced follow-up procedures.

We will institute enhanced follow-up procedures for those with elevated PHQ-8 scores in order to provide
further assurance of participant safety. We will contact participants with elevated PHQ-8 scores (=210 algorithm
cutoff)132, 136 at baseline and follow-up (6.2.c.) by sending mailed letters, where there is no self-report by the
participant of both recent diagnosis and treatment of depression on the questionnaire or an indication of such from
the CMS data. Among all participants who score PHQ-8 215, we will send these same letters, regardless of
recent self-reported diagnosis or treatment for depression. A key goal is to ensure that participants are educated
about the need to discuss their mood with their local providers and, thus, initiate a path for ongoing evaluation
and/or treatment as necessary; thus, among participants who are randomized and continue in the study, we will only
send these letters when participants first report above-threshold scores. As part of the VITAL informed consent
procedure, participants will already have been notified that study investigators may need to contact them
directly with regard to development of endpoints and also to obtain releases to contact their PCPs. VITAL-DEP
will fund the effort of a research assistant who will assist the PI by coordinating with the Division to obtain
contact information of persons with high PHQ scores, working with data programmers to send out the letters,
and performing data tracking of the letters, as well as comments, questions or responses from participants in
response to the letters.

39, 59

9) Data management.

Because participants will be followed solely by mail and telephone, the computing system is a critical feature of
effective follow-up. This system, which was developed and fine-tuned in our previous trials, tracks each
participant’s stage in the study and level of participation. It automatically generates letters, questionnaires, and
phone call reminders at the appropriate times. Names, addresses, telephone numbers, participation status,
and processing information are kept up to date, and data from questionnaires, letters, and phone calls are
entered into the study database. When talking to a participant to follow-up on elevated PHQ scores (see as
above), study personnel need ready access to identifying information, participation level, and the content of
previous study-related telephone calls. However, it is also critical that these data be available only to
authorized staff members. Our existing computer and security systems, which balance these considerations,
will be used in VITAL.

Questionnaire data will be optically scanned into the computer. The relevant software—TELEform and
Alchemy (Cardiff Software)—has been successfully used for several years in our studies. Out-of-range,
internally inconsistent, and unclear data are reviewed by a verifier who corrects misread variables. Forms that
cannot be scanned, and name and address changes, are entered using traditional double-entry procedures. All
data undergo additional within-form and across-time checks to verify accuracy. The database will be
maintained on a UNIX server. All data files will be backed up nightly, ensuring at least two current copies at all
times. Each month, a set of data files will be taken off-site for long-term storage.

BIOSTATISTICAL ANALYSIS



Detailed Protocol: VITAL-DEP: Depression Endpoint Prevention in the VITamin D and OmegA-3 TriaL
Olivia I. Okereke, MD, SM
03-27-12

PRIMARY AIMS: Incident and recurrent depression in the full cohort.
Analyses of treatment effects will be based on the intent-to-treat principle.

First, to ensure that balance is achieved by the randomization, baseline characteristics (e.g., age, gender,
race/ethnicity, physical activity, medical conditions, vitamin D and w-3 intakes) will be compared by
randomized groups using 2-sample t or Wilcoxon rank sum tests for continuous variables and y? statistics for
categorical variables.

Next, we will examine the main effects of intention-to-treat with vitamin D3 or with fish oil. Kaplan-Meier survival
curves will be used to determine cumulative depression incidence and recurrence for each treatment group
and its corresponding placebo group; the log-rank test will be used to compare the curves of agent vs. placebo.
We will use the Cox proportional hazards model to estimate the hazard ratios (HRs) and confidence intervals
(Cls) for each intervention using indicators for treatment and controlling for design variables (the other
intervention, age, and gender)®. Participants will be followed until the occurrence of the depression endpoint,
death, loss to follow-up, or the end of the trial, whichever comes first. We will test the proportionality
assumption (i.e., that of non-changing hazards ratios over time) both analytically and graphically. All analyses
will be conducted with SAS version 9.1 (SAS Institute, Cary, NC), and a 2-sided test with a=0.05 will be used.

Finally, given potential concerns of participant non-adherence, drop-out, or case misclassification, additional
analyses will be carried out. For example, we will address effects of compliance by censoring follow-up when a
participant reports taking less than two-thirds of study medications over the previous year. In addition, because
CTSC participants will have medical histories and physicals, cognitive exams and psychiatric interviews, we
can directly observe®® the extent to which outcome misclassification (which can be of unknown direction®’: %)
occurs among medically-ill®® ® or cognitively-impaired persons. We can then correct estimates of the treatment
effects and Cls in the full VITAL cohort using sensitivity analyses® '

PRIMARY AIMS: Longitudinal change in depression scores in the full cohort.

The primary analysis will examine the main effects of randomized vitamin D3 or fish oil treatments on
depression scores (PHQ-8) over the 5-year follow-up period. We will use a mixed-effects model for the four
measures (years 0, 1, 3, and 5), including fixed effects for treatment, time and interaction between treatment
and time, that accounts for the correlations between repeated measures; we will estimate the mean differences
and 95% Cls. In secondary analyses, we will account for potential impact of initiation of antidepressants during
follow-up. For example, if an agent reduces depressive symptoms, then those receiving placebo may be more
likely to initiate antidepressants, which could lead to more conservative estimates of main effects on mood.

Analysis plan for categorical and continuous depression outcomes in the CTSC sub-cohort. As for our primary
aim analyses, we will use survival methods to test whether there are significant differences in risk of the
composite depression endpoint in the high-risk group, and of MDD in the subsyndromal group. For continuous
PHQ-8 scores, we will use a mixed-effects model, including the two PHQ-8 measurements as the dependent
variables and fixed effects for CTSC sites, treatment, time, and interaction between treatment and time, while
accounting for the correlation between repeated measures in the same participant. We will estimate 95% Cls
and P values for the two intervention main effects for change in depression scores between baseline and 2
years for each group. Given higher participant burden of in-person assessments, the CTSC sub-cohort may be
slightly more affected by loss-to-follow-up than the full cohort. Thus, if follow-up is less than complete, we will
conduct sensitivity analyses to estimate the effect under intention-to-treat® .

Analysis plan for nested case-control study of plasma levels of 25(OH)D and EPA+DHA. Circulating 25(0OH)D
is used as a reliable surrogate of vitamin D status® . We will test the relative risk of having deficient plasma
25(0OH)D levels (<50 nmol/L, or 20 ng/mL)***” among cases compared to controls; deficiency prevalence is
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~35-40%%. Using interaction terms, we will address whether response to treatment agent is modified by
baseline levels of 25(0OH)D (deficient vs. sufficient) or EPA+DHA (above vs. below median). We will also
explore associations of low baseline plasma w-3:w-6 ratios with depression.

Analysis plan for effect modification and approach to exploratory analyses. With multiplicative interaction
terms, we will study whether treatment effects for each intervention differ by the other intervention; African-
American race, compared to Whites (for D3); age; gender; baseline vitamin D and w-3 intake (above vs. below
median); medical comorbidity®® % %; and geographic region/latitude and physical activity (for D3). Parameters

will be estimated with the Proc Mixed procedure of SAS, using a 2-sided test with =0.05.

Power Calculations.

Our calculations show high statistical power for testing of all Primary Aims. All power calculations assume 80%
compliance with the study agents, use a Stata (Stata Corporation, College Station, TX) program developed for
multi-arm clinical trial designs'® "' and are based on the log-rank test and adjusted appropriately for design
features, such as arbitrary time-to-event distribution, nonproportional hazards, non-uniform rates of entry, loss
to follow-up, and treatment changes from allocated treatment'®.

Rationale for estimates of lifetime and current depression prevalence.

As power calculations of incidence and recurrence of depression will necessarily depend on lifetime and
current prevalence of depression, we carefully reviewed the literature to arrive at age-, ethnicity- and gender-
informed estimates of prevalence in our target population.

Lifetime prevalence of depressive disorders among men aged 60+ and women aged 65+ will determine the
numbers of participants eligible for incidence and recurrence. Data from the NCS-R indicated 11.9% lifetime
prevalence of depressive disorders'®2. However, gender-specific data from the Cache County study'® report
slightly higher lifetime prevalence among healthy, US elders (20.4% in women; 9.6% in men). One study
reported slightly lower lifetime prevalence (6.3%) of depressive disorders among older blacks, compared to
whites, but no difference by gender among blacks™ "%

Current prevalence of late-life depression was estimated at 13.34% in a meta-analysis '°°; there is little data
directly comparing whites and minorities'* '°* 1% However, Blazer et al.'® found no differences by race in the
9% current prevalence in the EPESE study. Thus, we used gender-specific estimates of lifetime prevalence'®,
and the current prevalence from Blazer et al.' In other research involving large cohorts, we observed a
history of any depression or antidepressant use among 8% of men aged 65+ in the Physicians’ Health
Study'”, and in the Nurses’ Health Study, women aged 65+ had lifetime prevalence of depression or
antidepressant use of 19.2% and current prevalence of 9.9% - supporting our estimates for VITAL. Alternative
calculations show similarly high power even with a lower number of cases (e.g., 85% power for RR=0.80 when

the number eligible for recurrence=2,200).

Rationale for estimates of depression incidence and recurrence rates.

Incidence rates (per 1000 person-years [p-y]) for combined depressive symptoms and syndromes were 19.3
(23.4 and 14.7 in women and men) in Luijendijk et al.* — very similar to those reported in the Cache County'®
and Goteborg*® studies. Rates are not available by race/ethnicity. We used the slightly more conservative rates
from Luijendijk et al*'.

The rates reported by Luijendijk and colleagues*' are the only available directly estimated recurrence rates
(i.e., as a function of person-time at risk) for late-life depression among community-dwelling participants. This
group reported a recurrence rate of 65.6/1000 p-y for combined depression; this rate translates to ~30%
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recurrence over 5 years, and thus is comparable to recurrence reported in smaller outpatient samples of

adults’®""". We applied these gender-specific rates*’.
Table 2. Power for effects of a single agent on incident depression in VITAL, over 5 years of follow-up
RRt Total Women Men Non-Hispanic Minority African-
White American
15,470 7,244 8,226 t 10,071 ¢ 5,399 3,868
0.90 52.6% 33.5% 24.9% 37.3% 22.3% 17.2%
0.85 86.7% 64.3% 49.5% 69.9% 44.3% 33.6%
0.80 98.6% 88.1% 74.8% 91.8% 68.9% 54.6%
0.75 >99.9% 97.8% 91.5% 98.9% 87.4% 74.8%
0.70 >99.9% 99.8% 98.1% >99.9% 96.5% 89.1%
0.65 >99.9% >99.9% 99.8% >99.9% 99.4% 96.5%
0.60 >99.9% >99.9% >99.9% >99.9% >99.9% 99.2%
tExpected RR; I Expected total number of eligible participants.
Table 3. Power for effects of a single agent on recurrent depression in VITAL, over 5 years of follow-up
RRt Total Women Men Non-Hispanic Minority African-
White American
2,730 1,856 £ 874 1 1,777 953 683 t
0.90 38.2% 30.8% 12.7% 26.7% 16.4% 12.9%
0.85 70.9% 59.6% 23.5% 52.6% 31.6% 24.0%
0.80 92.1% 84.1% 38.5% 77.7% 51.3% 39.2%
0.75 98.9% 96.1% 55.7% 92.9% 70.9% 56.5%
0.70 >99.9% 99.5% 72.2% 98.6% 85.9% 72.9%
0.65 >99.9% >99.9% 85.2% 99.8% 94.7% 85.6%
0.60 >99.9% >99.9% 93.4% >99.9% 98.5% 93.6%
TExpected RR; I Expected total number of eligible participants.

Power calculations in the CTSC sub-cohort.

For depression prevention among high-risk participants, eligible persons are those without non-anxiety Axis |
history, including dementia''?, or with past depression in remission for at least one year’®. Of an estimated 855
eligible, high-risk people will comprise ~60% (n=513)""®. High depression rates have been observed with key
risk factors’* '"°: e.g., Robinson et al.”*® found a 22.4% 1-year depression incidence in the placebo group of a
prevention RCT among elders following acute stroke. Power was based on an expected 2-year incidence of
25%® in the placebo group. Of note, investigators have achieved RR reductions of 60% (i.e., an RR of 0.4) in
prevention trials among high-risk persons’®. We will have 80% and >95% power to detect RRs for a single
agent of 0.6 and 0.5, respectively.

For MDD prevention among participants with subsyndromal symptoms, we considered the reported 21.3%
current prevalence of subsyndromal depression among persons aged 65+ years'"®. Subsyndromal depression
has been found among 13% of blacks and 28% of whites''®. Thus, persons with subsyndromal symptoms will
likely comprise 23% (n=196) of eligibles. One group''’ recently observed an 18-month MDD incidence of 25%
among primary care adults with subsyndromal symptoms. Power was based on a 2-year risk of 35% in the
placebo group; we will have 80% and >90% power to detect respective RRs of 0.5 and 0.4. If 2-year risk is
higher (e.q., 45%), there will be 80% and >90% power to detect respective RRs of 0.6 and 0.5.

Rationale for power calculations in the nested case-control study. Using the most conservative incidence and
recurrence rate estimates for depressive syndrome*', we calculated the expected number of cases (n~900) —
or ~500 with blood samples. To enhance power, cases will be matched 2:1 with controls on 5-year age group,
gender, follow-up time and season of blood draw. We assumed 35 or 40% prevalence of vitamin D deficiency
among controls®; for w-3, we based power on low levels (bottom 25% or 33% of the control distribution). We
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will have 280% power to detect RR=1.4 and >90% power to detect RR=1.5. A recent study''® reported odds
ratios for mood disorder of 2.6 for 25(OH)D=10-19.9 ng/mL, and 11.7 for 25(OH)D <10/ng/mL.

Power for additive and synergistic effects of the agents. Assuming a 2-sided o of 0.05, we calculated power of
single agent effects ranging from 0.90 to 0.75, and RRs for interactions from 1.00 (i.e., additive) to 0.60. If both
agents are effective, but act independently, power tends to decrease, due to a smaller number of events. If the
agents interact, power will be affected by the extent of the interaction. We will have 280% power to detect
important interactions (e.qg., additional risk reduction of 230% for single agent RRs from 0.90 to 0.75).

Power for continuous outcomes''® '?°. We used the SD of change in PHQ scores from two 1-year-apart
assessments in a sample of non-depressed adults®® and calculated power to detect a 25% difference — a
clinically meaningful difference — compared to the mean of non-depressed persons at baseline®®. We will have
>99% power for Primary Aims and detecting differences by vitamin D3 among African-Americans. Mean
differences may be greater among the higher-risk CTSC samples; we will have >99% power to detect a 30%
difference in the high-risk group, and 90% power to detect a 30% difference among subsyndromal participants.

RISKS AND DISCOMFORTS

There is the possibility of social/psychological risk that could result from inadvertent disclosure of confidential
information from the questionnaires or blood tests. However, we have many safeguards in place to avoid this
possibility, and we have never had an inadvertent breach of confidentiality in any of our trials.

The potential risk of disclosure of confidential information is guarded against by maintaining completed
questionnaires and blood test results in locked offices accessible by authorized personnel only. In
questionnaire data files, participants are identified only by study ID. Subject identifiers are stored in separate
computer files with password protection, and results will be presented only in the aggregate. In addition,
employees involved with the proposed study will be asked to sign a form agreeing not to disclose any
information to which they might have access, regardless of their personal perception about its confidentiality.
Each employee of the study who has access to study data or has contact with subjects participates in an
institutional (Brigham and Women‘s Hospital) human subjects educational program, which consists of
reviewing regulatory and informational documents pertaining to human subjects research; passing a test on
ethical principles and regulations governing human subjects research; and signing a statement of commitment
to the protection of human subjects. Finally, all such employees are required to participate in HIPAA training.

POTENTIAL BENEFITS

For the majority of participants, there will be few direct benefits from participating in this primary prevention
study other than the awareness of being involved in a large endeavor to answer relevant and timely questions
regarding the possible benefit of vitamin D and fish oil.

During the trial itself, we will receive inquiries from the participants regarding both specific and general health
concerns. We will respond to each of those questions, primarily directing participants to published sources or
recommending that they see their local health provider who is familiar with their medical history. In addition,
participants may benefit from the letters sent to those reporting high levels of depressive symptoms. Many
such persons might not otherwise be referred to their local providers for further evaluation and management of
depression.

The purported health benefits of vitamin D and marine omega-3 fatty acids are receiving increasing attention in
the medical literature and the popular press. Sales of vitamin D supplements and omega-3 fatty acid
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supplements at U.S. stores have increased substantially in recent years. However, definitive data on health
benefits and risks of these agents are lacking. Findings from this large clinical trial will clarify the role of vitamin
D and marine omega-3 fatty acid supplements in the prevention of depression will help guide individual
decisions, clinical recommendations, and public health guidelines.

MONITORING QUALITY ASSURANCE
A. SAFETY MONITORING

An independent Data and Safety Monitoring Board (DSMB) will be assembled, consisting of experts in clinical
trials, epidemiology, biostatistics, relevant clinical areas of cancer and CVD, cognitive function and NIH
representatives. The Physicians’ Health Study, the Women’s Health Study, and the Women’s Antioxidant and
Folic Acid Cardiovascular Study (the main trials as well as ancillary outcome studies) have been monitored by
the same DSMB since their inception. As two of these trials have ended and the third is in its last years, we will
ask our DSMB members if they would be willing to also monitor VITAL. If they are not able to do so, we will
consult with them in assembling a new DSMB. Current VITAL DSMB members are Drs. Lawrence S. Cohen,
Theodore Colton, Mark A. Espeland, I. Craig Henderson, Alice H. Lichtenstein, Rebecca A. Silliman, and
Nanette Wenger (chair). Ex officio members are Drs. Josephine Boyington (NHLBI), Rebecca B. Costello
(ODS), Cindy D. Davis (NCI), Peter Greenwald (NCI), and Lawrence Fine (NHLBI). In addition, we will
nominate experts in depression clinical trials and psychiatric outcome measurement to the VITAL DSMB. The
DSMB Chair has strongly endorsed the importance of such experts on the DSMB, and their presence will
ensure a high level of acumen for monitoring differences in depression by treatment arm.

The VITAL Data and Safety Monitoring Board (DSMB) will be charged with ensuring that the safety of
participants is protected and that the scientific goals of the study are being met. The VITAL DSMB will include
psychiatric expertise and will monitor differences by treatment arm of ancillary study outcomes, including
depression, and will be empowered to terminate the trial based on evidence of substantial harm or benefit. To
support those purposes, the DSMB will review any proposed amendments to the study protocol, examine the
progress of the trial and the unblinded data on study endpoints, perform expedited review of all serious
adverse events (i.e., events meeting the FDA definition of Serious Adverse Events, such as any fatal event
including suicide, immediately life-threatening event, or permanently or substantially disabling event), perform
ongoing monitoring of drop-outs and non-serious adverse events, determine whether study procedures should
be changed or the study should be halted for reasons related to the safety of participants, and perform periodic
review of the completeness and validity of data to be used for analysis of safety and efficacy. The DSMB wiill
also ensure participant privacy and research data confidentiality.

The DSMB will annually examine the progress of the trial and the unblinded data on study endpoints and
possible adverse effects to recommend continuation, alteration of study design, or early termination, as
appropriate. Interim trial results will be assessed with the Haybittle-Peto rule, adjusting for multiple looks. In
this method, interim results are compared to a z-score of 3 standard deviations (p=0.0027) throughout the trial.
The final results may then be interpreted as having close to nominal significance levels. This rule appropriately
requires very strong evidence for early stopping, is more conservative than the Pocock and O’Brien-Fleming
rules and the alpha-spending function, and can be conducted at convenient times without inducing statistical
complexity. The monitoring rules'" '?2 will serve solely as guidelines in decisions regarding continuation or
stopping of treatment arms. All decisions will be made after examining the totality of evidence, including other
trial data, on these agents.

B. MONITORING OF DATA
Redundancies will be built into the data processing systems to insure accurate recording of data and proper
follow-up. All research forms will be scanned in and the data read by a character recognition software program
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(Teleform). Out-of-range, internally inconsistent, and unclear data will be reviewed by a verifier who will edit
misread variables. Forms that cannot be scanned, and name and address changes, will be entered using
traditional double-entry procedures. All data will undergo additional within-form and across-time checks to
verify accuracy. Following data entry, all questionnaire responses that require additional follow-up for missing
data, participant comments on the form or for endpoint validation will be manually reviewed to insure correct
processing and accurate follow-up. Address changes received from the post office or from participants will be
manually keyed by data entry personnel and the resultant files compared and verified.
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eTable 1. Detailed Baseline Characteristics of Participants, According to Randomized Omega-3 Fatty Acid and Placebo Groups.

Omega-3 group Placebo group
Baseline Characteristic
(n=9171)2 (n=9182)2

Age, y, mean (SD) 67.4(7.1) 67.5(7.0)
Age groups, y, no. (%)

50-54 354 (3.9) 298 (3.3)

55-64 2947 (32.1) 3018 (32.9)

65-74 4633 (50.5) 4598 (50.1)

75+ 1237 (13.5) 1268 (13.8)
Sex, no. (%)

Males 4674 (51.0) 4656 (50.7)

Females 4497 (49.0) 4526 (49.3)
Racial or ethnic group, no. (%)° n=8982 n=9007

African American/Black 1683 (18.7) 1724 (19.1)

Asian/Pacific Islander 150 (1.7) 144 (1.6)
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Omega-3 group Placebo group
Baseline Characteristic
(n=9171)2 (n=9182)2

Hispanic (not African American) 347 (3.9) 361 (4.0)

Native American/Alaskan Native 80 (0.9) 70 (0.8)

Non-Hispanic White 6563 (73.1) 6534 (72.5)

Other® 159 (1.8) 174 (1.9)
Greater than high school education, no./total no. (%) 8043/ 9153 (87.9) 8122 /9162 (88.7)
Income $30,000+ per year, no./total no. (%) 6932 / 8248 (84.0) 6853 / 8232 (83.3)

Body-mass index?, mean (SD) [N]

27.8 (5.5) [8950]

27.7 (5.5) [8969]

Hypertension treated with medication, no./total no. (%) 4560 / 9126 (50.0) 4638 / 9136 (50.8)
Current use of cholesterol-lowering medication, no./total no. (%) 3322 /9123 (36.4) 3302 /9150 (36.1)
Diabetes, no./total no. (%) 1165/ 9158 (12.7) 1143/ 9167 (12.5)
Smoking, no. (%) n=9124 n=9143
Current 4882 (53.5) 4856 (53.1)
Past 3684 (40.4) 3724 (40.7)
Never 558 (6.1) 563 (6.2)
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Omega-3 group Placebo group
Baseline Characteristic
(n=9171)2 (n=9182)2
Alcohol use frequency, no. (%) n=9047 n=9045
Never/rarely 2716 (30.0) 2758 (30.5)
Monthly 678 (7.5) 641 (7.1)
Weekly 3242 (35.8) 3218 (35.6)
Daily 2411 (26.7) 2428 (26.8)

Total physical activity, MET-hours/week, median (IQR), [N]

16.8 (5.6-32.9) [9168]

17.0 (5.5-33.4) [9182]

Current postmenopausal hormone use (females only), no./total

462 / 4416 (10.5) 477 | 4454 (10.7)
no. (%)°
Current use of multivitamins, no./total no. (%) 4072 / 9044 (45.0) 4101/ 9040 (45.4)
Current use of supplemental vitamin D, no./total no. (%)f 4067 / 9171 (44.4) 4063/ 9182 (44.3)
Current use of supplemental calcium (<1200 mg/day), no./total

1848/ 9171 (20.2) 1905/ 9182 (20.8)

no. (%)°

Intake of foods related to vitamin D and/or omega-3 fatty acids, "

mean (SD) [N]
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Basaline Characteristic

Omega-3 group

(n=9171)2

Placebo group

(n=9182)2

Milk, servings/day’'

0.7 (0.9) [8967]

0.7 (0.9) [8960]

Other vitamin D-fortified foods, servings/day!

0.6 (0.7) [9035]

0.6 (0.7) [9042]

Dark-meat fish, servings/weekk

1.0 (1.7) [9023]

1.0 (1.4) [9030]

Other fish and seafood, servings/week!

1.1 (1.7) [9031]

1.1 (1.8) [9033]

Basealine biomarker levels, median (IQR) [N]

25-(OH)D, ng/mI™

31.0 (25.0-37.0) [5708]

31.0 (25.0-37.0) [5709]

EPA, %" 0.5 (0.4-0.7) [5591] 0.5 (0.4-0.7) [5638]
DHA, %" 1.9 (1.5-2.4) [5598] 1.9 (1.6-2.4) [5639]
Geographic region, no. (%) n=9170 n=9182
Southeast 2483 (27.1) 2548 (27.8)
Northeast 2511 (27.4) 2492 (27.1)
West 2172 (23.7) 2116 (23.1)
Midwest 2004 (21.9) 2026 (22.1)

Charlson-Deyo comorbidity index," no. (%)
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Omega-3 group Placebo group
Baseline Characteristic
(n=9171)2 (n=9182)2

0 point 7764 (84.7) 7776 (84.7)

1 point 1206 (13.2) 1199 (13.1)

2+ points 201 (2.2) 207 (2.3)
Randomization in Vitamin D3 portion of trial, no. (%)

Active agent group 4608 (50.3) 4573 (49.8)

Placebo group 4563 (49.8) 4609 (50.2)

Abbreviations. SD, standard deviation; IQR, interquartile range; MET, metabolic equivalent of task; 25(OH)D, 25-hydroxyvitamin D; EPA, eicosapentaenoic
acid; DHA, docosahexaenoic acid

aUnless otherwise stated.

b Racia and ethnic group were reported by participants.

€ Other race/ethnicity includes Native Hawaiian or other Pacific Islander, multiple race or unknown race or unknown ethnicity.

4 Body-massindex is the weight in kilograms divided by the square of the height in meters. Data were missing for 2.4% of the participants.

eVirtualy all female participants are postmenopausal (>99%).

f <800 IU/day from all supplemental sources of vitamin D combined (individual vitamin D supplements, calcium + vitamin D supplements, medications with
vitamin D [e.g., Fosamax Plus D], and multivitamins)

9 <1200 mg/day from all supplemental sources of calcium combined

" Asassessed by a modified version of the Harvard Food Frequency Questionnaire.

"Milk: Dairy and soy-milk

I Other vitamin-D fortified foods: vitamin D-fortified cereal, vitamin D-fortified orange juice, yogurt

k Dark-meat fish: e.g., mackerel, salmon, sardines, bluefish, swordfish, canned tuna

I Other fish and seafood: e.g., cod, haddock, halibut, breaded fish cakes, pieces, or fish sticks, shrimp, lobster, scallops

™ To convert 25(0OH)D units to a nanomoles per liter, multiply by 2.5.

" Baseline plasmalevels of EPA and DHA were expressed as a percent of total phospholipid fatty acids.

° The Charlson-Deyo comorbidity index is aweighted comorbidity score derived from the sum of the scores for each of several major medical comorbid
conditions!?. Participants were categorized as having 0, 1, or >2 points on the Charlson-Deyo comorbidity index.
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eTable 2. Mean Difference in Change Since Baseline in PHQ-8 Score Comparing Omega-3 Fatty Acid and Placebo Groups,

According to Baseline Sub-groups.?

P-value (P-
Group No. of participants | Mean difference (95% CI)
interaction)P®
Sex 0.16
Female 9,023 0.06 (-0.00, 0.12)
Male 9,330 -0.00 (-0.06, 0.06)
Age (years) 0.34
50-64 6,617 -0.00 (-0.08, 0.07)
65-74 9,231 0.04 (-0.02, 0.09)
75+ 2,505 0.10 (-0.01, 0.22)
Racial or ethnic group® 0.93
African American/Black 3407 0.05 (-0.08, 0.18)
Non-Hispanic White 13097 0.03 (-0.02, 0.08)
Otherd 1485 0.02 (-0.15, 0.19)
Baseline plasma EPA level, %° 0.70
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P-value (P-

Group No. of participants | Mean difference (95% CI)
interaction)P®
< Median of 0.50 4318 0.03 (-0.05, 0.12)
> Median of 0.50 6911 0.06 (-0.01, 0.12)
Baseline plasma DHA level, %° 0.87
< Median of 1.90 5001 0.05 (-0.03, 0.13)
> Median of 1.90 6236 0.04 (-0.03, 0.11)
Total fish & seafood intake' 0.20
< Median of 1.47 servings/week 9555 0.01 (-0.05, 0.07)
> Median of 1.47 servings/week 8523 0.06 (0.00, 0.13)
Charlson-Deyo comorbidity index? 0.29
0 point 15540 0.01 (-0.03, 0.06)
1 point 2405 0.07 (-0.07, 0.22)
2+ points 408 0.30 (-0.07, 0.68)
Randomization in Vitamin D3 portion
0.24

of tria
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P-value (P-
Group No. of participants | Mean difference (95% CI)
interaction)P®
Active agent group 9181 0.00 (-0.06, 0.06)
Placebo group 9172 0.05 (-0.01, 0.12)

Abbreviation: CI, confidenceinterval; PHQ, patient health questionnaire; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid

a Analyses were from general linear models of response profiles to estimate the means, with time modeled as indicator variables; models were controlled for age,
sex, and vitamin D3 randomization group. Adjusted mean differences (95% CI) between the omega-3 fatty acid and placebo groups in PHQ-8 change scores
averaged across al follow-up years (years 1-5) are shown within sub-groups.

b P-interaction is from the test of the sub-group-x-treatment-x-follow-up time interaction term in the mode!.

¢ Racial and ethnic group were reported by participants.

d Other race/ethnicity group included Hispanic (not African American), Asian, Native Hawaiian or other Pacific Islander, multiple race or unknown race or
unknown ethnicity.

¢ Baseline plasma levels of EPA and DHA were expressed as a percent of total phospholipid fatty acids.

T Total fish and seafood intake includes dark-meat fish: e.g., mackerel, salmon, sardines, bluefish, swordfish; canned tuna, Other fish and seafood: e.g., cod,
haddock, halibut; breaded fish cakes, pieces, or fish sticks; shrimp, lobster, scallops.

¢ The Charlson-Deyo comorbidity index is aweighted comorbidity score derived from the sum of the scores for each of several major medical comorbid
conditions®?. Participants were categorized as having 0, 1, or >2 points on the Charlson-Deyo comorbidity index.

© 2021 American Medical Association. All rights reserved.



11

eTable 3. Adjusted Means at Baseline and Mean Change (95% CI) in PHQ-8 Scores at Each Y ear Since Randomi zation Compared to

Baseline, According to Omega-3 Fatty Acid and Placebo Groups, Censoring PHQ-8 Scores after Initiation of Antidepressants.?

Omega-3 group Placebo group
Mean difference
PHQ-8 score Number of Adjusted mean Number of Adjusted mean P-value | P-interaction
(95% CI)P
participants (95% ClI) participants (95% ClI)

Baseline 9171 1.09 (1.06, 1.13) 9182 1.11 (1.08, 1.15) -- --
Year 1vsBaseline 8411 0.04 (0.00, 0.07) 8506 0.01 (-0.03,0.04) | 0.03(-0.02, 0.08) 0.28
Year 2 vsBaseline 8245 0.06 (0.02, 0.10) 8297 0.03 (-0.01, 0.07) | 0.03 (-0.03, 0.08) 0.37 051
Year 3vsBaseline 2973 0.09 (0.05, 0.13) 8052 0.05(0.01, 0.09) | 0.05(-0.01, 0.112) 0.11
Year 4 vs Baseline 7500 0.06 (0.02, 0.10) 7545 0.04 (0.00, 0.08) | 0.02(-0.04, 0.08) 0.43
Year 5 vsBaseline 5144 0.15 (0.10, 0.20) 5133 0.17 (0.12, 0.22) | -0.01 (-0.08, 0.06) 0.70
Average (across Years

9171 9182 0.03 (-0.02, 0.07) 0.24
1-5) vs Baseline

Abbreviation: ClI, confidenceinterval; PHQ, patient health questionnaire
a Analyses were from general linear models of response profiles to estimate the means, with time modeled as indicator variables; models were controlled for age,
sex, and vitamin D3 randomization group. Adjusted means (95% CI) within each treatment group are shown at baseline and adjusted mean differences in change
(95% CI) within each treatment group are shown for each follow-up time point. P-interaction is from the 5-degree-freedom test of the treatment-x-time

interaction term in the model.
b Mean differencesin change comparing omega-3 fatty acid and placebo groups; the last row shows the adjusted mean difference (95% Cl) between the omega-3
fatty acid and placebo groups in PHQ-8 change scores averaged across al follow-up years (years 1-5 vs. baseline).

© 2021 American Medical Association. All rights reserved.




eT able 4. Participant-Reported Adherence with the Omega-3 Fatty Acid and Placebo Study Pills (% of Pills Taken) for All Time

Points, among Participants Responding to Compliance Questionnaires.

Time Omega-3 group Placebo group

Baseline 9171/9171 (100.0) 9182/9182 (100.0)
Year 1 8162/8634 (94.5) 8228/8683 (94.8)
Year 2 7743/8417 (92.0) 7759/8393 (92.5)
Year 3 7441/8156 (91.2) 7436/8148 (91.3)
Year 4 7031/7707 (91.2) 7013/7689 (91.2)
Year 5 4650/5149 (90.3) 4632/5086 (91.1)

© 2021 American Medical Association. All rights reserved.
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eTable 5. Hazard Ratios and 95% Clsfor Total, Incident and Recurrent Depression, According to Randomized Assignment to

Omega-3 Fatty Acid or Placebo, with Additional Censoring at Time Taking Less than 2/3 Study Pills.2

- Pl
Omega-3 group acebo group HR (95% CI) P-value
Outcome
Event/no. of participants
Total depression® 516/9171 454/9182 1.15(1.01-1.30) 0.03
Incident depression® 385/8322 340/8355 1.14(0.99 - 1.32) 0.08
Recurrent depression® 131/849 114/847 1.14 (0.89 - 1.47) 0.31

Abbreviation: HR, hazard ratio; Cl, confidence interval

a Analyses were from Cox regression models that were controlled for age, sex, and vitamin D3 randomization group. Analyses were not adjusted for multiple

comparisons.

b Depression is a composite outcome comprising reported presence of clinician diagnosis of depression, treatment for depression and/or symptoms above the

validated cutoff for major depression on the PHQ-8(PHQ-8>10); total depression consists of all incident and recurrent depression combined.

¢ Incident and recurrent depression were exploratory outcomes. Incident depression was defined as depression cases that occurred among those with no past
history of depression; recurrent depression was defined as depression cases that occurred among those with past history of depression, but not under treatment or

active in the past 2 years.
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el able 6a. Hazard Ratios and 95% Clsfor Total, Incident, and Recurrent Depression, According to Randomized Assignment to

Omega-3 Fatty Acid or Placebo, with Additional Censoring at Incident CVD.2

- Pl
Omega-3 group acebo group HR (95% CI) P-value
Outcome
Event/no. of participants
Total depression® 638/9171 566/9182 1.14 (1.02 - 1.28) 0.02
Incident depression® 483/8322 416/8335 1.17 (1.03-1.34) 0.02
Recurrent depression® 155/849 150/847 1.04 (0.83-1.30) 0.76

Abbreviation: HR, hazard ratio; Cl, confidence interval

a Analyses were from Cox regression models that were controlled for age, sex, and vitamin D3 randomization group. Analyses were not adjusted for multiple

comparisons.

b Depression is a composite outcome comprising reported presence of clinician diagnosis of depression, treatment for depression and/or symptoms above the

validated cutoff for major depression on the PHQ-8(PHQ-8>10); total depression consists of all incident and recurrent depression combined.

¢ Incident and recurrent depression were exploratory outcomes. Incident depression was defined as depression cases that occurred among those with no past
history of depression; recurrent depression was defined as depression cases that occurred among those with past history of depression, but not under treatment or

active in the past 2 years.
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eTable 6b. Hazard Ratios and 95% Clsfor Total, Incident, and Recurrent Depression, According to Randomized Assignment to

Omega-3 Fatty Acid or Placebo, with Additional Adjustment for CVD as a Time-Dependent Covariate.?

Omega-3 group Placebo group
Outcome HR (95% CI) P-value
Event/no. of participants
Total depression® 651/9171 583/9182 1.13(1.01-1.26) 0.03
Incident depression® 493/8322 427/8335 1.17 (1.03-1.33) 0.02
Recurrent depression® 158/849 156/847 1.02 (0.82-1.27) 0.87

Abbreviation: HR, hazard ratio; CI, confidence interval
& Analyses were from Cox regression models that were controlled for age, sex, time-dependent CVD variable and vitamin D3

randomi zation group. Analyses were not adjusted for multiple comparisons.

b Depression is a composite outcome comprising reported presence of clinician diagnosis of depression, treatment for depression

and/or symptoms above the validated cutoff for major depression on the PHQ-8(PHQ-8>10); total depression consists of all incident

and recurrent depression combined.

¢ Incident and recurrent depression were exploratory outcomes. Incident depression was defined as depression cases that occurred

15

among those with no past history of depression; recurrent depression was defined as depression cases that occurred among those with

past history of depression, but not under treatment or active in the past 2 years.
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eTable 7a. Hazard Ratios and 95% Clsfor Total, Incident, and Recurrent Depression, According to Randomized Assignment to

Omega-3 Fatty Acid or Placebo, with Additional Censoring at Incident Cancer.?

Omega-3 group Placebo group
Outcome HR (95% CI) P-value
Event/no. of participants
Total depression® 629/9171 563/9182 1.13(1.01-1.27) 0.04
Incident depression® 474/8322 412/8335 1.16 (1.02 - 1.33) 0.03
Recurrent depression® 155/849 151/847 1.04 (0.83-1.30) 0.75

Abbreviation: HR, hazard ratio; Cl, confidence interval

a Analyses were from Cox regression models that were controlled for age, sex, and vitamin D3 randomization group. Analyses were

not adjusted for multiple comparisons.

b Depression is a composite outcome comprising reported presence of clinician diagnosis of depression, treatment for depression

and/or symptoms above the validated cutoff for major depression on the PHQ-8(PHQ-8>10); total depression consists of all incident

and recurrent depression combined.

© 2021 American Medical Association. All rights reserved.
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¢ Incident and recurrent depression were exploratory outcomes. Incident depression was defined as depression cases that occurred
among those with no past history of depression; recurrent depression was defined as depression cases that occurred among those with

past history of depression, but not under treatment or active in the past 2 years.
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eTable 7b. Hazard Ratios and 95% Clsfor Total, Incident, and Recurrent Depression, According to Randomized Assignment to

Omega-3 Fatty Acid or Placebo, with Additional Adjustment for Total Cancer as a Time-Dependent Covariate.?

Omega-3 group Placebo group

Outcome HR (95% CI) P-value

no. of participants with event

Total depression® 651/9171 583/9182 1.13(1.01-1.26) 0.03
Incident depression® 493/8322 427/8335 1.17 (1.03 - 1.33) 0.02
Recurrent depression® 158/849 156/847 1.02 (0.81-1.27) 0.88

Abbreviation: HR, hazard ratio; ClI, confidence interval

& Analyses were from Cox regression models that were controlled for age, sex, time-dependent malignant cancer and vitamin D3
randomization group. Analyses were not adjusted for multiple comparisons.

b Depression is a composite outcome comprising reported presence of clinician diagnosis of depression, treatment for depression
and/or symptoms above the validated cutoff for major depression on the PHQ-8(PHQ-8>10); total depression consists of all incident

and recurrent depression combined.
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¢ Incident and recurrent depression were exploratory outcomes. Incident depression was defined as depression cases that occurred
among those with no past history of depression; recurrent depression was defined as depression cases that occurred among those with

past history of depression, but not under treatment or active in the past 2 years.
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Description of Results from Sensitivity Analysesin eTable 6 and eTable 7.

There were no differences in results with additional censoring at developing of parent trial CVD outcomes (total depression HR, 95%
Cl: 1.14, 1.02-1.28). While development of CVD was strongly associated with 3-fold risk of total depression (HR, 95% ClI: 2.96, 2.05-
4.27), incident depression (HR, 95% ClI: 2.72, 1.76-4.21) and recurrent depression (HR, 95% CI: 2.85, 1.46-5.55), and omega-3 was
associated with reduced risk of several secondary CVD outcomesin the parent trial®, there were no differences in results for the effect
of omega-3 on depression risk when including CVD as atime-updated covariate (total depression HR, 95% CI: 1.13, 1.01-1.26).
Development of cancer was not statistically significantly associated with total (HR, 95% CI: 1.21, 0.89-1.65), incident (HR, 95% CI:
1.28, 0.91-1.81) or recurrent depression (HR, 95% CI: 0.97, 0.48-1.97). Aswith CVD outcomes, there were no differencesin results

when censoring or adjusting for time-updated parent trial cancer outcomes.
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eTable 8. Subdistribution Hazard Models Comparing the Risk of Depression in the Omega-3 Fatty Acid and Placebo Groups.?

Outcome No. of participants HR (95% CI) P-value
Total depression® 18,353 1.13 (1.01-1.26) 0.03
Incident depression® 16,657 1.17 (1.02-1.33) 0.02
Recurrent depression® 1696 1.01 (0.81-1.26) 0.91

Abbreviation: HR, hazard ratio; Cl, confidence interval

2The adjusted HRs were computed from the Fine and Gray subdistribution hazard models. Analyses used the Fine-Gray competing

risks approach; death from any cause was treated as a competing rather than censored event. Results from the subdistribution hazard

models are shown for total, incident and recurrent depression or clinically relevant depressive symptoms.

b Depression is a composite outcome comprising reported presence of clinician diagnosis of depression, treatment for depression

and/or symptoms above the validated cutoff for major depression on the PHQ-8 (PHQ-8>10); total depression consists of all incident

and recurrent depression combined.

¢ Incident and recurrent depression were exploratory outcomes. Incident depression was defined as depression cases that occurred

among those with no past history of depression; recurrent depression was defined as depression cases that occurred among those with

past history of depression, but not under treatment or active in the past 2 years.
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eTable 9. Adjusted Differences in Change in PHQ-8 Scores Since Baseline, Comparing Omega-3 Fatty Acid to Placebo.?

22

Basdline

Effect Omega-3 group, N Placebo group, N Rateratio (95% CI) P-Value
Year 1 vsBaseline 8471 8549 1.03 (0.98-1.08) 0.27
Year 2 vs Basdline 8354 8371 1.02 (0.97-1.07) 0.44
Year 3vsBasdine 8116 8172 1.04 (0.99-1.09) 0.16
Year 4 vsBaseline 7676 7690 1.03 (0.98-1.08) 0.28
Year 5vsBaseline 5295 5252 0.99 (0.94-1.04) 0.83
Averageover Years1-5vs 9171 9182 1.02 (0.98-1.06) 0.23

Abbreviation: Cl, confidence interval; PHQ, patient health questionnaire

a Analyses were from repeated measures negative binomial regression models, with follow-up time modeled as an indicator; models

were controlled for age, sex, and vitamin D3 randomization group. Results show rate ratios (RRs) and 95% confidence intervals (95%

Cls), which reflect percent differences in the change in severity on the PHQ-8 score comparing omega-3 fatty acid to placebo

treatment group. RRs are shown for each follow-up time point, and for the average over all follow-up. Results show no significant

differences between the treatment groups in change in PHQ-8 scores since baseline.
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eTable 10. Adjusted Means at Baseline and Mean Change (95% CI) in PHQ-8 Scores at Each Y ear Since Randomization Compared

to Baseline, According to Omega-3 Fatty Acid and Placebo Groups, Censoring PHQ-8 Scores at Date of Mood Safety L etter.?

Omega-3 group Placebo group
Mean difference P-
PHQ-8 score Number of | Adjusted mean | Number of Adjusted mean P-value
(95% CI)® interaction
participants (95% ClI) participants (95% ClI)

Baseline 9171 1.09 (1.06, 1.13) 9182 1.11 (1.08, 1.15) - -
Year 1 vsBaseline 8471 0.05 (0.01, 0.09) 8549 0.01 (-0.02, 0.05) | 0.04 (-0.02, 0.09) 0.20
Year 2 vsBaseline 8320 0.08 (0.04, 0.12) 8340 0.05 (0.01, 0.09) | 0.03 (-0.02, 0.09) 0.25 o1e
Year 3 vsBaseline 8053 0.12 (0.08, 0.16) 8116 0.07 (0.03,0.11) | 0.05(-0.01, 0.10) 0.13
Year 4 vs Baseline 7580 0.11 (0.07, 0.15) 7608 0.07 (0.03,0.11) | 0.03 (-0.02, 0.09) 0.26
Year 5 vsBaseline 5210 0.22 (0.17,0.27) 5188 0.23 (0.18, 0.28) | -0.01 (-0.08, 0.06) 0.77
Average (across Y ears

9171 9182 0.03 (-0.01, 0.08) 0.16
1-5) vs Baseline

Abbreviation: PHQ, patient health questionnaire; CI, confidence interval

a Analyses were from general linear models of response profiles to estimate the means, with time modeled as indicator variables,

models were controlled for age, sex, and vitamin D3 randomization group. Adjusted means (95% CI) within each treatment group are
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shown at baseline and adjusted mean differences in change (95% CI) within each treatment group are shown for each follow-up time
point. P-interaction is from the 5-degree-freedom test of the treatment-x-time interaction term in the model.
bMean differences in change comparing omega-3 fatty acid and placebo groups; the last row shows the adjusted mean difference

(95% ClI) between the omega-3 fatty acid and placebo groups in PHQ-8 change scores averaged across al follow-up years (years 1-5

vs. baseline).
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Description of Results from Sensitivity Analysesin eTable 10.

As described in Methods published previously (Okereke et a., JAMA, 2020; Supplement 2, eMethods)#, enhanced follow-up
procedures were instituted for those with elevated PHQ-8 scores. Participants with elevated PHQ-8 scores (>10 algorithm cutoff) at
baseline and follow-up were contacted via mailed |etters, where there was no current self-report by the participant of both recent
diagnosis and treatment of depression. Among al participants who scored PHQ-8>15, the same letters were sent regardless of recent
self-reported diagnosis or treatment for depression. It was recognized that receipt of a letter intended to raise a participant’s awareness
of mood problems may influence his or her self-report of mood on a subsequent questionnaire, and this may have potential to bias
results. Thus, in this analysis PHQ-8 scores were censored after the date that a mood safety letter was sent (i.e., PHQ-8 responses that
occurred after the send date of amood safety letter did not contribute to the outcome). Results showed that estimates observed in this

sensitivity analysis are similar to those in the primary analysis.
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eTable 11. Adjusted Means at Baseline and Mean Change (95% CI) in PHQ-8 Scores at Each Y ear Since Randomization Compared

to Baseline, According to Omega-3 Fatty Acid and Placebo Groups, Omitting Y ear 5 PHQ-8 Score.?

Omega-3 group Placebo group
Mean difference P-
PHQ-8 score Number of | Adjusted mean | Number of | Adjusted mean P-value
(95% CI)® interaction
participants (95% ClI) participants (95% ClI)
Baseline 9171 1.09 (1.06, 1.13) 9182 1.11(1.08, 1.15) -- --
Year 1 vsBaseline 8471 0.05 (0.01, 0.09) 8549 0.01 (-0.02, 0.05) | 0.03(-0.02, 0.09) 0.21
Year 2 vsBaseline 8354 0.07 (0.03, 0.11) 8371 0.04 (0.00, 0.08) | 0.02 (-0.03, 0.08) 0.41 0.58
Year 3vsBaseline 8116 0.10 (0.06, 0.14) 8172 0.06 (0.02,0.10) | 0.05(-0.01, 0.10) 0.13
Year 4 vs Baseline 7676 0.08 (0.04, 0.12) 7690 0.05(0.01, 0.09) | 0.03(-0.02, 0.09) 0.26
Average (across
Years 1-4) vs 9171 -- 9182 -- 0.03 (-0.01, 0.08) 0.13
Baseline

Abbreviation: Cl, confidence interval; PHQ, patient health questionnaire

& Analyses were from general linear models of response profiles to estimate the means, with time modeled asindicator variables,

models were controlled for age, sex, and vitamin D3 randomization group. Adjusted means (95% CI) within each treatment group are
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shown at baseline and adjusted mean differences in change (95% CI) within each treatment group are shown for each follow-up time
point. P-interaction is from the test of the treatment-x-time interaction term in the model.
bMean differences in change comparing omega-3 fatty acid and placebo groups; the last row shows the adjusted mean difference

(95% ClI) between the omega-3 fatty acid and placebo groups in PHQ-8 change scores averaged across al follow-up years (years 1-4

vs. baseline).
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eTable 12. Total, Incident and Recurrent Rates of Depression, per 1000 Person-Y ears (p-y), by Omega-3 Fatty Acid and Placebo

Groups.
Omega-3 group
Number of
Outcome Cases Per 1000 p-y
participants
Total depression? 9171 651 13.9
Incident depression® 8322 493 11.5
Recurrent depression® 849 158 38.8
Placebo group
Number of
Outcome Cases Per 1000 p-y
participants
Total depression? 9182 583 12.3
Incident depression® 8335 427 9.9
Recurrent depression® 847 156 38.2
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@ Depression is a composite outcome comprising reported presence of clinician diagnosis of depression, treatment for depression
and/or symptoms above the validated cutoff for major depression on the PHQ-8 (PHQ-8>10); total depression consists of all incident
and recurrent depression combined.

b |ncident and recurrent depression were exploratory outcomes. | ncident depression was defined as depression cases that occurred
among those with no past history of depression; recurrent depression was defined as depression cases that occurred among those with

past history of depression, but not under treatment or active in the past 2 years.
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eTable 13. Means (SDs) of PHQ-8 Scores at Each Time Point, in Omega-3 Fatty Acid and Placebo Groups.

Time Omega-3 group Placebo group
Basdline 1.09 (1.60) 1.11 (1.62)
Year 1 1.12 (1.95) 1.11 (1.89)
Year 2 1.13 (2.02) 1.13 (1.94)
Year 3 1.15 (2.04) 1.13 (1.96)
Year 4 1.12 (1.98) 1.11 (1.93)
Year 5 1.21 (2.06) 1.25 (2.10)

Abbreviation: PHQ, patient health questionnaire
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eTable 14a. Hazard Ratios and 95% Clsfor Total, Incident, and Recurrent Depression among Older Males, According to Randomized

Assignment to Omega-3 Fatty Acid or Placebo Groups.?

Omega-3 group Placebo group
Outcome HR (95% CI) P-value
Event/no. of participants
Incident depression® 208/4305 218/4337 0.96 (0.80 - 1.17) 0.71
Recurrent depression® 64/369 58/319 0.94 (0.66 - 1.34) 0.74

Abbreviation: HR, hazard ratio; Cl, confidence interval

& Analyses were from Cox regression models that were controlled for age, sex, and vitamin D3 randomization group. Analyses were

not adjusted for multiple comparisons.

b |ncident and recurrent depression were exploratory outcomes. Incident depression was defined as depression cases that occurred
among those with no past history of depression; recurrent depression was defined as depression cases that occurred among those with

past history of depression, but not under treatment or active in the past 2 years.
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eTable 14b. Hazard Ratios and 95% Clsfor Total, Incident, and Recurrent Depression among Older Females, According to

Randomized Assignment to Omega-3 Fatty Acid or Placebo Groups.?

Omega-3 group Placebo group
Outcome HR (95% CI) P-value
Event/no. of participants
Incident depression® 285/4017 209/3998 1.38(1.15- 1.65) <0.001
Recurrent depression® 94/480 98/528 1.06 (0.80 - 1.40) 0.70

Abbreviation: HR, hazard ratio; Cl, confidence interval

a Analyses were from Cox regression models that were controlled for age, sex, and vitamin D3 randomization group. Analyses were

not adjusted for multiple comparisons.

b | ncident and recurrent depression were exploratory outcomes. Incident depression was defined as depression cases that occurred
among those with no past history of depression; recurrent depression was defined as depression cases that occurred among those with

past history of depression, but not under treatment or active in the past 2 years.
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eTable 15. Hazard Ratios and 95% Clsfor Total, Incident, and Recurrent Depression, According to Randomized Assignment to

Omega-3 Fatty Acid or Placebo, Excluding the First 2 Y ears of Follow-up.?

Omega-3 group Placebo group

Outcome HR (95% CI) P-value

Events/no. of participants

Total depression® 395/8845 370/8906 1.08 (0.94 - 1.25) 0.27
Incident depression® 303/8067 280/8127 1.10(0.93 - 1.29) 0.26
Recurrent depression® 92/778 90/779 1.02 (0.76 — 1.37) 0.88

Abbreviation: HR, hazard ratio; ClI, confidence interval

2 Analyses were from Cox regression models that were controlled for age, sex, and vitamin D3 randomization group. Events occurring
in thefirst 2 years of follow-up were excluded. Analyses were not adjusted for multiple comparisons.

b Depression is a composite outcome comprising reported presence of clinician diagnosis of depression, treatment for depression
and/or symptoms above the validated cutoff for major depression on the PHQ-8 (PHQ-8>10); total depression consists of all incident

and recurrent depression combined.
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¢ Incident and recurrent depression were exploratory outcomes. Incident depression was defined as depression cases that occurred
among those with no past history of depression; recurrent depression was defined as depression cases that occurred among those with

past history of depression, but not under treatment or active in the past 2 years.

eTable 16. Hazard Ratios and 95% Cls of Total, Incident, and Recurrent Depression among Participants with Mild Depressive

Symptoms, According to Randomized Assignment to Omega-3 Fatty Acid or Placebo Groups.?
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Omega-3 group Placebo group
Outcome HR (95% ClI) P-value
Event/no. of participants
Total depression® 771267 73/268 1.09 (0.79 - 1.50) 0.60 i
Incident depression® 51/216 53/214 0.96 (0.66 - 1.42) 0.85 |
Recurrent depression® 26/51 20/54 1.55(0.86 - 2.80) 0.15

Abbreviation: HR, hazard ratio; Cl, confidence interval

2 PHQ-8 score between 5-9 points were used to define mild depressive symptoms. Analyses to compute HRs and Cls were from Cox

regression models that were controlled for age, sex, and vitamin D3 randomization group.

b Depression is a composite outcome comprising reported presence of clinician diagnosis of depression, treatment for depression

and/or symptoms above the validated cutoff for major depression on the PHQ-8(PHQ-8>10); total depression consists of all incident

and recurrent depression combined.
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¢ Incident and recurrent depression were exploratory outcomes. Incident depression was defined as depression cases that occurred
among those with no past history of depression; recurrent depression was defined as depression cases that occurred among those with

past history of depression, but not under treatment or active in the past 2 years.
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eTable 17. Adjusted Means at Baseline and Mean Change (95% CI) in PHQ-8 Scores at Each Y ear Since Randomization Compared

to Baseline, According to Omega-3 Fatty Acid and Placebo Groups, among Participants with Mild Depressive Symptoms.?

Omega-3 group Placebo group
Mean difference P-
PHQ-8 score Number of Adjusted mean Number of Adjusted mean P-value
(95% CI)® interaction
participants (95% ClI) participants (95% ClI)

Baseline 267 6.81 (6.69, 6.93) 268 6.95 (6.82, 7.08) -- --
Year 1 vsBaseline 237 -2.35(-2.82, -1.88) 233 -2.80 (-3.25,-2.35) | 0.45(-0.20,1.10) | 0.18
Year 2 vsBaseline -2.13 (-2.69, -1.58) -2.86 (-3.30,-2.43) | 0.73(0.03, 1.43) 0.04

224 217 034
Year 3vsBaseline 217 -2.44 (-2.91, -1.96) 218 -2.74 (-3.21,-2.28) | 0.31(-0.36,0.98) | 0.37
Year 4 vsBaseline 197 -2.42 (-2.94, -1.90) 190 -2.52 (-3.05,-1.99) | 0.10(-0.64,0.84) | 0.79
Year 5 vsBaseline 138 -2.48 (-3.06, -1.90) 130 -2.36 (-3.01,-1.72) | -0.12(-0.99,0.75) | 0.79
Average (across Y ears

267 268 0.31(-0.21,0.83) | 0.24
1-5) vs Baseline

Abbreviation: PHQ, patient health questionnaire; Cl, confidence interval

a8 PHQ-8 score between 5-9 points were used to define mild depressive symptoms. Analyses were from general linear models of

response profiles to estimate the means, with time modeled as indicator variables; models were controlled for age, sex, and vitamin D3
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randomization group. Adjusted means (95% CI) within each treatment group are shown at baseline and adjusted mean differencesin
change (95% CI) within each treatment group are shown for each follow-up time point. P-interaction is from the 5-degree-freedom test
of the treatment-x-time interaction term in the mode!.

bMean differences in change comparing omega-3 fatty acid and placebo groups; the last row shows the adjusted mean difference
(95% ClI) between the omega-3 fatty acid and placebo groupsin PHQ-8 change scores averaged across al follow-up years (years 1-5

vs. baseline).
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eTable 18. Adverse Events According to Omega-3 Fatty Acid and Placebo Groups.2

Omega-3 group

Placebo group

Affected/at Risk (%)

Affected /at Risk (%)

Serious Adver se Events

Major cardiovascular event® 249/9171 (2.7%) 270/9182 (2.9%)
Invasive cancer of any type 613/9171 (6.7%) 572/9182 (6.2%)
All-cause mortality 305/9171 (3.3%) 286/9182 (3.1%)
Gastrointestinal bleeding 240/9171 (2.6%) 246/9182 (2.7%)
Hypercalcemia 91/9171 (1.0%) 100/9182 (1.1%)
Suicide 2/9171 (0.02%) 1/9182 (0.01%)

Other Adverse Events
Parathyroid condition® 27/9171 (0.3%) 46/9182 (0.5%)
Kidney stones 289/9171 (3.2%) 335/9182 (3.6%)

© 2021 American Medical Association. All rights reserved.
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Omega-3 group Placebo group
Affected/at Risk (%) Affected /at Risk (%)
Kidney failure 47/9171 (0.5%) 56/9182 (0.6%)
Blood in urine 626/9171 (6.8%) 637/9182 (6.9%)
Easy bruising 2276/9171 (24.8%) 2308/9182 (25.1%)
Frequent nosebleeds 317/9171 (3.5%) 322/9182 (3.5%)
Stomach upset or pain 3231/9171 (35.2%) 3219/9182 (35.1%)
Skin rash 2293/9171 (25.0%) 2289/9182 (24.9%)

40

a Adverse events were ascertained systematically throughout the trial on study questionnaires.
b Major cardiovascular event was a composite outcome of myocardial infarction, stroke, and death from cardiovascular causes.

¢ Parathyroid condition includes hyperparathyroidism or hypoparathyroidism.
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eFigure 1. Adjusted Differencesin Change in Likelihood of PHQ-8 Item-Level Symptoms, Comparing Omega-3 Fatty Acid to

Placebo.?
ltem-level symptom Likelihood ratio (95% ClI) P-value
Anhedonia 158(1.142.18) — 0.006
Feeling of sadness 1.60 (0.92-2.80) = 0.10
Sleep probiems 0.95 (0.85-1.07) i & 0.39
Energy problems 0.98 (0.84-1.15) - 2 0.81
Appetite problems 1.01 (0.81-1.26) = = 0.93
Feeling of guilt 1.10 (0.62-1.94) e 0.74
Concentration problems 0.83 (0.53-1.32) = 043
Motor problems 0.85(0.45-1.61) — - 0.62

T T T T T 1
925 G50 1015 30
Likelihcod ratio {25% CI)

Abbreviation: ClI, confidence interval; PHQ, patient health questionnaire

a Analyses were from repeated measures logistic regression models, with follow-up time modeled as an indicator; models were
controlled for age, sex, and vitamin D3 randomization group. Results show likelihood ratios and 95% confidence intervals (95% Cls),
which reflect differencesin the changein likelihood of burden from each PHQ-8 item-level symptom, comparing omega-3 fatty acid

to placebo treatment group. Differences reflect the average effect over all follow-up times since baseline.
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eFigure 2. Adjusted Differencesin Change in Likelihood of PHQ-8 Item-Level Symptoms, Comparing Omega-3 Fatty Acid to

Placebo, Stratified by Biological Sex.?
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Abbreviation: Cl, confidence interval; PHQ, patient health questionnaire
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a Analyses were from repeated measures logistic regression models stratified by sex, with follow-up time modeled as an indicator;
models were controlled for age, sex, and vitamin D3 randomization group. Results show likelihood ratios and 95% Cl's, which reflect
differences in the change in likelihood of burden from each PHQ-8 item-level symptom among males and females, comparing omega-

3 fatty acid to placebo treatment group. Differences reflect the average effect over al follow-up times since baseline.
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eFigure 3. Kaplan-Meier Survival Curves Stratified by Biological Sex for Time since Randomization until Occurrence of Primary

Outcome (Total Depression), in Omega-3 Fatty Acid and Placebo Groups.
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eFigure 4. Box Plots of Crude PHQ-8 Scoresin the Omega-3 Fatty Acid and Placebo Groupsin Each Study Y ear.?
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Abbreviation: PHQ, patient health questionnaire
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aThe figureillustrates two horizontal box plots for each study year, with the crude distributions of PHQ-8 scores in the omega-3 fatty
acid and placebo groups by study year. The figure also illustrates the number of participants (in the outlier portions of the box plots) at

each value of PHQ-8 score in the omega-3 fatty acid and placebo groups.
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available to affiliated investigators through secure databases. Only investigators with specific
IRB approval will have access to study data. The Pl (olivia.okereke@mgh.harvard.edu) can be
contacted for de-identified data requests.

Types of analyses: Deidentified data generated from this research will be made available to
affiliated investigators through secure databases. Only investigators with specific IRB approval
will have access to study data. The PI (olivia.okereke@mgh.harvard.edu) can be contacted for
de-identified data requests.

Mechanisms of data availability: Deidentified data generated from this research will be made
available to affiliated investigators through secure databases. Only investigators with specific
IRB approval will have access to study data. The Pl (clivia.okereke@mgh.harvard.edu) can be
contacted for de-identified data requests.
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