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Abstract

Rationale—Depression is a leading cause of disease burden and disability for older adults; thus, 

prevention is a priority. Biologic and observational data support potential mental health benefits of 

vitamin D and omega-3 fatty acids; however, it is unclear whether these supplements can prevent 

late-life depression.

Design—We describe the novel methodology of a large-scale study: VITAL-DEP (VITamin D 

and OmegA-3 TriaL-Depression Endpoint Prevention), an ancillary to the VITAL trial. Primary 

Aims of VITAL-DEP are to determine effects on prevention of depression and on trajectory of 

mood symptoms of long-term (mean=5 years) supplementation with vitamin D (vitamin D3 

[cholecalciferol], 2000 IU/day) and marine omega-3 fatty-acids (eicosapentaenoic acid + 

docosahexaenoic acid, 1 g/day), in a 2x2 factorial design, among 25,874 older adults. Secondary 
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Aims will evaluate: vitamin D’s effects among African-Americans (an at-risk group for vitamin D 

deficiency); both agents’ effects among those with high-risk factors or sub-syndromal depression 

in a sub-set of ~1,000 participants with detailed examinations at baseline and 2-year follow-up; 

whether baseline nutrient levels influence depression risk and/or modify agents’ effects. 

Additional planned analyses will use pre-randomization blood samples available in ~17,000 

participants to address whether key biomarkers and factors influence long-term mood and 

depression risk and/or the agents’ effects.

Conclusion—VITAL-DEP applies all modalities of state-of-the-art prevention research – 

universal, selective and indicated. VITAL-DEP will clarify effects of supplemental vitamin D 

and/or omega-3 on mood, and inform clinical care and public health guidelines on the use of these 

agents for prevention of depression in mid-life and older adults.
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1. INTRODUCTION

Late-life depression is common, disabling and associated with higher healthcare utilization 

and costs1,2. Residual symptoms and dysfunction frequently occur in late-life depression, 

even with appropriate treatment3,4. Furthermore, among older minorities there are increased 

challenges of under-diagnosis, under-treatment5 and greater dysfunction from depression6. 

Thus, prevention of late-life depression is a public health priority. In response, the VITAL-

DEP (VITamin D and OmegA-3 TriaL-Depression Endpoint Prevention) study will address 

depression prevention among diverse mid-life and older adults using two agents – vitamin 

D3 (cholecalciferol) and marine omega-3 fatty acids – with credible evidence for mental 

health benefits. VITAL-DEP is an ancillary study to VITAL, a double-blind, placebo-

controlled, randomized clinical trial (RCT) of primary prevention of cardiovascular disease 

and cancer7.

Vitamin D is initially obtained as vitamin D2 or D3 from diet or supplements, or as D3 from 

synthesis in skin after sunlight exposure8; it is further synthesized to an active hormone that 

binds to vitamin D receptors (VDRs) found in more than 30 cell types8. Vitamin D 

deficiency is influenced by several factors including older age9–11, darker skin 

pigmentation12–18, northern latitude17 and genetics8. There are strong biologic links of 

vitamin D to mood19–21: VDRs are widely distributed in the brain22, including limbic 

structures involved in mood/affect, and VDR genetic variation may influence late-life 

depression susceptibility23. Observational data24–26 generally support associations between 

low vitamin D and depression; however, few investigations focused on older people19,27. 

Recent systematic reviews and/or meta-analyses27–29 showed mixed findings. Overall, 

Rejnmark et al.28 concluded that, due to design issues, existing RCT data are not sufficient 

to disprove hypotheses of non-skeletal health effects of vitamin D. Key critiques are small 

samples, insufficient dose/duration and/or lack of biomarkers. Spedding29 found that, 

compared to RCTs without biological design flaws (e.g., lack of – or failure to demonstrate 

meaningful change in – vitamin D biomarkers), RCTs without such flaws showed benefits of 

vitamin D in depression. Another review27 identified only 3 RCTs30–32 of vitamin D that 
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both included older adults at-risk for mood problems and featured large samples, high doses 

(≥800 IU/d) and long-term treatment (≥1 year); the study31 with the most robust and specific 

depression measure found evidence of benefit.

Strong evidence exists for mood benefits of long-chain omega-3 fatty acids, 

eicosapentaenoic acid (EPA; 20:5n-3) and docosahexaenoic acid (DHA; 22:6n-3), which are 

abundant in fish and seafood and linked to health benefits33,34. Proposed biologic 

mechanisms include increased membrane fluidity and serotonergic transmission35,36 and 

reduction of inflammatory cytokines37,38 associated with depression39. Most large 

observational studies40–46, but not all47–50, support inverse relations of fish/omega-3 to 

depression. Also most trials, reviews and RCT meta-analyses51–55 suggest antidepressant 

effects of omega-3 supplementation, particularly as adjunctive therapy51. Inconsistencies in 

results may have resulted from: small samples; incomplete randomization and/or blinding; 

short follow-up; variable compliance; differences in protocols (e.g., monotherapy vs. 

augmentation, formulations/doses) or study populations (clinic vs. community)56. Thus, 

benefits for mood have not been uniformly observed57, and the role of omega-3 in 

prevention must be clarified. Finally, synergies between vitamin D and omega-3 may exist 

(Figure 1), but this possibility remains untested.

2. MATERIALS AND METHODS

2.1. Overview of study design

VITAL-DEP is a late-life depression prevention ancillary study, separately designed to 

coordinate with the National Institutes of Health (NIH)-funded VITAL trial58 (U01 

CA138962 and R01 CA138962), a 2x2 factorial RCT of vitamin D3 (2000 IU/d) and 

omega-3 fatty acids (1 g/d of EPA and DHA) in the primary prevention of cancer and 

cardiovascular disease (CVD)

The final study population at randomization in VITAL includes 12,793 men aged 50+ years 

and 13,081 women aged 55+ years; the average duration of randomization will be 5 years. 

The mean participant age-at-randomization is 67.1 years (SD=7.1, range=50–100); over 

60% of participants are aged 65+ years, and 13% are aged 75+ years59. In addition, nearly 

17,000 participants provided baseline blood samples, and approximately 6,000 follow-up 

blood samples are expected. Extensive details on the design of VITAL are provided 

elsewhere7,59. Therefore, in this report we provide detail on those elements of VITAL that 

are relevant to the conduct of the VITAL-DEP ancillary study.

2.2. Aims

Primary Aims of VITAL-DEP are to utilize a universal prevention paradigm to test whether 

long-term (average of 5 years) vitamin D3 or marine omega-3 fatty acid supplementation: 1) 

reduces risk for incident or recurrent depression (a composite endpoint of any clinically 

significant depressive syndrome60); 2) yields better mood scores on symptom 

questionnaires, over 5 years, among the full VITAL cohort. These Primary Aims will be 

undertaken in the full, nation-wide cohort of 25,874 VITAL participants.
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There are three Secondary Aims in VITAL-DEP. First, as African-Americans are 

disproportionately affected by low biochemical vitamin D levels, we will address impact of 

vitamin D supplementation on depression risk and mood scores among African-Americans, 

who represent 20% (n=5,107) of the full VITAL cohort. Second, among a deeply-

phenotyped sub-cohort of ~1,000 VITAL participants who underwent detailed baseline and 

2-year follow-up examinations at our local NIH-funded Clinical and Translational Science 

Center (CTSC), we will address selective and indicated prevention. Specifically, we will 

address whether supplementation with vitamin and omega-3 reduces depression risk and 

yields lower depression scores among persons with high-risk factors for late-life depression 

(selective prevention) or with subsyndromal depressive symptoms (indicated prevention). 

Third, we will assess whether baseline plasma levels of vitamin D and omega-3 fatty acids 

are related to depression outcomes over 5 years, and whether they modify the study agents’ 

effects within the full VITAL cohort. Thus, with the above complementary set of Primary 

and Secondary Aims, VITAL-DEP is a first-of-its-kind study that simultaneously addresses 

universal, selective and indicated prevention61 paradigms in late-life depression.

Additional analyses are planned as part of VITAL-DEP. Planning of these analyses was 

facilitated by the fact that further funding became available in VITAL-DEP to accrue 

depression outcomes data for an additional two years beyond the projected end of the 

randomized phase of VITAL. Thus, the overall goal of these additional analyses is to 

address: 1) longer-term effect (average of 7 years) of the study agents on mood trajectories, 

and long-term relations of baseline biochemical nutrient levels of vitamin D and omega-3 to 

mood trajectories of 7+ years; 2) potential biological mediators and moderators of response 

to the study agents’ as it pertains to mood outcomes. Regarding biological mediators and 

moderators, details are provided below (Section 2.7) on the rationale for their selection and 

potential to inform biological paths involved in mood responses to vitamin D and fish oil. 

Briefly, because VITAL-DEP prioritizes the theme of racial/ethnic differences in long-term 

study agent effects, we will examine relations of bioavailable vitamin D to depression, with 

attention to race differences in outcomes, in a sub-set of ~2,000 persons in the full VITAL 

cohort (sub-set will be selected to include at least 50% participants who are black). Further, 

to test whether changes in mechanistically relevant biomarkers may explain variation in 

mood response to the study agents, we will conduct pre- and post-randomization serum 

brain-derived neurotrophic factor (BDNF) assays and plasma metabolite profiling in the sub-

set of VITAL-DEP CTSC participants at risk for depression at baseline. Finally, we will 

conduct exploratory analyses to assess whether there are additive and/or synergistic effects 

of the agents in depression, and we will test effect modification by age, gender, baseline 

nutrient levels, baseline medical comorbidity, geographic latitude (for vitamin D), and 

physical activity (for vitamin D).

2.3. Sponsors

VITAL-DEP (R01 MH091448) is supported by the National Institute of Mental Health 

(NIMH). VITAL-DEP Human Subjects’ procedures were developed with input from an 

independent ethics consultation by the Harvard Ethics Team, which is supported by the 

Harvard Catalyst/Harvard CTSA (UL1 TR001102). The study protocol was approved by the 

Partners Human Research Committees, the Institutional Review Board of Brigham and 
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Women’s Hospital (BWH). A Data and Safety Monitoring Board (DSMB) has been 

assembled for the review of the parent trial and ancillaries, including VITAL-DEP. The 

VITAL-DEP study is registered with clinicaltrials.gov (NCT01696435). The VITAL parent 

trial has received IND approval from the FDA and has been registered at clinicaltrials.gov 

(NCT01169259). A study website with information pertaining to VITAL and ancillaries is 

maintained at www.vitalstudy.org.

2.4. Summary of eligibility, recruitment, and enrollment

Because VITAL-DEP is an ancillary study to VITAL, the eligibility criteria for VITAL-DEP 

reflect those of VITAL, as detailed elsewhere7. Briefly, participants are U.S. men aged ≥50y 

and women aged ≥55y, who are required to: have no history of cancer or cardiovascular 

disease; limit consumption of vitamin D from all supplemental sources to under 800 IU/d; 

limit consumption of supplemental calcium to under 1200 mg/d; forego the use of fish-oil 

supplements; for safety reasons, be free of renal failure or dialysis, hypercalcemia, hypo- or 

hyperparathyroidism, cirrhosis, or sarcoidosis or other granulomatous diseases, allergy to 

soy (which is in the vitamin D placebo) or fish. Participants were also required to show 

adequate adherence to placebo pills (defined as taking ≥2/3 of the pills) during a 3 month 

run-in period, which served to identify a group of excellent compliers for long-term 

participation, minimizing loss-to-follow-up62. VITAL achieved a final randomized 

population of 25,874 participants. Study enrollment began in November 2011 and proceeded 

on a rolling basis until all randomization cells were closed in March 2014.

VITAL-DEP participants are members of the full VITAL cohort who satisfy additional 

eligibility criteria for a depression prevention study. Specifically, eligibility for testing of the 

Primary Aims in VITAL-DEP requires absence of: current significant depressive symptoms 

by PHQ-8 (Patient Health Questionnaire-8) score; core major depressive disorder symptoms 

for a period of two or more weeks in the past two years; 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; 

psychiatric hospitalization in the past 2 years; current psychotherapy or current use of 

psychotropics (including non-prescription agents for the treatment of mood disorders), 

except for limited use of mild sedatives/hypnotics; history of major neurologic disorder or 

delirium episode in the past 12 months; history of clinical (i.e., overt and not sub-clinical) 

hypothyroidism diagnosis. Also see the ClinicalTrials.gov listing for VITAL-DEP 

(NCT01696435).

VITAL established a sub-cohort of 1,054 participants from the New England Region to be 

evaluated during in-person assessments at the NIH-sponsored Harvard Catalyst Clinical and 

Translational Science Center (CTSC) conducted at baseline and 2 years later. Those enrolled 

met the same eligibility criteria as in the full VITAL trial; in addition, persons with factors 

that could significantly impact patient safety or compliance (e.g., transportation problems 

resulting in transit time of >3 hours to/from the CTSC) were excluded from participating in 

the VITAL CTSC. All 1,054 members of the VITAL CTSC sub-cohort were invited to take 

part in the 45-minute VITAL-DEP neurobehavioral assessment, and 1,041 completed these 

assessments at baseline. Participants were eligible for the VITAL-DEP CTSC component if 
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they did not have: 1) unstable psychiatric symptoms during evaluation (e.g., suicidality, 

homicidality, psychosis); 2) cognitive performance below impairment cutoff on a validated 

screener; 3) any of the following, as determined by structured psychiatric interview: current 

depression (e.g., major depressive disorder (MDD) or episode), alcohol or substance abuse 

or dependence in the past 12 months, schizophrenia/primary psychotic disorder, bipolar 

disorder, dementia, OCD or PTSD; 4) significant handicap that would interfere with testing 

procedures (e.g., severe visual or hearing loss). Thus, a key objective of the VITAL-DEP 

CTSC protocol was to facilitate careful testing of one of the Secondary Aims of VITAL-

DEP – the study agents’ impact on depression risk among those with high-risk factors 

(selective prevention)63,64, as well as individuals with sub-syndromal depressive 

symptoms64–69 but not major depression (indicated prevention)61,70.

2.5. Interventions

Interventions tested in VITAL are vitamin D3 (2000 IU/d of cholecalciferol) and active fish 

oil (Omacor® fish oil, a 1 g/d capsule containing 840 mg of marine omega-3 fatty acids as 

465 mg of EPA and 375 mg of DHA) and matching inert placebos7,59. VITAL procedures 

permit participants intake of up to 800 IU/d of additional vitamin D supplementation and 

1200 mg/d of elemental calcium from all sources, in accordance with safety limits indicated 

by the Institute of Medicine (now National Academy of Medicine (NAM))71. Participants 

also agree to forgo consumption of non-study fish-oil supplements during the trial. The 

doses of vitamin D3 and omega-3 fatty acids tested in VITAL were chosen after 

comprehensive review of the available literature to achieve optimal efficacy and safety. Both 

active and placebo capsules have similar flavoring, and the use of the high-quality Omacor® 

preparation provides uniform dosing and removes concerns of a fishy after-taste, reducing 

risk of accidental unblinding72,73.

2.6. Blood collection

Fasting blood samples in the full cohort of the parent VITAL trial were collected during run-

in (i.e., before randomization) from a subset of 16,954 participants. Among this subset who 

provided baseline blood samples within the full cohort of VITAL, follow-up samples are 

being obtained from a randomly selected group of ~6,000 participants. The baseline and 

follow-up blood samples from a random subset of VITAL participants will allow assessment 

of (a) pill-taking compliance, (b) changes in biomarkers, including safety measures, with the 

study agents, and (c) in the placebo group, effects of changing trends in background 

fortification with vitamin D and omega-3 fatty acids. Fasting bloods are also collected at 

baseline and 2-year follow-up among the 1,054 VITAL participants who are attending CTSC 

visits. As detailed below under “2.7 Study assessments,” VITAL-DEP will utilize the blood 

samples collected among both the full VITAL cohort and VITAL-CTSC to complete several 

study aims and analyses.

2.7 Study assessments

To test the effects of daily supplemental vitamin D and/or omega-3 fatty acids on depression 

risk and mood (Primary Aims) as well as to address Secondary Aims and other planned 

analyses in VITAL-DEP, a comprehensive list of assessments were conducted in both the 

full VITAL cohort and the VITAL-CTSC sub-cohort. In addition, several biomarkers were 
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obtained to test hypotheses in VITAL-DEP; these are enumerated below, along with the 

scientific rationale for their inclusion. Figure 2 illustrates the sources of study participants 

for assessments and different planned analyses in VITAL-DEP.

2.7.1. Main VITAL study questionnaires—All VITAL participants receive 

questionnaires that collect information on a wide variety of demographic, health, lifestyle, 

and medication variables, as well as intakes of vitamin D and marine omega-3 fatty acids 

from dietary or non-study supplemental sources. These variables are ascertained on VITAL 

questionnaires administered at baseline (pre-randomization) and annually thereafter. A 

validated, self-administered, semi-quantitative food frequency questionnaire (FFQ) is also 

collected prior to randomization. Participants are also asked to complete a follow-up FFQ at 

4 years, to monitor background dietary changes during VITAL.

2.7.2. VITAL-DEP assessment measures in the full VITAL cohort—The measures 

selected for VITAL-DEP are used to detect within the full cohort of VITAL participants the 

Primary Aim outcomes of: 1) incidence and recurrence of depression over 5 years and 2) 5-

year trajectories of repeated mood scores. The categorical depression endpoint 

(“depression”) in VITAL-DEP was any depressive syndrome60, which includes both major 

and minor depression, as both can have significant impact on morbidity in later-life74,75. The 

patterns of responses on each questionnaire are used to determine whether participants are 

currently experiencing or at risk for depression incidence (no current or prior depression) or 

recurrence (prior diagnosis of depression but no active symptoms or ongoing treatment in 

past 2 years). Thus, the following are obtained via questionnaires annually in the full cohort 

of VITAL-DEP participants over the average study period of 5 years:

1) 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-976 with the 

exception of the item on suicidal ideation and behaviors77,78, but elimination of this item has 

no impact on the ability of the PHQ-8 to classify depression and identical scoring thresholds 

for depression can be used79. The PHQ-8 is validated for detection of clinical depressive 

syndrome77,80; other strengths of the PHQ include: 1) use of continuous PHQ scores 

(range=0–24) as a severity measure81; 2) sensitivity to change82; 3) lack of evidence of 

differential item functioning among African-Americans and other minorities83,84 – which 

has been detected with other instruments85–87; 4) brevity and low participant burden.

Noteworthy additional considerations also influenced selection of the PHQ-8 vs. PHQ-9. 

VITAL features mailings of paper questionnaires to tens of thousands of participants around 

the country, and the time lag between questionnaire 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 the PHQ-9 suicide item in a reasonable period. However, including this 

item could well create a false expectation of a rapid response, as many participants may 

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 local 

health providers or supportive persons promptly with such symptoms. To best protect 

participant safety, we obtained independent consultation from a research ethicist and 
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consulted with senior staff at our Institutional Review Board in order to devise the enhanced 

PHQ-8 follow-up procedures that are approved for use in our study and described in Section 

2.8.2.

2) Other self-reported depression measures: These include the gating items from the 

Diagnostic Interview Schedule (DIS)88, as well global questions re: prior clinical diagnosis 

and/or treatment of depression and core symptoms of MDD.

3) Supplemental information on depression outcomes: To supplement these self-reports, 

we will access information in Centers for Medicare & Medicaid Services data queries 

funded by the parent VITAL trial and partly by VITAL-DEP and other ancillaries, with 

assistance of a CMS contractor using Privacy Act (HIPAA)-compliant data release policies 

and procedures; data for retrieval include codes consistent with diagnosis of and/or treatment 

for a depressive disorder as antidepressant prescriptions.

4) Use of assessments to identify depression endpoints for Primary Aims in VITAL-
DEP: For identification of depression endpoints for VITAL-DEP Primary Aim 1, we 

employ a strategy similar to existing methods for case-finding that have been successfully 

used in high-quality studies60,89,90 involving large samples of community-dwelling elders 

(see Figure 3). Briefly, a participant is considered an incident case the first occasion any of 

the following occurs: 1) PHQ-8 score consistent with MDD, 2) self-report of clinician 

diagnosis of depression, 3) self-report of DIS MDD symptoms, 4) initiation of regular use of 

prescription antidepressants, 5) presence of new ICD-9/ICD-10 code for depression. A 

recurrent case is counted the first occasion any of the following occurs: 1) PHQ-8 score 

consistent with MDD, 2) self-report of DIS MDD symptoms, 3) presence of a new mental 

health visit with linked ICD-9/ICD-10 code for depression, 4) new use of prescription 

antidepressants. Of note, no “double-counting” of cases (incident cases occurring can remit 

and then recur during the subsequent follow-up period) is permitted, in order to preserve 

original sets of participants from the time of the randomization. Finally, a Depression 

Endpoint Committee, consisting of psychiatrists Drs. Okereke, Chang, Reynolds and 

Mischoulon, determines diagnosis and event date by consensus for all cases with conflicting 

reports from 2 or more sources. For Primary Aim 2 in VITAL-DEP, the outcome is the 

trajectory, over 5 years, of PHQ-8 scores on the annually mailed questionnaires in the full 

VITAL cohort.

2.7.3. VITAL-DEP assessment measures in the VITAL CTSC sub-cohort—
Participants in the VITAL-DEP CTSC protocol are administered diagnostic interviews to 

determine the agents’ impact on risk of depression among high-risk participants – e.g., 

individuals with anxiety symptoms, physical/functional impairment, medical comorbidity, 

problem drinking, poor social support, or high caregiving burden (selective prevention)63,64 

– and individuals with sub-syndromal depression64–69 but not meeting criteria for current 

MDD or dysthymia (indicated prevention)61,70. Thus, these assessments, obtained at 

baseline and at 2-year follow-up, are used to conduct one of the Secondary Aims of VITAL-

DEP (see Section 2.2, Aims).
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1. The Mini-International Neuropsychiatric Interview (MINI) for the DSM-IV91 is 

used to achieve valid, time-efficient90 determinations of safety and diagnostic 

status for both eligibility and outcome purposes. Within the CTSC, 

administration of the MINI, along with the non-item version of the PHQ, allows 

for real-time assessments of high-risk symptoms (i.e., suicidality, manic 

symptoms, psychotic symptoms). Study psychiatrists immediately evaluate 

persons presenting with such symptoms to determine safety and ability to 

participate in VITAL-DEP.

2. Self-report instruments are used to assess late-life depression risk factors relevant 

to indicated and selective prevention63,64,92 among CTSC participants. These 

include: PHQ-976 (depressive symptoms); GAD-793 (Generalized Anxiety 

Disorder-7; anxiety symptoms); AUDIT-C94 (Alcohol Use Disorders 

Identification Test-Concise; problem/at-risk drinking); Duke Social Support 

Index95,96 (social support/network status); OARS (Older Americans Resources 

and Services) questionnaire97,98 (activities of daily living (ADLs)/functional 

impairments); HHIE-S99 (Hearing Handicap Inventory for the Elderly-Screening; 

hearing impairments); Zarit 12-item Survey100 (caregiver burden); STIDA101 

(Structured Telephone Interview for Dementia Assessment) items (subjective 

cognitive impairments).

3. Detailed neuropsychological assessment. Neuropsychological testing is 

conducted to perform exclusions and to identify persons with the late-life 

depression risk factor of mild cognitive impairment (e.g., dysexecutive 

features102,103). Tests included: 1) Modified-Mini-Mental State (3MS, which has 

validated age-, gender-, education- and race-corrected norms)104,105; 2) 

immediate and delayed recall trials of a word list and the East Boston Memory 

Test paragraph106; 3) trail-making tests107 (to assess psychomotor speed and 

executive function, respectively); 4) two category fluency tests, which are 

similarly sensitive to deficits of frontal networks108 and also capture language.

2.7.4. Biochemical measures—Biomarker studies are critical to determine, ultimately, 

how vitamin D and fish oil may work to prevent depression and for whom. As such 

understanding is essential to devising and deploying optimal strategies for late-life 

depression prevention, measures of potential biologic mediators and moderators of agent 

response have been tightly integrated into VITAL-DEP. Both vitamin D and fish oil may 

activate expression pathways for, and increase measured levels of, brain-derived 

neurotrophic factor (BDNF)109–114, which is regarded as a key peripheral marker of 

depression and depressive symptoms in humans115. Similarly, both may lower 

inflammation116–118, which is now recognized as a major factor in depression and 

persistence of depressive symptoms39,119–123. Furthermore, vitamin D and fish oil appear to 

influence several other potential etiologic targets in depression: vascular health, oxidative 

stress, and insulin sensitivity and glucose metabolism34,124–131. Finally, there has been a 

recent discovery that differences in bioavailable (i.e., directly available for in vivo biological 

activity132) vitamin D – determined by both blood 25(OH)D levels as well as albumin and 

vitamin D binding protein (DBP) – may not only be the more relevant biomarker for 
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addressing health influences of vitamin D, it also may be critical to addressing race 

differences in vitamin D with respect to health outcomes133–135. Thus, the selection of 

assays for VITAL-DEP was driven by the potential of these biomarkers to inform mediation 

and moderation.

1) Biochemical nutrient levels: The VITAL parent trial has funded measurement of 

biochemical levels of the study agents – plasma 25(OH)D and fatty acids (total, omega-3, 

omega-6) – at baseline among all participants with blood samples (n=16,954). In addition, 

VITAL-DEP has funded collection of other key biomarkers to address mediator and 

moderator aims, as detailed below.

2) Brain-derived neurotrophic factor (BDNF): BDNF has strong relations to mood136–138 

and blood levels correlate strongly (r>0.8) with brain levels139. Serum BDNF will be 

assayed in baseline and follow-up CTSC blood samples using a commercial ELISA assay kit 

(R&D Systems, Inc., Minneapolis, MN) among those VITAL CTSC participants who are 

found at baseline to be at risk for depression. As described in Section 2.4, a total of 1,041 

participants of the 1,054-member VITAL CTSC sub-cohort were administered baseline 

neurobehavioral assessments; based on high follow-up rates in the CTSC (>90%), it is 

projected that there will be ~750 participants with paired samples for baseline and 2-year 

follow-up BDNF assays.

3) Mass spectrometry based metabolomics: Metabolomics offers a powerful, modern 

approach to examine potential mediators and moderators in depression and to identify novel 

biosignatures in late-lifedepression140. Approaches will focus on known metabolites relevant 

to mood, such as amino acid (serotonin, tryptophan, kynurenine141), lipid-inflammatory 

(eicosanoids)142, oxidative stress143–145 (glutathione metabolism146), and insulin147,148 

(branched-chain amino acids149,150) pathway metabolites. As with the above-described 

BDNF assays, plasma metabolite profiling will be performed among the richly-phenotyped 

CTSC cohort using paired baseline and 2-year follow-up samples of participants at risk for 

depression (n~750). Metabolite profiling in targeted and untargeted modes will be conducted 

using a state-of-the-art, high-throughput mass spectroscopy (MS)-based analytical system in 

the laboratory of Mohit Jain151, University of California San Diego. Robustness and 

reproducibility of these MS methods were internally assessed for previously collected and 

stored human plasma control samples, and the methods used are appropriate for application 

in large, population-scale studies involving hundreds or thousands of samples151.

4) Bioavailable vitamin D (bVD): Emerging data have shown that variations in bVD levels 

may be more relevant to racial/ethnic differences in related health outcomes than traditional 

25(OH)D levels. African-Americans are at increased risk for vitamin D deficiency, as darkly 

pigmented skin generates less vitamin D in response to sunlight (UVB) exposure152,153. 

However, recent studies have reported that bioavailable (free and albumin-bound fraction) 

vitamin D may be more strongly correlated with health outcomes than total 

25(OH)D134,154,155. From the full set of VITAL trial participants who provided baseline 

blood samples (n=16,954), we will select 2,000 participants for assays of bVD; to ensure 

power to examine key race differences in bVD, samples will be selected for assay such that 
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black participants comprise at least 50%). Values of bVD will be calculated from total 25-

OH D, albumin and vitamin D binding protein; albumin and DBP will be measured using an 

ELISA method (R&D Systems, Inc., Minneapolis, MN).

2.8. Data management

2.8.1. Overview—Data management and follow-up procedures are coordinated centrally 

by the VITAL parent trial for VITAL and ancillary studies such as VITAL-DEP. As detailed 

separately, the VITAL trial ensures that participants are mailed follow-up questionnaires and 

a re-supply of study pills at 6 months and at randomization anniversary; compliance is 

monitored primarily via yearly questionnaires, as well as through blood samples collected 

from a random subset of participants.7

All data collected in VITAL-DEP are collected directly by the Brigham and Women’s 

Hospital (BWH) Division of Preventive Medicine, which leads the parent VITAL trial, or at 

the CTSC and then transferred to the Division of Preventive Medicine for review, 

verification, and data checks to maximize accuracy. By-hand review of all raw data collected 

in the CTSC, including MINI interview packets and raw results from neuropsychological 

testing, is conducted on-site by research staff at the Division of Preventive Medicine as an 

additional level of data quality review. Extensive computerized data management and 

security systems are in place for data integrity assurance and effective data storage. The 

computing system tracks each person’s stage and level of participation. Questionnaire data 

are optically scanned into the computer using TELEform and Alchemy (Cardiff Software) 

programs; data are maintained on a UNIX server. For the CTSC sub-cohort, personnel 

collect data from the VITAL-DEP visits using optically scannable forms, which are sent to 

the Division for verification and archival. All psychiatric diagnoses from the MINI 

assessments conducted in the CTSC are individually adjudicated by one of the study 

psychiatrists. Physician adjudications are collected on structured code forms and the 

information is optically scanned for secure storage at the Division of Preventive Medicine. 

Only study personnel who communicate with participants are able to access necessary 

information. An independent Data and Safety Monitoring Board (DSMB) has been 

assembled by VITAL and reviews all data on study endpoints and adverse events for the 

VITAL trial, including the VITAL-DEP ancillary study. The randomized trial phase of 

VITAL ended as scheduled on December 31, 2017; endpoint completion will continue 

through 2018. Post-randomization observational follow-up of participants will continue for 

at least two years after the end of the randomized phase.

2.8.2. Enhanced follow-up procedures implemented in VITAL-DEP—To provide 

further assurance of participant safety, VITAL-DEP has uniquely instituted enhanced follow-

up procedures for those with elevated PHQ-8 scores77,81. First, the study questionnaires 

include links to information on depression, and participants are directly educated via text on 

the questionnaire that if any of the items raise their level of awareness or concern about 

depression or mood, they should promptly contact their health providers. Second, we contact 

participants with elevated PHQ-8 scores (≥10 algorithm cutoff) 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. Among all participants 
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who score PHQ-8 ≥15, we will send these same letters, regardless of recent self-reported 

diagnosis or treatment for depression. The purpose of this enhanced procedure 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, these letters are only sent when 

participants first report above-threshold scores. As part of the VITAL informed consent 

procedure, participants have already 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 leads the efforts in the Division of Preventive Medicine to 

obtain contact information of persons with high PHQ-8 scores – working with data 

programmers to send out the letters, performing tracking of the letters, as well as fielding 

and tracking all comments, questions or responses from participants in response to the 

letters.

2.9. Analysis plan

2.9.1. Analysis plan for Primary Aims in VITAL-DEP—First, we will confirm that 

balance was achieved by the randomization. Baseline characteristics (e.g., age, gender, race/

ethnicity, physical activity, medical conditions, vitamin D and omega-3 intakes) will be 

compared by randomized groups using 2-sample t or Wilcoxon rank sum tests for 

continuous variables and χ2 statistics for categorical variables.

Then, for Primary Aim 1, we will examine the main effects of intention-to-treat with vitamin 

D3 and/or with fish oil on incident and recurrent depression over 5 years. Kaplan-Meier 

survival curves will be used to determine cumulative depression incidence and recurrence 

for each study agent group and its corresponding placebo group; the log-rank test will 

compare the curves of agent vs. placebo. We will use the Cox proportional hazards model to 

estimate the hazard ratios (HRs) and confidence intervals (CIs) for each intervention using 

indicators for study agent and controlling for design variables (the other intervention, age, 

and gender)156. 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. Thus, 

person-time is counted from randomization until event or censoring; person-time ends after 

the first depression during follow-up and any subsequent depression detected during follow-

up will not be used to count person-time. We will test the proportionality assumption (i.e., 

that of non-changing hazards ratios over time) both analytically and graphically. Finally, 

given potential concerns of participant non-adherence, drop-out, or case misclassification, 

compliance sensitivity analyses will be carried out. 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.

For Primary Aim 2, we will examine the main effects of intention-to-treat with vitamin D3 

and/or with fish oil on depression scores in the full cohort over the 5-year follow-up period. 

A mixed-effects model will be used for the repeated PHQ-8 measures obtained at baseline 

and annually thereafter. This model will include fixed effects for study agent, time, and 

interaction between study agent and time, and will account for the correlations between 

repeated measures; mean differences and 95% CIs will be estimated.
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All analyses will be conducted with SAS (SAS Institute, Cary, NC). A 2-sided test with 

α=0.05 will be used.

2.9.2. Analysis plan for Secondary Aims—The first of the Secondary Aims addresses 

the effect of long-term (5-year) vitamin D among on depression risk and mood trajectory 

among African-Americans in the full VITAL cohort. Survival analyses for the categorical 

outcome and mixed-effects models for the repeated measures mood score outcome will be 

conducted, as above, within this group; a multiplicative interaction term for race will be used 

to perform a formal statistical test of interaction.

Secondary Aim 2 addresses selective and indicated prevention within the enriched sub-

cohort of CTSC participants seen at baseline and 2-year follow-up. As with the primary aim 

analyses, survival methods will be used to test whether there are significant differences in 

risk of the composite depression endpoint in the high-risk group (i.e., persons with ≥1 high-

risk factors), and of MDD in the sub-syndromal group (i.e., persons with sub-syndromal but 

not clinical depression); we will again use mixed-effects models with mood (PHQ-8) scores 

as the dependent variables. We will estimate 95% CIs 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-

treat157,158.

The third of the Secondary Aims addresses whether baseline plasma levels of vitamin D and 

omega-3 fatty acids are related to depression outcomes over 5 years and whether they 

modify the study agents’ effects, within the full VITAL cohort. Specifically, we will 

examine whether having low biochemical levels of the nutrients (defined as <50 nmol/L 

(<20 ng/mL) for plasma 25(OH)D8,159,160 and as the bottom 25th percentile of the 

distribution for plasma omega-3 fatty acids) is significantly related to depression risk or 

mood trajectory over 5 years. Multiplicative interaction terms will be used to conduct formal 

statistical tests of interaction between low biochemical nutrient levels and the effects of 

study agents on mood outcomes.

2.9.3. Additional planned analyses

1. Among all participants in the full VITAL cohort with available blood samples 

n=16,954), we will examine whether randomized study agent assignment as well 

as biochemical nutrient levels influence long-term mood over extended follow-up 

of 7+ years (i.e., including the post-randomized phase observational follow-up 

period that will last at least 2 years). We will use mixed-effects models to 

examine whether there are significant relations of study agents and of blood 

nutrient levels to paths of the annually repeated PHQ-8 scores over the extended 

follow-up.

2. In a random sub-set (including 50% who are African-American) of ~2,000 

participants in the full VITAL cohort with blood samples, we will use linear 

mixed-effects models with interaction terms to test whether low baseline 
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bioavailable vitamin D (bottom quartile) relates to worse mood scores over 7+ 

years, including separately among African-Americans.

3. We will conduct moderator and mediator analyses to assess whether levels of 

novel biomarkers influence study agent response among the ~750 participants in 

the VITAL CTSC sub-cohort who are at-risk for depression at baseline. We will 

use regression models to determine whether: 1) baseline serum BDNF or targeted 

plasma metabolite levels modify the 2-year change in mood symptom (PHQ-9) 

scores in active vs. placebo groups; 2) 2-year changes in BDNF or metabolite 

levels mediate the mood response over 2 years in active vs. placebo groups. For 

hypothesis testing, baseline BDNF or metabolite levels will be dichotomized at 

the median; multiplicative interaction terms will be used to test moderator 

variables. We will use pathway analytic approaches to test whether 2-year 

changes in biomarkers mediate 2-year changes in mood scores.

4. We will conduct exploratory analyses of effect modification by health and 

lifestyle variables. Using multiplicative interaction terms, we will determine 

whether effects for each study agent differ by: the other agent (i.e., additive vs. 

synergistic effects); age; gender; medical comorbidity161–163; 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 α=0.05.

2.10. Statistical power

2.10.1. Power for VITAL-DEP Primary Aims—All power calculations assume 80% 

compliance with the study agents. Calculations are based on the log-rank test with a 

significance level of 0.05, and are adjusted appropriately for design features, such as 

arbitrary time-to-event distribution, nonproportional hazards, non-uniform rates of entry, 

loss to follow-up, and changes from allocated group164. Estimates of lifetime and current 

depression prevalence rates among similar age male and female adults were used to 

determine the numbers of participants eligible for incidence and recurrence; these numbers 

were included in the power analysis. Based on these rates, we estimated a population at risk 

for incident or recurrent depression of n=18,200 participants. Of note, although data 

cleaning is still in progress, we project that we will exceed this target with n~18,400 at risk 

for incident or recurrent depression in VITAL-DEP. Power calculation results for the 

specified reductions in relative risk (RR) of incident and recurrent depression (single agent 

effects) are displayed in tables 1 and 2, respectively.

When calculating power for continuous outcomes165,166, explicitly, a 25% difference in 

PHQ-8 scores, we used the SD of change in PHQ scores from two 1-year-apart assessments 

in non-depressed adults81. We will have >99% power for detecting differences of this size 

between randomized groups.

2.10.2. Power for VITAL-DEP Secondary Aims—As illustrated in Table 1, there is 

73–75% power to detect 25% RR reduction and 85–89% power to detect a 30% RR 

reduction in depression among African-American participants alone. As with the full cohort 

of VITAL participants, there will be >99% power for detecting differences by randomized 

Okereke et al. Page 14

Contemp Clin Trials. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



group assignment in PHQ-8 scores over 5 years, due to the large number of black 

participants in the study.

For depression prevention among high-risk participants, power calculations were based on 

an expected 2-year incidence of 25%167 in the placebo group and an expected n~500 CTSC 

participants with ≥1 high-risk factors. Of note, investigators have achieved RR reductions of 

60% (i.e., an RR of 0.4) in prevention trials among high-risk persons90. Thus, we calculate 

80% and >95% power to detect RRs for a single agent of 0.6 and 0.5, respectively. For MDD 

prevention among with sub-syndromal depression, power was calculated based on a 2-year 

risk of 35% in the placebo group and an expected n~200 with sub-syndromal depression; we 

will have 80% and >90% power to detect respective RRs of 0.5 and 0.4. If 2-year risk is 

higher (e.g., 45%), there will be 80% and >90% power to detect respective RRs of 0.6 and 

0.5. Regarding the continuous outcome measure, we calculate >99% power to detect a 30% 

difference in PHQ-8 scores in the high-risk group, and 90% power to detect a 30% 

difference among sub-syndromal participants.

Finally, to address relation of low biochemical nutrient levels, as well as interactions of low 

biochemical nutrient levels with the study agents, to mood outcomes over the 5-year 

randomized follow-up period, power is calculated using the procedures of Cook and 

Rosner168 for clinical trials with longitudinal continuous outcomes. The outcome of interest 

is the mean difference in the change, or Δ-Δ. Power was calculated over a broad range of 

estimates of Δ-Δ, and possible r values (correlation between baseline and follow-up). All 

estimates assume ≥90% cohort follow-up, which is likely to be conservative since multiple 

recent similar randomized trials in the Division of Preventive Medicine have had ≥95% 

follow-up62,169–173. Assuming the expected prevalence of deficient levels of vitamin D, as 

measured by 25(OH)D, we have >99% power for comparing even small mean differences in 

change in mood scores (i.e., 0.25 points on PHQ-8) over 5 years’ follow-up in deficient vs. 

sufficient groups; a similar computation can be performed for or plasma omega-3 FAs, 

where the bottom 10th percentile is considered low. To determine power to test effect 

modification (i.e., interaction of active vs. placebo assignment with deficient/low vs. non-

deficient baseline biochemical level), we consider the contrast between two sets of mean 

differences in change in PHQ-8 scores: that is, the differences in two sets of Δ-Δs, where (Δ-

Δ)1 is the mean difference in change comparing active vs. placebo groups among nutrient-

deficient persons, and (Δ-Δ)2 is the mean difference in change comparing active vs. placebo 

groups among nutrient-sufficient persons. When this contrast is conservatively estimated at 

only 25% of a meaningful clinical difference (1 point on the PHQ-8), power is >90% for all 

values of r.

2.10.3. Power for additional planned analyses in VITAL-DEP

1) Extended follow-up: Because of having additional follow-up time with 2 more repeated 

measures of PHQ-8 scores, power for evaluating the relations of the study agents and 

biochemical nutrient levels to mood outcomes in extended follow-up (average 7 years) will 

be >99%.
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2) Bioavailable vitamin D: With a sample size of 2,000, and a bottom 10% threshold for 

low bVD, we have >99% power for comparing mean differences in mood scores over 7 

years in low vs. sufficient bVD groups for all values of r. Among black participants (who 

will comprise at least 50% of the ~2,000 in this subset), power for testing moderation of 

vitamin D’s effects by bVD is >80% for all values of r.

3) Novel biochemical mediators and moderators: Calculation of power to detect mediator 

effects was based on the proportion of the treatment effect explained (PTE) by the mediator, 

using the pathway analytic approach174,175. Among ~750 CTSC participants with baseline 

and 2-year biomarker and mood (PHQ-9) measures, we will perform analyses of mediation 

of study agent effects by serum BDNF and plasma metabolites, which will be log-normal 

standardized variables. Estimates for the effect of an agent on the mediator of 1 to 1.25 

standard units are based on available preliminary data for differences in plasma metabolites 

among persons with deficient vs. sufficient vitamin D levels in a separate cohort176; 

comparable effects have been noted for serum BDNF in depression clinical studies177,178. 

Assuming a conservative 67% 2-year follow-up, simulations174 were run with 10,000 

replicates of size n=500. If effect sizes on PHQ-9 scores are ≥0.5, we have ≥80% power to 

detect PTEs of 30% or greater179. Power for testing moderation by baseline low vs. high 

BDNF and metabolite levels (i.e., dichotomized at the median) is >80% for all values of r.

4) Power for exploratory analyses of additive and synergistic effects of the 
agents: Assuming a 2-sided α 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 

determine that there will be ≥80% power to detect important interactions (e.g., additional 

risk reduction of ≥30% for single agent RRs from 0.90 to 0.75).

3. DISCUSSION

VITAL-DEP is a unique large-scale, long-term ancillary study of late-life depression 

prevention in a highly diverse sample of randomized trial participants. The innovative design 

of this study allows for testing of long-term outcomes using universal as well as selective 

and indicated depression prevention paradigms simultaneously. Two promising agents for 

prevention of late-life depression are being examined, and several important scientific gaps 

will be addressed. First, strong evidence supports use of omega-3 for mood disorders51, yet 

there is limited knowledge on how these data can be applied toward prevention. Second, 

numerous large-scale observational studies suggest mood benefits of vitamin D, but many of 

these have been cross-sectional, in addition to having problems of confounding can only be 

solved by a randomization strategy. Third, there have been several barriers to conducting 

large-scale depression prevention research, such as lack of appropriate agents92, adequate 

doses and intervention duration, or sufficient sample size and statistical power180. Finally, 

VITAL-DEP includes important features of modern prevention study and clinical trial 

design, such as extensive integration of plausible biological moderators and mediators of 

effects.
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Strengths of VITAL-DEP include the large sample size, the fact that depression prevention is 

being addressed both in high-risk groups and in populations for whom depression treatment 

disparities have been observed, the racial/ethnic diversity among participants, the inclusion 

of high-quality covariate data, the use of novel blood biomarkers, and the efficient, creative 

leveraging of infrastructure and resources of a large randomized trial. As noted above, a key 

innovation of simultaneous assessment of universal, selective and indicated prevention of 

depression is a highly unique implementation of the NAM (formerly, IOM) theoretical 

model of prevention into actual experimental design61. To achieve this, we employ a highly 

efficient strategy that may serve as an example for future study designs – embedding local 

CTSC psychiatric exams in the context of a larger national trial to assemble a well-

characterized sub-cohort with deep-phenotyping, including biomarkers. Notably, the 

extended follow-up of this cohort – up to 7 years for many participants – has substantial 

value by facilitating prospective evaluation of the extended influence on mood of 

supplemental intake of vitamin D3 and EPA+DHA, as well as of baseline intake and blood 

levels of these nutrients in the placebo group.

Finally, VITAL-DEP includes careful consideration of participant safety issues in a large-

scale study. We recognized the need for these enhanced safety measures in the unique 

context of this study: many participants might not recognize symptoms of depression as 

warranting further evaluation – in the way they would recognize the importance of 

symptoms such as chest pain or bleeding, for example; on the other hand, many participants 

with elevated mood scores may not actually have depression and could be unduly alarmed or 

feel stigmatized by being treated differently due to these symptoms compared to any number 

of other potential health concerns. Following careful consultation with local Human Subjects 

committee leaders and an independent research ethics team, VITAL-DEP developed a 

unique procedure to ensure participants are provided timely information and education about 

mood and paths for evaluation and treatment, while minimizing issues of stigmatization or 

exceptionalization.

This study also has limitations. First, these doses of vitamin D and omega-3 are fixed within 

the VITAL parent trial. However, these doses were determined for use in VITAL after 

careful consideration of potential benefits for reducing risk of CVD and cancer, plausible 

health effects and participant safety. Specifically, advantageous 25(OH)D levels for health 

effects appear to begin at 75 nmol/L, with optimal levels between 90 and 100 nmol/L159. 

However, a non-linear relation between intake and 25(OH)D has been identified181 and 

suggests that 2000 IU/d of vitamin D3 would be needed to reach 90–100 nmol/L. Thus, this 

dose was chosen for the active vitamin D arm of the VITAL trial – a dose that is expected to 

yield a sufficient difference in vitamin D status between the active agent and placebo groups 

to test efficacy. Similarly, the 1 g/d dose for omega-3 FAs was carefully selected for the 

VITAL trial based on plausible cardiovascular benefits, and the dose is within currently 

recommended health and safety guidelines. An advantage of the 1 g/d dose is that it is also 

highly plausible for mood outcomes182,183 to be addressed by the VITAL-DEP ancillary 

study. Second, the depression endpoint (“depression”) in VITAL-DEP is defined as any 

clinically significant depressive syndrome60, which encompasses Diagnostic and Statistical 

Manual of Mental Disorders, Fourth Edition (DSM-IV)184 diagnoses major and minor 

depression. This may be regarded as a limitation, as the endpoint is not specific exclusively 
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to major depressive disorder. However, as depressive syndromes – even those that do not 

meet criteria for MDD – can have significant impact on morbidity74,75 among older adults, 

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 trials169–171,185, and 

has also been utilized in studies of incident late-life depression186. In addition, while the 

DSM-5 has been published since initiation of the VITAL-DEP study, our endpoints remain 

consistent with updated diagnoses. Third, use of the PHQ-8 instead of the PHQ-9 in the full 

trial cohort – the rationale for which was extensively described above – does not permit 

characterization of suicidality, an important psychiatric outcome. Nevertheless, 

administration of the suicidality module of the MINI as well as PHQ-9 among the CTSC 

sub-cohort of VITAL-DEP participants ensures that this information is at least captured 

within this deeply-phenotyped subset. Fourth, about 15% of our sample will not have CMS 

data due to age under 65 years187; thus, questionnaire responses on symptoms, diagnoses 

and treatments for those participants cannot be supplemented by CMS data. However, 

occurrences of un-diagnosed depression are likely to be low on this basis and, more 

importantly, will be evenly distributed in each randomized group188. Finally, results from 

participants may not generalize fully to all US older adults or to younger adults. Because of 

the eligibility requirements of VITAL (e.g., being free of cardiovascular disease and cancer 

at baseline), study participants may be healthier than those of similar ages in the larger 

population; thus, findings will be interpreted with caution. Nonetheless, older people have 

among the highest levels of depression-related morbidity, and a depression prevention study 

in this group is of clear public health and social importance.

In addition to its anticipated scientific contributions to the testing of agents for depression 

prevention, VITAL-DEP may afford the scientific community with broader lessons 

regarding the conduct of prevention research. Specifically, the design and implementation of 

VITAL-DEP has highlighted the importance of: 1) simultaneous use of multiple modalities 

of prevention where possible; 2) incorporation of mechanistic biomarkers and integration of 

potential mediators and moderators into study aims; 3) identification of creative 

opportunities for preventive interventions that are scalable; 4) efficient and synergistic 

leveraging of large-scale study infrastructures; 5) consideration of unique ethical 

considerations in large-scale clinical research.

In summary, the high degree of morbidity associated with late-life depression suggests that a 

safe and effective, yet low-cost, preventive strategy will yield a significant impact on the 

public health. The design employed by VITAL-DEP is highly novel and detailed while being 

resource-efficient. Furthermore, there is significant potential for added value in its design, as 

long-term post-trial observation of VITAL-DEP participants will make it possible to 

ascertain whether and how long any observed mood effects of vitamin D3 and omega-3 

persist after discontinuation of the VITAL trial. This ongoing, large-scale, study of 

depression prevention and mood enhancement will yield new and major advances by: 1) 

informing the scientific community regarding the direct impacts of vitamin D and fish oil for 

depression prevention and longitudinal mood symptoms, 2) providing high-quality, long-

term follow-up of mood outcomes within what has become a rich and unprecedented dataset, 

and 3) addressing multiple and novel mechanistic biomarkers in a large and racially/
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ethnically diverse group of older adults, in order to inform how vitamin D and fish oil 

supplements may work to impact mood and for whom.
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Figure 1. Mechanisms by which vitamin D and/or fish oil may lower depression risk
Four hypothesized mechanistic areas are illustrated: inflammation, oxidative stress, 
vascular/metabolic health and neuroprotection. Vitamin D may lower depression risk 

through: more favorable profiles of inflammatory indicators, vascular (renin-angiotensin-

aldosterone system) and metabolic (improved insulin sensitivity and glucose tolerance) 

factors, and increased expression and levels of brain-derived neurotrophic factor (BDNF). 

Marine omega-3 fatty acids (fish oil) may lower depression risk through: more favorable 

profiles of inflammatory indicators, lower levels of free radicals and reactive oxygen species 

formation, improved protection against cardiovascular disease (CVD), and increased 

expression and levels of BDNF.
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Figure 2. 
Sources of study participants for assessments and analyses in VITAL-DEP.
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