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Abstract

Objective: To test vitamin D3 and omega-3 fatty acids (omega-3s) for late-life depression 

prevention under the National Academy of Medicine framework for indicated (targeting 

subthreshold depression) and selective (targeting presence of high-risk factors) prevention.

Methods: The VITamin D and OmegA-3 TriaL (VITAL) is a 2 × 2 factorial trial of vitamin 

D3 (2,000 IU/d) and/or omega-3s (1 g/d) for cardiovascular and cancer prevention (enrollment: 

November 2011–March 2014; end date: December 31, 2017). In this targeted prevention study, we 

included 720 VITAL clinical sub-cohort participants who completed neurobehavioral assessments 

at baseline and 2 years (91.9% retention). High-risk factors were subthreshold or clinical anxiety, 

impaired activities of daily living, physical/functional limitation, medical comorbidity, cognitive 

impairment, caregiving burden, problem drinking, and low psychosocial support. Coprimary 

outcomes were incident major depressive disorder (MDD), adjudicated using DSM-IV (Diagnostic 
and Statistical Manual of Mental Disorders, Fourth Edition), and change in mood (Patient Health 

Questionnaire-9 [PHQ-9]). We used exact tests to determine treatment effects on MDD incidence 

and repeated-measures models to determine treatment effects on PHQ-9.

Results: A total of 11.1% had subthreshold depression, 60.8% had ≥ 1 high-risk factor, MDD 

incidence was 4.7% (5.1% among completers), and mean PHQ-9 score change was 0.02 points. 

Among those with subthreshold depression, the MDD risk ratio (95% confidence interval) was 

0.36 (0.06 to 1.28) for vitamin D3 and 0.85 (0.25 to 2.92) for omega-3s, compared to placebo; 

results were also null among those with ≥ 1 high-risk factor (vitamin D3 vs placebo: 0.63 [0.25 to 

1.53]; omega-3s vs placebo: 1.08 [0.46 to 2.71]). There were no significant differences in PHQ-9 

score change comparing either supplement with placebo.

Conclusions: Neither vitamin D3 nor omega-3s showed benefits for indicated and selective 

prevention of late-life depression; statistical power was limited.

Trial Registration: ClinicalTrials.gov identifier: NCT01696435 J Clin Psychiatry 
2023;84(4):22m14629

Late-life depression (LLD) prevention can be efficiently accomplished by employing the 

National Academy of Medicine (NAM) framework for prevention of mental disorders; ie, 

targeting those with subthreshold depression (indicated prevention) or high-risk factors 

(selective prevention).1 Compared to traditional prevention frameworks (ie, primary, 

secondary, and tertiary prevention), the NAM framework has high clinical utility in LLD 

prevention: it defines at-risk populations using evidence-based knowledge of contextual 

factors and involves targeted interventions among those at highest risk. Presence of 

subthreshold depression and presence of selective high-risk factors are responsible for 25% 

and 50%, respectively, of all incident major depressive disorder (MDD) cases occurring 

during late life.2–4
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Older adults with subthreshold depressive symptoms and LLD high-risk factors (eg, medical 

comorbidity, caregiving strain, low social support) may also have elevated inflammation 

levels or poor vascular and metabolic health.5,6 Several lines of evidence suggest that 

vitamin D3 and omega-3 fatty acids (omega-3s) promote mood health by decreasing 

inflammation and improving metabolic indicators, and also via neuroprotective benefits7–10; 

if applied among targeted groups who constitute a relatively large proportion of cases, 

these supplements might offer substantial benefits for LLD prevention. Prior randomized 

controlled trials (RCTs) of indicated and selective LLD prevention have largely applied 

psychological interventions; MDD relative risk reductions of up to ~50%–60% were 

observed.11–14 Vitamin D3 and omega-3 supplements may offer additional advantages 

for targeted LLD prevention, as they are safe, inexpensive, easily accessible, and highly 

acceptable to most people due to their simplicity.15

Over the last two decades, only 4 RCTs16–19 examined the effects of vitamin D3 

supplementation of ≥ 12 months’ duration for indicated and selective prevention of 

depression in mid- and/or late-life adults; 3 trials showed no benefit of vitamin D3 for MDD 

risk or mood among those with subthreshold depression and/or ≥ 1 high-risk factor.16–18 

Regarding omega-3s, only 4 RCTs17,20–22 examined effects of supplementation of ≥ 12 

months’ duration for indicated and selective prevention of depression in mid- and/or late-life 

adults; no benefits on MDD were found. Most prior RCTs of nutrient interventions used 

a single risk factor for addressing selective prevention of MDD (eg, physical/functional 

impairment or medical comorbidity). Yet, the combination of several selective risk factors 

appears responsible for the majority of LLD cases.2,3,23 While substantial benefits might 

be achieved using nutrient supplements for targeted LLD prevention, data from RCTs using 

such approaches are limited.

VITAL-DEP (VITamin D and OmegA-3 TriaL-Depression Endpoint Prevention; 

ClinicalTrials.gov identifier: NCT01696435), an ancillary study to VITAL, addressed these 

knowledge gaps by testing vitamin D3 or omega-3s supplementation for indicated and 

selective prevention of LLD in a deeply phenotyped sub-cohort of 720 participants who 

completed repeat in-clinic assessments. In this targeted RCT, we hypothesized that daily 

supplementation with vitamin D3 or omega-3s, compared to placebos, would show benefits 

for indicated and selective prevention of LLD over a 2-year follow-up.

METHODS

Trial Design

VITAL randomized 25,871 participants (men aged ≥ 50 and women aged ≥ 55 years) 

to receive vitamin D3 (2,000 IU/d), omega-3s (1 g/d including 465 mg eicosapentaenoic 

acid [EPA] and 375 mg docosahexaenoic acid [DHA]) and/or matching placebos in a 

2 × 2 factorial design for prevention of cardiovascular disease and cancer (enrollment 

period: November 2011–March 2014; end of the intervention: December 31, 2017); the 

protocol was published elsewhere.24 VITAL used a pragmatic, hybrid design that included 

a nationwide cohort of 25,871 participants and a sub-cohort of 1,054 participants who 

lived near an affiliated National Institutes of Health (NIH)–sponsored Harvard Catalyst–

Clinical Translational Science Center (CTSC) in Boston, Massachusetts, and presented at 
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the CTSC Center for Clinical Investigation for detailed, in-person assessments at baseline 

and 2 years. All VITAL-CTSC participants were invited to take part in the 45-minute 

VITAL-DEP neuropsychiatric assessment.25 Participants were eligible for this study if 

they did not have (1) any of these psychiatric disorders, as determined by the Mini-

International Neuropsychiatric Interview (MINI) for the Diagnostic and Statistical Manual 
of Mental Disorders, Fourth Edition (DSM-IV)26: current depression (MDD or major 

depressive episode), alcohol or substance abuse/dependence in the past 12 months, primary 

psychotic disorders (eg, schizophrenia) or psychotic mood disorders, bipolar disorder, 

obsessive-compulsive disorder, or posttraumatic stress disorder; (2) unstable psychiatric 

symptoms during evaluation (eg, suicidality, psychosis); or (3) dementia-level cognitive 

impairment determined by norm-based cut-points.27,28 All participants provided written 

informed consent, and study approvals were obtained from the Institutional Review Board of 

Mass General Brigham.

This article addresses a secondary aim of the VITAL-DEP study protocol.25 VITAL and 

VITAL-DEP were designed on the basis of an a priori assumption of no interaction between 

agents, and the prespecified primary analyses examined separately the main effects of each 

agent. However, the 2 × 2 factorial design of the study allowed for exploratory analyses 

addressing potential interaction; results for the interaction between treatment agents were 

reported in subgroup analyses elsewhere, and there was no evidence of interaction between 

agents.29,30

Procedures

Per the study protocol,25 baseline assessment was used to identify participants eligible 

for follow-up for MDD at 2 years and to determine at-risk groups for indicated and 

selective prevention. The MINI was used to achieve valid, time-efficient determinations 

of eligibility and MDD outcomes.26 Study psychiatrists immediately evaluated participants 

presenting with unstable psychiatric symptoms (eg, suicidality, manic symptoms, psychosis) 

to determine their safety and ability to participate; see Supplementary Appendix 1 for 

details.

Indicated Prevention

We identified participants with subthreshold depression—ie, clinically meaningful 

depressive symptoms without meeting DSM-IV criteria for MDD or dysthymia on the 

MINI—by leveraging both detailed neurobehavioral data from baseline CTSC visits 

and concurrent self-reported depression measures in the VITAL baseline questionnaires. 

Subthreshold depression was defined by the presence of any of the following31,32: (1) 

Patient Health Questionnaire-9 (PHQ-9)33 score or PHQ-834 score between 5 and 9 points; 

(2) core features of depression (anhedonia and/or dysphoria) present at least “more than half 

the days” for ≥ 2 weeks in the past 2 years; (3) subsyndromal depression including minor 

depression on the MINI (at least 2 but fewer than 5 depression module symptoms) or the 

PHQ (at least 2 but fewer than 5 symptoms present at least “more than half the days” for ≥ 

2 weeks); or (4) dysthymic symptoms, defined as self-report of depressed mood most of the 

time for ≥ 2 consecutive years, with symptoms active in the past 1 year.
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Selective Prevention

We determined participants with ≥ 1 high-risk factor by leveraging robust literature on 

LLD risk architecture.2,3,23 We used detailed mood, neuropsychiatric, and well-being 

measures in the CTSC and self-reported physical and health measures on VITAL baseline 

questionnaires to classify high-risk participants; see Supplementary Appendix 1 for 

descriptions of measures. High-risk factors were subthreshold anxiety (Generalized Anxiety 

Disorder-2 [GAD-2] score ≥ 3 or GAD-7 score ≥ 5)35,36 or clinical anxiety (DSM-IV 
anxiety disorders); impaired activities of daily living (instrumental activities of daily living 

[IADL] score ≥ 1)37; problem/hazardous drinking (Alcohol Use Disorders Identification 

Test-Concise [AUDIT-C] score ≥ 5)38; physical/functional limitation (determined using the 

10-item Physical Functioning scale [PF-10] from the Medical Outcomes Short Form-36)39; 

medical comorbidity (≥ 1 chronic disease); cognitive impairment (below Modified Mini-

Mental State Exam [3MS]40 norm-based cutoff scores that factored age, sex, education, race 

and ethnicity)41: < 92 among non-Hispanic White men, < 95 among non-Hispanic White 

women, < 89 among Black and Hispanic participants, < 91 among participants with other 

race or ethnicity); caregiving burden (Zarit brief burden interview score ≥ 10)42; and low 

psychosocial support (Duke Social Support Index [DSSI]43,44 score ≤ 26).

Coprimary Outcomes

The two coprimary outcomes were (1) risk of incident MDD and (2) 2-year change in mood 

score. Incident MDD was defined per DSM-IV criteria using the MINI at 2 years. The 

PHQ-9 was used to ascertain mood score at baseline and 2 years (higher scores indicate 

worse mood; range, 0–27 points); the minimal clinically important difference (MCID) for 

change in PHQ-9 score was 0.5 points.

Secondary Outcome

We addressed a composite incident depression outcome that leveraged both in-person 

CTSC diagnoses and, as previously described,25 depression outcomes ascertained from 

main VITAL study questionnaires. This outcome, used for a secondary analysis of selective 

prevention, included DSM-IV MDD, PHQ-9 score ≥ 10, and incident case of depression in 

the main VITAL study within the 2-year CTSC follow-up period.30

Statistical Analyses

Analyses of coprimary outcomes.—Prior RCTs showed ~50%–60% relative risk (RR) 

reductions (ie, an RR of 0.4–0.5) using indicated and selective prevention strategies.11–13 

Power calculations were based on an expected N of 855 and 2-year absolute risk of MDD 

of 35% among those with subthreshold depression and 25% among those with ≥ 1 high-risk 

factor. Based on these estimates, power was ≥ 80% to detect RRs of ≤ 0.60 and ≤ 0.50, 

respectively, for indicated and selective LLD prevention. Regarding 2-year change in PHQ-9 

score, power was 90% and > 99% to detect the MCID in risk groups of indicated and 

selective prevention, respectively. Analysis of treatment effects among the 720 eligible 

participants in this study was based on intention-to-treat. Differences between the original 

statistical analysis plan and current procedures are detailed in Supplementary Appendix 1.
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Participants’ characteristics were compared across the 4 treatment groups (vitamin D3, 

omega-3s, both agents, or both placebos). We used χ2 statistics to determine effects of 

treatment agents versus placebos on risk of incident MDD among those with versus without 

subthreshold depression or with versus without high-risk factors for depression; RR and 

exact 95% confidence intervals (CIs) are reported. The Zelen exact test was used as an 

interaction test to determine whether treatment effects on incident MDD differed across risk 

groups of indicated and selective prevention.

In examining 2-year change in mood score, general linear models of response profiles were 

used to estimate the means and were adjusted for age, sex, and concurrent randomized agent, 

and time was modeled as an indicator variable; missing outcome data were assumed to 

be missing at random.45 The mean difference between treatment versus placebo groups in 

change in PHQ-9 score was estimated using a time × treatment interaction. Models were 

fitted using maximum likelihood, correlations within participants were modeled using an 

unstructured covariance pattern, and statistical tests used the Wald test.

Secondary analyses.—Exact χ2 statistics were used to determine effects of treatment 

agents, compared to placebos, on the composite depression outcome among those with 

versus without ≥ 1 high-risk factor; the Zelen exact test was used to determine whether 

treatment effects differed across risk group of selective prevention.

Non-prespecified and post hoc analyses.—First, effects of treatment agents versus 

placebos on MDD risk and change in PHQ-9 score were estimated in the full sample of 720 

participants, rather than separately by indicated and selective prevention risk group. Second, 

as physical/functional limitation is one of the largest single contributors to LLD risk,2,3,23 

we performed additional validation checks for the self-reported PF-10 (available in 94% 

of sample) by comparing it to the concurrent gold-standard objective physical performance 

tests (available in a smaller subset of the sample [n ~500]) (see Supplementary Appendix 1).

Statistical analyses were performed using SAS 9.4 (SAS Institute; Cary, NC). Tests were 

2-sided; for an α level of .05 with two coprimary outcomes, P < .025 was used for statistical 

significance for each outcome after Bonferroni correction. Results regarding secondary, 

non-prespecified, and post hoc analyses should be interpreted with caution.

RESULTS

Figure 1 summarizes the recruitment and disposition of participants. Among eligible 720 

participants, 58 (8.1%) were lost to-follow-up, refused follow-up MINI assessment, or 

withdrew from the study; 662 (91.9%) completed MINI assessments at 2 years.

In VITAL, participants answered study pill adherence questions at 6 months and 1 

year post-randomization and annually thereafter. At 2-year follow-up, the percentages 

of participants who reported taking at least two-thirds of study capsules were 95.4% 

and 94.4%, respectively, in vitamin D3 and placebo groups and 95.0% and 95.3%, 

respectively, in omega-3s and placebo groups (Supplementary Table 1). The mean (SD) 

age of participants was 65.4 (6.5) years; 44.4% were female, and 15% were racial and/or 
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ethnic minorities. Characteristics were balanced across randomization groups (Table 1). Of 

the 720 participants, there were 80 (11.1%) with subthreshold depression and 438 (60.8%) 

with ≥ 1 high-risk factor. Among those with subthreshold depression, presence of high-risk 

factors for LLD was common (Supplementary Figure 1). High-risk factors were balanced 

across randomization groups, except for slightly higher prevalence of cognitive impairment 

and physical/functional limitation among those randomized to active omega-3s. Additional 

characteristics are provided in Supplementary Table 2.

Results for Primary Analyses

The DSM-IV MDD incidence rate was 4.7% (34/720) at 2-year follow-up; the rate was 5.1% 

(34/662) among study completers. The absolute risk of incident MDD was 3-fold higher in 

participants with versus without subthreshold depression (12.5% vs 3.8%; Fisher exact P 
value = .002); no such difference in absolute risk was observed among those with versus 

without ≥ 1 high-risk factor. The mean 2-year change in PHQ-9 score was 0.02 points.

Randomization to vitamin D3, compared to placebo, did not affect risk of incident MDD 

among those with versus without subthreshold depression or those with versus without ≥ 1 

high-risk factor; Zelen tests showed no differences in treatment effects across risk groups 

(Figure 2). Regarding indicated prevention, although the estimate was in the direction of 

more than a 60% reduction in MDD risk among participants with subthreshold depression 

randomized to vitamin D3 versus placebo, results were not statistically significant. 

Regarding selective prevention, no significant effects of vitamin D3, compared to placebo, 

on risk of incident MDD were observed. The mean difference in 2-year change in PHQ-9 

score comparing vitamin D3 and placebo was not statistically significant among those with 

versus without subthreshold depression or those with versus without ≥ 1 high-risk factor; 

estimates were lower than the prespecified MCID of 0.5 points (Table 2).

Randomization to omega-3s, compared to placebo, did not affect risk of incident MDD 

among those with versus without subthreshold depression or those with versus without 

≥ 1 high-risk factor; Zelen tests showed no differences in treatment effects across risk 

groups (Figure 2). Regarding indicated and selective prevention, no significant effects 

of omega-3s, compared to placebo, on risk of incident MDD were observed. The mean 

difference in 2-year change in PHQ-9 comparing omega-3s and placebo was not statistically 

significant among those with versus without subthreshold depression (Table 3). Regarding 

selective prevention, there appeared to be worse mean change over 2 years in PHQ-9 score, 

comparing omega-3s with placebo (0.35 points; 95% CI, 0.04 to 0.66); however, the test 

for multiplicative interaction was nonsignificant after Bonferroni correction, indicating no 

differential effect of omega-3s on change in PHQ-9 score among those with versus without ≥ 

1 high-risk factor; estimates were lower than the prespecified MCID of 0.5 points.

Results for Secondary Analyses

Of the 720 participants, 48 (6.7%) developed the composite depression outcome (7.3% 

[48/662] among study completers). Effects of vitamin D3 or omega-3s, versus placebos, on 

MDD incidence did not differ across risk groups for selective prevention (Supplementary 
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Tables 3 and 4); neither supplement showed significant effects among those with ≥ 1 

high-risk factor.

Results for Non-Prespecified and Post hoc Analyses

These results showed the following: (1) Neither supplement showed significant effects 

on risk of DSM-IV incident MDD in the full sample (Supplementary Table 5); the 

overall adjusted mean difference in change in PHQ-9 score at 2 years was not significant, 

comparing vitamin D3 or omega-3s versus placebos (Supplementary Table 6). (2) Validation 

of the PF-10 in our sample showed significant correlations with objective physical 

performance tests and significant discrimination of Short Physical Performance Battery 

scores among those with versus without impairment based on the PF-10 (see Supplementary 

Tables 7 and 8 and Supplementary Appendix 1).

DISCUSSION

In this RCT including 720 older adults at elevated risk for depression due to presence of 

subthreshold depression or high-risk factors for late-life depression, neither vitamin D3 nor 

omega-3s, compared with placebos, significantly affected risk of incident MDD or change 

in mood scores at 2 years; however, statistical power was limited by low MDD case rates 

(~5%).

Older persons at elevated risk for depression may have higher inflammation levels and 

poor vascular and metabolic health.5,6 Vitamin D3 and omega-3s may lower LLD risk 

by improving inflammatory profiles and enhancing vascular and metabolic health, as well 

as by improving neurotrophic and neuroprotective factors.7–10 Our null findings regarding 

vitamin D3 supplementation are consistent with results from shorter-term and/or smaller-

sample RCTs of vitamin D3 ≥ 800 IU/d that showed no benefit for indicated and selective 

prevention.16–18,46 For example, a prior RCT (n = 155; MDD incidence = 3.4%)16 found no 

effect of 12-month supplementation of vitamin D3 (1,200 IU/d) on MDD risk or mood 

scores among older adults with subthreshold depressive symptoms, physical/functional 

limitation, and low vitamin D3 levels. An RCT by Bot and colleagues (n = 1,025; MDD 

incidence = 10%)17 found no beneficial effects of 12-month supplementation with a 

multinutrient agent containing 800 IU/d of vitamin D3 and 1.4 g/d of omega-3s (EPA:DHA 

= 3:1) for MDD incidence or change in mood score over 1 year among midlife adults with 

overweight/obesity and subthreshold depression. Our study is consistent with these findings 

and has a 2-year treatment duration and higher dose of vitamin D3 (2,000 IU/d), along with 

high follow-up (92%) and compliance rates (95%).

Similarly, our null findings regarding omega-3s supplementation for indicated and selective 

prevention of LLD are consistent with most published RCTs.17,20–22 However, Sinn and 

colleagues (n = 50; mean age = 73 years)47 found that EPA and DHA supplements, 

compared to placebos, have been associated with lower mood scores at 6-month follow-up 

in older adults with mild cognitive impairment. Overall, future trials might add clarity by 

integrating biomarkers and genetics when classifying at-risk populations; this approach may 

shed light on mechanism as well as persons most likely to benefit from treatment.
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Study strengths include a well-characterized sample, factorial trial design, testing two 

modalities of prevention using the NAM framework, rigorously adjudicated endpoints, use 

of well-validated measures for characterizing risk groups, and high follow-up and adherence 

rates.

This study also has limitations. First, the assessment interval was 2 years; as more than 

50% of MDD cases may spontaneously remit by 12 months,48 some cases that occurred and 

fully remitted between assessments may not have been ascertained. Second, among those 

generally healthy participants, a lower-than-expected eligible sample (720 vs 855) and low 

case rates limited power to detect significant effects; however, observed MDD incidence 

was comparable to that in recent RCTs of similar community-based participants.16,17 To 

mitigate risk of type II error, we secondarily addressed selective prevention using a broader 

composite depression outcome; however, results were unchanged. Third, evidence suggests 

that doses of ≥ 1.5 g/d omega-3s may be necessary for LLD prevention49; however, we did 

not test effects of high-dose omega-3s or of different balances of EPA versus DHA. Fourth, 

generalizability is a potential issue; the sample included generally healthy adults and only 

15% racial/ethnic minority participation.

CONCLUSIONS

Among 720 older men and women at elevated risk for depression due to presence of 

subthreshold depression or established high-risk factors, neither vitamin D3 nor omega-3s, 

compared with placebos, significantly affected risk of incident major depressive disorder or 

change in mood scores over a treatment duration of 2 years; however, statistical power was 

limited by low MDD incidence rates. Findings do not support use of supplemental vitamin 

D3 or omega-3s for indicated and selective prevention of late-life depression.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Points

• Limited trial evidence exists on whether supplementations of vitamin D3 

(2,000 IU/d) and/or marine omega-3 fatty acids (1 g/d) are beneficial for 

prevention of late-life depression among those at higher risk (ie, those with 

subthreshold depression or with ≥ 1 high-risk factor for depression).

• Daily supplementation of vitamin D3 and marine omega-3 fatty acids did 

not show an advantage over placebo among at-risk participants for late-life 

depression.
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Figure 1. Randomization and Follow-Up of Participants
aParticipants could have had more than one exclusion condition.
bFollow-up MINI assessments were not administered due to lost to follow-up, refusal of the 

MINI assessment at the follow-up CTSC visit, or study withdrawal.

Abbreviations: CTSC = Clinical and Translational Science Center, MDD = major depressive 

disorder, MINI = Mini-International Neuropsychiatric Interview,26 OCD = obsessive-

compulsive disorder, PTSD = posttraumatic stress disorder, VITAL = VITamin D and 

OmegA-3 TriaL.24

Vyas et al. Page 15

J Clin Psychiatry. Author manuscript; available in PMC 2024 June 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Effect of Vitamin D3 or Omega-3s, Compared to Their Matching Placebos, on Risk of 
DSM-IV Incident MDD at 2 Years by Risk Group of Indicated and Selective Preventiona

aFrom a total 720 eligible participants, 662 completed follow-up at year 2. For the coprimary 

outcome of incident MDD, P < .025 was considered as threshold for overall statistical 

significance.
bRelative risk and its CI were based on exact tests using the exact χ2 score statistic.
cIndicated prevention targeted participants with subthreshold depression, but who did not 

meet DSM-IV criteria for current major depressive disorders or dysthymia, at baseline.
dSelective prevention targeted participants with ≥ 1 high-risk factor for late-life depression 

at baseline; see details in Supplementary Appendix 1 (under E. Approach for selective 

prevention).
eP-interaction was calculated using the Zelen exact test for equal odds ratios. The Zelen 

exact test was performed to determine whether effects of vitamin D3 or omega-3s, compared 

to placebo, differ across risk groups of indicated and selective prevention.
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