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IMPORTANCE Low levels of 25-hydroxyvitamin D have been associated with higher risk for
depression later in life, but there have been few long-term, high-dose large-scale trials.

OBJECTIVE To test the effects of vitamin D3 supplementation on late-life depression risk and
mood scores.

DESIGN, SETTING, AND PARTICIPANTS There were 18 353 men and women aged 50 years or
older in the VITAL-DEP (Vitamin D and Omega-3 Trial-Depression Endpoint Prevention)
ancillary study to VITAL, a randomized clinical trial of cardiovascular disease and cancer
prevention among 25 871 adults in the US. There were 16 657 at risk for incident depression
(ie, no depression history) and 1696 at risk for recurrent depression (ie, depression history
but no treatment for depression within the past 2 years). Randomization occurred from
November 2011 through March 2014; randomized treatment ended on December 31, 2017,
and this was the final date of follow-up.

INTERVENTION Randomized assignment in a 2 × 2 factorial design to vitamin D3 (2000 IU/d
of cholecalciferol) and fish oil or placebo; 9181 were randomized to vitamin D3 and 9172 were
randomized to matching placebo.

MAIN OUTCOMES AND MEASURES The primary outcomes were the risk of depression or
clinically relevant depressive symptoms (total of incident and recurrent cases) and the mean
difference in mood scores (8-item Patient Health Questionnaire depression scale [PHQ-8];
score range, 0 points [least symptoms] to 24 points [most symptoms]; the minimal clinically
important difference for change in scores was 0.5 points).

RESULTS Among the 18 353 randomized participants (mean age, 67.5 [SD, 7.1] years; 49.2%
women), the median treatment duration was 5.3 years and 90.5% completed the trial (93.5%
among those alive at the end of the trial). Risk of depression or clinically relevant depressive
symptoms was not significantly different between the vitamin D3 group (609 depression or
clinically relevant depressive symptom events; 12.9/1000 person-years) and the placebo
group (625 depression or clinically relevant depressive symptom events; 13.3/1000
person-years) (hazard ratio, 0.97 [95% CI, 0.87 to 1.09]; P = .62); there were no significant
differences between groups in depression incidence or recurrence. No significant differences
were observed between treatment groups for change in mood scores over time; mean
change in PHQ-8 score was not significantly different from zero (mean difference for change
in mood scores, 0.01 points [95% CI, −0.04 to 0.05 points]).

CONCLUSIONS AND RELEVANCE Among adults aged 50 years or older without clinically
relevant depressive symptoms at baseline, treatment with vitamin D3 compared with placebo
did not result in a statistically significant difference in the incidence and recurrence of
depression or clinically relevant depressive symptoms or for change in mood scores over a
median follow-up of 5.3 years. These findings do not support the use of vitamin D3 in adults
to prevent depression.
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D epression is a leading cause of disease burden and
disability.1 Depression is often undertreated in older
persons,2 who frequently experience residual symp-

toms even with treatment.3 Thus, late-life depression preven-
tion is a public health priority.4 Observational data have shown
associations between low levels of serum 25-hydroxyvitamin D
and higher late-life depression risk5; and having a low level of
25-hydroxyvitamin D has been hypothesized to play a role in
the etiology of seasonal affective disorder.6,7 However, within
a framework for the prevention of mental disorders,8 it is un-
certain whether supplementation with vitamin D3 would ben-
efit all persons (universal prevention), or only those at high risk
due to subclinical symptoms (indicated prevention) or due to
depression risk factors (selective prevention).

Thirteen randomized clinical trials (RCTs) have exam-
ined the effects of vitamin D3 supplementation on depres-
sion or mood during middle age or later in life9-13 and all ex-
cept one13 reported null findings. Only 4 RCTs studied a dose
of vitamin D3 that was 800 IU/d or greater for a duration
of 12 months or longer; these RCTs included older partici-
pants with subthreshold affective symptoms, low levels of
25-hydroxyvitamin D, or key depression risk factors and none
of the RCTs found any significant effects from vitamin D3

supplementation. No study to date has been large enough to
examine vitamin D3 supplementation for the universal pre-
vention of depression because testing this hypothesis re-
quires thousands of participants per treatment group.14

Vitamin D and Omega-3 Trial-Depression Endpoint Pre-
vention (VITAL-DEP) was an ancillary study to the VITAL
(Vitamin D and Omega-3 Trial) parent trial and tested the ef-
fects of high-dose daily vitamin D3 supplementation on 5-year
depression outcomes among 18 353 middle aged and older
adults without depression at baseline.15 The primary out-
comes were the total risk of depression (total occurrence of both
incident and recurrent cases) and the long-term trajectory of
mood based on 6 annual assessments.

Methods
Trial Protocol
All participants provided written informed consent, and ap-
provals for the parent VITAL trial and this study were obtained
from the institutional review board of Brigham and Women’s
Hospital. The VITAL study agents received Investigational New
Drug Approval from the US Food and Drug Administration. An
independent data and safety monitoring board regularly re-
viewed data on end points and adverse events. The study pro-
tocol and statistical analysis plan appear in Supplement 1.

Participants
The parent trial was a double-blind placebo-controlled RCT test-
ing the effects of vitamin D3 and fish oil supplementation on the
prevention of incident cancer and cardiovascular disease.16 In
the parent trial, 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 D3 (2000 IU/d of cholecal-
ciferol) and fish oil (Omacor; a 1 g/d capsule containing 840 mg

of omega-3 fatty acids as 465 mg of eicosapentaenoic acid and
375 mg of docosahexaenoic acid) or matching placebos in a 2 × 2
factorial design. Randomization was computer-generated within
sex, race, and 5-year age groups in block sizes of 8.

Baseline serum samples were collected in 16 956 partici-
pants. Achieving a racially and ethnically diverse sample was
a goal in the parent trial given the higher prevalence of low lev-
els of 25-hydroxyvitamin D among Black persons and darker-
skinned persons. Participants self-reported race/ethnicity on
the study questionnaire by selecting categorical responses for
race and ethnicity. Additional details have been published.16

Exclusion Criteria
The exclusion criteria of the VITAL trial were: a history of can-
cer or cardiovascular disease; supplemental vitamin D3 in-
take greater than 800 IU/d; supplemental calcium intake
greater than 1200 mg/d; fish oil supplementation; a history of
kidney failure, hypercalcemia, hypoparathyroidism or hyper-
parathyroidism, cirrhosis, or granulomatous disease; being al-
lergic to soy, fish, or other seafood; and a history of any other
conditions precluding participation.

The following list contains the additional exclusion crite-
ria for this ancillary study: presence of clinically relevant de-
pressive symptoms (8-item Patient Health Questionnaire
depression scale [PHQ-8] score ≥10 points); had core features
of depression (anhedonia or dysphoric mood) for 2 or more
weeks within the past 2 years; currently receiving treatment for
depression; had alcohol or substance use disorder within the
past year; and having schizophrenia or psychotic disorder, bi-
polar disorder, or another major psychiatric or neurological
condition.15 After exclusions, there were 18 353 individuals who
remained eligible (Figure 1).16

Follow-up Procedures
Parent trial participants were followed up annually via mailed
questionnaires to update information on major illnesses or ad-
verse events, health and lifestyle factors, and study adher-
ence. Follow-up continued until the end of randomized treat-
ment on December 31, 2017, for a median treatment duration
of 5.3 years (interquartile range, 5.0-5.7 years); total follow-up
and study pill adherence rates (ie, taking at least two-thirds of

Key Points
Question Can long-term supplementation with vitamin D3

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, vitamin D3

supplementation compared with placebo did not result in
statistically significant differences in the incidence and recurrence
of depression or clinically relevant depressive symptoms
(hazard ratio, 0.97) or for change in mood scores over a 5-year
treatment period.

Meaning These findings do not support the use of vitamin D3 in
adults to prevent depression.
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pills as assigned) were high; serum levels of 25-hydroxyvita-
min D before and after randomization were measured among a
subset of participants and confirmed expected changes with vi-
tamin D3 supplementation vs placebo.16 Participants random-
ized during the later years of the parent trial did not complete
the maximum of 5 postbaseline annual questionnaires. The
number of participants who received 5-year questionnaires was
lower than for the earlier follow-up waves, but did not differ be-
tween treatment groups.

Outcomes
The 2 primary outcomes of this study were risk of depression
or clinically relevant depressive symptoms and longitudinal
mood scores. A depression event (defined as depression or
clinically relevant depressive symptoms) was a new self-
report of depression diagnosed by a physician or clinician, new
treatment (medication, counseling, or both) for depression, or
presence of clinically relevant depressive symptoms (PHQ-8
score ≥10 points) on annual questionnaires. This PHQ-8 cut-
off has been validated for a major depressive episode17 and this
definition of a depression event has yielded prevalence and

incidence rates similar to those determined using structured,
in-person methods.18

In-person psychiatric diagnostic interviews were also con-
ducted and used for validation among a subset of 1054 par-
ticipants at the Clinical and Translational Science Center (CTSC)
in Boston, Massachusetts (Supplement 2). Incident cases arose
from among those without current symptoms and without a
history of clinically significant depressive symptoms, diagno-
sis of depression, or treatment for depression. Recurrent cases
were defined as those with a history of depression, but cur-
rently without clinically relevant symptoms of depression and
had not received treatment for depression within the past 2
years. No double counting of cases (incident cases that re-
curred during subsequent follow-up) was permitted.

Depression event dates were the questionnaire return date
or month and year of diagnosis if separately reported by the
participants. If participants could be classified by more than 1
method, the earlier date was used. An end points committee de-
termined diagnosis and depression event dates for cases with
conflicting reports. Safety procedures included sending letters
to participants with elevated PHQ-8 scores (Supplement 2).15

Figure 1. Flow of Participants in the VITAL-DEP Ancillary Study to the VITAL Trial

25 871 Randomized in VITAL triala

3746 Excluded
13 In VITAL trial (diagnosis dates

inconsistently reported)
3733 In VITAL-DEP trialb

1572 Core depression features
(dysphoria, anhedonia) for ≥2 wk

1501 Current medication use, counseling
for depression, or both

1288 Missing or unknown depression
status

371 Current symptoms (PHQ-8
score ≥10 points)

826 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-9 codes)

3772 Excluded
4 In VITAL trial (diagnosis dates

inconsistently reported)
3768 In VITAL-DEP trialb

1580 Core depression features
(dysphoria, anhedonia) for ≥2 wk

1493 Current medication use, counseling
for depression, or both

1326 Missing or unknown depression
status

 384 Current symptoms (PHQ-8
score ≥10 points)

804 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-9 codes)

12 927 Randomized to receive vitamin D3
supplementation

12 944 Randomized to receive placebo

9181 Randomized to receive vitamin D3
supplementation in VITAL-DEP trial

9172 Randomized to receive placebo
in VITAL-DEP trial

9181 Included in primary analysis
in VITAL-DEP trial

9172 Included in primary analysis
in VITAL-DEP trial

Status at end of intervention
8859 Known alive or presumed alive

per National Death Index search
  322 Died

Status at end of intervention
8872 Known alive or presumed alive

per National Death Index search
  300 Died

ICD-9 indicates International Classification of Diseases, Ninth Revision;
OCD, obsessive-compulsive disorder; PHQ-8, 8-item Patient Health Questionnaire
depression scale; PTSD, posttraumatic stress disorder; VITAL, Vitamin D and Omega-3
Trial; VITAL-DEP, Vitamin D and Omega-3 Trial-Depression Endpoint Prevention.

a The flow diagram for the VITAL trial has been published.16

b Individuals could have met more than 1 exclusion criteria.
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Longitudinal mood scores were ascertained with the PHQ-8
on 6 annual questionnaires. The PHQ-8 score range is 0 points
(least symptoms) to 24 points (most symptoms) and higher

scores indicate worse mood. The minimal clinically impor-
tant difference for change in PHQ-8 scores was 0.5 points based
on clinical literature (Supplement 1). The primary aim as listed
in the original protocol was to test the effects of vitamin D3 and
fish oil (omega-3 fatty acids) compared with placebos on the
primary outcomes (Supplement 1).

Other prespecified secondary aims were to determine the:
(1) effects of vitamin D3 among Black adults; (2) effects of both
agents for selective and indicated prevention in the CTSC sub-
set; (3) associations between baseline biochemical levels of both
nutrients and the primary outcomes; and (4) modification of
the effects of each agent on the primary outcomes by: age, sex,
baseline biochemical nutrient levels, baseline dietary in-
takes, baseline medical comorbidities, geographic region (for
vitamin D3), physical activity level (for vitamin D3), and fish
oil. The outcome results from the CTSC subset and for the ef-
fects of fish oil are not reported in this article.

Statistical Analyses
Primary Analyses
The study was designed to have power of 85% or greater to de-
tect an observed hazard ratio (HR) of 0.85 for depression or clini-
cally relevant depressive symptoms. Power was greater than
99% to detect the minimal clinically important difference for
change in longitudinal mood scores. All 18 353 participant out-
comes were analyzed according to their randomization groups.
In examining the first primary outcome, risk of depression or
clinically relevant depressive symptoms, participants were fol-
lowed up until the occurrence of the end point, death, or the
end of the trial, whichever came first. Cumulative incidence
curves were used to compare the occurrence of depression or
clinically relevant depressive symptoms in the vitamin D3 and
placebo groups. Cox proportional hazards models were used to
estimate HRs and 95% CIs for vitamin D3 vs placebo, adjusting
for age, sex, and fish oil (the other randomized agent). The pro-
portional hazards assumption was confirmed analytically using
both the Kolmogorov-type supremum test and the time-
dependent covariate model, which tested the significance of the
treatment × log of follow-up time interaction.

In examining mood scores over time, general linear mod-
els of response profiles were used to estimate the means that
were adjusted for the design variables and time was modeled
as an indicator variable; this approach uses all available re-
sponses and can handle missing outcome data, which were as-
sumed to be missing at random.19 Models estimated the mean
differences in PHQ-8 scores at baseline and the mean differ-
ences for change in PHQ-8 scores after baseline; the mean dif-
ference between treatment groups for change in PHQ-8 scores
was estimated using a time × treatment interaction. Models were
fitted using the maximum likelihood and the correlations within
participants were modeled using an unstructured covariance
pattern; and statistical tests used the Wald test.19 Because re-
sults from the 2 primary outcomes could differ, we included
plans to guide interpretation (see below and Supplement 1).

Secondary Analyses
First, incident and recurrent depression or clinically relevant
depressive symptoms were addressed separately as secondary

Table 1. Characteristics of Participants at Baseline

Characteristic

No. (%) of participantsa

Vitamin D3
(n = 9181)

Placebo
(n = 9172)

Age, mean (SD), y 67.5 (7.0) 67.4 (7.1)

Age group, y

50-54 319 (3.5) 333 (3.6)

55-64 2967 (32.3) 2998 (32.7)

65-74 4630 (50.4) 4601 (50.2)

≥75 1265 (13.8) 1240 (13.5)

Sex

Men 4641 (50.6) 4689 (51.1)

Women 4540 (49.5) 4483 (48.9)

Self-reported race/ethnicity (n = 8999) (n = 8990)

Non-Hispanic White 6552 (72.8) 6545 (72.8)

Black 1705 (19.0) 1702 (18.9)

Hispanic (not Black) 362 (4.0) 346 (3.9)

Asian/Pacific Islander 144 (1.6) 150 (1.7)

Native American/Alaskan Native 78 (0.9) 72 (0.8)

Otherb 158 (1.8) 175 (2.0)

Body mass indexc (n = 8967) (n = 8952)

<25 2914 (32.5) 2929 (32.7)

25-<30 3628 (40.5) 3615 (40.4)

≥30 2425 (27.0) 2408 (26.9)

Charlson Comorbidity Index,d points

0 7744 (84.4) 7796 (85.0)

1 1234 (13.4) 1171 (12.8)

≥2 203 (2.2) 205 (2.2)

Serum 25-hydroxyvitamin D level,
mean (SD), ng/mL (n = 5739) (n = 5678)

<20 630 (11.0) 698 (12.3)

≥20 5109 (89.0) 4980 (87.7)

Supplemental vitamin D3 usee 4076 (44.4) 4054 (44.2)

Physical activity level, median (IQR),
MET h/wk 16.8 (5.5-32.7) 17.0 (5.6-33.5)

Geographic region (n = 9181) (n = 9171)

Southeast 2484 (27.1) 2547 (27.8)

Northeast 2528 (27.5) 2475 (27.0)

West 2139 (23.3) 2149 (23.4)

Midwest 2030 (22.1) 2000 (21.8)

Randomization in VITAL-DEP trial

Fish oil 4608 (50.2) 4563 (49.8)

Fish oil placebo 4573 (49.8) 4609 (50.3)

Abbreviations: IQR, interquartile range; MET, metabolic equivalent task;
VITAL-DEP, Vitamin D and Omega-3 Trial-Depression Endpoint Prevention.

SI conversion factor: To convert 25-hydroxyvitamin D to nmol/L, multiply by 2.5.
a Unless otherwise indicated. The percentages may not sum to 100 because

of rounding.
b Includes multiple or unspecified race/ethnicity.
c Calculated as weight in kilograms divided by height in meters squared.
d A weighted comorbidity score derived from the sum of the scores for each of

several major medical comorbid conditions.
e Restricted to 800 IU/d or less from all sources combined (individual

supplements and multivitamins).
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outcomes. Second, the prespecified secondary analyses ad-
dressed whether outcomes differed across subgroups selected
a priori based on biological relevance or prior evidence of im-
portance in depression risk and included: age, sex, race, base-
line 25-hydroxyvitamin D level, Charlson Comorbidity Index,
baseline vitamin D3 intake, physical activity, geographic re-
gion, and fish oil, given the plausible synergistic effects of vi-
tamin D3 and fish oil.15 Third, a separate analysis addressed the
potential influence of initiating treatment with antidepres-
sants during follow-up on the observed effect of vitamin D3 on
mood scores; this analysis did not apply to risk of depression or
clinically relevant depressive symptoms because initiation of
treatmentwithantidepressantswaspartofthedepressionevent
definition. Fourth, the analyses of the effects of vitamin D3 on
risk of depression or clinically relevant depressive symptoms
were repeated with censoring at nonadherence (ie, participant
stopped taking at least two-thirds of vitamin D3 study pills or
took outside supplements exceeding permitted amounts).

Nonprespecified and Post Hoc Analyses
First, body mass index (BMI; calculated as weight in kilograms
divided by height in meters squared) was included in the sub-
group analyses because the parent trial recently reported a sig-
nificant interaction between supplemental vitamin D3 and BMI
for cancer risk16 and because BMI has been associated with both
25-hydroxyvitamin D levels and depression risk.20,21

Second, because the effects of vitamin D3 on total PHQ-8
score may not reflect the effects on specific depressive fea-
tures (eg, anhedonia, sadness, sleep difficulty, concentration
problems), a post hoc analysis addressed the effects of vita-
min D3 on item-level symptoms. Item-level symptom burden
was denoted by report of experiencing the symptom “more
than half the days” or “nearly every day” on the PHQ-8. The
analyses were performed using repeated-measures logistic re-
gression with binomial distribution, logit as the link func-
tion, and the exchangeable correlation structure to estimate
the mean effect of vitamin D3 on change in likelihood of item-
level symptom burden over the follow-up period.

Third, an alternative approach using repeated-measures
negative binomial regression was considered for modeling the
effect of vitamin D3 vs placebo on change in PHQ-8 scores, which
tend to be skewed to the right. Fourth, post hoc sensitivity analy-
ses addressed: the robustness of the findings with additional
censoring at follow-up for the development of a cardiovascu-
lar disease or cancer end point; adjustment for cardiovascular
disease and cancer as time-updated covariates; Fine-Gray analy-
ses that treated death from any cause as a competing rather than
censoring event22; repeating the response profiles analysis of
mood scores with omission of PHQ-8 values from the year 5
follow-up questionnaire; and censoring PHQ-8 scores at re-
ceipt of a safety letter for elevated mood score.

Changes to the Study Protocol
Differences between the initial statistical analysis plan and the
published protocol15 and this report are presented in detail in
Supplement 2 (eMethods). The first change was made to en-
sure adequate sample size and robust minority participation;
target enrollment in the parent trial was increased (from
n = 20 000 to n = 26 000) and the minimum age for eligibility
was modified from aged 60 years or older for men and aged 65
years or older for women to aged 50 years or older for men and
aged 55 years or older for women. Second, Centers for Medi-
care & Medicaid Services data were not used to supplement de-
pression follow-up information or to determine past 2-year psy-
chiatric hospitalization at baseline because linkage was
unavailable for nearly one-third of participants. Third, addi-
tional resources enabled 2 additional occasions for administra-
tion of the PHQ-8 and for an increased number of participants
in whom baseline serum levels of 25-hydroxyvitamin D and fatty
acids were assayed. Fourth, the effects of the fish oil and the re-
sults from the CTSC analysis are not reported in this article.

Statistical analyses were performed using SAS version 9.4
(SAS Institute Inc). Two-sided tests with an α level of .025 were
used to account for the 2 primary outcomes. Because of the po-
tential for type I error due to multiple comparisons, findings for
the secondary analyses should be interpreted as exploratory.

Figure 2. Cumulative Incidence Since Randomization Until Occurrence of Primary and Secondary Outcomes
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Panels B and C are provided to illustrate the cumulative incidence curves for
incidence and recurrence separately from the total (panel A).
a Sum of incidence and recurrence of depression or clinically relevant

depressive symptoms. This is the primary outcome.

b Among the 16 657 participants without a history of depression at baseline.
This is a secondary outcome.

c Among the 1696 participants with a history of depression at baseline who were
not receiving treatment within the past 2 years. This is a secondary outcome.
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Results

Baseline Characteristics
Among the 18 353 participants, 9181 were randomized to vi-
tamin D3 and 9172 were randomized to placebo (Figure 1);
90.5% completed the trial (93.5% among those alive at the end
of trial) with a median follow-up of 5.3 years. The baseline char-
acteristics were well balanced between treatment groups
(Table 1 and Supplement 2) and were similar to those among
the 25 871 participants in the parent trial. The mean age of par-
ticipants was 67.5 [SD, 7.1] years, women comprised 49% of the
sample, and 27% were minorities, including 19% Black par-
ticipants. The mean 25-hydroxyvitamin D level was 31.1 ng/mL
and 11.6% of participants had levels lower than 20 mg/mL. Ad-
ditional characteristics are provided in eTable 1 in Supple-
ment 2. The percentages of those eligible for the depression
incidence and recurrence analyses were similar by treatment
group: 90.9% (8350/9181) and 9.1% (831/9181), respectively, in
the vitamin D3 group and 90.6% (8307/9172) and 9.4% (865/
9172) in the placebo group (Supplement 2).

Primary Outcomes
There were 609 cases of depression or clinically relevant de-
pressive symptoms (incident and recurrent) in the vitamin D3

group (12.9/1000 person-years) and 625 cases in the placebo
group (13.3/1000 person-years). The adjusted HR was 0.97 (95%
CI, 0.87 to 1.09; P = .62). Cumulative incidence curves showed
lack of separation between treatment groups over the entire
follow-up (Figure 2). The mean difference for change be-
tween treatment groups in PHQ-8 scores was not signifi-
cantly different from 0 over the entire follow-up (0.01 points;
95% CI, −0.04 to 0.05 points) or at any time point during
follow-up (Table 2 and Figure 3).

Secondary Outcomes
There were 459 incident depression cases in the vitamin D3

group (10.7/1000 person-years) and 461 incident depression
cases in the placebo group (10.8/1000 person-years); there
were 150 recurrent depression cases in the vitamin D3 group
(37.6/1000 person-years) and 164 recurrent depression cases
in the placebo group (39.3/1000 person-years). There were
no significant differences between groups in risk of incident
(HR, 0.99; 95% CI, 0.87-1.13) or recurrent (HR, 0.95; 95% CI,
0.76-1.19) depression or clinically relevant depressive symp-
toms (Figure 4). There were no significant differences in the
effects of vitamin D3 on risk of depression or clinically rel-
evant depressive symptoms among subgroups (Figure 4),
including the fish oil group vs the fish oil placebo group; tests
of interaction were not significant. There were also no signifi-
cant variations by subgroups in the effect of vitamin D3 on
mean differences for change in mood scores (eTable 2 in
Supplement 2). Adherence with study pills was 90% or
greater in both treatment groups at all assessments (Supple-
ment 2). Findings from the sensitivity analyses were consis-
tent with the primary analyses. There were no significant dif-
ferences between treatment groups in the models for change
in mood scores with censoring at initiation of antidepressantsTa
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or with censoring at study pill adherence of less than two-
thirds (eTables 3-5 in Supplement 2).

Nonprespecified and Post Hoc Outcomes
There were no significant differences in risk of depression or
clinically relevant depressive symptoms with censoring at the
development of cardiovascular disease or cancer, when ad-
justing for cardiovascular disease or cancer as time-varying co-
variates, or when using Fine-Gray competing risk models
(eTables 6-8 in Supplement 2). The repeated-measures nega-
tive binomial regression models identified no significant dif-
ference between groups for change in mood scores (eTable 9
in Supplement 2). Additional results and findings from non-
prespecified and post hoc analyses appear in eTables 10-15 and
in the eFigure in Supplement 2.

Discussion
In this study of 18 353 adults aged 50 years or older without de-
pression or clinically relevant depressive symptoms at base-
line, treatment with vitamin D3 compared with placebo did not
result in a statistically significant difference in the incidence and
recurrence of depression or clinically relevant depressive symp-
toms or for change in mood scores over a median follow-up of
5.3 years. The findings do not support a role for supplemental
vitamin D3 in depression prevention among adults.

The null results from this study contrasted with favor-
able results from observational studies. For example, a re-
cent meta-analysis5 indicated each 10-ng/mL increment in

serum level of 25-hydroxyvitamin D was associated with
a pooled HR of 0.88 (95% CI, 0.78-0.99) for depression
(defined as a clinical diagnosis or presence of symptoms above
a validated cutoff on a rating scale) among 16 287 adults aged
50 years or older (1157 cases). Among 11 417 adults (765 cases)
with data on 25-hydroxyvitamin D levels in this study, there
was no statistically significant association of a low level of
25-hydroxyvitamin D (<20 ng/mL) or a continuous level with
risk of depression or clinically relevant depressive symptoms
(eTables 14a-14b in Supplement 2); however, power in this
post hoc analysis to detect modest effects (eg, HR reductions
of 10%-15%) was limited. In these post hoc analyses, al-
though 25-hydroxyvitamin D levels were significantly asso-
ciated with initial mood scores, there were no significant as-
sociations between baseline levels of 25-hydroxyvitamin D and
subsequent changes in mood scores (eTable 14c in Supple-
ment 2). Even though higher levels of 25-hydroxyvitamin D
have been associated with better mood outcomes in observa-
tional designs, we did not observe better outcomes with vita-
min D3 supplementation in a rigorous experimental setting. The
results from this study were consistent with evidence of lack
of benefit in smaller-scale shorter-term trials.9-11 However,
most prior studies did not address depression risk as a pri-
mary outcome or use validated depression measures. Never-
theless, even among RCTs that featured doses of 800 IU/d or
greater of vitamin D3 and 12 months or longer of treatment,
no benefits were observed for late-life mental health or well-
being measures.9,10,23 A recent RCT that included 1025 middle-
aged and older adults at high-risk for depression randomized
to 12-month supplementation with a multinutrient agent

Figure 3. Box Plots of Crude Scores for the 8-Item Patient Health Questionnaire Depression Scale (PHQ-8)
During Each Study Year

Placebo (n = 9172) 136 76 35 30

Vitamin D3 (n = 9181) 113 77 39 29

Baseline

Placebo (n = 8486) 102 76 53 26 21 12 9 5 3 2 2 1 2 28

Vitamin D3 (n = 8534) 115 71 48 24 20 8 8 2 4 1 2 1 1 214

1 y

Placebo (n = 8344) 127 48 42 36 16 6 11 7 3 3 2 1 2 211

Vitamin D3 (n = 8381) 116 64 39 32 21 7 7 3 7 7 1 2 2 215

2 y

Placebo (n = 8112) 120 69 53 26 20 11 3 8 2 2 5 2 1 2 119

Vitamin D3 (n = 8176) 118 76 42 34 16 15 6 4 6 1 2 1 214

3 y

Placebo (n = 7603) 125 60 44 29 16 7 3 3 3 6 1 1 1 2 2 116

Vitamin D3 (n = 7763) 98 68 53 26 16 9 2 4 1 3 1 1 214

4 y

Placebo (n = 5231) 71 58 25 20 16 8 1 3 3 2 2 1 2 1 2 210

Vitamin D3 (n = 5316) 75 58 28 27 13 4 6 3 1 3 2 3 1 2 17

5 y

PHQ-8 score
1 2 3 4 5 6 7 8 9 100 12 13 14 15 16 17 18 19 20 21 22 23 2411
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Figure 4. Primary, Secondary, and Nonprespecified and Post Hoc Outcomes

P value (P for
interaction
for subgroups)

Favors
vitamin D3

Favors
placebo

0.5 21
Hazard ratio (95% CI)

Vitamin D3

No. of events/
No. of
participantsOutcomes

Primary outcome

Hazard ratio
(95% CI)a

.62609/9181 625/917212.9 13.3Total depressionb 0.97 (0.87-1.09)

Nonprespecified and post hoc outcome

Body mass indexg

137/2914 161/29299.0 10.6< 25 0.85 (0.68-1.06)

219/3628 228/361511.8 12.325-<30 0.96 (0.80-1.16)

231/2425 208/240819.0 17.1≥30 1.11 (0.92-1.34)

Secondary outcomes

Subgroup analyses

.88459/8350 461/830710.7 10.8Incident depressionc 0.99 (0.87-1.13)

.67150/831 164/86537.6 39.3Recurrent depressiond 0.95 (0.76-1.19)

Sex

326/4540 360/448314.1 15.8Women 0.89 (0.77-1.04)

283/4641 265/468911.8 10.9Men 1.08 (0.91-1.28)

Baseline 25-hydroxyvitamin D level, ng/mL

49/630 44/69815.4 12.3<20 1.25 (0.84-1.89)

323/5109 349/498012.1 13.5≥20 0.89 (0.77-1.04)

Age group, y

214/3286 242/333113.0 14.550-64 0.89 (0.74-1.07)

308/4630 290/460112.8 12.165-74 1.05 (0.90-1.24)

87/1265 93/124013.5 14.7≥75 0.92 (0.69-1.23)

Self-reported race/ethnicity

415/6552 412/654512.3 12.2Non-Hispanic White 1.00 (0.88-1.15)

132/1705 129/170215.7 15.2Black 1.03 (0.81-1.31)

51/742 67/74313.2 17.4Othere 0.76 (0.53-1.10)

Charlson Comorbidity Index, points

451/7744 478/779611.3 11.90 0.95 (0.84-1.08)

130/1234 118/117121.2 20.31 1.04 (0.81-1.33)

Baseline supplemental vitamin D3 usef

374/5105 358/511814.4 13.7No 1.06 (0.91-1.22)

235/4076 267/405411.1 12.8Yes 0.87 (0.73-1.04)

Physical activity level, MET h/wk

350/4598 385/457615.0 16.6<16.9 0.91 (0.78-1.05)

259/4582 240/459410.9 10.1≥16.9 1.08 (0.90-1.29)

Geographic region

Randomization in VITAL-DEP trial

335/4608 316/456314.3 13.5Fish oil 1.05 (0.90-1.23)

274/4573 309/460911.6 13.1Fish oil placebo 0.89 (0.76-1.05)

28/203 29/20528.0 28.8≥2 1.00 (0.60-1.69)

Case rate/
1000 person-
years

Placebo

No. of events/
No. of
participants

Case rate/
1000 person-
years

.10

.53

.29

.13

.63

.09

.14

.34

.14

.06

135/2030 146/200012.9 14.3Midwest 0.90 (0.71-1.13)

147/2139 135/214913.3 12.1West 1.10 (0.87-1.39)

144/2528 151/247511.4 12.2Northeast 0.93 (0.74-1.17)

183/2484 193/254714.2 14.6Southeast 0.98 (0.80-1.20)

To convert 25-hydroxyvitamin D to nmol/L, multiply by 2.5. The analyses were
not adjusted for multiple comparisons. MET indicates metabolic equivalent
task; VITAL-DEP, Vitamin D and Omega-3 Trial-Depression Endpoint Prevention.
a Calculated using Cox regression models that were controlled for age, sex, and

fish oil group. For the subgroup analyses, the interactions were tested using
multiplicative interaction terms.

b Sum of incidence and recurrence of depression or clinically relevant
depressive symptoms.

c Among the 16 657 participants without a history of depression at baseline.

d Among the 1696 participants with a history of depression at baseline who
were not receiving treatment within the past 2 years.

e Includes Hispanic, Asian/Pacific Islander, Native American/Alaskan Native, and
other or multiple or unspecified race/ethnicity.

f Restricted to 800 IU/d or less from all sources combined (individual
supplements and multivitamins).

g Calculated as weight in kilograms divided by height in meters squared.
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(containing 800 IU/d of vitamin D3) vs placebo found no evi-
dence that supplementation affected risk of major depres-
sive disorder.9 In addition, meta-analyses of gene variants24,25

associated with serum 25-hydroxyvitamin D concentrations
and depression risk in mendelian randomization studies
showed no association. Thus, confounding likely played a ma-
jor role in reported associations in observational studies, and
other factors correlated with serum 25-hydroxyvitamin D lev-
els may underlie apparent associations with depression risk.

Strengths of this study included: a large general population-
derived national sample with high racial/ethnic diversity; a
high-dose vitamin D3 supplement taken daily; long duration
of double-blind randomized treatment; high follow-up and ad-
herence rates; covariate data for addressing key subgroups;
availability of nutrient biomarkers; a local subcohort with in-
person psychiatric examinations; and careful consideration of
safety issues in a large-scale study. Furthermore, this study was
innovative in conducting a test of universal prevention.

Limitations
This study has several limitations. First, PHQ-8 scores were as-
certained only annually, and self-reported mood and depres-
sion variables were of uncertain validity. However, misclassi-
fication based on self-report should not have differed between
treatment groups, and validity checks supported case ascer-
tainment (eTable 6 and eTable 12 in Supplement 2).

Second, baseline 25-hydroxyvitamin D levels were
generally adequate, which limits the generalizability for uni-
versal prevention. Although substantial increases in 25-
hydroxyvitamin D were attained in the parent trial, the mean
baseline 25-hydroxyvitamin D level was 30.8 ng/mL; this value

is already at a threshold for extraskeletal health benefits, and
so the ability to observe effects of vitamin D3 supplementa-
tion may have been attenuated.16 Large-scale studies would
be required to address the effects of high-dose, long-term vi-
tamin D3 supplementation among those with nutrient defi-
ciency. The use of alternative biochemical vitamin D mea-
sures may better address possible racial/ethnic variation.26

Third, this study may have been underpowered to detect sub-
group differences.

Fourth, by design, this study did not include all originally
randomized parent trial participants; and although the treat-
ment groups were balanced at baseline on all measured fac-
tors, there was less protection against potential confounding
by unmeasured factors.

Fifth, due to eligibility requirements in the parent trial, re-
sults are not generalizable to children or younger adults. Sixth,
the PHQ-8 score does not characterize suicidality so the ef-
fect of vitamin D3 on suicidality could not be determined. As
expected, suicide was a rare event (3 suicide deaths).

Conclusions
Among adults aged 50 years or older without clinically rel-
evant depressive symptoms at baseline, treatment with vita-
min D3 compared with placebo did not result in a statistically
significant difference in the incidence and recurrence of de-
pression or clinically relevant depressive symptoms or for
change in mood scores over a median follow-up of 5.3 years.
These findings do not support the use of vitamin D3 in adults
to prevent depression.
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