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While observational studies have suggested that vitamin D deficiency increases risk of depression, few clinical
trials have tested whether vitamin D supplementation affects the occurrence of depression symptoms. The authors
evaluated the impact of daily supplementation with 400 IU of vitamin D3 combined with 1,000 mg of elemental
calcium on measures of depression in a randomized, double-blinded US trial comprising 36,282 postmenopausal
women. The Burnam scale and current use of antidepressant medication were used to assess depressive symp-
toms at randomization (1995–2000). Two years later, women again reported on their antidepressant use, and
2,263 completed a second Burnam scale. After 2 years, women randomized to receive vitamin D and calcium had
an odds ratio for experiencing depressive symptoms (Burnam score�0.06) of 1.16 (95% confidence interval: 0.86,
1.56) compared with women in the placebo group. Supplementation was not associated with antidepressant use
(odds ratio¼ 1.01, 95% confidence interval: 0.92, 1.12) or continuous depressive symptom score. Results stratified
by baseline vitamin D and calcium intake, solar irradiance, and other factors were similar. The findings do not
support a relation between supplementation with 400 IU/day of vitamin D3 along with calcium and depression in
older women. Additional trials testing higher doses of vitamin D are needed to determine whether this nutrient may
help prevent or treat depression.

antidepressive agents; calcium; clinical trial; depression; dietary supplements; postmenopause; vitamin D; women

Abbreviations: CaD, Calcium and Vitamin D; CI, confidence interval; DM, Dietary Modification; HT, Hormone Therapy; WHI,
Women’s Health Initiative.

Ample evidence suggests that vitamin D has important
functions in the human brain and may play a role in depres-
sion (1–3). Vitamin D receptors are present in multiple brain
regions associated with depressive disorders, including the
prefrontal cortex and hippocampus (2), and cells in many of
these regions are capable of metabolizing 25-hydroxyvitamin
D to the biologically active metabolite 1,25-dihydroxyvitamin
D (2, 4). Animal studies have suggested that vitamin D may
increase the synthesis and/or metabolism of neurotransmit-
ters, including dopamine and norepinephrine, though results
have been inconsistent (1, 5, 6).

Relatively few epidemiologic studies have assessed whether
vitamin D plays a role in depression (7). In most (but not all)
cross-sectional (8–16) and prospective (17, 18) analyses,
investigators have observed an inverse relation between
blood 25-hydroxyvitamin D levels and prevalent or incident
depression. However, these studies were limited by potential
confounding by physical activity, body mass index, and other
factors that influence 25-hydroxyvitamin D levels (19) and
that may be independently associated with depression (20–22).

Randomized trials of vitamin D supplementation and de-
pression are needed to determine whether vitamin D may
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hold promise for preventing or treating depression. To date,
few trials have been conducted (23–30); they have had mixed
results, and many have focused on seasonal depression alone.
Thus, we evaluated the association between daily supple-
mentation with 400 IU of vitamin D3, along with 1,000 mg
of elemental calcium, and the occurrence of depression and
antidepressant use in a randomized, double-blinded trial.

MATERIALS AND METHODS

Study design

The Women’s Health Initiative (WHI) Calcium and
Vitamin D (CaD) Trial included women previously enrolled
in the WHI Dietary Modification (DM) Trial and/or Hormone
Therapy (HT) Trial. Establishment of the DM and HT trials
has been described previously (31–33). Briefly, between 1993
and 1998, postmenopausal women aged 50–79 years were
recruited through direct mailing campaigns and media aware-
ness programs. Recruitment was conducted at 40 clinical cen-
ters throughout the United States. Major ineligibility criteria
included a history of cancer (other than nonmelanoma skin
cancer) within the previous 10 years, medical conditions
likely to result in death within 3 years, and conditions likely
to interfere with study retention. Women were also excluded
if they had a history of hypercalcemia, kidney stones, or
corticosteroid or calcitriol use.

DM and HT trial participants were invited to join the CaD
Trial at their first or second annual follow-up clinic visit
(Figure 1). The CaD Trial was designed to test calcium and
vitamin D supplementation for the prevention of fracture
and colorectal cancer, and has been described in detail pre-
viously (34). Of 68,132 women enrolled in the HT Trial or
the DM Trial, 36,282 women were eligible and willing to

participate in the CaD Trial. More than 95% of participants
joining the CaD Trial did so at their first follow-up visit
(hereafter referred to as ‘‘year 1’’).

Women were randomized to receive a calcium-and-
vitamin D supplement or an identical-appearing placebo using
a permuted block algorithm. The total daily dose was 1,000
mg of elemental calcium (as calcium carbonate) and 400 IU
of vitamin D3, given in 2 divided doses. Women were allowed
to continue personal use of calcium and vitamin D supple-
ments, with an initial cutoff for the latter of 600 IU/day,
which later was increased to 1,000 IU/day. Supplementation
was terminated if women reported kidney stones, kidney
dialysis, hypercalcemia, calcitriol use, or personal use of
vitamin D supplements at dosages higher than 600 IU/day
(later 1,000 IU/day).

Participants were contacted after 4 weeks and then twice
per year for assessment of safety, adherence, and clinical
outcomes. Adherence was defined as taking 80% or more of
study medication. In the first 3 years of follow-up, adherence
ranged from 60% to 63% (35). An additional 13%–21% of
participants took at least half of their medications. At base-
line, the mean 25-hydroxyvitamin D level in a subset of 898
CaD Trial participants was 52.0 nmol/L (standard deviation,
21.1) (35). In a substudy of 448 trial participants, after 2 years
25-hydroxyvitamin D levels were 28% higher in women
assigned to receive supplements than in women assigned to
receive placebo (36).

The study protocol was approved by institutional re-
view boards at all participating institutions and registered
at clinicaltrials.gov. An independent data and safety moni-
toring board reviewed all clinical outcomes. Supplementation
and clinic visits continued until final planned visits were
conducted from October 1, 2004, to March 31, 2005. The
average duration of participant follow-up was 7.0 years (36).

68,132 Women in WHI HT and DM Trials 

36,282 Enrolled in CaD Trial

 31,850 Ineligible for CaD Trial 

18,176 in CaD Group 18,106 in Placebo Group

18,176 Provided AD Use Data in Year 1 
18,109 Completed Burnam Scale in Year 1 

18,106 Provided AD Use Data in Year 1 
18,034 Completed Burnam Scale in Year 1 

16,977 Provided AD Use Data in Year 3 
1,147 Completed Burnam Scale in Year 3 

17,058 Provided AD Use Data in Year 3 
1,116 Completed Burnam Scale in Year 3 

Figure 1. Derivation of the cohort for analysis of the relation between vitamin D and calcium supplementation and depressive symptoms at year 3,
Women’s Health Initiative (WHI) Calcium and Vitamin D (CaD) Trial, 1995–2000. While all participants were invited to complete the Burnam scale
(37) at year 1, only a subset were invited to complete the Burnam scale at year 3. (AD, antidepressant; DM, Dietary Modification; HT, Hormone
Therapy).
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Study outcome

Among all CaD participants, we assessed the prevalence
of depressive symptoms at year 1 with the Burnam 8-item
scale for depressive disorders (37). A subset of study partic-
ipants (n ¼ 2,263) also completed the Burnam scale at their
year 3 follow-up visit, which took place approximately 2
years after CaD randomization for most women. The Burnam
scale includes 6 items from the Center for Epidemiologic
Studies Depression Scale and 2 items from the Diagnostic
Interview Schedule. Questions from the Center for Epide-
miologic Studies Depression Scale asked women to report
how often, in the past week, they had felt depressed (‘‘blue
or down’’); their sleep had been restless; they had enjoyed
life; they had had crying spells; they had felt sad; and they
had felt that people disliked them. Response options were:
‘‘rarely or none of the time (<1 day)’’; ‘‘some or a little of
the time (1–2 days)’’; ‘‘occasionally or a moderate amount
of time (3–4 days)’’; and ‘‘most or all of the time (5–7 days).’’
Questions from the Diagnostic Interview Schedule were: ‘‘In
the past year, have you had 2 weeks or more during which
you felt sad, blue, or depressed, or lost pleasure in things that
you usually cared about or enjoyed?’’; ‘‘Have you had 2 years
or more in your life when you felt depressed or sad most days,
even if you felt okay sometimes?’’; and ‘‘If yes, have you felt
depressed or sad much of the time in the past year?’’.

We calculated the Burnam score using questionnaire
responses and a logistic regression-based algorithm (37).
Values for this scale range from 0 to 0.99, with higher scores
indicating greater depressive symptomatology. For our main
analysis, we dichotomized continuous Burnam scores at the
standard threshold of 0.06 to identify women experiencing
symptoms consistent with depressive disorders, including
major depression and dysthymia, as in previous studies in
the WHI (38–40). In analyses testing the validity of the
Burnam scale in relation to the gold standard of psychiatric
interview using the Diagnostic Interview Schedule, the cut-
off value of 0.06 was determined to maximize sensitivity,
specificity, and positive predictive value in both primary care
and general populations (37). As discussed previously (41),
this threshold score is not itself a measure of clinically di-
agnosed depression but is well correlated with clinical de-
pression. An ancillary study evaluating the reliability of the
Burnam algorithm versus clinical diagnosis in the WHI found
a sensitivity of 74% and a specificity of 87% (42). Further-
more, depressive symptoms assessed with the Burnam scale
have been predictive of cardiovascular disease and heart rate
variability in the WHI (38, 41).

Among all CaD participants, we assessed use of antide-
pressant medications as a proxy for previously clinically
diagnosed depression at year 1 and again at year 3. We in-
cluded this outcome to enhance our statistical power, since
only a subset of WHI participants were invited to complete
the Burnam scale at year 3. Participants were asked to bring
all current medications to their clinic visits, including selective
serotonin reuptake inhibitors, monoamine oxidase inhibitors,
modified cyclic agents, tricyclic agents, and other medica-
tions classified as antidepressants. The names of medications
used regularly (i.e., for more than 2 weeks) were recorded,
along with information on dose and duration of use.

Dietary vitamin D intake and other factors

At an HT or DM enrollment clinic visit (i.e., in ‘‘year 0’’),
participants were asked to complete a semiquantitative food
frequency questionnaire designed and validated for use in
the WHI (43). Participants reported their usual intake and
portion size of 122 foods or food groups in the previous 3
months. Intakes of vitamin D and calcium from food sources
were calculated by multiplying the nutrient content of the
specified portion size of each food (University of Minnesota
Nutrition Coordinating Center nutrient database) by its fre-
quency of consumption and summing the contributions of all
foods. At clinic visits in year 0 and year 1, intakes of vitamin D
and calcium from supplemental sources were assessed by
trained interviewers using a standard questionnaire that mea-
sured dose, frequency (pills per week), and duration (months
and years) of use of multivitamins, multivitamin-mineral sup-
plements, and single-nutrient supplements (44). Total nutri-
ent intakes were determined by summing intakes from food
sources and supplemental sources. In a validation study in
the WHI, vitamin D and calcium intakes measured by food
frequency questionnaire correlated well with intakes mea-
sured with 4 days of diet recalls plus 4 days of food records
(for total vitamin D, deattenuated r ¼ 0.73; for total calcium,
deattenuated r ¼ 0.78) (43).

At year 0, women completed questionnaires assessing de-
mographic, behavioral, and health-related factors, including
age, race/ethnicity, education, previous use of hormone therapy
and oral contraceptives, alcohol intake, history of smoking,
and participation in physical activity. Weight and height were
measured directly and used to calculate body mass index
(weight (kg)/height (m)2). Annual level of solar irradiance
in Langleys (gram-calories) per cm2 at each clinical center
was estimated using measurements from the National Weather
Service and adapted for use in the WHI (45). The extent to
which health conditions limited physical function was mea-
sured with the RAND Short Form 36 (46).

Statistical analysis

We followed intention-to-treat principles for our main
analyses. Descriptive statistics are presented with frequencies
and percentages. Categorical variables were compared across
supplement groups using chi-square statistics, while for con-
tinuous variables we used t tests. All P values are 2-sided.

Continuous change in Burnam score (year 3 – year 1) was
modeled using continuous linear regression, with change as
a function of assigned supplementation group (vitamin D þ
calcium or placebo). We used logistic regression to calculate
odds ratios and 95% confidence intervals for the relation
between supplementation and depressive symptoms above
the threshold (Burnam score�0.06) at year 3 and antidepres-
sant use at year 3. To assess whether vitamin D and calcium
supplementation differently affected risk of ‘‘new’’ depres-
sion at year 3 among women without evidence of depression
at year 1, we repeated these analyses excluding women who
at year 1 had had a Burnam score greater than or equal to
0.06 or had reported current antidepressant use.

To determine whether the effect of supplements varied
by background level of vitamin D or calcium intake, we
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conducted a series of logistic regression analyses modeling
each outcome as a function of randomized supplementation
group, background nutrient intake, and the interaction of the
two. Contrasts were used to calculate odds ratios within each
subgroup of total vitamin D or calcium intake, and P values
for interaction were calculated. In this analysis, we evaluated
interactions with vitamin D and calcium intakes from all
sources (i.e., total intake), from food sources only, and from
supplemental sources only. We used this same approach to
evaluate whether other factors such as age, body mass index,
or race/ethnicity modified the effect of supplementation on
antidepressant use at year 3.

In all models, results were adjusted for age and HT or DM
trial treatment assignment. Furthermore, analyses using the
dichotomized Burnam scale endpoint were adjusted for this
variable at year 1, while analyses of antidepressant use at the
year 3 endpoint were adjusted for year 1 antidepressant use.

RESULTS

Characteristics of CaD Trial participants by randomiza-
tion group are presented in Table 1. The intervention
groups did not differ significantly by any factor evaluated

Table 1. Characteristics of Participants in the Women’s Health Initiative (WHI) Calcium and Vitamin D Trial at the Time of WHI Screening

(i.e., Year 0), by Supplementation Group, 1995–2000

Characteristic
Supplementation Group Placebo Group

P Value
No. %a No. %a

Age, years >0.99

50–59 6,726 37.0 6,696 37.0

60–69 8,276 45.5 8,243 45.5

70–79 3,174 17.5 3,167 17.5

Race/ethnicity 0.45

White 15,051 82.8 15,104 83.4

Black 1,680 9.2 1,635 9.0

Hispanic 785 4.3 717 4.0

American Indian 77 0.4 72 0.4

Asian/Pacific Islander 370 2.0 351 1.9

Annual income, dollars 0.68

<20,000 2,942 16.2 2,876 15.9

20,000–49,999 8,122 44.7 8,092 44.7

�50,000 6,205 34.1 6,192 34.2

Marital status 0.96

Never married 725 4.0 712 3.9

Divorced/separated 2,850 15.7 2,875 15.9

Widowed 3,004 16.5 3,008 16.6

Married/living as married 11,522 63.4 11,442 63.2

Regional solar irradiance, Langleys >0.99

475–500 3,861 21.2 3,852 21.3

400–430 3,016 16.6 3,012 16.7

75–380 2,009 11.1 2,009 11.1

350 3,924 21.6 3,879 21.4

300–325 5,366 29.5 5,354 29.6

Smoking status 0.50

Never smoker 9,325 51.3 9,428 52.1

Past smoker 7,255 39.9 7,133 39.4

Current smoker 1,405 7.7 1,356 7.5

Alcohol intake, drinks/day 0.63

0 5,055 27.8 5,100 28.2

>0–<1 11,065 60.9 10,977 60.6

�1 1,908 10.5 1,900 10.5

Table continues
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except antidepressant use at year 1, which was reported by
6.5% of women assigned to receive supplements and 7.1%
of women assigned to receive the placebo (P ¼ 0.03).
A depressive symptom score above the threshold value
(Burnam score �0.06) was reported by 9.4% of women
randomized to supplement use and 9.9% randomized to
placebo (P ¼ 0.25). Women assigned to supplement use
did not differ from those assigned to placebo in terms of
total vitamin D or calcium intake or intake of these nutri-
ents from foods or self-administered supplements. Overall,
total vitamin D intake was low (mean ¼ 366 IU/day), with
42% of study participants consuming at least 400 IU of
vitamin D per day and fewer than 6% consuming at least
800 IU/day.

We did not find supplementation with vitamin D and
calcium to be associated with a significant change in con-
tinuous Burnam score from baseline to year 3, as compared
with placebo (Table 2). Among women without evidence of
depression at year 1, depressive symptom score was mod-
estly but significantly higher in women assigned to the sup-
plementation group than in those assigned to the placebo
group (for supplementation vs. placebo, multivariable-adjusted
mean change ¼ 0.009; 95% confidence interval (CI): 0.002,
0.017).

Furthermore, as shown in Table 3, compared with those
randomized to placebo, women randomized to supplement
use had an odds ratio of 1.16 (95% CI: 0.86, 1.56) for expe-
riencing depressive symptoms above the threshold level.

Table 1. Continued

Characteristic
Supplementation Group Placebo Group

P Value
No. %a No. %a

Hormone useb 0.24

Never use 5,810 32.0 5,685 31.4

Past use 3,007 16.5 2,937 16.2

Current use 9,359 51.5 9,484 52.4

Body mass indexc 0.17

<25 4,745 26.1 4,834 26.7

25–<30 6,476 35.6 6,487 35.8

�30 6,870 37.8 6,692 37.0

Physical activity, MET-hours/week 0.60

<3.00 5,405 29.7 5,340 29.5

3.00–9.99 4,642 25.5 4,648 25.7

10.00–19.99 3,647 20.1 3,569 19.7

�20.00 2,852 15.7 2,891 16.0

Total vitamin D intake, IU/day 0.32

<100 2,750 15.1 2,653 14.7

100–<200 4,092 22.5 4,025 22.2

200–<400 3,373 18.6 3,419 18.9

400–<600 4,180 23.0 4,293 23.7

�600 3,426 18.8 3,363 18.6

Dietary vitamin D intake, IU/day 0.47

<100 4,893 26.9 4,747 26.2

100–<200 7,434 40.9 7,496 41.4

200–<400 4,651 25.6 4,651 25.7

�400 843 4.6 859 4.7

Supplemental vitamin D intake, IU/day 0.41

None 9,639 53.0 9,507 52.5

<400 1,795 9.9 1,780 9.8

400–<800 6,339 34.9 6,401 35.4

�800 403 2.2 418 2.3

Meeting IOM guidelines for vitamin D intaked 0.99

No 15,379 84.6 15,430 85.2

Yes 2,374 13.1 2,391 13.2

Table continues
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Supplementation was not associated with the likelihood of
antidepressant use at year 3; compared with women as-
signed to placebo, women assigned to supplements had an
odds ratio of 1.01 (95% CI: 0.92, 1.12) for antidepressant
use. In analyses limited to women without evidence of de-
pression at year 1, those randomized to supplement use had

an odds ratio of 1.41 (95% CI: 0.97, 2.05) compared with
women assigned to placebo.

Overall, we found inconclusive evidence that baseline
vitamin D and calcium intakes modified the association be-
tween supplementation and risk of either depressive symptoms
above the threshold level or antidepressant use (Table 4). We

Table 1. Continued

Characteristic
Supplementation Group Placebo Group

P Value
No. %a No. %a

Total calcium intake, mg/day 0.44

<400 1,318 7.3 1,273 7.0

400–<800 4,790 26.4 4,732 26.1

800–<1,000 2,514 13.8 2,459 13.6

1,000–<1,200 2,198 12.1 2,195 12.1

�1,200 7,001 38.5 7,094 39.2

Dietary calcium intake, IU/day 0.52

<400 2,406 13.2 2,378 13.1

400–<800 7,629 42.0 7,603 42.0

800–<1,000 2,906 16.0 2,878 15.9

1,000–<1,200 1,868 10.3 1,853 10.2

�1,200 3,012 16.6 3,041 16.8

Supplemental calcium intake, IU/day 0.55

None 8,027 44.2 7,885 43.5

<400 4,289 23.6 4,295 23.7

400–<800 3,358 18.5 3,406 18.8

�800 2,502 13.8 2,520 13.9

Total saturated fat intake, g/day 0.79

<15.1 4,469 24.6 4,415 24.4

15.1–21.4 4,463 24.6 4,479 24.7

21.5–29.7 4,505 24.8 4,367 24.1

�29.8 4,384 24.1 4,492 24.8

Use of antidepressant medicationb 0.03

No 16,992 93.5 16,820 92.9

Yes 1,184 6.5 1,286 7.1

Burnam depression scale (37) scoreb 0.25

<0.06 16,401 90.2 16,244 89.7

�0.06 1,708 9.4 1,790 9.9

WHI Hormone Trial assignment 0.74

Not randomized 10,122 55.7 10,071 55.6

Active 4,039 22.2 4,078 22.5

Placebo 4,015 22.1 3,957 21.9

WHI Dietary Modification Trial assignment 0.30

Not randomized 5,582 30.7 5,490 30.3

Intervention 4,767 26.2 4,878 26.9

Comparison 7,827 43.1 7,738 42.7

Abbreviations: IOM, Institute of Medicine; MET, metabolic equivalent task; WHI, Women’s Health Initiative.
a Percentages may not sum to 100 because of missing data.
b Measured at year 1.
c Weight (kg)/height (m)2.
d The IOM guidelines for vitamin D intake are �600 IU/day for women aged 50–70 years and �800 IU/day for women aged �70 years (42).

6 Bertone-Johnson et al.

Am J Epidemiol. 2012;176(1):1–13

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/176/1/1/132212 by guest on 13 M

arch 2024



observed a statistically significant interaction between sup-
plementation assignment and total vitamin D intake as related
to the occurrence of depressive symptoms above the thresh-
old level (P ¼ 0.03) but not as related to antidepressant use.
Supplementation was unrelated to risk of either outcome
when we stratified the results by level of vitamin D intake
from foods only, vitamin D intake from supplements only, or
calcium intake.

Results did not suggest that the relation between supple-
mentation and antidepressant use at year 3 varied by such
factors as solar irradiance, physical activity, or current smok-
ing (Table 5). The likelihood of antidepressant use was sig-
nificantly modified by educational level (P¼ 0.007); among
women with no education after high school, women ran-
domized to supplements had an odds ratio of 0.78 (95%
CI: 0.63, 0.96) compared with those randomized to placebo.

Supplementation was associated with a nonsignificant re-
duced risk of antidepressant use in women with a normal
body mass index (odds ratio¼ 0.82, 95% CI: 0.67, 1.00) but
not in heavier women, although the test for interaction did
not reach statistical significance (P¼ 0.06). Risk did not vary
according to the presence of depression symptoms at year 1.

In subanalyses limited to participants who were adherent
with the treatment protocol, results were similar (results not
shown).

DISCUSSION

In this randomized clinical trial, we did not find that 2 years
of supplementation with 400 IU/day of vitamin D3, com-
bined with 1,000 mg/day of elemental calcium, influenced
the risk of depression. The effect of supplementation did not

Table 2. Association of Calcium and Vitamin D Supplementation With Change in Mean Burnam Scale Score Between Year 1 and Year 3 of

Follow-up, Women’s Health Initiative Calcium and Vitamin D Trial, 1995–2003

All Participants Participants Without Evidence of Depression at Year 1a

No. of
Women

Mean Changeb

(SD)
(Year 3 – Year 1)

Multivariable-
Adjusted

Mean Changec
95% CI

No. of
Women

Mean Changeb

(SD)
(Year 3 – Year 1)

Multivariable-
Adjusted

Mean Changed
95% CI

Supplementation
group

1,109 0.004 (0.143) 0.007 �0.003, 0.017 956 0.020 (0.099) 0.009 0.002, 0.017

Placebo group 1,143 �0.002 (0.113) 0 Referent 1,001 0.010 (0.061) 0 Referent

Abbreviations: CI, confidence interval; SD, standard deviation; WHI, Women’s Health Initiative.
a Analysis excluded women with depressive symptoms above the threshold level (Burnam score �0.06) or antidepressant use at baseline.
b Positive change reflects a higher Burnam score at year 3 versus baseline; negative change reflects a lower Burnam score at year 3 versus

baseline.
c Multivariable models adjusted for age, race/ethnicity, WHI Hormone Trial intervention, WHI Dietary Modification Trial intervention, and

depressive symptoms above the threshold level (Burnam score �0.06) at year 1.
d Multivariable models adjusted for age, race/ethnicity, WHI Hormone Trial intervention, and WHI Dietary Modification Trial intervention.

Table 3. Association of Calcium and Vitamin D Supplementation With Risk of Depressive Symptoms Above the Threshold Level at Year 3 and

Risk of Antidepressant Medication Use at Year 3, Women’s Health Initiative Calcium and Vitamin D Trial, 1995–2003

All Participants
Participants Without Evidence of

Depression at Year 1a

No. of
Cases

No. of
Noncases

Multivariate
ORb 95% CI

No. of
Cases

No. of
Noncases

Multivariate
ORc 95% CI

Depressive symptoms above
threshold level
(Burnam score �0.06)
at year 3

Supplementation group 119 997 1.16 0.86, 1.56 70 886 1.41 0.97, 2.05

Placebo group 108 1,039 1 Referent 52 949 1 Referent

Use of antidepressant
medication at year 3

Supplementation group 1,326 15,732 1.01 0.92, 1.12 419 14,248 0.96 0.84, 1.10

Placebo group 1,380 15,597 1 Referent 428 14,001 1 Referent

Abbreviations: CI, confidence interval; OR, odds ratio; WHI, Women’s Health Initiative.
a Analysis excluded women with depressive symptoms above the threshold level (Burnam score �0.06) or antidepressant use at baseline.
b Multivariable models adjusted for age, race/ethnicity, WHI Hormone Trial intervention, and WHI Dietary Modification Trial intervention. The

analysis of risk of depressive symptoms above the threshold level (Burnam score �0.06) included adjustment for this variable at baseline. The

analysis of risk of antidepressant use included adjustment for antidepressant use at baseline.
c Multivariable models adjusted for age, race/ethnicity, WHI Hormone Trial intervention, and WHI Dietary Modification Trial intervention.
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Table 4. Association of Calcium and Vitamin D Supplementation With Measures of Depression at Year 3, According to Vitamin D and Calcium

Intake at Baseline, Women’s Health Initiative Calcium and Vitamin D Trial, 1995–2003

Depressive Symptoms (Burnam Score ‡0.06) Use of Antidepressant Medication

No. of
Cases

Total
No.

ORa for
Supplementation

vs. Placebo
95% CI

No. of
Users

Total
No.

ORa for
Supplementation

vs. Placebo
95% CI

Total vitamin D intake, IU/dayb

<100 46 418 0.61 0.30, 1.22 350 4,965 0.89 0.68, 1.16

100–<200 49 487 2.84 1.38, 5.83 550 7,570 1.20 0.96, 1.49

200–<400 34 390 1.80 0.82, 3.97 509 6,382 0.96 0.76, 1.21

400–<600 53 520 0.91 0.49, 1.70 683 8,018 0.92 0.76, 1.13

�600 37 379 0.99 0.47, 2.05 574 6,468 1.09 0.87, 1.36

Pinteraction 0.03 0.32

Dietary vitamin D intake, IU/day

<100 70 687 0.88 0.51, 1.52 668 8,989 0.91 0.75, 1.11

100–<200 76 876 1.46 0.87, 2.44 1,127 14,039 1.10 0.94, 1.28

200–<400 59 529 1.39 0.76, 2.53 725 8,782 0.96 0.79, 1.17

�400 14 102 0.99 0.29, 3.35 146 1,593 1.13 0.73, 1.76

Pinteraction 0.55 0.45

Supplemental vitamin D intake, IU/day

None 127 1,201 1.38 0.91, 2.07 1,296 17,367 1.02 0.89, 1.18

<400 20 207 1.15 0.43, 3.11 272 3,383 1.04 0.76, 1.43

400–<800 68 733 1.04 0.61, 1.78 1,038 11,882 0.99 0.84, 1.17

�800 4 53 0.22 0.02, 2.63 60 771 0.86 0.44, 1.69

Pinteraction 0.48 0.96

Total calcium intake, mg/dayb

<400 29 221 0.50 0.20, 1.24 146 2,358 0.87 0.58, 1.31

400–<800 65 655 1.76 0.98, 3.17 661 8,831 1.00 0.82, 1.22

800–<1,000 24 293 1.81 0.73, 4.48 403 4,682 1.24 0.96, 1.61

1,000–<1,200 19 244 1.16 0.43, 3.19 301 4,154 0.98 0.73, 1.32

�1,200 82 781 1.05 0.63, 1.73 1,155 13,378 0.97 0.83, 1.14

Pinteraction 0.18 0.52

Dietary calcium intake, mg/day

<400 39 380 0.61 0.29, 1.29 318 4,429 0.94 0.71, 1.25

400–<800 96 932 1.28 0.80, 2.04 1,098 14,298 0.98 0.84, 1.14

800–<1,000 24 328 2.57 1.01, 6.55 450 5,448 1.15 0.90, 1.47

1,000–<1,200 24 231 1.03 0.41, 2.60 270 3,526 1.26 0.92, 1.73

�1,200 36 323 1.27 0.59, 2.73 530 5,702 0.90 0.71, 1.13

Pinteraction 0.21 0.37

Supplemental calcium intake, mg/day

None 114 1,024 1.28 0.83, 1.99 1,070 14,334 1.00 0.85, 1.17

<400 47 528 1.47 0.77, 2.82 697 7,987 1.13 0.92, 1.38

400–<800 29 382 0.97 0.43, 2.19 516 6,342 0.93 0.74, 1.17

�800 29 260 0.80 0.34, 1.88 383 4,740 0.96 0.74, 1.26

Pinteraction 0.66 0.63

Abbreviations: AD, antidepressant; CI, confidence interval; OR, odds ratio.
a Multivariable models adjusted for age, race/ethnicity, WHI Hormone Trial intervention, and WHI Dietary Modification Trial intervention. The

analysis of risk of depressive symptoms above the threshold level (Burnam score �0.06) included adjustment for this variable at year 1. The

analysis of risk of antidepressant use included adjustment for antidepressant use at year 1.
b Total nutrient intake ¼ dietary nutrient intake (assessed at year 0) þ supplemental nutrient intake (assessed at year 1).
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Table 5. Odds Ratios for Use of Antidepressant Medication at Year 3 by Randomization Group, According to Participant Characteristics,

Women’s Health Initiative Calcium and Vitamin D Trial, 1995–2003

Characteristic

Supplementation
Group

Placebo Group Multivariate
Odds Ratioa for

Supplementation
vs. Placebo

95%
Confidence

Interval

P for
InteractionNo. of

AD Users
Total
No.

No. of
AD Users

Total No.

Age, years 0.98

50–59 554 6,221 557 6,186 1.02 0.87, 1.19

60–69 581 7,842 614 7,820 1.00 0.86, 1.16

70–79 191 2,995 209 2,971 1.01 0.79, 1.29

Post-high-school education 0.007

No 274 4,010 339 4,025 0.78 0.63, 0.96

Yes 1,040 12,941 1,031 12,845 1.08 0.97, 1.22

Body mass indexb 0.06

<25 283 4,513 322 4,584 0.82 0.67, 1.00

25–<30 431 6,102 452 6,120 1.02 0.86, 1.21

�30 603 6,360 597 6,185 1.12 0.96, 1.30

Race/ethnicity 0.19

White 1,169 14,231 1,260 14,248 0.98 0.88, 1.09

Black 78 1,513 66 1,474 1.12 0.76, 1.66

Hispanic 47 699 37 647 1.31 0.77, 2.24

Other/unknown 32 615 17 608 1.89 0.94, 3.80

Current smoking 0.30

No 1,181 15,617 1,228 15,583 1.01 0.91, 1.12

Yes 139 1,272 125 1,218 1.22 0.87, 1.70

Alcohol intake, drinks/day 0.70

0 429 4,717 467 4,733 0.96 0.80, 1.15

>0–<1 785 10,407 778 10,319 1.04 0.92, 1.19

�1 105 1,798 122 1,805 0.95 0.68, 1.32

Physical activity, MET-hours/week 0.47

<3.00 474 5,014 508 4,935 0.99 0.84, 1.18

3.00–9.99 325 4,349 354 4,382 0.99 0.82, 1.21

10.00–19.99 266 3,465 242 3,379 1.12 0.89, 1.40

�20.0 157 2,694 181 2,734 0.84 0.64, 1.10

Physical function (RAND Short Form 36 score) 0.88

�50 251 1,701 288 1,725 0.97 0.75, 1.25

51–90 742 8,701 775 8,725 1.00 0.88, 1.15

>90 329 6,614 316 6,488 1.05 0.87, 1.26

History of cardiovascular disease 0.63

No 1,208 16,111 1,247 16,012 1.02 0.92, 1.13

Yes 118 947 133 965 0.93 0.65, 1.32

Solar irradiance, Langleys 0.42

<350 432 5,127 413 5,082 1.11 0.93, 1.33

350–<400 415 5,597 445 5,544 0.97 0.81, 1.15

�400 479 6,334 522 6,351 0.96 0.82, 1.13

Total saturated fat intake, g/day

<15.1 277 4,203 298 4,130 0.91 0.74, 1.12 0.11

15.1–<21.5 303 4,197 342 4,228 0.87 0.71, 1.07

21.5–<29.8 359 4,240 334 4,114 1.10 0.90, 1.34

�29.8 372 4,101 381 4,190 1.17 0.96, 1.42

Abbreviations: AD, antidepressant; MET, metabolic equivalent task; WHI, Women’s Health Initiative.
a Adjusted for age, WHI Hormone Trial intervention, WHI Dietary Modification Trial intervention, and use of antidepressant medication at year 1.
b Weight (kg)/height (m)2.
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vary meaningfully by levels of vitamin D and calcium intake
from diet and supplemental sources or by other participant
characteristics.

Few intervention trials have evaluated the association of
vitamin D supplementation with risk of depression (23–30).
Results from these trials are difficult to compare because
they differ substantially in terms of vitamin D doses tested,
assessment of depression, duration of participant follow-up,
use of placebo controls, sample size, and participant char-
acteristics, including age and menopausal status. Jorde et al.
(28) observed a modest but significant improvement in de-
pressive symptom score after 1 year of supplementation in
334 Norwegians (mean age ¼ 47 years) randomized to ei-
ther 40,000 IU/week or 20,000 IU/week as compared with
placebo. However, mean depressive symptom scores in this
population were low, suggesting that few participants were
experiencing clinically significant depression. In 3 other
small trials (15–88 participants), investigators observed some
improvement in mood symptoms during winter in young
and middle-aged persons taking supplemental vitamin D
(22–24). In these studies, supplementation doses ranged from
400 IU/day to 100,000 IU/week, and follow-up periods
ranged from 5 days to 3 months. However, in 4 other clinical
trials of vitamin D at doses of 800 IU/day (23), 5,000 IU/day
(29), 50,000 IU/week (27), and 500,000 IU once annually (30),
no effect of vitamin D on depressive symptoms was found.

The dose of vitamin D we tested (400 IU/day) may not
have been sufficient to affect the occurrence of depression,
although this dosage (combined with personal intake) is
consistent with recent recommendations from the Institute
of Medicine (47). Vitamin D intake among our participants
was comparable to that among women in the WHI Obser-
vational Study, which found that intake of vitamin D from
food sources at the start of follow-up was inversely associ-
ated with risk of depression 3 years later (for �400 IU/day
vs. <100 IU/day, odds ratio ¼ 0.80, 95% CI: 0.67, 0.96;
P for trend ¼ 0.002) (40). We did not find evidence that
supplementation with 400 IU/day affected risk of depressive
symptoms either among women likely to be vitamin D-
deficient due to low dietary intake, high body mass index,
or high latitude of residence or among women reporting high
dietary intake and/or vitamin D supplement use at baseline.

It is possible that vitamin D is truly unrelated to depres-
sion and that the beneficial effects reported in observational
studies are largely due to residual confounding by lifestyle
and dietary behaviors. For example, fatty fish are major sour-
ces of both marine omega-3 fatty acids and vitamin D, and
omega-3 fatty acid intake has been inversely associated with
risk of depression in multiple studies (48, 49); most obser-
vational studies of vitamin D status and depression have not
accounted for omega-3 fatty acid intake.

Alternatively, if vitamin D is truly related to depression,
results from our study may have been confounded by calcium
supplementation. Some evidence suggests that high long-
term calcium intake may increase the risk of arterial calcifi-
cation (50), which has been associated with depression, and
may increase the number and size of brain lesions (51–54).
We did not find supplementation to be associated with higher
risk of depression in women with high background calcium
intakes in our study. However, it is possible that supplemental

vitamin D combined with calcium is related to depression
differently than vitamin D alone, especially in older women
with some degree of existing arterial calcification. Further
evaluation of vitamin D alone or of this relation in younger
persons without preclinical cardiovascular disease may shed
light on this issue.

A limitation of our study was our reliance on self-reported
symptoms to assess depression, instead of the use of psy-
chiatric interviews. The Burnam scale primarily measures
depressive symptoms experienced in the year prior to com-
pletion, as opposed to clinical diagnoses of depression made
during the entire follow-up period. Thus, women who devel-
oped depression prior to their year 3 clinic visit but whose
symptoms remitted either naturally or after treatment would
not have been classified as cases. Only a subset of WHI
participants were asked to complete the Burnam scale at
year 3, thus limiting our statistical power for this analysis.
For this reason, we also considered antidepressant use at year
3 to be a proxy for depression. However, women may be
prescribed antidepressants for reasons other than depression,
such as fibromyalgia, migraine headache, or panic disorder.
This misclassification could have attenuated our findings to
some extent.

To our knowledge, our study is among the first large ran-
domized trials to have evaluated the relation of vitamin D
supplementation with depressive symptoms. Additional
strengths of our study include the diversity of our population,
allowing us to evaluate effect modification of a possible
vitamin D-depression association by a variety of characteris-
tics, including background vitamin D and calcium intakes,
race/ethnicity, body mass index, smoking status, and phys-
ical activity. Supplementation was associated with a lower
risk of antidepressant use in year 3 among women with a
high school education or less and was marginally significantly
associated with lower risk in normal-weight women. We
also observed significant interaction with total vitamin D
intake, but odds ratios for the effect of supplementation did
not vary across intake categories in a meaningful pattern.
Given the large number of subgroups examined, these find-
ings were probably attributable to chance. The randomized
trial design of our study should have precluded the likelihood
of confounding by sun exposure and 25-hydroxyvitamin D
status, which may be a concern in observational studies.

In summary, we did not observe a relation between 2 years
of daily supplementation with 400 IU of vitamin D3 and
1,000 mg of elemental calcium and measures of depression
status. Additional trials testing higher supplemental doses of
vitamin D are needed to determine whether this nutrient may
be beneficial in preventing or treating depression among spe-
cific populations.
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