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J, Waterloo K (University of Tromsø and University

Hospital of North Norway, Tromsø, Norway). Effects

of vitamin D supplementation on symptoms of

depression in overweight and obese subjects: ran-

domized double blind trial. J Intern Med 2008; 264:
599–609.

Objectives. The objective of the present study was to

examine the cross-sectional relation between serum 25-

hydoxyvitamin D [25-(OH) D] levels and depression in

overweight and obese subjects and to assess the effect

of vitamin D supplementation on depressive symptoms.

Design. Cross-sectional study and randomized double

blind controlled trial of 20.000 or 40.000 IU vitamin

D per week versus placebo for 1 year.

Setting. A total of 441 subjects (body mass index

28–47 kg m)2, 159 men and 282 women, aged 21–

70 years) recruited by advertisements or from the

out-patient clinic at the University Hospital of North

Norway.

Main outcome measures. Beck Depression Inventory

(BDI) score with subscales 1–13 and 14–21.

Results. Subjects with serum 25(OH)D levels

<40 nmol L)1 scored significantly higher (more

depressive traits) than those with serum 25(OH)D lev-

els ‡40 nmol L)1 on the BDI total [6.0 (0–23) versus

4.5 (0–28) (median and range)] and the BDI subscale

1–13 [2.0 (0–15) versus 1.0 (0–29.5)] (P < 0.05). In

the two groups given vitamin D, but not in the pla-

cebo group, there was a significant improvement in

BDI scores after 1 year. There was a significant

decrease in serum parathyroid hormone in the two

vitamin D groups without a concomitant increase in

serum calcium.

Conclusions. It appears to be a relation between serum

levels of 25(OH)D and symptoms of depression.

Supplementation with high doses of vitamin D seems

to ameliorate these symptoms indicating a possible

causal relationship.
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Introduction

Vitamin D is produced locally in the skin by sun

exposure. To a minor extent, humans also acquire

vitamin D from the diet, in particular, fatty fish and

from supplements. To become biologically active,

vitamin D has to be hydoxylated first in the liver and

thereafter in the kidneys to 1,25-dihydroxyvitamin D

[1,25(OH)2D] [1]. Vitamin D is essential for the

maintenance of the calcium homeostasis and for bone

health [1], but appears also to be crucial for brain

development and function [2–4]. In the brain there are

specific nuclear receptors for 1,25(OH)2D [5] and the

enzymes necessary for the hydroxylation of vitamin D

to 1,25(OH)2D are also present in the central nervous

system (CNS) [6]. Accordingly, the brain may locally
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activate vitamin D which makes a role for vitamin D

in brain function even more probable.

In clinical studies, low serum levels of 25-hydoxyvita-

min D [25(OH)D], which is the storage form of vita-

min D in the body [1], have been associated with

reduced cognitive function [7, 8], anxiety [9] and

depression [8, 9]. In particular, vitamin D has been

implicated in seasonal affective disorder, a condition

characterized by depression-like symptoms in the win-

ter [10]. During the winter months, the serum

25(OH)D levels are low because of reduced sun light,

and supplementation with vitamin D has improved

symptoms of seasonal affective disorder in some [11,

12] but not in all studies [13, 14].

Low serum 25(OH)D levels are also seen in over-

weight subjects [15], and obesity is associated with

depression [16]. However, to our knowledge there are

no studies where the relation between serum levels of

25(OH)D and symptoms of depression has been eval-

uated in overweight and obese subjects. We have

recently performed a 1 year study comparing high

doses of 25(OH)D with placebo in 441 overweight

and obese subjects with weight loss as the primary

end-point. In addition, symptoms of depression were

also recorded, which enabled us to evaluate the rela-

tion between vitamin D and depression both in a

cross-sectional and a longitudinal study.

Methods

Subjects

Males and females 21 to 70 years old with body mass

index (BMI) between 28.0 and 47.0 kg m)2 were

recruited by advertisements in local newspapers and

from our out-patient clinic at the University Hospital.

Subjects with a history of coronary infarction, angina

pectoris, stroke or renal stone disease were excluded.

Subjects using antidepressant or weight reducing

drugs, pregnant or lactating women and women below

the age of 50 years without adequate contraception

were not included. At attendance, blood samples were

drawn for analysis of serum calcium, creatinine and

parathyroid hormone (PTH). An oral glucose

tolerance test was performed to exclude subjects with

diabetes. Subjects with serum calcium

>2.55 mmol L)1, males with serum creatinine

>129 lmol L)1 and females with serum creatinine

>104 lmol L)1 were not included. If the serum cal-

cium was in the range 2.50–2.55 mmol L)1, inclusion

required a serum PTH below 5.0 pmol L)1.

Study design

At inclusion, any current supplements with calcium and

vitamin D (including cod liver oil) were discontinued

and all subjects were given supplementation with

calcium 500 mg daily (Nycoplus Calcium�; Nycomed,

Oslo, Norway) throughout the 1-year intervention per-

iod. The subjects were randomized into three groups,

stratified by gender and smoking status: group DD, two

capsules of vitamin D (20.000 IU cholecalciferol per

capsule (Decristol�; Jenapharm, Jena, Germany) per

week; group DP, one capsule of vitamin D and one pla-

cebo capsule per week; and group PP, two placebo

capsules per week. The placebo capsules purchased

from Hasco-lek (Wroclaw, Poland) had identical

appearance as the vitamin D capsules. The subjects

were supplied with new medication every third month.

The unused calcium tablets and capsules were returned

and counted. The subjects were classified as current

smokers or current nonsmokers.

Measurements

Height and weight were measured wearing light cloth-

ing and no shoes. Blood samples for serum calcium

were drawn every third month to detect any develop-

ment of hypercalcaemia. If serum calcium increased

>2.59 mmol L)1, the subjects were asked to re-test,

and if still >2.59 mmol L)1, they were excluded from

the study. Serum samples for analysis of 25(OH)D

were drawn at all visits.

Depressed mood was judged with the Beck Depres-

sion Inventory (BDI) at inclusion and at the end of

the study. BDI is a self-compiled questionnaire of 21

items in multiple choice format [17]. On each item,

there are four statements and the subjects were

instructed to choose the one that best described their
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situation during the last 2 weeks. The statements are

given the scores 0, 1, 2 and 3, with ‘0’ for the ‘nor-

mal’ or least depressive statement and ‘3’ for the most

depressive statement. If more than one statement

within each item were equally applicable, two or

more statements could be chosen and the mean score

was used in the calculations. The items constituting

the BDI have been divided into two subscales. The

first, the cognitive-affective, assesses the mental

aspect of depression (items 1–13). The second, the

somatic-vegetative, measures vegetative and somatic

symptoms (items 14–21). The total BDI score and the

subscale scores were obtained by adding together the

scores for each item.

A questionnaire on physical activity (International

Physical Activity Questionnaire, short last 7 days

self-administered format) [18] were filled in at base-

line and at the end of the study. The amount of

physical activity was calculated based on reported

vigorous, moderate and walking activities and given

in units of metabolic equivalents (MET)-minutes per

week, where METs are multiples of the resting meta-

bolic rate.

Serum calcium, creatinine and PTH were measured as

previously described [19]. Reference ranges in our

laboratory at the time of the study were for serum

calcium 2.20–2.60 mmol L)1; for serum PTH, 1.1–

6.8 pmol L)1 for those £50 years and 1.1–

7.5 pmol L)1 for those >50 years; for serum

creatinine, 70–120 lmol L)1 for men and 55–

100 lmol L)1 for women. Urine for measurement of

calcium excretion was collected for 24 h at baseline

and at the end of the study. Urinary calcium was

measured on a Modular P800 (Roche Diagnostics�,

Mannheim, Germany), with reagents from the same

company.

Serum 25(OH)D3 was determined by immunometry

(electrochemiluminiscence) using an automated

clinical chemistry analyser (Modular E170; Roche

Diagnostics�). According to the producer, the assay

has, for total analytical precision, a coefficient of

variation £7.8% as judged in any of three different

concentrations (48.6, 73.8 and 177.0 nmol L)1). The

cross-reactivity with 25(OH)D2 was <10% and the

analytical sensitivity was 10 nmol L)1. At present,

the laboratory has no reference values for

25(OH)D3, but the manufacturer provides a popula-

tion-based reference range of 27.7–107.0 nmol L)1

for adults as a guideline. In our laboratory, this

assay gives approximately 10% lower serum

25(OH)D values than the assay by Diasorin

(Diasorin Inc., Stillwater, MN, USA). The trial was

registered at ClinicalTrial.gov (NCT00243256).

Statistical analyses

The main dependent variables, the total BDI and the

BDI subscales scores, were not normally distributed,

nor did they attain normal distribution after

logarithmic transformation. Therefore, nonparametric

statistics were used throughout the study.

Comparisons between unpaired groups were

performed with the Mann–Whitney or chi-squared

tests and between paired groups with the Wilcoxon-

signed ranks test. Correlations were evaluated with

the Spearman’s rho coefficient. In the intervention

study, the data were analysed both with an intention

to treat (ITT) approach and with a per protocol

approach. In the ITT analysis, we used the last

observation carried forward method when comparing

change in depression scores between the groups, and

those that dropped out therefore were given a zero

value for change. When comparing baseline values

with those at the end of the study, the baseline

values from the 441 subjects who were included

were compared with the 334 who completed the

study. Unless otherwise stated, data are expressed as

median and range (minimum–maximum value). All

tests were two-sided, and P-value <0.05 was

considered statistically significant. The Statistical

Package for Social Sciences, version 14.0, was used

for all statistical analyses (SPSS Inc., Chicago, IL,

USA).

Ethics

The study was approved by the Regional Ethics Com-

mittee. All participants gave written informed consent

prior to the study.
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Results

Cross-sectional study

The inclusion period started in November 2005 and

the last subject was included in October 2006. A total

of 496 subjects attended, 445 met the inclusion crite-

ria and 441 subjects completed the BDI questionnaire.

Their baseline characteristics are shown in Table 1.

There was no apparent relation between time of year

(month) and the serum 25(OH)D levels or the BDI

scores (data not shown).

The serum 25(OH)D levels did not correlate signifi-

cantly with the BDI, BDI subscale 1–13 or BDI sub-

scale 14–21 scores (rho = )0.06, )0.06 and )0.04,
respectively). However, when comparing those with

serum 25(OH)D levels <40 nmol L)1 with the

remaining cohort, they scored significantly higher on

the total BDI (Table 1) and the BDI 1–13 subscale

(Table 1 and Fig. 1).

There were nonsignificantly more males amongst those

with serum 25(OH)D levels <40 nmol L)1, they were

significantly younger, there were significantly fewer

smokers, they had a significantly higher BMI, a signif-

icantly higher serum PTH and a significantly lower

physical activity score than the rest of the cohort

(Table 1). To evaluate whether the differences in BDI

scores between those with the lowest and those with

higher serum 25(OH)D levels were the results of these

differences, the cohort was further subdivided and

analysed for BDI scores. As shown in Table 2, the

females scored significantly higher than the males on

the total BDI and subscales; those below the age of

47 years scored significantly higher on the BDI 1–13

subscale compared with the older subjects; smokers

scored nonsignificantly higher on the total BDI and

both subscales than the nonsmokers; those in the upper

half of the BMI range scored nonsignificantly higher

on the BDI 1–13 subscale compared with the leaner

subjects; those in the lower and upper halves of the

serum PTH range had identical median BDI scores;

and those in the lower half of the physical activity

score range had significantly higher score on the total

BDI and BDI 14–21 subscale than those in the upper

half of the physical activity score (Table 2). Ta
bl
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Regarding age, there was in the total cohort, a signifi-

cant negative correlation between BDI 1–13 and age

(rho = )0.10. P = 0.038). This negative relation was

only observed in the younger subjects, whereas in

those ‡47 years there was no correlation between

BDI 1–13 and age (rho = 0.00, P = 0.99). In this lat-

ter group, those with serum 25(OH)D levels

<40 nmol L)1 scored significantly higher than those

with serum 25(OH)D levels ‡40 nmol L)1 both on

the total BDI and the BDI 1–13 subscale (Table 2).

Similarly, there was in the total cohort, a positive

nonsignificant correlation (Spearman’s rho = 0.09,

P = 0.054) between BMI and BDI 1–13. However,

this relation was only seen in those with BMI

>34.2 kg m)2 (rho = 0.15, P = 0.029), whereas no

significant relation was seen in those with BMI

<34.2 kg m)2 (rho = )0.02, P = 0.81). In this latter

BMI group, those with serum 25(OH)D levels

<40 nmol L)1 scored significantly higher on the total

BDI and both BDI subscales than those with values

‡40 nmol L)1 (Table 2).

On the other hand, the relation between physical

activity and BDI scores were seen equally in the

upper and lower halves of the physical activity score
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25(OH)D levels below 40 nmol L)1 (n = 99, solid columns)
and in subjects with baseline serum 25(OH)D levels above
39 nmol L)1 (n = 342, open columns).

Table 2 BDI scores in relation to gender, age, smoking, BMI, serum PTH, physical activity score and serum 25(OH)D levels

Male ⁄ female BDI total score BDI (1–13) score BDI (14–21) score

Males 159 ⁄ 0 3.5 (0.0–24.5) * 1.0 (0.0–15.5) ** 2.0 (0.0–9.5)*

Females 0 ⁄ 282 5.0 (0.0–28.0) 2.0 (0.0–19.5) 3.8 (0.0–11.0)

Age < 47 years 76 ⁄ 137 5.0 (0.0–24.5) 2.0 (0.0–15.0) *** 3.0 (0.0–11.0)

Age ‡ 47 years 83 ⁄ 145 5.0 (0–28.0) 1.0 (0–19.5) 3.0 (0.0–11.0)

Age ‡ 47 years

Serum 25(OH)D < 40 nmol L)1 15 ⁄ 21 6.0 (0.0.–19.5)*** 2.0 (0.0–11.0)*** 4.0 (0.0–11.0)

Serum 25(OH)D ‡ 40 nmol L)1 68 ⁄ 124 4.5 (0.0–28.0) 1.0 (0.0–19.5) 3.0 (0.0–10.0)

Smokers 33 ⁄ 65 5.8 (0.0–24.5) 2.0 (0.0–15.0) 3.8 (0.0–11.0)

Non-smokers 126 ⁄ 217 4.5 (0.0–28.0) 1.5 (0.0–19.5) 3.0 (0.0–11.0)

BMI < 34.2 kg m)2 84 ⁄ 136 5.0 (0.0–26.5) 1.0 (0.0–18.0) 3.0 (0.0–11.0)

BMI ‡ 34.2 kg m)2 75 ⁄ 146 5.0 (0.0–28.0) 2.0 (0.0–19.5) 3.0 (0.0–10.0)

BMI < 34.2 kg m)2

Serum 25(OH)D < 40 nmol L)1 17 ⁄ 22 6.0 (0.0–19.0)** 2.0 (0.0–11.0)*** 4.0 (0.0–11.0)***

Serum 25(OH)D ‡ 40 nmol L)1 67 ⁄ 114 4.0 (0.0–26.5) 1.0 (0.0–18.0) 3.0 (0.0–11.0)

Serum PTH < 5.0 pmol L)1 69 ⁄ 142 5.0 (0.0–26.5) 1.5 (0.0–19.5) 3.0 (0.0–11.0)

Serum PTH ‡ 5.0 pmol L)1 90 ⁄ 140 5.0 (0.0–28.0) 1.5 (0.0–19.0) 3.0 (0.0–11.0)

Physical activity score (MET-min per week) £ 2000 87 ⁄ 133 5.0 (0.0–24.5)*** 2.0 (0.0–15.0) 3.0 (0.0–11.0)***

Physical activity score (MET-min per week) > 2000 72 ⁄ 149 4.0 (0.0–28.0) 1.5 (0.0–19.5) 2.5 (0.0–11.0)

BMI, body mass index; BDI, Beck Depression Inventory; PTH, parathyroid hormone; MET, metabolic equivalent.
*P < 0.001; **P < 0.01; ***P < 0.05 versus the group below (Mann–Whitney test).
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range. Comparison between the lowest and the higher

serum 25(OH)D groups within these physical activity

subgroups could therefore not rule out a confounding

effect of physical activity.

Intervention study

At baseline, there were no significant differences

between the three treatment groups (Table 1). Of

the 441 subjects randomized, 22.7% dropped out in

the DD group, 25.3% in the DP group and 24.8%

in the PP group. Thus, 334 subjects completed the

study (Table 3). The compliance rate for the vitamin

D ⁄placebo capsules were 95% in all three groups, and

81%, 85% and 83% in the DD, DP and PP groups,

respectively, for the calcium tablets.

After 3 months and throughout the study, the

serum 25(OH)D levels were doubled in the DD

group, whilst stable in the PP group, and in the

DP group they were in between the DD and the PP

groups (Table 3). Serum PTH decreased significantly

in the DD and DP groups whereas serum calcium was

unaltered in all three groups (Table 3). There was no

significant change in weight or physical activity score

in any of the three groups or between the groups

(Table 3).

In the ITT analysis, at the end of the study, there was

a significant reduction (improvement) in the total BDI

and the BDI subscale scores in the DD group, a sig-

nificant reduction in the BDI 14–21 subscale score in

the DP group, but no significant change in the PP

group. In the per protocol analysis, there was in both

the DD and DP groups a significant reduction

(improvement) in the total BDI and the BDI subscales

scores at the end of the study, and also a significant

reduction in the BDI 14–21 subscale score in the PP

group (Table 3).

When evaluating delta values (value at baseline minus

value at 12 months), there was for the BDI 1–13 sub-

scale score a significantly higher value (improvement)

at the end of the study in the combined vitamin D

group (DD group and DP group together) compared

with the PP group in the per protocol analysis Ta
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(P < 0.05) (Fig. 2), but not in the ITT analysis

(P = 0.051).

To evaluate whether the improvement in the BDI

1–13 subscale score was related to gender, age and

baseline BMI, serum 25(OH)D levels and BDI sub-

scale 1–13 score or physical activity score, the cohort

that completed the study was further subdivided

according to these variables. As expected, the improve-

ment in BDI 1–13 in the DD and DP groups was most

clearly seen in the females (who scored significantly

more depressive than the males) and in those with high

baseline BDI 1–13 scores. Also, there were significant

improvements in the age, BMI, serum 25(OH)D and

physical activity subgroups, but without a distinct pat-

tern compared with baseline values (Table 4).

Adverse events

In the DP group, one subject with a baseline serum

calcium level of 2.30 mmol L)1 and serum PTH of

3.2 pmol L)1 had an increase in serum calcium to

2.62 mmol L)1 after 6 months. The retest values were

2.60 mmol L)1 for serum calcium and 1.6 pmol L)1

for serum PTH, and the subject was excluded from

the study. Four subjects (three in the DD group and

one in the PP group) had transient increases in serum

calcium >2.59 mmol L)1 and were allowed to com-

plete the study. Two subjects (one in the DP group

and one in the PP group) were diagnosed as having

primary hyperparathyroidism during the study. Both

had a baseline serum calcium level of 2.48 mmol L)1

and their serum PTH levels were 8.5 and

7.8 pmol L)1, respectively. In addition, 126 other

adverse events were recorded, most of them recog-

nized as gastrointestinal discomfort. There were no

significant differences between the treatment groups

regarding adverse events. There was an increase in

urinary calcium excretion from baseline till the end of

the study in all three group (median increases of 1.14,

0.77 and 0.78 mmol per day in the DD, DP and PP

groups, respectively), but with no significant differ-

ences between the groups.

Discussion

In the present study, we have found that overweight

and obese subjects with serum 25(OH)D levels

<40 nmol L)1 have higher (more depressive) scores

on the BDI total and BDI 1–13 subscale compared

with those with serum 25(OH)D levels ‡40 nmol L)1,

and that supplementation with high doses of vitamin

D for 1 year may improve these scores.

Regarding the cross-sectional results, we have in a

previous study on neuropsychological function in 84

subjects found a significant and negative association

between serum 25(OH)D levels and the total BDI and

1–13 subscale scores [19]. In that study, the subjects

were divided in serum 25(OH)D quartiles, and those

in the lowest quartile had BDI scores twice as high as

those in each of the three higher quartiles where the

BDI scores were almost identical. Similarly, in a

study by Armstrong et al. [9] on the relation between

25(OH)D and depression in 75 subjects with fibrom-

yalgia, those with vitamin D deficiency [defined as

serum 25(OH)D levels <25 nmol L)1] scored signifi-

cantly more depressive on the Hospital Anxiety and

Depression Score (HADS) than those with higher

serum 25(OH)D levels.

There could be several explanations for the more

depressive symptoms in the subjects with low
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25(OH)D levels in our study. There were more males

in the low 25(OH)D group, they were younger, fewer

smoked and they had higher BMI and lower physical

activity. As the BDI scores were not normally distrib-

uted, it was not possible to perform ordinary regres-

sion analyses to adjust for these confounders.

However, males scored less depressive than the

females, as did nonsmokers compared with smokers.

Therefore, adjustment for these two factors would

probably have increased the difference in BDI scores

between the low and higher serum 25(OH)D groups.

On the other hand, adjustments for age, BMI and

physical activity could have the opposite effect. How-

ever, when looking at specific age and BMI groups,

where there appeared to be no association between

age and BMI with depression, those with low serum

25(OH)D levels still scored significantly higher than

the others. However, we were not able to exclude a

confounding effect by differences in physical activity,

and in this respect, physical activity is an important

factor. It is plausible that subjects with depression stay

more indoors and therefore are less exposed to sun-

light. Hence, their lower 25(OH)D levels could be the

result and not the cause of their depressed mood.

There is a general agreement that the intake of vita-

min D is suboptimal in most western societies [20],

and in the intervention study we gave considerably

higher vitamin D doses than the usually recommended

400–800 IU per day. Previous trials in healthy

humans suggest that doses up to 10.000 IU per day

are safe [21], and we therefore decided to give two

doses of vitamin D, 20.000 IU per week and

40.000 IU per week, to ensure that a lack of effect

could not be ascribed to suboptimal serum 25(OH)D

levels. These vitamin D doses gave the expected

increase in serum 25(OH)D levels, caused significant

reductions in serum PTH levels and maintained nor-

mal serum calcium levels.

After 1 year, the subjects given 40.000 (DD group) or

20.000 (DP group) IU vitamin D per week had a sig-

nificant improvement in BDI scores. As expected, the

improvement was most pronounced in those with high

BDI scores at baseline, but appeared unrelated to age

and BMI. It is noteworthy that there was an

improvement in BDI scores after vitamin D supple-

mentation both in those with lower and higher base-

line 25(OH)D levels.

So far, there are but a few other studies on the effect

of vitamin D supplementation on mood and depres-

sion, and the results are divergent [11–14, 22], which

may depend on the doses of vitamin D given. Thus,

in the study by Harris et al. [14] 250 females were

given 400 IU vitamin D for 1 year with no effect on

the mood scores, and in a study by Dumville et al.

[13] on 2117 women randomized to 800 IU per day

versus placebo for 6 months, no improvement in men-

tal health scores was seen. On the other hand, in a

study by Vieth et al. [22] on 82 subjects randomized

to 600 and 4000 IU vitamin D per day for 6 months,

those given the high dose improved significantly more

on a well-being scale than those given the lower

dose.

There are several mechanisms whereby vitamin D

might affect brain function. First, there could be a

direct effect on the brain by vitamin D as receptors

for its active form 1,25(OH)2D have been found in

the CNS [5] and the baseline serum 25(OH)D levels

in our subjects were considerably lower than the esti-

mated optimum of 90–100 nmol L)1 [23]. Further-

more, the effect of vitamin D on depression could be

indirect, as vitamin D is important for muscle function

[24] and supplementation could lead to increased

physical activity and well-being. The observed reduc-

tion in serum PTH levels could also be of importance

as there are receptors for PTH in the CNS [25] and

high levels of PTH has been associated with central

nervous dysfunction [26]. However, we did not

observe increased physical activity after vitamin D

supplementation in our study and those in the upper

and lower halves of the serum PTH range did not

differ in BDI scores.

The association between low serum 25(OH)D levels

and depression and the apparent positive effect by

vitamin D supplementation may indicate a causative

relation. Even if that is true, lack of vitamin D is

probably only one of many factors contributing to a

depressed mood. However, in one clinical setting,

R. Jorde et al. | Vitamin D and depression in overweight subjects

ª 2008 Blackwell Publishing Ltd Journal of Internal Medicine 264; 599–609 607



seasonal affective disorder, it is at least in theory pos-

sible that lack of vitamin D during the winter months

may have a major pathogenetic role.

There are several limitations of the present study.

First, we included only subjects with overweight and

obesity and the results may therefore not apply to the

general population. Second, we used only a single

measure of depression, the BDI questionnaire, and

more subtle measures like Montgomery Åsberg

Depression Rating Scale and HADS could have

yielded additional information. In the cross-sectional

study, there was no apparent decrease in BDI scores

with increasing serum 25(OH)D levels >40 nmol L)1.

This could indicate a threshold for 25(OH)D regard-

ing effects on depression, but this was not substanti-

ated in the intervention study where vitamin D

supplementation also appeared to have an effect on

those with serum 25(OH)D levels above that level. In

the statistical analyses, we were not fully able to cor-

rect for confounding factors, in particular, for the dif-

ferences in physical activity. We mainly compared

baseline values with those at the end of the study

and a slight improvement was also seen in those

given placebo (PP group). Therefore, when compar-

ing delta values (value at baseline minus value at end

of the study), the DD and DP group had to be com-

bined to see a significant difference in BDI score ver-

sus the PP group. Furthermore, this statistical

significance was only seen in the per protocol analy-

sis, and if doing an ITT analysis, the difference in

delta values between those given vitamin D and those

given placebo did not reach statistical significance

(P = 0.051). Accordingly, the main outcome of the

study must be considered as negative. If an effect of

vitamin D on depression is not a direct one on the

brain, but indirectly through its effects on the calcium

metabolism, the calcium supplementation could have

influenced the results considerably. In the intervention

study, the results therefore have to be interpreted as

effect of vitamin D plus calcium versus calcium

alone, and not as vitamin D versus placebo. Most of

the subjects included had low baseline BDI scores,

and such were not clinically depressed. More pro-

nounced effects might have been seen if we had

selected subjects with clinical depression and ⁄or very

low serum 25(OH)D levels. The drop-out rate was

high and closed to 25%, and for most of the subjects

we have no information on reason for their with-

drawal. However, similar or even higher drop-out

rates are seen in most intervention studies for over-

weight and obesity [27]. And finally, although the

effect of vitamin D supplementation was statistically

significant in the per protocol analysis, it was rather

modest.

In conclusion, there appears to be a relation between

serum 25(OH)D levels and depression in overweight

and obese subjects, and supplementation with vitamin

D in high doses for 1 year may have a beneficial

effect on depressive symptoms. However, further

studies are needed before supplementation with high

doses of vitamin D can be recommended in subjects

with depression. In this respect, it would be of partic-

ular interest to include subjects with seasonal affective

disorder and also subjects with clinical depression

combined with hypovitaminosis D.
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