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Abstract

Objective: To examine the hypothesis that the association between vitamin D

deficiency and depressive symptoms is dependent upon total cholesterol level in a

representative national sample of the South Korean population.

Design: This was a population-based cross-sectional study.

Setting: The Fifth Korean National Health and Nutrition Examination Survey

(KNHANES V, 2010-2012).

Subjects: We included 7198 adults aged 20-88 years.

Results: The incidence of depressive symptoms in individuals with vitamin D

deficiency (serum 25-hydroxyvitamin D < 20 ng/ml) was 1-54-fold (95 % CI 1-20, 1-98)

greater than in individuals without vitamin D deficiency (serum 25-hydroxyvitamin D

>20ng/mbD. The relationship was stronger in individuals with normal-to-borderline

serum total cholesterol (serum total cholesterol < 240 mg/dl; OR = 1-60; 95% CI 1-23,

2:08) and non-significant in individuals with high serum total cholesterol (OR = 0-97;

95% CI 0-52, 1-81) after adjustment for confounding variables (age, sex, BMI, alcohol

consumption, smoking status, regular exercise, income level, education level, marital

status, changes in body weight, perceived body shape, season of examination date

and cholesterol profiles). Keywords
Conclusions: The association between vitamin D deficiency and depressive Serum 25-hydroxyvitamin D
symptoms was weakened by high serum total cholesterol status. These findings TAG
suggest that both vitamin D and total cholesterol are important targets for the Total cholesterol
prevention and treatment of depression. Depression

Vitamin D is involved in regulating serum concentrations of
calcium and phosphate as well as bone mineralization’ ™,
Vitamin D is also involved in various pathophysiological
processes in the human body; research has shown that
vitamin D deficiency is a risk factor for CVD, cancer,
diabetes mellitus, autoimmune disease and cognitive
disorders*™®. In addition, vitamin D supplementation
has been reported to reduce the risk of these chronic
diseases”™. Therefore, vitamin D deficiency is an impor-
tant and relevant health issue in modern society.
Depression is a disorder that has been correlated
with vitamin D deficiency in several studies*'V.

*Corresponding author: Email kc829@cha.ac.kr
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The pathological mechanism explaining this phenomenon
potentially involves the ability of vitamin D to cross the
blood-brain barrier and bind to vitamin D receptors in the
brain*'®_ Similarly, depression has also been related
to serum cholesterol status'*'>. Increasing evidence
suggests that cholesterol affects cognitive function and
mood status'*'”. Low serum cholesterol has been iden-
tified as a risk factor for depression in some studies*'®;
yet, other studies indicate an opposite (positive) correla-
tion between serum cholesterol and depression” .
Vitamin D and cholesterol are not completely indepen-
dent of one another. Several studies have demonstrated that
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high serum 25-hydroxyvitamin D (25(OH)D) is associated
with a favourable serum cholesterol profile’”. Research
has also indicated a positive correlation between vitamin D
and total cholesterol levels*2?; however, other studies
have also suggested an opposite (negative) correlation
between these variables??.

Clearly, there exists controversy over the relationships
between vitamin D, cholesterol and depression; further-
more, no study to date has investigated correlations
among these three factors simultaneously. Therefore,
in the present study, we examined associations among
vitamin D deficiency, serum cholesterol and depressive
symptoms in a general population of South Korean
adults using data from the Fifth Korean National
Health and Nutritional Examination Survey (KNHANES V)
conducted from 2010 to 2012. Our data characterize the
relationship between serum 25(OH)D and depressive
symptoms, as well as the interaction of this relationship
with serum total cholesterol level.

Methods

Study population

The present study was performed on data from the
KNHANES V, which was conducted by the Division of
Chronic Disease Surveillance of the Korea Centers for
Disease Control and Prevention between January 2010
and December 2012. The KNHANES is a survey for the
assessment of health status, health behaviour, nutritional
status and sociodemographic data in the civilian non-
institutionalized population of South Korea. A stratified,
multistage probability sampling design was used for the
selection of household units. Each year, 192 survey sec-
tions were randomly sampled and twenty households
were selected from each section. Finally, 25534 indivi-
duals participated in the examination. For the purposes
of our study, we selected individuals who were over
the age of 20 years (Fig. 1). We excluded individuals
who did not report essential variables, such as serum
25(OH)D concentration, serum cholesterol profiles or
mental health questionnaire responses. We also excluded
individuals with chronic diseases that might affect serum
25(OH)D concentration or mood status, including
hypertension, diabetes mellitus, ischaemic heart disease,
stroke, cancer, liver cirrhosis, renal failure, asthma, thyroid
disease and arthritis. Additionally, we excluded females
who were pregnant or lactating and individuals who
were taking medications such as vitamins, hormones and
statins. In total, 7198 individuals were included in our
statistical analysis. The KNHANES was approved by the
Institutional Review Board of the Centers for Disease
Control and Prevention in South Korea. All participants
who took part in the survey provided written informed
consent.
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KNHANES V (2010-2012)
n 25534 assessed for eligibility

n 6140 excluded
¢ Age <20 years old

n 19394

n 3804 excluded due to missing data

,

n 15590

n 8392 excluded due to following
condition(s)
 Individuals with chronic disease
¢ Pregnant or lactating female
¢ Individuals taking medication
A S,

n 7198 included in analysis
Men, n 4256
Women, n 2942

Fig. 1 Selection of the study population (KNHANES V, Fifth
Korean National Health and Nutrition Examination Survey)

General characteristics of participants

Sex, age, BMI, marital status, income level, education
level, alcohol consumption, smoking status, regular
exercise, changes in body weight, perceived body shape
and season were considered as confounding variables
potentially affecting depression®*2”. BMI (kg/m?) was
defined as body weight divided by height squared.
A standard mercury sphygmomanometer (Baumanometer;
W.A. Baum Co., Inc., Copiague, NY, USA) was used on the
right arm to measure blood pressure. Systolic blood
pressure and diastolic blood pressure were measured with
the participant in a seated position; measurements were
taken twice with a 5min interval and the values were
averaged. Individuals who met the 7th Joint National
Committee guideline criteria for hypertension (systolic
blood pressure >140 mmHg or diastolic blood pressure
>90 mmHg®) were classified as hypertensive and
excluded from the analysis. Participants were divided into
two groups according to marital status (single or married).
Income level was divided into quartiles (lower, lower
middle, upper middle and highest) based on questionnaire
responses. Education level was classified according to four
categories: graduation from elementary school, middle
school, high school and university or higher. Participants
were categorized as either non-smokers or current smo-
kers. Alcohol consumption was evaluated using the
Alcohol Use Disorders Identification Test (AUDIT) and
individuals were divided into three groups according
to the results: normal user (0-7 points), hazardous user
(8-15 points) and problematic user (>16 points)*”.
Changes in body weight were classified according to three
categories: weight gain, weight maintenance and weight
loss. Perceived body shape was categorized as lean,
normal or obese based on questionnaire responses.
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Regular exercise was defined as participation in a form of
vigorous exercise (running, climbing, rapid cycling, rapid
swimming, football, basketball, jumping rope, squash,
singles tennis or carrying heavy objects) for >20 min at least
three times per week; moderate exercise (slow swimming,
team tennis, volleyball or carrying light objects) for >30 min
at least five times per week; or walking for >30 min more
than five times per week. The season of the examination
date was classified as spring (March to May), summer (June
to August), autumn (September to November), or winter
(December to February).

Vitamin D and cholesterol levels measurement
Fasting blood samples were collected for assessment.
To evaluate vitamin D status, serum concentrations of
25(OH)D were measured by RIA (DiaSorin Inc., Stillwater,
MN, USA) using a 1470 WIZARD gamma-counter (Perkin
Elimer, Turku, Finland). Vitamin D status was categorized
into two groups based on the American guideline®”:
vitamin D deficiency (25(OH)D <20 ng/ml) and no defi-
ciency (25(OH)D >20ng/mb. Total cholesterol, TAG and
HDL cholesterol (HDL-C) were measured by an enzymatic
technique using a Hitachi Automatic Analyser 7600
(Hitachi, Tokyo, Japan). Because LDL cholesterol data
were not available for all participants in the KNHANES V,
we excluded LDL cholesterol levels from our analysis.
Total cholesterol level was categorized into three groups:
desirable (<200 mg/dD, borderline high (200-239 mg/dl)
and high (>240 mg/dD. HDL-C level was categorized into
two groups: low (<40mg/dl) and normal (>40mg/dD.
TAG level was also categorized into two groups: high
(=200 mg/dD and normal to borderline (<200 mg/dD.
Cholesterol classifications were based on the National
Cholesterol Education Program (NCEP) Adult Treatment
Panel III (ATP 11D guideline®”.

Depressive symptoms assessment

Depressive symptoms were assessed by self-reporting.
Participants were asked whether they had experienced
feelings of sadness or despair that interfered with everyday
life and persisted for longer than 2 weeks in the past year.
Those who answered ‘yes’ were classified as exhibiting
depressive symptoms#33,

Statistical analysis

All statistical analyses were performed using the statistical
software package PASW Statistics Version 18.0. P values
of <0-05 were considered to be statistically significant.
Clinical and demographic characteristics were analysed
according to the presence or absence of self-reported
depressive symptoms. Continuous variables were ana-
lysed using ¢ tests and nominal variables were analysed
using y* tests. Associations between serum 25(OH)D and
depressive symptoms were analysed using multiple
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logistic regressions. Odds ratios and 95% confidence
intervals were compared to assess changes in the asso-
ciation between serum 25(OH)D and depressive symp-
toms according to total cholesterol level. Confounding
factors potentially affecting serum 25(OH)D and depres-
sive symptoms were defined previously #3473 Age, sex,
BMI, marital status, income level, education level, alcohol
consumption, smoking status, regular exercise, changes in
body weight, perceived body shape, season of the
examination date, total cholesterol, HDL-C and TAG were
adjusted for in the logistic regression analysis. To assess
associations between different cholesterol profiles and
depressive symptoms, odds ratios and 95% confidence
intervals of each cholesterol profile for depressive symp-
toms were calculated using multiple logistic regressions.
We classified cholesterol profiles into two groups based
on the NCEP ATP III guideline®": total cholesterol level
and TAG level were divided into high and normal-to-
borderline groups, and HDL-C level was divided into low
and normal groups. We adjusted for the same confound-
ing factors as in the analysis of serum 25(OH)D and
depressive symptoms except for cholesterol profile.
A correlation between serum 25(OH)D and total choles-
terol level was analysed using a multiple linear regression
analysis adjusted for age, sex, BMI, income level, educa-
tion level, alcohol consumption, smoking status, regular
exercise and changes in body weight, as these factors
have been correlated with serum lipid concentrations in
previous studies““*~** Changes in the correlation between
serum 25(OH)D and total cholesterol level were analysed
by examining the strength of this correlation in the normal-
to-borderline total cholesterol group and the high total
cholesterol group.

Results

Characteristics of study participants

Study  participants’ characteristics are summarized
according to the presence or absence of depressive
symptoms in Table 1. The depressive group consisted of
695 individuals (9-7%). The mean age of each group
(depressive and non-depressive) was approximately 39
years (range 20-88 years). There was a higher proportion
of women in the depressive group relative to the non-
depressive group. Moreover, income and education levels
were lower in the depressive group than in the non-
depressive group. Problematic alcohol consumption and
changes in weight were more prevalent whereas regular
exercise was lower in the depressive group relative to the
non-depressive group. No seasonal variation in the
reporting of depressive symptoms was noted.

With regard to biochemical characteristics, serum
25(OH)D was lower and the prevalence of vitamin D
deficiency was higher in the depressive group than in the
non-depressive group. Moreover, HDL-C levels were
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Table 1 Study participants’ characteristics according to the presence or absence of depressive symptoms*; adults (n 7198) aged 20-88
years, Fifth Korean National Health and Nutrition Examination Survey (KNHANES V, 2010-2012)

Individuals without depressive symptomst

Individuals with depressive symptoms

(n 6503) (n 695)

Characteristic Mean or % SD Mean or % SD P valuet
Age (years), mean and sp 39-04 1316 39-23 13-46 0739
Sex, female (%) 393 - 55.5 - <0-001
BMI (kg/m?), mean and sp 2352 3-31 23-21 346 0-099
Marital status, married (%) 30-5 - 316 - 0-648
Income level (%) 0-004

Lowest 255 - 332 -

Lower middle 255 - 245 -

Upper middle 253 - 222 -

Highest 237 - 20-1 -
Education level (%) 0-002

Elementary school 6-7 - 10-6 -

Middle school 6-9 - 8-1 -

High school 437 - 45.6 -

University 42.8 - 35.7 -
Smoking status, current smoker (%) 329 - 34.7 - 0-423
Alcohol consumption (%) <0-001

Normal user 584 - 54.2 -

Hazardous user 271 - 228 -

Problematic user 144 - 230 -
Regular exercise§ (%) 50-7 - 43-6 - 0-004
Perceived body shape (%) 0-278

Lean 178 - 186 -

Normal 402 - 36-4 -

Obese 419 - 45.0 -
Changes in body weight (%) <0-001

Weight loss 125 - 174 -

Maintenance 64-1 - 54.6 -

Weight gain 23- - 28- -
Season (%) 0-187

Spring 234 - 269 -

Summer 27-3 - 270 -

Autumn 25.0 - 214 -

Winter 24.3 - 24-8 -
25(OH)D (ng/ml), mean and sb 1714 576 15-80 584 <0-001
Vitamin D deficiency (%) 707 - 80-3 - <0-001
Total cholesterol (mg/dl), mean and sp 18710 34.92 188-18 3797 0-562
TAG (mg/dl), mean and sp 130-42 90-51 134.53 93.72 0-586
HDL-C (mg/dl), mean and sb 52.71 12.50 54.52 13-59 0-009

25(0OH)D, serum 25-hydroxyvitamin D; HDL-C, HDL cholesterol.

*Values are presented as means and standard deviations or as percentages.

1Depressive symptoms were defined as feelings of sadness or despair that interfered with everyday life and persisted for longer than 2 weeks in the

previous year.

$The t test was used to analyse continuous variables and the x* test was used to analyse categorical variables.
§Regular exercise was defined as vigorous physical activity lasting >20 min at least three times per week, moderate physical activity lasting >30 min at least five
times per week, or walking for >30 min more than five times per week.

higher in the depressive group than in the non-depressive
group. There were no significant differences in total cho-
lesterol or TAG levels between the two groups.

Association between serum 25-bydroxyvitamin D
and depressive symptoms, and the interaction of
this association with total cholesterol level

We first analysed the association between vitamin D
deficiency and depressive symptoms using a multiple
logistic regression analysis. Odds ratios and 95% con-
fidence intervals are presented in Table 2. First, we ana-
lysed all participants independent of total cholesterol
level. In the unadjusted model, there was a positive
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association between vitamin D deficiency and depressive
symptoms (OR=1-69; 95% CI 1-35, 2:11) and this positive
association was preserved after adjusting for age, sex, BMI,
alcohol consumption, smoking status, regular exercise,
income level, education level, marital status, changes in
body weight, perceived body shape, season and choles-
terol profiles (OR=1-54; 95% CI 1-20, 1-98). After dividing
participants according to total cholesterol level, the posi-
tive association changed: the number of individuals with
normal-to-borderline total cholesterol was 6673 while the
number with high total cholesterol was 525. In the normal-
to-borderline total cholesterol group (total cholesterol
<240 mg/dD), the positive association between vitamin D
deficiency and depressive symptoms was preserved
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Table 2 Association between serum 25-hydroxyvitamin D (25(OH)D) and depressive symptoms according to serum

total cholesterol (TC) level among adults (n 7198) aged 20-88 years, Fifth Korean National Health and Nutrition
Examination Survey (KNHANES V, 2010-2012)

Depressive symptoms

Model 1* Model 2t
Category 25(OH)D (ng/ml) OR 95% ClI P value OR 95 % ClI P valuef
All participants (n 7198) <20 1.69 1.35, 2-11 <0-001 1.54 1.20, 1-98 <0-001
>20§ 1.00 1-00
TC <240 mg/dI group <20 1.75 1.38, 2.23 <0-001 1.60 1.23, 2.08 0-001
(n 6673) >208§ 1-00 1-00
TC > 240 mg/dl group <20 1-29 0-69, 244 0-426 097 0-52, 1-81 0-927
(n 525) >208§ 1.00 1.00
*Unadjusted.

tAdjusted for age, sex, BMI, alcohol consumption, smoking status, regular exercise, income level, education level, marital status,

changes in body weight, perceived body shape, season of the examination date and cholesterol profiles.

A multiple logistic regression model was used.
§Reference group.

Table 3 Associations between serum cholesterol profiles and depressive symptoms among adults (n 7198) aged
20-88 years, Fifth Korean National Health and Nutrition Examination Survey (KNHANES V, 2010-2012)

Depressive symptoms

Model 1* Model 2t
Cholesterol profile OR 95% Cl P value OR 95% ClI P valuet
Total cholesterol (mg/dl)
>240 1.32 093, 1-85 0117 1-30 091, 1-85 0-146
<240§ 1.00 1-00
TAG (mg/dl)
>200 097 072,129 0-557 1.04 077, 1-43 0-785
<200§ 1.00 1-00
HDL-C (mg/dl)
<40 0-87 0-65, 1-16 0-350 114 0-83, 1.55 0-423
>408§ 1.00 1-00

HDL-C, HDL cholesterol.
*Unadjusted.

tAdjusted for age, sex, BMI, alcohol consumption, smoking status, regular exercise, income level, education level, marital status,
changes in body weight, perceived body shape and season of the examination date.

1A multiple logistic regression model was used.
§Reference group.

(Model 1: OR=1-75; 95% CI 1-38, 223, Model 2:
OR=1-60; 95% CI 1-23, 2-08); however, this association
became non-significant in the high total cholesterol group
(Model 1: OR=1-29; 95% CI 0-69, 2-44, Model 2:
OR=0-97; 95% CI 0-52, 1-81). No changes in the associa-
tion between vitamin D deficiency and depressive symp-
toms were observed when participants were divided
according to HDL-C or TAG level.

Association between cholesterol profiles and
depressive symptoms

We evaluated the association between cholesterol profiles
and the presence of depressive symptoms using a multiple
logistic regression analysis. The odds ratios and 95%
confidence intervals are presented in Table 3. No sig-
nificant associations between cholesterol profiles and
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depressive symptoms were observed even after adjusting
for confounding factors.

Correlation between serum 25-bydroxyvitamin D
and total cholesterol level

We evaluated the association between serum 25(OH)D
and total cholesterol level using a multiple linear regres-
sion analysis. We also analysed the change of correlation
between serum 25(OH)D and total cholesterol level
according to total cholesterol status. The regression coef-
ficients () between serum 25(OH)D and total cholesterol
are presented in Table 4. In the unadjusted model, sig-
nificant positive correlations were observed between
serum 25(OH)D and total cholesterol for all participants
(f=0-481, P<0-001) and in the normal-to-borderline total
cholesterol group (f=0-413, P<0-001). However, these
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Table 4 Correlation between serum 25-hydroxyvitamin D (25(0OH)D)
and serum total cholesterol (TC) level according to total cholesterol
status among adults (n 7198) aged 20-88 years, Fifth Korean
National Health and Nutrition Examination Survey (KNHANES YV,
2010-2012)

Model 1* Model 2t
Category B P value B P valuef
All participants (n 7198) 0481 <0-001 0-034 0714
TC <240 mg/dl group 0413 <0-001 0-080 0-288
(n 6673)
TC > 240 mg/dl group —0-408 0-058 -0-480 0-038
(n 525)

B, regression coefficient.

*Unadjusted.

tTAdjusted for age, sex, BMI, alcohol consumption, smoking status, regular
exercise, income level, education level and changes in body weight.

1A multiple linear regression model was used.

correlations became non-significant after adjusting for age,
sex, BMI, alcohol consumption, smoking status, regular
exercise, income, education and changes in body weight
($=0-034, P=0-714 v. f=0-080, P=0-288). Alternatively,
there was a significant negative correlation between serum
25(OH)D and total cholesterol level in the high total
cholesterol group that was preserved even after adjust-
ment for the abovementioned factors (f=-0-480,
P=0-038).

Discussion

In the current population-based cross-sectional study,
we confirmed the presence of an association between
vitamin D deficiency and depressive symptoms in a
population of South Korean adults after controlling for
confounding variables. Vitamin D-deficient persons with
normal-to-borderline serum total cholesterol had an
approximately 1-6-fold increased risk of depressive
symptoms. Furthermore, we demonstrated that this asso-
ciation was absent in a sub-population of individuals with
high serum total cholesterol. These data suggest that
individuals with high serum total cholesterol may be less
susceptible to the effects of vitamin D deficiency on mood
status and particularly depression. Previous studies that
have investigated serum 25(OH)D or total cholesterol in
the context of depression have focused on only one factor
and yielded inconsistent results'*'"4* These previous
limited by sample
confounding socio-economic and demographic factors.
The population-based nature of our study and our
consideration of a variety of confounding factors related
to serum 25(OH)D, cholesterol status and depression
therefore bolster the strength of our findings.

The underlying pathophysiology of depression remains
unclear; however, several potential mechanisms have
been put forth. Vitamin D receptors are abundant in

studies were small sizes and
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many brain areas including the cingulate cortex and
hippocampus. Vitamin D plays a role in neuroimmuno-
modulation, the regulation of neurotrophic factors, neuro-
protection, neuroplasticity and brain development*'?,
To this end, vitamin D has been hypothesized to play a
direct role in the aetiology of depression.

Many studies have examined the relationship between
serum cholesterol and depression. In some studies, indi-
viduals with depressive symptoms were noted to have
lower serum total cholesterol™*'>. One study suggested
that lower total cholesterol might produce depression by
altering the micro-viscosity of plasma membranes as a
mechanism to decrease central serotonin transmission‘*>’.
Alternatively, other studies have suggested that depression
decreases serum total cholesterol by suppressing appetite
and inhibiting cholesterol synthesis"'®!”. Dysregulation of
the hypothalamic—pituitary—adrenal axis observed in
depression can also alter cholesterol metabolism“®. In the
present study we failed to observe any relationship
between serum total cholesterol and the presence of
depressive symptoms.

It is known that both vitamin D and total cholesterol are
factors relevant to depression; however, the correlation
between these factors has been reported inconsistently in
previous studies. While some studies reported a negative
correlation®*7*®  others indicated a positive correlation
between vitamin D and total cholesterol"~*%. Vitamin D
can influence serum cholesterol levels via a direct effect
on adipogenesis*>>” . Indirectly, vitamin D can increase
intestinal calcium absorption and thus fat absorption®!>? |
which has reciprocal effects on serum parathyroid hor-
mone and lipolysis®®. Baseline total cholesterol level has
also been identified as a determinant of 25(OH)D synth-
esis after UV-B exposure”®. In our study, vitamin D and
total cholesterol were negatively correlated only in indi-
viduals with high total cholesterol status. The reason for
this observation is unclear; however, it may partly explain
the inconsistent results of previous studies investigating
the relationship between vitamin D and serum total
cholesterol.

Although we did not observe a significant association
between total cholesterol and depression symptoms in the
present study, a recent meta-analysis confirmed the
inverse association of total cholesterol with depression in a
total of thirty previous studies’®. Thus, we can suppose
that both vitamin D and total cholesterol are independent
factors related to depression in individuals with normal-to-
borderline total cholesterol. However, our data suggest
that in individuals with high total cholesterol as classified
by the NCEP ATP III guideline, vitamin D and total cho-
lesterol influence one another in a manner that alters their
correlations with depression.

There were several limitations in the present study. First,
the cross-sectional design of the study prohibited us from
making conclusions regarding the causality of relation-
ships among vitamin D deficiency, total cholesterol and
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depressive symptoms. The directionality of associations
between these factors also remains unclear. A second
limitation is related to the definition of depressive symp-
toms in our study. Individuals were included in the
depressive group if they answered ‘yes’ to a questionnaire
regarding the experience of depressive symptoms for a
period of at least 2 weeks in the previous year. While
previous studies have shown the validity of single-
question screening for depression®*°>, there still exists
some controversy concerning this method®®. Future stu-
dies should validate our findings through the use of well-
accepted scoring systems for the diagnosis of depression.
Third, other potential confounding factors affecting
depressive symptoms, vitamin D and total cholesterol may
have been overlooked in our study. Future analyses
should consider information about dietary intake (energy
and saturated fat intakes) and menopause status.

To the best of our knowledge, the present study is the
first to examine the association of vitamin D deficiency
and depressive symptoms according to serum total cho-
lesterol status. As aforementioned, it is likely that the
presence of vitamin D receptors in the brain contributes to
the pathophysiology of depression and that total choles-
terol can influence these processes. However, it was
beyond the scope of our study to identify the definite
mechanisms explaining our result. Nevertheless, our
results have important implications for the use of vitamin
D supplementation in vitamin D-deficient individuals with
depression. In conclusion, our data indicate that high
serum total cholesterol weakens the association between
vitamin D deficiency and depressive symptoms in adults.
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