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Abstract:

The aim was to evaluate vitamin D levels in young healthy Lithuanian males in winter and to find possible associations of vitamin D
concentration to body composition, cognitive functioning, emotional state.

Subjects and Methods. A total of 130 healthy males (age range, 18-26 years) were divided into the subgroups according to vitamin
D concentration. The Profile of Mood States (POMS) questionnaire and Hospital Anxiety and Depression Scale were employed in the
assessment of emotional state. Cognitive functioning was assessed by the Trail Making Test and the Digit Symbol Test of the Wechsler
Adult Intelligence Scale.

Results. The mean concentration of vitamin D for the entire sample was 13.0+5.3 ng/ml. Only 2 persons (1.6%) had the recom-
mended vitamin D level. Nearly half (45.4%) of study participants had vitamin D deficiency. Lower concentrations were associated
with a significantly higher score on the POMS confusion-bewilderment scale. A tendency toward a lower mean depression-dejection
score in the participants with a sufficient vitamin D level was observed. Vitamin D concentration correlated positively with body mass
index (BMI) and inversely with the confusion-bewilderment score.

In conclusion, almost half of the young healthy males participating in the study were detected to have vitamin D deficiency in winter.
Low vitamin D concentrations are associated with a worse emotional state.
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1. Introduction

The term “vitamin D" refers to either vitamin D,
(ergocalciferol) or D, (cholecalciferol). The level of
25-hydroxyvitamin D (25-[OH]D), a metabolite of vitamin
D, shows the actual vitamin D concentration and usually
is measured in blood. The major sources of vitamin D
are food (such as milk, some cereals, and fatty fish such
as salmon, sardines) and the action of UV radiation from
the sun in the skin [1].

Hypovitaminosis D is a predisposing condition
for various chronic diseases. In addition to skeletal

disorders, vitamin D deficiency increases the risk of
cancer, particularly of the colon, breast, and prostate
gland, chronic inflammatory and autoimmune diseases
(type 1 diabetes mellitus, inflammatory bowel disease,
and multiple sclerosis) as well as metabolic disorders
(metabolic syndrome and hypertension) [2].

The findings of population studies confirmed a
significant inverse correlation between vitamin D levels
and body mass index (BMI), waist circumference, fasting
plasma glucose, and insulin levels [3]. In extremely
obese patients, vitamin D levels decrease with the
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increasing BMI and fat mass, and they are not affected
by the degree of obesity [4].

Functions of vitamin D extend well beyond its role
in the somatic health state. Convincing evidence links
vitamin D deficiency to adverse cognitive and behavioral
effects [1]. It is associated with low mood, depression,
and cognitive performance, especially in elderly
adults [5,6,7]. Vitamin D insufficiency affects physical,
social, and mental functions and impairs quality of life
of osteoporotic patients [8]. However, the study by
McGrath et al. did not confirm any association of lower
vitamin D levels with impaired psychometric or cognitive
performance in adolescent, adult, or elderly groups [9].

Results of population-based studies confirm an
association of depression status and severity with
decreased vitamin D levels and increased parathyroid
hormone levels in elderly adults [10], and vitamin D
supplementation significantly reduced anxiety and
depression, especially during the winter months [11].
Patients with vitamin D deficiency have higher anxiety
and depression levels than patients with normal vitamin
D concentrations [12].

Therefore, there is a large amount of data on the
importance of vitamin D in physical and psychological
health and well-being that is controversial.

Vitamin D levels are influenced by several modifiable
and nonmodifiable factors such as diet, latitude, season,
time outdoors, skin pigmentation, clothing, and tanning
habits [13,14]. The question is how much solar UV
exposure is adequate to maintain the balance between
its benefit and the risk of cancer [15]. In the study by
Hintzpeter et al., multiple linear regression analysis
showed that independent determinants of serum vitamin
D levels included season, vitamin D intake from diet or
supplements, and physical activity; in addition, age and
BMI contributed to multiple linear regression models
[16]. Even air pollution may be a neglected risk factor
for hypovitaminosis D [17].

Although there is no consensus on optimal
vitamin D levels, a level of greater than 30 ng/ml is
recommended as optimal by some experts (to convert
to nanomoles per liter, multiply by 2.496) [18,19]. Most
experts agree that minimum levels should be at least 20
ng/ml. Vitamin D deficiency is defined as less than 11-12
ng/ml and vitamin D insufficiency as a serum vitamin D
level between 11-12 ng/ml and 20 ng/ml [20].

The results of studies show that vitamin D deficiency
or insufficiency is very common and widespread,
regardless of geographical location. In a study of
German adults, regardless of season, 15.6% of men
and 17.0% of women had severe-to-moderate vitamin
D deficiency [16]. In the southeastern United States,

hypovitaminosis D prevalence is 45% among African-
Americans and 11% among whites [21].

Vitamin D deficiency exists despite abundant sun
exposure. In the Kashmir valley of India, 83% of healthy
natives have vitamin D deficiency [22]. The study
by Perez-Llamasinvestigating elderly people of the
Mediterranean area showed that vitamin D deficiency
was more common in women (40.3%) than in men
(20.7%) and serum vitamin D concentration varied
considerably with the season in which the samples were
taken [23].

As Lithuania is a northern country, where sun
exposure is relatively low and recommendations of
vitamin D dietary intake are not met, we hypothesized
that vitamin D levels in young healthy Lithuanian
residents, especially in winter, are too low and would
therefore be related to a worse emotional state and
decreased cognitive functions. The focus of the study
was on detection of vitamin D levels in winter, which is
almost half a year long in the northern latitudes, because
it is important to know the lowest possible levels in
healthy young people under conditions not favorable for
its production.

The aim of the study was to evaluate vitamin D levels
in healthy young Lithuanian males (military conscripts
and medical students) in winter and to find possible
associations between vitamin D concentration and body
composition, cognitive functioning, and emotional state.

2. Methods and materials

2.1. Participants and protocol

A total of 130 healthy young males (age range, 18-26
years) were recruited for a pilot study. The participants
were 71 military conscripts and 59 medical students
who were included randomly.

Written informed consent was obtained from all
the participants, and the study was approved by the
Bioethics Committee of Medical Academy, Lithuanian
University of Health Sciences.

Fasting overnight blood samples were obtained in
winter (January and the beginning of February). All the
samples were taken between 8 am and noon. Serum
was separated and stored at —20°C until analysis. The
25(OH)D level was measured by an immunoenzyme
assay (Cobas, Roche).

The participants were divided into three groups
according to vitamin D concentration: 1) vitamin D
deficient (<12 ng/ml); 2) vitamin D insufficient (12-20 ng/
ml); and 3) vitamin D sufficient (>20 ng/ml).
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Height, weight, and body composition were
estimated using a Jawon Medical body composition
analyzer by bioimpedance.

2.2.Psychological Assessment

The Profile of Mood States (POMS) questionnaire
[24] and Hospital Anxiety and Depression Scale [25]
were employed in the assessment of emotional state.
The POMS questionnaire is a sensitive measure of
mood. It measures the POMS global score and several
subscales: tension-anxiety, depression-dejection,
anger-hostility,  vigor-activity, fatigue-inertia, and
confusion-bewilderment. A higher score represents a
higher level of certain mood aspect.

Assessment of cognitive functioning was performed
with the Trail Making Test [26] and Digit Symbol Test
(DST) of the Wechsler Adult Intelligence Scale [27].
The Trail Making Test is a timed test, which requires the
subject to connect an alternating sequence of numbers
(Trail making A) or numbers and letters (Trail making
B) in ascending order. The score on the test, which is
based on the time required to complete the sequence,
is a measure of executive function, attention, and visual
scanning abilities. The DST requires the subject to
repeat sequences of numbers in a given order to show
attention ability and psychomotor speed.

2.3. Statistical Analyses

Descriptive values were given as mean * standard
deviation. The differences between the groups were
compared using the Mann-Whitney and Kruskal-Wallis
tests. Univariate associations between vitamin D
concentration and anthropometric, body composition,
and psychological data were determined by Pearson
correlation coefficients. We determined that a sample
size of 130 would have sufficient power (3 = 0.76, o =
0.05) to detect a partial correlation coefficient of greater
or equal to 0.22. P values of <0.05 were considered to
indicate statistical significance. All statistical tests were
two-sided with an alpha of <0.05 and all analyses were
performed using STATISTICA software.

3. Results

Characteristics of the study participants are summarized
in Table 1. All the participants were mobile, had no
chronic diseases, and were white by race.

The mean concentration of vitamin D for the entire
sample was 13.0+5.3 ng/ml; in the group of military
conscripts it was 13.5+4.8 ng/ml (range, 5.2-30.9 ng/
ml), and in the group of medical students 12.4+5.8 ng/
ml (range, 4.0-30.0 ng/ml). Only 2 persons (1.6%) in the

Table 1 Main characteristics of the study participants

Military Medical P (Mann-
Characteristic conscripts students Whitney test)
(=71 (n=59) Y
Age, years 209+1.6 21.2+15 NS
Height, cm 181.8+=7.1 182.1+7.5 NS
Weight, kg 76.5+16.5 78.7+10.5 NS
Body mass index, 23.0+3.8 237427 NS
kg/m:
Vitarmin D 13548  12.4+58 NS
concentration, ng/ml
POMS global score 21.9+258 27.2+26.1 NS
Stressful life events |45 ., g 5 8.2+4.7 001
during last year, n

Values are given as mean =+ standard deviation.
POMS, Profile of Mood States; NS, not significant.

study cohort had the recommended level of vitamin D
(>30 ng/ml). Figure 1 shows the distribution of vitamin
D concentration for all the participants, and Table 2
displays the distribution of military conscripts, medical
students, and all participants by vitamin D status.

Only 10.6% (n=14) of all the participants had
sufficient vitamin D concentration, and vitamin D
deficiency was documented in 45.4% (n=59) of the
study population.

After the participants were classified into subgroups
by vitamin D concentration, differences in body
composition and psychological state were established.

Comparison of the characteristics of body
composition among the subgroups by different vitamin
D levels is shown in Table 3. Only BMI was significantly
higher in the participants with the highest vitamin D

Figure 1 Distribution of vitamin D concentration in all the participants
of the study
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Table 2 Distribution of military conscripts, medical students, and all
participants by vitamin D status

Vitamin D Number Percentage of
Group L C
status of participants participants
Deficiency 30 423
Military
conscripts Insufficiency 35 49.3
(n=71) .
Sufficient
) 6 8.4
concentration
Deficiency 29 49.1
Medical
students Insufficiency 22 37.3
(n=99) Suffici
u |C|en.t 8 136
concentration
Deficiency 59 45.4
All participants -
(n=130) Insufficiency 57 44.0
Suff|0|enlt 14 106
concentration

levels. Table 4 shows differences in psychological state
(cognitive functioning and emotional state) when the
groups with different vitamin D status are compared.
The participants with sufficient vitamin D levels scored
more favorably on the confusion-bewilderment scale
of the POMS than those with vitamin D deficiency or
insufficiency; a trend toward a significant difference
was observed for the depression-dejection score, being
lower in the subgroup with sufficient vitamin D levels.
Comparison of the characteristics of body
composition and psychological state among different
subgroups by vitamin D level in military conscripts
and medical students separately revealed similar

Table 3 Body composition in different subgroups by vitamin D
concentration in all participants

Vitamin D Vitamin D Sufficient
Parameter deficiency insufficiency vitamin D P (Kruskal-
(<12ng/ml)  (12-20 ng/ml) ~ (>20 ng/ml) Wallis test)
n=>59 n=>57 n=14
Body mass
index, 22.8+3.3 23.4+3.2 25.6+3.7 .045
kg/m?
Fat body 17.6+6.4 17.5+5.6 19.5+4.2 NS
mass, kg
Leanbody 1 &5 4. g6 63.9+8.4  66.9+14.1 NS
mass, kg
Waterbody |, 7.63  458+60 481101 NS
mass, kg

Values are given as mean = standard deviation. NS, not significant.

Table 4 Cognitive functioning and emotional state in different
subgroups by vitamin D concentration in all participants

Vitamin D Vitamin D Sufficient
deficiency  insufficiency vitamin D P (Kruskal-
(<12ng/ml) (12-20 ng/ml)  (>20 ng/ml) Wallis test)
n=59 n=57 n=14
Cognitive
functioning:
Trail making A* | 27.2+8.7 28.6+9.3 27.3+6.7 NS
Trail making B* | 61.1+19.3 60.6+19.9 65.4+£27.7 NS

DST forwards** 72+20 6.7+2.1 7.1+2.3 NS

DST backwards**| 5.8+1.4 55+1.7 58+1.8 NS
rawl:s)csc;rre** 12.9+3.0 12.3+3.1 12.9+3.8 NS

Emotional state:

HAD depression*| 3.8+2.3 4.0+2.7 25+1.8 NS
HAD anxiety* 59+31 6.2+3.1 43+2.6 NS
gloga?';ﬂcire# 252+24.2 255=+27.4 8.9+21.7 NS
Pogfxfeeg/i'on' 71446 7.045.2 43+36 NS

POMS
depression- 10.8+8.1 10.9+7.9 57+55 .052
dejection”
P%“ggtiﬁg/%er' 114274  11.0+6.4 9.9+7.1 NS
vigoiggﬂaty## 16.5+5.3 16.4+5.2 17.8+1.6 NS
fatigigi\girtia” 8.5+4.8 9.1+5.0 59+4.2 NS
ngﬂwsnggr’;;ﬁ%”' 39+32 3974 09+35 032

Values are given as mean =+ standard deviation.

DST, Digital Symbol Test; HAD, Hospital and Anxiety; POMS, Profile of
Mood States; NS, not significant.

*The higher score denotes worse functioning.

**The higher score denotes better functioning.

#The higher score denotes worse emotional state.

##The higher score denotes better emotional state.

patterns of difference. No significant differences in
the characteristics of body composition among the
subgroups of medical students with different vitamin D
levels were found (Table 5). The evaluation of cognitive
function and emotional state in medical students
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Table 5 Body composition in different subgroups of medical students Table 6 Cognitive functioning and emotional state in different subgroups

by vitamin D concentration

Vitamin D Vitamin D Sufficient
Parameter deficiency insufficiency vitamin D P (Kruskal-
(<12ng/ml)  (12-20 ng/ml)  (>20 ng/ml) Wallis test)
n=29 n=22 n=8
[Bodymass | 533,59 241227 24.3+1.9 NS
index, kg/m?
Fatbody | 5h6.50 20241 197448 NS
mass, kg
Leanbody | 455,66 628464  61.6+10.0 NS
mass, kg
Water body
mass, kg 44.8+4.7 45.3+4.6 44.3+71 NS

Values are given as mean =+ standard deviation.

revealed a significant difference only in the mean score
on the POMS confusion-bewilderment scale, indicating
better emotional state in the subgroup with sufficient
vitamin D level (Table 6). In military conscripts, analysis
of the same features revealed a tendency toward a
higher BMI and lower mean depression-dejection score
for the subgroup with sufficient vitamin D level (Tables
7 and 8). Only the POMS confusion-bewilderment score
showed a significant difference when the subgroups of
military conscripts with different vitamin D levels were
compared (Table 8).

Pearson correlation analysis demonstrated some
significant correlations between vitamin D concentration
and characteristics of body composition or psychological
state (Table 9). Vitamin D concentration correlated
positively with BMI in the entire sample of the study
and in the group of military conscripts, and it correlated
inversely with confusion-bewilderment, depression-
dejection and anger-hostility scores in the group of
medical students.

4. Discussion

The present study shows that the majority (89.4%) of
the young healthy Lithuanian males participating in
the study had vitamin D deficiency or insufficiency in
winter. Only every tenth subject had sufficient vitamin
D concentration. This confirms the findings of a number
of studies carried out in other countries, especially
in northern countries, during winter [16,28,29]; the
exception is Norway and other Scandinavian countries,
where a regular usage of cod-liver supplements and fish
products in the diet is usual [30].

of medical students by vitamin D concentration

Vitamin D Vitamin D Sufficient
deficiency  insufficiency  vitamin D P (Kruskal-
(<12 ng/ml) (12-20 ng/ml)  (>20 ng/ml) Wallis test)
n=29 n=22 n=8
Cognitive
functioning:
Trail making A* | 27.7+9.0 26.1+7.3 27.5+6.1 NS
Trail making B* | 53.1+17.2 51.1+11.9 60.0+15.8 NS

DST forwards** 7.4+21 6.9+1.7 7.8+2.7 NS

DST backwards**| 6.4+1.4 6.4+1.7 6.7+x2.1 NS

DST raw score**| 13.8+3.1 13.3+2.8 14.5+4.2 NS

Emotional state:

HAD depression”| 2.9+1.9 35+27 2.3+19 NS
HAD anxiety” 52+2.1 5.8+3.1 5.0+3.1 NS
glogg’:\;ﬁcsore” 29.4221 27.7+£301 45+12.6 NS

t ,POMS, 4 7.6+41 71+53 55+25 NS
ension-anxiety

POMS
depression- 11.7+71 11.7+8.4 42+3.6 NS
dejection”
angeiahcglsstility# 13.9+7.6 12.6+7.1 8.2+3.1 NS
vigoi(a)ggsity“ 18.6+4.7 18.4+5.8 19.2+0.5 NS
fatigzg-’i\:llir’[ia# 10.1+4.5 10.6+4.6 6.2+3.3 NS
ngwsilggfr;ﬁ&”' 4.7+3.1 41249 05+1.7 011

Values are given as mean =+ standard deviation.

DST, Digital Symbol Test; HAD, Hospital and Anxiety; POMS, Profile of Mood
States; NS, not significant.

*The higher score denotes worse functioning.

**The higher score denotes better functioning.

#The higher score denotes worse emotional state.

##The higher score denotes better emotional state.

Our study showed a significant positive correlation
between vitamin D concentration and BMI, contrary to
the results of other studies where inverse correlations
between vitamin D level and BMI [3] or fat mass [31] were
detected. Kull et al. reported that BMI correlated with
vitamin D status only in summer, and this association
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Table 7 Body composition in different subgroups of military conscripts
by vitamin D concentration

Table 8 Cognitive functioning and emotional state in different
subgroups of military conscripts by vitamin D concentration

Vitamin D Vitamin D Sufficient Vitamin D Vitamin D Sufficient
Parameter deficiency insufficiency (12- vitamin D P (Kruskal- deficiency  insufficiency  vitamin D P (Kruskal-
(<12 ng/ml) 20 ng/ml) (>20 ng/ml) Wallis test) (<12ng/ml) (12-20 ng/ml)  (>20 ng/ml) Wallis test)
n=30 n=35 n=6 n=30 n=35 n=6
Cognitive
ir?g:z Tga/srsz 223437 229435  27.0+47 055 functioning:
Trail making A* | 26.7+8.4  30.3=10.1 27.0+7.9 NS
Fatbody | 4,663 157457  19.3+38 NS
mass, kg
Trail making B* | 68.8+18.2 66.7+17.1 72.0+38.8 NS
Lean body
mass, kg | 626=103 64.6+9.5 72.2+16.4 NS DST forwards™ | 6.9+1.9 67423 6.3+1.9 NS
DST
52+13 49+15 50+1.3 NS
Waterbody |4, 7,76 462268  52.0+11.8 NS backwards™*
mass, kg
DST raw score** | 12.1+2.8 11.6+3.2 11.3£2.9 NS
Values are given as mean + standard deviation.
e e . o s o ional state.
lost its significance in winter when adjusting for sun-
exposure habits. This suggests that most probably it is
P . gg_ . p, y HAD depression” | 4.6+2.4 4.4+26 27+19 NS
not the weight per se that influences vitamin D status,
but its effect on sun exposure [29]. The study by Liel et )
o . HAD anxiety” 6.5+3.7 6.6+3.1 37+19 NS
al. also reported that greater adiposity was associated
with lower levels of vitamin D [32]. The most likely POMS
. . s I L | 213257  241+259  12.4+280 NS
explanations are that fat tissue may limit bioavailability global score
of vitamin D by reducing its entry into the circulation POMS 67451 B, 4sad NS
[32,33] and individuals with a higher BMI receive less  tension-anxiety” S R T
sun exposure because they spend less time outside and POMS
. depression- 10.0+£9.0 10.4=7.7 6.8+6.9 .052
expose less skin when they are outdoors [34] or that dejection”
vitamin D is sequestered in fat tissue, thus reducing its
POMS 9.0+6.4 9.9+58 11.2+9.5 NS
entry into the circulation [32,33]. However, these data  angerhostility” o o o
are from the studies that included obese subjects with
: : POMS 14.5+5.1 15.2+4.5 16.6+1.1 NS
higher than normal BMI. In our study, subjects had a vigor-activity** R e R
2
rllormal BMI (a\{erage BMI,.2.3.013.8 kg/m ). The most /o fatigue- | oo, 6 1as ot s
likely explanation of positive correlations between inertia* o B R
vitamin D concentration and BMI may be that the higher POMS
BMI means the greater skin surface that could receive ~ onusion- | 31=83 38237 20243 032

sun exposure.

The main finding of our study is that the emotional
state is worse in young healthy persons with lower
vitamin D concentrations (tendency to depression-
dejection and higher confusion-bewilderment score).
This is similar to the results of other studies reporting
that low vitamin D level is significantly associated with a
higher depression score [35,36].

Contrary to the findings of other studies, no
significant associations were found between vitamin
D concentration and cognitive functions [1,36,37].
However, these studies enrolled mostly older adults,
and the participants of our study were young healthy
persons. The study conducted by McGrath et al. found

Values are given as mean + standard deviation.

DST, Digital Symbol Test, HAD, Hospital and Anxiety, POMS, Profile of
Mood States; NS, not significant.

*The higher score denotes worse functioning.

**The higher score denotes better functioning.

#The higher score denotes worse emotional state.

*#The higher score denotes better emotional state.

no association between lower vitamin D levels and
cognitive function [9].

It is well known that vitamin D activates receptors
on neurons in regions implicated in the regulation of
behavior, stimulates neurotrophin release, and protects
the brain by buffering antioxidant and antiinflammatory
defenses against vascularinjury and improving metabolic
and cardiovascular function [36]. Vitamin D exhibits
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Table 9 significant correlations between vitamin D concentration and
parameters of body composition or psychological state

. r P (Pearson
Group Correlations between (Pearson test) test)
All Vitamin D Body mass
participants |concentration index 221 012
M|I|tary Vitamin D BOQy mass 053 013
conscripts  [concentration index
- POMS
Vitamin D o tision- -324 017
concentration )
bewilderment
Medical Vitamin D POM.S
. depression- -317 .021
students  [concentration o
dejection
Vitamin D POMS - 975 046
concentration anger-hostility

functional attributes that may prove neuroprotective
through antioxidative mechanisms, neuronal calcium
regulation, immunomodulation, enhanced nerve
conduction, and detoxification mechanisms. Compelling
evidence supports a beneficial role for the active form
of vitamin D in the developing brain as well as in adult
brain function [37]. Data of studies on mice confirm that
mutation of vitamin D receptors leads to the altering of
emotional/anxiety states, but it does not play a major
role in depression or in the regulation of some sensory
and cognitive processes [38].

It is not clear whether possible alterations in the
vitamin D endocrine system may be due to genetic/
biologic or lifestyle factors or a combination of these [39].

The main limitation of our study was a relatively
small sample size. However, our study can be
considered as a pilot study. Other shortcomings should
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