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Abstract

The current study was aiming to report the prevalence of suboptimal vitamin D status among schoolchildren in Greece and investigate the role of
sex, urbanisation and seasonality on vitamin D status. A sample of 2386 schoolchildren (9-13 years old) from four distinct prefectures was
examined. The prevalence of 25-hydroxyvitamin D (25(OH)D) concentration <30 and <50nmol/l (vitamin D deficiency and insufficiency
respectively) was 5-2 and 52-5 %, respectively. Girls had a higher prevalence of 25(OH)D < 30 (7-2 v. 3:2%) and 50 nmol/1 (57-0 v. 48-0 %) than
boys (P < 0-001). The highest prevalence rates of 25(OH)D <30 and 50 nmol/1 (9-1 and 73-1 %, respectively) were observed during spring (April
to June), whereas the lowest (1-5 and 31-9 %, respectively) during autumn (October to December). The prevalence of 25(OH)D <50 nmol/] was
higher in urban/semi-urban than rural regions, particularly during spring months (74-6 v. 47-2%; P<0-001). Female sex, urban/semi-urban
region of residence and spring months were found to increase the likelihood of vitamin D deficiency and insufficiency, with the highest OR
observed for spring months (7-47; 95 % CI 3-23, 17-3 and 5-14; 95 % CI 3-84, 6-89 for 25(OH)D <30 and 50 nmol/l respectively). In conclusion,
despite the southerly latitude, the prevalence of low vitamin D status among primary schoolchildren in Greece is comparable to or exceeds the
prevalence reported among children and adolescents on a European level. Sub-populations at highest risk are girls in urban/semi-urban areas
during spring months, thus indicating the need for effective initiatives to support adequate vitamin D status in these population groups.
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Over several recent decades, vitamin D has been identified as
one of the key nutrients that contributes to the development
and maintenance of optimum bone mass. Vitamin D primarily
enhances intestinal Ca and phosphate absorption and promotes
bone mineralisation, thus supporting optimal skeletal growth
and development from the very early life stages™™®. Over the
last 15 years, the attention on vitamin D and health has
B9 mainly due to the discovery of
vitamin D receptors in most body tissues and cells, which
generated new hypotheses on the potential impact of vitamin D
on several health outcomes beyond its known metabolic
actions on bone and mineral metabolism®.

Wide variations in the prevalence of poor vitamin D status
have been reported across countries throughout the world,

increased considerably

which appear to be dependent on latitude, seasonality, the char-
acteristics of the populations under study, the vitamin D food
fortification policy in each country, as well as the thresholds of
serum 25-hydroxyvitamin D (25(OH)D) concentrations used to
define deficiency or insufﬁcienqz((*g) . Although the serum
thresholds as proposed by the Institute of Medicine IOM) (i.e. 25
(OH)D <30 and 50 nmol/D have been most commonly used to
represent deficiency and insufficiency, respectively, a higher
threshold of 75 nmol/l has also been proposed by the Endocrine
Society!”. Based on these thresholds, the prevalence of low
vitamin D status among European populations is characterised by
a high degree of variability across studies and countries . In this
context, the ‘Healthy Lifestyle in Europe by Nutrition in Adoles-
cence’ study reported a range in the prevalence of vitamin D

Abbreviations: 25(OH)D, 25-hydroxyvitamin D; HGS, Healthy Growth Study; LC, liquid chromatography; VDSP, Vitamin D Standardization Program.
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insufficiency from 257 to 629% among adolescents from
nine European countries™?.

Despite the fact that the major natural source of vitamin D in
humans is its endogenous synthesis via exposure of the skin to
solar UVB radiation, according to country-specific regional data
there is a higher prevalence of low vitamin D status recorded
among children and adolescents from southern Europe
compared with their counterparts from central and northern
Europe. For example, recent data suggested that children and
adolescents living in Italy and Turkey™>'® had a similar or
higher prevalence of vitamin D insufficiency (at 57-4 and 93 %,
respectively) compared with children and adolescents from
Northern Ireland, the Netherlands and Great Britain (46, 51-3
and 53%, respectively) during winter and/or spring
months*>™'”. These findings warrant further investigation,
especially for populations with very limited data. Further to
variations within the wider European region, the prevalence of
low vitamin D status may also vary considerably even within
the same country and season, as highlighted by the findings of
two different studies conducted among Turkish children and
adolescents that reported a prevalence of serum 25(OH)D
concentrations <50 nmol/1 of 8 and 987 %, respectively, during
winter**!?, However, it should be noted that serum 25(OH)D
levels in these two studies were measured with two different
assays (i.e.
respectively). Considering the well-recognised method-related
differences in the measurement values for circulating
25(0OH)D@*?Y| this wide variation could be at least partly due
to a lack of a standardisation between the methods applied to
determine serum 25(OH)D levels in these two studies.

In light of this, the aim of the current study was to report the
prevalence of vitamin D deficiency and insufficiency in a
representative sample of 2386 children living in four prefectures

chemiluminescence immunoassay and HPLC

covering the northern, southern, eastern and central parts of
Greece and to further examine the role of sex, degree of
urbanisation and seasonality on the vitamin D status of these
children. As the first 806 children in the Healthy Growth Study
(HGS) were analysed for serum 25(OH)D in 2013 and the
remaining 1580 samples were analysed in 2016, it was
important to standardise the serum 25(OH)D data as per the
Vitamin D Standardization Program (VDSP) protocols(ZZ) before
combining the two data sets.

Methods
Study design and population

The HGS was a large-scale cross-sectional epidemiological
study initiated in May 2007 and completed in June 2009.
Approval to conduct the study was granted by the Greek
Ministry of National Education and the Ethical Committee of
Harokopio University of Athens (Reference code: 16/19-12-
20006). The population under study comprised of schoolchildren
aged 9-13 years attending the fifth and sixth grades from
primary schools located in municipalities within the counties
of Attica, Aitoloakarnania, Thessaloniki and Iraklio. The study
population was representative of the 9-13-year-old
schoolchildren living in the four counties under study, which

are scattered throughout the Greek territory, covering the
northern (i.e. Thessaloniki), central (i.e. Attica), western
(i.e. Aitoloakarnania) and southern (i.e. Iraklio-Crete) parts of
Greece (indicating potential representativeness also at a
national level). The sampling of schools participating in the
HGS was random, multistage and stratified by parents’ educa-
tional level and total population of students attending schools
within municipalities of these counties®”. A detailed letter,
explaining the aims of the current study and a consent form for
conducting full measurements, was provided to all parents or
guardians having a child in these schools. Parents, who
responded positively, had to sign the consent form and provide
their contact details. Signed parental consent forms for full
measurements were collected for 2655 out of 4145 children
(response rate 64-1%).

Measurements

Socio-economic and demographic indices. Data on the socio-
economic and demographic background of the families having
at least one child participating in the study were collected from
the parents (most preferably from the mother) during scheduled
face-to-face interviews at the school-site. For those parents,
who were not able to attend the meetings (approximately 5 % of
the total sample), data were collected via telephone interviews.
All interviews were conducted by researchers that were rigor-
ously trained to minimise interviewer’s effect, with the use of a
standardised questionnaire. More specifically, the data collected
during the interviews included parental educational level (years
of education), origin and nationality.

Dietary intake. Dietary intake data were obtained by trained
dieticians and nutritionists, via morning interviews with children
at the school sites. Dietary intake data were obtained for
2 consecutive weekdays and 1 weekend day, using the 24-h
recall technique. To ensure quality, food models and portion
measures (such as cups and spoons) were used to specify
serving sizes, a trained dietitian checked the food records for
any mis-recorded or missing information, whereas a random
10% of all records was re-entered in the food database by a
different person than the one entering the original data. The
data were then compared with the original to ensure inter-
researcher reliability. Food intake data were analysed with
Nutritionist V diet analysis software (version 2.1, 1999; First
Databank), which was extensively amended and updated to
include traditional Greek foods and recipes, as described in
Food Composition Tables and Composition of Greek Cooked
Food and Dishes®**>. Furthermore, the databank was updated
with nutrition information of chemically analysed commercial
food items, most usually consumed by children in Greece.

Physical activity levels. To assess physical activity, study
participants were provided with and instructed to wear a waist-
mounted pedometer (Yamax SW-200 Digiwalker; Yamax
Corporation) for 1 week (i.e. from Monday to Sunday). The
pedometer was positioned in accordance with the manu-
facturer’s instructions on the right waistband, vertically aligned
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with the patella. The pedometer used in the present study
displayed the cumulative number of steps from the time it was
worn in the morning until the time it was removed, just before
bedtime. Participants were provided with a diary template and
instructed to record the total number of daily steps displayed by
the pedometer at bedtime and then zero the pedometer. Parti-
cipants were also instructed to take off the pedometers when
bathing or swimming and to record these activities in the diary.

Physical examination. All children underwent a physical
examination by an experienced female paediatrician that
assessed pubertal maturation (i.e. by using the Tanner stage)
after a visual inspection of breast development in girls and
genital development in boys(zm .

Anthropometric indices. Anthropometric measurements were
conducted by two trained members of the research team. The
protocol and equipment used were the same in all schools. Body
weight was measured to the nearest 10g using a Seca Alpha
(model 770) digital scale (Seca North America, Medical Measuring
Systems and Scales). Children were weighed without shoes in the
minimum clothing possible. Height was measured to the nearest
0-1 cm using a commercial stadiometer (Leicester Height Measure;
Invicta Plastics), with the pupil standing barefoot, keeping
shoulders in a relaxed position, arms hanging freely and head
aligned to Frankfort horizontal plane. Body weight and height
measurements were subsequently used to calculate BMI
according to Quetelet’s equation (body weight (kg)/height (m)?).

Biochemical indices. Blood samples were obtained from all
children during morning visits at schools, between 08.30 and
10.30 hours and following a 12-h overnight fast. Reminders
were distributed the previous day to both parents and children,
in order to ensure compliance with fasting. Professional staff
performed venepuncture for all children. Blood was collected
in plain test tubes for the preparation of serum, which was
divided into aliquots and stored at —80°C. Serum 25(OH)D and
intact parathyroid hormone (PTH) levels were measured in all
samples using chemiluminescence assay (Elecsys Roche Diag-
nostics) in a Cobas e411 Elecsys 2010 analyser (Hitachi-
Technologies Corp.). The serum 25(OH)D analysis was
conducted in two batches within the HGS (806 samples in 2013
(referred to as HGS D and 1580 in 2016 (referred to as HGS 1D).

Standardisation of 25-hydroxyvitamin D levels. The
VDSP“? protocol for standardisation of serum 25(OH)D values
from past surveys was applied to serum 25(OH)D data arising
from the two separate sets of chemiluminescence immunoassay
analysis (i.e. HGS I and ID. The VDSP protocol and its appli-
cation has been outlined in detail elsewhere®*?”* but in
brief, for each set of serum 25(OH)D data separately, a subset of
bio-banked serum samples were selected by a specific VDSP
statistical algorithm, retrieved from the freezers and sent to
University College Cork for re-analysis of 25(OH)D levels
by their Centre for Disease Control and Prevention-certified
liquid chromatography-tandem MS (LC-MS/MS) method,
which is traceable to the Reference Measurement Procedures.

The results were used to develop a master regression equation
for each wave, which allowed recalibration of the existing 25
(OH)D data set for the entire survey sample. The 806 serum
samples were standardised as part of the ‘Food based solutions
for Optimal vitamin D Nutrition and health through the life cycle’
(ODIN) project(zg), whereas the remaining 1580 serum samples
were standardised as part of the present work and once both
data sets (HGS I and II) were standardised they were combined.
The two master regression equations for the HGS serum
25(OH)D data are shown in the online Supplementary Table S1.

Categorisation of vitamin D status. Standardised serum
25(OH)D concentrations were used to categorise children
according to their vitamin D status, using the cut-off values
proposed by the US IOM Dietary Reference Intake committee’s
recent definitions: persons are at risk of deficiency at serum
25(OH)D concentrations <30 nmol/l, whereas serum 25(OH)D
concentrations >30 but <50 nmol/l is indicative of insufficiency,
as 50nmol/l is consistent with that needed by the 97-5% of
individuals aged >1 year to support bone health®. To promote
transparent reporting and international comparisons, we have
also reported the percentage of children with 25(OH)D con-
centration between 50 and 75nmol/l, as designated by the

Endocrine Society to denote insufficiency'®.

Statistical analysis

Categorical variables are expressed as percentages, whereas
continuous variables as means and standard deviations. The
1~ test was used to explore the association between categorical
variables, using the two-sample z test for proportions for post hoc
multiple comparisons. The Kolmogorov-Smirnov test was used
to determine normality of distribution of the examined con-
tinuous variables. All continuous variables examined in the
present study were found to be normally distributed and as such
the Student’s ¢ test was used for the comparison of mean values
between groups. Multivariate logistic regression analysis was
also performed in order to assess the associations of sex,
surbanisation degree (i.e. urban, semi-urban or rural) and sea-
sonality with vitamin D deficiency and insufficiency respectively.
OR and 95% CI were also derived from these analyses after
adjusting for several potential confounding factors. All statistical
analyses were performed with the SPSS statistical analysis
software version 23.0. All P values reported were two-tailed and
the level of statistical significance was set at P<0-05.

Results

Table 1 summarises the descriptive characteristics of the study
population, in the total sample and by sex (49-8 % females). The
mean age of study participants was 11-2 (sp 0-7) years. Their
mean dietary vitamin D intake, physical activity levels and PTH
concentrations were 1-55pg/d, 13276 steps/d and 35-2 pg/ml,
respectively. In addition, 36-5 % of participants were measured
in autumn and 681% resided in large urban/metropolitan
areas, particularly Attica/Athens (57-2%), with both their par-
ents having <14 years of education (52-2 %). Almost all (98-1 %)
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Table 1. Descriptive characteristics of study participants
(Mean values and standard deviations; percentages and numbers)

Total sample (n 2353)

Boys (n 1179) Girls (n 1174)

Mean sD Mean SD Mean SD P>
Age (years) 11.2 07 112 07 11.2 07 0-750
Dietary vitamin D intake (ug/d) 1.55 1.28 1.64 1.38 1.46 1.-16 0-001
Physical activity level (steps/d) 13276 5262 14767 5691 11773 4299 <0-001
Serum PTH (pg/ml) 35.2 12.2 33.0 10-8 375 130 <0-001
% n % n % n
Seasonality 0-601
Autumn (October to December) 36:5 859 367 433 36-3 426
Winter (January to March) 349 821 34.0 401 358 420
Spring (April to June) 286 673 293 345 278 328
Region of residence 0-193
Central Greece (Attica) 572 1346 59.3 698 552 648
Southern Greece (Iraklio-Crete) 169 398 165 195 173 203
Western Greece (Aitoloakarnania) 135 318 13.0 153 141 165
Northern Greece (Thessaloniki) 124 291 11.3 133 135 158
Urbanisation degree 0-194
Large urban regions 681 1602 697 822 66-5 780
Semi-urban regions 153 360 141 166 164 194
Rural regions 166 391 16-2 191 17.0 200
Parental education level 0-725
Both parents <14 years 52.2 1228 518 611 52.7 617
One parent <14 years 237 558 234 276 239 282
Both parents >14 years 241 567 24.8 292 234 275
Race 0-662
Caucasian 98-1 2308 98-0 1155 98-2 1153
Non-Caucasian 1.9 45 2.0 24 1.8 21
Origin 0-119
Greek 83-9 1974 85-1 1003 82.7 971
Non-Greek 161 379 149 176 173 203
Body weight status 0-001
Under-/normal-weight 57-8 1360 551 650 60-6 710
Overweight 305 718 31.0 365 30-1 353
Obese 117 275 139 164 94 111
Pubertal maturation status (Tanner stage) <0-001
Stage 1 32.7 769 44.3 522 214 247
Stage 2 416 979 44.2 521 39-1 458
Stage 3 178 419 95 112 259 307
Stage 4 66 155 1.9 22 1141 133
Stage 5 1.3 31 0-1 1 2:6 30
Vitamin D status
Serum 25(0OH)D <30 nmol/l 52 122 32 38 72 84 <0-001
Serum 25(0OH)D <50 nmol/l 52-5 1235 48-0 566 57-0 669 <0-001
Serum 25(0OH)D <75 nmol/l 96-3 2266 951 1122 97-4 1144 0-003
25(OH)D, 25-hydroxyvitamin D; PTH, parathyroid hormone.
* P values indicate sex differences and were derived from Student’s t test in the case of continuous variables and Pearson’s x? test in the case of categorical variables.
were Caucasian and of Greek origin (83-9 %). The prevalence of (Aitoloakarnania) and northern  (Thessaloniki)  Greece

obesity was higher in boys compared with girls (P=0-001),
whereas more girls were categorised at higher pubertal
maturation stages (P<0-001) and had higher prevalence rates
of vitamin D deficiency and insufficiency compared with boys
(P<0-001 respectively).

Table 2 presents the differences in the mean standardised
serum 25(OH)D concentrations (derived by the use of the
LC-MS/MS method), among different sub-groups of the study
population. More specifically, mean serum 25(OH)D con-
centrations were found to be significantly higher in boys
compared with girls (P<0-001), during autumn months com-
pared with winter and spring months (P<0-001), in southern
(Iraklio-Crete) and central (Attica) compared with western

(P<0-001), in rural compared with large urban and semi-urban
areas (P<0-001), for children whose parents had >14 years of
education compared with those whose one or both their
parents had <14 years of education, for children of Greek
compared with those of non-Greek origin (P=0-011), for chil-
dren categorised at lower compared with higher pubertal
maturation stages (P<0-:001) and for children with lower
compared with higher PTH concentrations (P < 0-001).
Regarding seasonal differences, the highest prevalence rates
of 25(OH)D <30 and 50 nmol/l (9:1 and 73-1%, respectively)
were observed post-winter during spring months (from April to
June), whereas the lowest (1-5 and 31-9 %, respectively) were
post-summer during autumn (from October to December)
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Table 2. Serum 25-hydroxyvitamin D (25(OH)D) concentrations (nmol/l) in sub-groups of the study population (n 2353)*

(Mean values and standard deviations)

25(0H)D (nmol/l)

25(0H)D (nmol/l)

Sub-groups based on Mean Sb Sub-groups based on Mean SD
Sex Origin
Boys (n 1179) 52.0 13:2 Greek (n 1974) 50-4 12.9
Girls (n 1174) 482 128 Non-Greek (n 379) 486 14.0
P <0-001 P 0-011
Seasonality Body weight status
Autumn (October to December) (n 859) 5642 134 Under-/normal-weight (n 1360) 50.7° 135
Winter (January to March) (n 821) 48.3%° 117 Overweight (n 718) 499 12:6
Spring (April to June) (n 673) 44.3°° 111 Obese (n 275) 47.8° 125
P <0-001 P 0-004
Region of residence Pubertal maturation status (Tanner stage)
Central Greece (Attica) (n 1346) 50.12PC 13-6 Stage 1 (n 769) 53.42bC 13:2
Southern Greece (Iraklio-Crete) (n 398) 56.429¢ 119 Stage 2 (n 979) 49.82%¢ 12.9
Western Greece (Aitoloakarnania) (n 318) 45.2d 11.5 Stage 3 (n 419) 46.8°9 12.5
Northern Greece (Thessaloniki) (n 291) 47.0%¢ 10-7 Stage 4 (n 155 46-3%° 12:5
P <0-001 Stage 5 (n 31) 48-9 136
P <0-001
Urbanisation degree Dietary vitamin D intake (ug/d)
Large urban regions (n 1602) 49.5° 132 1st Tertile (<0-86) (n 786) 50-5 130
Semi-urban regions (n 360) 49.6° 132 2nd Tertile (0-86—1-76) (n 783) 494 13.0
Rural regions (n 391) 53.4°¢ 123 3rd Tertile (>1-76) (n 784) 50-5 134
P <0-001 P 0-221
Parental education level Physical activity levels (steps/d)
Both parents <14 years (n 1228) 49.0° 13.0 1st Tertile (<10707) (n 786) 50-3 136
One parent <14 years (n 558) 50.2° 124 2nd Tertile (10707-14633) (n 783) 50-1 132
Both parents >14 years (n 567) 52.5°¢ 132 3rd Tertile (>14 633) (n 784) 50-0 12:6
P <0-001 P 0-910
Race PTH concentrations (pg/ml)
Caucasian (n 2308) 50-2 129 1st Tertile (<28-9) (n 786) 53.12P 138
Non-Caucasian (n 45) 46-9 205 2nd Tertile (28-9-38-4) (n 783) 50.8%° 12.5
P 0-098 3rd Tertile (>38-4) (n 784) 46.6"° 122
P <0-001

PTH, parathyroid hormone.

abcde Mean values sharing the same superscript letter are significantly different between groups as derived from pairwise (post hoc) comparisons using the Bonferroni rule for

Type 1 error correction.
* All P values were derived from Student’s t test or ANOVA.

(Fig. 1(@) and (b)). The increasing trend observed in the
prevalence of low vitamin D status, from autumn to winter and
spring months, was statistically significant (2 < 0-05).

According to the data presented in Fig. 2, the prevalence rates
of vitamin D deficiency and insufficiency were higher among
children from urban and semi-urban regions examined during
autumn (2 v. 0% and 33-8 v. 25-0 %, respectively; P<0-05) and
spring (9-6 v. 0% and 74-6 v. 47-2%, respectively; P<0-05),
compared with children from rural regions examined during the
same time periods. No statistically significant urban/rural
differences were observed during winter months. It should be
noted that as the current study was school-based, blood
samples were not collected from mid-June to mid-September
due to the summer break. As such, no data on vitamin D status
are available for the summer period.

The OR and 95% CI for vitamin D deficiency and insuffi-
ciency in schoolchildren, stratified by sex, degree of urbanisa-
tion and seasonality (and after adjusting for several potential
confounding factors) are shown in Table 3. Based on this data,
girls were found to be 1-79 (95% CI 1-15, 2-80) and 1-24 (95%
CI 1-02, 1-52) times more likely to be vitamin D insufficient and
deficient, respectively, compared with boys. In addition, chil-
dren measured during winter and spring months had the

highest odds for vitamin D insufficiency (4-53; 95 % CI 1-93, 10-6
and 7-47; 95% CI 3-23, 17-3 respectively) and deficiency (2-38;
95% CI 1-81, 3-13 and 5-14; 95% CI 3-84, (-89 respectively),
compared with children measured during autumn months.
Lastly, large urban and semi-urban region of residence of chil-
dren was associated with increased likelihoods for vitamin D
insufficiency (2-88; 95% CI 1-28, 6-51) and deficiency (1-49;
95% CI 1-16, 1-93), compared with children living in rural
regions.

Discussion

The available literature on vitamin D status in populations of
children and adolescents in Europe is characterised by a high
degree of variability among countries and by relatively high
prevalence rates of vitamin D deficiency and insufficiency, even
in southern European countries’®»*”. This high degree of
variability observed among European countries is partly
explained by the different biochemical assays and thresholds
used to assess vitamin D status®V
analysis of vitamin D status among primary schoolchildren in
Greece. The overall prevalence of 52:5% for vitamin D
insufficiency reported for children in Greece by the present

. This is the largest
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Fig. 1. Prevalence of vitamin D deficiency (25-hydroxyvitamin D (25(OH)D)
<30nmol/l) and insufficiency (25(OH)D <50nmol/l) by month (a) and by
season (b). a: —e—, 25(OH)D <30 nmolll; , 25(OH)D <50 nmolll;
b: @, 25(0H)D <30nmol/l; [0, 25(0H) D<50nmol/l. + P values indicate
seasonal differences and have derived from the Pearson’s x? test, using the
two-sample test for proportions for post hoc multiple comparisons.

1P<0-001
o) [r—
80% 746%
70%
60-1%
60% 56-4%
50% 47-2%
+P=0-021
40%
33:8%
30% 25.0% 1P=0-05
—
20%
tP=0-05 9-6%
10% | —— 6-1% 4.9%
2:0 % 0-0% I 0%
09 Lmmm 1 . . 1 00%
Urban and Rural Urban and Rural Urban and Rural
semi-urban regions semi-urban regions semi-urban regions
regions regions regions
Autumn Winter Spring

(October to December) (January to March) (April to June)

Fig. 2. Prevalence of vitamin D deficiency (25-hydroxyvitamin D (25(OH)D)
<30nmol/l, @) and insufficiency (25(OH)D <50nmol/l, ) by urbanisation
degree in the three seasonally-stratified sub-groups. 1t P values indicate
regional differences and have derived from the Pearson’s y? test, using the two-
sample test for proportions for post hoc multiple comparisons.

study is intermediate to the relevant prevalence rates of 45-9
and 82-3 % recorded for children and adolescents living in two
other Mediterranean countries, namely Italy and Turkey

respectively>'* However, this prevalence remains higher or
very similar to the relevant proportions of vitamin D insuffi-
ciency reported by other studies on children and adolescents in
central and northern European countries™>~"73?

Although Greece is a Mediterranean country with adequate
sunshine and UVB availability in most months over the year®®
and despite the fact that the major source of vitamin D is its
endogenous synthesis via skin exposure to solar UVB radiation,
several environmental, personal and lifestyle factors can
substantially affect vitamin D status. In this regard, the current
study reported sex, regional and seasonal differences in the
prevalence of vitamin D status among children. More specifi-
cally, our data showed that mean serum 25(OH)D concentra-
tions were significantly higher in boys compared with girls
(i.e. by a mean difference of 3-8nmol/D) and furthermore the
prevalence rates of both vitamin D deficiency and insufficiency
were significantly higher in girls compared with boys. The
lower vitamin D status observed in the present study for girls in
comparison with boys is also confirmed by several other
studies conducted with children and/or adolescents in other
European countries, but also in the USA, Australia and New
Zealand 7343 Although dietary vitamin D intake was not
exceeding the recommended Estimated Average Requirement
(EAR) value in both sexes, the present study showed a higher
mean dietary intake of vitamin D in boys compared with girls,
which could partly explain the relevant sex differences
observed in vitamin D status. In the same context, as indicated
by the Third National Health and Nutrition Examination Survey
(NHANES IH)G’7), the lower dietary intake of vitamin D recorded
for girls compared with boys in the USA could be one factor
supporting the sex differences in vitamin D status. In addition to
diet, the lower levels of physical activity usually reported for
girls compared with boys in childhood and adolescence may
also explain the sex differences observed in the present and
other studies, with regards to the prevalence of vitamin D
deficiency and insufficiency. Physical activity executed out-
doors is usually a proxy measure of sunlight exposure and as
such of cutaneous synthesis of vitamin D. However, in the
present study female sex remained positively associated with
vitamin D deficiency and insufficiency, even after adjusting for
children’s dietary intake of vitamin D and physical activity levels
but also for other potential confounding factors, such as BMI,
pubertal maturation, socio-demographic characteristics and
serum PTH concentrations®®™*, thus implying the possible
role of additional factors that might mediate this association.

Regarding seasonal differences, as expected the highest and
lowest prevalence rates of vitamin D deficiency and insufficiency
were observed during typical post-winter (April to June) and post-
summer (October to December) months, respectively. This is
indicative of a clear and most likely independent effect of season
on children’s vitamin D status, considering the increased like-
lihood of vitamin D deficiency and insufficiency observed in the
present study during winter and spring months, even after
adjusting for several potential confounding factors. In this regard
mean serum 25(OH)D concentrations usually follow a sinusoidal
pattern throughout the vyear, reaching their zenith at the
post-summer period/beginning of autumn and their nadir at
the post-winter period/beginning of spring in populations of the
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Table 3. Multivariate logistic regression analyses examining the associations of vitamin D deficiency
and insufficiency (i.e. 25-hydroxyvitamin D levels <30 and 50 nmol/l, respectively) with sex, seasonality and

urban