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Abstract
Summary Vitamin D deficiency and quantitative ultrasound measurements are associated with bone fragility. We assessed these
parameters and their correlates. 87.7% of the population has vitamin D inadequacy and this correlatedwith lifestyle factors. These
results contribute to epidemiological data needed for population guidelines for bone health.
Purpose Vitamin D deficiency and quantitative ultrasound (QUS) parameters are among the most important clinical risk factors
of bone fragility. Few data are available for Greek population. The aim of the study was to evaluate the serum 25-hydroxyvitamin
D [25(OH)D] level and their determinants, as well as QUS parameters in Greek population.
Methods OSTEOS is an observational cross-sectional study conducted from June 2010 to July 2012. Nine hundred seventy
adults were recruited from rural and urban areas throughout Greece and completed the appropriate questionnaire. Serum
25(OH)D measured by enzyme immunoassay, QUS parameters, broadband ultrasound attenuation (BUA), speed of sound
(SOS) and stiffness index (SI), was assessed with an Achilles device. Univariate Analysis of Variance was used for the assess-
ment of serum 25(OH)D determinants.
Results Mean serum 25(OH)D of the total population was 20,00 ± 8,00 ng/mL. Females had lower levels than males. The
negative determinants of serum 25(OH)D in the total population were the female sex and the winter-spring season of sampling
while age proved negative association solely in obese subjects. Positive determinants of vitamin D status were summer sun
exposure and organized physical activity as expected. Urban had lower SOS and SI than rural residents. Individuals with
25(OH)D ≥ 20 ng/mL had higher SOS than those with 25(OH)D < 20 ng/mL. BUA, SOS, and SI are positively correlated with
organized physical activity and negatively with PTH.
Conclusions This study reports that vitamin D deficiency is highly prevalent among healthy Greek men and women, demon-
strates the multifactorial causation of 25(OH)D levels, and points out that further research is required to determine more factors
related to vitamin D status and bone health.
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Introduction

Osteoporosis is a systemic skeletal multifactorial disease char-
acterized by reduced bone mass and microarchitectural dete-
rioration of the structure of bone tissue leading to bone fragil-
ity and increased susceptibility to fractures. Osteoporosis is a
major public health concern. Women have a higher risk of
osteoporotic fractures compared with men (1 in 3 women
and 1 in 5 men over 50 years) [1]. Although BMD is the main
predictive risk factor for an osteoporotic fracture, measure-
ment of quantitative ultrasound (QUS) has been found to be
associated with increased fracture risk [2]. The QUS measur-
ing at the heel is an alternative, ionizing radiation-free and
relatively inexpensive, portable screening technique that is
able to identify women at high risk of bone fragility and frac-
ture [3, 4] and may be used by general practitioners in primary
care.

Vitamin D deficiency is also among the most important
clinical risk factors of bone fragility and a subject of extensive
research. The main physiological effect of vitamin D is to
increase intestinal calcium absorption, as such maintaining
serum calcium in order to maximize metabolic functions, sig-
nal transduction, and neuromuscular activity. The conse-
quences of vitamin D deficiency in adults are osteomalacia,
acceleration of bone loss, muscle weakness, instability, and
therefore increased risk of falling [4]. In children, lack of vi-
tamin D causes rickets and growth retardation. Vitamin D
receptors are found in enterocytes, osteoblasts, the cells of
the distal convoluted renal tubules, the cells of the parathyroid
gland, colon, pituitary, ovaries, the cells of the immune sys-
tem, etc. Therefore, vitamin D low levels were associated, by
many observational studies, with major diseases, such as os-
teoporosis, diabetes, some forms of cancer, autoimmune dis-
eases, infectious diseases, and hypertension but causality have
not been proven [4].

Serum 25-hydroxyvitamin D (25(OH)D) is considered as
the marker of vitamin D status. Guidelines about prevention of
vitamin D deficiency suggest serum 25(OH)D levels above
20 ng/mL [5]. However, some experts suggest for maximal
effect of vitamin D on calcium, bone, and muscle metabolism;
levels of 25(OH)D should be above 30 ng/mL. Several epide-
miological studies have proposed that a 25(OH)D above
30 ng/mL may have additional health benefits in reducing
the risk of common cancers, autoimmune diseases, type 2
diabetes, cardiovascular disease, and infectious diseases [6].

There have been several recent consensus statements or
guidelines that have included definitions of vitamin D defi-
ciency. It is generally agreed that the serum concentration of
25(OH)D is the best marker of an individual’s vitamin D sta-
tus because it is the major circulating form and reflects the
combination of dietary intake and cutaneous skin synthesis.
However, different thresholds for the level of 25(OH)D that is
considered to reflect efficiency are used. For example, the

Institute of Medicine’s report on the dietary reference intake
for vitamin D published in 2010 [6] defined a level of
50 nmol/L (< 20 ng/mL) as meeting the needs of 97.5% of
the population, whereas the Endocrine Society Clinical
Practice Guideline published in 2011 defined vitamin D defi-
ciency as a level < 50 nmol/L, with levels of between
52.5 nmol/L (21 ng/mL) and 72.5 nmol/L (29 ng/mL)
regarded as vitamin D insufficiency, and levels of greater than
72.5 nmol/L being regarded as optimal [7]. In the current
study, we decided to use the following definitions: severe
deficiency < 25 nmol/L (< 10 ng/mL), deficiency 25–
50 nmol/L (10–19.9 ng/mL), insufficiency 50–75 nmol/L
(20–29.9 ng/mL), sufficiency ≥ 75 nmol/L (≥ 30 ng/mL).

Although recent data indicate that prevalence of vitamin D
deficiency may be common in countries previously consid-
ered as low risk (e.g., Mediterranean countries) [4], few data
are available for the Greek population. Low levels occur in
elderly [8], children, adolescents [7], and adults [9] mainly
from urban areas of Greece. Therefore, the objective of our
study was to investigate the vitamin D status in adult women
andmen from northern and southern regions of Greece includ-
ing several islands, in relation to QUS parameters.

Methods

Subjects

OSTEOS is an observational cross-sectional study, conducted
from June 2010 to July 2012. A population of 970 community-
dwellingadults (133males,830 females)was randomlyrecruit-
ed at the health promotion events carried out by the Hellenic
Society for the Support of Patients with Osteoporosis in rural
and urban areas throughout Greece. The regions were Central
Greece, including Attica, Peloponnese, Thessaly, Aegean
Islands, andMacedonia, and especially inmore than 10munic-
ipalities of Attica, Ilia, Patmos island, Viotia, Fokida, Evia,
Korinthos, Halkida, Amfissa, Salamina, Fthiotida, Pella,
Elassona, Volos, and Thessaloniki. Subjects were informed
about events by announcements at municipalities and local au-
thorities.Demographic data andmedical history of the subjects
were obtained using an appropriate questionnaire.

The International Physical Activity Questionnaire (IPAQ,
short version), a self-administered tool, was used for the as-
sessment of hours spent on sedentary activities (television,
personal computer) and in moderate or vigorous organized
physical activity; it was completed under the surveillance of
the investigator [10].

To evaluate the hours of sun exposure, the subjects were
asked how many hours per week between 9:00–18:00 on av-
erage they were exposed to the sun, in the summer, and in the
winter.
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At around 35° north latitude and above (Greece 35°–40°),
little or no vitamin D can be produced from sun exposure from
November to February. 25(ΟΗ)D level reaches its nadir in late
winter and it takes about 6 weeks to raise the serum levels.
Therefore, we defined two seasons to classify the subjects
according to the blood collection day, winter-spring
(December until May) and summer-autumn (June until
November) [11, 12].

Measurements

Body weight was measured with a calibrated scale to the
nearest 0.1 kg wearing light clothing and no shoes. The height
was measured by a mounted stadiometer to the nearest 0.5 cm.
Weight and height were measured twice by the same investi-
gator, measurements were averaged for each participant, and
the body mass index (BMI) was calculated. BMI was classi-
fied according to theWorld Health Organization [13] into four
categories: Underweight (< 18.5 kg/m2), normal weight
(18.5–24.9 kg/m2), overweight (25–29.9 kg/m2), and obesity
(≥ 30 kg/m2).

Following a 12-h fast, all subjects had a sample of venous
blood withdrawn for serum isolation between 08:00–
09:00 am. Total calcium (Ca), phosphorus (P), parathyroid
hormone (PTH), and 25(OH)D were measured. Intact para-
thyroid hormone (iPTH) measurements were performed on a
Roche/Modular Analytics analyzer, which employs
electrochemiluminescence immunoassay technology
(ECLIA). The intra- and inter-assay coefficients of variation
(CVs) of the iPTH assay were less than 7% and the analytical
sensitivity was 1.2 pg/mL. Serum 25(OH)D levels were deter-
mined by enzyme immunoassay [Immunodiagnostic Systems,
25(OH)D; Boldon, UK]. All the assays were performed in a
single batch and in the same laboratory. The sensitivity of this
assay is 5 nmol/L and intra- and inter-assay coefficients of
variation of 5.3% and 4.6%, respectively. Standardization of
the different vitamin D assays is the key to achieving compa-
rable results across different methods and manufacturers.
Furthermore, assay standardization is of critical importance
for the establishment of common clinical cutoffs and their
use in routine practice. Applying a common cutoff value on
results generated with poorly standardized assays will inevi-
tably lead to inconsistent patient classification and inappropri-
ate therapeutic decisions. In 2010, the Vitamin D
Standardization Program (VDSP) was established to improve
the standardization of 25(OH)D assays. The aim of VDSP is
that 25(OH)D measurements are accurate and comparable
over time, location, and laboratory procedure to the values
obtained using reference measurement procedures (RMPs)
developed at the NIST [14] and Ghent University [15].
According to VDSP, a routine method is considered as stan-
dardized if the CV is < 10% and the bias < 5% [16]. The
method we have used fulfills the criteria to be considered

standardized according to CDC website http://www.cdc.gov/
labstandards/pdf/hs/CDC_Certified_Vitamin_D_Procedures.
pdf.

Heel bone properties were measured using the Achilles
quantitative ultrasound (QUS) device, a water-bath ultrasound
system into which the subject places his heel. Achilles gener-
ates a band of frequencies from 200 to 600 kHz. It measures
the broadband ultrasound attenuation (BUA), expressed in
dB/MHz, and measures the ultrasound attenuation with the
incident frequency of wave sound. The speed of sound
(SOS) is expressed in metres per second and means the nec-
essary time for ultrasound waves to go through a determined
distance inside the calcaneus bone. The third variable, stiff-
ness index (SI), is automatically calculated by Achilles from
the BUA and the SOS, using the equation SI=0.67*BUA+
0.28*SOS-240 [17]. The lower the QUS parameter values,
the higher the fracture risk [18, 19]. For normative data, we
used reference data for the QUS measurements of the calca-
neus specific for Greek population [20]. A quality-control
procedure using the standard phantom was performed daily
before the measurements in the present study. In vivo short-
term precision calculated from four repeatedmeasurements by
the same operator, with repositioning, on 15 unselected sub-
jects and expressed as the root mean square of the coefficients
of variation (CV) was 2.28% for SI. A single ultrasonometer
was used throughout the study, and all measurements were
carried out by specially trained technicians.

Subjects with a known history of metabolic bone diseases
were excluded from the study. People with endocrine diseases,
malignancies, connective tissue diseases, malabsorption syn-
drome, inflammatory bowel diseases (ulcerative colitis,
Crohn’s disease), liver cirrhosis, renal failure, and having tak-
en drugs that affect bone metabolism were excluded from the
study. Early menopause (< 40 years) and amenorrhea > 1 year
were also exclusion criteria. Finally, subjects taking calcium
and/or vitamin D supplements were excluded from the study.

Statistical analyses

Statistical analysis was conducted using SPSS 19 statistical
software. Continuous variables are presented as mean ± stan-
dard deviation, while categorical variables are presented as
relative frequencies. Analysis of variance (ANOVA) was used
to examine differences among the groups for different contin-
uous, while the chi-square test was used to evaluate associa-
tions between categorical variables. Independent relationships
between vitamin D status and other variables were assessed by
stepwise multiple regression. All tests are two-sided with sig-
nificance level < 0.05.

A voluntary participation agreement was obtained from
each participant. The study was approved by the Ethics
Committee of Harokopio University.
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Results

A total of 970 subjects were included in this study. The mean
age of the population was 49.58 years (range, 18–86 years),
while 87.2% were 18–65 years old. The mean serum
25(OH)D level of the population was 20.00 ± 8.00 ng/mL.
The 57% of specimens were collected during the summer-
autumn period while the rest 43% were collected during the
winter-spring period. The remarkable percentage of 54%
within our study population was found vitamin D deficient
while only 12.3% reached the adequate level (data not
shown). Figure 1 shows the percentages of men and women
having severe deficiency (≤ 10 ng/mL), deficiency (10–
19.9 ng/mL), insufficiency (20–29.9 ng/mL), and adequacy
(≥ 30 ng/mL) of serum 25(OH)D. Descriptive characteristics
of the population and their differences among vitamin D status
categories are presented in Table 1.

The age-specific prevalence of different categories of vita-
min D status is presented in Fig. 2. Mean levels of 25(OH)D,
PTH, BUA, SOS, SI, by age group, BMI categories, seasons
of examination, and area of residence are presented in Table 2.
According to the age group, serum vitamin D is higher in the
18–50 age group in relation to ≥ 65 years (p = 0.032). Mean
serum PTH is lower in subjects 18–50 years in relation to 51–
65 and ≥ 65 years and the 51–65 age group had lower PTH
than ≥65 years (p = 0.00). Mean SI and BUA are higher in the
18–50 age group in relation to 51–65 and ≥ 65 years and in

51–65 in relation to ≥ 65 years (p = 0.00). Mean SOS is higher
in the 18–50 age group in relation to ≥ 65 years (p = 0.00).

According to the weight status, mean serum 25(OH)D was
higher in normal-weight subjects than in obese (p = 0.01).

Underweight subjects had lower serum PTH than obese
and normal-weight subjects had lower PTH than overweight
and obese subjects (p < 0.05).

Mean serum 25(OH)D levels differ between individuals
depending on the season of blood sampling. Those measured
in winter-spring period had lower mean serum 25(OH)D than
those who were measured in summer-autumn (p = 0.007).
Serum PTH was also lower in individuals measured in sum-
mer and autumn than those measured in winter and spring
(p < 0.001).

The 72.51% of the total population lived in urban areas.
Serum 25(OH)D levels were higher in urban than in rural
areas (20.39 ng/mL vs 18.96 ng/mL, p = 0.005) as presented
in Table 2, but the difference did not exist after adjustment for
BMI, season of sampling, sex, and age (data not shown).
Urban residents had lower SOS (1549.14 vs 1564.51, p =
0.031) and SI (90.37 vs 94.32, p = 0.037) values than rural
residents (Table 2). The relationship remained after adjust-
ment for PTH, age, sex, and organized physical activity, only
for SOS parameter (B = 17.881, p = 0.016) (data not shown).

The binary logistic regression with serum 25(OH)D, <
20 ng/mL and ≥ 20 ng/mL as dependent variable and obesity
and age groups (18–50, 51–65, and ≥ 65) as independent

Fig. 1 Percentages of males and
females with severe deficiency (≤
10 ng/mL), deficiency (10–
19.9 ng/mL), insufficiency (20–
29.9 ng/mL), and adequacy (≥
30 ng/mL) of serum 25(OH)D
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categorical variables, revealed that obese individuals had
1.458 times increased risk to have 25(OH)D < 20 ng/mL
(p = 0.006). People 51–65 years had a 1.75 times increased
risk of vitamin D insufficiency in relation to those of 18–
50 years (data not shown).

The SOS parameter was significantly different in all cate-
gories of vitamin D, with individuals who had 25(OH)D ≥
20 ng/mL presenting higher SOS measurements than those

with 25(OH)D < 20 ng/mL (1561.5 ± 37 and 1553.2 ± 46.6,
respectively, p = 0.008), and this significance remained after
adjustment for age (B = 13.04, p = 0.04) (data not shown).

The correlation among different characteristics of the pop-
ulation and 25(OH)D, PTH, BUA, SOS, SI, is presented in
Table 3.

In order to determine which factors had contributed to vi-
tamin D status, multiple variables that could possibly

Table 1 Anthropometric, biochemical, ultrasound, and lifestyle parameters in the total population and according to serum 25(OH)D categories

Total Severe deficiency Deficiency Insufficiency Adequacy p value
(mean ± SD) (mean ± SD) (mean ± SD) (mean ± SD) (mean ± SD)

N (number of subjects) 970 78 440 333 119

Age (years) 49.58 ± 13.54 51.01 ± 15.12 50.81 ± 13.50 47.97 ± 13.17 48.59 ± 13.37 0.21

ΒΜΙ (kg/m2) 27.53 ± 5.6 28.56 ± 7.21 28.14 ± 5.67 27.07 ± 5.18 25.79 ± 4.78 0.00

PTH (pg/mL) 40.4 ± 15.6 47.8 ± 19.1 41.1 ± 15.2 38.8 ± 14.5 37.7 ± 15.8 0.00

BUA (dB/MHz) 115.1 ± 16.31 111.7 ± 17.62 114.12 ± 16.36 116.38 ± 16.06 115.4 ± 16.29 0.377

SOS (m/s) 1553.3 ± 85.73 1550.6 ± 42.78 1544.94 ± 120.24 1562.22 ± 35.76 1558.16 ± 40.22 0.098

SI 91.31 ± 19.68 90.24 ± 23.67 90.97 ± 19.20 91.68 ± 18.96 92.48 ± 20.74 0.917

Sun exposure winter (hours/day) 5.09 ± 5.5 4.14 ± 4.96 5.0 ± 5.48 5.65 ± 5.8 4.86 ± 5.0 0.195

Sun exposure summer (hours/day) 12.61 ± 11.02 10.75 ± 11.36 11.93 ± 10.46 13.52 ± 11.54 13.7 ± 11.27 0.084

TV watching or PC activity (hours/day) 3.09 ± 2.24 3.22 ± 1.94 3.15 ± 2.31 2.95 ± 2.06 3.18 ± 2.63 0.609

Organized physical activity moderate
and/or vigorous (minutes/day)

13.46 ± 32.33 7.09 ± 15.68 10.16 ± 26.84 14.92 ± 37.46 24.84 ± 39.24 0.00

Severe deficiency < 10 ng/mL, deficiency 10–19.9 ng/mL, insufficiency 20–29.9 ng/mL, adequacy ≥ 30 ng/mL

Fig. 2 Age-specific prevalence of
different categories of vitamin D
status
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influence 25(OH)D levels were included into a stepwise mul-
tiple linear regression analysis model. Female sex, season, the
hours of summer sun exposure, and participation in organized
physical activity had a significant effect; Age presented a sig-
nificant negative effect only among obese subjects (Table 4).
This model explains the 5.3% of the variability of 25(OH)D in
population.

Discussion

The present study recruited a large number of subjects from
the general healthy population from several regions of Greece.
Previous studies investigating vitamin D status in Greece had
smaller samples from specific areas and age groups [7–9].
This is the first epidemiological study providing the associa-
tion of QUS and other lifestyle parameters with vitamin D
status in a large sample of Greek women and men [21, 22].

The majority of Greek adults (54%) had vitamin D defi-
ciency (< 20 ng/mL) and only 12.3% had levels above 30 ng/
mL, with males having higher serum vitamin D than females.
This percentage is similar to Germany, a northern country
(11.8%) [23]. Similar results were derived from other northern
countries like Denmark, Poland, Bosnia [24–26], and South
Australia [27]. Specifically, the 25.9% of Bosnia and
Herzegovina population had severe vitamin D deficiency,
greater than 8% of current population, but only 18% and
12% of Bosnia and Greek population respectively had suffi-
cient levels of 25(OH)D. The percentage of vitamin D ade-
quacy in our Greek healthy population is very low compared
to the Bosnia and Herzegovina study which however corre-
sponds to a patients’ population. In a recent study where 1075
adults were studied from seven European countries, including
Greece, about 34% of adults had 25(OH)D < 20 ng/mL [28].
In Canada, a large proportion οf the population (40.8%) is
reported to have 25(OH)D > 30 ng/mL [29]. This may be
due to food fortification, a possible cause of the difference

Table 2 Mean level of 25(OH)D, PTH, BUA, SOS, SI, by age group, BMI categories, and seasons of examination

25(OH)D (ng/mL) PTH(pg/mL) BUA (dB/MHz) SOS (m/s) SI

Age group (years) (%population)

18–50 20.5 ± 8.1* 36.0 ± 14.3* 119.68 ± 15.56* 1565.46 ± 80.98* 98.78 ± 18.49*
(50.9%)

51–65 19.7 ± 7.8 43.6 ± 14.9* 110.26 ± 14.71* 1537.22 ± 101.1* 85.03 ± 17.55*
(36.3%)

> 65 18.5 ± 7.9* 47.9 ± 15.9* 104.76 ± 16.14* 1533.95 ± 32.9* 76.85 ± 16.8*
(12.8%)

BMI category (kg/m2) (%population)

Underweight 21.8 ± 8.2 30.4 ± 10.5* 109.49 ± 12.81 1555.06 ± 25.9 93.83 ± 12.69
(< 18.5)

(1.2%)

Normal weight 20.9 ± 8.6* 35.9 ± 14.1* 113.33 ± 16.18 1558 ± 35.4 90.13 ± 18.71
(18.5–24.9)

(35.3%)

Overweight 20.1 ± 7.5 41.3 ± 16.0* 115.05 ± 16.8 1557.37 ± 37.8 90.46 ± 20.25
(25–29.9)

(37.1%)

Obesity 18.6 ± 7.0* 44.6 ± 14.9* 117.3 ± 16.06 1541 ± 155.6 94.09 ± 20.3
(≥ 30)
(26.3%)

Season of examination (%population)

Winter-spring 19.2 ± 7.7* 42.7 ± 15.1* 114.69 ± 17.02 1553.66 ± 94.06 90.39 ± 19.68
(43%)

Summer-autumn 20.6 ± 8.1* 38.6 ± 15.7* 115.36 ± 15.84 1553.01 ± 79.5 92.18 ± 19.66
(57%)

Area of residence

Urban 20.4 ± 8.4* 39.3 ± 15.9* 115.23 ± 16.31 1549.14 ± 97.33* 90.37 ± 20*
(72.5%)

Rural 19.0 ± 6.5* 43.1 ± 14.4* 114.7 ± 16.35 1564.51 ± 37.8* 94.32 ± 18.4*
(27.5%)

*p value < 0.05 from one-way ANOVA or independent-samples T test
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of vitamin D status among Canada and the other countries. In
a Canadian study, fortification of milk, yogurt, and cheese at
6.75μg (270 IU)/serving led to more than doubling of vitamin
D intake across all sex and age groups and a drop in the
prevalence of dietary inadequacy from > 80 to < 50% in all
groups. Furthermore, no intakes approached the upper level
(UL) under any fortification scenario in any sex and age group
[30].

In our study, vitamin D < 20 ng/mL was related to lower
SOS values. As it was showed in other studies, these two
conditions may increase the risk of fracture [31, 32]. Serum
25(OH)D levels were previously reported to be an indepen-
dent determinant of SOS [33]. In contrast, another study found
that QUS measurements did not differ between Arabian wom-
en with serum 25(OH)D < or ≥ 30 ng/mL [34]. Although our
study is lacking histomorphometric data, it is possible that the
defective collagen mineralization among vitamin D-deficient
patients might be a reason for the lower SOS. This finding
provides evidence for clinical use of QUS in subjects with low
serum 25(OH)D levels.

Vitamin D status was influenced by BMI, so obese people
had lower levels from non-obese. Obese individuals had 1.458
times increased risk to having 25(OH)D < 20 ng/mL (p =
0.006), independently of the age group. In a Polish obese
population, mean 25(OH)D levels were 15.8 ± 8.5 ng/mL
[25]. Mean serum 25(OH)D levels of general population in
Portugal was 22 ng/mL, where the 48% of population had
vitamin D deficiency. In the same population, obese people
had lower 25(OH)D levels than not obese [35]. Healthy Italian
adults had 25(OH)D mean levels 34.3 ng/mL [36]. In another
Greek study of postmenopausal non-osteoporotic women, se-
rum 25(OH)D levels were inversely associated with body fat
mass, as measured using dual-energy x-ray absorptiometry
[37]. Obviously, the explanation of this expected finding re-
sides on the fat-soluble property of vitamin D.

Hours of summer sun exposure proved to have a beneficial
effect on serum 25(OH)D as also expected, and our population
had higher levels in summer and autumn than winter and
spring. The beneficial effect of summer sun irradiation was
in agreement with the results of a Swedish study [38] and of a

Table 3 Correlation among 25(OH)D, PTH and QUS parameters, and the other anthropometric, biochemical, and life-style parameters

25(OH)D PTH BUA SOS SI
Continuous variables r (p value) r (p value) r (p value) r (p value) r (p value)

Age (years) 0.086 (0.008) 0.321 (0.00) − 0.359 (0.00) − 0.359 (0.00) 0.437 (0.00)

25(OH)D (ng/mL) − 0.162 (0.00) 0.042 (0.252) 0.073 (0.051) 0.029 (0.483)

PTH (pg/mL) − 0.162 (0.001) − 0.125 (0.001) − 0.135 (0.00) − 0.170 (0.00)

ΒΜΙ (kg/m2) − 0.141 (0.00) 0.244 (0.00) 0.120 (0.001) 0.001 (0.980) 0.071 (0.081)

BUA dB/MHz 0.042 (0.252) − 0.125 (0.00) 0.595 (0.00) 0.896 (0.00)

SOS m/s 0.073 (0.051) − 0.135 (0.00) 0.595 (0.00) 0.71 (0.00)

SI 0.029 (0.483) − 0.170 (0.00) 0.896 (0.00) 0.711 (0.00)

Sun exposure winter (hours/day) 0.043 (0.191) 0.021 (0.531) − 0.002 (0.955) − 0.014 (0.707) 0.041 (0.321)

Sun exposure summer (hours/day) 0.122 (0.00) − 0.014 (0.679) 0.009 (0.811) 0.036 (0.341) 0.054 (0.199)

TV watching or PC activity (hours/day) − 0.009 (0.800) 0.034 (0.324) 0.006 (0.867) − 0.018 (0.633) − 0.001 (0.972)

Organized physical activity moderate
and/or vigorous (minutes/day)

− 0.170 (0.00) − 0.58 (0.086) 0.100 (0.007) 0.093 (0.013) 0.090 (0.029)

Table 4 Determinants of serum
25(OH)D in total population Variable B (standard errors)

Intercept 20.384 (1.136)***

Sex (ref. female)

Male 1.796 (0.805)*

Season (ref. summer-autumn)

Winter-spring − 1.530 (0.566)**

Age × subjects BMI < 30 kg/m2 − 0.019 (0.021)

Age × obese subjects (BMI ≥ 30 kg/m2) − 0.043 (0.021)*

Summer sun exposure (hours/day) 0.063 (0.025)***

Organized physical activity moderate and/or vigorous (minutes/day) 0.037 (0.008)*

Adjusted R squared 0.053

*p < 0.05, **p < 0.01, ***p < 0.001
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Norwegian adolescent population [39]. A Danish study con-
cludes that sunbathing and whole body sun exposure of
healthy perimenopausal women leads to 13.2% and 27.6%
respectively increase in serum 25(OH)D levels [24].

Participation in organized moderate or vigorous physical
activity seems to have a beneficial effect on serum 25(OH)D.
Similar are the results in an Australian population where those
with higher levels of physical activity had less risk of
25(OH)D below 50 or 75 nmol/L [27]. As well as in a
European study, engagement in ≥ 30 min per day of
moderate- and vigorous-intensity physical activity was asso-
ciated with higher odds for maintaining sufficient (≥
50 nmol/L) 25(OH)D3 concentrations [28]. In US population,
an increase of 10 min of objectively measured and self-
reported moderate-to-vigorous activities per day was associ-
ated with an increase in circulating 25(OH)D of 0.32 ng/mL
(95% CI 0.17, 0.48) and of 0.18 ng/mL (95% CI 0.12, 0.23),
respectively. Associations were not due to sun exposure dur-
ing activity because it was similar for outdoor and indoor
activities [40].

According to the determinants of vitamin D status, the fe-
male sex, the winter-spring season, and age only in obese
subjects influence serum 25(OH)D levels negatively. Hours
of summer sun exposure and organized physical activity have
positive effects on serum 25(OH)D. Aging did not affect the
vitamin D status, but only in obese people. Similarly, a rele-
vant review mentioned that people with outdoor lifestyle
prevented 25(OH) decline during aging [41]. In another study,
vitamin D status was unrelated to age [42].

Conclusion

In conclusion, this study highlights the emerging issue of
hypovitaminosis D in Greece. It also detected major determi-
nants of serum 25(OH)D, obesity, poor exposure to sunlight,
age, and physical activity. Moreover, subjects with 25OHD
levels < 20 ng/mL had lower SOS values. With the evidence
that vitamin D sufficiency may be linked to the prevention of
multiple extra-skeletal conditions, further studies are needed
to detect other environmental parameters, such as nutrition
and clinical and genetic factors whichmight influence vitamin
D status even in sunny countries, as is Greece.
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