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Background & aims: Serum 25(OH)D deficiency is becoming an epidemic. The aim was to assess vitamin
D status of the adult Greek population in relation to intake, sun exposure and other factors, using data
from the Hellenic National Nutrition and Health Survey (HNNHS).
Methods: Data from 1084 adult participants (37.8% males) were analyzed. Vitamin D intake was assessed
using 24-h recalls. Serum 25(OH)D concentration was evaluated and related to anthropometric mea-
surements and other covariates including supplements used, by sex. Variables significantly associated
with 25(OH)D < 20 ng/ml were assessed using simple and multiple logistic regression.
Results: Median vitamin D intake from food was 1.23 mcg/day (0.60, 2.44), with 9.1% consuming sup-
plements. Median serum 25(OH)D was 16.72 ng/ml, with no sex differences (P ¼ 0.923). The odds of
having 25(OH)D < 20 ng/ml significantly decreased with being very active (OR 0.55, 95% CI 0.35, 0.98),
increasing length of sun exposure [1e3 h/day (OR 0.59, 95% CI 0.44, 0.80), >3 h/day (OR 0.36, 95% CI 0.24,
0.55)], and skin colour [light to medium skin (OR 0.47, 95% CI 0.24, 0.91), fairly dark skin colour (OR 0.34,
95% CI 0.17, 0.67) and dark or very dark skin colour (OR 0.34, 95% CI 0.15, 0.75)], compared to respective
baseline levels. The odds significantly increased with obesity (OR 1.95, 95% CI 1.24, 3.08), and spring
season of blood sample collection (OR 1.75, 95% CI 1.22, 2.50).
Conclusions: Vitamin D deficiency is highly prevalent in Greek adults. Relevant public health policies are
highly recommended, which could include vitamin D fortification. and suggestion for increased but safe
sun exposure.
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Abbreviations

25(OH)D 25-hydroxyvitamin-D
AMPM Automated Multiple Pass Method
ARCHES Arkansas Cardiovascular Health Examination

Survey
BMI Body Mass Index
BRFSS Behavioural Risk Factor Surveillance System
CAPI Computer Assisted Personal Interview
EFSA European Food Safety Authority
HDPA Hellenic Data Protection Authority
HNNHS Hellenic National Nutrition & Health Study
IoM Institute of Medicine
iPAQ International Physical Activity Questionnaire
ML milliliter
NDNS National Diet & Nutrition Survey
NG nanograms
NHANES National Health & Nutrition Examination Survey
NIAAA National Institute on Alcohol Abuse and

Alcoholism
OR Odds ratio
UVBR ultraviolet-B radiation
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1. Introduction

In recent years vitamin D deficiency has become the most
common nutritional deficiency in the world with more than 1
billion people having inadequate levels of serum vitamin D con-
centration [1,2]. In populations living in low latitude ultra violet B
radiation (UVBR) is assumed adequate for vitamin D skin synthesis
and in industrialized nations specific foods are fortified with
vitamin D, however, deficiency still persists [3] across all age groups
and subgroups [4e6]. These levels are observed in the national
[4,7e10], European [4e6,11] and International level [3,5]. Apart
from low serum concentrations, published data have also reported
high prevalence of low vitamin D intake even at levels that are far
below the recommended reference intake, as per the Institute of
Medicine (IoM) [6,12].

Vitamin D has many physiological roles, including being a
facilitator for calcium absorption, maintaining bone health and
regulation of cell growth. Recently, its role to other health condi-
tions, such as cardiovascular disease and diabetes have also been
investigated [13], emphasizing on the importance of a high prev-
alence of vitamin D deficiency at the population level.

Vitamin D is primarily produced endogenously following skin
exposure to UVBR, and its synthesis is influenced by a plethora of
factors, such as geographical location, use of sunscreen and type of
clothing, time spent outdoors and time of the day, age, skin
pigmentation as well as environmental pollution [14].

In parallel, dietary intake is also important and significantly
contributes to maintaining serum 25-hydroxyvitamin D (25(OH)D)
concentration above 20 ng/ml. Vitamin D is found in a few foods,
mainly in the form of cholecalciferol (vitamin D3) which is highly
bioavailable. It can also be found as ergocalciferol (vitamin D2) from
plant sources. Vitamin D supplementation from various forms can
also be added to the intake and should therefore be considered
when evaluating vitamin D status.

Given the significant prevalence of vitamin D deficiency
worldwide, in all age groups, irrespectively of sunlight prevalence,
as well as the number of factors that influence vitamin D status,
studies addressing vitamin D population status are warranted. In
Greece, to our best knowledge, a study on the population preva-
lence of vitamin D deficiency in adults, using a national represen-
tative sample, has not been performed.

The aim of this study is therefore to assess vitamin D status of
the adult Greek population, using serum 25(OH)D concentration, in
relation to total vitamin D intake (from diet and supplements) and
sun exposure.

2. Materials & methods

2.1. Study design & sample

Data from the Hellenic National Nutrition and Health Survey
(HNNHS), was used in this study, whereas collection took place
from September 2013 to May 2015. Details of HNNHS's methods
have been reported elsewhere [15]. Eligible for participation were
males and females �6 months old that reside in Greece who were
(i) not pregnant/breastfeeding (ii) not institutionalized (e.g. mili-
tary service, hospital, other institution), and selection was per-
formed using a random stratified design based on the 2011 census
data.

A total of 3836 adults (�18 years, 40.8% males) were initially
enrolled in the HNNHS, for whom anthropometric and medical
history was assessed by trained interviewers and according to the
International Classification of Diseases (ICD-10) codes. All partici-
pants were also invited to provide blood samples for biochemical e
hematological evaluation and anthropometric measurements. Of
them, 1197 (26.2% of total population; 28.7% of adult population)
agreed; no age distribution differences were found between the
total population and those who provided blood sample (p ¼ 0.677).
A total sample of 1084 adults (23.7% participation; 37.8% males)
with available data on serum 25(OH)D concentration were
included.

2.2. Data collection

In HNNHS data collection included (i) an initial household
Computer Assisted Personal Interview (CAPI) consisting of multiple
questionnaires and a 24hr dietary recall, (ii) additional validated
questionnaires, (iii) a second 24hr recall via telephone 8e20 days
after the first interview, selecting a different non-consecutive day,
as specified by HNNHS study-protocol and (iv) a visit to a mobile
unit in order to perform the medical, biochemical and anthropo-
metric examinations/measurements. HNNHS fieldwork protocol.
Interviews were performed throughout all seasons of the year, to
account for season vitamin D status and decrease error in results.
Seasons of blood sample collection were defined based on the date
that blood was drawn from each volunteer as follows: Summer
(June, July and August), Fall (September, October and November),
Winter (December January and February) and Spring (March, April
and May).

The list of questionnaires used, relevant to this study, included
information on demographic, psychosomatic health, vitamin and
prescribed drug intake. These can be found in detail in the meth-
odology HNNHS paper [15]. All questionnaires included in this
study were adapted from previously validated and used by other
large National Health Surveys [16].

Blood samples were collected in themorning, between 8:00 and
10:00 am, upon having fasted for at least 10 h. These were collected
using BD vacutainer® safety blood collection set 21G and holder
21G and Greiner vacuette K3EDTA. After centrifugation with the
Nuve® NF400 centrifuge, samples were stored in cryovials
in �80 �C. Total 25-OH vitamin D was measured in human plasma
using the Roche Diagnostics Vitamin D total assay, a electro-
chemiluminescence binding assay (Elecsys Vitamin D total assay)
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used on a Cobas e 411 immunoassay analyzer [17]. The intra-assay
coefficients of variation (CVs) were 1.7e7.8% and interassay CVs
were 2.2e10.7%. For quality control, PreciControl Varia (Roche Di-
agnostics, Mannheim, Germany) was used, in two concentration
levels. After comparison of the assay with samples measured with
LC-MS/MS method, a Pearson correlation coefficient r ¼ 0.894 was
reported.

Dietary intake was assessed using a detailed interviewer-
administered 24-h dietary recall using the Automated Multiple-
Pass Method (84.5% completed both 24-h recalls) [18]. The Foo-
dEx2 food classification and description system developed by the
European Food Safety Authority (EFSA) was used and recommen-
dations for the harmonization of data across European Union
countries were followed [19]. Food quantification was performed
with the use of validated food atlases as the primary option along
with standardized household measures. The Nutrition Data System
for Research (NDSR) developed by the University of Minnesota was
used for nutrient analysis. From the initial n ¼ 1964 24-h recalls
therewere 62 recalls with extreme intakes (<600 or >6000 kcal per
day) which were excluded from the analysis (67.7% females, 32.3%
males).

A drug and supplement questionnaire was developed using
validated questionnaires from other studies, mainly from the
United States [15]. The questionnaire was applied twice, during
the initial interview as well as during the mobile unit visit. From
this data, vitamin D supplement intake was categorized as fol-
lows: “no supplement use” or “supplement use”. Although initially
thought appropriate to have three categories (no supplement use,
<10 mg/day and �10 mg/day), as those receiving �10 mg/day are
supposed to intentionally seek vitamin D supplementation [20]
rather than obtaining it as part of a multivitamin supplement, the
number of observations in the �10 mg/day category was too small
(males ¼ 2, females ¼ 45). Although the ideal method to assess
sun exposure is dosimetry [21] in HNNHS, due to limited funding,
sun exposure was assessed using a questionnaire; statistically
significant correlations have been reported between the two
methods [22]. The questionnaire's aim is to evaluate the amount
of sun exposure as well as the parameters that could influence
vitamin D skin synthesis to rank individuals accordingly. It
included questions relating to sun exposure for each of the four
seasons (weekends and weekdays), exposure for the last 30 days,
sunscreen use and skin colour. Over 99% of respondents were
white Caucasians and hence were classified by pallidity and ability
to tan (using non-classic skin type definitions, More specifically,
skin colour was categorized according to skin pallor and easiness
in tanning as: 1) very light-fair skin, 2) light, 3) medium light, 4)
fairly dark, 5) dark-tans easily and 6) very dark-tans very easy. For
statistical power reasons categories 2 and 3 as well as 5 and 6
were combined in the analysis. Participants with constitutive
pigment (representing <1% of the study population) were added
to the darkest skin type category (category 6).

Physical activity was measured using the International Physical
Activity Questionnaire (IPAQ) short form for those �18 years - <65
years and a modified version for those �65 years old. Alcohol was
assessed using questionnaire from NHANES, BRFSS, Arkansas Car-
diovascular Health Examination Survey (ARCHES) and Recom-
mended Alcohol Questions by the National Institute on Alcohol
Abuse and Alcoholism (NIAAA) were used [15]. Volunteers were
classified as “alcohol” or “non-alcohol” consumers, based on their
intake over the past 30 days.

Anthropometric measurements were performed according to
the NHANES study protocol [23] with the use of Seca 213 portable
stadiometer, and InBody 270 Biospace analyser was used to mea-
sure body weight following the required preparation. Height was
measured by asking the volunteer to (i) remove any ornaments,
jewelry, etc. from the top of the head, (ii) stand up straight against
the backboard with the body weight evenly distributed from feet
flat on the platform, (iii) stand with the heels together and toes
apart at approximately a 60� angle and (iv) field researcher made
sure that the back of the head, shoulder blades, buttocks and heels
made contact with the backboard. Weight was measured by asking
the volunteer to (i) remove heavy clothing and objects as well as
shoes and (ii) to stand in the center of the scale platform facing the
recorder with hands at the sides and looking straight ahead. Each of
these individuals visited one of the 5 mobile units where medical
and anthropometric measurements were completed.

2.3. Statistical analyses

Normality of continuous datawas checked using PeP and kernel
density plots. Categorical variables were expressed as frequencies
and percentages (N %), whereas continuous variables were
expressed as mean with standard deviation (SD) if normal and
median if skewed and interquartile range (25%, 75%). Differences in
categorical variables were derived using chi square test and
Kruskal-Wallis test for sex differences between continuous vari-
ables, since continuous variables used in this analysis were not
normally distributed.

The 25(OH)D cut-off for logistic regression chosenwas 20 ng/ml
as values < 20 ng/ml reflect inadequate (12 to <20 ng/ml) or defi-
cient (<12 ng/ml) levels for bone and overall health in healthy in-
dividuals [24].

Univariate logistic regression analysis for each potential factor
associated with 25(OH)D, based on a-priori knowledge was
assessed, in total and by sex. Variables that were found significantly
associated with the odds of serum 25(OH)D levels <20 ng/ml were
included in the multivariate regression, as well as a priori known
factors. The Likelihood Ratio test (LR test) was used to check the
significance of the models with significance level at 0.05.

All analyses were performed in STATA statistical software
(STATA 13.1, Stata Corp LP, Texas, USA) with a significance level set
at P < 0.05.

2.4. Ethical statement

The study was approved by the Ethics Committee of the
Department of Food Science and Human Nutrition of the Agricul-
tural University of Athens. It was also approved by Hellenic Data
Protection Authority (HDPA). All members of the staff signed
confidentiality agreements. All volunteers were asked to sign a
detailed consent form.

3. Results

3.1. Demographic and general characteristics of the population

The baseline characteristics of this subgroup of the HNNHS
population are presented in Table 1 in total as well as by sex. Ac-
cording to the ShapiroeWilk test for normality continuous vari-
ables did not follow a normal distribution. Statistically significant
sex differences were found for dietary vitamin D intake, Body Mass
Index (BMI) category, activity level, vitamin D supplement use, sun
exposure and skin colour (P for all <0.05).

The median (interquartile range) age of the total sample was 36
years (27, 52), 35 (28, 48) for males and 36.5 (26, 54) for females.
With regards to BMI category of the total population, 57.8% normal
weight or were underweight (4.9% underweight), 28.6% overweight
and 13.6% obese. Furthermore, males’ prevalence of overweight
(38% vs. 22.8%) and obesity (16.1% vs. 12.0%) were significantly
higher compared to that of female participants (P < 0.001) (Table 1).
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3.2. Serum 25(OH)D concentration, dietary intake and skin
synthesis

Median (interquartile range) serum 25(OH)D concentration for
the total population was 16.7 ng/ml (9.8, 23.6), 16.67 ng/ml (11.1,
23.46) for males and 16.74 ng/ml (9.72, 23.64) for females. Ac-
cording to the IoM cut-off levels for vitamin D deficiency, 28.8% of
the total sample was found deficient (<12 ng/ml), 36.0% insufficient
(12e19.9 ng/ml), 35.1% sufficient (20e49.9 ng/ml) and only 0.1%
being in the high (�50 ng/ml) category. There were no significant
differences in serum 25(OH)D concentration between males and
females. In addition, there were no significant differences in serum
25(OH)D concentration in different age groups (�18 years, data not
Table 1
Descriptive characteristics of study participants (Median values and interquartile ranges

Total M

n ¼ 1084 n

median Range m

Age (years) 36 27, 52 3
Dietary vitamin D intake (mcg)b 1.23 0.60, 2.44 1
Serum 25(OH)D levels (ng/ml) 16.72 9.8, 23.6 1
Serum PTH levels (pg/ml) 38.04 28.7, 49.8 3

n % n

BMI category
Normal weightc 627 57.8 1
Overweight 310 28.6 1
Obese 147 13.6 6

Education level
Primary school 50 4.6 1
Secondary school 374 34.5 1
Professional/Private higher education 98 9.0 3
University degree 402 37.1 1
MSc or PhD 160 14.8 5

Activity level
Sedentary 120 11.1 3
Little active 197 18.3 8
Moderately active 436 40.4 1
Very active 326 30.2 1

Smoking status (last 30 days)
Not smoking 700 64.7 2
Smoking 381 35.2 1

25(OH)D statusd

<12 ng/ml (Deficient) 312 28.8 1
12e19.9 ng/ml (Insufficient) 390 36.0 1
20e49.9 ng/ml (Sufficient) 381 35.1 1
�50 ng/ml (High) 1 0.1 0

Vitamin D supplement use
No supplement use 985 90.9 3
Supplement use 99 9.1 2

Sun exposure (last 30 days)
0e1 h/d 520 49.2 1
1e3 h/d 388 36.7 1
>3 h/d 148 13.0 7

Skin colour
Very light 72 6.8 1
Light colour/Medium light 638 60.2 2
Fairly dark 271 25.6 1
Dark or very dark 78 7.4 3

Season of blood sample collection
Summer 309 28.6 1
Fall 125 11.6 5
Winter 318 29.4 1
Spring 329 30.4 1

mcg/d, micrograms/day. 25(OH)D, 25-hydroxyvitamin D. ng/ml, nanograms per milliliter.
m2, kilograms per meters squared, h/d, hours/day.
*P < 0.5, **P < 0.01, ***P < 0.001.

a Categorical variables depicted as frequencies and percentages, continuous variables
distributed). Normality was tested using the ShapiroeWilk test. P values indicate sex diffe
chi square in the case of categorical variables.

b Excluding 24-h recalls with extreme energy intake (<600 or >6000 kcal/day.
c Due to the small sample size of underweight individuals (n ¼ 53) they were merged
d Based on Institute's of Medicine cut-off points. Values are rounded to the first decim
shown). Significant differences were found in serum 25(OH)D
concentration <20 ng/ml per month of blood sample collection for
the total sample (P < 0.01), for males (P ¼ 0.003) and females
(P ¼ 0.007) (Fig. 1) and per season (for the total sample: P ¼ 0.03;
for males: P¼ 0.002; and for females: P¼ 0.03). In the total sample,
higher prevalence of 25(OH)D levels <20 ng/ml was found during
March, (end of Winter, beginning of Spring season), and overall
during Spring season, when seasons were considered as a whole.

Median (interquartile range) vitamin D intake from food for the
total population was 1.23 mg/day (0.60, 2.44), 1.45 mg/day (0.66,
3.07) for males and 1.16 mg/day (0.56, 2.05) for females. Regarding
vitamin D supplement use, 9.1% reported taking a supplement
containing vitamin D (Table 1). Among those, 4.8% reported taking
(25%, 75%), numbers and percentages).

ales Females P valuea

¼ 410 n ¼ 674

edian Range median Range

5 28, 48 36.5 26, 54 0.972
.45 0.66, 3.07 1.16 0.56, 2.05 <0.001***
6.67 11.1, 23.46 16.74 9.72, 23.6 0.923
8.06 28.9, 51.3 38.04 28.0, 49.7 0.987

% n %

<0.001***
88 45.7 439 65.1
56 38.0 154 22.8
6 16.1 81 12.0

0.068
2 2.9 38 5.6
57 38.3 217 32.2
1 7.6 67 9.9
53 37.3 249 36.9
7 13.9 103 15.3

0.048*
6 8.8 84 12.6
0 19.5 117 17.5
55 37.8 281 42.0
39 33.9 187 27.9

0.471
60 63.4 440 65.6
50 36.6 231 34.4

0.886
18 28.8 194 28.8
49 36.3 241 35.8
43 34.9 238 35.3

0.0 1 0.1
<0.001***

86 94.1 599 88.9
4 5.9 75 11.1

0.020*
79 45.2 341 51.7
46 36.9 242 36.7
1 17.9 77 11.7

<0.001***
1 2.8 61 9.2
24 56.4 414 62.5
24 31.2 147 22.2
8 9.6 40 6.0

0.442
16 28.4 193 28.7
1 12.5 74 11.0
28 31.3 190 28.3
14 27.9 215 32.0

PTH, Parathyroid hormone. pg/ml, picogram per milliliter. BMI, BodyMass Index. kg/

depicted as medians and 95% confidence intervals (because they are not normally
rences. Kruskal-Wallis test was used in the case of continuous variables and Peason's

with normal weight individuals.
al (except for p values).
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<10 mg/day vitamin D, mostly from multivitamins, and 4.3% re-
ported taking �10 mg/day. There was statistically significant dif-
ference in vitamin D supplement intake between sexes (P < 0.001)
as 94.1% of males and 88.9% of females reported not taking a sup-
plement containing vitamin D. Additionally, a low 0.5% of males
reported taking a supplement containing �10 mg/day compared to
the 6.7% of females.

Most of the total sample reported sun exposure for the last 30
days (before the blood sample collection) of 0e1 h/day (49.2%) and
1e3 h/d (36.7%) compared to 13.0% that reported >3 h/d. On the
other hand, 45.2% and 36.9% of males reported 0e1 h/d and 1e3 h/
d of sun exposure respectively compared to 51.7% and 36.7% of fe-
males. In addition, 17.9% of males and 11.7% of females reported sun
exposure>3 h/d. Therewas statistically significant difference in sun
exposure between the two sexes (P ¼ 0.020).

There were no statistically significant differences in season of
blood sample collection between the two sexes (P ¼ 0.442). For
28.6% of the total sample blood collection was performed during
summer, 11.6% during fall, 29.4% during winter and 30.4% during
spring.

In terms of skin colour 60.2% of the total sample had light
colour/medium light as (56.4% of total males and 62.5% of total
Fig. 1. Prevalence of serum 25(OH)D levels <20 ng/ml and per montha of blood sample
collection (a) total (P < 0.01b), (b) for males (P ¼ 0.003b) and females (P ¼ 0.007 b).
a,bThere were no blood samples collected during August and September, depicted by
dashed lines (—). bP values indicate differences by month.
females), 25.6% had dark skin (31.2% of males and 22.2% of females),
7.4% had dark or very dark skin colour, and 6.8% very light skin
colour (Table 1). There was statistically significant difference in skin
colour between males and females (P < 0.001).

3.3. Odds of having 25(OH)D concentration <20 ng/ml

As can be seen in Table 2 the odds of having 25(OH)D levels
<20 ng/ml were lower for the total sample with high activity, with
supplement use, increased hours of sun exposure and darker skin
colour. On the other hand, spring season of blood sample collection
was associated with increased odds of having 25(OH)D concen-
tration <20 ng/ml as was being obese. In more detail, very active
individuals had 41% reduced odds (OR 0.59, 95% CI 0.35, 0.98,
P ¼ 0.044). Individuals using vitamin D supplements were 46% less
likely of having insufficient serum vitamin D concentration (OR
0.54, 95% CI 0.34, 0.86, P ¼ 0.010). One to 3 h of sun exposure per
day reduces the odds of 25(OH)D < 20 ng/ml by 41% (OR 0.59, 95%
CI 0.44, 0.80, P¼ 0.001), >3 h/day by 64% (OR 0.37, 95% CI 0.24, 0.55,
P < 0.001) as compared with 0e1 h/day of sun exposure dy.
Compared to very light skin coloured individuals, those with light
to medium light colour had 53% lower odds of 25(OH)D concen-
tration <20 ng/ml (OR 0.47, 95% CI 0.24, 0.91, P ¼ 0.025), those with
fairly dark 66% reduced odds (OR 0.34, 95% CI 0.17, 0.67, P ¼ 0.002)
as those with dark or very dark skin (OR 0.34, 95% CI 0.15, 0.75,
P ¼ 0.007). Furthermore, blood samples collected during spring
compared to those collected during summer were related with
87.5% increased odds of 25(OH)D concentration <20 ng/ml (OR
1.73, 95% CI 1.22, 2.48, P ¼ 0.002). No significant association was
found between dietary vitamin D intake and serum levels. This
model was adjusted for age. The likelihood ratio test for the whole
model was 88.85 with a p value < 0.001.

For males (Table 2) smoking status was associated with
increased odds of 25(OH)D concentration <20 ng/ml (OR 1.74, 95%
CI 1.04, 2.90, P ¼ 0.034) as was spring season of blood sample
collection (OR 2.91, 95% CI 1.52, 5.53, P¼ 0.001). On the other hand,
compared to 0e1 h per day of sun exposure individuals with 1e3 h
per day had 44% reduced odds (OR 0.56, 95% CI 0.32, 0.95,
P ¼ 0.033), >3 h per day 80% reduced odds (OR 0.21, 95% CI 0.11,
0.42, P < 0.001). The model was adjusted for age, ВМІ category,
activity level, vitamin D supplement use and skin colour. The
likelihood ratio test for the model was 68.09 with P < 0.001.

For females (Table 2) being obese was associated with increased
odds of 25(OH)D concentration <20 ng/ml (OR 2.22, 95% CI 1.19,
4.16, P ¼ 0.012). In contrary, supplement use compared to no
supplement use was associated with 51% reduced odds (OR 0.49,
95% CI 0.29, 0.85, P ¼ 0.012) as was sun exposure 1e3 h/day (OR
0.61, 95% CI 0.42, 0.89, P ¼ 0.012), >3 h/day (OR 0.50, 95% CI 0.29,
0.89, P ¼ 0.019) compared to 0e1 h/day of sun exposure. Further-
more, light to medium skin colour (OR 0.44, 95% CI 0.21, 0.89,
P ¼ 0.023), fairly dark skin colour (OR 0.33, 95% CI 0.15, 0.70,
P ¼ 0.004) and dark to very dark skin colour (OR 0.28, 95% CI 0.11,
0.75, P ¼ 0.011) were associated with reduced odds of 25(OH)D
concentration <20 ng/ml compared to individuals with very light
skin colour. Themodel was adjusted for age, season of blood sample
collection and PTH levels. The likelihood ratio test for the whole
model was 55.23 with P < 0.001.

Several demographic variables (marital status, health insurance
and income) as well as other variables, mentioned in the literature,
such as alcohol intake, serum cholesterol, serum magnesium,
serum creatinine, serum lead (Pb) levels, dietary factors (e.g. Ca,
Vitamin K), skeletal muscle mass and sunscreen use were not
significantly associated with 25(OH)D levels (data not shown). Fi-
ber (OR 1.00, 95% CI 1.00, 1.01, P ¼ 0.046) and magnesium intake
(OR 1.00, 95% CI 1.00, 1.00, P ¼ 0.035) were significantly associated



Table 2
Regression analyses examining the associations of 25(OH)D < 20 ng/ml (deficiency & insufficiency based on IoM cut-off points) in the total sample and by sex.

Variables Total
25(OH)D levels <20 ng/ml

Males
25(OH)D levels <20 ng/ml

Females
25(OH)D levels <20 ng/ml

Crude Modela Crude Modelb Modelc

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Age (years) 0.99 0.98, 1.00 0.98 0.97, 0.99* 0.97 0.96, 0.99** 0.96 0.95, 0.98*** 1.00 0.99, 1.01 0.99 0.98, 1.00
BMI category
Normal weight Ref. e Ref. e Ref. e Ref. e Ref. e Ref. e

Overweight 1.07 0.80, 1.42 1.21 0.88, 1.66 0.96 0.61, 1.49 1.21 0.71, 2.04 1.14 0.78, 1.68 1.22 0.78, 1.89
Obese 1.84 1.22, 2.78** 1.95 1.24, 3.08* 1.36 0.74, 2.52 1.66 0.79, 3.46 2.33 1.32, 4.12** 2.22 1.19, 4.16*

Activity level
Sedentary Ref. e Ref. e Ref. e Ref. e Ref. e Ref. e

Little active 0.81 0.48, 1.35 0.85 0.49, 1.47 1.01 0.42, 2.44 1.03 0.38, 2.76 0.72 0.38, 1.35 0.74 0.38, 1.47
Moderately active 0.60 0.38, 0.95* 0.66 0.40, 1.08 0.74 0.33, 1.64 0.74 0.30, 1.85 0.55 0.31, 0.95* 0.59 0.32, 1.09
Very active 0.51 0.32, 0.82** 0.59 0.35, 0.98* 0.53 0.24, 5.39 0.55 0.21, 1.39 0.52 0.29, 0.92* 0.57 0.30, 1.08

Education level
Primary school Ref. e e e Ref. e e e Ref. e e e

Secondary school 0.95 0.51, 1.78 e e 2.99 0.90, 9.90 e e 0.59 0.27, 1.29 e e

Professional/Private
higher education

0.84 0.41, 1.73 e e 1.93 0.50, 7.48 e e 0.63 0.26, 1.53 e e

University degree 0.98 0.52, 1.83 e e 2.88 0.87, 9.54 e e 0.65 0.30, 1.40 e e

MSc or PhD 0.88 0.45, 1.71 e e 2.06 0.58, 7.32 e e 0.66 0.29, 1.52 e e

Vitamin D intake
from food (mg/day)

0.97 0.93, 1.00 e e 0.96 0.92, 1.01 e e 0.97 0.92, 1.02 e e

Vitamin D supplement use
No supplement use Ref. e Ref. e Ref. e Ref. e Ref. e Ref. e

Supplement use 0.54 0.35, 0.82** 0.54 0.34, 0.86* 0.61 0.26, 1.40 0.56 0.22, 1.44 0.52 0.32, 0.84** 0.49 0.29, 0.85*
Sun exposure (last 30 days)
0e1 h/d Ref. e Ref. e Ref. e Ref. e Ref. e Ref. e

1e3 h/d 0.58 0.44, 0.77*** 0.59 0.44, 0.80** 0.52 0.32, 0.84** 0.56 0.32, 0.95* 0.60 0.43, 0.86** 0.61 0.42, 0.89*
>3 h/d 0.37 0.26, 0.55*** 0.36 0.24, 0.55*** 0.25 0.14, 0.46*** 0.21 0.11, 0.42*** 0.49 0.30, 0.82** 0.50 0.29, 0.89*

Skin colour
Very light Ref. e Ref. e Ref. e Ref. e Ref. e Ref. e

Light colour/Medium
light

0.48 0.26, 0.88* 0.47 0.24, 0.91* 0.84 0.21, 3.27 0.55 0.10, 3.09 0.41 0.21, 0.82* 0.44 0.21, 0.89*

Fairly dark 0.33 0.17, 0.62** 0.34 0.17, 0.67** 0.53 0.13, 2.12 0.32 0.05, 1.81 0.29 0.14, 0.60** 0.33 0.15, 0.70**
Dark or very dark 0.36 0.17, 7.66** 0.34 0.15, 0.75** 0.57 0.13, 2.52 0.33 0.05, 2.07 0.33 0.13, 0.81* 0.28 0.11, 0.75*

PTH (pg/ml) 1.00 1.00, 1.01* 1.00 0.99, 1.01 1.00 0.99, 1.01 1.00 0.99, 1.01 1.01 1.00, 1.01* 1.00 0.99, 1.01
Season of blood

sample collection
Summer Ref. e Ref. e Ref. e Ref. e Ref. e Ref. e

Fall 1.34 0.87, 2.07 1.18 0.74, 1.88 1.02 0.52, 1.98 0.68 0.32, 1.44 1.71 0.95, 3.09 1.69 0.90, 3.18
Winter 1.19 0.86, 1.65 1.04 0.73, 1.49 1.85 1.09, 3.12* 1.63 0.89, 3.00 0.91 0.60, 1.37 0.83 0.53, 1.32
Spring 1.84 1.32, 2.57*** 1.75 1.22, 2.50** 2.71 1.53, 4.77** 2.91 1.52, 5.53** 1.49 0.99, 2.62 1.45 0.93, 2.27

Smoking status
Not smoking Ref. e e e Ref. e Ref. e Ref. e e e

Smoking 1.19 0.91, 1.55 e e 1.63 1.05, 2.52* 1.74 1.04, 2.90* 0.98 0.70, 1.37 e e

LR test for the model: 88.85, p < 0.001*** LR test for the model: 68.09, p < 0.001*** LR test for the model: 55.23, p < 0.001***

25(OH)D. 25-hydroxyvitamin D. ng/ml, nanograms per milliliter. OR, Odds Ratio. CI, Confidence Interval. BMI, Body Mass Index. h/d, hours/day. mg/day, micrograms per day.
PTH, Parathyroid hormone. Pg/ml, picogram per milliliter. LR test, Likelihood Ratio test. *P < 0.05, **P < 0.01, ***P < 0.001.

a Model 1: was adjusted for covariates having p values < 0.05 in crude analyses for the total sample which were age, BMI, activity level, vitamin D supplement use, sun
exposure, skin colour, PTH and season of blood sample collection.

b Model 2: model 1 plus adjustment for smoking status which had a p value < 0.05 only in crude analyses for males.
c Model 3: model 1 plus adjustment for smoking status which had a p value < 0.05 only in crude analyses for females.
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with the odds of having serum 25(OH)D < 20 ng/ml in males and in
crude analyses but were excluded as there was no clinical signifi-
cance (OR ¼ 1).

4. Discussion

To our knowledge this is the first study that aims to identify
factors associated with 25(ΟН)D concentration <20 ng/ml in Greek
adults. HNNHS0 measurements showed that despite the ample sun
in Greece, 36% of adults had insufficient serum 25(OH)D concen-
tration (12e19.9 ng/ml) and 28.8% had deficient concentration
(<12 ng/ml). In total, 64.8% had either deficient or insufficient
concentration, i.e. concentration <20 ng/ml. Many factors that
could help improve vitamin D status are modifiable, including
weight status regulation, increase in physical activity, skin exposure
to sunlight and supplement use. Despite the study's null findings
between serum 25(OH)D concentration and vitamin D dietary
intake, the latter was extremely low from almost the whole pop-
ulation, therefore efforts to increase intake are also required.

Vitamin D deficiency and insufficiency have been of concern
recently with a worldwide review reporting that 37.3% of studies
found mean values of 25(OH)D concentration <20 ng/ml with the
subtotal for males being 22.3 ng/ml and for females 21.3 ng/ml [5].
In accordance to our study, high prevalence of deficiency has been
reported in previous studies [5e9,11,25] with a review reporting
35e75% of adults from Mediterranean countries having serum
25(OH)D concentration <20 ng/ml (54% of Greek adults) [4]. These
studies have taken place in more than 40 countries worldwide
many of which in Europe [5,6]. Included studies were cross-
sectional or cohort where vitamin D status was measured,
whereas studies where status was estimated, rather than
measured, were excluded. Most studies included a random sample.
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In addition, other reports from Greece [7,8], Europe [25] and
non-European counties [9,26e28] showed that the highest preva-
lence of serum 25(OH)D concentration <20 ng/ml was during
March, in accordance to our study. Vitamin D deficiency was lower
over summer months (June and July) as have been reported by
others [25] and started to significantly decrease in May (Spring)
during which sun exposure actually commences in Greece. In our
study no blood samples were collected during August and
September, therefore no comparisons can be made with vitamin D
status in October. It can be inferred that vitamin D levels in serum
start decreasing over September, since adults return to their usual
work schedule, hence have lower sun exposure. Also, it must be
underlined that direct comparisons cannot be made, since as a
cross-sectional study, different serum samples were collected in
each month. Similar seasonal trends have been also observed
elsewhere [14].

Vitamin D food intake in our sample was low, a finding that
seems reasonable as few foods contain vitamin D and there is no
fortification law in Greece; a strategy that is reported to have a
positive effect in other regions [29,30]. Our results are similar or
lower compared to levels reported elsewhere [6,31,32]. In the
United States, weremilk and cereals are fortified, intakes are higher
(3.9e7.0 mg/day) [33]. Higher intakes are also observed in European
countries except Spain where there is also no fortification law and
intake is 1.6e1.7 mg/day [6]. Although, dietary assessment meth-
odologies vary between European countries, a notable discrepancy
between intakes and recommendations exists [6].

Although, 0e1 or 1e3 h/day might seem adequate and Greece
has adequate UVBR availability all year round [34] we have to
consider that data is self-reported, that the majority of the skin
might hypothetically be covered by clothing, especially overWinter
months, hence little skin area might be exposed to the sun. Also,
participants might have also included time exposed in the sun
when behind a glass (e.g. inside a building or a car) that acts as a
UVBR barrier [35]. Furthermore, for cultural or health reasons
people might be avoiding sun exposure. Similar trends have been
reported in sunny countries in the past [1,36,37].

Only approximately 6% of males and 11% of females reported
consuming supplements, and <1% of males & 6.7% of females
receiving �10 mg/day (data not shown). The significant sex differ-
ence could hypothetically be explained by the higher prevalence of
osteoporosis in women compared to men as reported in previous
findings (8.3% vs. 0.8% in adults) [15].

With regards to 25(OH)D low blood concentrations, our results
are comparable with studies from Greece [7,8], Europe [11] and the
rest of the world [3,38]. There were no significant differences in
serum 25(OH)D concentration observed between males and fe-
males as in other reports [39].

Almost all subjects (>99%) of the population in this HNNHS
study, were of Caucasian origin in contrast with other countries,
who report a higher proportion is of non-Caucasian origin who
differ physiologically and culturally [14], therefore results are not
directly comparable. In this study only 7% of the sample had dark or
very dark skin (Caucasian in nature) compared to 60% that has light
or medium light and therefore associations could be influenced by
sample size. In addition, as the vast majority of our volunteers is of
Caucasian origin, we essentially only compared white skinned
people who tan more or less easily. We could hypothesize that
those with very fair skin tend to burn easily therefore also tend to
protect their skinwith clothing or use of more sunscreen, as shown
by our study, than those who are of darker colour (higher skin type
category). It has been shown that skin area exposure at the right
time of day rather than long sun exposure, can result to optimal
serumvitamin D levels [40]. Public health awareness programs can,
therefore, be of great importance, and can help reduce deficiency
prevalence found in Greece.

Other studies reported a positive effect of physical activity on
25(OH)D concentration adequacy which is hypothesized to be due
to increased sun exposure [14] however there seems to be an effect
irrespective of sun exposure as the same has been observed for
indoor activity [41]. The main factors that influenced the odds of
having 25(OH)D levels <20 ng/ml were sun exposure and season of
blood collection. With increasing sun exposure, the odds of vitamin
D deficiency were lower. Spring season of blood sample collection
was associated with higher odds of vitamin D (25(OH)D) defi-
ciency/insufficiency, probably because of the low levels of sun
exposure during preceding months. As previously suggested [42],
this seasonal difference in 25(OH)D concentrations could possibly
be improved with the consumption of fortified products. Supple-
ment use might not have been significantly associated with lower
odds of deficiency due to the small sample size of males that were
receiving supplements with content �10 mg/day (n ¼ 2). This could
hypothetically be explained by the lower prevalence of osteopo-
rosis in males and/or lower degree of actively checking for osteo-
porosis in comparison to females, and hence reduced supplemental
intake. Smoking as per other reports was associated with higher
odds of serum 25(OH)D concentration <20 ng/ml and it is hy-
pothesized that smoking impairs conversion of 25(OH)D to
1,25(OH2)D [43].

In females, obesity was associated with an increased likelihood
of low vitamin D status. The lipophilic nature of adipose tissue is
hypothesized to act as sequester of vitamin D, rather than storage,
and studies have reported increases in 25(OH)D concentrationwith
weight reduction in obese individuals [14]. The exact mechanisms
remain unclear [24]. Supplement use and sun exposure were
associated with lower odds as was darker skin, as would be ex-
pected. In accordance with other studies, our biochemical data also
show a negative correlation between serum PTH concentration and
25(OH)D concentration [44e46], thereforewas accounted for in the
model of final associations to decrease bias and confounding re-
sults, resulting from hormonal regulation. Supplement use was
higher in females than in males, and time of blood sample collec-
tion was not significantly correlated with 25(OH)D levels in the
blood. Seasonal difference found in supplement use especially by
women taking �10 mcg/day vitamin D over Spring and Winter
compared to Summer and Fall (13.6%) may be due to the perception
that during Summer sunlight exposure is adequate for vitamin D
synthesis.

It is finally noteworthy that in both sexes dietary intake was not
significantly associated with the odds of having 25(OH)D blood
levels <20 ng/ml probably because 94.6% had very low intakes. This
is probably the reason for the disagreement between the results of
our study and another recent one which showed that with higher
intakes of vitamin D from food are associated with higher 25(OH)D
levels [47].

Due to the nature of the study, some limitations should be
considered. Firstly, no causal relationships can be drawn, since it is
a cross-sectional study. Most participants lived in urban areas and
therefore we were unable to explore differences between urban vs.
semi-urban regions (0.37% from non-urban regions). However, in
Greece, the vast majority of the population reside in metropolitan
areas. In addition, we did not explore ethnic differences as <1% of
the sample were of non-Caucasian race.

In conclusion, serum 25(OH)D deficiency is high in Greek adults
of both sexes. Given vitamin D's possible link to several diseases,
relevant actions and policies to correct deficiency and reduce
prevalence, need to be taken. Food fortification and vitamin D
supplements are two options towards that goal. Longer but safe sun
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exposure could offer an additional effective and low-cost strategy
for 25(OH)D deficiency prevention.
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