
INTRODUCTION
Vita min D has been known to man kind since 1820. The 

term “vi ta min D” (cal cif erol) de fines two chemi cals from
a group of 9,10- secosteroids: er go cal cif erol and chole cal -
cif erol. Regu la tion of calcium- phosphate me tabo lism is
the most im por tant func tion of vi ta min D. The fi nal ef fect
of 1,25(OH)2D (1,25- dihydroxycholecalciferol) is to in -
crease blood cal cium and phos phate con cen tra tions to
en sure op ti mal con di tions for bone min er ali za tion
[11,17]. Vi ta min D de fi ciency re sults in dis or dered bone
min er ali za tion which leads to rick ets in chil dren and os -
teo mala cia in adults. In rick ets, the bones, be ing loaded by 
the in creased body weight of a grow ing child, be come de -
formed and bent [8]. For many years, re search ers be lieved
that calcium- phosphate me tabo lism regu la tion and in -
volve ment in bone tis sue me tabo lism was the only
func tion of vi ta min D. The dis cov ery of pleio tropic ac tiv -
ity of vi ta min D al lowed un der stand ing bet ter its role in
the body. At pres ent, it is known that vi ta min D de fi ciency 
con trib utes to many chronic con di tions, in clud ing
cardio- vascular and neo plas tic prob lems, dis eases due to
auto ag gres sion, meta bolic syn drome and obe sity [12,20].

Full clini cal pic ture of vi ta min D defi cit is usu ally pre -
ceded by a pe riod of sub clini cal mani fes ta tions re lated to
grad ual de crease in blood 25(OH)D (25- hydroxycholecal-
ciferol) con cen tra tion [11,14].

The pur pose of the study was to evalu ate vi ta min D
status in healthy sub jects. Vi ta min D level was de ter -
mined on the ba sis of blood se rum 25(OH)D con cen-
tra tion tak ing into ac count age. Moreo ver it was to de ter -
mine the fre quency of vi ta min D defi cits on the ba sis of
blood se rum 25(OH)D re sults and to find cor re la tions be -
tween blood se rum 25(OH)D and the con cen tra tions of
cal cium, in or ganic phos phates and se rum al ka line phos -
phatase (ALP) ac tiv ity.

MA TE RIAL AND METH ODS
A ran dom ized study was car ried out on a group of 40

healthy sub jects aged 22-63 years. To ob tain blood se rum
each per son had ve nous blood sam ples drawn fast ing in
the morn ing, twice: from 6 March, 2012 to 15 March,
2012 and from 25 June, 2012 to 6 July, 2012. The con cen -
tra tions of 25(OH)D, cal cium, in or ganic phos phates and
se rum ALP ac tiv ity were de ter mined in blood se rum. The
con cen tra tion of 25(OH)D was meas ured on COBAS ana -
lyzer e411 (Roche) by elec tro chemi lu mi nes cence (ELC)
method. The con cen tra tions of cal cium, in or ganic phos -
phates and ALP ac tiv ity were de ter mined by COBAS
INTEGRA 400 Plus (Roche). Cal cium con cen tra tions
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were de ter mined by or tho-cre sol phthal ein com plex one
(OCP) col or imet ric method. The con cen tra tions of in or -
ganic phos phates were meas ured us ing the method based
on the re ac tion with ammo nium hep ta mo lybdate. The ac -
tiv ity of ALP was evalu ated by a stan dard ized method
us ing op ti mal sub strate con cen tra tions and 2- amino-
 2methyl- 1- propanol buffer with mag ne sium and zinc ions 
(Roche Di ag nos tics). All bio chemi cal tests were con -
ducted in one- series ses sion at The Medi cal Uni ver sity
Hos pi tal Di ag nos tic Labo ra tory. 

RE SULTS 
The re sults found sig nifi cantly in creased se rum ALP

ac tiv ity and 25(OH)D con cen tra tion ob tained in the sec -
ond se ries com pared to the first col lec tion. Other tested
pa rame ters did not show sig nifi cant dif fer ences in the
con cen tra tion val ues of cal cium and in or ganic phos phates 
be tween the first and sec ond se ries (Ta ble 1, Fig. 1).

Ta ble 2 pres ents the fre quency of par ticu lar con cen tra -
tion ranges of se rum 25(OH)D with ref er ence to the
col lec tion se ries. Dur ing first col lec tion (c1) the fre -
quency of vita min D de ficit, de fined as se rum 25(OH)D
concen tra tion range of 0-10 ng/ml, was 22.5%, the fre -
quency of 25(OH)D in suf fi ciency within the range of
10-20 ng/ml was 52.5%, the fre quency of hy po vi ta mi no -
sis D (25(OH)D con cen tra tion range of 20-30 ng/ml) was
20% and op ti mal level (25(OH)D con cen tra tion range of 

>30 ng/ml) was 5%. Dur ing sec ond col lec tion (c2) the re -
spec tive val ues for defi cits (both ranges: 0-10 ng/ml and
10-20 ng/ml) were 5% and 42.5%, hy po vi ta mi no sis D –
42.5% and op ti mal level – 10%.

Ta ble 2. Fre quency of se rum 25(OH)D con cen tra tions de ter -
mined dur ing the first (c1) and sec ond (c2) col lec tion of blood

Serum 25(OH)D
concentrations

(ng/ml)

Frequency of occurrence
in the examined population

First colletion
(c1)

Second collecion 
(c2)

Vit. D deficit   0–10 22.5%   5.0%
Vit. D insufficiency 10–20 52.5% 42.5%
Hypovitaminosis D 20–30 20.0% 42.5%
Vit. D 
recommended level 30–80   5.0% 10.0%

Moreo ver, there were no sta tis ti cally sig nifi cant dif feren-
ces be tween se rum 25(OH)D con cen tra tions de ter mined
dur ing the first and sec ond col lec tion and other pa rame -
ters de ter mined in both se ries. No cor re la tions were found 
among the stud ied pa rame ters (Ta ble 3).

Table 3. Correlations between selected parameters

Parameters

Number of examined samples
n=40

Correlation (R
Spearman)

Significance
p

25(OH)D (ng/ml)
First collection (c1)

Ca c1 (mmol/l)  0.275 0.086
P c1 (mmol/l)  0.046 0.776
ALP c1 (U/l) -0.159 0.327
Age (years) -0.075 0.644

25(OH)D (ng/ml)
Second collection (c2)

Ca c2 (mmol/l)  0.176 0.276
P c2 (mmol/l) -0.267 0.095
ALP c2 (U/l) -0.106 0.516
Age (years) -0.139 0.391

DIS CUS SION
Lit era ture data sug gest that hypo vi ta mi no sis D seems

to be epi demic in many coun tries all over the world, in -
clud ing Po land. It is con sid ered one of the ma jor health
prob lems in hu mans. The prob lem seems to be alarm ing
since, ac cord ing to the pres ent knowl edge, nor mal con tent 
of vi ta min D is not only in dis pen sa ble for its cal ce mic ac -
tiv ity but also for vi ta min D in flu ence on the car dio-
vas cu lar sys tem, im mune sys tem, CNS, neo plas tic dis -
eases, der ma to logi cal ail ments, meta bolic syn drome and
type 2 dia be tes [4-6,15].

Our results re vealed that mean con cen tra tion of se rum
25(OH)D de ter mined in sum mer was sta tis ti cally sig nifi -
cantly higher (p<0.001) in com pari son to the mean value
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Ta ble 1. De scrip tive sta tis tics of the con cen tra tions of 25(OH)D, cal cium, in or ganic phos phates and ALP ac tiv ity with ref er ence to the
time of blood sam ple col lec tion 

Parameter
First collection (c1) Second collection (c2)

x±SD Me 25–75% x±SD Me 25–75%

25(OH)D (ng/ml) 15.62±7.25 15.67 10.81–19.43 20.78±7.23* 20.44 14.89–25.95
Ca (mmol/l)  2.25±0.30   2.32 2.26–2.38 2.30±0.09   2.33 2.25–2.37
P (mmol/l)  1.08±0.22   1.09 0.96–1.25 1.15±0.26   1.08 0.96–1.30
ALP (U/l)  55.55±19.31 54     45–65   62.58±19.44* 58    50–76

x – arith metic mean; SD- stan dard de via tion; Me- me dian; 25–75% – per cen tile range; 25(OH)D – 25-h ydrox ychol eca lci ferol con cen tra tion; Ca – cal cium con cen tra tion; 
P – in or ganic phos phates con cen tra tion; ALP – al ka line phos phatase ac tiv ity; * p<0.001

Fig. 1. Serum 25(OH)D determined on the first and second
sample collection



ob tained in win ter and spring. Simi larly, Hill et al. [9],
who ex am ined 76 post meno pausal women from Ire land,
ob served dis tinct fluc tua tions of vi ta min D me tabo lites
de pend ing on the sea son of the year. They found that
25(OH)D con cen tra tions were sub stan tially higher in the
sum mer months com pared to the win ter sea son. In an other
study, Pasco et al. [18] exam ined 3280 fe males aged over
55 years from Aus tra lia. They ob served maxi mum se rum
25(OH)D con cen tra tion in the sum mer and mini mum val -
ues in the win ter and no ticed that low ered 25(OH)D
con cen tra tions cor re lated with in creased mark ers of bone
re sorp tion. Also Bhat toa et al. [2] fo cused on sea sonal
fluc tua tions of se rum 25(OH)D. They ex am ined 319 post -
meno pausal fe males from Hun gary. They found that
se rum 25(OH)D level de pended on the mean number of
sun light hours dur ing three months prior to blood col lec -
tion, age and die tary cal cium con tent [19,20]. 

Our study fo cused on the fre quency of par ticu lar vi ta -
min D con cen tra tions de pend ing on the time of blood
sam ple col lec tion. The fre quency of par ticu lar vi ta min D
con cen tra tions in Pol ish popu la tion was ana lysed by
Napiór kowska et al. [16]. They ex am ined vi ta min D
status in a group of 274 eld erly women aged 69.1±5.7
years mean in Po land. In the win ter mean se rum 25(OH)D 
con cen tra tion was 13.6 ng/ml; op ti mal 25(OH)D con cen -
tra tion (>30 ng/ml) was found in 4% ex am ined women,
25(OH)D in suf fi ciency (20-30 ng/ml) was de ter mined in
12.8% ex am ined and defi cit value of  >20 ng/ml was ob -
served in 83.2% women. Hyp po nen and Power [10] also
evalu ated the fre quency of particu lar vi ta min D con cen -
tra tions. They ex am ined 7500 citi zens from Great Brit ain
and ob tained slightly dif fer ent re sults, us ing  simi lar cut-
 off val ues. In the winter- spring months they found the fol -
low ing re sults: the fre quency of vi ta min D defi cit (de fined 
as se rum 25(OH)D concen tra tion range of 0-10 ng/ml)
was 15.5%; the fre quency of 25(OH)D in suf fi ciency
(within the range of 10-16 ng/ml) was 31.1%; the fre -
quency of hy po vi ta mi no sis D (25(OH)D (con cen tra tion
range of 16-30 ng/ml) was 40.5% and op ti mal level
(25(OH)D con cen tra tion range of >30 ng/ml) was 12.2%,
while in the sum mer months the re spec tive val ues for
defi cit were 3.2%,  in suf fi ciency – 12.2%, hy po vi ta mi no -
sis D – 42.5% and op ti mal level - 10%.

In this study we also ana lyzed the cor re la tion be tween
se rum 25(OH)D con cen tra tions and ba sic pa rame ters of
calcium- phosphate me tabo lism (con cen tra tions of cal cium,
in or ganic phos phates and ALP ac tiv ity). How ever, no sig -
nifi cant cor re la tions be tween those pa rame ters were
found. Ka shi et al. [13], who in ves ti gated a group of 351
peo ple from Sari, north ern Iran ob tained simi lar re sults.
They did not find sig nifi cant cor re la tions be tween se rum
25(OH)D, cal cium, in or ganic phos phates con cen tra tions,
and ALP ac tiv ity. Simi larly to us, they found sig nifi cantly 
higher ALP ac tiv ity in the sum mer com pared to win ter.

Among the popu la tion of Sari the fre quency of vi ta min D
defi cit (de fined as 25(OH)D con cen tra tion >30 ng/ml]
was 90.6% in the sum mer com pared to the win ter sea son
when it was 93.2%. Our re sults re vealed that 90% ex am -
ined in the sec ond test and 95% in the first se ries had
se rum 25(OH)D con cen tra tions >30 ng/ml.

We did not find sig nifi cant cor re la tions be tween se rum
25(OH)D con cen tra tions and age. This fact is con firmed
by lit era ture data. Fassi et al. [7] did not find cor re la tions
with age. They ex am ined se rum 25(OH)D con cen tra tions
in 159 fe males at vari ous age, citi zens from Bue nos Ai res. 
In the win ter vi ta min D defi cit was found in 15.9% of
young women and in 14.2% of eld erly women. In the
sum mer the con cen tra tions of 25(OH)D were in creased in 
both groups. Also An der sen et al. [1] evalu ated 25(OH)D
con cen tra tions in teen age girls and eld erly women from
Po land, Den mark, Ire land and Fin land. Con cen tra tion of
25(OH)D ng/ml was noted in 37% of teen age girls and
17% of eld erly women, con cen tra tion of 25(OH)D >20 ng/
ml was found in 92% and 37% re spec tively. Vi ta min D
level posi tively cor re lated with vi ta min D sup ple men ta -
tion and hours of ex po sure to sun light [3,13,16].

CON CLU SIONS
To sum up, we need to state that in the examined group

of healthy people vitamin D concentrations, expressed as
blood serum 25(OH)D concentrations, are lower in the
winter compared to the reference values. The results
obtained during the study carried out from 25 June, 2012
to 6 July, 2012 were statistically significantly increased
compared to the results of measurements from 6 March,
2012 to 15 March, 2012. The results showed that vitamin
D status does not depend on age. No correlation was
found between vitamin D concentrations expressed as
serum 25(OH)D and the concentrations of calcium, inor-
ganic phosphates and ALP activity. Seasonal fluctuations
in vitamin D contents, their clinical consequences as well
as possible benefits of vitamin D supplementation in the
period of little insolation need further examination.
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