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Summary

Background: 25 (OH) vitamin D3 (25(OH)D) and parathy-
roid hormone (PTH) are important regulators of calcium
homeostasis. The aim of this study was to retrospectively
determine the cut—off for sufficient 25(OH)D in a four-sea-
son region and the influence of age, seasons, and gender
on serum 25(OH)D and PTH levels.

Methods: Laboratory results of 9890 female and 2723
male individuals aged 38.8+22.1 years who had simulta-
neous measurements of 25(OH)D and PTH were retro-
spectively analyzed by statistical softwares. Serum
25(0OH)D and PTH levels were measured by a mass spec-
trometry method and by an electrochemiluminescence
immunoassay, respectively.

Results: Mean serum 25(OH)D levels showed a sinusoidal
fluctuation throughout the year and were significantly
(p<0.01) higher in summer and autumn. On the other
hand, PTH levels were significantly higher (p<0.01) in
women and showed an opposite response to seasonal
effects relative to 25(OH)D. Lowest levels of 25(OH)D
were detected in people aged between 20 and 40 years
whereas PTH hormone levels were gradually increasing in
response to aging. The significant exponential inverse rela-
tionship that was found between PTH and 25(OH)D
(PTH=exp(4.12-0.064*sqrt(25(0OH)D)) (r=-0.325, R-
squared=0.105, p<0.001)) suggested that the cut—off for
sufficient 25(OH)D should be 75 nmol/L.

Conclusions: Our retrospective study based on large data
set supports the suitability of the currently accepted clinical
cut—off of 75 nmol/L for sufficient 25(OH)D. However, the
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Kratak sadrzaj

Uvod: 25 (OH) vitamin D3 (25(OH)D) i paratireoidni hor-
mon (PTH) imaju vaznu ulogu u regulisanju homeostaze
kalcijuma. Cilj ove studije bio je da se retrospektivno odrede
cut-off vrednosti za dovoljan nivo 25(OH)D u regionu sa
Cetiri godi$nja doba, kao i uticaj starosti, godi$njeg doba i
pola na nivoe 25(OH)D i PTH u serumu.

Metode: Laboratorijski rezultati 9890 Zena i 2723 muskarca
starosti 38,8+22,1 godina kod kojih su istovremeno mereni
25(0OH)D i PTH retrospektivno su analizirani statisti¢kim soft-
verom. Nivoi 25(OH)D i PTH u serumu mereni su metodom
masene spektrometrije, odnosno elektrohemiluminiscencije.
Rezultati: Sredniji nivoi 25(0OH)D pokazali su sinusoidnu fluk-
tuaciju tokom cele godine i bili su znacajno visi (p<0,01) u
leto i jesen. S druge strane, nivoi PTH bili su znacajno visi
(p<0,01) kod zena i pokazali su suprotan odgovor na se-
zonske efekte u odnosu na 25(OH)D. Najnizi nivoi 25(0OH)D
otkriveni su kod ljudi starosti izmedu 20 i 40 godina, dok su
hormonski nivoi PTH sa starenjem bili u postepenom po-
rastu. Znacajan eksponencijalni obrnut odnos koji je utvr-
den izmedu PTH i 25(OH)D (PTH=exp(4,12-0,064*
koren? (25(OH)D)) (r=-0,325, R-na kvadrat=0,105,
p<0,001)) ukazao je na to da cut-off vrednost za dovoljan
nivo 25(OH)D treba da bude 75 nmol/L.

Zaklju¢ak: Nasa retrospektivna studija zasnovana na velikim
skupinama podataka potvrduje da je trenutno prihvacena
klini¢ka cut-off vrednost od 75 nmol/L prigodna za dovoljan
nivo 25(OH)D. Medutim, utvrdivanje nedostatka vitamina D
ostaje tesko izvodljivo usled varijacija u serumskom nivou
25(OH)D zbog godidnjih doba. Stoga, merenje PTH trebalo
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issue of assessing Vitamin D deficiency remains difficult
due to seasonal variations in serum 25(OH)D. Therefore,
PTH measurements should complement 25(OH)D results
for diagnosing Vitamin D deficiency. It is imperative that
seasonally different criteria should be considered in future.

Keywords: vitamin D, 25(OH)D, vitamin D deficiency,
parathyroid hormone

Introduction

Vitamin D and parathyroid hormone (PTH) are
regulators of serum calcium levels in the body.
Vitamin D deficiency causes the softening of bones
leading to rickets in children or osteomalacia in adults
(1). More recently, Vitamin D deficiency has also
been associated with non-musculoskeletal disorders
(2, 3). In this respect, a number of observational stud-
ies have linked Vitamin D deficiency to cancer, cardio-
vascular diseases, diabetes, depression, or multiple
sclerosis (1, 4-8). Since Vitamin D deficiency can be
prevented by supplements or injections, it is most
important to determine the clinical decision thresh-
olds to define the deficiency.

Vitamin D, (ergocalciferol) and Vitamin Dz
(cholecalciferol) are the most common forms of
Vitamin D. Vitamin Dz is synthesized from 7- dehy-
drocholesterol in the skin upon sun exposure. This
inactive form of Vitamin D3 is then converted to the
prohormone form — 25(OH)D in the liver. The biolog-
ically active form, which is 1,25(OH)D3, is then pro-
duced from 25(OH)D in the kidney and serves a
regulatory hormone role in the body. Therefore,
25(0OH)D is the primary metabolite of Vitamin D in
blood circulation which is commonly used to reflect
vitamin D status (9).

Currently, measurement of serum 25(OH)D
(either 25(OH)Dz or 25(0OH)D,) concentration is a
routine laboratory test to assess Vitamin D levels (10).
However, determination of 25(OH)D levels still
involves methodological and clinical challenges. From
a clinical point of view, there are seasonal variations
in 25(OH)D levels which may be accompanied by
additional variations due to gender, age, and BMI
(11-15). On the other hand, there are significant
problems in methodology, such as the reference inter-
val calculations cannot be made through classical
methods (16, 17). Therefore, there is still no consen-
sus in regards to determining the clinical decision lev-
els for Vitamin D deficiency and, instead, the guide-
lines report recommended levels for health (18-24).

Vitamin D and PTH have a well-known inverse
relationship, such that Vitamin D insufficiency causes
an increase in serum PTH (19-21, 25-29). For exam-
ple, Hollick et al. (21) reported a significant inverse
correlation between serum PTH and 25(OH)D levels
in post-menopausal North American women. In
another study, it was shown that subjects who were

bi da posluzi kao komplement rezultatima 25(OH)D prilikom
dijagnostikovanja nedostatka vitamina D. Najvaznije je da se
u buducnosti razmotre razli¢iti kriterijumi prilagodeni razli-
¢itim godi$njim dobima.
Kljuéne reéi: vitamin D, 25(0OH)D, nedostatak vitamina
D, paratireoidni hormon

placed on Vitamin D therapy had an overall decrease
(~20%) in their serum PTH concentrations (19).

Knowledge innovation from databases using
data mining techniques is an invaluable methodology
for extracting patterns from large data sets and com-
prehending the knowledge retained within these pat-
terns (30, 31). This knowledge discovery process has
several distinct steps or sub-processes that begin with
data collection which is then followed by data refin-
ing, aggregation, and combination. After these steps,
the data is ready to be utilized for data imagining
followed by data mining. Sub-processes in the data
mining procedure are iterative rather than being con-
secutive (i.e. movement from data imagining back to
data refining if abnormalities are discovered in the
data set) (32). Overall, data mining techniques pro-
vide a very effective way of retrospective laboratory

data analysis to discover patterns otherwise unknown
(15, 30, 31, 33).

In the present study, we employed data mining
techniques to analyze the changes in 25(OH)D levels
and PTH further by gender and season based on ret-
rospective data obtained using the tandem mass
spectrometry technique, which is currently accepted
as the most stable method for measurements. Our
analysis, based on one of the largest data sets
obtained in the Eastern Europe region, deciphered
the seasonal patterns of 25(OH)D and PTH levels as
well as their dependence on gender and age.
Additionally, use of the 75 nmol/L clinical decision
threshold level for 25(0OH)D was also supported by
our retrospective study.

Material and Methods

The study included the results of 13026 individ-
uals who had simultaneous measurements of serum
25(OH)D and PTH concentrations at Acibadem
LABMED Clinical Laboratories (Turkey) between the
years 2009 and 2015. During the data refining
process, approximately 3.3% of data points were
excluded and a total of 12613 people were included
in this study. The extreme values were excluded by
the Generalized Extreme Studentized procedure,
leaving data from 9890 female and 2723 male indi-
viduals aged between 1-97 years (38.8+22.1 years)
to be used in analysis. Data mining techniques were
applied in order to understand the correlation
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between 25(OH)D and PTH. For this purpose, differ-
ent regression models were built and the effects of
age, gender, and seasons on the relationship between
25(OH)D vs. PTH were investigated.

Serum 25(OH)D concentrations were measured
by the Agilent Rapid Res 1200 LC system and Agilent
6420 and 6460 triple quadruple mass spectrometers
(Agilent Technologies, Santa Clara, CA). Acibadem
LABMED Clinical Laboratories was a participant in the
National Institute of Standards and Technology
(NIST)/National Institute of Health (NIH) vitamin D
metabolites Quality Assurance Program (VitDQAP)
and 25(OH)D measurements are traceable as NIST
SRM 972a, and the exact precision and bias values
are 1.3-8.2% and 0.07-3.2%, respectively. We used
a number of different cut-off values to define the
degree of insufficiency. Based on several research
articles and society recommendations (34-36), we
used the following groups: >75 nmol/L sufficient,
50-75 nmol/L moderate deficiency, 25-50 nmol/L
deficiency, <25 nmol/L severe deficiency.

Intact PTH concentrations were determined by
an electrochemiluminescence immunoassay with an
Elecsys analyzer (Roche Diagnostics, Mannheim,
Germany). For intact PTH, values greater than 200
pg/mL were excluded because these values corre-
spond to three-fold higher than the upper reference
limit indicating the presence of primary hyper-para-
thyroidism (15).

Analyse-it for Microsoft Excel 4.0 (Analyse-it
Software, Ltd. Leeds, UK), Statgraphics Centurion
XVI (Statpoint Technologies, Inc. Warrenton, Virginia,
USA), Minitab 16 (Minitab Inc, PA, USA), and IBM
SPSS Statistics 23 (IBM Ltd, USA) were used for sta-
tistical analyses in the study. The data were analyzed
by independent sample t test, One-Way ANOVA and
Tukey’s post hoc test and regression analysis. The sig-
nificance level of p was set to <0.01 throughout the
analysis.

Results

Analysis of seasonal changes in 25(OH)D and
PTH hormone levels revealed a sinusoidal pattern
where the 25(OH)D values increased starting in June,
reaching a peak level in September, and then
decreased to baseline levels by December (Figure
7A). It is important to note that there was a two—fold
difference in the median 25(OH)D values between
the months with the lowest (35.8 nmol/L, 95% ClI
33.8-38.8, in March) and the highest (69.3 nmol/L,
95% Cl 66.5-72.0, in September) levels as shown in
Table I. On the other hand, seasonal changes in PTH
levels showed a limited inverse sinusoidal pattern
(Figure 1B) to what was observed for 25(OH)D levels.
Response rate of PTH hormone levels to seasonal
changes was near 12% based on the difference

between the medians of lowest (36.9 ng/L, 95% ClI
35.4-38.7, in September) and the highest (41.9
ng/L, 95% Cl 40.7-42.7, in March) values.

When gender and seasonal changes were con-
sidered (Figure 2), it was found that women had high-
er (p<0.001) PTH levels than men throughout the
whole year. In addition, there was no statistical differ-
ence (p>0.01) in 25(OH)D levels in men and women
while there were statistically significant (p<0.001
with ANOVA test) seasonal highs and lows in both
genders. 25(0OH)D levels were maximal (p<0.001)
between July and October in comparison to the rest
of the months in a year (Figure 2).

Next, the age dependence of 25(OH)D and
PTH levels was examined (Figure 3). Perhaps not sur-
prisingly, the highest levels of 25(OH)D were
observed during the first decade (71 nmol/L, 95% Cl
68.8-73), which is possibly due to vitamin D replace-
ment during the childhood period. Moreover, there
was a significant decrease in 25(OH)D between ages
10-40 (Figure 3). In later age groups, the mean val-
ues of 25(OH)D were increasingly higher (Figure 3).

We also analyzed the seasonal, gender, and age
effects on relative deficiencies or insufficiencies in
25(OH)D levels. In particular, about 80% of people
(severe deficiency in 35%) had 25(OH)D lower than
75 nmol/L between February and May (Figure 4A
and Table I). The percentage of people with low
25(0OH)D (<75 nmol/L) levels dropped to 58% dur-
ing the summer months (severe deficiency in 8%)
(Figure 4A and Table I). When the effect of age on
25(0OH)D deficiencies was analyzed, 25(OH)D defi-
ciency was seen in 83% of the cases (<75 nmol/L)
(severe deficiency in 35% (<25 nmol/L)) (Figure 4B,
Table I). The highest prevalence of 25(OH)D deficien-
cy was seen between ages 20 and 30 (Figure 4B,
Table I). In addition, a review of the entire group by
gender revealed that only 27% of the population had
adequate 25(OH)D levels regardless of season and
age (Table 1).

Lastly, our analysis showed an inverse significant
correlation between PTH and 25(OH)D levels
(r=-0.277, p<0.001), which is supported by other
experimental studies in literature (4, 20, 26-29).
However, we performed other regression analyses and
determined that the highest correlation was between
log PTH and the minus square root of 25(OH)D. In the
linear regression model, the formula was as follows:
PTH=51.5-0.133*25(OH)D (r=-0.277, R-squared
=0.076, p<0.001) while this was PTH=exp
(4.12-0.064*sqrt(25(OH)D)) (r=-0.325, R-squared
=0.105 p<0.001) in the current regression analysis.

We observed that PTH levels showed a steeper
increase when 25(OH)D levels were below 75 nmol/L.
Moreover, PTH levels were at 35 ng/mL when
25(OH)D levels were at 75 nmol/L (Figure 5).
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Figure 1 Monthly changes in 25(OH)D (A) and PTH (B) levels. Red line, median; blue line, mean. Seasons experienced in a

year in Turkey are indicated in the ribbon above the graphs.
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Table | Seasonal changes in 25(OH)D and PTH hormone levels (A), changes in 25(OH)D and PTH hormone levels by age (B).

A PTH, ng/mL 25(0OH)D, nmol/L

N |Mean 95 Cl% SD | Median 95 CI% Mean 95 CI% SD |Median| 95 CI%

January |1057|43.7 | 425 |45.0| 20.2 | 41.2 |40.2 | 42.8 | 53.3|50.8 | 55.8 | 43.0 | 42.5 |39.3|44.8

February |[1192|43.8 | 42.6 |45.0| 20.3 | 40.2 |39.1| 419 |50.3|47.8|525| 44.3 | 36.8 |34.0|39.3

March (1580|453 | 44.3 |46.3| 208 | 419 |40.7 | 42.7 |49.5|475| 515 | 42.0 | 35.8 |33.8|38.8

April 1311|454 | 442 |46.5| 218 | 412 [ 402 | 424 |50.8|485|53.0|44.0 | 36.5 |34.3|38.8

May 1392 | 445 | 434 |456| 21.7 | 416 |[403| 424 |540|518|56.3|41.0 | 44.0 |42.3|46.0

June 971 | 426 | 413 |439| 216 | 38,6 |371| 39.8 |[62.0|59.3|64.5|41.3 | 53.5 |51.0|56.5

July 791 | 431 | 417 |44.6| 205 | 39.7 |38.0| 41.3 |68.0|65.0|71.0| 42.3 | 60.0 |57.3|63.0

August 631 | 421 | 404 |43.7| 204 | 385 |36.5| 39.8 |71.8|685|750| 418 | 66.0 |63.3|69.3

September | 689 | 40.6 | 391 |42.2| 191 | 369 |354| 38.7 |73.8|708|77.0| 40.0 | 69.3 |66.5|72.0

October | 843 | 41.3 | 399 |42.7|18.7 | 37.7 |36.2| 39.3 [72.3|69.5|750 | 385 | 68.0 |653|71.5

November | 944 | 43.2 | 419 |445| 19.4 | 403 | 391 | 416 |67.0|64.3|69.8 | 41.5 | 60.8 |58.3|63.0

December | 1216 | 44.0 | 42.8 [451| 209 | 41.2 |40.0| 425 |60.5|58.3|63.0 | 43.0 | 51.0 {48.5|53.0

B PTH, ng/mL 25(OH)D, nmol/L

Age N | Mean 95 CI% SD | Median 95 ClI% Mean| 95 ClI% SD |Median| 95 CI%

0-10 1476 | 30.6 | 29.6 | 31.6| 18.8 26 25 | 26.7 |71.0|68.8|73.0 | 43.3 | 64.0 |61.3|66.3

10-20 681 | 38.6| 371 |401|18.4 | 348 |33.4| 36.8 |47.3|44.0|50.3| 33.8 | 40.0 |37.8|42.3

20-30 [1011|401 | 38.8 |41.3| 181 37 35.8| 381 |47.8|45.0|50.3 | 41.3 | 35.8 |32.5|38.5

30-40 (1929|435 | 426 |44.4|189 | 406 |39.9| 417 |53.0|51.3|55.0| 425 | 43.3 |40.5|450

40-50 |2086|44.2 | 434 |451|19.2 | 40.6 |39.9| 41.7 |55.8|54.0|57.8 | 43.3 | 46.3 |44.3|48.5

50-60 |[2361|458| 45 |46.6| 194 | 428 (419 | 436 |61.5|59.8|63.3|40.3 | 55.0 |53.3|57.3

60-70 [1775|485 | 47.6 |49.5| 20.7 | 457 |446| 46.8 |63.0|61.0| 650 | 43.3 | 57.0 |54.8|59.8

70-80 889 [ 51.7| 504 | 53 24 475 | 46 | 49.3 |64.0|61.3|66.8 | 478 | 558 |53.5|58.8

80-90 377 | 54.4| 52.4 |56.4 | 25 511 | 481 | 53.7 |64.0]59.8 | 68.3 | 46.8 | 55.0 [48.5|62.0

>90 28 | 522 | 449 |595|223 | 523 |409| 589 |67.3|515|828| 51.0 | 57.3 |30.0|84.3
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Table Il Frequency distribution among the 25(0OH)D concentration categories in various months, decades of life and gender.

Months
Z:QOT}I_D, January | February| March | April | May | June | July | August | September | October | November |December| Total
<25 315 416 553 | 448 | 370 | 172 | 84 54 56 71 109 224 | 2872
25-50 | 296 337 436 | 362 | 426 | 267 | 206 | 142 117 170 242 367 | 3368
50-75 | 201 209 285 | 225 [ 299 | 260 | 237 | 191 230 248 296 302 | 2983
> 75 245 230 306 | 276 | 297|270 | 264 | 242 286 354 297 323 | 3390
Total 1057 | 1192 | 1580 | 1311 {1392| 969 | 791 | 629 689 843 944 1216 12613
Age
25(0FD, |y 70 | 20 | 30 | 40 | so | e | 70 | 80 90 | Total
nmol/L
<25 170 175 358 562 537 426 351 196 90 7 2872
25-50 360 255 284 548 582 625 430 196 82 6 3368
50-75 359 162 194 390 493 615 449 237 80 4 2983
>75 587 89 175 429 474 695 545 260 125 11 3390
Total 1476 681 1011 1929 2086 2361 1775 889 377 28 12613
Gender
Female Male
25(0OH)D, nmol/L n % n %
< 25 <25 24.5 445 16.3
25-50 25-50 25.8 821 30.2
50-75 50-75 23.0 711 261
> 75 >75 26.7 746 27.4
Total 9890 2723
Discussion study by Bischoff-Ferrari et al. (24) on 4100 elder

There is ongoing controversy over optimal
serum levels of 25(OH)D recommended in current
clinical guidelines. This is mostly due to the fact that
the determination of reference intervals for 25(OH)D
cannot be made according to IFCC recommendations
because 25(0OH)D levels show seasonal variations.
Consequently, varying levels of 25(OH)D were rec-
ommended to be used as clinical thresholds of defi-
ciency by different research groups. For example,
Heaney et al. (17) suggested that 80—90 nmol/L was
necessary for appropriate calcium absorption, while
Malabanan et al. recommended a 25(OH)D level of
50 nmol/L considering also the PTH levels (19).
Additionally, Chapuy et al. (20) and Holick et al. (21)
reported the most optimal 25(OH)D levels to be
between 75-77.5 nmol/L based on PTH hormone
levels which tended to show a steep increase above
optimal 25(0OH)D levels chosen. A cross—sectional

individuals suggested that a 100 nmol/L level was
adequate for minimum musculoskeletal functions. In
our analysis, PTH levels reach a stable plateau above
25(0OH)D levels of 75 nmol/L suggesting this value to
be the clinical decision threshold for 25(OH)D (Figure
5). This finding is a reconfirmation of the clinical deci-
sion threshold level that others found previously (20,
21) using a much larger retrospective data set.

One of the most interesting findings of this study
is the examination of seasonal and age dependence
of PTH levels. The progressive increase in PTH due to
aging was expected as previously seen (37) but these
levels were statistically higher in women relative to
men throughout all the seasons. It is possible that
women spend less time outside compared to men in
Turkey, which would indicate reduced sun exposure
and, therefore, reduced Vitamin D synthesis. The lat-
ter may result in increased levels of PTH. However,



J Med Biochem 2017; 36 (1)

79

175 1 — ; , I
T : . ., 1 ~ ¥ .
150 T § ? ‘ ™ s ; i » W '3 ' 8
< 1254 i i t .
o *
€ 100 4 * * *
c
g 757l 0.0 B Brs WL @
a . B et e tigh L] ||
T wadl PUSY HNEE NuBS Moo= - T i
B i i eminis L &
2 25
o™~
G % A5 o3 23 3% 23 23 23 33 33 =% 53
m m o m m m m m m m m m m m m m (1] m m m m m m m
E=s EZET EZ EZ EZT EZ EBEZEZ E=EZT EZ= EZ E£EZ= EZ
2 L L L L L L L L L L L
Month - o s} < [Ts} w ~ [ss] w \\: (:
100 I | - B . ¥ ' ¥ ¥ " Ty LI z
= E i 1 i - - " :
80 : . : . |
|
< 60+
(=)}
,::._ O l-. -!- -!l e -!l P iy e —— —=1 —
|:|_: 404 I"‘- I = ' =l ar= ' 1] I (1] Ul — _._-_.'?'l"?- e - s [l
o
20+
O T T T T T T T L T T T T T T T T T T T T T T T T
Sex L 2 © 9o 0o 00 ©vo ©O@© 00 ©O 0 ©0 0O 0O
m m m m m m m m m m m m m m m m m m m m m m m m
E = EET E£EZT E= E = EZ® £ EX EZX EZ E=x E =
L L L L &L L L o L P L L
Month % o e ™ e s ~ o @ s o™

Figure 2 Changes in 25(OH)D and PTH levels by gender and month. Red line, median; blue line, mean.
Stars: p<0.001 upon comparison with winter months (Tukey Test)
*PTH levels were statistically higher in women relative to men throughout all the seasons

the observed difference in PTH levels may also arise
from reproductive hormones playing a role in PTH
metabolism (38, 39). It would be important to study
the effect of androgen and estrogen on PTH levels in
the future.

Also, the higher levels of 25(OH)D above 40
years old relative to the 10-40-year old group are
rather unexpected. However, it is possible that this
older age group is receiving replacement therapy in
Turkey. It is also possible that the hormonal changes
above this age are playing a role in the observed
results (38, 39). Further analysis is required to under-
stand the mechanism underlying this observation.

25(OH)D deficiency has previously been detect-
ed at different rates depending upon societies, geo-
graphical location, and traditions. In addition, other
variations in the levels of 25(OH)D have been ob-

served due to methodological differences in measure-
ments and the seasonal effects on the measurements
(40). A previous review of Vitamin D deficiency in
Turkey showed a rather wide severe deficiency rate
which spans an interval of 8 to 84% (22). In our study,
severe deficiency was found in 25% of the cases
(<25 nmol/L) and deficiency in 75% of the cases
(<75 nmol/L). The present study brought together
the largest data set ever collected in the region which
experiences four seasons.

Recently, Kroll et al. (15) performed one of the
largest data mining studies to investigate seasonal
and latitude effects on 25(OH)D and PTH hormones
using 3.8 million laboratory results (Quest Diag-
nostics) of American adults. Based on samples taken
from people residing in different regions of the coun-
try, both PTH and 25(OH)D levels showed a remark-
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Figure 3 Changes in 25(OH)D and PTH levels by age. Red line, median; blue line, mean.

able seasonal variation that showed a sinusoidal pat-
tern (15). Similar to our results that represent Turkey,
these sinusoidal patterns were inverted between PTH
and 25(0OH)D. Moreover, the response of PTH to sea-
sonal variations was about 10% in both Kroll et al.
(15) and our study. However, the response of
25(OH)D to seasonal variations was about 30% in the
US population while this was found to be 50% in our
population. This difference may be the result of high-
er mean levels of 25(OH)D in the US population
because of higher consumption of Vitamin D fortified
milk and its products relative to our region.

Bolland et al. (41) found that the seasonal
changes in 25(OH)D levels in New Zealand were at

such rates that might impair clinical diagnosis. The
authors urged the clinicians to treat the results with
caution during the deficiency assessment process.
Their recommended Vitamin D levels to assess defi-
ciency were 75 nmol/L and 50 nmol/L for the sum-
mer and winter months, respectively (23, 41). In our
study, we also found high rates of change, at approx-
imate levels of 50-80%, in Vitamin D levels. In addi-
tion, the results obtained in New Zealand were a mir-
ror image of our study, where the highest levels of
25(OH)D were measured between February and
April and the lowest levels of 25(OH)D were mea-
sured between August and September. Therefore, the
results from both studies highlight the influence of
summer and winter months on adjustment of Vitamin
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Figure 4 25(0OH)D deficiency rates by months (A) and age

D levels. Another population based study (14) ana-
lyzed a total of 7,449 adult samples and recommend-
ed a realistic 25(H)D level determination through a
formulation that took into consideration vitamin use,
gender, BMI, and seasonal changes. Our results also
emphasize the need for such studies to be conducted
at the regional level and the findings implemented in
new formulations to define the deficiency according
to seasonal changes.

The present study has some limitations and one
of them is the lack of demographic information on
the individuals (BMI, level of income, vitamin drug
use, and other diseases, etc.) whose test results were
used. The second one is the nhumber of male and

(B).

female individuals is different (9890 female and
2723 male). Despite this fact, the number of male
subjects is high enough for acceptable statistical eval-
uations. Nevertheless, the present study is valuable
on the grounds that it was based on retrospective
data employed from the largest study group ever in
the Eastern Europe region in a country which experi-
ences four seasons.

In conclusion, based on our analysis of the
effects of age, gender, and seasons on 25(OH)D and
PTH levels, we suggest that the determination of age
dependent and winter values alone is not adequate
for assessment of 25(OH)D levels since all these fac-
tors can possibly impair the clinical diagnosis.
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