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ABSTRACT

Aim: The aim of this study is to analyse the serum levels of parathormone (PTH), calcium (Ca), phosphorus (P), vitamin D and
define a cut off value for vitamin D deficiency and insufficiency in a sample of healthy children.

Method: A total of 543 healthy children enrolled to this study. The data of parathormone, Ca, P, 25 (OH) D levels, season
of blood sample collection, age, sex and health status were collected from the hospital record system retrospectively. The
relationships between these variables were defined by statistical analyses and explained in detail in the text.

Results: The inflection point that triggered parathormone rise was 13.6 ng/ml. The optimal level (50p) was 20.3 ng/ml for
preadolescent group, 18.3 ng/ml for male adolescents and 18.1 ng/ml for female adolescents. Logistic regression analyses
pointed that age, parathormone and seasons contributed to vitamin D status.

Conclusion: The habitat is a significant variable for vitamin D status because altitude and latitude affect solar Zenith angle.
Age, gender and seasonal variations must be taken in consideration when recommending supplementation.
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0z
Amag: Bu calismanin amaci bir grup saglikli ¢ocukta parathormon (PTH), kalsiyum (Ca), fosfor (P), D vitamini diizeylerini
ortaya koymak ve “D vitamini eksikligi” ile “yetersizligi” tanilar1 i¢in diizey saptamaktir.

Yontem: Caligmaya bilinen kronik saglik sorunu olmayan 543 ¢ocuk katildi. Parathormon, Ca, P, 25 (OH) D diizeyleri, kan
orneginin alindig1 mevsim, yas, cinsiyet ve saglik durumuna ait veriler hastane kayit sisteminden geriye doniik olarak elde
edildi. Degiskenler arasindaki iliskiler metinde ayrintili olarak tanimlanan istatistiksel yontemlerle degerlendirildi.

Bulgular: Parathormon yiikselmesini tetikleyen en diisiik parathormon degeri 13,6 ng/ml olarak saptandi. Farkli yas gruplar:
icin 25 (OH) D diizeyi persentil degerleri hesaplandi, buna gore ideal 25 (OH) D diizeyi (50 persentil) ergenlik 6ncesi grupta
20,3 ng/ml, ergen erkeklerde 18,3 ng/ml, ergen kizlarda 18.1 ng/ml olarak saptandu. Yas, parathormon ve mevsimin D vitamini
diizeylerine katkis1 oldugu lojistik regresyon analizleri ile gosterildi.

Sonug: Yasanilan yerin rakimi ve enlemi glinesin Zenith agisini etkilediginden D vitamini durumunda 6nemli bir degiskendir.
Destek ve tedavi yaklasiminda yas, cinsiyet ve mevsimler dikkate alinmalidr.

Anahtar Kelimeler: D vitamini eksikligi, 25 (OH) D, PTH, enlem, cocuk
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INTRODUCTION

Vitamin D is a steroid hormone and a fat-soluble
vitamin (1). It is synthesized in the skin under direct
sunlight. The provitamin form, 7-dehydrocholesterol, is
converted to Vitamin D3 upon ultraviolet B rays with
the wave band of 290-315 nm (1). The efficiency of
cutaneous vitamin D synthesis depends on the intensity
of sunlight, surface area of the skin exposed to the direct
sunlight, duration of exposure, the zenith angle of the
sun, thickness and color of the skin (2,3). Seasons,
time of the day, indirect sunlight exposure, sunscreens,
clothes preventing sunlight exposure, aging, lived
latitude, outdoor activities, physical exercise and obesity
affect this transformation rate (1). It is hydroxylated in
the liver and kidneys to create the active form: 1, 25
dihydroxy vitamin D. The dietary intake of vitamin D
is limited unless fortified food is not consumed. The
content of vitamin D in breast milk is poor and oily
fish, yolk sac; the richest food sources, contain little
amounts (1,4). Also, vitamin D insufficiency (VDI) and
VDD may be the result of genetic factors influencing
the metabolism of the vitamin (5).

Vitamin D is the key nutrient for healthy skeletal
system. Calcium (Ca) and phosphorus (P) absorption
is under the control of parathormone (PTH)-vitamin
D interaction. The precision balance between these
markers provide the homeostasis of bone turnover
and healthy growing up (1,6). When serum Ca
decreases PTH secretion increases to mobilize Ca from
bones. Vitamin D regulates PTH secretion on this
basis and increases intestinal Ca absorption (7). The
inverse proportion between PTH and vitamin D (the
metabolite for laboratory evaluation is 25 (OH) D) is
already known, but the inflection point of PTH may
vary between populations or geographic areas. Ca and
PTH are reliable parameters for laboratory evaluations,
but P and ALP may be affected from environmental
conditions, especially hemolysis which is common
in pediatric blood samples (1,8). The lowest level of
25 (OH) D that triggers PTH secretion is defined as
“vitamin D deficiency (VDD)” and this process disrupts
bone mineralization whereas sufficient vitamin D levels
provide PTH plateau to provide homeostasis (9). In
addition, vitamin D hasother crucial rolesin other tissues
where its receptors exist, including cardiovascular,
neurologic, gastrointestinal, immune and endocrine
systems. Deficiency may result in multisystem health
troubles because regulation of approximately 1000 genes
and nuclear transcription factors disrupts (5). Immune
modulation troubles in case of deficiency leading to
autoimmune diseases, recurrent infections, cancers or
the rate of exacerbations of chronic illnesses increases
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(10,11). In critically or chronically ill children, if there is
vitamin D deficiency, replacement and supplementation
can provide better outcomes (12). Thus, VDD is an
important public health problem especially for growing
up children (6). However, sufficiency can be evaluated
via its relationship with PTH, but this may reflect its
only role in Ca-P metabolism. It is unclear whether
serum PTH suppression is an appropriate method for
determining optimal vitamin D levels in children and
adolescents for other metabolic effects.

The optimal vitamin D level providing all metabolic
effects has not been clearly defined. Diagnosis of
VDD is methodologically challenging because of
various measurement techniques (radioimmunoassay;,
competitive protein binding assays (CPBA), high
pressure liquid chromatography (HPLC), and liquid
chromatography-tandem mass spectrometry). These
methods may yield different results about 10-25% range
(13). Available assays can measure 25 (OH) D levels,
the product of the reactions in the liver. It is the main
indicator of vitamin D status since it has a longer half-
life than the active form. Also, there is lack of consensus
about “adequate” serum 25 (OH) D levels, considering
the skeletal and non- skeletal effects (6). Various cut
off points for VDD have been adopted by various
organizations and authors (14-16). Differences in the
study groups, geographic areas (different altitudes and
latitudes) or techniques to determine 25 (OH) D levels
lead to conflicts in VDD definition (17).

VDD prevalence is a common public health problem
in the pediatric population (18,19). It is observed that
children and their mothers spend more time indoors and
less for outdoor activities. Consumption of sunscreens
has increased recently and clothing habits may prevent
direct sunlight exposure (20,21). The aim of this study
is to evaluate the serum levels of 25 (OH) D, PTH, Ca,
P, alkaline phosphatase (ALP) and to define VDD and
VDI in a sample of healthy children in a small city of
Turkey, a country located in the warm climate belt of
northern hemisphere.

MATERIAL AND METHOD

This retrospective and cross-sectional study was
conducted in pediatric outpatient clinics of a secondary
health care center in middle northern Turkey within
two years. The source of data was the medical records
of the participants, investigated through the hospital
information system (Sisoft, HBYS °). Children
younger than 1 year old were excluded from the study
because they were supposed to be under the cover of
national Vitamin D supplementation campaign of
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Health Ministry of Turkish Republic. In addition,
patients having chronic diseases or weight and height
measurements other than 3 to 97 percentiles according
to the growth charts based on age and sex for Turkish
children, the ones having metabolic defects in Ca
and vitamin D metabolism and taking vitamin D or
multivitamin preparations were excluded from the
study. A total of 543 healthy children aged 1 to 17
years old were enrolled. Weights were measured with
a calibrated digital scale and heights with a stadiometer
before physical examination. Venous blood samples for
laboratory studies were obtained from all participants
in the morning, 8.00-12.00 am. Serum levels of 25
(OH)D were measured by electrochemiluminescence
immunoassay method (Siemens Advia Centaur XP°,
Erlangen Germany). The specificity and sensitivity of the
method was 98% and 95% respectively with coeflicient
of variation value 6.8. PTH levels were analysed by
electrochemiluminescence method (Siemens Advia
Centaur XP°, Erlangen Germany) and the blood
samples for PTH testing were transported to laboratory
in cold conditions. ALP, Ca were tested by kinetic color
test method and P levels were measured by molybdate
UV test method (Beckman Coulter AU 5800°, Brea
California, United States). All tests were performed
immediately after taking the blood samples. For the
evaluation of the results the participants were divided
into four age groups: 1-4 years (preschool), 5-8 years
(middle childhood), 9-12 years (early adolescence), and
13-17 years (adolescence).

Statistical analyses

Statistical analyses were performed by using SPSS
21.0 for Windows (SPSS, Inc., Chicago, IL, USA). The
data were presented as frequencies and percentages
for categorical variables and as median, interquartile
range (IQR), minimum-maximum, range or mean+SD,
percentiles for scale variables by descriptive statistics,
when indicated. The distribution patterns of variables
were investigated by visual (histograms, probability
plots) and analytical (Kolmogorov Simirnov test)
methods. As the serum 25 (OH) D, age, PTH, ALP
levels were non -normally distributed in the whole
group, Kruskall Wallis tests were conducted to compare
their levels among seasonal and gender groups. Mann
Whitney U test was performed to test the significance
of pairwise differences using Bonferroni corrections to
adjust for multiple comparisons. Ca and P, normally
distributed variables, were analyzed by t-test. In
addition, all variables (Ca, P, ALP, PTH, 25 (OH) D)
were distributed normally within preadolescent and
adolescent age groups so they were analyzed by t-test.
The Chi-square test or Fisher’s exact tests were also used

to compare categorical variables in different groups.
The correlation associations were calculated by using
Spearman test. The 25 (OH) D level that triggers PTH
secretion was analyzed by using Receiver Operating
Characteristics (ROC) analyses. The areas under
ROC curves were calculated. For some ROC analyses
the participants were divided into age groups as
“prepubertal” (<10 years old) and “pubertal” (>10 years
old). The variables that contribute 25 (OH) D status
were tested via logistic regression analyses to form an
equation model. The clearness of the model was tested
by Nagelkerke R2 and Hosmer-Lemeshow goodness of
fit statistics were used to assess model fit. A 5% type
1 error level was used to infer statistical significance
(p<0.05).

Ethics

This study was approved by the local committee of
non-invasive scientific researches with decision no:
27/02/2020-E.5675.

RESULTS

This study was conducted with 543 children aged
1 to 17 (median: 5; IQR: 8) years old in a small
city located in the warm climate belt of the north
hemisphere (36°57°06”-36°31’53"eastern meridians
and 41°04’54”-40°16’16"northern  parallels). The
participants consisted of 296 (54.5%) females and 247
(45.5%) males. Approximately 60% of the blood samples
were collected in summer and autumn. The median
concentrations of 25 (OH) D, PTH, ALP were 18.7 ng/dl
(IQR: 15.9), 39 pg/ml (IQR: 24.2), 200 IU/L (IQR: 81.5),
mean concentrations of Ca and P were 9,7+0.4 mg/dl;
4.9+0.7 mg/dl respectively. Serum PTH levels were high
(>65 pg/ml) in 10.3% (n=56) of the study group.

The median of 25 (OH) D levels in males was
21.4(IQR:16.9) ng/ml and 17.0 (IQR: 14.1) ng/ml in
females, the difference was significant statistically
(p<0.0001). In addition, PTH and P values were also
different, but there was no significant difference in
Ca, ALP concentrations between sexes. 25 (OH) D,
PTH, Ca, P, ALP levels were all statistically different
between age groups (p<0.001). The median 25 (OH) D
concentrations were different in each seasonal group,
with higher levels in summer and autumn (p<0.0001).
Age and 25 (OH) D levels were inversely correlated
(p<0.001; r=-266) (Table). Additionally, 25 (OH) D and
PTH levels were inversely correlated (p<0.001; r=-272).
The correlation was not significant between 25 (OH) D
and Ca (p=0.08; r=0.077).
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Table. 25 (OH) D, PTH, Ca, P, ALP levels according to age, sex, season (Page 7)

AGE (years) 25 (OH)D (ng/ml)  PTH (pg/ml)  CALCIUM (mg/ PHOSPHORUS  ALP (IU/ml)

median (IQR) median (IQR) median (IQR) dl) mean +SD (mg/dl) mean +SD  median (IQR)
SEX
Males (n=247) 4.0 (8) 21.40 (16.90) 34.70 (27.35) 9.7+0.4 5.0+0.7 202.0 (78.0)
Females (n=296) 5.0 (8) 17.0 (14.13) 41.10 (22.60) 9.6:+0.4 4.8+0.7 197.0 (90.0)
p <0.001 0.003 0.164 0.026 0.266
SEASON
Spring 6.0(8) 13.55 (11.0) 40.90 (23.90) 9.7+0.4 4.8+0.7 199.5 (89.7)
Winter 5.0 (9) 11.58 (11.64) 38.10 (27.40) 9.6+0.3 4.7+0.6 191.0 (92.0)
Autumn 4.0 (7) 20.0 (13.90) 36.30 (25.0) 9.7+0.4 5.0+0.7 201.0 (82.0)
Summer 5.0 (8) 25.10 (12.20) 38.70 (23.50) 9.6+0.4 5.0+0.6 203.5 (82.0)
p <0.001 0.115 0.625 0.002 0.435
AGE
Preadolescent 41+2.8 21.8+1.0 39.6+2.2 9.7+0.4 5+0.6 217+86.3
(<10 years old)
%i‘iﬁfg;ﬁ Sl 13.7+1.9 15.8+1.0 51.0+2.3 9.5+0.3 4.2+0.7 174.1498.2
p <0.0001 <0.0001 0.0002 <0.0001 <0.0001

The ROC analyses for this study group revealed that the
inflection point of 25 (OH) D to trigger PTH rise was
13.6 ng/dl and this cut off value had 58.9% sensitivity with
70% specificity for identification of vitamin D deficiency
(p<0.0001; area under the curve (AUC): 0.656; 95%
confidence interval (CI): 0.61-0.76). Thirty-three percent
(n=179) of the participants had 25(OH) D levels <13.6
ng/dl, referring VDD. The median age of VDD group
was 7 (IQR: 9) and the median age of the participants
having sufficient 25 (OH) D levels (>13.6ng/ml) was 4
(IQR: 6). Age was a statistically significant variable for
25 (OH) D status. PTH concentrations were significantly
higher in deficiency and lower in sufficiency groups
with median values 43.8 pg/ml (IQR: 28.2) and 37.3 pg/
ml (IQR: 23.5) respectively (p<0.001). Approximately
60% of the participants having high PTH levels (>65pg/
ml) had VDD. Mean Ca levels of the deficiency and
sufficiency groups were 9,7+0,4 and 9,6+0,4 mg/dl, but
the difference was not significant (p=0.11). Six (1.1%) of
the participants had hypocalcemia (serum Ca level<8.8
mg/dl) and 5 of them had VDD. Median ALP and mean
P levels revealed statistical significance between two
groups (p=0.006; p<0.0001). Hypophosphatemia (serum
P level<3.8mg/dl) was detected in 37 (6.8%) of the
participants and 67.6% (n=25) of them had VDD which
was also a significant finding (p<0.001). ROC analyses
were performed for females and males considering age
groups as preadolescence (<10 years old) and adolescence
(>10 years old), but cut off values of 25 (OH) D deficiency
could not be determined statistically. The results were
analyzed to calculate the values of 50p for age groups.
The optimal level (50p) was 20.3 ng/ml for preadolescent
group, 18.3 ng/ml for male adolescents and 18.1 ng/ml
for female adolescents.
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Logistic regression analyses pointed that age, PTH and
seasons contributed to poor vitamin D status. Each
one-year increase in age, increased VDD risk 1.08-fold
(p=0.012). Also, one-unitincrease in PTH levelsincreased
the risk of low 25 (OH) D status 1.015-fold (p=0.021).
The prominent risk factor was seasonal changes as VDD
risk increased 16.3 folds in winter (Nagelkerke R2=0.369;
Hosmer Lemeshow test p=0,520)

DISCUSSION

In this study 543 healthy children aged between 1to 17
were evaluated for vitamin D status through 25 (OH)
D, circulating metabolite of active vitamin D, and its
metabolic interactions with Ca, P, ALP and PTH. The
study was conducted in a small city of northern Turkey
where the estimated maximum monthly average global
solar radiation ranged from 20.05 to 23.71 MJ/m? (22,23).
In this country, children younger than 1 year old are
under the cover of national Vitamin D supplementation
campaign of Health Ministry of Turkish Republic. Three
drops of cholecalciferol solution that contains 133 TU
vitamin D3 in each drop is recommended and provided
freely to all infants younger than one year old by this
campaign (24). 25 (OH) D levels decreased with age and
it had higher levels in summer and autumn as a gift of
direct sunlight exposure. Females had lower 25 (OH) D
levels than males and this became more apparent with
increasing age. The inflection point for VDD of this
study population was detected to be 13.6 ng/ml. The
optimal value (50p) of 25 (OH) D for preadolescent age
group (<10 years old) was 20.3 ng/ml. It was calculated
to be 18.3ng/ml for adolescent males and 18.1 ng/ml for
adolescent females.
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Vitamin D has a crucial role in Ca- P metabolism
and healthy growing up of the skeletal system during
childhood and adolescence (6). Moreover, multisystem
effects of VDD or VDI cause problems in the homeostasis
of the whole body. Many studies have proved that VDD
or VDI is a global public health problem contributing
to disturb skeletal, mental, immunological, metabolic,
cardiovascular harmony (25). Physiologically 25 (OH) D
and PTH has inverse correlation whereas Ca and P are
positively correlated with 25 (OH) D. In this study group
57 participants had hyperparathyroidism and 57.9%
(n=33) of them had low 25 (OH) D levels (<13.6 ng/
ml). The rate of hyperparathyroidism may be lower than
expected because PTH rise becomes apparent within four
weeks in case of VDD (26). Additionally, hypocalcaemia
and hypophosphatemia rates were higher in VDD group,
to be expected. The levels of P are higher and ALP levels
are lower than expected in this study which is thought
to be a result of hemolysis caused during blood sample
punctuation procedure. All variables were statistically
different between preadolescents and adolescents
(p<0.0001).

The efficiency of vitamin D -25 (OH) D can be evaluated
via its relationship with PTH and most of the studies have
been based on this concept. In 2015, Endocrine Society
defined vitamin D status with a consensus statement
and the cut off value was determined to be <30 nmol/ml
(<12ng/ml; 1 ng/ml=2.5 nmol/l.) to prevent nutritional
rickets (14). The American Academy of Pediatrics (AAP)
defined deficiency for values <15 ng/ml; insufficiency for
values between 15 and 20 ng/ml; sufficiency for values
between 20 and 100 ng/ml (15). A study from Korea
including 193 children aged between 2 months and
17 years old defined the inflection point of 25 (OH) D
due to PTH as 18ng/ml. The health status of the study
group was mixed. The data were based on hospital
records as in our study (27). Crews et al. (28) defined the
lowest 25 (OH) D level as 10ng/ml in child population
having no renal insufficiency. Also, Atapattu et al. (9)
evaluated 214 children having no conditions related with
Ca-P metabolism and concluded that the biochemical
abnormalities are demonstrated when 25 (OH) D level
was <34 nmol/l (13.6 ng/ml), similar to the results of this
study. However, Hill et al. (17) analyzed the levels of PTH
and 25 (OH) D in 735 healthy children aged between 7-18
in three different sites having different latitudes in USA
and could not define an inflection point. They concluded
that their inability to clearly identify an inflection point
of serum 25 (OH) D for maximal suppression of serum
PTH for healthy children and adolescents was because of
fast growing up and bone turnover. Age and sex should be
taken in consideration because of differences in growing
up patterns (29). In this study, the inflection point of
25 (OH) D was detected as 13.6ng/ml for the whole

study group. Our results were compatible with literature
supporting Atapattu et al. (9) and Hill et al. (17). We
defined the optimal levels (50p) for preadolescent and
adolescent age groups as vitamin D has crucial roles not
only in skeletal system, but homeostasis as well.

Here, vitamin D status of a healthy child population
was presented, but this study has several limitations:
It was a retrospective study based on hospital records.
The study group had a small size and did not reflect
the whole population. Also, the number of participants
was not sufficient to determine the inflection point of
VDD according to age and gender. Dietary habits, skin
colour, sunlight exposure history, clothing habits of the
participants were not mentioned. The pubertal stage
of the adolescent group, which is important for bone
turnover, was not in consideration. There was no data
about rickets and radiologic findings to support vitamin
D effects at different levels of 25 (OH) D. In addition,
the accuracy of 25(OH) D measurement techniques may
vary and technical standardization is usually difficult.

CONCLUSION

We recommend that the inflection point of serum
25 (OH) D level that triggers PTH rise is 13.6 ng/ml
for our latitude. The habitat may cause variations in
optimal 25 (OH) D levels as altitude and latitude affect
solar zenith angle which is directly related with sunlight
exposure. In addition, seasons and sex must be taken in
consideration when recommending supplementation as
winter and spring provides poor sunlight which limits
skin synthesis and females are more prone to deficiency.
Since PTH levels increase apparently four weeks after
deficiency onset, we recommend that target levels of 25
(OH) D levels (for the same latitude) should be taken in
consideration while deciding supplementation (20.3 ng/
ml for preadolescents, 18.3 ng/ml for adolescent males
and 18.1 ng/ml for adolescent females). However, high
doses of vitamin D can be prescribed when 25 (OH)
D is <13.6 ng/dl and PTH levels are increased and/or
biochemical and radiologic signs of rickets occur.
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