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Purpose: Serum level of 25-hydroxyvitamin D (25-0HD) is considered as the most appropriate marker
of vitamin D status. However, only a few studies have investigated the relationship between 25-0HD and
parathyroid hormone (PTH) in children. To this end, this study was aimed at evaluating the lowest 25-
OHD level that suppresses the production of parathyroid hormone in children.

Methods: A retrospective record review was performed for children aged 0.2 to 18 years (n=193;
106 boys and 87 girls) who underwent simultaneous measurements of serum 25-0OHD and PTH levels
between January 2010 and June 2014.

Results: The inflection point of serum 25-0HD level for maximal suppression of PTH was at 18.0 ng/
mL (95% confidence interval, 14.3—21.7 ng/mL). The median PTH level of the children with 25-0HD
levels of <18.0 ng/mL was higher than that of children with 25-OHD levels > 18.0 ng/mL (P<0.0001).
The median calcium level of children with 25-0HD levels<18.0 ng/mL was lower than that of children
with 25-0HD levels>18.0 ng/mL (P=0.0001). The frequency of hyperparathyroidism was higher in
the children with 25-0HD levels<18.0 ng/mL than in the children with 25-0HD levels>18.0 ng/mL
(P<0.0001). Hypocalcemia was more prevalent in the children with 25-0HD levels<18.0 ng/mL than in
the children with 25-0HD levels>18.0 ng/mL (P<0.0001).

Conclusion: These data suggest that a vitamin D level of 18.0 ng/mL could be the criterion for 25-0HD
deficiency in children at the inflection point of the maximal suppression of PTH.
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Introduction

Vitamin D is an essential nutrient for calcium and phosphorus absorption and bone
metabolism. Parathyroid hormone (PTH) concentration reflects the status of vitamin D, and
these two elements are important in the calcium-phosphate homeostatic system".

Vitamin D is synthesized through exposure to the sun™”, and it is hydroxylated to 25-
hydroxyvitamin D (25-OHD) in the liver and is then finally activated to 1,25-dihydroxy-
vitamin D in the kidney. The serum 25-OHD level is used as an indicator of vitamin D
status"”™.

Serum PTH level has regarded as an index of sufficient vitamin D nutriture, especially on
the basis of the level of 25-OHD at which serum PTH level increases or no longer decreases
®. Vitamin D deficiency reduces serum calcium levels, leading to PTH synthesis”.
Subsequently, secondary hyperparathyroidism leads to osteomalacia, irreversible bone loss,
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an increased risk of bone fractures, other chronic diseases, and
metabolic syndrome"*”. In other words, the 25-OHD level is in-
versely correlated with PTH, and the lowest vitamin D level at
which PTH begins to rise (inflection point) has been used to define
vitamin D deficiency”.

Vitamin D deficiency prevalence is increasing in children and
adolescents in South Korea due to the limited outdoor activity
and popular use of sunscreen””. According to the Korean Na-
tional Health and Nutrition Examination Survey 2008, the fre-
quency of vitamin D deficiency was 47.3% in boys and 64.5% in
girls”. Vitamin D deficiency affects higher risk in children”.

However, there is a lack of agreement as to the definition of
vitamin D deficiency possibly as a result of differences in the
study populations or in the assays used to measure 25-OHD".
The Pediatric Endocrine Society has defined Vitamin D deficiency
when the serum 25-0HD level is below 15 ng/mL whereas the
Endocrine Society has defined it as 20 ng/mL in adults and
children®”".

The aim of this study is thus to evaluate the relationship be-
tween 25-OHD and PTH and to define the vitamin D deficiency in
a pediatric population.

Materials and methods

A retrospective record review was carried out at Ewha Wo-
man’s Mokdong Hospital from January 2010 to June 2014 with
children aged 0.2 to 18 years (n=193; 106 boys and 87 girls)
undergoing simultaneous measurement of serum 25-OHD and
PTH levels due to suspected vitamin D deficiency. The serum PTH,
25-0HD, calcium and phosphorus levels were determined, and
children who were diagnosed with any renal disease or hypo-
parathyroidism were excluded from this study.

The sera of the study group were analyzed for 25-OHD and
PTH level via electrochemiluminescence immunoassay (Modular
E170, Roche, Basel, Switzerland). The X-ray findings for rickets
were checked.

Scatterplots and correlation analysis were employed to assess
the relationship of calcium and phosphorus with PTH. The asso-
ciations between 25-OHD and PTH, calcium and phosphorus
were assessed using LOESS (locally weighted regression and
smoothing scatterplots). A piecewise linear regression model with
the smallest mean standard error was used to identify the best
inflection point between PTH and 25-OHD. The subjects were
divided in 2 groups according to the PTH value at the inflection
point (and its upper and lower 95% confidence limits). Then, the
calcium, phosphorus and PTH levels for both groups were com-
pared using a t test or a Mann-Whitney test, and the proportion
of subjects with hyperparathyroidism (PTH>65 pg/mL), hypo-
calcemia (calcium<8.8 mg/dL), hypophsphatemia (phosphorus
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<3.8 mg/dL) and rickets (radiological finding) were compared
using a chi-square test. All of the statistical analyses were con-
ducted using the SAS ver. 9.2, (SAS Institute Inc., Cary, NC, USA).

This study was approved by the Institutional Review Board of
Ewha Woman’s Mokdong Hospital (approval number: EUMC
2016-01-024-001). The need for informed consent was waived by
the board.

Results

The final results for 193 children between 0.2 and 18 years of
age (meanzstandard deviation, 2.7+4.6 years) indicated a mean
serum 25-0OHD level of 25.9 ng/mL (range, 3.07-79.8 ng/mL).
Table 1 shows the laboratory results for the subjects.

The relationship between calcium, phosphorus and the 25-OHD
level is shown in Fig. 1. There was a significant, positive correla-
tion between the 25-OHD and serum calcium levels, but there
was no significant correlation between the 25-OHD and phos-
phorus levels. A locally weighted regression analysis revealed an
inverse relationship between PTH and 25-OHD. The piecewise
regression analysis indicated that the best inflection point was a
25-0HD level of 18.0 ng/mL (95% confidence interval [CI], 14.3-
21.7 ng/mL).

Fig. 2 presents the distribution of serum PTH, calcium and
phosphorus level with the 25-OHD level of 18.0 ng/mL, which is
the inflection point of the PTH-25-OHD relation curve. The me-
dian PTH level of children with 25-OHD<18.0 ng/mL was higher
than that of children with 25-OHD=>18.0 ng/mL (62.1 [5.6-445.1]
ng/L vs. 24.2 [4.4-201.8] ng/L). The median calcium level of
children with 25-OHD<18.0 ng/mL was lower than that of
children with 25-OHD=18.0 ng/mL (9.1 [5.6-10.5] mg/dL vs. 9.4
[7.9-10.8] mg/dL). The median phosphorus level of children with

Table 1. General characteristics of subjects

Characteristic Value
No. of subjects 193
Boy 106
Girl 87
Age (yr) 2.7+4.6 (0.2-18)

25-0HD (ng/mL)
Winter/spring (Dec—June)
Summer/fall (July—Nov)
PTH (ng/L)

Calcium (mg/dL)

25.9+15.6 (3.07-79.8)
24.9+15.7 (3.7-79.8)
27.9+15.3 (3.07-79.6)
53.4+73.4 (4.4-445.1)
9.18+0.87 (5.6-10.8)
Phosphorus (mg/dL) 5.2+1.23 (2.1-8.2)
ALP (mg/dL) 1,835+1,665 (96-10,010)

Values are presented as number or mean=standard deviation (range).
25-0HD, 25-hydroxyvitamin D; PTH, parathyroid hormone; ALP, alkaline phos-
phatase.
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Fig. 1. The relationships among serum calcium (A), phosphorus (B), PTH
(C), and 25-0HD levels. A serum 25-0HD level of 18.0 ng/mL was the
best inflection point for maximal suppression of PTH (95% confidence
interval, 14.3-21.7 ng/mL). 25-0HD, 25-hydroxyvitamin D; PTH, para-
thyroid hormone.

25-0HD<18.0 ng/mL was lower than that of children with 25-
OHD=18.0 ng/mL (4.9 [2.3-7.8] mg/dL mg/dL vs. 5.2 [2.1-8.2]
mg/dL).

The proportion of subjects with hyperparathyroidism, hypo-
calcemia, hypophosphatemia, and rickets was compared between
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Fig. 2. The distribution of serum PTH (A), calcium (B), and phosphorus (C)
levels according to serum 25-hydroxyvitamin D concentration in 18.0 ng/
mL. 25-0HD, 25-hydroxyvitamin D; PTH, parathyroid hormone. (A) 25-
OHD>18.0 ng/mL. (B) 25-0HD<18.0 ng/mL.

the 2 groups according to the serum 25-OHD level at the inflec-
tion point (18.0 ng/mL) (Table 2). The proportion of hyperpara-
thyroidism (PTH>65 ng/L) was higher in children with 25-OHD
<18.0 ng/mL compared to that for children with 25-OHD= 18.0
ng/mL (49.2% vs. 6.1%, P<0.0001). The frequency of hypocalce-
mia (calcium<8.8 mg/dL) was higher in children with 25-OHD

https://doi.org/10.3345/kjp.2017.60.2.45 47



Kang JI, et al.

Table 2. The proportion of subjects with abnormal findings by serum 25-
OHD levels (%)

25-0HD >18.0 ng/mL <18.0 ng/mL Pvalue
PTH>65 ng/mL 6.1 49.2 <0.0001
Calcium<8.8 mg/dL 11.4 39.3 <0.0001
Phosphorus<3.8 mg/dL 9.9 24.6 0.0069
Rickets 0.8 9.8 0.0044

25-0HD, 25-hydroxyvitamin D; PTH, parathyroid hormone.

<18.0 ng/mL compared to that for children with 25-OHD>18.0
ng/mL (39.3% vs. 11.4%, P<0.0001). The frequency of hypopho-
sphatemia (phosphorus<3.8 mg/dL) was higher in children with
25-0HD<18.0 ng/mL compared to that in children with 25-OHD=>
18.0 ng/mL (24.6% vs. 9.9%, P=0.0069).

The frequency of rickets was higher in children with 25-OHD
<18.0 ng/mL than in children with 25-OHD>18.0 ng/mL (9.8%
vs. 0.8%, P=0.0044).

Discussion

In the human body, the vitamin D level is important to main-
tain calcium and phosphorus homeostasis and finally bone
metabolism. Vitamin D deficiency has been reported to be pre-
valent around the world, and it leads to several bone diseases, like
rickets, as well as other chronic diseases. Serum 25-OHD is the
primary circulating form of vitamin D, and it is the best reflection
of the vitamin D condition'?. Therefore, the serum 25-OHD level
is used to diagnose vitamin D deficiency. However, various cri-
teria have been used as a method of measurement to determine
vitamin D deficiency in study groups”".

This study evaluated the relationship between the 25-OHD level
and calcium, phosphorus and the PTH in children. During the
perinatal period, the relation between calcium, 25-OHD and PTH
is different from that in older children'?, so patients younger
than 2 months were excluded in our study. When the serum cal-
cium level decreases, the PTH secretion conversely increases. A
positive correlation was observed for 25-OHD level and calcium
at a low 25-OHD level, but calcium showed a fixed level above
the specified level of 25-OHD. In teenagers with vitamin D defi-
ciency, serum PTH secretion rises to adjust to higher rate of bone
formation for growth'. The negative relation between 25-OHD
and the PTH reached a plateau at the “inflection point” of 25-
OHD. This inflection point means stimulation of PTH secretion
when vitamin D levels reach the limit to keep calcium homeo-
stasis'®.

The frequency of hypocalcemia, hyperparathyroidism and
hypophosphatemia was significantly higher in the group with the
25-0HD level<18.0 ng/mL compared with the group with >18.0
ng/mL (=45 nmol/L). Therefore, we presumed 18 ng/mL of 25-
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OHD to be the criterion for vitamin D deficiency. In a study by
Crews et al.'®, PTH secretion increased when the 25-OHD level did
not exceed 10.0 ng/mL (=25 nmol/L) while Atapattu et al.” ob-
served a PTH elevation with a 25-OHD level below 13.6 ng/mL
(=34 nmol/L). In comparison, our criterion for vitamin D defici-
ency is higher than theirs.

The Pediatric Endocrine Society has defined the standard of
vitamin D deficiency as a serum 25-OHD level<15 ng/mL (=37.5
nmol/L), and the Endocrine Society states <20 ng/mL (=50 nmol/
L) in adults and children”. In our analysis, the inflection point was
18.0 ng/mL of 25-OHD, which is within the range of those 2 cri-
teria. Therefore, we can set the diagnosis criteria for vitamin D
deficiency as a serum 25-OHD level below 18.0 ng/mL (95% CI,
14.3-21.7 ng/mL), which is based on the observation of PTH
elevation in pediatric subjects. Since the definition of vitamin D
deficiency by the Endocrine Society (25-OHD<20 ng/mlL) is
between the inflection point and the upper CI of our study, the
application of this definition for Korean children can be consi-
dered.

Hill et al."” analyzed the relationship between serum 25-OHD
and PTH in children and adolescents in the United States to de-
termine the inflection point of 25-OHD for maximal suppression
of PTH. Differently from adults, the relation between 25-OHD and
PTH was shown to be linear with no definite inflection point in
the pediatric cohort. Malabanan'” showed that adults may need
serum 25-OHD above 20 ng/mL (=50 nmol/L) to reach the appro-
priate PTH level.

Harkness and Cromer' reported a serum 25-OHD level of 36
ng/mL (=90 nmol/L) at the PTH plateaus of adolescent girls, and
Guillemant et al."” determined the inflection point for adolescent
boys to occur at 33.2 ng/mL (=83 nmol/L). Those data thus show
the difference from our study. An inflection point of serum PTH
according to 25-OHD was seen in adolescent girls but not in boys,
and this may suggest that the relation between 25-OHD and the
PTH values can be affected by gender'. The serum PTH level
normally increases during growth to support bone turnover'.
Therefore, the age distribution of the study group and gender
should be considered in further study.

The limitation to our study was that the study group had a
small size, and there was only a hospital base group. We selected
the patients carrying out measurement of serum 25-OHD and
PTH levels to rule out vitamin D deficiency because of their high
alkaline phosphatase levels, hypocalcemia, hypophosphatemia
etc. as our study group. In further study, other factors to influence
to bone metabolism such as age, timing for measurement, dietary
calcium intake and other problems of calcium absorption should
be considered. Also, we must include a healthy pediatric pop-
ulation in the data analysis™*”.

In conclusion, we suggested that the serum 25-OHD level of
18.0 ng/mL was the inflection point of the maximal suppression



of PTH, which is compatible with other criteria regarding vitamin

D

deficiency.
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