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Is Increased Serum Alkaline Phosphatase Level in Children
a Sign of Vitamin D Deficiency or Bone Growth?
LJ YU, H WANG, H LIANG, LL GUO

Abstract

Objective: This study aims to investigate the effects of vitamin D and alkaline phosphatase (AKP) on
height. Method: 1887 healthy children were enrolled from May 2014 to December 2014 for the detection
of height, AKP, 25(OH)-vitamin D3 [25(OH)D], and serum levels of Calcium (Ca) and Phosphorus (P) at
3 different time points (baseline, 3-month and 6-month). In accordance with the growth speed, the children
were divided into the low-speed group (<1 cm/3 months), the middle-speed group (1~2 cm/3 months) and
the high-speed group (>2 cm/3 months) to compare the differences of the above indicators among the
groups. Results: The enrolled children all had normal serum Ca, and the calcium-phosphorus product was
>40, while 98.5% children exhibited the increased serum phosphorus. The high-speed group exhibited
significantly increased AKP concentration, which was statistically significant with the other two groups
(P<0.05); and the 25-(OH)-VitD3 levels of all groups were low and had no significant difference.
Conclusions: The children enrolled had normal serum Ca, but the low 25(OH)D level suggested vitamin
D deficiency. The high concentration of AKP signified rapid growth.
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Introduction
Vitamin D was essential for calcium absorption and for
maintaining bone health in the paediatric population.1 More
than 50% of the world's population was at risk for vitamin
D deficiency.2 The absorption and utilisation of vitamin D
were closely related to sunlight. Therefore, ensuring
adequate exposure to sunlight had great value for preventing
rickets.3 If the mother lacked vitamin D inside her body
during pregnancy, it could result in fetal congenital rickets,4
and if the child suffered from nutritional vitamin D deficiency
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in the overall growth and development period, it would cause
Calcium (Ca) and Phosphorus (P) metabolism disorders
affecting his/her growth and development, namely vitamin
D deficiency rickets, 5 characterised by abnormal
calcification of epiphyseal cartilage plate,6 including caput
quadratum, hand-foot bracelet, rib edge eversion, beaded
rib, X-shaped legs, O-shaped legs, chicken breast, pectus
excavatum and dental caries,7 etc. Furthermore, there would
also be impacts towards many other aspects. For example,
the skin might exhibit eczema; the muscle might exhibit
ligamentous laxity; and the infant might express laryngeal
osteomalacia, and would be susceptible for cough, laryngitis,
bronchiolitis8 and asthmatic suffocating pneumonia, as well
as digestive diseases.9 Because it could seriously harm the
growth, development and health of children, it was one of
"the four diseases in children" that China paid high attention
and strength for the prevention and treatment.10 The primary
prevention, as well as the timely diagnosis and treatment
of rickets, were the important measures to reduce the harms
of rickets.11 Vitamin D deficiency prevailed in epidemic
proportions all over the Indian subcontinent, with a
prevalence of 70%-100% in the general population.12
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Presently, the diagnosis of rickets mainly depended on
the facts that the serum calcium was decreased, while the
serum phosphorus was normal, the calcium (in mg/dL) and
phosphorus (in mg/dL) product was <40, and AKP was
increased; but the clinical practices in recent years found
that although some children exhibited the calcium and
phosphorus product >40, their AKPs were still higher than
the normal, so the significance was thought-provoking. This
study measured the serum contents of AKP and 25(OH)D
in children aged 0-14 years, aiming to analyse the
relationships between elevated AKP level and vitamin D
deficiency.

chromatography (HPLC) (Agilent 1100 HPLC available
from Agilent Technologies of Palo Alto, Calif).
Statistical Analysis

SPSS19.0 software was used for the statistical analysis.
The results among the groups were analysed by the t test
and the Bonferroni correction, with the significant difference
set as P=0.05/3 = 0.0167.

Results
Serum Ca and P

Materials and Methods
Subjects

1887 healthy children that visited the Department of
Child Health, the Second Affiliated Hospital of Harbin
Medical University, from May 2014 to December 2014,
were selected, including 1107 males and 780 females,
aged 40 days~14 years. All patients had no fever, cold,
diarrhoea, pneumonia, other infectious diseases and such
chronic organic diseases as tuberculosis, etc. This study
was conducted in accordance with the declaration of
Helsinki. This study was conducted with approval from
the Ethics Committee of Harbin Medical University.
Written informed consent was obtained from all
participants' guardians.
Height Measurement

All the 1887 children exhibited serum Ca within the
normal range, 98.5% children exhibited the increased
serum P, and 1.5% children exhibited normal serum P;
the calcium phosphorus products of all the children were
greater than 40.
AKP and 25(OH)D

The comparison of different growth-speed groups
revealed that the average AKP value was the highest in the
high-speed group, followed by the middle-speed group and
the low-speed group. The pairwise comparison showed the
statistical significance between every 2 groups (P<0.0167,
Table 1). At the same time, those of the middle-speed group
and the high-speed group were higher than the normal
reference value (36~213 U/L); while the vitamin D levels
of different groups showed no significant difference
(P>0.0167), and those of the middle- and low-speed group
were lower than the normal level (26~65 ng/L).

The heights of all the children were measured at
baseline, and at 3-month and 6-month, respectively. The
height measurement was performed by a trained nurse in
accordance with the uniform standards. The height
measuring meter was used to measure the height before
10:00, with error <0.2 cm. The children were then divided
into the low-speed group (<1 cm/3 months), the middlespeed group (1~2 cm/3 months) and the high-speed group
(>2 cm/3 months) according to their growth speed in the
past six months.

Vitamin D deficiency rickets or vitamin D deficiency
had been the most common childhood nutritional deficiency

Laboratory Tests

Group

For all the children, the fasting serum calcium, serum
phosphorus, AKP and 25(OH)D (Roche reagent, Basel,
Switzerland) were measured at baseline, and the calcium
and phosphorus product was calculated. The concentrations
of total 25(OH)D, including 25(OH)D3 and 25(OH)D2,
were detected using high performance liquid

Low-speed

161.25±12.52

24.82±15.65

Middle-speed

225.32±52.43*

25.62±18.68

High-speed

292.26±22.62*∇

26.88±13.45

Discussion

Table 1 Relationships of AKP and 25 (OH)D with the growth
speed in children
AKP (U/L)

25(OH)D (ng/L)

Note: Compared with the low-speed group, *P<0.0167; compared with
middle-speed group, ∇P<0.0167
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disease in Chinese children, especially in the northern area.13
Because China had vast areas, the distances to the sun and
the sunshine-exposing hours varied significantly from place
to place, and when combined with the impacts of haze and
other factors, the northern region showed the characteristics
of significantly higher incidence and more severe disease
situations. The conventional vitamin D supplement could
not effectively prevent the situations of vitamin D
deficiency in northern children.14
The results of this study showed that regardless of the
growth speed, the serum calcium levels of the children
enrolled were normal, while most children were associated
with the increased serum phosphorus, and AKP was
increased or normal while vitamin D was reduced, so the
increased AKP was not the direct evidence of vitamin D
deficiency.
It was considered in the past that the bone alkaline
phosphatase (BAKP) was a subtype of alkaline phosphatase
isoenzymes, which was synthesised by bone cells. When
the body was in calcium malnutrition, the serum calcium
concentration would be decreased, and the concentration
of parathyroid hormone would be increased, thus promoting
the kidney to synthesise 25(OH)D3, and the latter could
activate the still osteoblasts, so the osteocytes would exhibit
feedback active proliferation. Thus large amounts of BAKP
would be synthesised and released into the blood. The
increase signified the biological onset of rickets, albeit in
the subclinical state. The increased levels were closely
related to the activity of rickets.15-17 Another fact worth
mentioning was that even if the adults with closed epiphysis
exhibited serious vitamin D deficiency, only the content of
25(OH)D would be decreased, and AKP would not be
increased,18 unless accompanied by new bone formation.19
Therefore, AKP was just an index of growth rather than an
index of vitamin D deficiency.
As for normal healthy children, the AKP increase would
normally mean that the recent growth was more rapid, and
so the amount of vitamin D needed would be relatively
large. Because BAKP existed only inside the hypertrophic
chondrocytes of the epiphyseal growth plate, it could
promote bone formation. Specifically, AKP in the blood is
mainly derived from hypertrophic chondrocytes of the
epiphyseal growth plate, and less of AKP comes from liver
and kidney. In growing children, AKP is mainly derived
from BAKP that is generated by the epiphyseal growth plate
due to fewer concentrations in liver and kidney. Therefore,
BAKP was significantly positively correlated with the
serum AKP, and could be replaced by AKP.20,21
Through comparing the children with different growth
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speeds, it was found that the faster the growth speed, the
higher the average AKP level, therefore, it could be
speculated that AKP was the indicator of child's recent
growth speed, while not directly associated with the vitamin
D levels.
All the children had normal serum calcium levels while
low vitamin D levels, suggesting that in the growing period
of children, the supplement of vitamin D should be further
strengthened to make up the deficiency, to meet the growing
demands, and also to include the demands from normal
metabolism.
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