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and the difference was statistically significant.  Conclusion:  
Supplementation with oral vitamin D resulted in a signifi-
cant reduction in pain intensity among these children with 
growing pains who had hypovitaminosis D. 

 © 2015 S. Karger AG, Basel 

     Introduction 

 Growing pains are the most common form of nonspe-
cific, recurrent leg pains in childhood, and are frequent 
causes for pediatric outpatient visits. The estimated prev-
alence of growing pains worldwide ranges from 3 to 37% 
 [1, 2] . Growing pains are familial and mainly affect chil-
dren aged 4–12 years, and are most prevalent in those 
aged 4–6 years  [3] . Such pain usually occurs in the eve-
ning or during the night, but never in the morning. It may 
awaken the child from sleep, and the intensity can be so 
severe that it can make the child cry. It is typically non-
articular, intermittent, bilateral and not associated with 
limited mobility. It is located in the muscles and predom-
inantly affects the anterior thighs, shins, calves or backs 
of the knees  [4] . The pain can be precipitated by exercise 
and lasts from minutes to hours. Physical examination 
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 Abstract 

  Objectives:  The aim of this study was to investigate the 
25-hydroxyvitamin D [25(OH)D] status of children with 
growing pains and to evaluate the efficacy of vitamin D 
treatment on the resolution of pain symptoms.  Subjects 

and Methods:  One hundred and twenty children with grow-
ing pains were included in a prospective cohort study. Se-
rum 25(OH)D and bone mineral levels were measured in all 
subjects at the time of enrollment. The pain intensity of 
those with vitamin D deficiency was measured using a pain 
visual analog scale (VAS). After a single oral dose of vitamin 
D, the pain intensity was remeasured by means of the VAS 
at 3 months. The 25(OH)D levels and VAS scores before and 
after oral vitamin D administration were compared by 
means of a paired Student’s t test.  Results:  In the 120 chil-
dren with growing pains, vitamin D insufficiency was not-
ed in 104 (86.6%). Following vitamin D supplementation, 
the mean 25(OH)D levels increased from 13.4 ± 7.2 to 44.5 ± 
16.4 ng/ml, the mean pain VAS score decreased from 6.8 ± 
1.9 to 2.9 ± 2.5 cm (a mean reduction of –3.8 ± 2.1, p < 0.001) 
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does not reveal objective signs of inflammation, and labo-
ratory test results are generally normal  [5] . Growing pains 
do not progress to organic disease and usually resolve by 
adolescence  [6] . Although the term ‘growing pains’ has 
been used for more than 190 years in the medical litera-
ture, the cause of and optimal treatment for such pains 
remain unknown. An interesting approach would be to 
consider calcium and vitamin D metabolism because ad-
equate dietary intake of these nutrients is important to 
maintain normal bone mineralization and muscle func-
tion  [7] .

  Vitamin D is an essential component of bone and
mineral metabolism. It is required to accelerate calcium 
absorption in the intestine and is essential for normal 
growth-plate calcification and bone mineralization. It 
plays a significant role in the homeostasis of calcium and 
phosphorus and is vital for bone mineralization, skeletal 
growth and bone health. A normal vitamin D status seems 
to be protective against musculoskeletal disorders (mus-
cle weakness, falls and fractures), infectious disease, au-
toimmune disease, cardiovascular disease, types 1 and 2 
diabetes mellitus, several types of cancer, neurocognitive 
dysfunction and mental illness  [8, 9] . An association be-
tween the vitamin D level and chronic pain conditions 
has been described in adults; the patients’ pain condition 
improved with vitamin D supplementation  [10, 11] . Tur-
key receives a high level of sunlight, and vitamin D defi-
ciency was thus thought to be unusual here; however, the 
reported prevalence of hypovitaminosis D is 40–65% in 
this country  [12, 13] . In this study, we assessed the serum 
25-hydroxyvitamin D [25(OH)D] level in children with 
growing pains and investigated whether limb pain im-
proved with vitamin D supplementation. We hypothe-
sized that calcium enrichment and vitamin D supplemen-
tation might affect the bone and muscle status and de-
crease both the rate and intensity of pain in children with 
growing pains.

  Subjects and Methods 

 A prospective cohort study was carried out at the Bezmialem 
Vakif University Hospital in Istanbul among children who attend-
ed the outpatient clinics from October 2013 to March 2014. The 
study protocol was carried out in accordance with the Helsinki 
Declaration as revised in 1989. Information about the aim of the 
study was explained to the children’s parents at the time of enroll-
ment, and their written informed consent was obtained. The Re-
search Ethics Committee of the University approved the study. In 
total, 148 children aged 4–12 years with growing pains were iden-
tified. Sixteen children dropped out of the study during the follow-
up: 2 had hypocalcemia and 14 [4 years old (n = 10), 5 years old

(n = 3) and 6 years old (n = 1)] were unable to use the VAS at the 
second visit. Twelve children were lost to follow-up. Hence, the 
study group included 120 children (52 boys and 68 girls) with 
growing pains, characterized by recurrent limb pain that lasted >6 
months according to the criteria of Evans  [6] . The inclusion crite-
ria for a diagnosis of growing pains were: (1) if the children expe-
rienced intermittent (nonarticular) pains in both legs, generally 
occurring late in the day or at night and not associated with limp-
ing or limited mobility and (2) the children had to have adequate 
cognitive and physical development for understanding the VAS. 
Exclusion criteria were (1) if the children had persistent pain, in-
creasingly intense pain at night that was still present the following 
morning and joint pain and (2) if they had organic causes of pain 
or signs of inflammation such as local tenderness or swelling, un-
derlying illnesses such as rickets, malnutrition, rheumatologic dis-
orders, celiac disease or systemic illness or were taking vitamin or 
mineral supplements. The study group represented a relatively 
light-skinned pediatric population living in an industrialized sun-
ny area in Istanbul at a latitude of 41º N. Skin pigmentation was 
classified according to the Fitzpatrick phototyping scale with types 
ranging from I to VI  [14] . All subjects underwent a complete phys-
ical examination. At the clinical visits, height and weight were 
measured using a standard stadiometer and a digital scale, respec-
tively. The body mass index (BMI) was then calculated for all sub-
jects. Initially, all of them underwent evaluation of a complete 
blood cell count, the erythrocyte sedimentation rate and levels of 
serum total calcium, phosphate, alkaline phosphatase (ALP), se-
rum 25(OH)D, creatinine kinase, C-reactive protein and parathy-
roid hormone (PTH).

  Venous blood samples were taken in the morning following a 
12-hour overnight fast. The serum 25(OH)D level was measured 
using an electrochemiluminescence enzyme immunoassay meth-
od (ADVIA Centaur; USADPC Co., USA). Vitamin D deficiency 
was defined as a 25(OH)D serum concentration of  ≤ 10 ng/ml (25 
nmol/l). A level of 10–20 ng/ml (25–50 nmol/l) was defined as vi-
tamin D insufficiency, whereas a level of  ≥ 20 ng/ml was consid-
ered sufficient/optimal  [15, 16] .

  Those identified as having vitamin D deficiency were evaluated 
for pain intensity using a pain VAS at the beginning. The VAS 
measurement was repeated at 3 months because there was no ho-
mogeneity in pain frequency amongst the children. After 1 month 
of vitamin D treatment, the children underwent measurement of 
serum vitamin D, calcium, PTH and urine calcium/creatinine lev-
els, in order to check if the vitamin D dose had been effective and 
to monitor side effects such as hypercalcemia. 

  Pain severity after 3 months of vitamin D therapy was evalu-
ated using a VAS consisting of a linear scale (a horizontal line 100 
mm long). The number of centimeters marked was recorded as a 
score from 0 to 10: no pain = 0, moderate pain = 5 and very severe 
pain that was intense enough to make the child cry = 10. Children 
and their families were taught in detail how to use the VAS. The 
children were asked to mark the level of pain they experienced dur-
ing the most recent attack. Those with vitamin D deficiency were 
given a single oral dose of vitamin D [150,000 IU ( ≤ 6 years of age) 
or 300,000 IU (>6 years of age)] and oral calcium supplementation 
(1,000 mg/day) for 1 month. The change in pain intensity was cal-
culated.

  Version 15 of the Statistical Package for the Social Sciences 
(SPSS) statistical program for Windows (SPSS Inc., Chicago, Ill., 
USA) was used for the statistical analysis. Numerical parameters 
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are presented as means and standard deviations, and the distribu-
tions of categorical measurements are presented as frequencies 
and percentages. The 25(OH)D levels and VAS scores before and 
after oral vitamin D administration were compared with a paired 
Student’s t test. Relationships of mean differences were evaluated 
by Pearson’s correlation analysis. Categorical data were compared 
by means of the χ 2  test. A p value of <0.05 was accepted as indica-
tive of statistical significance.

  Results 

 Vitamin D insufficiency (<20 ng/ml) was detected in 
104 of 120 (86.6%) children at the baseline of the study; 
25.0% of them had a deficiency ( ≤ 10 ng/ml). The 25(OH)
D levels at baseline did not correlate with the clinical 
characteristics of children with growing pains, with the 
exception of skin color. Dark-skinned children were 
more likely to have vitamin D deficiency than fair-skinned 
children. The mean 25(OH)D levels of children with dark 
and fair skin were 11.8 ± 5.6 and 15.6 ± 8.4 ng/ml, respec-
tively (p < 0.05). There was no correlation between the 
basal serum 25(OH)D levels and the BMI z-score. Of 120 
children with growing pains, 6 (5%) had serum PTH lev-
els of >74.9 mg/dl (mean 37.5 ± 17.0 mg/dl). The PTH 
level was negatively correlated with the basal 25(OH)D 
level (r = –0.42, p <0.001). The ALP levels were elevated 
in 5 children (269.0 mg/dl in 2 children 4–6 years of age 
and >300.0 mg/dl in 3 children 6–12 years of age; mean 
203.6 ± 58.1 mg/dl).

  The demographic characteristics of the study popula-
tion are presented in  table  1 . Of the 120 children with 
growing pains, 21 (17.5%) had pain during the afternoon, 
51 (42.5%) in the evening and 48 (40.0%) at night. The 
frequency of pain was once per week in 28 (23.3%) chil-
dren, twice per week in 37 (30.8%), 3–4 times per week in 
25 (20.9%), every day in 14 (11.7%) and once per month 
in 16 (13.3%). Pain localization was at the anterior thigh 
in 10 (8.3%), in the knee and thigh in 12 (10.0%), in the 
popliteal fossa and knee in 35 (29.2%), in the shin and 
knee in 23 (19.1%), in the calf and shin in 32 (26.7%) and 
in the arm and leg in 8 (6.7%). Limbs on the left and right 
were involved in 105 (87.5%) of the children. Pain caused 
waking from sleep and crying episodes in 57 (48%) and 
41 (34%) children, respectively. A total of 95 (79.1%) chil-
dren stated that their pain was relieved by massage and 74 
(61.6%) said that they frequently required analgesics. 
Four (34.2%) children had a family history of growing 
pain. In 32 (26.6%) children, abdominal pain was accom-
panied by limb pains, and 36 (30.0%) had concurrent 
headaches. In 59 (49.1%) children, the growing pains 

were associated with daily physical activity, and 54 (45%) 
experienced pains in the summer months. Physical ex-
amination revealed that 70 (58.4%) children with grow-
ing pains were dark-skinned (Fitzpatrick phototype III–
IV) and that 50 (41.6%) were fair (type II). None of the 
children was classified as type I, V or VI.

  The serum level of 25(OH)D in the children with 
growing pains and vitamin D deficiency increased after
1 month of vitamin D therapy from 13.4 ± 7.2 to 44.5 ± 
16.4 ng/ml, and the difference was statistically significant 
(p < 0.001) (fig. 1).

  Serum calcium levels were similar at baseline and after 
1 month of vitamin D therapy (9.7 ± 0.36 vs. 9.8 ± 0.61,
p = 0.42). The PTH levels decrease after vitamin D treat-
ment from 37.5 ± 17.0 to 26.7 ± 14.3 mg/dl (p < 0.001).

  Those with high BMI (z-scores) and increased serum 
ALP levels showed less benefit from vitamin D therapy 
than children with lower BMI and serum ALP levels (p = 
0.018, p = 0.011, respectively).

  The baseline and posttherapy levels of all biochemical 
parameters of the children with growing pains are given 
in  table 2 . In children with growing pains, the intensity of 
pain showed no correlation with the basal 25(OH)D, 
PTH and ALP levels or the BMI z-score.

  Following vitamin D supplementation, the mean pain 
VAS score decreased from 6.8 ± 1.9 to 2.9 ± 2.5 cm. A sig-
nificant reduction in pain intensity was observed at the 
after 3 months of vitamin D therapy (mean reduction 
–3.8 ± 2.1, r  =  17.9, p < 0.001;  fig.  2 ). Children with a 
higher vitamin D level following treatment did not show 
greater reductions in their pain scores. In total, 31 (26.0%) 
children with growing pains had no pain at the third 
month of vitamin D supplementation and 9 (7.5%) had 

 Table 1.  Comparison of demographic and clinical characteristics 
of children with growing pains

Total number of children 120
Gender

Female 68 (56.6)
Male 52 (43.4)

Age, years 7.8±2.6 (4–12)
Weight, kg 26.2±8.5 (14–48)
Weight, percentile 43.3±30
Height, cm 124.7±14.6 (98–157)
Height, percentile 39.8±28.2
BMI 16.5±2.3 (11.7–23.4)
BMI z-score –0.06±1.2 (–3.9 to 2.9)
25(OH)D, ng/ml 13.4±7.2 (<4–54.4)

 The data are expressed as n (%) or mean ± SD (range).
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no change in the intensity of pain, despite a normalization 
of 25(OH)D levels. No significant difference was ob-
served in the vitamin D levels of children whose pain re-
solved after vitamin treatment or in those with no change 
in pain intensity (p = 0.092).

  No adverse events related to vitamin D treatment were 
observed. After 1 month of vitamin D supplementation, 
the maximum serum 25(OH)D level was 75.1 ng/ml and 
the maximum serum calcium level was 10.6 mg/dl (both 
within the reference range). Four patients had an in-
creased urine calcium-creatinine ratio. These children 
were further evaluated with renal ultrasonography, and 
no pathological findings were detected.

  Discussion 

 In this study, we found that vitamin D insufficiency 
and deficiency is a very common health problem among 
children in Istanbul. We showed that 86.6% of children 
with growing pains had hypovitaminosis D. Hypovita-
minosis D is reported to be within the range of 70–
90% among healthy children and adolescents in Korea 
and Italy  [17, 18] . In China, in winter and spring, >50% 
of school-aged children and adolescents reportedly have 
a vitamin D deficiency; in winter, 100% of adolescents 
and 93.7% of school-aged children were found to have 
vitamin D insufficiency in another study  [19] . Turkey is 
a sunny country where vitamin D deficiency has been 
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  Fig. 1.  25(OH)D levels observed at the baseline and after 1 month 
of supplementation of vitamin D in the study group. The data are 
expressed as mean values. Δ difference: 33.24 ± 16.5. A paired Stu-
dent’s t test was used for statistical analysis. p < 0.05. 

  Fig. 2.  VAS of the children with growing pains at the baseline and 
after 3 months. The data are expressed as mean values. Δ differ-
ence: –3.8 ± 2.1. A paired Student’s t test was used for statistical 
analysis. p < 0.05. 

Before therapy After therapy p value

25(OH)D, ng/ml 13.4 ± 7.2 (<4 – 54.4) 44.5 ± 16.4 (20.2 – 75.1) <0.05
Calcium, mg/dl 9.7 ± 0.3 (8.8 – 10.5) 9.8 ± 0.5 (9.1 – 10.6) 0.43
PTH, mg/dl 37.5 ± 17 (17.7 – 82.3) 26.7 ± 14.3 (15.2 – 56.7) <0.05
VAS, cm 6.8 ± 1.9 (4 – 10) 2.9 ± 2.5 (0 – 10) <0.05
Phosphate 4.8 ± 0.5 (3.4 – 5.8)
ALP 203.6 ± 58.1(84 – 403)
CK 105.8 ± 38.5 (34 – 251)
CRP 0.15 ± 0.17 (0 – 0.9)
ESR 11.7 ± 5.4 (3 – 28)

  The data are expressed as mean values ± SD (range). A paired Student’s t test was
used for statistical analysis (p < 0.05). CK = Creatinine kinase; CRP = C-reactive protein; 
ESR = erythrocyte sedimentation rate.

 Table 2.  Study parameters of the children 
with growing pains: mean change of 
parameters before and after a single oral 
dose of 25(OH)D
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thought to be unusual. However, the reported prevalence 
of hypovitaminosis D here is 40–65%  [12, 13] .

  Studies investigating the prevalence of vitamin D defi-
ciency in children with leg pains are limited  [20, 21] . In 
2011, Qamar et al.  [20]  demonstrated a relationship be-
tween growing pains and vitamin D deficiency, but they 
did not aim to assess the effect of vitamin D therapy on 
pain resolution. They showed that 94% of children with 
growing pains had hypovitaminosis D and that 72% of 
them had vitamin D deficiency. A total of 26% of patients 
in their study population had hypocalcemia. Only 2 chil-
dren had hypocalcaemia in our study. Morandi et al.  [21]  
evaluated 33 children with growing pains. They found a 
mean 25(OH)D level of 15.0 ± 6.9 ng/ml. They found that 
vitamin D supplementation led to a significant increase 
in the 25(OH)D level that was associated with a signifi-
cant decrease in pain intensity. These results are in agree-
ment with our findings.

  We found that the dark-skinned children had a lower 
25(OH)D level than the fair-skinned children. Skin color 
is one of the major determinants of vitamin D status be-
cause a given amount of sun exposure produces less vita-
min D in darker skin than in lighter skin  [22] . The con-
centrations of melanin in skin regulate how much UV-B 
penetrates to reach the epidermal layers with the highest 
concentrations of 7-dehydrocholesterol. A high melanin 
concentration can cause decreased vitamin D synthesis 
by preventing UV-B from reaching the stratum basale 
and spinosum of the epidermis. Skin pigmentation deter-
mines the duration of sun exposure necessary to achieve 
a certain concentration of vitamin D. Dark-skinned peo-
ple require a longer duration of sun exposure than fair-
skinned people for a similar response  [22] .

  Growing pains are usually believed to be associated 
with nocturnal growth. Nevertheless, the term ‘growing 
pains’ is a misnomer because most affected children are 
at an age of relatively slower growth. We observed no 
clutter regarding the age distribution of the subjects in 
this study. The causative factors of growing pains remain 
unclear. Many theories have been proposed to explain the 
causes of growing pains, including muscular fatigue (an 
overuse response) in the affected extremity, anatomic 
problems, emotional or psychological distress, a lower 
pain threshold, decreased bone strength  [23] , altered vas-
cular perfusion and joint hypermobility  [24] . We hypoth-
esized that hypovitaminosis D may have a role in the 
pathogenesis of growing pains, and that vitamin D sup-
plementation might affect the bone and muscle status and 
decrease intensity of pain in children experiencing these 
pains. After vitamin D supplementation, we observed a 

significant reduction in pain intensity in children with 
growing pains accompanied by decreased PTH levels; this 
could be attributed to a greater amount of mineralized 
cortical bone.

  Children with vitamin D deficiency are at greater risk 
for stunted growth. Usually, however, vitamin D deficien-
cy is more commonly observed in obese children. We 
found that although all parameters were within the normal 
percentile ranges, children with growing pains had rela-
tively low heights, weights and BMI z-scores compared 
with their peers. The main role of vitamin D is considered 
to be the regulation of calcium and phosphate metabolism. 
Recent studies have suggested that both the muscles and 
the components of the nervous system are target organs for 
vitamin D. Researchers have shown that vitamin D recep-
tors are present in skeletal muscle cells  [25] . Nonspecific 
musculoskeletal pains in adults are reportedly associated 
with decreased 25(OH)D levels, and improvement in pain 
has been attained with vitamin D therapy  [26] . Warner and 
Arnspiger  [27]  reported that of 220 adults with diffuse 
musculoskeletal pain, only 22 showed a significant im-
provement with vitamin D therapy. Wepner et al.  [28]  in-
vestigated the effect of vitamin D on patients with fibromy-
algia using a VAS. A marked reduction in pain intensity 
was noted during the treatment period.

  We believe that our study is the first to examine the ef-
fect of vitamin D treatment in children with growing 
pains using a VAS. Wehby et al.  [29]  used a VAS to mea-
sure health-related quality of life in children with oral 
clefts. Dhanani et al.  [30]  used a VAS to determine the 
difference in pain associated with changes in quality of 
life in children with rheumatic disease. The authors con-
cluded that the VAS can be accepted as a valid and reliable 
method of assessing pain in the pediatric population, es-
pecially when children are adequately educated to use it 
correctly.

  In this study, the 25(OH)D levels were measured by 
electrochemiluminescence enzyme immunoassay. Most 
immunoassay methods also measure 24,25(OH) 2  vitamin 
D and its polar metabolites. They generally overestimate 
the vitamin D level by approximately 10–20%. This might 
have led to an underestimation of the vitamin D insuffi-
ciency in both groups. High-performance liquid chroma-
tography or tandem mass spectroscopy have been report-
ed as the gold standards for vitamin D assays; however, 
these methods are time-consuming and expensive, which 
prohibited their use in our study. There is no consensus 
regarding the definition of the vitamin D status in chil-
dren. We defined vitamin D deficiency as <10 ng/ml ac-
cording to the American Academy of Pediatrics Com-
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mittee on Nutrition  [16] . This may have led to an under-
estimation of the vitamin D deficiency. Vitamin D re-
placement therapy is necessary for children presenting 
with low vitamin D levels. A variety of dosing schemes are 
used: in children >12 months old, 2,000 IU/day for 6 
weeks or 50,000 IU per week for 6 weeks followed by 
maintenance dosing of 600–1,000 IU/day. Another rec-
ommendation is (stoss therapy) 2.5–15.0 mg or 100,000–
600,000 IU of vitamin D as a single oral dose. We preferred 
stoss therapy, in order to guarantee the intake of a full 
dose.

  After the vitamin D supplementation, we observed a 
significant increase in 25(OH)D levels and a significant 
reduction in pain intensity in children with growing 
pains. We could not perform a randomized controlled 
study because most of the children (86.6%) had vitamin 
D deficiency or insufficiency, and it would have been un-
ethical to withhold the vitamin D therapy. However, fu-
ture randomized controlled studies will supply more data 
about the effectiveness of vitamin D therapy in children 
with growing pains. After 3 months of vitamin D therapy, 
we detected a significant reduction in pain intensity 
among the children with growing pains. This suggests 
that vitamin D might improve the symptoms of this con-

dition. However, alternative reasons for improvement 
cannot be ruled out. To resolve this, a well-designed ran-
domized controlled trial is warranted.

  Conclusion 

 In this study, there was a high prevalence of hypovita-
minosis D in children with growing pains. Vitamin D 
supplementation significantly increased the 25(OH)D 
levels and caused a significant reduction in pain intensity 
in children with growing pains. This finding could sug-
gest that vitamin D therapy may reduce the pain inten-
sity among children with growing pains. Monitoring 
25(OH)D levels and, when indicated, supplementing nu-
tritional calcium and oral vitamin D could help to resolve 
growing pains. A reduction in pain can lead to an im-
proved quality of life. Further studies should address this 
topic.
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