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D levels. Furthermore, age was positively associated with 
25-hydroxyvitamin D in boys (p  < 0.05) and negatively in 
girls (p < 0.05) with a history of fracture.
Conclusion  In conclusion, vitamin D levels were signifi-
cantly lower in children with a history of bone fractures in 
both boys and girls than those without such a history; even 
in the absence of fracture history, vitamin D status correc-
tion is warranted in the general Saudi pediatric population.
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Introduction

Vitamin D is an essential nutrient, known for its role in reg-
ulating calcium absorption and bone mineralization [1, 2]. 
Vitamin D deficiency and insufficiency (hypovitaminosis 
D) have been associated with rickets, metabolic bone dis-
ease, and rarely hypocalcaemia during infancy and child-
hood [3, 4]. Serum 25-hydroxyvitamin D [25(OH)D] is 
considered the best marker of vitamin D repletion status, 
and there is increasing evidence that low serum 25(OH)D 
is common in both children and adults [5]. Serum 25(OH)
D levels persistently below 50/nmol may lead to hypocal-
cemia, secondary hyperparathyroidism, osteoporosis, and 
osteomalacia, respectively, in adults or rickets, including 
growth hormone deficiency in children [6, 7].

Osteoporotic fractures, which are increasingly common 
worldwide, are associated with considerable morbidity, 
mortality, and cost to the health care system [8]. Fractures 
are one of the most severe consequences of weak bone, and 
deficiency of vitamin D has been identified as one of the 
most common risk factor [9]. Vitamin D deficiency was 
identified as a risk factor for fragility hip fracture in the 
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elderly population [10]. However, fractures in children are 
largely ignored, in spite of being quite common, having a 
significant impact on daily activities, and might be indica-
tive of increased fracture risk in adulthood [11]. Recent 
evidence suggests that pediatric fractures are increasing in 
incidence and result in substantial health care costs [8, 12].

Several studies revealed the high prevalence of vitamin 
D deficiency in adult women with hip fractures [13–15]. 
However, limited data are available regarding vitamin D 
deficiency as a risk factor for fractures in children. Recent 
studies in the Middle East have shown an increased inci-
dence of vitamin D deficiency across this region of year-
round sunlight in all age groups, including children [16], 
probably because of cultural full-body coverings (espe-
cially girls) restricts children from sun exposure during 
daytime [17]. In spite of the well-known relation between 
vitamin D and bone health, the significance of vitamin D 
deficiency in the pathogenesis of fractures in Saudi chil-
dren remains unclear. The purpose of this study was to 
determine the relation between vitamin D deficiency and 
fracture history among Saudi boys and girls.

Materials and methods

Subjects and experimental design

In this cross-sectional study, a total of 1256 Saudi chil-
dren aged 12–17 years; 1022 without a history of fracture 
(476 boys and 546 girls) and 234 (148 boys and 86 girls) 
with a history of fracture were recruited from four Primary 
Health Care Centers (PHCCs) within Riyadh, Saudi Ara-
bia from mid-2013 to early 2015. Written informed con-
sent was obtained from parents, as well as a verbal assent 
for children, prior to inclusion in the study. Approval was 
obtained from the Ethics Committee of the College of Sci-
ence Research Center, King Saud University, Riyadh, Saudi 
Arabia. All participants completed a questionnaire on demo-
graphic information, general health status, and past medical 
history, including the history of confirmed fracture type [e.g. 
major (high-energy impact trauma requiring orthopedic sur-
gery treatment) and minor (low-to-moderate-energy impact 
trauma that does not require such treatment] and location 
(e.g., lower and upper extremities and other skeletal parts).

Physical examination was carried out by the attending phy-
sician who ensured the exclusion of subjects with conditions 
that require immediate medical attention like cardiac, kidney 
or liver disease, psychiatric conditions, and/or use of medica-
tions known to affect body weight and bone health (such as 
steroids). Likewise, subjects, whose past or present medical 
history, include that the diagnosis of rickets either clinically 
through X-ray and/or with metabolic signs (elevated ALP or 
PTH, or low phosphate or calcium) was excluded.

Weight and height were recorded to the nearest 0.2 kg 
and 0.5 cm, respectively, using an appropriate international 
standard scale (Digital Pearson Scale, ADAM Equipment 
Inc., USA). Blood pressure was measured using an appro-
priate mercury sphygmomanometer. Blood pressure was 
measured twice with a 5-min interval and the mean of the 
two readings was recorded.

Fasting blood samples (>8 h) were withdrawn by a staff 
nurse and centrifuged for serum isolation. The collected 
sera were then transferred to a pre-labeled tube, stored in 
ice, and delivered to the Biomarkers Research Program 
(BRP) at King Saud University, Riyadh, KSA for imme-
diate storage at −20 °C until analysis. Fasting blood glu-
cose (FBG) level and lipid profile were measured using a 
chemical analyzer (Konelab20XTi, Thermo Electron Cor-
poration, Vantaa, Finland). Serum 25(OH) D was meas-
ured using COBAS e-411 automated analyzer (Roche 
Diagnostics, Indianapolis, IN, USA) in a DEQAS-certified 
laboratory (BRP). For serum 25(OH)D assay, the inter- 
and intra-assay coefficients of variation (CV) were 8.0 and 
5.6 %, respectively, with a lower detection limit (LOD) of 
<10  nmol/l). Vitamin D deficiency was defined based on 
the recommendations of Misra and colleagues [deficiency 
(<37.5  nmol/l); insufficiency (37.5–50  nmol/l) and suffi-
ciency (>50 nmol/l)] [18].

Statistical analyses

Data analyses were carried out using the Statistical Pack-
age for the Social Sciences software (SPSS 16.0; SPSS Inc, 
Chicago, IL, USA). Data were expressed as mean ±  stand-
ard deviation (SD). A Kolmogorov–Smirnov test was per-
formed to assess continuous variables for normality. All 
non-Gaussian parameters were logarithmically or square 
root transformed to normalize prior to correlations and para-
metric analyses. Independent Student t test was employed to 
compare means between groups of normally distributed data. 
Mann–Whitney U test was performed for non-Gaussian vari-
ables. p values <0.05 were considered statistically significant.

Results

A total of 234 (18.6 %) subjects reported to have had a his-
tory of fracture. All were considered minor fractures (low-to-
moderate-energy trauma not requiring surgical treatment). A 
majority of these fractures were located in the arms, hands, 
and fingers [n = 123 (52.6 %)] followed by ankle, foot, and 
toes [N = 78 (33.3 %)] (not included in the table).

All the anthropometric and laboratory characteristics of 
the study participants are presented in Table 1. Vitamin D 
deficiency prevalence was significantly higher in the frac-
ture than the non-fracture group (76.1 vs. 58.2; p < 0.001). 
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Mean serum 25(OH)D level and HDL cholesterol were also 
significantly lower (p  <  0.001) in the history of fracture 
group than the non-fracture group.

Table  2 presents clinical characteristics of the par-
ticipants with subjects that were divided into males and 
females. Serum 25(OH)D level was significantly lower 
(p < 0.001) in both boys and girls with fracture than in the 
non-fracture group (Fig.  1). Furthermore, in boys, total 
cholesterol, HDL cholesterol, and triglycerides were sig-
nificantly lower (p  <  0.01) in the fracture group than the 
non-fracture group, while only total cholesterol levels were 

significantly higher (p  <  0.01) in girls with a history of 
fracture than in non-fracture group.

Employing Pearson correlation analysis (Table  3), 
25(OH)D was positively associated with age, total choles-
terol, HDL cholesterol, triglycerides, and FBG in the over-
all population (p  <  0.01). In boys from the non-fracture 
group, 25(OH)D level was positively associated with age, 
serum total cholesterol, HDL cholesterol, and triglycerides 
(p  <  0.01), while 25(OH)D levels were positively associ-
ated with age (p < 0.05), total cholesterol (p < 0.01), and 
triglycerides (p < 0.01) in the bone fracture group. In girls 
from the non-fracture group, HDL cholesterol was posi-
tively associated (p  <  0.05) with 25(OH)D level. In girls 
from the fracture group, age was negatively associated with 
serum 25(OH)D level (p < 0.05).

Discussion

The main findings of this study were a significantly lower 
level of 25(OH)D in both boys and girls having a history 
of fracture, and furthermore, age was positively associated 
with 25(OH)D in boys, while it was negatively associated 
in girls with a history of fracture.

Bone fractures are a common childhood problem and 
in an estimate in the Caucasian population, up to 50 % of 
boys and 40 % of girls were shown to sustain at least one 
fracture before the age of 18 years [3, 19, 20]. However, the 
data on fractures are limited in Saudi children and adoles-
cents and, to the best of our knowledge, there are no data 
available regarding the relation between serum 25(OH)
D concentrations and incidence of fracture in children. 
Despite the high prevalence of vitamin D deficiency among 
the Saudi population of all ages, including children [16, 

Table 1   Clinical characteristics of subjects

Data presented as mean ± SD
#  Non-Gaussian; p value significant at <0.05

Without fracture With fracture p value

N 1022 234

Vitamin D status (%) 0.000

Deficiency 595 (58.2) 178 (76.1)

Insufficiency 365 (35.7) 46 (19.6)

Sufficiency 62 (6.1) 10 (4.3)

Age (years) 14.03 ± 1.81 14.07 ± 1.39 0.744

Body mass index (kg/m2) 22.30 ± 5.35 22.15 ± 5.57 0.703

Systolic blood pressure 
(mmHg)

116.96 ± 16.05 118.06 ± 16.80 0.356

Diastolic blood pressure 
(mmHg)

71.94 ± 15.59 71.04 ± 13.71 0.333

Total cholesterol (mmol/l) 4.83 ± 0.99 4.80 ± 1.01 0.646

HDL-cholesterol (mmol/l) 1.27 ± 0.37 1.19 ± 0.29 0.003

Glucose (mmol/l) 5.44 ± 1.95 5.27 ± 0.95 0.218

Triglycerides (mmol/l)# 1.28 ± 0.85 1.17 ± 0.63 0.069

25(OH)D (nmol/l)# 38.74 ± 22.25 30.71 ± 18.48 0.000

Table 2   Clinical characteristics 
of the male and female subjects

Data presented as mean ± standard deviation
#  Non-Gaussian; * significance at the 0.05 level and ** significance at the 0.01 level

Males Females

Without fracture With fracture Without fracture With fracture

N 476 148 546 86

Age (years) 14.56 ± 1.81 14.25 ± 1.39 13.57 ± 1.67 13.76 ± 1.35

Body mass index (kg/m2) 22.38 ± 5.81 22.66 ± 6.08 22.24 ± 4.94 21.33 ± 1.35

Systolic blood pressure (mmHg) 119.02 ± 15.97 118.14 ± 17.34 115.19 ± 15.93 117.90 ± 15.92

Diastolic blood pressure (mmHg) 71.14 ± 13.64 71.89 ± 14.01 72.64 ± 11.57* 69.59 ± 1.11

Total cholesterol (mmol/l) 5.33 ± 1.31** 4.63 ± 0.91 4.52 ± 0.52** 5.08 ± 1.11

HDL-cholesterol (mmol/l) 1.32 ± 0.36** 1.19 ± 0.31 1.25 ± 0.37 1.19 ± 0.27

Glucose (mmol/l) 5.72 ± 2.74* 5.23 ± 0.68 5.27 ± 1.19 5.35 ± 1.29

Triglycerides (mmol/l)# 1.48 ± 1.13** 1.10 ± 0.56 1.16 ± 0.56 1.29 ± 0.73

25(OH)D (nmol/l)# 37.52 ± 22.53** 30.10 ± 20.66 39.81 ± 21.98** 32.21 ± 11.58
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17], deficiency/insufficiency of vitamin D in children suf-
fering fractures has not been studied until now.

In this study, we observed lower vitamin D levels among 
boys and girls having a history of fractures than those with-
out. This is the first study from the Arabian region that 
confirms an association between low serum 25(OH)D con-
centrations and higher incidence of bone fractures, with 
incidence defined as the number of new cases in a defined 
population in a given time period, equal for both groups for 
comparison. Recently, in a preliminary study published in 
2010 by Ryan et  al. [21], a significant proportion (59  %) 
of African American children with fractures was vitamin 
D-insufficient, and furthermore, the authors noted that this 
prevalence was higher than the baseline levels reported in 

similar populations. Another study, Ryan et  al. [12] sup-
ported an association between vitamin D deficiency and 
lower bone mineral density, with increased odds of fore-
arm fracture among African American children. On the 
other hand, some studies failed to observe any association 
between vitamin D deficiency and increased the incidence 
of fractures. In a study by Chan et al. [22], children under 
12  years who had sustained a fracture were not different 
from those without fractures with respect to vitamin D 
level. Similarly, Farr et  al. [23] assessed 25(OH)D status 
in children aged 8–15  years who had sustained a mild or 
moderate impact distal radial fractures but did not find any 
difference in 25(OH)D status between children with and 
without a history of fractures.

Fig. 1   Mean 25(OH D) 
(nmol/l) levels (standard devia-
tion) in boys and girls with and 
without a history of fractures

Table 3   Association between Log 25(OH)D with clinical parameters of all subjects, males, and females

Data presented as coefficient (R)
#  Non-Gaussian; * significance at 0.05 level; ** significance at 0.01 level

Parameters All Subjects Males Females

All W/O fracture With fracture All W/O fracture With fracture All W/O fracture With fracture

N 1256 1022 234 624 476 148 632 546 86

Age (years) 0.08** 0.08** 0.08 0.24** 0.25** 0.18* −0.05 −0.03 −0.26*

Body mass index (kg/m2) 0.01 0.01 0.05 0.18 0.01 0.06 0.01 0.004 0.11

Systolic blood pressure 
(mmHg)

−0.02 −0.03 0.04 0.05 0.04 0.04 −0.06 −0.07 0.11

Diastolic blood pressure 
(mmHg)

0.06* 0.08* −0.06 0.07 0.12* −0.04 0.03 0.03 −0.03

Total cholesterol (mmol/l) 0.19** 0.17** 0.27** 0.35** 0.29** 0.37** −0.01 0.02 −0.04

HDL-cholesterol (mmol/l) 0.15** 0.14** 0.11 0.20** 0.18** 0.15 0.11** 0.11* 0.03

Glucose (mmol/l) 0.08* 0.09** −0.03 0.11* 0.11 −0.03 0.06 0.08 −0.06

Triglycerides (mmol/l)# 0.13** 0.24** 0.09** 0.23** 0.18** 0.28** 0.02 0.02 0.09
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Despite the above inconsistencies, other studies have 
shown a decrease in fracture incidence following vitamin 
D supplementation, which indirectly confirm the associa-
tion between vitamin D and fractures [24]. A randomized 
double-blind controlled trial of 100,000  IU oral vitamin 
D3 (cholecalciferol) supplementation versus placebo given 
every 4 months for 5 years found a 22 % reduction for any 
first fracture and a 33 % reduction for a first fracture in the 
common osteoporotic sites [25]. In another study, Parchi 
et al. [26] in a case report also confirmed the effect of vita-
min D on fracture healing in a young boy with a hypovita-
minosis D.

In this study, we observed that fractures in boys were more 
prevalent than in girls (n = 148 vs. 86). This might relate to 
higher outdoor activities, such as sports in boys compared 
to girls and also physiological difference in this age group 
due to timing of pubertal growth—the bones of the girls are 
maturing and the boys still have relatively weaker bones due 
to rapid bone growth at age 13–14 years. This hypothesis is 
consistent with higher incidence of fractures in Caucasian 
children, in which up to 50 % of boys and 40 % of girls sus-
tain at least one fracture in their childhood [3].

Another highlight in the present study was the posi-
tive association of age and 25-hydroxyvitamin D in boys, 
while it was negatively associated in girls having a history 
of fracture. One explanation for this observation may be 
conservative social and religious practices imposed on girls 
and the fact that advancing age in girls is more often cov-
ered compared to boys of similar age. However, the peak 
age of incidence of childhood fractures is fairly constant in 
the literature with around age 14 for boys and age 11 for 
girls, with a sharp decline in the rate afterwards [11].

It is important to mention none of the subjects had 
rickets even among those whose 25(OH) vitamin D was 
<34 nmol/l as previously observed by Atapattu et al. [27]. 
In the presence of normal calcium intake, simple vitamin D 
deficiency has not been associated with rickets or fractures. 
Rickets, however, is associated with fractures [28–30]. The 
question of whether a state of pre-rickets (with histologi-
cal osteomalacia but no radiological signs of rickets) exists, 
where fracture risk is already increased cannot be answered 
in the present study. Nevertheless it is clear that serum 
25(OH)D is lower among those with a fracture history than 
those without. This has clinical implications, since it has 
been observed that circulating 25(OH)D affects mineraliza-
tion process [31] and even seasonal variations affect growth 
in pre-pubertal children [32].

There were certain limitations of this study. The meas-
urement of cause and effect relation was not possible 
because of the cross-sectional design of the study. Informa-
tion on time since fracture is also not available and could 
have greatly added value to the study. Another limitation 
was that 25(OH)D measurements were performed after 

the fracture and may not accurately reflect pre-fracture 
exposure.

In conclusion, our data indicate an association between 
vitamin D status and bone fractures in Saudi children. 
Because fracture rates in children are increasing and bone 
health status in childhood may directly impact adult bone 
health, opportunities to intervene during childhood should 
be pursued. Given the high prevalence of vitamin D defi-
ciency in Saudi children with and without fracture, a strong 
consideration should be given for routine vitamin D testing 
and correction in the Saudi pediatric population.
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