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Abstract

Introduction: Vitamin D deficiency is highly prevalent among children in developing countries, contributing to musculoskeletal issues
such as rickets and muscle weakness. Despite its significant impact, not much research has been done on the link between vitamin D
deficiency and fractures caused by low-energy traumas in children. This retrospective case-control study aimed to assess serum vitamin
D and calcium levels in low-energy trauma bone fractures among Iranian children.

Methods: In a retrospective case-control study, 136 pediatric patients were examined. The participants were split into two groups: cases
(fractures resulting from low-energy trauma) and controls (healthy children). Data collection involved gathering demographic
information, recording the location of the fractures, and taking blood samples for vitamin D and calcium analysis. Serum levels were
categorized as deficient (< 30 mmol/L), insufficient (30-49 mmol/L), or sufficient (> 50 mmol/L).

Results: The study found that 77.9% of all participants had a vitamin D deficiency. There was a significant difference in deficiency
prevalence between the case and control groups. Although no significant associations were found between vitamin D levels and factors
such as age groups, gender, or fracture location, a higher deficiency prevalence was observed in the case group. Calcium levels did not
differ significantly between the groups.

Conclusion: This study emphasizes the high prevalence of vitamin D deficiency among Iranian children. While gender and age did not
appear to be significant factors, it is crucial to routinely assess the vitamin D status of pediatric patients. Early initiation of
supplementation may help improve bone health and prevent low-energy fractures in this population, making routine assessments even
more urgent and crucial.
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Introduction

Vitamin D plays a crucial role in the optimal growth
and development of the human body. It is the only
vitamin with a hormonal function and can regulate over
200 genes. ! However, there is a global pandemic of
vitamin D deficiency, particularly prevalent in
developing nations such as Iran.? This lack of sufficient
serum vitamin D levels poses a significant healthcare
challenge, contributing to musculoskeletal disorders,
including Rickets, osteomalacia, osteoporosis, and an
increased susceptibility to bone fractures.®

Children need more vitamin D because they
proliferate. However, they are not getting enough

sunlight and rely too much on processed foods, which
has led to more cases of vitamin D deficiency. * ° Also,
it is common for children to break their arms, especially
the forearm. Studies show that almost half of all
children have at least one fracture by the time they turn
18, and boys have even higher rates of fractures.®
Vitamin D deficiency resulting from insufficient
dietary intake can decrease serum calcium levels,
disrupting calcium balance and triggering increased
parathyroid hormone secretion, which promotes bone
resorption and reduces bone mineral density (BMD).’
Some studies have suggested a higher risk of forearm
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and upper limb fractures in children with lower vitamin
D levels in their blood. However, there is conflicting
evidence about this relationship.®

Therefore, the main aim of this study is to compare the
levels of vitamin D and calcium in the pediatric
population and their correlation with bone fractures.

Methods

Study design

This retrospective case-control study was conducted on
pediatric patients visiting the orthopedic departments of
Beheshti Hospital in Babol, Iran, and Imam Hossein
Hospital in Tehran, Iran, from 2020 to 2022.

Study Population

The study included one hundred thirty-six children to
ensure a power of 80% and a type | error of 0.05. The
participants were divided into two groups: the case
group, which included 76 children with fractures
resulting from low-energy trauma, and the control
group, consisting of 60 healthy children without
fractures. The control group was randomly selected
from the outpatient orthopedic clinic during routine
pediatric assessments. The inclusion criteria covered
children over 2.5 years’ old who had not taken vitamin
D or calcium supplements in the last four months and
had sustained upper or lower limb fractures due to low-
energy trauma with legal guardian consent. The
exclusion criteria included metabolic, gastrointestinal,
renal, and respiratory disorders that could affect vitamin
D or calcium levels, recent vitamin D or calcium
supplementation, and a history of prior fractures.

Data Collection

The study involved face-to-face interviews with parents
or legal guardians to gather demographic information.
Orthopedic surgeons performed physical examinations
to confirm fractures using plain radiography, noting the
location of the fracture. Blood samples were collected
from all participants during their initial visit. A
laboratory  technician used an enzyme-linked
immunosorbent assay (ELISA) kit by Monobind Inc. for
vitamin D and a Pars Azmoon Kit for calcium to
measure serum levels of vitamin D and calcium.
Vitamin D serum levels were categorized as deficient (<
30 mmol/L), insufficient (30-49 mmol/L), or sufficient
(> 50 mmol/L) based on established criteria. The normal
range for serum calcium was 8.5-10.2 mg/dL.
Statistical Analysis

The data was entered into Excel and analyzed using
SPSS software version 25.0. Descriptive statistics were
used to analyze both quantitative and qualitative data.
Intergroup comparisons were conducted using T-
student, Chi-square, and Mann-Whitney U tests, with a
significance level set at p < 0.05.

Ethical Considerations

The parents or legal guardians of all participants
provided informed consent. The study followed ethical
standards set by the Babol University of Medical
Science research committee and the World Medical
Association Declaration of Helsinki. Ethical approval
was granted by the Babol University of Medical Science
Ethics Committee, and the study was registered before
it began with the registry number
"IR.MUBABOL.REC.1401.064".

Results

The study included 136 children, 76 patients in the case
group, and 60 healthy children in the control group. The
average age of all participants was 8.45, with a range
from 2.5 to 14 years and a median age of nine. Both
groups were carefully matched for age and gender, as
shown in Table 1.

None of the participants in either group had sufficient
levels of vitamin D. Specifically, 30 children (22.1%)
showed vitamin D insufficiency, while 106 children
(77.9%) were classified as deficient. Six children (7.8%)
had vitamin D insufficiency within the case group,
compared to 24 children (40.0%) in the control group.
Additionally, 70 children (92.2%) in the case group and
36 children (60.0%) in the control group were found to
be deficient in vitamin D, showing a significant
difference between the groups (Table 2).

The comparison of vitamin D levels among all
participants, considering factors such as age, gender,
and fracture location, did not show any statistically
significant differences, as summarized in Table 3.
However, when we looked at vitamin D levels based on
age and gender using the Chi-square test, we found a
significantly higher prevalence of vitamin D deficiency
in the case group, as shown in Table 4.

Independent t-tests comparing calcium levels between
the case and control groups did not reveal any
statistically significant differences. Table 5 presents the
mean + standard deviation of calcium levels for both
groups.
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Table 1 :Primary characteristics of participants.

Control p-value*

Age (years) <9yo 40 (52.6) 32 (53.3) 82 (52.9) 0.950
>10yo 36 (47.4) 28 (46.7) 64 (47.1)

Gender Boy 48 (63.2) 42 (70.0) 90 (66.2) 0.550
Girl 28 (36.8) 18 (30.0) 46 (33.8)

Yo: years old.; Values in parentheses are percentages.; * P value calculated by Chi-square test.

Table 2: Distribution of Vitamin D levels between groups.

Case Control Total
Vitamin D insufficiency 6 (20.0) 24 (80.0) 30 (22.1)
Vitamin D deficiency 70 (66.0) 36 (34.0) 106 (77.9)

Values in parenthesis are row percentages.

Table 3: Comparison of the vitamin D levels based on age, gender, and location of fracture.

Vit. D insufficiency Vit. D deficiency p-value*
Age (years) <9yo 60 (56.6) 12 (40.0) 0.250
>10yo 46 (43.4) 18 (60.0)
Gender Boy 76 (71.7) 14 (46.7) 0.070
Girl 30 (28.3) 16 (53.3)
Fracture Location Upper limb 26 (72.2) 12 (50.0) 0.210
Lower limb 12 (27.8) 12 (50.0)

Vit: Vitamin; Yo: years old.; Values in parentheses are percentages.; * P value calculated by Chi-square test.

Table 4: Comparison of the vitamin D levels between two groups based on age and gender.

Vit D levels Case Control p value* |

Age (years) <9yo Insufficiency 2 (16.7) 10 (83.3) 0.030
Deficiency 38 (63.3) 22 (36.7)

>10yo Insufficiency 4(22.2) 14 (77.8) 0.010
Deficiency 32 (69.9) 14 (30.4)

Gender Boy Insufficiency 2 (14.3) 12 (85.7) 0.020
Deficiency 46 (60.5) 30 (39.5)

Girl Insufficiency 4 (25.0) 12 (75.0) 0.010
Deficiency 24 (80.0) 6 (20.0)

Vit: Vitamin; Yo: years old.; Values in parentheses are percentages.; * P value calculated by Chi-square test.

Table 5: Calcium levels between two groups.

Case Control p-value*
Calcium level (mg/dl) 9.88+0.34 9.81+£041 0.440
* P value calculated by Independent T-test.
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Discussion

In the current study, we aimed to investigate the
connection between vitamin D deficiency and bone
fractures in pediatric patients. We found a significantly
high prevalence of vitamin D deficiency (77.9%) among
our study population, which is consistent with previous
findings in the region.® A study conducted by Neiestani
et al. assessed 1111 school-aged children and
demonstrated that 86% were involved in a vitamin D
deficiency.’® The current study included a diverse
sample of children referred to hospitals or clinics
without any restrictions based on age, gender, race,
ethnicity, or fracture location. As a result, it reflected the
prevalence of vitamin D deficiency in the broader
pediatric population in the Middle East, especially in
Iran.

The current study's findings show a strong link between
vitamin D deficiency and an increased risk of bone
fractures in both age groups (under nine years old and
over ten years old) and across genders. This supports
previous research and highlights the significance of
addressing vitamin D deficiency as a preventive
measure against bone fractures in children.!! In the
systematic review led by Karimian et al., it was found
that children with severe vitamin D deficiency have a
higher incidence of complications related to decreased
bone mineral density, such as fractures.'? Laird et al.
also explained the impact of vitamin D on muscle
strength as a potential mechanism contributing to the
increased risk of fractures in children with vitamin D
deficiency.®

Furthermore, the current study found higher rates of
vitamin D deficiency among boys, children under nine
years old, and those with upper limb fractures, although
statistical significance was not achieved. Nevertheless,
these trends are essential for developing strategies to
reduce the risk of bone fractures in children. The current
study's findings support previous studies showing a
higher occurrence of upper limb fractures in children
with vitamin D deficiency. Jeremy et al. investigated
181 children with upper limb fractures and identified
vitamin D deficiency in 65% of the patients.* In another
study Saglam et al. conducted on 30 children with bone
and forearm fractures, the vitamin D levels were
significantly lower than the control group.®®
Interestingly, we did not find a significant association
between serum calcium levels and bone fractures. The

findings of various studies on the impact of calcium
serum levels on bone fracture risk have varied
significantly. Some studies suggest an inverse
correlation between serum calcium levels and fracture
risk,'® while others indicate no significant relationship,
as observed in our study.'” This emphasizes the intricate
interaction of various factors affecting children's bone
health, which extends beyond serum calcium levels.
The current study's limitations include a relatively small
sample size and the need to assess parathyroid hormone
levels due to resource constraints. Future studies with
larger cohorts and comprehensive assessments of
relevant biomarkers could offer further insights into the
connection between vitamin D deficiency and bone
fractures in pediatric populations.

Conclusion

Based on the findings, both the children who
experienced fractures due to low-energy trauma and the
healthy children did not show adequate levels of vitamin
D in their blood. However, the children who had
fractures had notably lower levels of vitamin D. These
findings have important implications for healthcare
providers, highlighting the need for regular assessment
of vitamin D levels in pediatric patients. Starting
vitamin D supplementation early could be vital in
improving bone health and preventing fractures in this

group.

Acknowledgments
Not applicable.

Conflict of Interest Disclosures
None.

Funding Sources
Government, corporate, or non-profit organizations
awarded no specific grants for this study.

Authors’ Contributions

MT conceptualized and designed the study. ZHT
actively participated in the data collection process. SA
performed the data analysis. HS and MF took the lead
in writing the initial draft of the manuscript. MB
contributed significantly by revising the initial
manuscript.

1163 | Trauma Monthly 2024;29(4): 1160-1164



Vitamin D Deficiency and Pediatrics Fractures

Ethical Statement

This research was approved by the ethics committee at
Babol University of Medical Sciences
(IR.MUBABOL.REC.1401.064). Before being enrolled
in the study, all patients’ legal guardians who were
included gave their written informed consent.

References

1. Jones G, Strugnell SA, DeLuca HF. Current understanding of
the molecular actions of vitamin D. Physiological reviews. 1998;

2. Tabrizi R, Moosazadeh M, Akbari M, et al. High prevalence
of vitamin D deficiency among Iranian population: a systematic
review and meta-analysis. /ranian journal of medical sciences.
2018;43(2):125.

3. Basit S. Vitamin D in health and disease: a literature review.
British journal of biomedical science. 2013;70(4):161-172.

4. Mutlu GY, Hatun §. Use of vitamin D in children and adults:
frequently asked questions. Journal of Clinical Research in Pediatric
Endocrinology. 2018;10(4):301.

5. Akhtar S. Vitamin D status in South Asian populations—risks
and opportunities. Critical reviews in food science and nutrition.
2016;56(11):1925-1940.

6. Bianchi ML. Osteoporosis in children and adolescents. Bone.
2007;41(4):486-495.

7. Fleet JC. The role of vitamin D in the endocrinology
controlling calcium homeostasis. Mo/ Cell Endocrinol. Sep 15 2017;
453:36-45. doi: 10.1016/j.mce.2017.04.008

8. Karkenny AJ, Avarello J, Hanstein R, et al. Pediatric Fractures:
Does Vitamin D Play a Role? Journal of Pediatric Orthopaedics.
2023;43(8):492-497.

9. Saki F, Dabbaghmanesh MH, Omrani GR,
Bakhshayeshkaram M. Vitamin D deficiency and its associated risk
factors in children and adolescents in southern Iran. Public health
nutrition. 2017;20(10):1851-1856.

10. Neyestani TR, Hajifaraji M, Omidvar N, et al. High
prevalence of vitamin D deficiency in school-age children in Tehran,
2008: a red alert. Public health nutrition. 2012;15(2):324-330.

11. Aguiar M, Andronis L, Pallan M, Hugler W, Frew E.
Preventing vitamin D deficiency (VDD): a systematic review of
economic evaluations. The European Journal of Public Health.
2017;27(2):292-301.

12. Karimian P, Ebrahimi HK, Jafarnejad S, Delavar MA. Effects
of vitamin D on bone density in healthy children: A systematic review.
J Family Med Prim Care. Mar 2022;11(3):870-878. doi:
10.4103/jfmpc.jfmpc_2411_20

13. Laird E, Ward M, McSorley E, Strain JJ, Wallace ). Vitamin D
and bone health: potential mechanisms. Nutrients. Jul 2010;2(7):693-
724. doi:10.3390/nu2070693

14. James JR, Massey PA, Hollister AM, Greber EM. Prevalence
of hypovitaminosis D among children with upper extremity fractures.
Journal of Pedjatric Orthopaedics. 2013;33(2):159-162.

15. Saglam Y, Kizildag H, Toprak G, Alp NB, Yalcinkaya EY.
Prevalence of vitamin D insufficiency in children with forearm
fractures.  Journal ~of Children’s  Orthopaedics. 2017/06/01
2017;11(3):180-184. doi:10.1302/1863-2548.11.160008

16. Pan K, Tu R, Yao X, Zhu Z. Associations between serum
calcium, 25 (OH) D level and bone mineral density in adolescents.
Advances in Rheumatology. 2021;61

17. Chan GM, Hess M, Hollis J, Book LS. Bone mineral status in
childhood accidental fractures. American Journal of Diseases of
Children. 1984;138(6):569-570.

Trauma Monthly 2024;29(4): 1160-1164 | 1164



