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Background: Nutritional rickets remains a significant concern in certain countries, with increasing prevalence attributed to factors
such as limited sunlight exposure and undernourishment. This study aimed to identify the factors associated with rickets due to
nutritional deficiency in children from Jazan Province, southwestern Saudi Arabia.

Methods: A retrospective cross-sectional study was conducted using descriptive data from medical records at a tertiary hospital in
Jazan Province. Records of patients diagnosed with rickets between January 2010 and December 2020 were analyzed. Symptomatic
rickets cases from pediatric clinics were included, and diagnoses were based on biochemical and clinical tests. Risk factors were
assessed using patient medical records. Data were analyzed using percentages, mean, and standard deviation.

Results: The study included 84 patients with rickets (53 females and 31 males), primarily between 11-18 years old. The mean body
mass index (BMI) of the participants was 21.21. The most common risk factor was nutritional deficiencies, including vitamin
D deficiency or calcium deficiency, with 75 patients reporting a family history of vitamin D deficiency. The children had limited
sunlight exposure and low levels of calcium and vitamin D. Malnutrition was identified as the highest risk factor for rickets in the
study population.

Conclusion: Nutritional rickets appears to be prevalent in the Jazan Province, emphasizing the need for government organizations to
address this preventable disease. Adequate sun exposure and recommended dietary vitamin D intake are crucial to prevent rickets, as
this study detected inadequate levels of calcium and vitamin D in children. National studies are required to further identify risk factors
and develop appropriate strategies.
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Introduction

Rickets is an ailment in which the bones of a growing child are affected. It can be due to a lack of enough calcium and
phosphate in the body, also known as nutritional rickets. Calcium and phosphate are the two elements that are crucial for
the proper growth of bone. Nutritional rickets can be caused due to less intake of food containing calcium and phosphate
or absorption from the gastrointestinal tract."

In underdeveloped nations worldwide, the deficiency of cholecalciferol, also known as vitamin D, is among the
primary causes of nutritional rickets, which is considered among the top five pediatric diseases.>> The prevalence of
nutritional rickets is still alarming in developed nations.>*’ The prevalence of rickets has increased in Europe and North
America, where the yearly frequency is around 3 in every 100,000 children of every age.® !

The physical comorbidities associated with rickets tend to stay throughout late childhood and adolescence of the child
as well as pose acute life-threatening consequences that make rickets a significant health burden.'? Even in the most
industrialized countries, there are currently no effective community-based preventive interventions to prevent rickets.'?
Because the initial symptoms of rickets are not easily noticeable, and an early diagnosis is still a challenge.'® Children
suffering from rickets frequently exhibit paleness, agitation, insomnia, and excessive perspiration.'” The other reported
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symptoms are flaring of the lower anterior thoracic wall, prominence of the costochondral junction (rachitic rosary), and
frontal bossing. Genu valgum or genu varum is a condition that develops once the child with rickets learns how to walk
and carry weight. Malnutrition leading to muscular atrophy and increased susceptibility to infection are considered some
examples of systemic symptoms of rickets.'*

Multiple other risk factors have been linked to nutritional rickets, including exclusive breastfeeding, cow milk
consumption, lack of sunlight exposure, malnutrition, and poor maternal nutritional status during pregnancy.'> In
Saudi Arabia, cases of nutritional rickets are still seen in pediatric clinics, with a prevalence rate of 15%,'® and may
be attributed to behavioral factors such as less exposure to the sun despite the sunny weather. Due to the scarcity of
published reports about the epidemiology of this disease or its associated factors, this study aims to determine the
predisposed factors contributing to causing nutritional rickets in children of Jazan province, Saudi Arabia.

Materials and Methods

Study Design

This was a retrospective, observational study using descriptive data from the medical records of a tertiary hospital in
Jazan. This study was conducted among children in the Jazan region, located in the southwest of Saudi Arabia, north of
Yemen, with a population of 1.6 million people. The collection of data was from the admitted patients diagnosed with
rickets from January 2010 to December 2020 in the King Fahad Central Hospital, Jazan. Eighty-four participants were
included in the current study, the record of which indicated that they were suffering from rickets. The study included data
from participants of both genders and pediatric age groups (from the age group of 1-18 years), and the King Fahd Central
Hospital’s medical records inquiry system identified all patients who had undergone a 25 (OH)Vit D test in the past 10

years. The criteria we used in this study depended on the following articles'®'’

Data Collection

The collection of data was conducted from the self-managed patient records of the hospital. The following data were
collected: age, gender, nationality, diagnosis, comorbidities, predisposing factors, and radiological findings. Additionally,
the results of the biochemical tests (calcium, phosphorus, alkaline phosphatase, vitamin D, PTH, albumin, AST, ALP eGFR,
and creatinine) and their serum reference values from the confirmed cases were also collected from the hospital records.

Statistical Analyses
The data were analyzed using SPSS version 23 software. Frequency, percentage, mean, and standard deviation for the
findings were estimated.

Ethical Considerations

The study protocol was approved by the internal review board of the Ethics Committee of the Ministry of Health in the
Jazan Region. Approval No: 22055; date: 15 June 2022. Strict confidentiality measures were implemented to safeguard
the collected data. The research involved a secondary analysis of routinely collected anonymized monitoring data,
adhering to the ethical principles of the Helsinki Declaration and the specific guidelines stipulated by the National
Committee of Bioethics in Saudi Arabia. Data were sourced from patient charts and/or laboratory databases as part of
routine clinical procedures. Personal information and identifiable details of participants were excluded from the study to
ensure anonymity and privacy

Results

Baseline Characteristics of the Participants

Out of the total participants (n=84), the majority of them were female (63.10%) and the remaining were males (36.90%).
We classified the participants into three age groups: 1 to 5 years representing 16.67%, 6 to 11 years representing 25% of
the total participants, and the rest of the participants (58.33%) were from 11 to 18 years. Most of the participants reside in
Abu-Arish or Jazan (28.57%, and 23.81% respectively).
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In terms of sun exposure as a factor, 72.81% of the patients acknowledged that they were exposed to the sun 1 to 2
times a day while 26.19% stated that they were not exposed to the sun. Additionally, the birth weight and height of the
patients were also documented and showed average body weight at birth was 2.7442.23 kg (ranging from 2.50 to 3.5 kg).
At the time of presentation to the hospital, the mean height was 131+28.3 c¢m, weight was 38+21.45 kg, and BMI of
21.21 £9.30, respectively. We classified the participants into four BMI groups: 34% of the participants were underweight,
33.33% were in the normal range, 14.29% of the participants were overweight and the rest of the participants (11.90%)
were obese as shown in Table 1.

Table | Demographic Characteristics of the Participants (n=84)

Sex

Male 31 36.90%
Female 53 63.10%
Age in years

lto5 14 16.67%
6to |l 21 25%

Il to 18 49 58.33%
Residence

Gizan 20 23.81%
Abu Arish 24 28.57%
Sabya 9 10.71%
Ahad Almasarhah I 13.10%
Baish 6 7.14%
Mountains 14 16.67%

Reported sun exposure

| to?2 62 73.81%

Never 22 26.19%

Height and weight

Birth weight (Mean | SD) 2.74 2.23
Weight at presentation (Mean | SD) 38 21.45
Height at presentation (Mean | SD) 131 28.3
BMI (Mean | SD) 21.21 9.30

BMI classification

Underweight (less than 18.5) 34 40.48%
Normal 28 33.33%
Overweight 12 14.29%
Obese 10 11.90%

Abbreviations: SD, Standard deviation; BMI, Body mass index;
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Laboratory Data of the Participants at the Time of Admission

The data indicated that the laboratory investigations of all the participants were conducted at the time of admission. The
mean value of the lab values of vitamin D, serum calcium, phosphate, liver enzymes, albumin, PTH, creatinine, and
EGFR are shown in Table 2. Low levels of vitamin D were present in all the participants with a mean of 16.91 £9.54
mmol/L (normal range: above 50 mmol/L), high level of PTH with a mean of 79.39 +9.73 pmol/L (normal; 1.95-49),
a level of Phosphate was 1.36+ 1.67 mmol/L (normal; 0.81-1.58), ALP of 205 £43.79U/L (normal; 100-560), CA of
0.4089+2.27 mmol/L (normal 2.1-2.55), EGFR of 104,44 +18.31 mL/min/1.73m"2 (normal >90) were present.

Risk Factors Among Participants
In terms of risk factors, 89.29% (n=75) of the patients have a history of vitamin D deficiency in their family members
while 76.19% (n=64) of them were malnourished or low milk or dairy.

Exclusively breastfed infants were found to be 8.33% (n=7) and the dark-skinned ethnic population was only 2.38%
(n=2) of the patients. Medications such as steroids or anticonvulsants were used by only 2.38% (n=2) of the patients,
while 16.67% (n=14) of them were premature or small for their gestational age. However, other risk factors, including
living in a cold environment which was found to affect 15.48% (n=13), respectively as documented in Table 3.

Table 2 Laboratory Data of the Participants at the Time of Admission

Variable Mean Standard Deviation Reference Range
Vitamin D 16.91 9.54 Above 50 nmol/L
PTH 79.39 9.73 1.95-8.49 pmol/l
Albumin 37.56 2.94 34-50 G/L
Phosphate 1.36 1.67 0.91-1.68 mmol/L
ALT 22.18 9.62 10-50 U/L

AST 28.08 44.48 5-34 U/L

ALP 205.52 43.79 100-560 U/L

CA 0.40 227 2.1-2.55 mmol/l
eGFR 104.44 18.31 290mL/min/1.73m"2
Creatinine 67.18 9.03 49-104umol/L

Abbreviations: PTH, Parathyroid hormone; ALT, Alanine transaminase; AST, Aspartate aminotrans-
ferase; ALP, Alkaline phosphatase; CA, Calcium; eGFR, Estimated Glomerular Filtration Rate.

Table 3 Risk Factors Associated with Nutritional Rickets

Risk Factor Total Percent
Dark skin ethnic population. 2 2.38

Exclusively breastfed infants 7 833

Malnutrition or low milk 64 76.19

Cold environment 13 15.48

Family history of vitamin D deficiency 75 89.29

Prematurity or small for gestational age 14 16.67

Medications such as steroids and anticonvulsant drugs 2 2.38
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Table 4 Clinical Manifestations Associated with
Nutritional Rickets

Clinical Manifestation Total Percent
Craniotabes 45 53.57
Rachitic rosaries 12 14.29
Frontal bossing 14 16.67
Thickened epiphysis I 13.10
Parietal bossing 12 14.29

Clinical Manifestation Among Participants
The most frequent clinical signs among children included craniotabes (53.57%); frontal bossing (16.67%); rachitic rosary
(14.29%); parietal bossing (14.29%) thickened epiphysis (13.10%) respectively, as documented in Table 4.

Discussion

Rickets is a significant problem during a child’s early growth, mainly when there is a deficiency in vitamin D and other
minerals necessary for bone calcification and mineralization.'®'” While Jazan Province in Saudi Arabia enjoys year-
round sunny weather, which suggests much UV radiation for vitamin D production, several investigations at the national
level have revealed decreased levels of 25-hydroxy-VitD in the majority of rickets-associated cases.'®?*? These cases
may be due to behavioral causes as Saudis prefer to stay indoors. The incidence of rickets in Jazan Province remains
unknown and only a single study conducted over ten years involving 84 individuals indicated a deficiency in vitamin D in
all cases.'® However, this rate appears low compared to other studies conducted at the national and international levels,
possibly due to differences in study nature, methodology, timing, or missed cases.'®*' 2’

It is well-established that children are at higher risk of nutritional rickets, with the most affected age groups in our
study falling between 11-18 years, consistent with previous research conducted in Saudi Arabia.”® Adolescents and
young adults have higher mineral requirements for proper bone growth and are more prone to vitamin D deficiency-
associated diseases.”” >' It has been observed that children not exposed to sunlight are more susceptible to rickets, as
sunlight is the primary source of vitamin D.**% Restricted sunlight exposure is recognized as a significant risk factor for
vitamin D deficiency, and our study indicated that 73.81% of participants had limited exposure to sunlight. At the same
time, the rest denied any sun exposure. This finding aligns with previous studies conducted in Saudi Arabia and Libya,
where many children with rickets had limited or no sunlight exposure.*'**® Thus, further investigations are required
and interventions must be prioritized by health officials.

Although obesity contributes to vitamin D deficiency due to the sequestration of vitamin D by extensive fat reserves,
our study found that most individuals with rickets were underweight (40.48%). This contrasts with studies conducted in
Qatar, Pakistan, and Sudan, which reported higher percentages of underweight children.’**' Additionally, our study
revealed a lower mean birth weight than studies conducted in Kuwait and the United States, emphasizing the complex
relationship between body weight and rickets.'**** Nonetheless, maintaining an average body weight appears to be
a protective factor even at a young age, highlighting the need for increased awareness among health officials regarding
the benefits of average body weight in children.

Laboratory analysis revealed different abnormal results associated with nutritional rickets. Vitamin D deficiency is
a known cause of calcium deficiency, as it decreases calcium absorption from the intestine. Inadequate calcium intake in
the diet reduces calcium availability, leading to hypocalcemia. The body responds by producing parathormone, which
regulates serum calcium levels by increasing the activity of 1-hydroxylase in the kidney, forming calcitriol from calcidiol.
Calcitriol, in turn, enhances calcium absorption from the intestine. However, secondary hyperparathyroidism, caused by
increased parathormone levels, leads to bone resorption and further restricts calcium excretion from the kidney, resulting
in hypophosphatemia and, ultimately, rickets.***® Our study found similar associations between vitamin D deficiency,
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rickets, and hypophosphatemia, as reported in previous research.'® Similarly, calcium levels varied across studies, with
our findings aligning with those in Sudan but differing from studies conducted in Riyadh, Pakistan, and India.'®**4%4!
These inconsistencies indicate the need for further investigations to understand the pathophysiology of nutritional rickets
in the region.

The role of breastfeeding in rickets remains debatable, with ethnic differences and other factors influencing the
outcomes. Our study observed a low percentage (8.33%) of breastfed children with rickets, consistent with findings from
different regions of Saudi Arabia.**>* While breastfeeding is generally associated with lower vitamin D levels in infants,
it is also a protective factor against nutritional rickets due to the presence of other essential nutrients.’'>* However,
maternal vitamin D deficiency and a lack of sunlight exposure in breastfeeding mothers can contribute to vitamin
D deficiency in their infants.> Furthermore, a higher percentage of rickets cases in our study had a family history of
vitamin D deficiency (89.29%) and malnutrition (76.19%), suggesting a possible genetic predisposition and the influence
of environmental factors.”*>* Premature birth and living in cold environments were also identified as potential risk
factors for nutritional rickets.**>> Clinical signs of rickets, such as rickety rosary (enlargement of the costochondral
junction) and craniotabes (softening of the skull), were present in a majority of the children in our study (67.87%),
similar to findings from other regions.>* Recognizing these clinical signs is crucial for prompt diagnosis and intervention
to prevent further complications associated with rickets, such as skeletal deformities and impaired growth.”*

Despite being one of the few studies on nutritional rickets in the region, our study has several limitations. Firstly, the
sample size was relatively small, limiting the generalizability of the findings. Additionally, the study relied on hospital
records, which may not capture all instances of rickets in the population. The retrospective nature of the study introduces
inherent biases, and there is a possibility of missed cases. Detailed nutritional data, such as dietary intake and vitamin
D supplementation, were not available, which could have provided further insights into the causes of rickets.
Furthermore, the study was conducted in Jazan Province, and the findings may not be representative of the entire
country or other regions with different demographics and environmental factors. To fully understand the factors
contributing to nutritional rickets and develop effective preventive strategies, further research with larger sample sizes
and prospective designs is needed.

Conclusions

Rickets is a preventable disease when it is due to a nutritional etiology, and it can be otherwise caused due to various
reasons that must be confirmed on a scientific basis. Efforts from government agencies are required to prevent this
disease. The most affected children in this study were between 11-18 years old. It was found that the exposure of these
children to sunlight was limited, which is one of the key factors causing vitamin D deficiency. In addition, it was noted
that the children had low calcium and vitamin D levels. Malnutrition had the highest risk ratio present in children with
rickets. More studies are needed to be done so that better and more reliable findings can be established so that proper risk
factors can be assessed, and policies can be made to prevent this disease.
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