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Background: Vitamin D has many functions in the human body, and its deficiency is associated with skeletal and non-skeletal
diseases. Vitamin D deficiency (blood level of 25 (OH) vitamin D < 20 ng/mL) has been reported worldwide, including Kingdom of
Saudi Arabia (KSA). Its prevalence and associated factors vary according to KSA region. Therefore, this study aimed to explore the
prevalence and risk factors of vitamin D deficiency in the Taif region of KSA.

Methods: This retrospective study included patients who attended outpatient clinics at the Alameen General Hospital from 2019 to
2021. Demographic, clinical, and laboratory data were collected using a hospital software system.

Results: The study included 2153 patients and vitamin D deficiency was diagnosed in 900 (41.8%) of whom were diagnosed with
vitamin D deficiency. It was more common in males (P=0.021), younger age (<0.001), and in patients without comorbidities. There
was a positive correlation between 25 (OH) vitamin D levels and blood cholesterol, high-density lipoprotein, calcium, and vitamin B12
levels. In the binary logistic regression analysis, age was the most significant predictor (P<0.001), followed by the absence of thyroid
disease (P=0.012) and asthma (P=0.030).

Conclusion: Vitamin D deficiency is common in the Saudi population despite sunny weather in KSA. It is more prevalent among
males, younger individuals, and those without comorbidities such as thyroid diseases and asthma.
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Introduction
Vitamin D deficiency is currently recognized as a major health problem worldwide, affecting both sexes and all age
groups.! A severe vitamin D deficiency may result in rickets in infants and children, osteomalacia in adults, and
subclinical vitamin D deficiency, which is more prevalent and is linked to osteoporosis. In addition, vitamin D deficiency
is associated with non-skeletal diseases.’

Sun exposure is the main source of vitamin D in addition to dietary intake.? Different factors regulate vitamin D in the
body, such as serum calcium levels, parathyroid hormone (PTH) levels, intestinal absorption, and renal function.*
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Vitamin D deficiency is diagnosed by measuring the serum concentration of 25-hydroxyvitamin D or 25(OH)D,
which is deemed deficient when it drops below 20 ng/mL and insufficient when the 25(OH)D level is 21-29 ng/mL.’
Multiple factors contribute to vitamin D deficiency, some of which are related to the residential region and its impact on
weather, availability of food products rich in vitamin D, local culture, and life style.®

In the Kingdom of Saudi Arabia (KSA), despite the plentiful sunshine available throughout the year in all regions and
the availability of food products rich in vitamin D, there is a high prevalence of vitamin D deficiency in different age and
sex groups. Vitamin D deficiency is more common in female with KSA.” Between 2013 and 2014, a school-based cross-
sectional study was conducted in three regions of Saudi Arabia. Vitamin D deficiency and insufficiency are prevalent in
the Central, Western, and Eastern regions of KSA. Additionally, women, residents of the eastern region, and people from
lower socioeconomic classes are at higher risk.”

Regarding Taif City, a retrospective study among orthopedic patients conducted between 2016 and 2017 revealed that
15.4% of patients had a normal level of 25 (OH) vitamin D, whereas 53.1% of patients had vitamin D deficiency. Male
patients had a higher prevalence of deficiency (60.3%) than did female patients (51%). All age categories demonstrated
a significant prevalence of insufficiency, with the 19-year-old age group showing the highest frequency.” A study
conducted among female students at Taif University to estimate 25 (OH) vitamin D and calcium levels revealed that
young females had a significant frequency of vitamin D deficiency with normal calcium levels."”

All previous studies agree on the presence of a high prevalence of vitamin D deficiency among the residents of Taif
city, but there is also a significant variance in the highest prevalence among different age groups and sexes. This study
aimed to evaluate the levels of 25 (OH) vitamin D and assess the prevalence of vitamin D deficiency among both sexes
and different age groups in Taif city and its relationship with other clinical and laboratory findings.

Methods

This retrospective study included all patients who visited the outpatient clinics at Alameen General Hospital in Taif City
from 1° January 2019 to 31°" December 2021, and underwent 25 (OH) vitamin D evaluation for any cause. The study
was conducted according to the declaration of Helsinki and approved by IRB committee of Research and Studies
Department, Directorate of Health Affairs, Taif (Registration number HP-02-T-067 and approval number 791). Patients
whose laboratory results were unavailable, who were taking vitamin D supplements, or who had comorbidities affecting
calcium and vitamin D metabolism were excluded from the study.

Patients who visited the outpatient clinics of Alameen General Hospital in Taif City throughout the three years of the
study were 3560 and 1407 patients were excluded due to unavailability of 25 (OH) vitamin D assays or prescribed
vitamin D supplements. Thus, 2153 patients were enrolled in the study.

A hospital software system was used to retrieve patient data. This software was used to collect demographic, clinical,
and biochemical data. The demographic data included age, gender, and nationality of the patients. The presence of
comorbidities (such as hypertension, diabetes mellitus, osteoporosis, gout, and heart and thyroid diseases) were collected
from the system. In addition, estimated glomerular filtration rate (¢GFR), complete blood count (CBC), thyroid function
tests, fasting lipid profile, liver function tests, hemoglobin Alc, erythrocyte sedimentation rate (ESR), C-reactive protein,
levels of 25 (OH) vitamin D and vitamin B12, and serum creatinine and calcium were obtained from the software system.

Efforts were made to minimize possible biases in the data and data analysis. Selection bias was minimized by
enrolling all qualified patients in the sample. Misclassification or information bias was controlled using validated data
collection instruments.

Statistical Analysis

Data was coded, computed and analyzed using Statistical Package for the Social Sciences (SPSS) version 25. Frequency
tables were used to present qualitative data (numbers and percentages). The Shapiro—Wilk test was used to determine the
normality of the quantitative data, and the median and interquartile range (25th — 75th percentile) were used to present
the results. To examine the relationship between categorical variables, the chi-square test was performed. If the expected
cell count in a table with four cells was less than five, Fisher’s exact test was used instead, and the Monte Carlo test was
used in tables with more than four cells.
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Continuous normally distributed data were correlated using Pearson’s correlation, whereas non-normally distributed
data were correlated using Spearman’s rho. Between qualitative groups, non-normally distributed variables were
compared using the Mann—Whitney U-test, whereas regularly distributed variables were compared using the independent
sample #-test. To predict independent factors for 25 (OH) vitamin D, a binary logistic regression analysis was performed.
The forward Wald approach was used to enter significant predictors from the univariate analysis into the regression
model. The adjusted odds ratios (AOR) with 95% confidence intervals (CIs) were calculated.

Results
The study included 2153 participants with a mean age of 43.5 £ 15.9 years. The majority of the patients were female
(64%), Saudi (92.8%), and had 25 (OH) vitamin D levels for screening purposes (96.8%). Most of the patients (61%)
were referred from internal medicine clinics. Hypertension and diabetes were found in 17.2% and 16.3% of the patients,
respectively. None of the studied individuals was maintained on vitamin D supplements for at least one year.

Vitamin D deficiency, defined as a 25 (OH) vitamin D level<20 ng/mL, was present in 41.8% of the patients. Vitamin
D deficiency is more common among younger patients, males, non-diabetics, non-hypertensive patients, and those
without thyroid disorders. There was no difference in 25 (OH) vitamin D levels according to nationality, referral clinic,
or the reason for testing. Moreover, 25 (OH) vitamin D levels did not differ according to the stage of kidney dysfunction
and did not correlate with eGFR as a continuous variable. Table 1 shows the baseline characteristics and patient
demographics in the study group according to the 25 (OH) vitamin D status. Figure 1 shows the distribution of
vitamin D deficiency according to age and sex.

Table | Baseline Characteristics and Patients Demographics

Study Group No Vitamin Vitamin p-value*
(N=2153) D Deficiency D Deficiency
Age 435 % 159 464 + 15.8 39.6 £ 154 <0.001
<25 years old 196 (9.1%) 69 (5.5%) 127 (14.1%)
25-39 years old 767 (35.6%) 388 (31%) 378 (42%)
40-59 years old 817 (37.9%) 526 (42%) 290 (32.2%)
260 years old 373 (17.3%) 268 (21.4%) 105 (11.7%)
Gender Female 1382 (64.0%) 66.2% 61.3% 0.021
Male 771 (35.7%) 33.8% 38.7%
Nationality Saudi 1997 (92.8%) 93.0% 92.3% 0.730
Yemeni 51 (2.4%) 2.2% 2.7%
Egyptian 42 (2%) 1.8% 2.2%
Others 63 (2.9%) 3.0% 2.8%
Hypertension 370 (17.2%) 20.5% 12.6% <0.001
Diabetes Mellitus 352 (16.3%) 19.2% 12.4% <0.001
Heart Disease 51 (2.4%) 2.9% 1.7% 0.069
Asthma 60 (2.8%) 3.6% 1.7% 0.007
Thyroid disease 384 (17.8%) 21.5% 12.8% <0.001
Osteoporosis 33 (1.5%) 1.9% 1.0% 0.087
Gout 39 (1.8%) 2.0% 1.6% 0.448
(Continued)
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Table | (Continued).
Study Group No Vitamin Vitamin p-value*
(N=2153) D Deficiency D Deficiency
eGFR Category eGFR> 90 557 (79.3%) 79.1% 79.8% 0.818
eGFR (60-90) 105 (15.0%) 15.5% 14.1%
eGFR< 60 40 (5.7%) 5.4% 6.1%
Specialty of Internal Medicine 1313 (61%) 62.3% 59.1% 0.117
referring physician
Neurology 248 (11.5%) 10.8% 12.6%
Rheumatology 166 (7.7%) 8.1% 7.2%
Orthopedic surgery 163 (7.6%) 8.1% 6.9%
Obstetric/Gyncology 93 (4.3%) 3.8% 5.1%
Others 170 (7.9%) 7.0% 9.1%
Reason for Screening 2084 (96.8%) 96.4% 97.3% 0.227
vitamin D request
Clinical indication 69 (3.2%) 3.6% 2.7%

Notes: *P-value between patients with vitamin D deficiency (<20 ng/mL) and the rest of the patients. Data are expressed as mean * SD or number (%). Other
nationalities included Syrian, Afghan, Sudanese, Somali, Pakistani, and Indian patients. Heart Diseases include arrhythmia, ischemic heart disease, hypertensive
heart disease, and dilated cardiomyopathy. Thyroid diseases include hypo- and hyperthyroidism and goiter. The clinical indications for vitamin D include myalgia,
bone pain, and anxiety. Bold P values <0.05.

Thyroid function, liver function, lipid profile, complete blood count (CBC), and vitamin B levels were within the
normal ranges in most patients. Thyroid stimulating hormone (TSH) and free T4 levels did not differ according to 25
(OH) vitamin D level, while free triiodothyronine (T3) levels were higher among patients with vitamin D deficiency
(P=0.026) but did not show a significant correlation with 25 (OH) vitamin D as a continuous variable (rho=0.123,
P=0.062). Patients with vitamin D deficiency had lower mean corpuscular volume (MCV), mean corpuscular hemoglobin
concentration (MCHC), and Eosinophils (P<0.001, 0.001, and 0.002, respectively). Moreover, they had lower high-
density lipoprotein (HDL) and vitamin B levels (P= 0.017 and 0.015, respectively), and liver enzymes showed an inverse
relationship with 25 (OH) vitamin D. Direct bilirubin levels, even in the majority of patients within the normal range,
were higher among patients with vitamin D deficiency (P=0.045). As a continuous variable, 25 (OH) vitamin D levels
correlated positively with serum calcium levels (rho=0.085, P= 0.043). Table 2 shows the laboratory characteristics of the
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Figure | Vitamin D deficiency categorized according to age groups and gender.
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Table 2 Laboratory Results Among Study Group and According to 25 (OH) Vitamin D Status

Study Group No Vitamin Vitamin p-value*
D Deficiency D Deficiency
CBC 25 (OH) vitamin D level (ng/mL) | 22.0 (15.0-31.8) 29.8 (24.2-38.8) 14.0 (11.2-16.9) <0.001
WABCs (*10°/L) 7.21 (5.84-8.68) 7.29 (5.92-8.64) 7.05 (5.68-8.75) 0.321
Neutrophils (%) 51.4 (42.7-58.4) 51.4 (42.5-58.4) 51.4 (43.7-58.4) 0.861
Lymphocytes (%) 37.3 (31.5-44.9) 37.2 (31.1-44.9) 37.3 (31.8-44.9) 0.325
Monocytes (%) 7.30 (6.10-8.80) 7.30 (6.10-8.70) 7.30 (6.10-8.90) 0.537
Eosinophils (%) 2.00 (1.30-3.20) 2.10 (1.37-3.48) 1.90 (1.20-3.00) 0.002
Basophils (%) 0.40 (0.20-1.09) 0.40 (0.20-1.11) 0.40 (0.20-1.01) 0.200
RBCs (*10'%/L) 5.02 (4.65-5.45) 5.03 (4.66-5.47) 5.00 (4.65-5.45) 0.648
Hemoglobin (g/dL) 13.9 (12.8-15.2) 14.0 (12.9-15.2) 13.8 (12.7-15.1) 0.098
HCT (%) 42.0 (38.8-45.5) 42.1 (39.045.7) 41.7 (38.5-45.3) 0.170
MCYV (fL) 84.4 (80.6-87.7) 84.7 (81.1-88.4) 83.6 (80.1-87.0) <0.001
MCH (pg) 28.2 (26.3-29.5) 28.4 (26.5-29.6) 27.9 (26.1-29.3) 0.001
MCHC (g/dL) 33.3 (31.8-34.4) 33.3 (31.8-34.5) 33.3 (31.8-34.3) 0.467
RDW (%) 13.0 (12.0-14.1) 13.0 (11.9-14.1) 13.0 (12.1-14.0) 0.295
Platelets (*10°/L) 270 (229-320) 268 (227-313) 272 (231-325) 0.130
Thyroid TSH (mIU/L) 1.69 (1.09-2.57) 1.78 (1.07-2.75) 1.62 (1.09-2.38) 0.227
Profile Free T3 (pmol/L) 3.12 (2.53-3.91) 3.04 (2.52-3.85) 3.46 (2.53-4.25) 0.026
Free T4 (pmol/L) 11.9 (10.7-13.2) 11.8 (10.6—13.1) 11.97 (11.1-13.2) 0.371
Lipid Triglycerides (mmol/L) 1.43 (1.02-2.00) 1.43 (1.03-1.98) 1.39 (0.97-2.06) 0.633
profile Cholesterol (mmol/L) 4.82 (4.19-5.64) 4.97 (4.25-5.68) 4.67 (4.01-5.61) 0.062
HDL (mmol/L) 1.17 (1.00-1.37) 1.19 (1.04-1.41) 1.14 (0.96-1.34) 0.017
LDL (mmol/L) 3.53 (2.92-4.21) 3.55 (2.94-4.22) 3.44 (2.90-4.14) 0.300
Liver SGPT (U/L) 21.0 (15.0-30.0) 20.0 (15.0-27.1) 22.0 (15.0-34.0) 0.042
Function | sGoT (UL 19.0 (160-24.0) | 19.0 (16.0-24.0) 200 (17.0-240) | 0.099
Total Bilirubin (umol/L) 10.1 (6.85-14.0) 9.70 (6.55-13.95) 10.45 (7.68-14.08) | 0.115
Direct Bilirubin (umol/L) 3.50 (2.50-4.85) 3.40 (2.50-4.60) 3.70 (2.60-5.13) 0.045
GGT (U/L) 20.0 (12.0-35.5) 20.0 (12.0-33.0) 20.5 (12.3-37.0) 0.887
Alkaline phosphatase (IU/L) 64.0 (53.0-80.0) 65.0 (53.0-80.0) 63.0 (53.0-81.5) 0.807
Total protein (g/L) 73.0 (69.0-77.0) 72.0 (69.0-76.0) 73.0 (69.0-77.0) 0.437
Albumin (g/L) 44.0 (41.0-46.0) 43.0 (41.0-46.0) 44.0 (42.046.0) 0.061
(Continued)
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Table 2 (Continued).

Study Group No Vitamin Vitamin p-value*
D Deficiency D Deficiency
HemoglubinAlc (%) 6.00 (5.30-7.70) 6.00 (5.40-7.70) 6.00 (5.20-7.70) 0.235
ESR (mm/hr) 17.0 (10.0-23.0) 17.0 (13.0-23.0) 16.0 (8.0-22.5) 0.142
C-Reactive Protein (mg/L) 3.04 (1.18-9.33) 3.18 (1.32-10.67) 2.58 (0.78-8.64) 0.120
Serum Creatinine (umol/L) 64.0 (56.5-75.0) 63.6 (56.3-74.0) 64.7 (56.9-79.0) 0.102
eGFR (mL/min/1.73m?) 109 (93.9-120) 105 (93.3-116) 109 (93.9-120) 0.206
Serum Uric acid (mg/dL) 5.30 (4.15-6.50) 5.30 (4.16-6.34) 5.30 (4.11-6.75) 0.528
Serum Calcium (mmol/L) 2.32 (2.25-2.41) 2.32 (2.26-2.41) 2.33 (2.24-2.40) 0.500
Vitamin B12 level (pg/mL) 289 (205-434) 308 (217-504) 285 (191-372) 0.015

Notes: *P-value between patients with vitamin D deficiency (<20 ng/mL) and the rest of the patients. Data are expressed as the median (interquartile range). Bold P values <0.05.
Abbreviations: RDW, red cell distribution width; HCT, Hematocrit, MCV, Mean corpuscular volume; MCH, Mean corpuscular hemoglobin; MCHC, Mean corpuscular
hemoglobin concentration; ESR, Erythrocyte sedimentation rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SGPT, Serum glutamic pyruvic transaminase;
SGOT, Serum glutamic-oxaloacetic transaminase; GGT, Gamma-glutamyl transferase.

study group according to 25 (OH) vitamin D level. Table 3 shows the significant but week correlation between 25 (OH)
vitamin D levels and other variables.

In the regression analysis, variables with significant differences according to 25 (OH) vitamin D status among
patients’ characteristics, younger age, absence of asthma, and thyroid diseases were the predictors of vitamin D
deficiency (Table 4). Lower serum calcium levels were a significant predictor of vitamin D deficiency in laboratory
data (Table 5). Among the significant predictors of vitamin D deficiency, younger age was the most significant (p<<0.001)
(Table 6).

Table 3 Significant Correlations Between Vitamin-D
Level and Other Parameters

25 (OH) Vitamin D Level

Rho p-value
Age 0.216 <0.001
MCV 0.071 0.006
MCH 0.069 0.007
Monocytes —0.053 0.041
Eosinophils 0.088 <0.001
Cholesterol 0.099 0.008
HDL 0.117 0.002
SGOT —0.087 0.034
Serum Calcium 0.085 0.043
Vitamin B12 level 0.199 <0.001

Abbreviations: MCV, mean corpuscular volume; MCH, Mean corpus-
cular hemoglobin; HDL, high-density lipoprotein; SGOT, Serum glutamic-
oxaloacetic transaminase.
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Table 4 Binary Logistic Regression for Predictors of Vitamin D Deficiency Among Patients’ Characteristic

B S.E. Wald Sig. AOR 95% C.I for AOR
Lower Upper
Age —0.027 0.003 62.57 <0.001 0.973 0.967 0.980
Thyroid Disease (Yes) —0.537 0.125 18.35 <0.001 0.585 0.457 0.747
Asthma (Yes) —0.621 0311 3.981 0.046 0.537 0.292 0.989
Sex (Male) 0.165 0.095 3.057 0.080 1.180 0.980 1.420
Hypertension (Yes) —0.007 0.152 0.002 0.963 0.993 0.737 1.338
Diabetes millets (Yes) -0.018 0.152 0.014 0.907 0.982 0.730 1.322

Note: Bold P values <0.05.
Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval.

Table 5 Binary Logistic Regression for Predictors of Vitamin D Deficiency Among Patients’ Laboratory Data

B S.E. Wald Sig. AOR 95% C.I for AOR
Lower Upper

MCYV (fL) —-0.117 0.077 2.298 0.130 0.889 0.764 1.035
Eosinophils (%) —0.625 0.369 2.878 0.090 0.535 0.260 1.102
HDL -0.779 1.462 0.284 0.594 0.459 0.026 8.059
SGOT —0.030 0.042 0.489 0.484 0.971 0.893 1.055
Vitamin B level (pg/mL) —0.001 0.003 0.290 0.590 0.999 0.993 1.004
Serum Calcium (mg/dl) 2915 1.338 4.748 0.029 18.46 1.340 254.1

Note: Bold P values <0.05.
Abbreviations: AOR, adjusted odds ratio; Cl, Confidence interval; MCV, mean corpuscular volume; HDL, high-density lipoprotein; SGOT,
Serum glutamic-oxaloacetic transaminase.

Table 6 Binary Logistic Regression for Significant Predictors of Vitamin D Deficiency

B S.E. Wald Sig. Exp (B) 95% C.I for EXP (B)

Lower Upper
Age (years) —0.022 0.005 16.24 <0.001 0.978 0.968 0.989
Thyroid Disease (Yes) —0.559 0.222 6.342 0.012 0.572 0.370 0.883
Asthma (Yes) —2.282 1.050 4.720 0.030 0.102 0.013 0.800

Note: Bold P values <0.05.

Discussion
Vitamin D plays a significant role in malignancies and in the cardiovascular, immunological, and endocrine systems, in
addition to regulating calcium and phosphorus metabolism, and preserving bone and mineral homeostasis.'"*'* Vitamin

1'% cardiovascular,'* and hematological diseases.'> The prevalence

D deficiency is associated with various immunologica
of vitamin D deficiency in KSA varies in different studies from 17% to 87% and differs according to age and sex.'® Thus,
the aim of the current study was to evaluate the prevalence of vitamin D deficiency among both sexes and different age

groups in Taif City, KSA, and its relationship with other clinical and laboratory findings.
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In the current study, the mean 25 (OH) vitamin D was 43.5 ng/mL, and 41.8% of the study population had a vitamin D
deficiency. Vitamin D deficiency was significantly higher in males than females and in younger individuals than in older
individuals. Vitamin D deficiency was significantly higher in people who did not have comorbidities such as hypertension,
diabetes mellitus, asthma, and thyroid diseases. Calcium levels were positively correlated with 25 (OH) vitamin D levels.

The high prevalence of vitamin D deficiency can be attributed to several factors. These causes include changes in lifestyle with
daytime sleep and nighttime activities, sedentary work environment, shared culture of Islamic type of dressing where most
Muslims are covered, high temperatures preventing people from sun exposure, and low consumption of vitamin D-rich foods. In
addition, the patients do not take any vitamin D supplements. The prevalence of vitamin D deficiency in the current study is
comparable to the results reported by Alghamdi et al, who studied 360 Saudi patients admitted to the cardiology department'” and
Kaddam et al conducted a school-based study in three different regions in KSA (4035 students and 2104 employees) and found
that 44% of employees had vitamin D deficiency.® However, this prevalence is much higher than that reported by Nacem et al, who
reported a prevalence of 28.3% among 180 healthy individuals in KSA.'® However, some studies have reported higher
prevalence. Among the 1475 patients attending orthopedic clinics in the KSA, 53.1% had a vitamin D deficiency.” In addition,
the prevalence of vitamin D deficiency among Saudi Arabian citizens is 74.57%.'° A meta-analysis conducted in 2018 on the
prevalence of vitamin D deficiency in the KSA revealed that it was 81.0%, with a confidence interval of 95% 68-90 among
different populations.'® These differences between Saudi studies might be due to various patient characteristics, including age
groups and the presence of comorbidities, in addition to different areas studied in KSA with different lifestyles and weather
conditions. People living in the Taif region, which is located at high altitudes, are more vulnerable to vitamin D deficiency. The
intensity of the ultraviolet B radiation required to convert 7-dehydrocholesterol in the skin to cholecalciferol depends on latitude,
season, and altitude.”” When determining the need for national public health policies and practices for vitamin D supplementation
or food fortification, the effect of altitude must be considered along with latitudinal global position, typical cloud cover or
pollution, concealing traditional and protective clothing, race or ethnicity, dietary practices, and other confounding factors of
urban and rural dwelling.?!

The concealed clothing nature of females and their use of sunblock cream in addition to the higher chance of sun exposure in
males due to working outdoors result in decreased exposure of females to sunlight. This could lead to the expectation that
vitamin D deficiency would be more common in females than males. Several studies confirm this hypothesis.'”** 2’ However,
other studies have revealed that males have a higher prevalence of vitamin D deficiency than females.”® ' In the present study,
vitamin D deficiency was more common in males than in women, across all age groups. This can be explained by the presence of
other associated risk factors that might be common in a particular sex, such as smoking. Smoking is associated with vitamin D
deficiency.’***** The clothing style, working status, and smoking habits of the studied individuals were not collected; therefore,
this issue cannot be clarified.

In the current study, individuals with vitamin D deficiency were younger than those without. This result is consistent with those
reported by Alsuwaida et al,27 Alfawaz et al,25 Hendi et al,9 and Al-Faris et al’ However, this result contradicts those of other
studies.’*** Young individuals in KSA usually have a relatively low dietary intake of vitamin D.*> This is because of the
infrequent consumption of healthy foods that contain adequate amounts of vitamin D (eg, dairy products) and frequent
consumption of low-vitamin D foods, such as energy-dense foods (eg, fast food and soft drinks). In addition, older people adhere
to customs and traditions that keep them exposed to sunlight, such as walking outside and not completely dependent on
transportation.

As vitamin D plays a role in the modulation of the immune system, in addition to the presence of vitamin D receptors in
immune systems such as B-cells, T-cells, and antigen-presenting cells, vitamin D deficiency might be implicated in the
presence of autoimmune thyroid diseases, as shown in studies.>*>° However, in the current study, vitamin D deficiency was
higher in the patients without thyroid disease. The type of thyroid disease in the studied individuals was not available, which
could explain the absence of a relationship between the presence of thyroid disease and vitamin D deficiency in addition to the
possible history of vitamin D supplementation in patients with thyroid diseases.

Vitamin D may play a role in the pathogenesis of asthma by influencing lung development, controlling immunological
responses, and remodeling airway smooth muscle.** Many studies have found an association between vitamin D
deficiency and the occurrence of asthma,*' ** however in the current study, patients without asthma experienced more
vitamin D deficiency than those with asthma. This can also be explained by the probability that patients with asthma will
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be taking vitamin D supplements. The higher prevalence of vitamin D deficiency in patients without comorbidities might
be due to the continuous check-ups and routine investigations of patients with comorbidities who visit clinics regularly in
contrast to patients without comorbidities.

In agreement with the present study, Alfawaz et al,>> and Hendi et al,’ blood levels of 25 (OH) vitamin D were
positively correlated with serum calcium levels. This result is consistent with normal physiological processes in which
vitamin D is directly involved in calcium homeostasis.’

The current study was performed in a large number of patients, and the associations between vitamin D deficiency
and multiple clinical and laboratory parameters were studied. However, this study has some limitations. These limitations
include the lack of a questionnaire asking about dietary calcium and phosphorus, socioeconomic status, sun exposure,
and clothing styles. In addition, the study included only patients from hospitals; therefore, large population-based studies
are required. Moreover, the retrospective design of the study with a single measurement of 25 (OH) vitamin D levels and
lack of body mass index data of the patients are among the limitations of this study.

Conclusion

Vitamin D deficiency is common among the Saudi population despite sunny weather in KSA. It is more prevalent among males,
younger individuals, and those without comorbidities such as thyroid diseases and asthma. There was a positive association
between the blood levels of 25 (OH) vitamin D and serum calcium. This prompts an intensification of efforts towards changing
dietary habits and lifestyles to reduce vitamin D deficiency to prevent the occurrence of vitamin D-related diseases.

Ethical Consideration
The study was approved by IRB committee of Research and Studies Department, Directorate of Health Affairs, Taif
(Registration number HP-02-T-067 and approval number 791).

Informed Consent
The current study was retrospective and depended on collection of data of patients from the electronic system by using
their hospital ID numbers without identifying their personal data. Thus, the consent of patients was waived.

Disclosure
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