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Background: Vitamin D is a secosteroid, a lipid-soluble vitamin that is involved in various physiological responses, including
skeletal metabolism and immune response. Vitamin D [25(OH)D] in the blood is also influenced by environmental factors, lifestyle,
and is genetically determined. While there is abundant sunlight in every part of Saudi Arabia throughout the year, hypovitaminosis D
is prevalent. The locally obtained reference interval has not yet been defined among the people of Alqurayyat. The study was
conducted to identify population-specific serum 25(OH)D reference ranges among healthy adult Saudi men in Alqurayyat who do not
receive vitamin D supplements.

Materials and Methods: The study was a cross-sectional design conducted between December 2022 and August 2023. 204
apparently healthy Saudi men aged 18-45 years were selected after eliminating statistical exceptions. Participants were taken from
voluntary blood donors at Alqurayyat General Hospital. Serum 25(OH)D was measured by chemiluminescence immunoprecipitation
assay done on the UniCel DxI 800 analyzer. The extreme values were also removed by the Tukey method. The reference range was
derived using the 95% central distribution, which is the 2.5th and 97.5th percentiles.

Results: The 25(OH)D mean was 12.47 +4.84 ng/mL (95% CI: 11.77-13.17 ng/mL). The calculated reference interval was
4.22-26.14 ng/mL, which is significantly lower than the international norms. Vitamin D was low in 93%, under 20 ng/mL, with
7% between 20-29 ng/mL. None of the subjects had adequate levels (>30 ng/mL).

Conclusion: The high prevalence of vitamin D deficiency (93%) in this population of non-supplementing healthy adult men is one of the
key health issues of the population. The calculated reference range is quite low compared to international standards, which probably shows
local lifestyle and cultural conditions restricting productive sun exposure. More research and specific treatment are justified.
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Introduction
Vitamin D is a key secosteroid hormone that plays a vital role in bone and muscle metabolism, immune regulation, and
calcium homeostasis regulation.! Ergocalciferol (vitamin D2) and cholecalciferol (vitamin D3) are the main precursor
forms of vitamin D. It is then passed on to the liver where vitamin D is converted into 25-hydroxyvitamin D [25(OH)D],
which is hydroxylated further in the kidney to 1, 25-dihydroxyvitamin D, the biologically active form Serum 25(OH)D is
the marker of choice of vitamin D status, as it is the product of cutaneous synthesis and dietary intake.*

Vitamin D levels in the blood change seasonally and are affected by diet, genetics, and the environment.* Vitamin D3,
essential for bone health, is produced in the skin through sun exposure. Vitamin D deficiency is a significant global public
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health issue affecting an estimated one billion people worldwide. It is associated with rickets, osteomalacia, and an
increased risk of fractures, often because of limited sunlight exposure and low dietary intake of vitamin D-rich foods.>°
Although Middle Eastern countries such as Saudi Arabia receive abundant sunlight, vitamin D deficiency remains highly
prevalent.”® This paradox has been linked to predominantly indoor lifestyles, skin-covering clothing, low levels of
outdoor physical activity, widespread use of air conditioning, and low dietary intake of vitamin D in Saudi Arabia.’
Previous studies from Saudi Arabia have reported vitamin D deficiency rates ranging from 50% to 100% in ostensibly
healthy populations, including 67.8% in Qassim and high prevalence among blood donors in northern regions.'*"!

In Saudi adult men in particular, 76.1% deficiency was found.'? Vitamin D deficiency is still widespread in sunny
areas, which highlights the necessity of regular checkups. No global agreement on diagnostic levels, however, specialists
define adequacy at >30 ng/mL, insufficiency at 2029 ng/mL, and deficiency as <20 ng/mL. The local aspects can make
the level of 25(OH)D different from international standards and other parts of Saudi Arabia.'>'* Tt is, therefore,
imperative to determine a population-specific reference range to diagnose and treat vitamin D deficiency more accurately.
We hypothesized that the serum 25(OH)D level of healthy adult men in Alqurayyat who did not use vitamin D
supplements would be lower than international standards.'>'® The purpose of the study was to set the serum 25(OH)D
level in this population and identify the prevalence of vitamin D deficiency.

Materials and Methods

Study Design

The study is a cross-sectional research study that was conducted at the Regional Laboratory of Alqurayyat General
Hospital, Northern Province, Saudi Arabia, during the period of December 2022 to August 2023. The study was carried
out under the Declaration of Helsinki, and the participants gave their consent under the Health Affairs Research and
Ethics Committee of Alqurayyat.

We selected 204 Saudi young men, who are healthy and aged 18 to 45 years, to donate their blood independently. The
sample size was selected to be larger than 120, as the Clinical and Laboratory Standards Institute (CLSI) EP28-A3c
guidelines suggest setting the reference intervals. This was suggested to increase the precision and validity of the
produced reference interval.

Inclusion and Exclusion Criteria

The participants were reported to be healthy adults of the local community, which was defined by CLSI EP28-A3c
criteria. A clinical examination and history were employed to rule out disorders known to influence vitamin D
metabolism, such as malabsorption syndromes, chronic liver disease, renal impairment, nephrotic syndrome, obesity
related disorders, use of vitamin D supplements, or medications affecting the vitamin D levels.

Sample Collection and Laboratory Analysis

The samples of blood were obtained by donating blood and then separated to be examined through serum analysis.
Concentrations of serum 25-hydroxyvitamin D were determined by conducting a chemiluminescent immunoassay in the
UniCel DxI 800 (Beckman Coulter, Brea, CA, USA) with a detection range ranging between 3.0-100.0 ng/mL and
a quantifying limit of 4.0 ng/mL. The inter-assay coefficient of variation, intra-assay coefficient of variation, and accuracy
were 5, 3, and 98%, respectively, relative to the LC-MS/MS/reference method. Even though the sampling was done between
2022 (December) and 2023 (August), the sampling design limits the evaluation of seasonal changes in 25(OH)D levels. The
stratified future longitudinal research ought to be seasonal to consider sunlight exposure. The following were the vitamin D
categories: deficiency at 20 ng/mL or below, insufficiency at 20-30 ng/mL, adequacy at 30 ng/mL or above.

Statistical Analysis

The analysis of data was performed with SPSS version 20.0 (IBM Corp., Armonk, NY, USA). The visual and statistical
control of normal distribution was performed, and the outliers were eliminated with the help of the Tukey method
(interquartile range x 1.5). The reference ranges were the 2.5™ and 97.5™ percentiles of the rest of the data. Descriptive
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statistics are provided in terms of mean £SD and 95% confidence interval (CI), where necessary. The Pearson correlation
coefficients of 25 (OH) D, PTH, and calcium were determined. Measurement uncertainty was used in rounding off
numerical values: Two significant figures were employed when the uncertainty was greater than 7. P-values that were
below 0.05 were considered statistically significant.

Results
Levels of 25-hydroxyvitamin D [25(OH)D] in the blood of 204 healthy adult male blood donors from Saudi Arabia, aged
18 to 45 years, not taking any vitamin D supplement at all, were measured. Initially, the distribution of 25(OH)D was
right-skewed, with most of the values in the lower part. This is illustrated in Figure 1.

Using the Tukey method, the twelve outliers, ranging from 40 to 50 ng/mL, were identified as outliers and hence
excluded, since such values would not be biologically plausible in the population not taking supplements. Figure 2
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Figure | Distribution of serum 25-hydroxyvitamin D [25(OH)D] levels in healthy adult men not using vitamin D supplements in Alqurayyat, Saudi Arabia (n=204). X-axis: 25
(OH)D concentration (ng/mL); Y-axis: Frequency. The distribution shows a right skew, with the majority of values concentrated at lower levels.
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Figure 2 Identification and removal of outliers using the Tukey method. Twelve participants with 25(OH)D levels >30 ng/mL were excluded, leaving a final study population
of 192 participants. These outliers likely represent unreported vitamin D supplement use.

International Journal of General Medicine 2026:19 https: 3



Aldaham et al

illustrates the outliers and the subsequent reduction to the final population size of 192. The detailed calculation for the
quartiles, the interquartile range, and the final reference range from the 2.5th to 97.5th percentiles after the exclusion of
the outliers is illustrated in Table 1. Age groups, BMI, or the effect of seasonality on 25(OH)D levels could not be
explored, since the data did not consider the effect of seasonality.

The mean 25(OH)D serum level in the last group was 12.47 £ 4.84 ng/mL, with a 95% CI of 11.77-13.17 ng/mL. The
reference range for the population, which represents the central 95%, was from 4.22 to 26.14 ng/mL. The vitamin D
levels were measured using the Endocrine Society criteria. As shown in Table 2, vitamin D deficiency was found in 93%
of the subjects, insufficiency in 7%, and none of the subjects reached sufficiency.

Additional biochemical parameters, including parathyroid hormone (PTH) and serum calcium, are summarized in
Table 3.

Pearson correlation coefficients between 25(OH)D, PTH, and calcium are presented in Table 4. This means that
people with 25(OH)D levels below 25 ng/mL had higher PTH levels, as shown in Figure 3. Also, a weak positive
correlation was noted between 25(OH)D and serum calcium (r = 0.12, p = 0.095), as depicted in Figure 4.

Table | Interquartile Calculation and Reference Range for Serum 25-Hydroxyvitamin D [25
(OH)D] in Healthy Adult Men Not Using Vitamin D Supplements (n=192)

Interquartile | Quartile (Ql) | Quartile (Q3) | IQR | Upper Bound | Lower Bound

Values 871 16.1775 747 27.38 —2.49
Lower limit 192 x 0.025 = 5 (value number 4.22 to be the lower limit)
Upper limit 192 x 0.975 = 187 (value number 26.14 to be the upper limit)

Reference range | 4.22-26.14 ng/mL

Notes: *Note: Q| = first quartile, Q3 = third quartile, and IQR = interquartile range (Q3-Ql). Upper bound is Q3 + (1.5 x
IQR), and lower bound is QI - (1.5 x IQR). Reference range represents the central 95% of the distribution (2.5th to 97.5th
percentiles).

Table 2 Vitamin D Status of Participants (According
to Endocrine Society Guidelines).'”

Status 25(OH)D level (ng/mL) | n (%)
Deficiency <20 179 (93%)
Insufficiency | >20-<30 13 (7%)
Adequacy 230 0 (0%)

Table 3 Biochemical Parameters (Mean + SD;

95% Cl)
Parameter Mean £ SD | 95% CI
25(OH)D (ng/mL) | 12.3 £ 49 12-13
PTH (pg/mL) 53 +24 50-56
Calcium (mmol/L) | 2.4 £ 0.1 2.39-2.41
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Table 4 Correlations Between 25(OH)D, PTH, and

Calcium
Comparison r 95% CI p-value
25(OH)D vs PTH —0.26 | —0.38 to —0.13 | <0.001
25(OH)D vs calcium | 0.5 | 0.01-0.28 0.04

These findings show that the population is significantly deficient in vitamin D, and the obtained reference range falls
well below international standards. The results designate the necessity of interventions, since the sample was selected
among blood donors, which might have included both women and older adults, active and healthy men in Alqurayyat, but

it is still unclear whether the results should be generalized to the general population.
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Figure 3 Correlation between serum 25(OH)D and parathyroid hormone (PTH) levels. Pearson correlation coefficient r = —0.26 (p < 0.001), indicating a weak negative
relationship. X-axis: 25(OH)D (ng/mL); Y-axis: PTH (pg/mL).
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Figure 4 Correlation between serum 25(OH)D and calcium levels. Pearson correlation coefficient r = 0.15 (p = 0.04), indicating a weak positive relationship. X-axis: 25
(OH)D (ng/mL); Y-axis: Calcium (mmol/L).
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Discussion

Even though there is a lot of sunlight, the vitamin D deficiency rate is 93% because of a number of factors. Some of these
are clothes, living indoors, genetic differences in vitamin D binding protein and CYP2R1, not eating enough foods that
are high in vitamin D, and using sunscreen.'® Wearing regular clothes that cover most of the skin cuts down on vitamin D
production by a lot. Also, some cultures like to stay inside when it’s sunny, which makes it even harder to get vitamin
D.18 The 25(OH)D levels in this group are much lower than the global average of 30 ng/mL."

Although Saudi Arabia enjoys all-year-round access to sunlight, which is considered sufficient to allow people to
produce sufficient cutaneous vitamin D, the very high prevalence of such deficiency in this country is consistent with
numerous previous studies in the nation.?® This paradox can be mostly attributed to the values and lifestyle aspects that
severely restrict the ability to spend time in the sun. Such factors are the traditional clothes that cover most of the body,
the preference to spend most of the time indoors and use air conditioning, insufficient physical exercise, and low dietary
intake of foods rich in vitamin D.?' The contributing factors that were not evaluated in the present study could include
genetic variation of vitamin D binding proteins or metabolism.

The derived reference range shows that there are regional effects. Studies from other Saudi regions, like Qassim
(67.8% deficiency) and the northern areas, show that the deficiency rate is high among healthy adults and blood
donors.*> A study that came before found that 76.1% of Saudi men were lacking. The fact that Alqurayyat is in the
north and has stricter rules for excluding supplement users may explain why our study found a higher prevalence
(93%). This shows how important it is to have data from the area when making medical decisions. Gulf countries
that are close by have also had similarly high rates of incidence.?*** Elimination of 12 outliers because of a level
greater than 30 ng/mL points to the lack of unreported vitamin D supplementation, since these levels are rare in non-
supplementing groups. This observation supports the idea that supplementation is able to achieve adequate levels in
high-risk groups.”® Therefore indicates that secondary hyperparathyroidism is compensating for a vitamin D defi-
ciency of some sort in the long term to maintain calcium in the blood at normal levels. Although these changes may
be of no significant consequence, they can eventually result in chronic issues such as a decrease in bone density and
increased fracture risk.?

In Alqurayyat and the more northern part, the 93% deficiency rate among adult males is a significant public
health risk.?”-*® This requires certain measures, including routine screening of risk groups, educational initiatives of
healthy adults regarding safe sun exposure and food sources, food fortifications, and localized guidelines on
supplementation.”® Since the research only focused on men aged 18 to 45 years, it cannot be extended to women
or older adults, as well as to less healthy people. The cross-sectional nature of the study also renders it difficult to
determine whether the occurrence of changes or causes is seasonal. These demographics should be considered in
future research, and such variables as BMI, sun exposure, and dietary habits should be investigated to determine the
complete national ranges of reference.*”

Conclusions

The study is a reference range of serum 25(OH)D in healthy men aged above 18 years without vitamin D
supplements in Alqurayyat, Saudi Arabia. The range is 4.22-26.14 ng/mL. The high prevalence of deficiency of
93% highlights an important problem in sun-rich region in terms of public health. The future multicenter investiga-
tions should be gender inclusive, factor seasonal changes, and combine lifestyle factors towards development of
comprehensive national reference ranges towards clinical guidance.

Disclosure
The authors report no conflicts of interest in this work.
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