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SUMMARY

Background: Fluctuations in vitamin D (VITD) impact the health status of individuals across the globe. The pres-
ent study aimed to assess the seasonal and regional variations in VITD status among the Iraqi population and
highlight the extent of these differences across age and gender groups.

Methods: A total of 5,014 participants attending a single-consultation outpatient clinic for routine blood tests from
three different regions of Iraq [the North (N, 825), the Middle (N, 3277), and the South (N, 912) regions] were re-
cruited. The participants from the Middle region were enrolled throughout the seasons of the year (January
through December 2023), whereas participants from the North and South regions were enrolled only during the
winter season.

Results: The study revealed a wide range level of VITD spanning from 3 - 110 ng/mL (mean 26.5 £ 15.7 ng/mL).
Deficiency (levels < 20 ng/mL) was found in 39% of participants, including 11% with severe deficiency (< 10
ng/mL). Females had significantly higher VITD levels than males. Seasonal analysis revealed significantly lower
VITD levels during the winter season (24.8 = 14.3 ng/mL) as compared to the spring and summer (28.3 + 14.6 and
28.5 + 15.5 ng/mL, respectively), while significantly higher levels were observed in autumn (31.3 + 16.4 ng/mL).
Regionally, lower VITD levels were recorded in the North of Iraq (21.7 £ 17 ng/mL) compared to the Middle and
Southern regions (24.8 £ 14.3 and 25.1 + 14.2 ng/mL, respectively). VITD levels also varied by age, with the
youngest age groups (< 15, and 16 — 30 years) consistently exhibiting the highest deficiency rates throughout the
year and across all regions, with the highest rates observed in winter and the Northern region.

Conclusions: Deficient VITD status in Iraq was found in almost one-third of the population. Deficiency levels were
high in the young-age groups in all the regions and seasons. Clear regional and seasonal variations in the 25(OH)D
level were spotted among the Iraqi population.
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Vitamin D (VITD) is a key regulator in managing
several metabolic processes supporting normal human
health and function [1,2]. Bone and musculoskeletal
system diseases are linked in many conditions to VITD
deficiency, especially in young individuals [3]. Rickets
in childhood and osteomalacia in adults are serious
Manuscript accepted April 25, 2025 health problems related to disturbed VITD levels with a
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worldwide impact [4]. Recent studies have revealed that
lower VITD levels reduce immunity and enhance sus-
ceptibility to infections such as human immunodeficien-
cy virus diseases [5]. Therefore, maintaining an ade-
quate VITD level ensures a healthy lifestyle [6].

The major form of VITD in the blood is the 25-hy-
droxyvitamin D (25(OH)D), which is considered the
best indicator of VITD status [7]. VITD levels can vary
significantly owing to aspects such as exposure to sun-
light, dietary habits, geographic location, and seasonal
variations [8]. Adequate sunlight exposure is essential
for VITD synthesis. However, populations living at
higher latitudes or in places with less sunlight intensity
may be at a greater risk of deficiency in some seasons.
Additionally, dietary sources of VITD, including fish
oil, are crucial, but cultural food habits and availability
influence their intake levels. Skin color, age, and body
fat also impact VITD status [9]. Measuring VITD levels
requires consideration of factors affecting its concentra-
tion. Understanding these factors is essential for accu-
rately assessing the clinical conditions linked to VITD
deficiency [9]. Accordingly, monitoring VITD in differ-
ent population groups across a district, country, or even
at the continental level will enable a proper assessment
of VITD fluctuations worldwide. This approach may
serve as an effective strategy to assess VITD deficiency,
identify associated risks, and develop balanced supple-
mentation protocols [6].

Like other countries, Iraq represents a model that offers
variable climates and population diversity from the
Northern to the Southern regions. Available studies on
VITD mainly focus on a small population group in a
single city or a rural region of Iraq, sometimes limited
to a specific season or time of the year [10,11]. The pre-
sent study aimed to assess VITD levels among the Iraqi
population in various regions and seasons across the
country; it also aimed to assess these variations based
on age and gender to highlight their impact on VITD
deficiency status.

MATERIALS AND METHODS

Selection of study participants

In this cross-sectional study, the participants who at-
tended a single-consultation outpatient clinic for a rou-
tine blood test as part of their standard clinical care
were invited to participate. Participants were included if
they were male or female, aged 4 years or older, and did
not meet the exclusion criteria outlined below. Leftover
blood samples, which are typically discarded after rou-
tine sampling, were used in this research. Participants
were recruited from three main regions of Iraq: The
North region included the cities of Nineveh (lat: 36°30'
N) and Erbil (lat: 36°2' N), the Middle region included
Baghdad city (lat: 33°2' N), and the South region in-
cluded cities of Basra (lat: 30°3' N) and Najaf (lat: 30°0'
N). The participants from the Middle region were re-
cruited over one year, from January 2023 through De-

cember 2023, while the samples from the North and
South regions were collected during the winter only.
The study excluded individuals taking supplements at
the time of sample collection or medications affecting
bone health, and those with medical conditions that im-
pact bone or VITD metabolism, such as liver or kidney
disease, diabetes, immobility, cancer, pregnancy, and
lactation. In total, 5,014 eligible subjects were enrolled:
3,277 from the middle region, 825 from the north, and
912 from the south.

Ethical issues

The study was approved by the Collegiate Committee
for Medical Research Ethics at the University of Mosul
(code number CCMRE-phA-23-13). All participants
gave informal consent before taking part in the study.
Those who agreed to participate were asked to complete
a simple demographic and clinical information ques-
tionnaire. Demographic data included age, gender, and
city of residency to assess age-related trends, gender
differences, and regional variations in VITD levels.
Clinical variables such as medications and existing
comorbidities were also recorded, as they could influ-
ence the study outcomes.

Biochemical parameters

The collected serum samples were stored at -20°C until
analysis. VITD (25(OH)D) levels were assessed using a
chemiluminescent immunoassay (CLIA) on a Cobas E
411 analyzer (Roche Diagnostics GmbH). This method
employs the Elecsys VITD (25(OH)D) total reagent kit
from Roche Diagnostics, which is based on a competi-
tive immunoassay principle using chemiluminescence
detection. It is a highly sensitive and specific assay that
offers a measuring range of 4.0 to 160 ng/mL, with in-
tra- and inter-assay coefficients of variation (CVs) be-
low 5%. Concurrently, serum calcium levels were mea-
sured in samples with sufficient volume remaining after
the VITD (25(OH)D) analysis. The calcium measure-
ments were performed using the Cobas ¢ 501 Analyzer
(Roche Diagnostics) and the Roche Calcium Gen.2 re-
agent kit. This assay is based on a colorimetric endpoint
method with a measuring range of 2 - 12 mg/dL, and in-
tra- and inter-assay CVs below 2%.

The study participants were initially categorized into
three groups based on their 25(OH)D levels: deficient
(< 20 ng/mL), insufficient (20 - 30 ng/mL), and suffi-
cient (> 30 ng/mL). Simultaneously, participants were
classified into age groups: children and adolescents (<
15 years), young adults (16 - 30 years), middle-aged
adults (31 - 45 years), older adults (46 - 60 years), and
senior adults (> 60 years).

To study the regional variations in VITD levels among
the Iraqi population, the participants were divided into
three groups based on their region of residence: South,
North, and Middle. Only the samples collected during
winter from all the study regions were used to remove
any ambiguity in the seasonal variation. Additionally,
the participants from the Middle region were analyzed
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to study seasonal variations in VITD levels, with further
subdivision into four subgroups based on the season of
sample collection: winter, spring, summer, and autumn.

Statistical analysis

The statistical analysis was conducted using SPSS Sta-
tistics software version 22 (IBM, Armonk, NY, USA),
with a significance level set at p < 0.05. Descriptive sta-
tistics were employed to characterize the demographic
features of participants. The normality of data was as-
sessed using the Shapiro-Wilk test and the Kolmogo-
rov-Smirnov test. For normally-distributed groups,
comparisons were made using either Student's #-test or
analysis of variance (ANOVA). Non-normally-distrib-
uted data were analyzed using the Mann-Whitney U test
or the Kruskal-Wallis test. Post hoc analyses were per-
formed to further explore significant findings. Tukey
test was applied for normally-distributed data, while
Dunn's test was used for non-parametric data.

RESULTS

Overall status of the study population

The present study included 5,014 participants from vari-
ous regions of Iraq, with a mean age of 40.7 £ 17.9
years (range: 4 - 88 years). Out of these, 63.6% were
female and 36.4% male. The overall status revealed a
wide range of 25(OH)D3 levels spanning from 3 to 110
ng/mL, with a mean of 26.5 + 15.7 ng/mL and a median
of 23.3 ng/mL. Notably, 39% of participants in this
study exhibited VITD deficiency (< 20 ng/mL), with
11% classified as severely deficient (levels < 10
ng/mL). Further, 28% of participants fell within the in-
sufficient range (20 - 30 ng/mL), while 33% exhibited
sufficient levels exceeding 30 ng/mL (Table 1).

The calcium levels ranged from 6.2 to 11.9 mg/dL, with
a mean concentration of 9.33 + 0.7 mg/dL. A significant
positive correlation was observed between calcium and
VITD levels (p < 0.001). When participants were
categorized based on their VITD levels, those classified
as deficient exhibited a significantly lower mean
calcium concentration in comparison to the individuals
categorized as insufficient (p < 0.005) and sufficient
(p < 0.001) in VITD levels. However, no statistically
significant difference was observed between the insuf-
ficient and sufficient VITD groups in terms of calcium
concentration (p > 0.05) (Table 1). A significant differ-
ence in mean VITD levels was observed between gen-
ders (p < 0.05). Females exhibited significantly higher
levels of VITD as compared to the male participants.
However, no significant difference was observed be-
tween female and male subgroups regarding calcium
levels (p > 0.05) (Table 1).

When participants were stratified by age, significant dif-
ferences in VITD levels were observed. Adolescents
(< 15 years) and young adults (16 - 30 years) exhibited
significantly lower VITD concentrations compared to
older age groups (31 - 45, 46 - 60, and > 60 years; p <
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0.001), with these groups (< 15 and 16 - 30 years) also
demonstrating the highest deficiency rates among the
age groups, at 54.3% and 53.2%, respectively. The
highest concentrations of VITD were observed in the
senior adult (> 60 years), with more than 53% having
levels exceeding 30 ng/mL (Table 2). Calcium levels
across age groups showed a more homogeneous pattern,
with fewer differences observed. Individuals aged 16 -
30 and 31 - 45 years had significantly lower Ca levels
compared to those in the 46 - 60 and > 60 years age
group (p < 0.05) (Table 2).

Seasonal variation of VITD levels

The participants from the Middle region of Iraq were re-
cruited over a period of one year, resulting in a total of
3,277 participants. These participants were categorized
into four groups based on the season of sample collec-
tion. Participant characteristics and measurements are
shown in Table 3.

A clear seasonal fluctuation was observed in VITD lev-
els. The participants recruited during the winter season
had significantly lower 25(OH)D3 levels as compared
to those collected in other seasons (p < 0.001). Con-
versely, the autumn season yielded the highest 25(OH)
D3 concentration among all seasons (p < 0.001). The
spring and summer samples were not significantly dif-
ferent from each other (p > 0.05); both seasons exhibit-
ed higher VITD levels than winter (p < 0.001) and low-
er levels than autumn (p < 0.001) (Table 3; Figure 1).
The percentage of individuals with sufficient, insuffi-
cient, and deficient VITD levels across the seasons is
illustrated in Figure 2. During the winter season, only
28% of participants showed sufficient VITD levels (>
30 ng/mL), while 43% were deficient (< 20 ng/mL). As
the seasons progressed, the proportion of participants
with sufficient VITD levels gradually increased, re-
aching 38% in spring, 39% in summer, and a peak of
43% in autumn. Notably, the percentage of individuals
with VITD deficiency mirrored this trend, decreasing to
32% in spring and summer, and further diminishing to
27% in autumn (Figure 2).

Further analysis revealed a clear age-related trend in
VITD deficiency across the seasons. Individuals in the
youngest age group (< 15 years) exhibited the highest
prevalence of VITD deficiency throughout the year,
with deficiency rates of approximately 70% in winter,
55% in spring, 36% in summer, and 59% in autumn.
The prevalence of deficiency decreased across older age
groups (Figure 3).

The observed seasonal fluctuations in VITD levels sig-
nificantly influenced the calcium levels. Participants re-
cruited during the winter season exhibited the lowest
mean calcium level (9.3 + 0.6 mg/dL), which was signi-
ficantly different from both the summer (p < 0.001) and
autumn (p < 0.005) seasons. Conversely, the samples
collected in summer showed the highest mean calcium
level as compared to all other seasons (p < 0.001) (Ta-
ble 3; Figure 4).
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Table 1. VITD and calcium levels (mean + SD) of Iraqi participants.

n (%) Age (years) 25(OH)D3 (ng/mL) Calcium (mg/dL)
mean + SD mean = SD median (IQR) mean + SD (n)
Total 5,014 (100) 40.7£17.9 26.5 £15.7 23.3 (19.5) 9.33 £ 0.7 (954)
Gender
Female 3,191 (63.6) 41.2£17.9 272 +£15.9 24.7 (20.0) 9.35 £ 0.6 (623)
Male 1,823 (36.4) 39.8+18 253 +£15.2 21.6 (17.3) 9.36 = 0.6 (331)
VITD level (ng/mL)
Deficient (< 20) 1,970 (39.3) 35.1£16.6 12.9 +4.4 13.1 (7.6) 9.22 + 0.6 (347)
Insufficient (20 - 30) 1,383 (27.6) 423 £17.1 24.6 £2.7 24.4 (5.0) 9.41 £ 0.6 (218)
Sufficient (> 30) 1,661 (33.1) 46.1 £18.2 44.3 £13.2 40.8 (15.6) 9.45 + 0.6 (389)
Table 2. VITD, calcium levels, and VITD distribution among the Iraqi population stratified by age.
25(OH)D3 (ng/mL) VITD distribution Calcium (mg/dL)
Age group
n mean + SD deficient insufficient sufficient n mean + SD
<15 422 22.8 £15.6 54.3% 22.3% 23.4% 101 9.36 £ 0.6
16 - 30 1,084 22.3+13.8 53.2% 24.4% 22.4% 184 9.23 £0.7
31-45 1,527 26.1 £15.6 »P 39.6% 30.3% 30.1% 231 9.25 £ 0.6
46 - 60 1,181 28 £15.6 ¥ ¢ 33.3% 30.0% 36.7% 249 9.41 £0.6 P
> 60 800 329+16»>cd 20.8% 26.0% 53.2% 189 9.52 £ 0.6 P
p-value <0.001 <0.001

Significance levels denoted by letters a, b, ¢, and d represent post hoc comparisons following Kruskal-Wallis Test for VITD and ANOVA for
calcium comparisons: * significance with the < 15 age group, " significance with 16 - 30, © significance with 31 - 45, ¢ significance with 46 - 60

age group.

Table 3. Characteristics of the middle region population stratified by season.

Season Participant Gender Age (year) 25(OH)D3 (ng/mL) Calcium (mg/dL)
n (%) F/M mean + SD mean + SD, median (IQR) mean £ SD (n)
Winter 807 (25%) 518/289 433 +17.7 24.8 +14.3, 21.9 (16.8) 9.3+0.6 (177)
Spring 740 (23%) 483/257 44.5+18.2 28.3 + 14.6, 25.4 (17.9) 9.4+0.4 (181)
Summer 938 (28%) 647/291 42 £18.2 28.5 £15.5,26 (19.2) 9.8+0.5(178)
Autumn 792 (24%) 531/261 43 £18.7 31.3+£16.4,28.6 (22) 9.5+0.6 (176)
Total 3,277 (100%) 2,195/1,082 43.1 +£18.2 28.3 + 15.5, 25.5 (19.3) 9.5+ 0.6 (712)

Regional variation of VITD levels

The study samples were collected from three distinct
geographical regions of Iraq (North, Middle, and
South), and the participants were categorized according-
ly. Samples from North and South regions were collect-
ed during the winter season. To maintain consistency in
comparisons across the regions, only winter season
samples were considered for the Middle region, despite

year-round data availability. This winter-specific sampl-
ing strategy minimized the influence of seasonal varia-
tions on VITD concentrations, enabling a more accurate
assessment of potential regional differences. The char-
acteristics of participants from each region are pres-
ented in Table 4.

The participants recruited from North region of Iraq had
significantly lower VITD levels (21.7 + 17 ng/mL) as
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Table 4. Characteristics of the study population stratified by region.

mm || e Gemder | Ase(yend) 250E0D3 (ag/ul)
mean = SD median (IQR)
Middle 807 (31.7) 518/289 433 +17.7 24.8+14.3 21.9 (16.8)
South 825 (324) 534/291 33.4£16.2 25.1+14.2 22.0 (18)
North 912 (35.9) 462/450 38.8 +16.6 21.7 +17 18.1 (16.7)
Total 2,544 (100) 1,514/1,030 385+17.3 23.8+15.3 20.5 (17.7)
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Figure 1. Box plots of 25(OH)D3 levels (ng/mL) in Iraq’s middle region population (N: 3,277), stratified by season of sample

collection.

The box represents the interquartile range, the line through the box indicates the median level, and x represents the mean. Whiskers extend up
to 1.5 times the interquartile range, with (*) denoting outliers above this limit. The significance level (p < 0.001) is indicated by asterisks (***).

compared to those from Middle (24.8 + 14.3 ng/mL)
and South regions (25.1 = 14.2 ng/mL, p < 0.001).
However, no significant difference was observed be-
tween the Middle and South regions (p > 0.05) (Table 4;
Figure 5).

Consistent with these differences in VITD levels, the
prevalence of VITD deficiency (< 20 ng/mL) also var-
ied significantly across the regions. Participants from
the North region suffered from VITD deficiency at a
significantly higher rate (58%) in comparison to the
Middle (43%) and South (42%) regions (p < 0.001)
(Figure 6).
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Further analysis revealed that the youngest age group (<
15 years) was most affected by VITD deficiency
throughout the country. In the Middle region, 70% of
participants aged < 15 years were VITD deficient, with
55 and 57% of participants deficient in the South and
North regions, respectively. Notably, the 16 - 30 age
group also suffered significantly, especially in the
North, where 74% was deficient, compared to 60% and
49% in the Middle and South regions, respectively (Fig-
ure 7).
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Figure 2. The percentage of individuals with sufficient, insufficient, and deficient VITD levels across the seasons.

The y-axis denotes the percentage of populations. Each set of 3 bars corresponds to a specific season reflecting deficient, insufficient, and suffi-
cient population percentage.
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Figure 3. Seasonal distribution of VITD deficiency (< 20 ng/mL) across different age groups.

6 Clin. Lab. 12/2025



Vitamin D Levels and Iraqi Population

12 1

111

=
[=]

o

Calcium (mg/dl)

6 B Winter [ Spring B Summer & Autumn

Figure 4. Box plots of calcium levels (mg/dL) in the middle region population (N: 712), stratified by season of sample collection.

The box represents the interquartile range, the line through the box indicates the median level, and x represents the mean. Whiskers extend up
to 1.5 times the interquartile range, with (°) denoting outliers above this limit. The significance levels (p < 0.001) and (p < 0.005) are indicated
by (***) and (**), respectively.
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Figure S. Box plots of 25(OH)D3 levels (ng/mL) in the study population (n: 2,544), stratified by region of sample collection.

The box represents the interquartile range, the line through the box indicates the median level, and X represents the mean. Whiskers extend up
to 1.5 times the interquartile range, with (*) denoting outliers above this limit. The significance level (p < 0.001) is indicated by (***).
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Figure 7. Regional distribution of VITD deficiency (< 20 ng/mL) across different age groups.
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DISCUSSION

The results of the present study reveal a wide fluctua-
tion in the VITD levels based on age, gender, seasonal,
and regional measures. Deficient VITD levels were
found in more than one-third of the study population
(39% assigned at < 20 ng/mL), consistent with numer-
ous studies highlighting the frequent incidence of VITD
deficiency worldwide [6,8]. Interestingly, the mean
VITD level was significantly higher in females com-
pared to males, contradicting the general concept sup-
ported by several studies that VITD levels are usually
lower in females [11-13]. However, this finding agrees
with other research, including a U.S. study by Kesten-
baum et al. (15,804 participants), a Chilean study by
Vallejo et al. (1,329 participants), and a Saudi study by
AlQuaiz et al. (2,835 participants), all of which reported
higher VITD levels in females compared to males [14-
16]. Gender-related variations in vitamin D levels have
been correlated with several factors, including body fat
percentage and hormonal differences [17,18]. Females
commonly receive medical advice to take vitamin D for
bone health, pregnancy, or osteoporosis and tend to be
more proactive in managing their health, including more
frequent clinic visits compared to men [16,19]. Al-
though current supplement users were excluded from
our study, the fat-soluble nature of vitamin D suggest
that prior supplementation could be the reason behind
the elevated levels in women.

In the current study, more than 50% of participants in
both the (< 15) and (16 - 30) age groups were VITD de-
ficient (< 20 ng/mL), while just over 20% in each group
maintained sufficient VITD levels. This indicates that
children, adolescents, and young adults are particularly
vulnerable to VITD deficiency. These findings are con-
sistent with existing literature regarding the prevalence
of VITD deficiency in children and adolescents. For in-
stance, a cross-sectional survey in Pakistan found that
56% of children and adolescents (aged 6 - 18 years)
were VITD deficient (< 20 ng/mL), while only 24% had
sufficient VITD levels [13]. Similarly, a study conduct-
ed in Ankara, Turkey, reported a 40% deficiency rate
among children and adolescents under the age of 16
years [20]. Additionally, a study by Nadeem et al. re-
ported an even higher deficiency rate of up to 89%
among Pakistani medical students aged 19 - 25 years
[21]. Collectively, these findings highlight the wide-
spread prevalence of VITD deficiency among younger
populations.

Participants aged 30 years and above demonstrated bet-
ter VITD status compared to those under 30, with defi-
ciency rates progressively decreasing to around 20% in
seniors aged > 60 years. These findings highlight a
lower prevalence of VITD deficiency in older age
groups, particularly the elderly, compared to children
and adolescents. Studies on VITD status in older popu-
lations show controversial findings. Haitchi et al. re-
ported a 22% deficiency rate among 478 seniors over 65
years, consistent with the current findings of a 20% de-
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ficiency rate in this age group [22]. However, higher de-
ficiency rates were observed by Schlogl et al. (58% in
seniors above the age of 70 in Switzerland) and Kmie¢
et al. (> 50% in adults above 40 years in Northern Po-
land) [23,24]. AlQuaiz et al. also supported our finding,
noting lower VITD deficiency rates in older compared
to younger participants, likely due to the frequent use of
VITD supplementation among older individuals, which
may contribute to their improved VITD status [16].This
aligns with the possibility that prior supplementation,
despite exclusion at sampling, could have influenced the
vitamin D levels in this age group.

The high deficiency rates observed in children and ado-
lescents may be attributed to poor control and monitor-
ing within these age groups. Modern lifestyle changes,
with children and adolescents spending more time in-
doors, significantly reduce their exposure to sunlight,
adversely impacting their VITD status. On the other
hand, the lower percentage of deficiency in adults and
seniors is mainly related to the increased use of VITD
supplementation among these age groups.

The current results for calcium support the findings re-
lated to VITD, revealing a significant difference be-
tween the deficient group and both the insufficient and
sufficient groups. Moreover, the calcium findings were
associated with age in a manner consistent with the age-
related VITD findings. Although calcium levels may
not effectively predict VITD levels, their correlation
with VITD in metabolism and absorption makes them
valuable evidence for the measured VITD status. The
positive correlation between calcium ions and VITD has
been indicated in certain studies, highlighting the value
of this marker as an assistive measure in reflecting
VITD status [19,21].

In our attempt to investigate the seasonal impact on
VITD status while limiting regional differences, we fo-
cused on the middle region of Iraq to reflect multi-sea-
sonal changes within a single region. The middle region
was represented by Baghdad, a multi-ethnic city in the
center of Iraq. Such a regional population is a good re-
flection of how multiple seasons can cast their influence
on VITD status. The observed lowest levels of VITD
during the winter season, compared to other seasons, are
consistent with the well-established understanding that
reduced daylight, lower UV radiation, and heavier
clothing during winter collectively limit skin exposure
to sunlight, thereby reducing VITD synthesis [3,25].
Even more, the reduced activity and sedentary lifestyle
in winter could adversely lower the metabolic rate in
general, including VITD metabolism [26]. This season-
al trend has been similarly observed in studies world-
wide [27,28].

In spring and summer, VITD levels improved signifi-
cantly compared to winter, likely due to increased sun-
light intensity and outdoor activities [29]. While VITD
levels remained elevated in summer, they showed no
significant increase compared to spring. In Iraq, spring
begins early in March with moderate temperatures, en-
couraging outdoor activities and greater sun exposure.
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By late spring, temperatures exceed extreme levels (up
to 50°C), reducing outdoor activity and sun exposure,
potentially explaining the plateau in VITD levels during
summer. The elevated VITD levels in both spring and
summer align with established literature, and often, the
VITD levels in these two seasons are close to each
other. [28,30].

While VITD levels in spring and summer were signifi-
cantly higher than in winter, autumn recorded the high-
est mean value across all seasons. Deficiency rates de-
creased from 43% in winter to 27% in autumn, with suf-
ficiency levels reaching 46%, the highest among all sea-
sons. This finding contrasts with studies reporting a de-
cline in VITD during autumn due to colder weather and
reduced sunlight intensity [9,12]. However, latitude and
geographical location influence seasonal characteristics,
UV radiation intensity, and individual activities, thus,
the VITD status [29]. In Iraq, the extreme summer
hotness often extends into mid-September, after which
temperatures gradually drop to the mid-20s (°C) by Oc-
tober [31]. This shift encourages increased outdoor ac-
tivities, similar to patterns seen in spring, enhancing
sunlight exposure and VITD synthesis. Additionally,
VITD stores accumulated during the summer likely
contribute to the higher levels observed in autumn. This
seasonal pattern is consistent with findings from central
China and Nepal, which also report higher VITD levels
in autumn, highlighting the role of sunlight exposure,
geographical factors, and outdoor time on seasonal
VITD variations [32,33]. A recent study in Baghdad
confirmed high UV radiation levels throughout most of
the year, including autumn, and noted that extreme sum-
mer heat reduces outdoor activity, limiting sun exposure
[34]. These findings support our assumption linking the
fluctuations in VITD levels and outdoor activities
across the different seasons in Iraq.

Interestingly, children and adolescents consistently ex-
hibit high rates of VITD deficiency across all seasons.
These results underscore our previous declaration that
current changes in lifestyle mainly affect children and
adolescents as they spend more time on digital activities
such as watching TV, spending time on electronics, and
using smart devices [35]. As such, there will be less ex-
posure rate to the sun in these younger age groups, who
are supposed to be engaged in plenty of outdoor activi-
ties, which is a crucial factor in supporting healthy vita-
min levels [35]. In contrast, older participants showed
the lowest deficiency rates, likely due to the widespread
use of VITD supplements among the elderly.

Seasonal changes in VITD status also influence calcium
levels, with significantly higher levels observed in sum-
mer and autumn compared to other seasons. This could
prove how VITD fluctuations may impact calcium sta-
tus in individuals. VITD plays a crucial role in main-
taining calcium levels, which are essential for normal
bodily functions, including proper neural activity and
bone mineralization [19,36]. Several studies confirmed
a correlation between VITD and calcium levels, sup-
porting the current findings [1,2].
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The observed regional variations in VITD levels high-
light the influence of latitude and geographical location
on VITD status. Higher deficiency rates were mostly
found in areas at higher latitudes, likely due to reduced
UV radiation intensity [25,37]. This may help to explain
the significant differences in VITD levels between the
Northern (lat. 36) and Southern (lat. 30) regions of Iraq.
Additionally, socioeconomic factors and dietary habits
play a role. Populations in Southern and, to some ex-
tent, those in the middle regions of Iraq tend to consume
more seafood, which is a richer source of VITD, com-
pared to residents in the Northern regions [2]. A study
by Yesiltepe-Mutlu et al. in Turkey found higher VITD
deficiency rates in the Northern region (42%) compared
to the central (24%) and Southern regions (26%); al-
though these findings agree with our current results, the
study highlighted additional factors that may affect
VITD levels in some regions, including economic con-
ditions and specific VITD supplementation protocols
[38].

The youngest age groups (< 15 and 16 - 30 years) con-
sistently showed the highest VITD deficiency rates
across all regions, while older groups (> 30 years) had
the lowest. This age-related trend was observed both
among all participants and when grouped by season.
Deficiency rates in different age groups were generally
highest in the North, followed by the Middle, and
lowest in the South. However, exceptions existed: the
< 15 age group had the highest deficiency rate in the
Middle region (70%), while the 16 - 30 group peaked in
the North (74%) instead of the < 15 age group. Addi-
tionally, the 46 - 60 group had the lowest deficiency in
the Middle, unlike other regions where the > 60 group
scored the lowest. These variations suggest that factors
such as nutrition, socioeconomic status, and VITD sup-
plementation may play a more significant role than sun
exposure in influencing VITD levels [39]. In agreement
with our results, a study conducted in Korea found
higher VITD deficiency rates among younger age
groups across 13 cities, with the highest prevalence in
the Northern regions [40].

The current study may have some limitations that we
wanted to outline here. The study is missing data such
as the body mass index (BMI), nutritional information,
and occupations, which are essential additives that may
support the findings when addressing the deficiency sta-
tus. However, in our study, we focused on VITD con-
centration in different locations in Iraq and through var-
iable seasons to highlight the deficiency status at a na-
tionwide level. Our study was unique in the way that it
involved a large sample size from all around the country
and across several regions and seasons and provided
valuable data to be considered for future assessment of
VITD status.

Clin. Lab. 12/2025
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CONCLUSION

The deficiency state of VITD in Iraq reached a high
level, reflected by almost one-third of the population.
The deficiency was highest in the youngest age partici-
pants. Seasons affected VITD status, fluctuating from
low in winter to high in other seasons. Regional differ-
ences also impacted the levels of VITD, with increased
deficiency in Northern Iraq and comparatively lesser
deficiency in the Middle and Southern regions of the
country. Children and adolescents had the highest VITD
deficiency in multiple latitudes of Iraq and all seasons.
Based on the current results, certain factors like season
and geographical location need to be considered while
measuring VITD levels. The findings reveal critical
VITD levels in children and adolescents of Iraq. We re-
commend monitoring and follow-up of VITD, specifi-
cally in these age groups. Proper supplementation of
VITD tracked by medical professionals is necessary to
obtain stable levels.

Declaration of Interest:
The authors declare no conflict of interest concerning
the authorship or publication of this article.

References:

1. Fiscaletti M, Stewart P, Munns CF. The importance of vitamin D
in maternal and child health: a global perspective. Public Health
Rev 2017;38:19. (PMID: 29450091)

2. Braegger C, Campoy C, Colomb V, et al. Vitamin D in the
healthy European paediatric population. J Pediatr Gastroenterol
Nutr 2013;56(6):692-701. (PMID: 23708639)

3. Hochberg Z, Hochberg 1. Evolutionary Perspective in Rickets and
Vitamin D. Front Endocrinol (Lausanne) 2019;10:306.
(PMID: 31156555)

4. Bhan A, Rao AD, Rao DS. Osteomalacia as a result of vitamin D
deficiency. Rheum Dis Clin North Am 2012;38(1):81-91.
(PMID: 22525844)

5. Alvarez N, Aguilar-Jimenez W, Rugeles MT. The Potential Pro-
tective Role of Vitamin D Supplementation on HIV-1 Infection.
Front Immunol 2019;10:2291. (PMID: 31611877)

6. Hilger J, Friedel A, Herr R, et al. A systematic review of vitamin
D status in populations worldwide. Br J Nutr 2014;111(1):23-45.
(PMID: 23930771)

7. Mostafa WZ, Hegazy RA. Vitamin D and the skin: Focus on a
complex relationship: A review. J Adv Res 2015;6(6):793-804.
(PMID: 26644915)

8. Prentice A. Vitamin D deficiency: a global perspective. Nutr Rev
2008;66(10 Suppl 2):S153-64. (PMID: 18844843)

9. Kucukerdonmez O, Rakicioglu N. The effect of seasonal varia-
tions on food consumption, dietary habits, anthropometric mea-
surements and serum vitamin levels of university students. Progr
Nutr 2018;20(2):165-75. https://doi.org/10.23751/pn.v20i2.5399

Clin. Lab. 12/2025

11

10. Abdulrahman RM, Abdul Rahman BM. Prevalence of vitamin D
level in the serum of patients living in Erbil city, Iraq, referred to
private clinical laboratory and effect of age and sex on it. J Biol
Res - Bollettino della Societa Italiana di Biologia Sperimentale
2018;91(1):8-11. https://doi.org/10.4081/jbr.2018.6916

11. Hussein IH, Mansou AA, Nwayyir HA, et al. Real-Life Data on
Total Vitamin D3 (25-Hydroxyvitamin D) Concentrations in
Basrah, Iraq. Biomed Pharmacol J 2021;14(4):2191-8.
https://dx.doi.org/10.13005/bpj/2317

12. Hovsepian S, Amini M, Aminorroaya A, Amini P, Iraj B. Preva-
lence of vitamin D deficiency among adult population of Isfahan
City, Iran. J Health Popul Nutr 2011;29(2):149-55.

(PMID: 21608424)

13. Arshad S, Zaidi SJA. Vitamin D levels among children, adoles-
cents, adults, and elders in Pakistani population: a cross-sectional
study. BMC Public Health 2022;22(1):2040. (PMID: 36348325)

14. Kestenbaum B, Katz R, de Boer I, et al. Vitamin D, parathyroid
hormone, and cardiovascular events among older adults. J Am
Coll Cardiol 2011;58(14):1433-41. (PMID: 21939825)

15. Vallejo MS, Bliimel JE, Arteaga E, et al. Gender differences in
the prevalence of vitamin D deficiency in a southern Latin Amer-
ican country: a pilot study. Climacteric 2020;23(4):410-6.

(PMID: 32367772)

16. AlQuaiz AM, Kazi A, Fouda M, Alyousefi N. Age and gender
differences in the prevalence and correlates of vitamin D defi-
ciency. Arch Osteoporos 2018;13(1):49. (PMID: 29705881)

17. Kremer R, Campbell PP, Reinhardt T, Gilsanz V. Vitamin D sta-
tus and its relationship to body fat, final height, and peak bone
mass in young women. J Clin Endocrinol Metab 2009;94(1):67-
73. (PMID: 18984659)

18. Marwaha RK, Garg MK, Mahalle N, Bhadra K, Tandon N. Role
of Parathyroid Hormone in Determination of Fat Mass in Patients
with Vitamin D Deficiency. Indian J Endocrinol Metab 2017;
21(6):848-53. (PMID: 29285447)

19. Dinizulu T, Griffin D, Carey J, Mulkerrin E. Vitamin D supple-
mentation versus combined calcium and vitamin D in older fe-
male patients - an observational study. J Nutr Health Aging 2011;
15(8):605-8. (PMID: 21968853)

20. Andiran N, Celik N, Ak¢a H, Dogan G. Vitamin D deficiency in
children and adolescents. J Clin Res Pediatr Endocrinol 2012;
4(1):25-9. (PMID: 22394709)

21. Nadeem S, Munim TF, Hussain HF, Hussain DF. Determinants of
Vitamin D deficiency in asymptomatic healthy young medical
students. Pak J Med Sci 2018;34(5):1248-52. (PMID: 30344585)

22. Haitchi S, Moliterno P, Widhalm K. Prevalence of vitamin D de-
ficiency in seniors - A retrospective study. Clin Nutr ESPEN
2023;57:691-6. (PMID: 37739724)

23. Kmie¢ P, Zmijewski M, Lizakowska-Kmie¢ M, Sworczak K.
Widespread vitamin D deficiency among adults from northern
Poland (54°N) after months of low and high natural UVB radia-
tion. Endokrynol Pol 2015;66(1):30-8. (PMID: 25754279)

24. Schlégl M, Chocano-Bedoya P, Dawson-Hughes B, et al. Effect
of Monthly Vitamin D on Chronic Pain Among Community-
Dwelling Seniors: A Randomized, Double-Blind Controlled
Trial. ] Am Med Dir Assoc 2019;20(3):356-61.

(PMID: 30401610)



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

S. M. Mahmood et al.

Mendes MM, Charlton K, Thakur S, Ribeiro H, Lanham-New
SA. Future perspectives in addressing the global issue of vitamin
D deficiency. Proc Nutr Soc 2020;79(2):246-51.

(PMID: 32090719)

Hibler EA, Sardo Molmenti CL, Dai Q, et al. Physical activity,
sedentary behavior, and vitamin D metabolites. Bone 2016;83:
248-55. (PMID: 26620084)

Cashman KD. Vitamin D Deficiency: Defining, Prevalence,
Causes, and Strategies of Addressing. Calcif Tissue Int 2020;
106(1):14-29. (PMID: 31069443)

Bolland MJ, Grey AB, Ames RW, et al. The effects of seasonal
variation of 25-hydroxyvitamin D and fat mass on a diagnosis of
vitamin D sufficiency. Am J Clin Nutr 2007;86(4):959-64.
(PMID: 17921371)

Luo Y, Qu C, Zhang R, Zhang J, Han D, Na L. Geographic loca-
tion and ethnicity comprehensively influenced vitamin D status in
college students: a cross-section study from China. J Health
Popul Nutr 2023;42(1):145. (PMID: 38124154)

Mason RS. Vitamin D: a hormone for all seasons. Climacteric
2011;14(2):197-203. (PMID: 20964549)

Ahmed ES, Hassan AS. The Impact of the Extreme Air Tempera-
tures on the Characteristics of Iraq Weather. Iraqi J Sci 2018;
59(2C):1139-45.
https://ijs.uobaghdad.edu.ig/index.php/eijs/article/view/368

Sedhain A, Bhattarai GR, Yadav SR, Pandey BR, Pant TP. Geo-
graphic and Seasonal Variation of Vitamin D: A Retrospective
Study in Two Centers of Nepal. J Nepal Health Res Counc 2020;
18(1):103-7. (PMID: 32335602)

Xi L, Wang X, Rao J, Zeng Y, Xiang Y, Li C. High prevalence
and seasonal patterns of vitamin D deficiency in children and
adolescents in Central China: a three-year single-center study.
Prev Med Rep 2024;48:102929. (PMID: 39619865)

Al-Timime NS, Al-Salihi AM, Hameed AA. Investigating the
Optimal Duration of the Sun Exposure for Adequate Cutaneous
Synthesis of Vitamin D3 in Baghdad City: Depending on Fitz-
patrick Skin Classification for Different Skin Types. Iraqi J Sci
2024;65(1):546-54. https://doi.org/10.24996/ijs.2024.65.1.42

Dresp-Langley B. Children's Health in the Digital Age. Int J En-
viron Res Public Health 2020;17(9):3240. (PMID: 32384728)

Behl T, Arora A, Singla RK, et al. Understanding the role of
"sunshine vitamin D" in Parkinson's disease: A review. Front
Pharmacol 2022;13:993033. (PMID: 36601055)

Webb AR, Kline L, Holick MF. Influence of season and latitude
on the cutaneous synthesis of vitamin D3: exposure to winter sun-
light in Boston and Edmonton will not promote vitamin D3 syn-
thesis in human skin. J Clin Endocrinol Metab 1988;67(2):373-8.
(PMID: 2839537)

Yesiltepe-Mutlu G, Aksu ED, Bereket A, Hatun $. Vitamin D
Status Across Age Groups in Turkey: Results of 108,742 Samples
from a Single Laboratory. J Clin Res Pediatr Endocrinol 2020;
12(3):248-55. (PMID: 31893581)

Davey GK, Spencer EA, Appleby PN, Allen NE, Knox KH, Key
TJ. EPIC-Oxford: lifestyle characteristics and nutrient intakes in a
cohort of 33 883 meat-eaters and 31 546 non meat-eaters in the
UK. Public Health Nutr 2003;6(3):259-69. (PMID: 12740075)

12

40. Nah EH, Kim S, Cho H-I. Vitamin D Levels and Prevalence of

Vitamin D Deficiency Associated with Sex, Age, Region, and
Season in Koreans. Lab Med Online 2015;5(2):84.
https://labmedonline.org/journal/view.html?volume=5&number=
2&spage=84&year=2015

Clin. Lab. 12/2025



