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Data were analyzed using SPSS.
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Introduction

rinary tract infection (UTI) is the second

leading bacterial disease in children after

upper respiratory tract infections, and the

most common bacterial infection that af-

fects humans throughout life. UTI refers
to the presence of more than 100,000 colony-forming
units (CFU)/mL in culture medium; however, recent
studies have revealed that clinical urinary system infec-
tion can occur with the presence of less than 105 CFU/
mL [1, 2]. Children with UTI are predisposed to compli-
cations, such as growth disorder, arterial hypertension,
proteinuria, and chronic kidney failure. UTI imposes a
substantial economic burden on the healthcare system
[3-5]. The prevalence of UTI in children varies depend-
ing on age, gender, race, circumcision, and the presence
of fever. UTIs in children are primarily caused by gram-
negative coliform bacteria that originate from fecal flora,
which colonize the perineum and ascend into the urinary
tract. Escherichia coli is the most prevalent uropathogen
associated with UTTIs in children, accounting for approx-
imately 80% of cases [6-11]. The incidence of UTIs is
higher in females and uncircumcised male infants [6-8].
Other common uropathogens include Klebsiella, Pro-
teus, Enterobacter, and Enterococcus species. Five per-
cent of the main infections are caused by gram-positive
bacteria, including staphylococcus saprophyticus and
Enterococcus species [12, 13].

Probiotics may serve as an alternative therapy for chil-
dren at risk of developing UTIs. As non-pharmaceutical
options, they could be utilized as natural preventive mea-
sures against UTIs. However, the existing published evi-
dence does not conclusively demonstrate that probiotics
effectively protect against urinary bacterial infections.
Therefore, there is a need for large-scale randomized
clinical trials to explore the potential prophylactic ben-
efits of probiotics [14].

Vitamin D comprises a group of fat-soluble secoste-
roids that play a crucial role in the intestinal absorption
of calcium, the regulation of serum calcium and phos-
phate levels, and various other biological functions [15,
16]. It is vital for bone growth and regeneration, and it
also contributes to immune system function and neu-
romuscular activity [17]. There are two physiological
forms of vitamin D, commonly referred to as calciferol:
Vitamin D2 (ergocalciferol) and vitamin D, (cholecal-
ciferol) [18-20]. Following transcription and translation,
proteins, such as osteocalcin or calcium-binding protein,
are produced, the latter of which causes calcium to be
absorbed from the intestine. 1,25-dihydroxyvitamin D,
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[1,25(OH),D] production is stimulated by parathyroid
hormone and decreased by calcium [21].

25-hydroxyvitamin Ds[25(OH)D] levels of less than
30 ng/dL are considered vitamin D insufficiency, which
is mostly asymptomatic, and the levels less than 10 ng/
dL are considered vitamin D deficiency [17, 22]. Around
one billion people worldwide have vitamin D deficiency
or insufficiency [23]. Studies conducted in Iran have
shown that 70-50% of Iranian adults suffer from vitamin
D deficiency in varying degrees [24]. A study of chil-
dren and adolescents in the United States has shown that
9% of the pediatric population (7.6 million children and
adolescents) suffer from vitamin D deficiency, and 61%
(50.8 million children and adolescents) have insufficient
vitamin D levels [25]. In a meta-analysis, the prevalence
of vitamin D deficiency in Iranian boys and girls was
found to be 35% and 61%, respectively, and vitamin D
insufficiency in them was reported as being 31% [26].

Data from various sources indicate that vitamin D has
a wide range of actions against autoimmune diseases
and infections, including tuberculosis, respiratory tract
infections, asthma, and atopic dermatitis [27, 28]. Vi-
tamin D receptors have known direct effects on innate
and adaptive immunity [29, 30]. During a bacterial in-
fection, macrophages convert circulating 25(OH) D into
1,25(0OH),D, which induces the expression of the gene
encoding the antibacterial peptide, which plays a crucial
role in the body’s defense against pathogens by enhanc-
ing the immune response and clearing bacteria from
defense barriers and immune cells [31, 32]. Vitamin D
also stimulates the production of endogenous antimicro-
bial peptides, cathelicidin and beta-defensin-2, which
are expressed in the urinary tract and are important for
preventing UTIs [33]. In this regard, a study has shown
that recurrent UTI is related to vitamin D deficiency in
postmenopausal women [34]. Additionally, the vitamin
D receptor gene polymorphism has been identified as a
significant factor in the predisposition to UTIs in chil-
dren [35]. However, a study involving children aged 6
months to 5 years with UTIs found that while the vita-
min D levels were lower in affected children compared
to healthy children, the difference was not statistically
significant [36]. Therefore, it is necessary to investigate
this subject across different age groups and with larger
sample sizes to achieve more definitive evidence.

In the Middle East and Asia, poverty of micronutrients
and vitamins, especially vitamin D, is very common due
to improper diet and the loss of these substances during
recurrent infections. It is estimated that approximately
70% of the Iranian population suffers from vitamin D
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deficiency, and it has been reported that the rate of the
deficiency is 61% in girls and 35% in boys among chil-
dren and adolescents. Therefore, we investigated the se-
rum vitamin D levels and their relationship with recur-
rent UTT in pediatrics. According to a systematic review
in 2018, the vitamin D deficiency prevalence in Iranian
boys and girls was respectively 35% and 61%. The over-
all rate of vitamin D insufficiency among Iranian adoles-
cents and children is 31%. Common symptoms include
feelings of depression, bone pain, muscle weakness or
cramps, and fatigue. Vitamin D deficiency can lead to
rickets in children and infants, a condition characterized
by weak, thin, and deformed bones.

Materials and Methods

This case-control study was conducted on 90 children
aged 2-15 years after obtaining the necessary approv-
als from the Vice-chancellor for Research and Technol-
ogy and Ethics Committee of Shahrekord University of
Medical Sciences. The sample size was calculated at 45
individuals for each group, taking into account the error
level of 0.01, test power of 90%, and vitamin D levels of
24.8+45.9 ng/mL in children with UTI [36], along with
a clinically significant change of 15 units for vitamin D.
Participants were selected using convenience sampling.
To this end, children admitted to the Pediatrics Depart-
ment of Hajar Hospital, Shahrekord, in 2022 were vis-
ited by a pediatrician, and 45 children diagnosed with
recurrent UTI were enrolled in the study (case group).
Additionally, 45 healthy children without recurrent UTI
were also selected as controls.

Because no relationship between the season and vita-
min D deficiency has yet been established, no specific
season was selected to conduct the present study [37].
First, the purpose and procedure of the study were fully
explained to the parents of the patients, and then the pa-
tients who met the inclusion criteria and whose parents
provided consent were enrolled in the study. The parents
of the children were also provided with explanations
about the possible results and significance of the study.

The inclusion criteria included an age range of 2 to 15
years and a diagnosis of recurrent UTI. Exclusion crite-
ria encompassed detectable underlying factors for UTI,
such as vesicoureteral reflux, kidney stones, hydrone-
phrosis, chronic diseases, and the receipt of vitamin D at
a therapeutic dose. Then, the patients’ medical files were
studied to record their demographic information, medi-
cation status, history of imaging, and history of bladder
stones and urinary reflux using a checklist. In addition,
1.5 mL of blood was collected from all participants in
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clot tubes with no anticoagulant. The samples were
transferred to the laboratory while maintaining the cold
chain, and after centrifugation and serum separation,
they were stored in a freezer at -20 “C until further test-
ing. Vitamin D levels were measured using an enzyme-
linked immunosorbent assay (ELISA) Diaplus kit. Two
milliliters of fasting venous blood were also collected
from the participants in the Laboratory of the Faculty
and after centrifugation, the resulting serum was divided
and stored at -25 °C until subsequent measurements. Se-
rum 25(OH)D levels were measured using an ELISA kit
(EUROIMMUN, Germany) and an ELISA reader (Fax
Stat Awareness, USA). The detection limit for 25(OH)
D was set at 5.9 ng/mL. According to the manufactur-
er’s instructions, the serum 25(OH)D status was classi-
fied as follows: Less than 10 ng/mL=extremely severe
deficiency, 10-20 ng/mL=severe deficiency, 20-30 ng/
mL=deficiency, and 30-100 ng/mL=optimal level.

The results were analyzed by the chi-square and in-
dependent t-test using SPSS software, version 20. Sig-
nificance level (P) was considered to be <0.05, and the
results were expressed as Mean+SEM.

Results

A total of 90 children referred to the Pediatrics De-
partment of Hajar Hospital, Shahrekord, in 2022 were
enrolled and divided into two groups of 45 cases (with
UTI) and controls (not suffering from UTI). The mean
age of the children was 6.60+3.88 years, and 42(46.7%)
of them were girls. Serum vitamin D levels were mea-
sured as follows: Less than 10 ng/dL in 15(16.7%) in-
dividuals, 10-20 ng/dL in 29(32.2%), 25-30 ng/dL in
11(12.2%), and 30-100 ng/dL in 35(38.9%) (Table 1).

The mean age in the case and control groups was 7.09
and 6.11 years, respectively, with no statistically signifi-
cant difference (P>0.05, Table 2). Also, there was no sta-
tistically significant difference in gender between cases
and controls (P>0.05, Table 3).

The results of the vitamin D level measurements are
presented in Table 4. Children with UTI had a higher
prevalence of vitamin D deficiency (>10 ng/dL) com-
pared to controls. Among our participants, 24.4% of
those with UTI had vitamin D deficiency, while the rate
of vitamin D deficiency in the control group was 8.9%.
Vitamin D insufficiency (10-20 ng/dL) was also more
prevalent in children with UTI than in controls, with
48.9% of children with UTI exhibiting vitamin D insuf-
ficiency, compared to 15.6% in the control group. A
statistically significant difference was observed in serum
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Table 1. Frequency distribution of the studied variables in participants

Variables Level No. (%)
No 45(50)
UTl
Yes 45(50)
Female 42(46.7)
Gender
Male 48(53.3)
10> 15(16.7)
10-20 29(32.2)
Vitamin D (ng/dL)
20-30 11(12.2)
30-100 35(38.9)
Table 2. Comparison of the mean age of cases (with UTI) and controls (without UTI)
MeaniSEM
Variable uTl P
No Yes
Age (y) 7.0943.99 6.11+3.75 0.811

vitamin D levels between the two groups (P<0.0001).
This indicates that serum vitamin D status was associ-
ated with UTI, with vitamin D deficiency and insuffi-
ciency being more common in children with UTI than
in controls.

Discussion

This study aimed to investigate the relationship be-
tween serum vitamin D, levels and recurrent UTI in
children aged 2-15 years. For this purpose, 90 children
referred to the Pediatrics Department of Hajar Hospital
in Shahrekord in 2022 were enrolled in the study and
subsequently divided into two groups: 45 cases (with
UTI) and 45 controls (without UTT). No significant dif-

ference was detected in gender and average age be-
tween children with and without UTI. There was a sig-
nificant difference in the frequency of serum vitamin D
status between the two groups, indicating that vitamin
D deficiency (less than 10 ng/mL) and insufficiency
(less than 20 ng/mL) were more prevalent in children
with UTI than in healthy children. Similar results have
already been reported by Mahmoudzadeh et al.; in their
study, vitamin D levels below 20 ng/mL were signifi-
cantly more frequent in children with UTI than in the
control group [38]. Our findings are also in line with an-
other study performed in Egypt by Shalaby et al. In their
study involving children aged 2 months to 6 years, Sha-
laby et al. observed a significant difference in serum vi-

Table 3. Comparison of frequency distribution of gender in cases (with UTI) and controls (without UTI)

No. (%)
Variable Category UTI p
Yes
Female 17(37.8) 25(55.6)
Gender Male 28(62.2) 20(44.4) 0.139
Total 45(100) 45 (100)
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Table 4. Comparison of frequency distribution of serum vitamin d levels in cases (with UTI) and controls (without UTI)

No. (%)
Variable Level uTi P
No Yes
10> 4(8.9) 11(24.4)
10-20 7(15.6) 22(48.9)
Vitamin D (ng/dL) 20-30 7(15.6) 4(8.9) 0.0001
30-100 27(60) 8(17.8)
Total 45(100) 45(100)

tamin D levels between children with and without UTIL.
Their findings also showed that a vitamin D level of <25
nmol/l was associated with UTT (OR=1.94) [39]. A study
conducted in China by Yang et al. involving 132 infants
aged 1-12 months with their first UTI and 106 healthy
infants (controls) indicated that serum vitamin D levels
were markedly lower in children with UTI than in the
controls. In addition, the incidence of UTI was lower in
infants who received vitamin D supplementation com-
pared to those who did not [40]. Chidambaram et al. in
a study on children with and without UTI, observed that
the mean serum vitamin D levels were significantly dif-
ferent between the two groups, and vitamin deficiency
was more frequent in children with UTI compared to
those without UTI (41.5% vs 2.2%) [41]. Other studies
by Becerra-Loaiza et al. on children and adults with and
without UTT have also shown a significant association
between vitamin D receptor gene polymorphism and
UTI [42, 43].

The findings mentioned above have been corroborated
by systematic reviews and meta-analyses. A systematic
review and meta-analysis by Deng et al. showed a sig-
nificant relationship between UTI and vitamin D defi-
ciency in children (OR=4.78) [43, 44]. Another system-
atic review and meta-analysis on six studies (including a
total of 339 UTI cases and 306 healthy controls) showed
that serum vitamin D levels were significantly lower in
children with UTI than in healthy controls [45]. A meta-
analysis conducted in 2023, encompassing 13 studies
with a total of 839 UTI cases and 929 controls, yielded
similar results. It was found that children with UTI had
lower levels of vitamin D compared to healthy children,
and those with serum vitamin D levels below 20 ng/mL

were 5.49 times more likely to acquire UTI than children
with sufficient vitamin D levels [46].

Inconsistent with the aforementioned studies, some
research has not found a significant relationship be-
tween vitamin D deficiency and UTI. For example, in
the study by Javadi Nia et al. on children aged 6 months
to 5 years with UTI, despite the lower levels of vitamin
D in children with UTI compared to the control group,
no significant difference was observed [26]. Similarly, in
the study by Sherkatolabbasieh et al. which included 44
children with UTI and 214 healthy children, no signifi-
cant relationship was found between serum vitamin D
levels and UTT acquisition [46, 47]. The inconsistency in
the findings of these studies and the present study may
be attributed to various factors, such as demographic dif-
ferences, variations in the sample size of the case and
control groups, and differing cutoff points for vitamin D
deficiency.

It has been suggested that the positive impact of vita-
min D in preventing infections, including UTlIs, is as-
sociated with the production of antibacterial peptides
like cathelicidin and beta-defensin, the regulation of
cytokine production, and the reduction of inflammation
[48]. In the case of vitamin D deficiency, macrophages
infected with bacterial pathogens are unable to provide
sufficient antibacterial peptides [49]. A study in Turkey
on 38 healthy children and 36 children with UTI showed
that in patients with vitamin D deficiency, urinary cathe-
licidin levels decrease during infection, suggesting that
vitamin D prevents the occurrence of UTI by enhancing
cathelicidin production [48]. In research on infants and
children with UTL, Georgieva et al. (2019) found that se-
rum vitamin D levels were directly correlated with cat-
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helicidin levels, but not with beta-defensin-2 levels [33].
In the study by Hertting et al., a 3-month vitamin D-en-
riched diet did not significantly affect the amount of cat-
helicidin produced by the bladder tissue; however, when
bladder biopsy tissue was infected with uropathogenic .
coli, the tissue treated with vitamin D produced higher
levels of cathelicidin. It was thus suggested that vitamin
D enhances antibacterial activity and could serve as a
complementary treatment for UTI [29]. In addition to its
role in innate immunity (macrophages), vitamin D also
modulates adaptive immunity (lymphocytes), which can
significantly reduce inflammation and the risk of autoim-
mune diseases. Specific genes targeting 1,25(0OH),D in
mature T helper cells have been identified [31]. Further-
more, hypocalcemia induced by vitamin D deficiency
impairs the function of lymphocytes and neutrophils,
which is associated with an increased susceptibility to
infections [49].

The results of the present study showed that serum
vitamin D levels were related to UTI, with vitamin D
deficiency and insufficiency being more prevalent in
children with UTI than in controls. However, this study
had certain limitations, such as a small sample size and
a case-control, cross-sectional design, which meant that
vitamin D concentrations were measured after the chil-
dren had acquired UTIs. This makes it difficult to draw
causal conclusions, as it has been argued that vitamin D
deficiency not only can be a cause of chronic inflamma-
tion but can also be a consequence of it [46]. Therefore,
prospective studies with larger sample sizes are needed
to better elucidate the association between serum vitamin
D levels and UTI. Another important point to address is
the role of vitamin D supplementation, including dos-
age and duration of treatment, in preventing and treating
UTI. Low levels of vitamin D are associated with a high-
er risk of recurrent UTIs, particularly in children, due to
Vitamin D’s anti-inflammatory, immune-protective, and
anti-infectious properties [49].

Conclusion

Our results showed that serum vitamin D levels were
associated with UTIL, with vitamin D deficiency be-
ing more prevalent in children with UTI than in con-
trols. Therefore, vitamin D supplementation could be
a low-risk option for preventing UTI. Although we did
not include complicated UTIs, such as those involving
neurogenic bladder, we suggest that vitamin D supple-
mentation may help prevent the recurrence of UTIs in
complicated cases. In patients with reflux nephropathy,
vitamin D deficiency can also lead to recurrent UTIs.
While the evidence suggests that vitamin D deficiency
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is a risk factor for UTIs, more interventional studies are
needed to confirm whether vitamin D supplementation
can effectively prevent recurrent UTIs.
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