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Abstract: Background and Objectives: Vitamin D supplementation is effective for allergic
rhinitis; however, its usefulness is unclear. We conducted a systematic review and meta-
analysis to examine the conditions in which vitamin D supplementation was effective
in allergic rhinitis management. Materials and Methods: Randomized controlled trials
of vitamin D supplementation used for patients with allergic rhinitis were searched for
across different databases. We extracted scores on patients’ symptoms and the medica-
tion types used as the baseline treatments and performed a meta-analysis to evaluate
the effect of vitamin D supplementation on allergic rhinitis symptoms. Meta-regression
and subgroup analyses were performed for the average age, proportion of female partici-
pants, concomitant medications, vitamin D administration durations, and baseline serum
25-hydroxyvitamin D levels. Results: In total, 2389 articles were screened, and 5 random-
ized controlled trials (RCTs) were included in the meta-analysis. Compared with placebos,
vitamin D supplementation alleviated allergic rhinitis symptoms, although the difference
was not significant; there was significant heterogeneity among studies (standardized mean
difference [SMD] = —2.69, 95% confidence interval [CI]: —6.20 to 0.82, I2 = 98%, p < 0.01).
The proportion of female participants in the RCTs (slope: 0.21, p = 0.026) and concomitant
corticosteroid use (slope: —9.16, p = 0.005) influenced the vitamin D response. Compared
with the placebos, vitamin D supplementation without corticosteroids alleviated the aller-
gic rhinitis symptoms (SMD = —0.56, 95% CI: —0.90 to —0.23). Combination treatment
with corticosteroids also non-significantly alleviated symptoms. Additionally, the hetero-
geneity between studies was significant (SMD = —5.97, 95% CI: —13.55 to 1.16, 12 = 99%,
p < 0.01). Conclusions: The study results suggest that vitamin D supplementation alleviates
allergic rhinitis symptoms, although the effects differ according to the patient’s sex and
concomitant medications.
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1. Introduction

Allergic rhinitis (AR) is a common condition characterized by symptoms such as sneezing,
itching, congestion, and a runny nose. It affects individuals of all ages and is often associated
with other allergic diseases, such as asthma. The prevalence of AR has increased worldwide
over the past few decades, affecting up to 40% of the population in developed countries and
showing an increasing trend in developing countries [1,2]. AR can seriously affect quality of
life, leading to poor sleep, poor academic performance, and reduced work productivity [3,4].
Treatment of AR includes drug therapy, immunotherapy, and allergen avoidance, and a
combination of these treatment methods is used according to disease severity [5,6].

Vitamin D is known for its essential role in calcium metabolism and bone health [7,8]; how-
ever, accumulating evidence suggests its critical involvement in immune system regulation [9].
Vitamin D exerts immunomodulatory effects through its active form, 1,25-dihydroxyvitamin D,
which interacts with the vitamin D receptor expressed in various immune cells [10]. In the in-
nate immune system, vitamin D enhances the antimicrobial response by inducing the produc-
tion of cathelicidins and defensins, which contribute to pathogen clearance [11]. Additionally,
it modulates dendritic cell maturation, promoting a more tolerogenic phenotype that reduces
excessive immune system activation [12]. In the adaptive immune system, vitamin D plays
a crucial role in balancing pro-inflammatory and anti-inflammatory responses [13]. It pro-
motes regulatory T cell (Treg) differentiation, which helps suppress inflammatory responses
and maintain immune homeostasis [14]. Moreover, vitamin D inhibits the production of pro-
inflammatory cytokines such as interleukin (IL)-6, tumor necrosis factor-o, and IL-17 while
enhancing the secretion of anti-inflammatory cytokines like IL-10 [15-17]. This dual action is
particularly relevant in allergic and inflammatory conditions, including AR, where excessive
immune activation contributes to disease pathogenesis [18]. Furthermore, vitamin D supple-
mentation enhances the efficacy of conventional AR therapies, such as antihistamines, steroids,
and immunotherapy, supporting symptom control and improved quality of life [19].

Vitamin D supplements may be an effective adjunctive therapy for AR [16,19-21]. How-
ever, although clinical studies have suggested that concomitant vitamin D therapy may be
effective, individual studies vary in terms of conditions and degree of efficacy, and the useful-
ness of vitamin D supplementation remains unclear. Thus, this study aimed to examine the
specific conditions for the effectiveness of concomitant vitamin D supplementation on AR
using a systematic review and meta-analysis methods.

2. Materials and Methods
2.1. Literature Search

This systematic review was conducted according to the Cochrane Handbook [22].
We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [22]; the PubMed, Scopus, and Cochrane Library databases were
searched for eligible studies from inception to 13 May 2024, without language restrictions.
Details of the search strategy can be found in Methods S1. The search was supplemented
by manual searches of reference lists of included publications and previous systematic
reviews. This systematic review has not been pre-registered with public registries such as
PROSPERO or OSE. However, the datasets and protocols generated and/or analyzed in
this study are available from the corresponding author upon reasonable request, further
information can be found in Supplementary Material PRISMA 2020 Checklist.

2.2. Eligibility Criteria and Study Selection

Two researchers (T.I. and Y.N.) independently screened the titles and abstracts in
the first stage and critically reviewed the full texts of the articles to assess eligibility in
the second stage. Any discrepancies were resolved by discussion or consultation with a
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third, experienced, researcher (K.K.). Articles written in a language other than English
were translated into English and assessed for eligibility according to our inclusion criteria.
The inclusion criteria were as follows: (1) clinical studies meeting the following PICOs:
(i) P (Population): patients with baseline treatment for AR; (ii) I (Intervention): vitamin D
supplementation; (iii) C (Control): placebo or no supplementation; and (iv) O (Outcome):
change in rhinitis symptoms; and (2) randomized control trials (RCTs) or equivalent
controlled trials.

2.3. Data Extraction

Two researchers (T.I. and Y.N.) independently extracted data. Data from each study
were tabulated and verified by a third researcher (K.K.) before inclusion in the analysis.
Details of the data extraction are presented in Appendix A. The endpoint for AR was the
symptom score. Mean =+ standard deviation (SD) values were extracted from each study.
For studies where SDs could not be obtained, the SDs were calculated based on the medians
and interquartile ranges, as recommended by Wan et al. [23]. If data were missing or the
reporting format was not suitable for a meta-analysis, the study authors were contacted
via email or other methods of reporting as recommended in the Cochrane Handbook [22].
Calculations were performed from the data.

2.4. Quality of Assessment

The Jadad scale was used to assess the methodological and reporting quality of
the RCTs [24].

2.5. Statistical Analyses

We used standardized mean differences (SMDs) with 95% confidence intervals (CIs) in the
meta-analysis when different scales were used to report the same continuous outcome. Owing
to the diversity of population characteristics, interventions, and outcome measures, a meta-
analysis was performed using a random-effects DerSimonian—Laird model. Heterogeneity
was assessed using the 12 statistic, with values > 50% suggesting considerable statistical
heterogeneity [25]. Random-effects meta-regression was used to analyze the factors within
the study that best explained the variance in SMDs. Meta-regression was used to analyze the
contribution of the average age, proportion of female participants, concomitant medications,
duration of vitamin D administration, and baseline serum 25-hydroxyvitamin D (25-(OH)D)
level in terms of SMDs [26]. The significance threshold of all p-values was 0.05. All statistical
analyses were performed using EZR version 1.51 (Saitama Medical Centre, Jichi Medical
University, Saitama, Japan) [27].

3. Results
3.1. Systematic Review of the Literature

The PRISMA flow diagram showing the selection of studies for the meta-analysis of
the effects of vitamin D on AR is shown in Figure 1. We identified 2389 records based
on our search strategy and assessed the eligibility of 5 full-text articles after excluding
2384 articles. Five RCTs were included in the meta-analysis [1,16,28-30]. The characteristics
of each included study are shown in Table 1. The five identified studies were all RCTs.
A total of 370 patients were enrolled; the sample size ranged from 30 to 128. The age of the
patients ranged from 5 to 70 years; four studies included patients older than 16 or 18 years,
and only one study included patients aged 5-12 years. The treatment duration ranged from
4 weeks to 5 months. The dose of vitamin D ranged from 800 IU/day to 60,000 IU/week.
The baseline treatment was subcutaneous allergen-specific immunotherapy, mometasone
nasal spray, fluticasone nasal spray, antihistamine medication, and sublingual immunother-
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apy. Three RCTs evaluated the adverse effects of vitamin D supplementation; however,
no serious adverse effects were reported. The countries where these studies were conducted
and the sex distribution of patients are shown in Table 1.

[ Identification of studies via databases and registers ]
()
= Records identified from
% PubMed (n = 589) SR;:zlE;;gmoved before
:g Scopus (n = 1241) _ > Duplicate records removed
= Cochrane Library (n = 559) "~
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~—/
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)
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(n = 2040) EE— Article irrelevant for title and
abstract (n = 2030)
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—>
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=
[}
o
3 v
Reports assessed for eligibility
(n=10) Reports excluded:
Duplicate patients (n = 2)
Insufficient data (n = 2)
Wrong dosage form (n =1)
—
- Studies included in qualitative
g synthesis
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- synthesis
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Figure 1. Flow diagram showing the process of study selection.
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Table 1. Characteristics of the randomized controlled trials included in the meta-analysis.

Serum 25-(OH)D

Sample . - Age Sex . Dose of Baseline Treatment Primary
Author/Year Size Country Study Design Participants (Years) (Female), n 1I;/f:::]lls(;tDB)asehne, Vitamin D Treatment Duration Outcome Adverse Event
RCT (randomized, 1:20.3 (6.0) Vitamin D2 SCIT Ie\i,‘;f?r"e‘i‘:t:gvtg“e
Chiewchalermsri 30 Thailand double-blind, Patients with 18-70 20 ng/mL (calciferol) mite mixed 10 weeks Symptom vitamin D
etal. (2023) [29] placebo-controlled HDM-allergic rhinitis C:18.4(5.6) 60,000 . score .
L (1:1000) weekly supplementation
clinical study) ng/mL IU/week
were reported.
Intervention group:
RCT (randomized, 1: 36.61 (3.58) amild dry nasal
assessor /statistician- Patients with r'lmo'l /L : Oral vitamin D 400 ug Symptom membrane (n = 10).
Guo (2023) [16] 128 China blinded, single-center moderate-to-severe 16-60 39 C:36.40 mometasone 4 weeks ymp No serious adverse
. ) s :36.40 (3.01) 800 IU/day score -
trial with two parallel allergic rhinitis nasal spray reactions were
nmol/L L
groups) observed in either of
the groups.
Patients with allergic S
Bhardwaj and RCT (randomized rhinitis with vitamin D Zl’lltfllergariclijfirol 100 pug Symptom
Singh (2021) 87 India controlled trial) deficiency (serum 16-60 49 <20 ng/mL 60,000 fluticasone 4 weeks sgorep NR
[28] 25-(OH)D levels < 20 / nasal spray
TU/week
ng/mL)
. Patients with allergic .
Bakhshaee et al. fi{(():l;rb(lilr;ﬁgzln zed rhinitis with vitamin D I: 14 ng/mL Weekly Peral Srcl’tlilhtlirslfamine Symptom
" 80 Iran 4 deficiency (serum 18-40 NR . 8 Y Lo 8 weeks ymp NR
(2019) [19] placebo-controlled C:14.67 ng/mL 50,000 IU medication score
. . 25-(OH)D levels 10-20 e
clinical trial) ng/mL) (cetirizine)
(SIu4béi(;1gual itchcing
. : 45% versus C:
Fg{g (Irarlg)zspdechve, Patients with 1:48.8 (24.3) VD: 1000 SLIT 15.3%) was reported.
Jerzynska et al. 45 Poland da b(l) -bl'e ci grass-related 5.12 19 ng/mL IU/day five-grass 5 th Symptom There were no cases
(2016) [30] olan 1(; Léebeo—c:)r;téolle d moderate-to-severe C:43.3(17.6) 25 pg of pollens 300 (IR) months score of termination of the
Is:’tu dy) allergic rhinitis ng/mL cholecalciferol daily study due to
¥y adverse events in
any of the groups.

Abbreviations: C, control group; HDM, house dust mite; I, intervention group; IR, index of reactivity; IU, international unit; NR, not reported; RCT, randomized controlled trial; SCIT,
subcutaneous alergen-specific immunotherapy; SD, standard deviation; SLIT, sublingual immunotherapy; VD, vitamin D.
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3.2. Quality of the Studies

The results of the quality assessment of the included studies using the Jadad scale
showed that two studies had a score of 5. The other studies had scores of 4, 2, and 1.

3.3. Overall Analysis

In the overall analysis of the five RCTs, vitamin D supplementation showed alleviation
of AR symptoms compared with placebos; however, the difference was not significant
(SMD = —2.69, 95% CI: —6.20 to 0.82, p = 0.134) (Figure 2). There was significant hetero-
geneity between studies (test for heterogeneity: I> = 98%, p < 0.01) (Figure 2).

Experimental Control Standardized Mean Weight  Weight
Study Total Mean SD Total Mean SD Difference SMD 95%CI (common) (random)
Combination with medications other than corticosteroids i
Chiewchalermsri 2024 15 4.86 2.5800 15 6.62 4.6200 ; 3" —0.46 [-1.18 t0 0.27] 14.5% 20.0%
Bakhshaee 2019 33 18.70 8.1600 35 24.51 9.0400 i —0.67 [-1.16 t0 —0.18] 31.9% 20.1%
Jerzynska 2016 21 17.30 8.2500 24 22.40 12.2500 i i*’ —0.47 [-1.07 t0 0.12] 21.6% 20.1%
Common effectmodel 69 74 19 —0.56[-0.90t0—-0.23]  68.0% -
Random-effeqs model7 ? 1 b —0.56 [-0.90 to —0.23] - 60.2%
Heterogeneity: 77 =0%,t" =0,p =0.84 !
Combination with corticosteroids i
Guo 2023 63 1.62 0.2700 65 4.40 0.2900 - ! —9.86[-11.13 to —8.58] 4.7% 19.7%
Bhardwaj2021 44 6.30 1.4500 43 8.98 1.0090 - —2.12 [-2.65 t0o —1.59] 27.2% 20.1%
Common effectmodel 107 108 el -3.26[-3.75t0-2.77]  32.0% -
Random-effects model _ — -5.97[-13.55t0 1.61] - 39.8%
Heterogeneity: I =99%, t~ =29.6696, p <0.01 ; i
Common effectmodel 176 182 0 -1.42[-1.70to—1.15] 100.0% -
Random-effects model ——— —2.69 [-6.20 to 0.82] - 100.0%

T T 1 1

Heterogeneity: 1'7 =98%. = 15.8756. p <0.01 -10 -5 0 5 10

Test for subgroup differences (common effect):
Test for subgroup differences (random effects):

=79.80.df =1 (p <0.01)
=1.95.df=1 (p=0.16)

e o

C
C

Figure 2. Forest plots showing the efficacy of vitamin D supplementation with concomitant medication for
allergic rhinitis. SD, standard deviation; SMD, standardized mean difference. Chiewchalermsri 2024 [29],
Bakhshaee 2019 [19], Jerzynska 2016 [30], Guo 2023 [16], Bhardwaj 2021 [28].

3.4. Meta-Regression

Meta-regression analysis showed that the proportion of female participants in the
study and concomitant medications (concomitant use with corticosteroids) were signifi-
cantly associated with SMDs (Table 2) (female participants: slope: 0.21, p = 0.026; concomi-
tant use with corticosteroids: slope: —5.34, p = 0.015). However, the average age of the
participants in the study (slope: —0.022, p = 0.62), duration of vitamin D administration
(slope: 1.31, p = 0.15), and baseline serum 25-(OH)D levels (slope: —0.10, p = 0.44) were
not associated with SMDs. Scatter plots in each meta-regression analysis are presented as
Supplementary Material (Figure S1).

Table 2. Summary of meta-regression analysis for concomitant medications, duration of vitamin D
administration, and baseline 25-(OH)D levels.

Slope (95% CI) p-Value
Age (years) —0.022 —0.077 to 0.034 0.62
Female participants (proportion) 0.21 0.025t0 0.39 0.026
Concomitant steroid use —5.34 —9.66 to —1.02 0.015
Duration of vitamin D administration (months) 1.31 —0.48t03.10 0.15
Baseline serum 25-(OH)D levels (ng/mL) —0.10 —0.35t00.15 0.44

3.5. Subgroup Analysis with Concomitant Medications

Two RCTs involving the use of corticosteroids as concomitant medications [8,19] and
three in which the concomitant medications were not corticosteroids were analyzed as
subgroups [10,20,21]. Compared with the placebos, vitamin D supplementation without
corticosteroids significantly alleviated AR symptoms (SMD = —0.56, 95% CI: —0.90 to
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—0.23, 12 = 0%, p = 0.97) (Figure 2). Combination with corticosteroids also alleviated AR
symptoms, although the difference was not significant. Significant heterogeneity was found
between studies (SMD = —5.97, 95% CI: —13.55 to 1.16, I? = 99%, p < 0.01) (Figure 2).

4. Discussion

The meta-analysis of all eligible studies in this systematic review showed that, compared
with placebos, vitamin D supplementation alleviated AR symptoms, although the heterogeneity
was high. The meta-regression analysis indicated that concomitant corticosteroid use might have
affected the heterogeneity. The subgroup analysis based on the results of the meta-regression
analysis showed that vitamin D supplementation with medications other than corticosteroids
significantly alleviated AR symptoms, whereas vitamin D supplementation with corticosteroids
showed no significant improvement, probably because of the small number of studies included
in the analysis and high level of heterogeneity.

Recent meta-analyses have reported the effect of vitamin D supplementation on AR in
pregnant women, infants, and children [20,31,32]. Vitamin D supplementation in children
significantly reduced AR symptom-medication scores, compared with a placebo [20]. Con-
versely, supplementation during pregnancy or infancy did not significantly reduce the risk
of developing AR [31,32]. These reports suggest that vitamin D supplementation may have
different effects in different target patients; furthermore, as no meta-analysis of vitamin D
supplementation for adults with AR was reported, its effect was unknown.

Recently, the potential role of vitamin D supplementation in managing and preventing
allergic diseases has attracted considerable interest. Various studies have investigated the effects
of vitamin D on symptoms of asthma, atopic dermatitis, AR, and food allergies, especially
in pediatric populations [19,21,31-38]. Vitamin D supplementation may be beneficial as an
adjunctive therapy for steroid-resistant asthma [36] and significantly reduces the severity of
atopic dermatitis in children [20,36]. Conversely, several other studies have reported insufficient
evidence regarding the effectiveness of vitamin D supplementation in preventing or treating
allergic diseases in infants, children, and adolescents, such as AR, asthma, food allergies,
and atopic dermatitis [31,34,38]. Thus, evidence regarding the effectiveness of vitamin D
supplements in preventing and treating allergic diseases is mixed and often inconclusive. In this
study, we examined the specific conditions under which the effect of concomitant vitamin
D therapy on patients with AR was observed by collecting and integrating the effects of
vitamin D on AR in known studies. The results of this meta-analysis indicate that vitamin D
supplementation improved AR symptoms significantly under certain conditions (concomitant
use with medications other than corticosteroids). In addition, there did not appear to be any
serious secondary effects of vitamin D supplementation, although these were not fully described
in the reports included in this analysis (Table 1).

The findings of this meta-analysis suggest that vitamin D supplementation may be benefi-
cial in alleviating AR symptoms, particularly when used in combination with treatments other
than corticosteroids. Specifically, vitamin D has demonstrated potential synergistic effects
when administered alongside subcutaneous allergen-specific immunotherapy, routine antihis-
tamine medication, and sublingual immunotherapy. These results indicate that if vitamin D
supplementation is to be integrated into AR management, it may be more advantageous
to combine it with non-corticosteroid therapies. In addition to vitamin D, probiotics have
been identified as potential adjunctive treatments for AR due to their immunomodulatory
properties. Probiotics regulate gut microbiota composition and promote immune balance by
increasing Treg levels and reducing pro-inflammatory cytokine production. Recent studies
have suggested that probiotics, such as vitamin D, may enhance the efficacy of conventional
AR treatments, further supporting their potential role in disease management [39]. Given the
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potential immunomodulatory synergy between these interventions, future studies should
explore their combined effects to optimize therapeutic strategies.

Previous meta-analyses incorporating 12 trials to date have reported that allergen im-
munotherapy is equally or more effective than corticosteroids and other drug therapies in the
treatment of AR [40]. Therefore, it is also expected that the effect of the baseline treatment was
affected when vitamin D supplementation was combined with the baseline treatment in AR
therapy. Corticosteroids are also a significantly effective pharmacotherapeutic option in the
treatment of AR, especially for immediate symptomatic relief [41]. Therefore, the AR treatment
effect of corticosteroids was so strong that the additive effect of vitamin D supplementation
may have resulted in a large variability in the score. Furthermore, only two studies on the
combination of vitamin D supplementation with corticosteroids were included in this analysis.
However, because of the high heterogeneity of the two studies, they may not have been fully
evaluated. In Guo et al.’s study, there was a marked improvement in AR symptoms with vita-
min D supplementation [16]. In contrast, according to a study by Bhardwaj and Singh, the effect
of vitamin D supplementation was mild [28]. In Guo et al.’s study, vitamin D was administered
at a low dose of 800 IU/day (orally) for 4 weeks, whereas in the study by Bhardwaj and Singh,
a higher dose of 60,000 IU/(oral) was administered for 4 weeks. Although higher doses of
vitamin D are usually thought to produce stronger effects, Guo et al. showed stronger improve-
ment, suggesting that other factors may have influenced the effects of vitamin D, not just the
dose. Second, regarding differences in patient background, the participants in Guo et al.’s study
were patients with moderate to severe AR (aged 1660 years) and had relatively low serum
25-(OH)D levels at the beginning of the study, averaging 36.61 nmol/L. On the other hand,
the study by Bhardwaj and Singh was limited to patients with AR and vitamin D deficiency
(serum 25-(OH)D < 20 ng/mL); therefore, it is possible that the effect was not identified until
sufficient amounts of vitamin D were supplemented. As described above, differences in study
conditions, patient backgrounds, and the mechanism of action of vitamin D likely contributed to
the heterogeneity among the studies. The choice of allergen immunotherapy or corticosteroids
for AR treatment is expected to depend on patient-specific factors, such as severity of symptoms,
convenience, and risk of adverse events. Therefore, vitamin D supplementation should be used
in combination with adequate consideration of these factors.

The results of our meta-regression analysis suggest that the proportion of female
participants in the included RCTs may significantly influence the effectiveness of vitamin D
in AR. Specifically, trials with a lower proportion of female participants tended to show a
greater treatment effect. This finding is consistent with previous research suggesting that
sex hormones may modulate vitamin D metabolism and its immunoregulatory effects [42].
However, due to the limited number of studies included in our analysis, we were unable
to determine an appropriate threshold for classifying studies into subgroups based on the
proportion of female participants. As a result, we were unable to perform meaningful
subgroup analysis. Further research with larger datasets is needed to validate these findings
and to explore the potential mechanisms underlying sex differences in vitamin D efficacy.

This study has some limitations. First, only two RCTs of concomitant corticosteroid use
were included in this analysis, and the heterogeneity of the two studies was high. This is
most likely due to differences in patient background and treatment conditions between
the two trials. Therefore, a random-effects model was used, and a subgroup analysis was
attempted. However, only two studies were included in the corticosteroid combination
group, which did not provide sufficient data for statistical examination. We also attempted
to assess the influence of corticosteroid dosage on the effect of vitamin D. However, the two
included RCTs that co-administered corticosteroids used different types and dosages of
corticosteroids, making direct comparisons infeasible. Therefore, the results should be
interpreted with caution. Further large-scale studies are needed to account for this effect.
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Second, articles on non-RCTs and RCTs with unclear evaluation criteria were excluded from
the analysis because of the difficulty in assessing the risk of bias and extracting outcomes.
Consequently, the number of cases was reduced, but the specificity of the analysis was
improved, and the reliability of the results increased. Third, this study evaluated the
improvement in total nasal symptom scores with vitamin D supplementation and was
unable to evaluate individual symptom scores for rhinorrhea, nasal itching, sneezing,
nasal congestion, red eyes, and itchy eyes. Only two of the included RCTs reported
individual symptom scores. Other studies did not include these specific assessments and,
therefore, could not be included in the pooled analysis. A more detailed assessment of
individual symptoms would help clarify the exact effect of vitamin D on allergic rhinitis.
Future studies should aim to incorporate these detailed symptom assessments to provide a
more comprehensive evaluation of the therapeutic potential of vitamin D. Finally, studies on
the effects of vitamin D supplementation in adults with AR remain limited and may not be
available in a sufficient number of patients to validate its efficacy. Therefore, further clinical
studies are required for accurate analysis.

In conclusion, vitamin D supplementation is expected to have clinical benefits in AR
treatment, including alleviation of symptoms. However, at present, there is insufficient
evidence to recommend concomitant vitamin D supplementation in AR treatment.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390 /medicina61020355/s1: Figure S1. Meta-analytic scatter plots;
Methods S1. Details of the search strategy; PRISMA 2020 Checklist.
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Appendix A. Assessing the Quality of the Included Studies Using the Jadad Scale
Randomization Double Blinding Withdrawals and Dropouts
. Is There Any Is the s Is the .. Is There Any Is the Double-Blind Is the Double-Blind Is T}.w.re a Description of
Author, Year Title Randomization Randomization Participants Who Total
Reference to Reference to Method Method R .
. Method Method X . . Discontinued or Dropped
Randomization? Appropriate? Inappropriate? Double-Blind Appropriate? Inappropriate? Out (Number and Reason)?
. : * fho? . . . :
(Yes/No: 1/0) (Yes/No: 1/0) (Yes/No: —1/0) Testing? (Yes/No: 1/0)  (Yes/No: 1/0) (Yes/No: —1/0) (Yes/No: 1/0)
Randomized, double-blind,
. . placebo-controlled trial of vitamin D
Chiewchalermsri Lo .
supplementation in the build-up 1 0 0 1 1 0 1 4
etal., 2024 [29]
phase of house dust
mite-specific immunotherapy.
Vitamin D supplementation
Guo, 2023 [16] improves the therapeutic effect of 1 1 0 0 0 0 0 2
mometasone on allergic rhinitis.
Bhardwa] and Efficacy of Vlta'lmllj D S 1 0 0 0 0 0 0 1
Singh, 2021 [28] supplementation in allergic rhinitis.
Bakhshace et al., Therapeutic effect of vitamin D
supplementation on 1 1 0 1 1 0 1 5
2019 [19] C
allergic rhinitis.
The clinical effect of vitamin D
supplementation combined with
Jerzynska etal, grass-specific sublingual 1 1 0 1 1 0 1 5

2016 [30]

immunotherapy in children with
allergic rhinitis.




Medicina 2025, 61, 355 11 of 12

References

1. Cheng, L.; Chen, J.; Fu, Q.; He, S.; Li, H.; Liu, Z,; Tan, G.; Tao, Z.; Wang, D.; Wen, W,; et al. Chinese Society of Allergy Guidelines
for Diagnosis and Treatment of Allergic Rhinitis. Allergy Asthma Immunol. Res. 2018, 10, 300-353. [CrossRef]

2. Sly, RM. Changing prevalence of allergic rhinitis and asthma. Ann. Allergy Asthma Immunol. 1999, 82, 233-252. [CrossRef]
[PubMed]

3. Schuler Iv, C.F,; Montejo, ].M. Allergic Rhinitis in Children and Adolescents. Pediatr. Clin. N. Am. 2019, 66, 981-993. [CrossRef]

4. Small, P; Keith, PK,; Kim, H. Allergic rhinitis. Allergy Asthma Clin. Immunol. 2018, 14, 51. [CrossRef]

5. May, J.R.; Dolen, W.K. Management of Allergic Rhinitis: A Review for the Community Pharmacist. Clin. Ther. 2017, 39, 2410-2419.
[CrossRef]

6. Portnoy, ].M.; Van Osdol, T.; Williams, P.B. Evidence-based strategies for treatment of allergic rhinitis. Curr. Allergy Asthma Rep.
2004, 4, 439-446. [CrossRef] [PubMed]

7. Holick, M.E. Vitamin D deficiency. N. Engl. ]. Med. 2007, 357, 266-281. [CrossRef]

8. Schrumpf, J.A.; van der Does, A.M.; Hiemstra, P.S. Impact of the Local Inflammatory Environment on Mucosal Vitamin D
Metabolism and Signaling in Chronic Inflammatory Lung Diseases. Front. Immunol. 2020, 11, 1433. [CrossRef]

9.  Aranow, C. Vitamin D and the immune system. J. Investig. Med. 2011, 59, 881-886. [CrossRef] [PubMed]

10. Adams, ].S.; Hewison, M. Update in vitamin D. . Clin. Endocrinol. Metab. 2010, 95, 471-478. [CrossRef] [PubMed]

11. Liu, PT,; Stenger, S.; Li, H.; Wenzel, L.; Tan, B.H.; Krutzik, S.R.; Ochoa, M.T.; Schauber, J.; Wu, K.; Meinken, C.; et al. Toll-like
receptor triggering of a vitamin D-mediated human antimicrobial response. Science 2006, 311, 1770-1773. [CrossRef]

12. Wang, T.T,; Nestel, EP.; Bourdeau, V.; Nagai, Y.; Wang, Q.; Liao, J.; Tavera-Mendoza, L.; Lin, R.; Hanrahan, ].W.; Mader, S.; et al.
Cutting edge: 1,25-dihydroxyvitamin D3 is a direct inducer of antimicrobial peptide gene expression. J. Immunol. 2004, 173,
2909-2912. [CrossRef] [PubMed]

13. Cantorna, M.T.; Mahon, B.D. Mounting evidence for vitamin D as an environmental factor affecting autoimmune disease
prevalence. Exp. Biol. Med. 2004, 229, 1136-1142. [CrossRef]

14. Daniel, C.; Sartory, N.A.; Zahn, N.; Radeke, H.H.; Stein, ]. M. Inmune modulatory treatment of trinitrobenzene sulfonic acid colitis
with calcitriol is associated with a change of a T helper (Th) 1/Th17 to a Th2 and regulatory T cell profile. J. Pharmacol. Exp. Ther. 2008,
324, 23-33. [CrossRef] [PubMed]

15.  Adorini, L. Vitamin D receptor-mediated regulation of innate and adaptive immunity. Crit. Rev. Immunol. 2011, 31, 75-87.
[CrossRef]

16. Guo, M. Vitamin D supplementation improves the therapeutic effect of mometasone on allergic rhinitis. Acta Biochim. Pol. 2023,
70, 583-589. [CrossRef]

17.  Jerzynska, ]J.; Stelmach, W.; Rychlik, B.; Majak, P.; Podlecka, D.; Woicka-Kolejwa, K.; Stelmach, I. Clinical and immunological
effects of vitamin D supplementation during the pollen season in children with allergic rhinitis. Arch. Med. Sci. 2018, 14, 122-131.
[CrossRef]

18. Mirzakhani, H.; Al-Garawi, A.; Weiss, S.T.; Litonjua, A.A. Vitamin D and the development of allergic disease: How important is
it? Clin. Exp. Allergy 2015, 45, 114-125. [CrossRef] [PubMed]

19. Bakhshaee, M.; Sharifian, M.; Esmatinia, F.; Rasoulian, B.; Mohebbi, M. Therapeutic effect of vitamin D supplementation on
allergic rhinitis. Eur. Arch. Otorhinolaryngol. 2019, 276, 2797-2801. [CrossRef]

20. Li, Q. Zhou, Q.; Zhang, G.; Tian, X,; Li, Y.; Wang, Z.; Zhao, Y.; Chen, Y.; Luo, Z. Vitamin D Supplementation and Allergic Diseases
during Childhood: A Systematic Review and Meta-Analysis. Nutrients 2022, 14, 3947. [CrossRef] [PubMed]

21. Liu, X;; Liu, X;; Ren, Y,; Yang, H.; Sun, X.; Huang, H. Clinical Efficacy of Vitamin D3 Adjuvant Therapy in Allergic Rhinitis:
A Randomized Controlled Trial. Iran. J. Immunol. 2020, 17, 283-291. [CrossRef]

22. Page, M.].; McKenzie, ].E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ].M.; Akl, E.A.; Brennan,
S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. Rev. Esp. Cardiol. (Engl. Ed.) 2021, 74,
790-799. [CrossRef]

23. Wan, X,; Wang, W,; Liu, J.; Tong, T. Estimating the sample mean and standard deviation from the sample size, median, range
and/or interquartile range. BMC Med. Res. Methodol. 2014, 14, 135. [CrossRef]

24. Jadad, A.R.; Moore, R.A ; Carroll, D.; Jenkinson, C.; Reynolds, D.J.; Gavaghan, D.J.; McQuay, H.]. Assessing the quality of reports
of randomized clinical trials: Is blinding necessary? Control Clin. Trials 1996, 17, 1-12. [CrossRef]

25.  Chandler, J.; Cumpston, M; Li, T.; Page, M.J.; Welch, V. Cochrane Handbook for Systematic Reviews of Interventions; Wiley: Hoboken,
NJ, USA, 2019.

26. Shab-Bidar, S.; Bours, S.; Geusens, P.P,; Kessels, A.G.; van den Bergh, J.P. Serum 25(OH)D response to vitamin D3 supplementation:
A meta-regression analysis. Nutrition 2014, 30, 975-985. [CrossRef]

27. Kanda, Y. Investigation of the freely available easy-to-use software 'EZR’ for medical statistics. Bone Marrow Transplant. 2013, 48,

452-458. [CrossRef]


https://doi.org/10.4168/aair.2018.10.4.300
https://doi.org/10.1016/S1081-1206(10)62603-8
https://www.ncbi.nlm.nih.gov/pubmed/10094214
https://doi.org/10.1016/j.pcl.2019.06.004
https://doi.org/10.1186/s13223-018-0280-7
https://doi.org/10.1016/j.clinthera.2017.10.006
https://doi.org/10.1007/s11882-004-0009-1
https://www.ncbi.nlm.nih.gov/pubmed/15462709
https://doi.org/10.1056/NEJMra070553
https://doi.org/10.3389/fimmu.2020.01433
https://doi.org/10.2310/JIM.0b013e31821b8755
https://www.ncbi.nlm.nih.gov/pubmed/21527855
https://doi.org/10.1210/jc.2009-1773
https://www.ncbi.nlm.nih.gov/pubmed/20133466
https://doi.org/10.1126/science.1123933
https://doi.org/10.4049/jimmunol.173.5.2909
https://www.ncbi.nlm.nih.gov/pubmed/15322146
https://doi.org/10.1177/153537020422901108
https://doi.org/10.1124/jpet.107.127209
https://www.ncbi.nlm.nih.gov/pubmed/17911375
https://doi.org/10.1615/CritRevImmunol.v31.i1.70
https://doi.org/10.18388/abp.2020_6637
https://doi.org/10.5114/aoms.2016.61978
https://doi.org/10.1111/cea.12430
https://www.ncbi.nlm.nih.gov/pubmed/25307157
https://doi.org/10.1007/s00405-019-05546-x
https://doi.org/10.3390/nu14193947
https://www.ncbi.nlm.nih.gov/pubmed/36235600
https://doi.org/10.22034/iji.2020.84336.1652
https://doi.org/10.1016/j.recesp.2021.06.016
https://doi.org/10.1186/1471-2288-14-135
https://doi.org/10.1016/0197-2456(95)00134-4
https://doi.org/10.1016/j.nut.2013.12.020
https://doi.org/10.1038/bmt.2012.244

Medicina 2025, 61, 355 12 of 12

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Bhardwaj, B.; Singh, J. Efficacy of Vitamin D Supplementation in Allergic Rhinitis. Indian ]. Otolaryngol. Head. Neck Surg. 2021, 73,
152-159. [CrossRef] [PubMed]

Chiewchalermsri, C.; Sangkanjanavanich, S.; Pradubpongsa, P.; Mitthamsiri, W.; Jaisupa, N.; Jindarat, S.; Buranapraditkun,
S.; Jacquet, A.; Sangasapaviliya, A.; Boonpiyathad, T. Randomized, Double-Blind, Placebo-Controlled Trial of Vitamin D
Supplementation in the Build-up Phase of House Dust Mite-Specific Inmunotherapy. Allergy Asthma Immunol. Res. 2023, 15,
336-347. [CrossRef] [PubMed]

Jerzynska, J.; Stelmach, W.; Rychlik, B.; Lechariska, J.; Podlecka, D.; Stelmach, I. The clinical effect of vitamin D supplementation
combined with grass-specific sublingual immunotherapy in children with allergic rhinitis. Allergy Asthma Proc. 2016, 37, 105-114.
[CrossRef]

Luo, C.; Sun, Y.; Zeng, Z.; Liu, Y.; Peng, S. Vitamin D supplementation in pregnant women or infants for preventing allergic
diseases: A systematic review and meta-analysis of randomized controlled trials. Chin. Med. J. 2022, 135, 276-284. [CrossRef]
[PubMed]

Goldring, S.T.; Griffiths, C.J.; Martineau, A.R.; Robinson, S.; Yu, C.; Poulton, S.; Kirkby, ].C.; Stocks, J.; Hooper, R.; Shaheen, S.0.;
et al. Prenatal vitamin D supplementation and child respiratory health: A randomised controlled trial. PLoS ONE 2013, 8, e66627.
[CrossRef] [PubMed]

Benetti, C.; Comberiati, P.; Capristo, C.; Boner, A.L.; Peroni, D.G. Therapeutic Effects of Vitamin D in Asthma and Allergy. Mini
Rev. Med. Chem. 2015, 15, 935-943. [CrossRef]

Della Giustina, A.; Landi, M.; Bellini, F.; Bosoni, M.; Ferrante, G.; Onorari, M.; Travaglini, A.; Pingitore, G.; Passalacqua, G.;
Tripodi, S. Vitamin D, allergies and asthma: Focus on pediatric patients. World Allergy Organ. ]. 2014, 7, 27. [CrossRef]

Dj, T.; Chen, L. A narrative review of vitamin D and food allergy in infants and children. Transl. Pediatr. 2021, 10, 2614-2620.
[CrossRef]

Giannetti, A.; Bernardini, L.; Cangemi, J.; Gallucci, M.; Masetti, R.; Ricci, G. Role of Vitamin D in Prevention of Food Allergy in
Infants. Front. Pediatr. 2020, 8, 447. [CrossRef]

Wist, M. The vitamin D slant on allergy. Pediatr. Allergy Immunol. 2006, 17, 477-483. [CrossRef]

Yepes-Nufiez, ].J.; Fiocchi, A.; Pawankar, R.; Cuello-Garcia, C.A.; Zhang, Y.; Morgano, G.P.; Ahn, K.; Al-Hammadi, S.; Agarwal,
A.; Gandhi, S.; et al. World Allergy Organization-McMaster University Guidelines for Allergic Disease Prevention (GLAD-P):
Vitamin D. World Allergy Organ. J. 2016, 9, 17. [CrossRef] [PubMed]

Murdaca, G.; Gerosa, A.; Paladin, E; Petrocchi, L.; Banchero, S.; Gangemi, S. Vitamin D and Microbiota: Is There a Link with
Allergies? Int. J. Mol. Sci. 2021, 22, 4288. [CrossRef]

Matricardi, PM.; Kuna, P.; Panetta, V.; Wahn, U.; Narkus, A. Subcutaneous immunotherapy and pharmacotherapy in seasonal
allergic rhinitis: A comparison based on meta-analyses. |. Allergy Clin. Immunol. 2011, 128, 791-799.e6. [CrossRef]

Meltzer, E.O.; Wallace, D.; Friedman, H.S.; Navaratnam, P; Scott, E.P.; Nolte, H. Meta-analyses of the efficacy of pharmacotherapies
and sublingual allergy immunotherapy tablets for allergic rhinitis in adults and children. Rhinology 2021, 59, 422-432. [CrossRef]
Tomljenovi¢, D.; Baudoin, T.; Megla, 7.B.; Geber, G.; Scadding, G.; Kalogjera, L. Females have stronger neurogenic response than
males after non-specific nasal challenge in patients with seasonal allergic rhinitis. Med. Hypotheses 2018, 116, 114-118. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s12070-020-01907-9
https://www.ncbi.nlm.nih.gov/pubmed/34150589
https://doi.org/10.4168/aair.2023.15.3.336
https://www.ncbi.nlm.nih.gov/pubmed/37075792
https://doi.org/10.2500/aap.2016.37.3921
https://doi.org/10.1097/CM9.0000000000001951
https://www.ncbi.nlm.nih.gov/pubmed/35108226
https://doi.org/10.1371/journal.pone.0066627
https://www.ncbi.nlm.nih.gov/pubmed/23826104
https://doi.org/10.2174/1389557515666150519110640
https://doi.org/10.1186/1939-4551-7-27
https://doi.org/10.21037/tp-21-396
https://doi.org/10.3389/fped.2020.00447
https://doi.org/10.1111/j.1399-3038.2006.00456.x
https://doi.org/10.1186/s40413-016-0108-1
https://www.ncbi.nlm.nih.gov/pubmed/27274360
https://doi.org/10.3390/ijms22084288
https://doi.org/10.1016/j.jaci.2011.03.049
https://doi.org/10.4193/Rhin21.054
https://doi.org/10.1016/j.mehy.2018.04.021
https://www.ncbi.nlm.nih.gov/pubmed/29857893

	Introduction 
	Materials and Methods 
	Literature Search 
	Eligibility Criteria and Study Selection 
	Data Extraction 
	Quality of Assessment 
	Statistical Analyses 

	Results 
	Systematic Review of the Literature 
	Quality of the Studies 
	Overall Analysis 
	Meta-Regression 
	Subgroup Analysis with Concomitant Medications 

	Discussion 
	Appendix A
	References

