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Abstract

Background: Vitamin D deficiency is a suggested cause and risk factor for various ear diseases. This review assessed
the role of vitamin D in ear diseases such as otitis media (OM); this study aimed to assess potential relationships
between serum vitamin D level and OM risk; and determined the usefulness of vitamin D supplementation for ear
disease prevention and treatment.

Material and methods: This systematic review searched the PubMed, EMBASE, Google Scholar, Web of Science, and
the Cochrane Database for studies on vitamin D deficiency as a risk factor for ear diseases. A total of 55 articles were
screened based on their titles. The abstracts were then reviewed to identify the 11 articles analyzed in the present
study.

Results: Statistical heterogeneity was observed among the 11 studies for subgroup analysis of plasma vitamin D
level according to disease type (acute otitis media [AOM], P < 0.00001; chronic otitis media [COM], P = 0.00001) and
age (< 5years, P < 0.00001; > 5 years, P < 0.00001). Heterogeneity was also observed in the frequency of participants
with sufficient plasma vitamin D levels according to disease type (AOM, P < 0.00001; COM, P = 0.00001) and age (< 5
years, P < 0.00001; > 5 years, P = 0.003; > = 70%: substantial heterogeneity).

Conclusion: Vitamin D deficiency is common in otolaryngology patients, for which supplementation showed prom-
ising results. Vitamin D deficiency was associated with the etiopathology of ear diseases in adults and children. We
recommend empirical supplementation of vitamin D in otolaryngology patients and further studies investigating this

supplementation.
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Background

Vitamin D is an essential nutrient with a well-known reg-
ulatory function in calcium and phosphate metabolism. It
has been recognized as a steroid hormone with the iden-
tification of vitamin D receptors in many tissues, includ-
ing lymphocytes, kidneys, ovaries, stomach, thymus,
pancreas, skin, and parathyroid glands [1]. The vitamin
D endocrine system contains three forms of vitamin D,
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namely, cholecalciferol, calcidiol (25-hydroxyvitamin D),
and calcitriol (1,25-dihydroxy vitamin D).

Vitamin D deficiency is common in the Middle East,
particularly among women, and most vitamin D defi-
ciency patients are asymptomatic. Long-term mild
vitamin D insufficiency, on the other hand, can cause
hypocalcemia and hyperparathyroidism. This, especially
in the elderly, may raise the risk of osteoporosis, falls, and
fractures. In patients with long-term and severe vitamin
D deficiency, secondary hyperparathyroidism manifests
as bone pain, arthralgias, myalgias, weariness, muscu-
lar twitching, and weakness. Fragility fractures can be
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caused by chronic vitamin D insufficiency, which leads to
osteoporosis [2].

Sun exposure is the main source of vitamin D, and
there are various factors linked with maintaining a nor-
mal level of vitamin D [3]. Fatty fish, fish liver oil, and egg
yolk are also high in vitamin D, making them the most
important natural dietary sources [4]. Due to a range of
lifestyle risk factors, vitamin D insufficiency is becoming
a worldwide health concern [3]. Among these are differ-
ences in sun exposure, sunscreen use, and skin pigmenta-
tion, as well as age, obesity, and the incidence of certain
chronic diseases [5].

Vitamin D affects the body’s anti-inflammatory func-
tion, in addition to its other functions, by controlling the
production of cytokines and immune cells, both of which
are crucial in the pathophysiology of many immune-
related illnesses [6].

Vitamin D receptor (VDR) and CYP27B1 are expressed
in a wide range of immune cells, indicating that vitamin
D regulates immune function [7]. According to mecha-
nistic study, vitamin D controls inflammatory processes
associated in cancer progression, such as cytokines,
prostaglandins, MAP kinase phosphatase 5 (MKP5), the
nuclear factor kappa B pathway, and immune cells. Vita-
min D has been shown in a number of studies to inhibit
tumor growth by interfering with the inflammatory sys-
tem [7].

Numerous studies have investigated the association
between vitamin D and human diseases, including in
the otolaryngological field. The incidence of vitamin D
deficiency is high in patients visiting outpatient otolar-
yngology clinics [8]. Several studies have demonstrated
the correlation between vitamin D deficiency and BPPV
development and recurrence [9], Meniere’s disease [10],
tympanosclerosis [11], and otosclerosis [12].

Otitis media (OM), an inflammation of the middle ear,
is the most common pediatric disease and the leading
cause of pediatric visits [13]. Vitamin D reduces inflam-
mation by decreasing the production of interleukins and
interferon-gamma [14]. The administration of vitamin D,
in addition to common treatments, is a good option for
the treatment of upper respiratory tract infections such
as OM [15].

Methods
A systematic review was conducted after extracting data
from five databases (PubMed, EMBASE, Google Scholar,
Web of Science, and the Cochrane Database) as high-
quality sources for the publications used in this study.
The first selection focused on the article titles and
abstracts in English language. In this stage, all articles
that did not directly address the subject of interest were
excluded and duplicate titles were removed using Google
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Drive software. Furthermore, a total of 55 articles were
identified using the following terms: (“otitis media” or
“tympanitis” or “acute otitis media” or “AOM” or “adhe-
sive otitis media” or “OME” or “catarrhal otitis media” or
“catarrh tympanitis” or “middle ear inflammation”) AND
(“vitamin D” or “ergocalciferol” or “calciferol” or “chole-
calciferol”). Articles that did not have one of these topics
as their primary endpoint, repeated studies, and review
studies were excluded.

No software was used to analyze the data. The data
were extracted using a specific form containing the arti-
cle title, author’s name, objective, summary, results, and
outcomes. These data were reviewed by group members
to determine the initial findings. Double revision of each
member’s outcomes was applied to ensure the validity
and minimize mistakes.

Results
The initial search identified 55 potentially relevant stud-
ies; among these, 11 studies including 17,614 study par-
ticipants were included in the final analysis. The included
studies included one randomized controlled trial [13],
two prospective cohort studies [16, 17], seven case-con-
trol studies [15, 18-23] and one observational cohort
[24]. Four studies included patients with AOM, while
seven included patients with chronic otitis media (COM).
Four studies included patients aged < 5 years, and seven
studies were included patients aged > 5 years. The sam-
ple size of all studies ranged from 40 to 16,063. The study
participants’ ages ranged from 2.2 to 50.2 years.

The plasma vitamin D levels of patients with AOM
and COM were both significantly lower than those in

the control group (mean difference [MD] = — 10.63;
confidence interval [CI] = — 19.29, — 1.97; P = 0.02
and MD = — 3.63; CI = — 7.02, — 0.24; P = 0.04,

respectively) (Fig. 1). However, one case-control study
observed high plasma vitamin D levels among patients
with COM compared to the control group (MD = 3.80;
CI = 2.13, 5.47), while another study showed no sig-
nificant difference in plasma vitamin D level between
patients with COM and the control group (MD = 0.71;
CI: .70, 0.72). The pooled MD for all patients with OM
was — 6.26; CI — 10.51, — 2.00; P = 0.004, subgroup
difference: AOM vs. COM; P = 0.14; no significant dif-
ference) (Fig. 1), indicating a significant association
between patients with OM (i AOM or COM) and lower
plasma vitamin D levels.

In terms of patient age, children aged < 5 years with
OM showed a significant association with lower plasma
vitamin D levels compared to those in the control
group (MD = — 13.14; CI: — 19.09, — 7.19). In contrast,
those children at the age of > 5 years with OM had no
significant association with the level of plasma vitamin
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Case Control Mean Difference Mean Difference
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1.6.1Mean Vit D level of AOM
Cayiretal, 2013 114 98 B84 202 139 108 94% -17.80(-21.16,-14.44] ——
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Marchisio etal., 2013 187 7 58 368 85 58 95% -18.10[20.93,-15.27] —_—
Salem et al, 2018 2337 1627 30 2482 1174 10 6.7% -1.45[-10.77,7.87] ——
Subtotal (95% Ci) 260 257  351% -10.63[-19.29,-1.97] Bl

Heterogeneity. Tau®= 71.40, Chi*= 64.63, df= 3 (P < 0.00001); F= 95%
Test for overall effect. Z= 2.41 (P=0.02)

1.6.2 Mean Vit D level of COM
Abu-Elnasretal, 2015 15 9 40 28 9 40 92% -13.00[-16.94,-9.05) s

Akcanetal 2018 1898 106 174 2807 141 80 93% -9.09 [-12.56,-5.62] e

Asghari etal,, 2017 979 436 32 1361 633 42 96% -3.82 [-6.26,-1.38] ——
Elemraid et al,, 2011 146 587 75 108 445 T4 98% 3.80(213,5.47) -
Hosseinietal, 2015 261 1486 40 295 179 80 83% -3.40[-9.39, 2.59] —_——
Parketal, 2015 17.95 032 8031 17.24 013 8032 100% 0.71[0.70,0.72) »
Walker et al, 2017 7167 2224 178 7417 2681 179 B7% -2.507.59,2.59] S
Subtotal (95% CI) 8570 8527 64.9% -3.63[.7.02,-0.24] i

Heterogeneity: Tau*=17.73; Ch*= 106.81, df= 6 (P < 0.00001), F= 94%
Test for overall effect Z= 210 (P = 0.04)

Total (95% C1) 8830 8784 100.0%  -6.26[-10.51,-2.00] =i

Heterogeneity: Tau®= 47.37, Ch”=399.24, df=10 (P = 0.00001), F=97%

Testfor overall effect. Z= 2.88 (P = 0.004)

Testfor subaroup differences: Chi*=2.18,df=1(P=014). F=54.0%
Fig. 1 Forest plot of plasma vitamin D levels by disease type (AOM vs. COM). AOM, acute otitis media; COM, chronic otitis media; SD, standard
deviation; Cl, confidence interval
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D (MD = — 2.08; CI:-4.83, 0.67; P = 0.14). However, in As shown in Fig. 3, fewer participants with AOM had
the test for age group differences, those aged < 5 years  sufficient plasma vitamin D levels compared to the con-
had significantly lower plasma vitamin D levels than trol group (odds ratio [OR[ = 0.24; CI = 0.06, 0.92, P =
those aged > 5 years (P = 0.0009) (Fig. 2). This indi-  0.04). In contrast, there was no significant difference in
cated that younger children (< 5 years) with OM had  the number of participants with sufficient plasma vitamin

lower plasma vitamin D levels. D levels between the COM and control groups (OR =
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Fig. 2 Forest plots of plasma vitamin D levels by age group (< 5 vs. > 5 years). SD, standard deviation; Cl, confidence interval
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Fig. 3 Forest plot of the number of participants with sufficient plasma vitamin D level by disease type (AOM vs. COM). AOM, acute otitis media;
COM, chronic otitis media; SD, standard deviation; Cl, confidence interval

0.62; CI: 0.26, 1.51, P = 0.30). However, the test for group
differences showed that all patients with OM (AOM
and COM) had significantly lower numbers of patients
with sufficient plasma vitamin D levels (pooled OR =
0.44; CI = 0.22, 0.88, P = 0.02; subgroup difference: P =
0.24) (Fig. 3). In terms of patient age, the number of par-
ticipants with sufficient plasma vitamin D levels did not
differ significantly between children with OM aged < 5
and > 5 years and the control group (OR = 0.10; CI: 0.01,
1.07; P = 0.06; OR: 0.74; CI: 0.41, 1.35, P = 0.33, respec-
tively; subgroup difference: P = 0.11) (Fig. 4). In the sub-
group analysis for both disease types and age groups, a
small proportion of OM patients had sufficient plasma
vitamin D levels.

Statistical heterogeneity was observed among the 11
studies based on the results of subgroup analysis includ-
ing plasma vitamin D level for disease type (AOM: < 5 vs.
> 5 years, P = 0.003, I* = 70%; substantial heterogeneity).

Discussion

Vitamin D plays an indispensable role in innate immunity
by producing antimicrobial peptides (AMPs) involved in
destroying the invading microorganisms, modulating the
inflammatory pathways, and increasing the conciliary
clearance [25].

Recent decades have seen increased interest in the
positive effects of vitamin D, not only on calcium metab-
olism but also on immune regulation, especially in auto-
immunity. The role of vitamin D in infectious diseases
has not been thoroughly investigated, but accumulating
evidence suggests that 1,25-dihydroxy vitamin D3 exerts
a protective effect during several types of infections [26].

This meta-analysis and systematic review investigated
the association between vitamin D deficiency and ear dis-
eases based on the analysis of one randomized controlled
trial, two prospective cohort studies, seven case-control
studies, and one observational cohort.

Our findings demonstrated an association between
lower plasma vitamin D levels and AOM and COM com-
pared to the controls (P = 0.02) and (P = 0.04), respec-
tively. Another systematic review and meta-analysis
conducted by Li et al. [25] showed that OM was asso-
ciated with lower vitamin D levels. A similar system-
atic review of the evidence linking particular nutrient
deficiencies, including vitamin D, with middle-ear dis-
eases and infections, specifically chronic suppurative
otitis media (CSOM), reported that no human-specific
examinations on vitamin D deficiency or status demon-
strated its association with CSOM. Additionally, of the
89 articles identified by the systematic search, 5 studies
reported data of 16,689 individuals who were included in
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Fig. 4 Forest plot of the numbers of participants with sufficient plasma vitamin D level according to age group (< 5 vs. > 5 years)

the meta-analysis, observing that plasma vitamin D level
might have a vital role in AOM progression [27].

Cayir et al. [15] compared vitamin D serum levels in 84
children with recurrent OM to those in 108 healthy chil-
dren. They observed a statistically significant association
between the two groups. Moreover, they also found that
there is a decreasing OM recurrence on providing sup-
plementary treatment with vitamin D. They also demon-
strated that vitamin D deficiency could be a risk factor for
upper respiratory tract infections, including OM. Mar-
chisio et al. [13] conducted a randomized control trial of
116 children with AOM. They administered 1000 IU/day
vitamin D supplements to 58 children; the other partici-
pants were administered a placebo. They found that chil-
dren who received vitamin D supplementation had lower
AOM rates. Additionally, the risk of AOM was signifi-
cantly lower in participants with serum vitamin D levels
> 30 ng/mL. Walker et al. [22] conducted a case-control
study to investigate the relationship between vitamin D
and OM. Their findings showed significant associations
between vitamin D deficiency and several respiratory dis-
eases, including otitis media with effusion (COME) (P =
0.01).

Abu-Elnasr et al. [18] conducted a case-control study to
assess vitamin D serum levels in 40 children with recur-
rent OM compared to 40 healthy children. They observed
a statistically significant association between the two

groups. They administered 50,000 IU oral vitamin D
weekly for 3 months to 17 children, while 18 children
received a placebo. They observed significantly lower
serum levels of 25 (OH) vitamin D in the supplementa-
tion group compared to those in the control group (P <
0.05). Low vitamin D levels increased the odds of OME
occurrence by two times. Park et al. [24] assessed the
vitamin D serum level in 16,063 participants aged > 20
years; the weighted prevalence of COM was 3.8%. High
levels of vitamin D were associated with the development
of COM, and this association was significant (P < 0.01).

In contrast, a case-control study conducted by Elem-
raid et al. [21] identified CSOM as a critical health condi-
tion among Yemeni children and recorded higher plasma
vitamin D levels among patients with COM compared to
those in the controls. They also found that children with
vitamin D deficiency had a longer duration of infection.
However, this relationship dissipated after adjusting for
age. Generally, this high prevalence of vitamin D defi-
ciency was probably due to its therapeutic or nutritional
origin [24]. Alternatively, dark skin of children in the
study population requires needs more prolonged expo-
sure for sunlight penetration into the skin, which is a fac-
tor associated with increased risk of vitamin D deficiency
[27].

Asghari et al. [23] conducted a cross-sectional
study to investigate the relationship between otitis
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media with effusion and vitamin D deficiency. While
they observed lower plasma vitamin D levels in these
patients, this difference was not significant when they
considered seasons. It is well known that the main por-
tion of vitamin D is made in the skin by exposure to
sunlight [27]. Correspondingly, the etiological associa-
tion between vitamin D deficiency and OME may not
be clear in the aforementioned study, as they reported
that 90% of the cases underwent surgery in winter.
Additionally, patients with OME may have a prolonged
course of illness that may affect their nutritional status.
Linday et al. [28] also reported no significant associa-
tion between OME and vitamin D levels. In their case-
control study of 120 children with OME, Hosseini et al.
[20] also observed no significant association between
OME and vitamin D levels.

Regarding age, our findings revealed a significant asso-
ciation between children’s age (< 5 years), the develop-
ment of OM, and lower vitamin D levels compared to
those in the control group (P < 0.00001), indicating that
younger children had lower plasma vitamin D levels.
Akcan et al. [19] reported that the increasing average age
of children was associated with decreased levels of vita-
min D; however, the association was not significant (P =
0.879).

Moreover, we observed no significant association
between the plasma level of vitamin D and OM in chil-
dren over 5 years of age (P = 0.14). The numbers of chil-
dren with OM aged < 5 and > 5 years with sufficient
plasma vitamin D levels did not differ significantly from
that in the control group (P = 0.06) (P = 0.33). Most
of the literature on the effects of vitamin D on infec-
tion in children was limited to age groups < 5 years of
age. The impacts of vitamin D on respiratory infection
vary among children of different ages as the causative
pathogens differ. A prospective evaluation of immuno-
competent hospitalized children with lower respiratory
infections showed that the rate of viral infections was
highest among infants. In comparison, the rate of identi-
fiable bacterial infection was higher among children aged
> 5 years [29].

Salem et al. [17] also reported a statistically significant
relationship between vitamin D levels among children
with AOM than normal children, with younger chil-
dren aged 1-6 years showing abnormal vitamin D levels
compared to older children aged 7—13 years. These age-
related findings could be attributed to the fact that the
two most two prevalent viruses in upper respiratory tract
infections were rhinovirus and adenovirus. Adenovirus
was associated with a higher rate of AOM-complicated
respiratory infections; thus, the prevention of viral upper
respiratory infections was proposed to reduce the inci-
dence of OM in young children [28].
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The results of the present study also revealed a lower
number of patients with AOM with sufficient plasma
vitamin D levels (P = 0.04), likely because invasive
pneumococcal infection, group A streptococcal dis-
eases, and meningococcal infections are commonly
seen in patients with vitamin deficiency, particularly in
the winter months. These bacteria are sensitive to the
microbicidal effects of vitamin D. Additionally, vitamin
D deficiency was reported to be a predisposing factor
for upper and lower respiratory tract infections [22].

In contrast, the number of participants with suffi-
cient plasma vitamin D levels did not differ significantly
between patients with COM and the control group (P
= 0.30). This could be because previous studies world-
wide have reported a gradually decreasing prevalence
of COM annually owing to the widespread use of anti-
biotics enhanced nutritional and hygiene status sec-
ondary to facilitated access to medical centers, and
economic growth.

Conclusion

Vitamin D deficiency is common in otolaryngology
patients, for which supplementation showed promising
results. Vitamin D deficiency was associated with the
etiopathology of ear diseases in adults and children. We
recommend empirical supplementation of vitamin D in
otolaryngology patients and further studies investigat-
ing this supplementation.
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