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Vitamin D Level in Children with Secretory Otitis Media

Yasser Mandour,Mohammed shendy,Safaa Ali,Ayman Mohammady,Samer Badae

Abstract

Background: Vitamin D has anti-inflammatory effects and has a modulation role in the immune

system. In several studies, the role of vitamin D deficiency has been proven in respiratory and
middle ear infections.

Aim: Study the effects of serum levels of vitamin D on the development of secretory otitis media
and the adenoid hypertrophy.

Patients and methods: This prospective case control study included a total of 150 subjects, who

were divided into two groups; cases group which included 100 cases diagnosed with secretory
otitis media and adenoid hypertrophy, and control group which included 50 healthy children. All

cases and controls were subjected to complete history taking, thorough ENT examination, and

tympanometry. In addition, serum vitamin D was ordered for all subjects.

Results: The mean age of the study cases was 7.65 years, which significantly older than controls

(mean age 6.1 — p = 0.002). However, no significant difference was detected between the two
groups regarding gender (p = 1). The commonest season of presentation in the cases group was

winter (70%), while the remaining cases presented at summer. The season of presentation was

significantly different between the two groups (p = 0.017). Regarding vitamin D levels, it was
significantly lower in the cases group (11.82 vs. 23.72 ng/ml in controls — p < 0.001). Using a

cut-off value of 18.85, vitamin D had sensitivity and specificity of 100 and 90% respectively,

with a diagnostic accuracy of 96.7%. All cases showed hypertrophied adenoids on X ray and
type B tympanometry on tympanogram, while all controls showed normal sized adenoids in

addition to type A tympanogram.

Conclusion: Our results suggest that low vitamin D levels are linked to both secretory otitis

media with effusion together with enlarged adenoids. Therefore, measurement of the serum

25(OH)D level should be considered in children with these symptoms.
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Introduction

Vitamin D has been suggested to play an important role in improving the
efficiency of the immune system. Proposed mechanisms of such action include the
production of defensin, cathelicidin, and other antimicrobial peptides.
Additionally, this vitamin improves the function of macrophages through
increasing chemotaxis and phagocytosis [1].

Although the relationship between vitamin D deficiency and infectious conditions
was initially proposed in the context of tuberculosis, low levels of vitamin D are
also shown to be highly associated with lower and upper respiratory tract
infections. Furthermore, vitamin D has been suggested to have a role in some
autoimmune diseases and inflammatory conditions such as allergy and asthma [2].
Otitis media (OM) is one of the most prevalent diseases in childhood and is the
main reason for visiting a doctor, in children under three years of age. Almost 80%
of children up to the age of seven are infected once, but some are infected

frequently [3]. OM is seen as acute otitis media (AOM), recurrent otitis media,

chronic otitis media and secretory otitis media or otitis media with effusion (OME)
[4].

The pathophysiology of OME is associated with eustachian tube dysfunction [5].
The most common causes of this obstruction are adenoid hypertrophy, sub mucosal

cleft palate, allergies, upper respiratory tract infection, tumours, sinusitis, AOM
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and radiation. Obstruction of the eustachian tube causes accumulation of fluid in
the middle ear [6].

In recent years, several studies have been conducted on the risk factors associated
with the weakening of the immune system, in which the role of vitamin D can be

pointed out. Vitamin D reduces inflammation by decreasing the production of
interleukins and interferon gamma [7].

Cayir et al. studied the role of vitamin D in the treatment of children with recurrent
otitis media and concluded that administration of vitamin D, in addition to
common treatments, is a good option in the treatment of upper respiratory tract
infections such as otitis media [8]. In another study by these authors, they studied
the vitamin D levels in children with acute otitis media and concluded that vitamin
D deficiency plays an important role in the incidence of middle ear infections [7].
Marchisio et al. investigated the role of vitamin D in reducing the risk of recurrent
middle ear infections. They suggested that serum levels of vitamin D in children
with acute recurrent otitis media should be tested, and in children with low levels
of Vitamin D deficiency has been shown to be frequent in children with recurrent
AOM, and low serum levels have been associated with an increased number of
AOM episodes [9].

This study was conducted at Benha University Hospitals aiming to study the
effects of serum levels of vitamin D on the development of secretory otitis media

and the adenoid hypertrophy.

Patients and methods

This study is a prospective case-control one designed for patients having
secretory otitis media and adenoid hypertrophy during the period between July
2019 and December 2019.
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A total of 150 subjects were included in the current study. These subjects were
subdivided into two groups:

-Cases group: 100 cases who were diagnosed with secretory otitis media and
adenoid hypertrophy.

-Group (B): 50 children with normal adenoid and normal middle ear pressure.
Cases whose age between 2 and 12 years from both genders were included in the

study. Nevertheless, other ages in addition to cases with normal adenoid or normal
middle ear pressure were excluded.

All cases and controls were subjected to complete history taking, and thorough
ENT examination. Lateral neck X ray as well as tympanometry were also ordered.
Serum levels of 25-OH vitamin D were measured in all participants. A 5-mL blood
sample was obtained from each patient in the clinical pathology laboratory. The
serum level of 25-OH vitamin D was measured using the enzyme linked
immunosorbent assay (ELISA) method via spectrophotometry with Diaplas Kit
(ELISA reader, USA).

Ethical consideration
An informed written consent and local ethical committee approval.

was obtained from all parents of patients before the onset of this study.

Statistical analysis
Data entered and analyzed using Microsoft Excel software. Data were then

imported into Statistical Package for the Social Sciences (SPSS 21.0, IBM/SPSS
Inc., Chicago, IL) software for analysis. Baseline characteristics of the study
population were presented as frequencies and percentages (%) or mean values and
standard deviations (SD) (after testing of normality by Kolmogorov-Smirnov and
Shapiro-Wilk’s tests).
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For comparison of data, Fischer exact’s test (FET) was used to compare two
independent groups of qualitative data (as correction for Chi-Square test). For
guantitative data, independent-Samples t-test (student’s t-test) was used to compare
two groups of parametric and non-parametric quantitative data respectively. The

diagnostic performance of a test, or the accuracy of a test to discriminate diseased
cases from non-diseased cases is evaluated using Receiver Operating Characteristic

(ROC) curve analysis. Sensitivity and Specificity were detected from the curve and

PPV, NPV and accuracy were calculated through cross tabulation.

Results

The mean age of the study cases was 7.65 years, which significantly older than
controls (mean age 6.1 — p = 0.002). However, no significant difference was
detected between the two groups regarding gender (p = 1). The commonest season
of presentation in the cases group was winter (70%), while the remaining cases
presented at summer. The season of presentation was significantly different
between the two groups (p = 0.017).

Regarding vitamin D levels, it was significantly lower in the cases group (11.82 vs.

23.72 in controls — p < 0.001). All cases showed hypertrophied adenoids on X ray
and type B tympanometry on tympanogram, while all controls showed normal

sized adenoids in addition to type A tympanogram. Table (1) illustrates these data.
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Table (1): Comparing cases and controls.

Case with
secretory otitis Contzglogroup Statistical P value

media (100) test

No [ % No | %
Age mean + SD 7.65 +2.97 6.10 + 2.77 Stt=3.08 | 0.002**
Sex n (%)
Male 40 40.0 20 40.0 _
Female 60 600 | 30 | 600 | FET=00] 10
Season n (%)
Summer 30 30.0 25 50.0 _ -
Winter 70 700 | 25 | s00 |FET=S74| 0017
VitDmean+SD |  11.82+ 358 23.72 +6.03 lsg e | <0.001%*
X ray n (%)
Hypertrophied 100 100 0 0.0 FET= <0.001**
Normal 0 0.0 50 100 150.0 '
Tympanometry
Bilateral type A 0 0.0 | 50 100 FET= o
Bilateral type B | 109 | 100 0 0.0 1500 | <0001

On analysing vitamin D level in the cases group, females had significantly

D levels. These data are illustrated at table (2).

Table (2): Vit D levels among cases group.

lower vitamin D values compared to males (11.22 vs. 12.72 — p = 0.04).
Nevertheless, the season of presentation did not have a significant effect of vitamin
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Case with secretory Vit D Statistical
. ] N P value
otitis media (100) test
mean +SD
Sex n (%)
Male 40 12.72 3.35 _ «
Female 60 11.22 3.63 Stt=2.08 )| 0.04
Season n (%)
Summer 30 11.61 3.57
Winter 70 11.91 3.60 Stt=038) 071

On analysing serum vitamin D levels in controls, neither sex nor season of

these data.

Table (3): Vit D differences among control group.

presentation had a significant effect on its level (p > 0.05). Table (3) illustrates

Vit D istical
Control group (50) N ! Staf[:c’ttlca P valle
mean +SD
Sex
Male 20 22.54 3.74 B
Female 30 24 51 711 Stt=1.13 0.26
Season
Summer 25 25.21 4.25 B

Using a cut-off value of 18.85, vitamin D had sensitivity and specificity of

figure (1) illustrate these data.

100 and 90% respectively, with a diagnostic accuracy of 96.7%. Table (4) and
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Table (4): Validity of vit D in detection of cases with secretory otitis media.

Case with secretory

. ) Control group (10) | Statistical
otitis media (20) P value
test
No % No %
<18.85 100 100 5 10.0 FET= <0.001**
>18.85 0 0.0 45 90.0 128.57

AUC (95%Cl)

0.985 (0.97-1.0)

Cut-off point | 18.85
Sensitivity 100
Specificity 90.0
PPV 95.2
NPV 100
Accuracy 96.7
Figure (1): ROC curve for vitamin D as a predictor for secretory otitis media.
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Discussion

Otitis media in children may lead to speech delay and learning problems, and in the
case of chronicity, serious complications, such as hearing loss, adherence or
rupture of the tympanic membrane, ear ossicular problems and even behavioral

problems, are to be expected [10]. Despite the considerable role of vitamin D in
human health, its deficiency is a major health problem worldwide [11].

Vitamin D has anti-inflammatory effects and has a modulation role in the immune
system. The effect of the immune modulating effects of vitamin D applies from its
receptors on the majority immune cells [12]. Vitamin D reduces the activity of
nuclease factor, interleukin and IFN vy, which results in lowering of the
inflammation process [13].

In several studies, the role of vitamin D deficiency has been proven in respiratory
and middle ear infections [7, 9]. Sabetta et al. stated that a vitamin D level of more
than 30 ng/mL significantly (P < 0.0001) reduces the risk of respiratory infections
[14].

This study was conducted at Benha University Hospitals aiming to study the
effects of serum levels of vitamin D on the development of secretory otitis media
and the adenoid hypertrophy.

We included a total of 150 subjects, who were divided into two groups; cases
group which included 100 cases diagnosed with secretory otitis media and adenoid

hypertrophy, and control group which included 50 healthy children.
In another study handling the same perspective, one hundred twenty children with
and without otitis media with effusion were studied in two groups: a study group

(40 individuals) and a control group (80 individuals) [15].
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In our study, the mean age of the included subjects was 7.65 and 6.10 years for
cases and controls respectively. Cases had significantly older age in the current
study (p = 0.002).

Another study reported no significant difference between cases and controls

regarding age (p = 0.180). The mean age of cases and controls was 5.08 and 7.7
years respectively [16].

Conversely, another study reported significant older age in controls compared to
cases. The mean age of the study group was 5.7 * 2.6 years-old and of the control
group was 7.2 £ 2.2 years old (P = 0.002) [15]. Regarding gender distribution in
the current study, it was not significantly different between the two groups (p = 1).
Males represented 40% of cases and control groups respectively.

Another study also reported no significant difference between cases and controls
regarding gender (p = 0.579). Males represented 57.5 and 53.7% of cases and
controls respectively [16].

Regarding season of presentation, it was significantly different between the two
groups (p =0.017). Winter was the commonest one in cases group (70%), while
both winter and summer had the same ratio in controls (50%).

Although there are many risk factors in the development of secretory otitis media,

upper respiratory tract infections are among the most important of them. Upper
respiratory tract infections are more common in winter, so the risk of having otitis

media with diffusion increases in these seasons [16]. This agrees with our study
results.

Furthermore, Season and ethnicity are the two main factors that determine the level
of serum Vit D [17]. In winter and autumn, the lowest Vit D concentration was
observed [16]. Some studies have revealed that vitamin D levels increases in the

summer months and decreases in winter due to sunlight dependence [18, 19].
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When it comes to vitamin D levels in our study, it was significantly higher in
controls (23.72 ng/ml compared to cases (11.82 ng/ml —p < 0.001). Vitamin D
level was significantly higher in boys compared to girls in the cases group (p =
0.04). Using a cut-off value of 18.85, vitamin D had sensitivity and specificity of

100 and 90% respectively, with a diagnostic accuracy of 96.7%.
In another study, the mean serum 25-OH vitamin D level in all patients was

11.96+5.85 ng/ml, with values of 9.79+4.36 and 13.61+6.33 ng/ml in the cases and
control groups, respectively (p=0.003). Overall, only 15 (20.3%) patients had a
normal serum 25-OH vitamin D level, while the remaining patients (79.7%) had a
value below the normal range. Additionally, according to gender, the differences in
25-0OH vitamin D levels between girls and boys overall and in each group were not
significant [20].

Akcan and his associates confirmed our findings as the mean level of vitamin D
was significantly lower in cases (18.98 ng/ml), compared to controls (28.07 ng/mi
—p <0.001) [16].

In a study conducted in Iran in 2004, the different levels of vitamin D deficiency in
cases were as follows, severe, moderate and mild that were reported as 9.5%,
57.6% and 14.2%, respectively [21].

Cayir et al. reported the mean level of Vitamin D in 58 (69%) individuals was
under 20 ng/mL (deficiency), compared to 32 (30%) in the control group [22].

Marchisio et al. performed a randomized controlled trial on 116 children with
recurrent acute otitis media. Fifty-eight children received 1,000 IU/day vitamin D
supplement and others were treated with placebo. The children who received
vitamin D supplement had lower attack rates. Moreover, when the serum level of
vitamin D was greater than 30 ng/ml, the risk of acute otitis media significantly

decreased [9].
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In another study, the mean vitamin D level in the cases group was 26.1 = 14.6
ng/mL with a minimum of 6 ng/mL and a maximum of 67.6 ng/mL. In the control
group, the mean was 29.5 £ 17.9 ng/mL with a minimum of 8.1 ng/mL and a
maximum of 139 ng/mL. Vitamin D levels were not significantly different between

the two groups (P = 0.27). Although there was not a significant relation shown
between vitamin D levels between the two groups in that study, the vitamin D level

In otitis media patients was less than in the control group. Therefore, authors
recommended measuring the level of vitamin D in these patients, and a deficiency
of vitamin D must be treated [15]. The modulator effect of Vit D on the immune
system is well known. The increased chemotactic and phagocytic effects of
monocytes and macrophages have been reported in an enriched active vitamin D
environment. Active Vit D stimulates the synthesis of antimicrobial peptides,
defensing and cathelicidin, from natural killer cells and respiratory tract epithelial
cells [23, 24].

Additional, upregulated calprotectin and S100 protein levels were documented
under the effect of active Vit D. These proteins are very important for effective
natural immune system. There is a positive correlation between Vit D and
Immunity. In the event of Vit D deficiency immune response is impaired and
leukocyte chemotaxis is affected. The rate of infections increases owing to
impaired immunity [25].

Vitamin D deficiency has been shown to establish a predisposition to upper and
lower respiratory tract infection and tonsillitis [26, 27]. A study showed decreased
cathelicidin synthesis in the bronchial epithelial cells in patients experiencing
frequent respiratory tract infections and suggested that inhaler Vitamin D could be
used to increase cathelicidin synthesis [27]. Some studies have also shown that
Vitamin D is effective as an adjuvant therapy in the treatment of several infections
[24, 28].
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Whereas the relationship between vitamin D deficiency and acute otitis media is
undeniable, there is an insufficient body of research to draw the same definitive
conclusion for otitis media. Linday et al. conducted a study on 16 children with a
mean age of 3.7 years who underwent VT insertion, and reported that in 50% of

these children, the serum level of vitamin D was below 20 ng/ml. However, this
study did not demonstrate any significant relationship between the level of vitamin

D and otitis media [29].

In our study, all cases showed adenoid enlargement on x ray. A few studies have
shown the role of vitamin D deficiency in adenotonsillar hypertrophy [30, 31]. In
one study, most of the children who underwent adenotonsillectomy had vitamin D
deficiency, and the level of vitamin D inversely correlated with tonsillar size [32].
In another in vitro study by Nunn et al., vitamin D was shown to prevent the
mitogenic-induced proliferation of tonsillar tissue [30].

Recent studies in adults showed that a large proportion of those with OSA also had
a vitamin D deficiency [33, 34].

A Turkish study found that children with recurrent tonsillitis and allergic rhinitis
had significantly lower 1,25-dihydroxyvitamin D [1,25(0OH)2D] levels than
controls [35]. Another study reported that the sizes of the tonsils and adenoids

were negatively associated with the serum 25(OH)D level [36].
In the current study, Type B tympanometry was detected in all cases (100%),

whereas type A was the only one detected in controls In another study, of 80
children in the control group, 70 (87.5%) were Type A and 10 individuals (12.5%)
were Type CL1. of 40 children in the OME group two patients (5%) were type C2
and 38 individuals (95%) were type B [15].

It has been reported in the literature that type A tympanogram normal pressure in

the middle ear with normal mobility of the eardrum and ossicles. Conversely, type
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B tympanogram may reveal fluid in the middle ear [37]. This agrees with our
findings.

The main drawback of the current study is that we did not assess vitamin D
administration on the resolution of otitis media and adenoid hypertrophy.

Therefore, more studies regarding that matter should be cons=ducted in the near
future.

Conclusion
Our results suggest that low vitamin D levels are linked to both secretory otitis
media with effusion together with enlarged adenoids. Therefore, measurement of

the serum 25(OH)D level should be considered in children with these symptoms.

Page 15 of 20



References

1. Gombart AF, The vitamin D—antimicrobial peptide pathway and its role in
protection against infection. Future microbiology 2009; 4(9): 1151-1165.

2. Esposito S and Lelii M, Vitamin D and respiratory tract infections in childhood.

BMC infectious diseases 2015; 15(1): 487.
3. Erdivanli OC, Coskun Z0O, Kazikdas KC, and Demirci M, Prevalence of otitis

media with effusion among Primary School Children in Eastern Black Sea, in
Turkey and the effect of smoking in the development of otitis media with effusion.
Indian Journal of Otolaryngology and Head & Neck Surgery 2012; 64(1): 17-21.
4. Bluestone CD, Stephenson JS, and Martin LM, Ten-year review of otitis media

pathogens. The Pediatric

5. Poe DS, Abou-Halawa A, and Abdel-Razek O, Analysis of the dysfunctional
eustachian tube by video endoscopy. Otology & neurotology 2001; 22(5): 590-595.
6. Bhat V, Bhandary SK, and Shenoy V, Otitis media with effusion in relation to
socio economic status: a community based study. Indian Journal of Otolaryngology
and Head & Neck Surgery 2012; 64(1): 56-58.

7. Ashhurst-Smith C, Hall ST, Burns CJ, Stuart J, and Blackwell CC, In vitro
inflammatory responses elicited by isolates of Alloiococcus otitidis obtained from

children with otitis media with effusion. Innate immunity 2014; 20(3): 320-326.

8. Cayir A, Turan MI, Ozkan O, Cayir Y, Kaya A, et al., Serum vitamin D levels in
children with recurrent otitis media. European Archives of Oto-Rhino-Laryngology
2014; 271(4): 689-693.

9. Marchisio P, Consonni D, Baggi E, Zampiero A, Bianchini S, et al., Vitamin D
supplementation reduces the risk of acute otitis media in otitis-prone children. The
Pediatric infectious disease journal 2013; 32(10): 1055-1060.

Page 16 of 20



gk wwN -

© o M

10
11
12
13
14

15
16

17
18

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

39
40

41
42

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

10. Rovers M, Haggard M, Gannon M, Koeppen-Schomerus G, and Plomin R,
Heritability of symptom domains in otitis media: a longitudinal study of 1,373 twin
pairs. American journal of epidemiology 2002; 155(10): 958-964.

11. Mithal A, Wahl DA, Bonjour J-P, Burckhardt P, Dawson-Hughes B, et al.,

Global vitamin D status and determinants of hypovitaminosis D. Osteoporosis
international 2009; 20(11): 1807-1820.

12. McGill A, Stewart J, Lithander F, Strick C, and Poppitt S, Relationships of low
serum vitamin D3 with anthropometry and markers of metabolic syndrome and
diabetes in overweightand obesity. Obesity and metabolism 2009; 6(4): 52-53.

13. Timms P, Mannan N, Hitman G, Noonan K, Mills P, et al., Circulating MMP9,
vitamin D and variation in the TIMP-1 response with VDR genotype: mechanisms
for inflammatory damage in chronic disorders? Qjm 2002; 95(12): 787-796.

14. Sabetta JR, DePetrillo P, Cipriani RJ, Smardin J, Burns LA, et al., Serum 25-
hydroxyvitamin d and the incidence of acute viral respiratory tract infections in
healthy adults. PloS one 2010; 5(6): e11088.

15. Hosseini S, Khajavi M, Eftekharian A, and Akbari N, Vitamin D levels in

children with otitis media with effusion: a case-control study. Thrita 2016; 5(1).
16. Akcan FA, Dundar Y, Akcan HB, Uluat A, Cebeci D, et al., Clinical role of

vitamin D in prognosis of otitis media with effusion. International journal of
pediatric otorhinolaryngology 2018; 105: 1-5.

17. Schleicher RL, Sternberg MR, Looker AC, Yetley EA, Lacher DA, et al.,
National estimates of serum total 25-hydroxyvitamin D and metabolite
concentrations measured by liquid chromatography—tandem mass spectrometry in
the US population during 2007-2010. The Journal of nutrition 2016; 146(5): 1051-
1061.

Page 17 of 20



gk wwN -

© o M

10
11
12
13
14

15
16

17
18

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

18. Smith M, Seasonal, ethnic and gender variations in serum vitamin D3 levels in
the local population of Peterborough. Bioscience Horizons 2010; 3(2): 124-131.
19. Klingberg E, Olerdd G, Konar J, Petzold M, and Hammarsten O, Seasonal
variations in serum 25-hydroxy vitamin D levels in a Swedish cohort. Endocrine
2015; 49(3): 800-808.

20. Asghari A, Bagheri Z, Jalessi M, Salem MM, Amini E, et al., Vitamin D levels
in children with adenotonsillar hypertrophy and otitis media with effusion. Iranian
journal of otorhinolaryngology 2017; 29(90): 29.

21. Hashemipour S, Larijani B, Adibi H, Javadi E, Sedaghat M, et al., Vitamin D
deficiency and causative factors in the population of Tehran. BMC Public health
2004; 4(1): 38.

22. Cayir A, Turan MI, Ozkan O, and Cayir Y, Vitamin D levels in children
diagnosed with acute otitis media. J Pak Med Assoc 2014, 64(11): 1274-7.
[Document title]

21

Page 18 of 20



gk wwN -

© o M

10
11
12
13
14

15
16

17
18

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

39
40

41

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

23. Bikle D, Nonclassic actions of vitamin D. The Journal of Clinical
Endocrinology & Metabolism 2009; 94(1): 26-34.

24. Morcos M, Gabr A, Samuel S, Kamel M, and Michail R, Vitamin D
administration to tuberculous children and its value. Bollettino chimico

farmaceutico 1998; 137(5): 157-164.
25. Szodoray P, Nakken B, Gaal J, Jonsson R, Szegedi A, et al., The complex role

of vitamin D in autoimmune diseases. Scandinavian journal of immunology 2008;
68(3): 261-269.

26. Muhe L, Lulseged S, Mason KE, and Simoes EA, Case-control study of the
role of nutritional rickets in the risk of developing pneumonia in Ethiopian
children. The Lancet 1997; 349(9068): 1801-1804.

27.Yim S, Dhawan P, Ragunath C, Christakos S, and Diamond G, Induction of
cathelicidin in normal and CF bronchial epithelial cells by 1, 25-dihydroxyvitamin
D3. Journal of Cystic Fibrosis 2007; 6(6): 403-410.

28. Cannell J, Vieth R, Umhau J, Holick M, Grant W, et al., Epidemic influenza
and vitamin D. Epidemiology & Infection 2006; 134(6): 1129-1140.

29. Linday LA, Shindledecker RD, Dolitsky JN, Chen TC, and Holick MF, Plasma
25-hydroxyvitamin D levels in young children undergoing placement of

tympanostomy tubes. Annals of Otology, Rhinology & Laryngology 2008;
117(10): 740-744,

30. Nunn J, Katz D, Barker S, Fraher L, Hewison M, et al., Regulation of human
tonsillar T-cell proliferation by the active metabolite of vitamin D3. Immunology
1986; 59(4): 479. [Document title]

22

Page 19 of 20



gk wwN -

© o ~M

10
11
12
13
14

15
16

17
18

19
20
21
22
23
24
25
26
27
28
29
30
31
32

32
35
36
37
38
39
40
41

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

31. McCarty DE, Chesson Jr AL, Jain SK, and Marino AA, The link between
vitamin D metabolism and sleep medicine. Sleep medicine reviews 2014; 18(4):
311-3109.

32. Reid D, Morton R, Salkeld L, and Bartley J, Vitamin D and tonsil disease—
preliminary observations. International journal of pediatric otorhinolaryngology
2011; 75(2): 261-264.

33. Piovezan RD, Hirotsu C, Feres MC, Cintra FD, Andersen ML, et al.,
Obstructive sleep apnea and objective short sleep duration are independently
associated with the risk of serum vitamin D deficiency. PloS one 2017; 12(7).

34. Salepci B, Caglayan B, Nahid P, Parmaksiz ET, Kiral N, et al., Vitamin D
deficiency in patients referred for evaluation of obstructive sleep apnea. Journal of
Clinical Sleep Medicine 2017; 13(04): 607-612.

35. San T, Muluk NB, and Cingi C, 1, 25 (OH) 2D3 and specific IgE levels in
children with recurrent tonsillitis, and allergic rhinitis. International journal of
pediatric otorhinolaryngology 2013; 77(9): 1506-1511.

36. Shin J-H, Kim B-G, Kim BY, Kim SW, Kim SW, et al., Is there an association
between vitamin D deficiency and adenotonsillar hypertrophy in children with
sleep-disordered breathing? BMC pediatrics 2018; 18(1): 196.

37. Anwar K, Khan S, ur Rehman H, Javaid M, and Shahabi I, Otitis media with
effusion: Accuracy of tympanometry in detecting fluid in the middle ears of

children at myringotomies. Pakistan journal of medical sciences 2016; 32(2): 466.

Page 20 of 20



