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Purpose of the study: The aim of the study was to propose “the risk formula” for obstructive sleep apnea in
children according to the general and local clinical parameters and findings relevant for obstructive sleep
apnea (OSA) severity. The unmet need for this formula arises from the economic burden of poly-
somnography (device, staff, training, special sleep centers, etc) as the golden standard for the diagnostics.
Materials and methods used: The study was performed from January 2013 until January 2016 in the Sleep
Center, Department for Neuroscience, School of Medicine of the University of Split, Department of Pe-
diatrics, University Hospital Split, Croatia and ENT Dept. University Hospital in Split, Croatia. Inclusion
criteria were: age > two years, AHI >1 diagnosed by polysomnography. Exclusion criteria were: chronic
lung disease, active tonsillitis/pharyngitis at the time of the physical exam and syndromes that affect
breathing. All polysomnograms were scored by a qualified sleep technologist and interpreted by two
board certified sleep physicians independently. Age, sex, BMI, Mallampati score, tonsillar size and ade-
noids size were recorded. All statistical calculations were performed using SPSS 20.
Results: In total 60 children were included in the study. The median of age was 5 years (range 2e9).
There were 19 (32%) girls and 41 (68%) boys.
Of all evaluated predictors, there were statistically significant differences in the values of AHI among
children with different modified Mallampati score (c2 ¼ 28.2; p < 0.001), different size of tonsils
(c2 ¼ 25.3; p < 0.001) and different size of adenoids (z ¼ 2.7; p ¼ 0,006) in univariate regression analysis.
Strong positive association of AHI with modified Mallampati score (standardized B ¼ 0.51; partial
correlation ¼ 0.542, r ¼ 0.631) was found, as well as positive correlation of AHI with tonsillar size
(standardized B ¼ 0.246; partial correlation ¼ 0.295,R ¼ 0.489) in the multivariate forward stepwise
regression analysis.
Conclusion: Even though we are aware that PSG is the gold standard for diagnostics of SDB there is a
significant financial burden for this diagnostic procedure. That is why there is a necessity for establishing
good clinical standards and possible formula for OSA severity evaluation. We propose formula which
includes Mallampati score and tonsillar size for OSA -risk calculation in order to perform early thera-
peutic intervention thereby reducing the risk of long-term negative consequences. We recommend this
formula as the screening formula in circumstances where PSG is not available, in cases when the “waiting
list” is too long or when a child can not cooperate to perform it.
In developing countries like Croatia on time intervention with reduced procedureeassociated costs is of
the utmost importance.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Obstructive sleep apnea (OSA) is a complex disorder whose
etiology is multifactorial and incompletely understood [1]. It is a
part of the syndrome of sleep - disordered breathing which is
characterized by increasing limitation of airflow through the upper
airways, sometimes resulting in complete obstruction of the airway
[2].

Most population studies indicate that 1e4% of children in the
USA have OSA [3]. In most cases it is related to the adenotonsillar
hypertrophy even though there is large number of factors (struc-
tural or non - structural) that can promote obstructive sleep apnea
in children.

Apart from adenotonsillar hypertrophy, modified Mallampati
score (visual assessment of the distance from the tongue base to the
roof of the mouth) and obesity are relevant factors for OSA risk in
children [4e6]. OSA treatment in adults is different than in children
because the etiology is different. Large numbers(bez s) of treatment
options can be suggested to adult patients (conservative treatment
e nasal steroids with or without leukotriene receptor antagonists,
continuous positive airway pressure treatment e especially in
those with persistent OSA, oral appliances, position belts and
weight loss), but the first line treatment in children is still the
surgery e adenotonsillectomy [2].

OSA in children has a very important role not only for present
quality of life, but also for long - time consequences on cognitive,
emotional and physical development. That is why the early diag-
nosis and treatment are mandatory!

The American Academy of Pediatrics clinical practice guidelines
between 2002 and 2012 consider polysomnography (PSG) as the
gold standard for establishing the presence and severity of OSA in
children, due to the difficulty in differentiating pediatric OSA from
primary snoring by means of history and physical exam alone [7,8].
We all agree that the use of PSG is widely accepted for the diagnosis
of OSA. But, there are some issues about the usage of PSG in all
children who are suspected of having OSA. First of all there are not
enough sleep centers to test children in the reasonable time frame
and many sleep centers are not designed to accommodate children
(extra beds for parents, CO2 monitoring and staff specifically
trained to work with children). Because PSG is expensive and
impractical for everyday use, it seems to be significant financial
burden even in Western countries and we can only imagine how it
looks in countries in transition. Because of that and despite the
guidelines [9] some countries do not have the ability to perform the
PSG on every child as recommended. Some centers relymore on the
questionnaires and clinical parameter evaluation. Unfortunately,
there is currently no universally accepted tool that uses history and
clinical exam alone to diagnose pediatric OSA [4]. Screening tool
that would effectively and economically identify children with OSA
would be ideal [4]. This study evaluated the utility of the clinical
parameters and their correlation with severity of disease deter-
mined by PSG.

As a final result, we would like to propose “the risk formula” for
obstructive sleep apnea in children according to the general and
local parameters and findings relevant for OSA severity. The unmet
need for this formula arises from the economic burden of poly-
somnography (device, staff, training, special sleep centers…) as the
gold standard for diagnostics. It could improve our surgical judg-
ment in treatment of OSA without additional economy burden for
the health insurance.

2. Patients and methods

The current prospective study was performed from January
2013 until January 2016 in Sleep Center, Department for
Neuroscience, School of Medicine, University of Split, Department
of Pediatrics, University Hospital of Split, Croatia and ENT Dept.
University Hospital of Split, Croatia. Ethical approval for this study
(Ethical Committee No. 2181-147-01/06/J.B.-14-2) was provided by
the Ethical Committee of the University Hospital of Split (Chair-
person Prof J. Bagatin). All children's parents in this study have
written informed consent.

Initially, 72 patients who came for sleep disordered breathing
were included in the study. Seven patients who had negative sleep
studies (AHI<1) and 5 patients had exclusion criteria and were
excluded from the initial database. In total, 60 children were
included in the study. Inclusion criteria were: age > two years, AHI
>1 diagnosed by polysomnography. Exclusion criteria were:
chronic lung disease, active tonsillitis/pharyngitis at the time of the
physical exam and syndromes that affect breathing (Down, Prader-
Willi, Apert etc.) or nonsyndromic conditions like achondroplasia,
cleft palate, cerebral palsy, choanal atresia, recurrent respiratory
papillomatosis etc.

All polysomnograms were scored by a qualified sleep technol-
ogist and interpreted by two board certified sleep physicians
independently. Age, sex, BMI, modified Mallampati score, tonsillar
and adenoids size were recorded.

OSA was graded using AHI index [2].

- mild e AHI 1 to <5
- moderate e AHI �5 to <10
- severe e AHI �10

Modified Mallampati score was obtained in sitting position.
Scoring depended on visibility of anatomical structures in the
oropharynx [10].

- Grade 1 e tonsils, pillars and soft palate visible
- Grade 2 e uvula, pillars visible
- Grade 3 e only part of the soft palate visible
- Grade 4 e only the hard palate visible

Tonsillar size was scored with mouth open and tongue in
neutral position. Tonsils were graded 0e4, depending on the size
[11].

- Grade 0 e no tonsillar tissue visible
- Grade 1 e tonsils were hidden in the tonsillar fossa and were
barely visible behind the anterior pillars

- Grade 2 e tonsils were visible behind the anterior pillars and
occupied up to 50% of the pharyngeal space (the distance be-
tween the medial borders of the anterior pillars)

- Grade 3 e tonsils occupied between 50 and 75% of the
pharyngeal space

- Grade 4 e tonsils occupied more than 75% of the pharyngeal
space.

The grading system for adenoid hypertrophy was created on the
basis of the anatomical relationships between the adenoid tissue
and the following structures: vomer, soft palate, and torus tubarius
on flexible endoscopy [11].

- Grade 1 e no anatomical structures in contact with adenoid
tissue (<25% obstruction)

- Grade 2e torus tubarius in contact with adenoid tissue (25e50%
obstruction)

- Grade 3 e torus tubarius and vomer in contact with adenoid
tissue (50e75% obstruction)

- Grade 4 e torus tubarius, vomer and soft palate (in rest) in
contact with adenoid tissue (>75% obstruction)
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BMI was calculated from height and weight using percentile
charts for children aged 2e20:

- Grade 1 e BMI < 5th percentile
- Grade 2 e BMI < 5th-85th percentile
- Grade 3 e BMI < 85th-95th percentile
- Grade 4 e BMI > 95th percentile

Pearson correlations andmultiple regression analysis were used
to assess the associations of each anthropometric measurement
(adenoid and tonsil size, modified Mallampati score) of pharynx
with AHI. In order to avoid the biased results, five outliners were
identified and removed only for regression analysis from the initial
database (Mahalanobis and Cox distances). Mahalanobis and Cox
distances are calculated by SPSS automatically as one of assump-
tions for multiple regression. All children with inappropropriate
values had to be removed from regression analysis. For our sample,
it means, that five childrenwith AHI: 26e58,4 (>20) were excluded.
A direct method for the regression analyses was used. It was fol-
lowed by the foreground stepwise method. In this method the first
variable considered for entry into equation is the one with the
largest positive or negative correlation with AHI. The probability of
F-to-enter (<0.05) was used as criterion to enter the next inde-
pendent variables.

Normal distribution was evaluated by Shapiro-Wilk test. Anal-
ysis of statistical significance of difference in quantitative variables
was performed by Kruskal-Wallis andMann-Whitney test U test. c2
test was also used. Effect size for Kruskal-Wallis was expressed by
h2¼ c2/(n-1) and for Mann-Whitney U test was expressed by r¼ z/
sqrt (n). All statistical tests were two-tailed with statistical signif-
icance P < 0.05. All statistical calculations were performed using
SPSS 20.
3. Results

In total 60 children were included in the study. The median age
was 5 years (range: 2e9 years). There were 19 (32%) girls and 41
(68%) boys; their basic characteristics are shown in Table 1.

The boys and the girls were well balanced in terms of age
(z ¼ 0.354; p ¼ 0.723), BMI (z ¼ 1.4; p ¼ 0.155), type of operation
(c2 ¼ 0.010; p ¼ 0.922), OSA severity (c2 ¼ 0.577; p ¼ 0.749) and
AHI values (z ¼ 1.52; p ¼ 0.128), modified Mallampati score
(c2 ¼ 2.7; p ¼ 0.262), tonsillar size (c2 ¼ 2.5; p ¼ 0.484), adenoid
size (c2 ¼ 0.006; p ¼ 0.937).

Age and BMI did not influence on AHI (Table 2).
Comparison of AHI to age and BMI is shown in Table 2, and as-

sociation of AHI with modified Mallampati score, tonsillar and
adenoid size in Table 3.

Age (c2 ¼ 1.73; p ¼ 0.422) and BMI (c2 ¼ 0.24; p ¼ 0.887) had
no statistically significant influence on grade of AHI.

Modified Mallampati score, tonsillar and adenoids size influ-
enced on AHI score as we were expected (Table 3).

Patients with higher modified Mallampati score (c2 ¼ 28.2;
h2¼ 0.478; p < 0.001), tonsils (c2¼ 25.3; h2¼ 0.43; p < 0.001) and
adenoids size (z ¼ 2.7; r ¼ 0.35; p ¼ 0.006) had statistically sig-
nificant higher AHI value.

Post hoc analysis done by Mann-Whitney U test indicated
statistically:

� significant higher AHI in children with modified Mallampati
score 2 then in grade 1 (z ¼ 3.5; r ¼ 0.49; p ¼ 0.001), in children
with modified Mallampati score 3 then in grade 2 (z ¼ 3.8;
r ¼ 0.61; p < 0.001), in childrenwith modified Mallampati score
3 then in grade 1 (z ¼ 4.3; r ¼ 0.77 p < 0.01).
� significant higher AHI in children with tonsillar size 4 then in
grade 1 (z ¼ 3.78; r ¼ 0.76 p < 0.001), in children with tonsillar
size 4 then in grade 2 (z ¼ 4.0; r ¼ 0.75 p < 0.001), in children
with tonsillar size 4 then in grade 3 (z ¼ 4.1; r ¼ 0.85 p < 0.01)
(Tables 4 and 5).

The multiple regression analysis was used to assess the associ-
ation of AHI with predictors (modified Mallampati score tonsillar
size, adenoid size, BMI and age). (n¼ 55). The childrenwith AHI>20
were excluded from the calculations in regression analysis because
of Mahalabonis and Cox distances previously explained (Table 6).

Good positive correlation between AHI and modified Mallam-
pati score (standardized B ¼ 0.51; partial correlation ¼ 0.542.
r ¼ 0.631), low positive correlation between AHI and tonsillar size
(standardized B ¼ 0.246; partial correlation ¼ 0.295. R ¼ 0.489)
were found in the multivariate regression analysis.

To assess the optimal model of AHI association with the inde-
pendent variables from Table 6. Regression forward stepwise
analysis was used. Results are shown in Table 7.

Good positive association of AHI with modified Mallampati
score (standardized B ¼ 0.520; partial correlation ¼ 0.55), and low
positive association with tonsillar size (standardized B ¼ 0.287;
partial correlation ¼ 0.340) was found by multivariate forward
stepwise regression analysis. To assess the relative importance of
modifiedMallampati score and tonsillar size for AHI, R2 was used. If
modified Mallampati score is the only one predictor of AHI, R2 was
0.399. After including tonsillar size R2 became 0.468. It means that
tonsillar size increase R2 for 0.069.

We did not confirm association between AHI and adenoid size in
multivariate regression analysis which we found in univariate
analysis.

4. Discussion

Pediatric OSA is a complex condition that affects 1e4% of chil-
dren in USA [3]. Polysomnography is currently the gold standard for
diagnosis of this condition and although it is non-invasive and
relatively not simple to conduct due to the lack of dedicated sleep
labs, trained personnel and overall high costs procedure is not
eligible for all children in need. So, the unmet need for some kind of
screening method for OSA children or so called “risk formula” for
OSA rise from the economic burden of polysomnography, which is
of the utmost importance in transition countries like Croatia.

The present study confirms that several different factors can be
used as predictors for the severity of OSA. However, some factors in
this study, like age and BMI showed no statistically significant in-
fluence on grade of AHI and can't be used as independent pre-
dictors for OSA which is in line with previous studies that showed
no connection between age or BMI and AHI grade [12e14].

But, what we did expect that could be used for prediction of OSA
severity were the local clinical findings shown through: modified
Mallampati score and tonsils and adenoid size. And we have shown
significant correlation of these parameters with AHI values. This
means that the higher differences in modified Mallampati score,
tonsillar and adenoid size meant higher median difference of AHI
values. The difference of medians between modified Mallampati
score 3 and 1 was 4.4 times higher than the difference of medians
between modified Mallampati score 2 and 1. In previous studies by
Mitchell RB and Howard and Brietzke no correlation between ex-
amination findings and PSG outcomes was confirmed [12,15].
Furthermore, Howard and Brietzke reported that some patients had
low tonsillar size and severe OSA and some had large tonsils (4þ)
with no OSA [15]. Study by Certal V et al. also showed no connection
between tonsillar size and points that the diagnosis of pediatric
OSA should be based on other more reliable noninvasive methods



Table 1
Patient's demographic, clinical and polysomnographic characteristics.

Total Boys Girls P

N 60 41 19
Age (years) 5 (2e9) 5 (2e9) 5 (3e9) 0.723a

BMI (kg/m2) 15.4 (11e25) 15.5 (11e25) 14.4 (12e20) 0.155a

Operation n (%) Adenoidectomy 20 (33) 13 (32) 7 (37) 0.922b

Tonsilloadenoidectomy 40 (67) 28 (68) 12 (63)

OSA n (%) 1 - 5 (mild) 23 (38.3) 15 (36,6) 8 (42,1) 0.749b

5 - 10 (moderate) 24 (40) 16 (39) 8 (42.1)
>10 (severe) 13 (21.7) 10 (24,4) 3 (15,8)

AHI 6.15 (1.2e58,4) 7.2 (1.3e58.4) 5.5 (1.2e31) 0.128a

Modified Mallampati score n (%) 1 21 (35) 13 (32) 8 (42) 0.262b

2 29 (48) 19 (46) 10 (53)
3 10 (17) 9 (22) 1 (5)

Tonsillar size n (%) 1 12 (20) 6 (14,6) 6 (32) 0.484b

2 15 (25) 11 (26,8) 4 (21)
3 20 (33) 15 (36,6) 5 (26)
4 13 (22) 9 (22) 4 (21)

Adenoid size n (%) 2,3 13 (22) 9 (22) 4 (21) 0.937
4 47 (78) 32 (78) 15 (79)

a Mann - Whitney U test.
b c2 test; Age, AHI-values and BMI are expressed as median (min-max).

Table 2
Grade of AHI according to age and BMI.

AHI P

1 to< 5 �5 to <10 �10

Age (years) 5 (3e9) 5 (3e9) 5 (2e9) 0.422a

BMI 15.3 (11e20.5) 15.4 (11.7e25) 15.3 (12.8e20) 0.887a

a Kruskal-Wallis test; Age and BMI are expressed as median (min-max).

Table 3
Association of AHI with modified Mallampati score, tonsillar and adenoid size.

Grade AHI Median (min-max) Pa

Modified Mallampati score 1 (n ¼ 21) 3.3 (1.2e7.8) <0.001
2 (n ¼ 29) 6.3 (2e14.1)
3 (n ¼ 10) 16.6 (7.3e58.4)

Tonsillar size 1 (n ¼ 12) 3.2 (1.2e14.1) <0.001
2 (n ¼ 15) 7 (2e10.8)
3 (n ¼ 20) 5.5 (1.6e13.5)
4 (n ¼ 13) 14.6 (6e58.4)

Adenoid size 2.3 (n ¼ 13) 3.4 (1.2e20.2) 0.006
4 (n ¼ 47) 7.5 (1.3e58.4)

a Kruskal-Wallis; Mann-Whitney test.
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[16]. However, study by Villa MP shows significant correlation be-
tween tonsillar size and modified Mallampati score and OSA [13].
The study by Kumar HVM et al. showed the similar results that
Table 4
Association of modified Mallampati score and difference of AHI medians.

Modified Mallampati score AHI median (min-maks)

2 6.3 (2e14.1)
1 3.3 (1.2e7.8)

3 16.6 (7.3e58.4)
2 6.3 (2e14.1)

3 16.6 (7.3e58.4)
1 3.3 (1.2e7.8)

a Mann-Whitney test; AHI is expressed as median (min-max).
Mallampati score and tonsillar size are connected to the severity of
OSA and concludes that these two can be used as independent
predictors both for presence and for severity of OSA in children [4].
This statement is also confirmed in this study by post-hoc analysis
byMann-Whitney U test showed rise in AHI in childrenwith higher
modified Mallampati score and tonsillar size.

Previous studies' results were somewhat inconclusive due to
different results and limited due to the fact that no study included
all the parameters at once in an attempt to create a screening
method (formula) that could be used as a counterpart to poly-
somnography. That is why, in our study we have tried to investigate
in our population clinical correlation of OSA predictors with results
of PSG (AHI values) in order to find out “risk formula” (screening
method) that would help us estimate which children are at risk for
OSA and OSA severity level. The unmet need for this formula rise
from the economic burden of polysomnography (device, staff,
training, special sleep centers …) as the gold standard for
diagnostics.

Multivariate regression analysis was done to test the possibility
of usage of modified Mallampati score, tonsillar and adenoid size,
BMI and age as independent predictors of AHI. After that, forward
stepwise regression analysis was done. The association between
adenoids size BMI and age with AHI was not found. These results
are in line with studies previously mentioned in this discussion.

The results of forward stepwise regression analysis were given
in this formula:

AHI¼ 3.2�modifiedMallampati scoreþ 1.13� tonsillar size� 1.65
Difference of AHI medians (95%CI) Pa

3 (0.16e5.9) 0.001

10.3 (0.87e19.7) <0.001

13.3 (3.8e22.8) <0.001



Table 5
Association of tonsillar size and difference of AHI medians.

Tonsillar size AHI median (min-maks) Difference of AHI medians (95%CI) Pa

4 14.6 (6e58.4) 11.4 (2.4e18.8) <0.001
1 3.2 (1.2e14.1)

4 14.6 (6e58.4) 7.6 (0.35e14.8) <0.001
2 7 (2e10.8)

4 14.6 (6e58.4) 11.1 (0.32e14) <0.001
3 5.5 (1.6e13.5)

a Mann-Whitney test; AHI is expressed as median (min-max).

Table 6
Modified Mallampati score. tonsillar size. adenoid size. BMI and age as independent predictors of AHI in multivariate regression analysis.

Coefficient

Regression B (SE) 95% CI P Standardized B Partial correlation r-Pearson correlation (P)

Modified Mallampati score 3.14 (0.69) 1.8e4.5 <0.001 0.51 0.542 0.631
Tonsillar size 0.97 (0.44) 0.08e1.9 0.033 0.246 0.295 0.489
Adenoid size 1.24(1.04) �0.85e3.34 0.238 0.129 0.167 0.380
BMI(kg/m2) 0.009(0.15) �0.29e0.31 0.954 0.006 0.008 0.12
Age (years) �0.34(0.22) �0.79e0.11 0.132 �0.15 �0.21 �0.11
Constant �1.6(3.1) �7.8e4.5 0.595

F ¼ 10.3; P < 0.001; R ¼ 0.713; R2 ¼ 0.508 (SEE: 2.9); R2 ¼ 0.459.

Table 7
The results of forward stepwise regression analysis for association of AHI with predictors.

Predictors Coefficient

Regression B (SE) 95% CI P Standardized B Partial correlation

Modified Mallampati score 3.2 (0.67) 1.9e4.5 p < 0.001 0.520 0.55
Tonsillar size 1.13(0.43) 0.27e2 0.011 0.287 0.340
Constant �1.65(1.3) -4e0.94 0.207

F ¼ 23.3; P < 0.001; R ¼ 0.684; R2 ¼ 0.468; R2 adjusted ¼ 0.448; SEE ¼ 2.96.
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Effect size of modified Mallampati score as predictors of AHI is
R2 ¼ 0.399 when it is the only one predictor of AHI in the model.
After including tonsillar size R2 increased on 0.468. Effect size of
tonsillar size on AHI was R2 ¼ 0.069. It means that 39,9% of vari-
ability in AHI is explained by modified Mallampati score and 6,9%
by tonsillar size in our study by this formula. With this formula in
our study 53,2% of variability of AHI score is not explained.

In our group of predictors, the multivariate regression analysis
showed that modified Mallampati score had the greatest impact on
the AHI followed by the size of the tonsils. This does not mean that
the influence of the adenoid size is not important as shown in the
univariate analysis and there is a clinical explanation for that.
Specifically, in the multivariate analysis the influence of adenoid
size was probably not confirmed because the highest number of
children (n ¼ 48) had adenoid size “4”.

Based on the results of the tested population it can be safely
concluded that there was association of modified Mallampati score
and tonsillar size with AHI.

Without diminishing the importance of PSG as the gold stan-
dard [17] procedure, we suggest using this formula as a screening
method in combination with good heteroanamnesis and clinical
predictors for OSA in children in situations when PSG is not avail-
able, if the “waiting list” is too long or a child can not cooperate to
perform it.

To get more “reliable formula” for conclusion from sample to
population maybe we have to repeat the study in the future with a
larger sample size, more children with AHI>20 as well as children
with smaller adenoids and also more clinical predictors.

However, although these results are encouraging, as there were
studies with different conclusions, a systematic, high quality,
diagnostic study with control group is still necessary to confirm the
possibility of using clinical parameters in diagnostic of pediatric
OSA as opposed to PSG as expensive and impractical method in
countries that cannot afford it.

5. Conclusion

Even though we are aware that PSG is the gold standard for
diagnostics of SDB there is a significant financial burden for this
diagnostic procedure. That is why there is a necessity for estab-
lishing good clinical standards and possible formula for evaluation
OSA severity. We propose formula which includes modified Mal-
lampati score and tonsillar size for OSA-risk calculation in order to
perform early therapeutic intervention thereby reducing the risk of
long-term negative consequences. On time intervention with
reduced procedureeassociated costs is of the utmost importance in
developing countries like Croatia. To get more “reliable” formula”
for conclusion from sample to population maybe we have to repeat
study in the future with a larger sample size.
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