
         � 1123  © 2026 Medical Journal of Babylon | Published by Wolters Kluwer - Medknow

Address for correspondence: Dr. Khaleel I. Alsuwayfee,  
Department of Pediatrics, College of Medicine,  

Ninevah University, Mosul 00964-60, Iraq.
E-mail: Khalilalhadidy@yahoo.com

Original Article

Pulmonary Arterial Hypertension and Body Mass Index in 
Children with Adeno-Tonsillar Hypertrophy

Khaleel I. Alsuwayfee1, Saad Y. Sulaiman2, Haitham Alnori3,4

Department of Pediatrics, College of Medicine, Ninevah University, 1Department of Pediatrics, Alkhansaa Teaching Hospital, 2Department of Surgery, College of 
Medicine, Ninevah University, 3Department of Surgery, College of Medicine, University of Mosul, 4Department of ENT Surgery, Aljamhori Teaching Hospital, Mosul, Iraq

Abstract 

Background: Low body mass index (BMI) and pulmonary arterial hypertension (PAHT) are common findings among children with 
adenotonsillar hypertrophy (ATH). There are limited studies about the associations between these comorbidities. Objective: To evaluate 
the association between PAHT and low BMI in children with ATH. Materials and Methods: Seventy-nine children with ATH and 79 
normal children (control) from both sexes were evaluated. ATH patients were evaluated by ear, nose, and throat surgeons and both 
ATH and control group were evaluated by pediatric cardiologists. The mean pulmonary artery pressure (MPA pr) was measured non-
invasively by an echocardiography machine. Results: Children with low BMI (<5%) were significantly more among the ATH group 
(32.9%) with an odds ratio =3.38 and (P = 0.01) and their MPA pr was also significantly higher than the MPA pr of the control group 
(20.88 ± 7.36 and 16.27 ± 2.4 mm Hg) with P = 0.04. Among the ATH group, the MPA pr (24.8 ± 5.99 mm Hg) among the underweight 
patients was significantly higher than that (19.33 ± 5.92 mm Hg) of non-underweight children (P = 0.00) and low BMI cases were more 
frequent among PAHT group (P = 0.03). There is no significant correlation between low BMI and MPA pr. The grade of tonsils and 
adenoids was not significantly associated neither with the development of PAHT (P = 0.22 and 0.3) nor with the development of low 
BMI. Conclusion: Low BMI and PAHT are frequent among ATH patients. Although not correlated to each other, these associated 
comorbidities need special attention to prevent more serious future outcomes. 
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Introduction
The pulmonary arteries deliver the deoxygenated 
blood from the heart’s right ventricle to the lungs for 
oxygenation.[1] The pulmonary vasculature constricts 
in response to hypoxia contrary to the systemic 
circulation, where it dilates to increase oxygen delivery 
to sustain normal tissue metabolism.[2] Prolonged 
upper airway obstruction can cause hypoxemia, 
hypercapnic respiratory acidosis, and pulmonary 
arterial vasoconstriction, which may cause pulmonary 
hypertension.[3] Adenotonsillar hypertrophy (ATH) is 
considered as the most common cause of  pediatric upper 
airway obstruction and is described as an abnormal 
growth of  the pharyngeal tonsil “adenoid” and palatine 
tonsils due to the hyperplastic process of  the lymphoid 
cells of  these tissues.[4-6] This process is enhanced 
between the age of  1 and 4 years due to the increasing 

activities of  the immune system which can be triggered 
by different factors such as recurrent bacterial infections 
and passive cigarette smoking.[7] ATH is considered as 
one of  the most important causes of  failure to thrive 
due to low caloric intake resulting from difficulty eating 
a normal diet owing to obstruction caused by tonsils 
and adenoid, increased energy required to breathe 
against obstruction all night and, exercising to breathe, 
hypoxemia and its interference with the normal release 
of  endocrine growth factors.[8,9] Decreased airflow 
due to ATH and the resultant hypoxemia will cause a 
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reduction of  growth hormone release.[9] This anabolic 
hormone stimulates growth either directly by binding 
to receptors within the cell membrane and stimulating 
the proliferation of  the target cells or indirectly through 
synthesizing insulin-like growth factor 1 in the liver 
which stimulates protein synthesis, leading to bone and 
muscle growth.[10,11] Previous studies have evaluated 
ATH and PAHT associations with reported prevalence 
of  PAHT in the studied samples of  21.9%‐42.3%, or 
they studied low BMI among ATH patients and found 
a prevalence of  around 24%, yet no one evaluated all of 
these comorbid disorders together.[8,9,11-17]

We are aiming in this study to investigate the associations 
between PAHT, low BMI, and ATH.

Materials and Methods
This cross-sectional analytical study was conducted in 
the researchers’ hospitals in an outpatient setting over 1 
year starting from March 12021 to February 30, 2022. 
The sample size (158) was calculated with a confidence 
level of 85% and a margin of error of 5.7% for a target 
population of 14,00,000 children according to the 
government’s statistics. Written informed consents from 
the parents of children who were aged 2‐15 years were 
collected for the participation in the study of non-invasive 
evaluation by an authorized pediatric cardiologist using 
a Phillips echocardiography machine Affinity 30 (Philips 
Ultrasound, Inc.) and age-compatible cardiac probes. 
Body mass index (BMI) was calculated as kg/m2. We 
included children in the age range of 24‐180 months in 
our study. Subjects were divided into two groups, the ATH 
group (n = 79) and the non-ATH as control group (n = 79). 
Every other child (to ensure randomization) with ATH 
who visited the ear, nose, and throat (ENT) outpatient 
unit was included and evaluated by the ENT surgeons 
who also graded their adenoid size endoscopically into 
four grades and their tonsillar size also into four grades 
depending on the Brodsky grading scale.[18,19] Involved 
children were then sent for evaluation for their growth 
parameters (weight, height, and BMI) and MPA pr by 
the pediatric cardiologist who was blinded for the above 
grades. Weight and height were measured using UNICEF-
provided balance and stadiometer and their data were 
evaluated using the Center for Disease Control and 
Prevention (CDC) reference data, charts, and calculator. 
Patients were evaluated in the supine position using the 
standard echocardiographic views, tricuspid valve (TV) 
regurgitation and pulmonary valve regurgitation velocities 
were measured in the apical 4 chamber and short axis 
parasternal views, respectively, to get the highest readings.

(Estimated Pulmonary Artery Systolic Pressure (EPASP) 
was calculated using the formula:

EPASP = [(Peak TV regurgitation velocity)2 × 4] + right 
atrial pressure*.

* Right atrial pressure is considered to be equal to 5‐10 
mmHg

MPAP was calculated using the following formulas:

MPAP = 0.61 × ESPAP + 2 mmHg or MPAP = peak 
pulmonary valve regurgitation pressure gradient). 
Whichever higher is recorded. Patients with MPA pr ≥ 25 
mmHg were considered to have PAHT.[20,21]

Normal children (control) were every other one of 
those sent for echocardiographic evaluation because of 
cardiac murmur or chest discomfort and were found to 
be normal.

The exclusion was done for children with either tonsillar 
or adenoid hypertrophy alone. Children with any disease 
that may increase the PA pr and/or decrease the BMI 
are also excluded from the study such as craniofacial 
abnormalities, any cause of upper airway obstruction, 
BMI > 95th centile, congenital heart diseases, respiratory 
disease, neuromuscular disease, chronic renal disease, 
gastrointestinal disease, Down syndrome, etc.

Microsoft Excel 2020 and SPSS (Statistical Package 
of Social Sciences) 26 software packages were used 
for statistical analysis. Two samples T-test was used to 
compare means. Pearson’s correlation coefficient was used 
to study correlations, and linear regression was used to 
study relationships. Statistical significance was set at a P 
value of <0.05.

Ethical approval
The study was conducted in accordance with the ethical 
principles that have their origin in the Declaration of 
Helsinki. It was carried out with patients verbal and 
analytical approval before sample was taken. The study 
protocol and the subject information and consent form were 
reviewed and approved by a local ethics committee according 
to the document number 668 on January 18, 2021.

Results
The mean age of  the ATH group ± SD was 81.9 ± 32.7 
months (95% CI = 74.7‐89.1 months) whereas the control 
(normal) group had a mean age ± SD of  90.5 ± 38.81 
months (95% CI = 81.9‐99.1 months). There was no 
significant difference between the two groups regarding 
their mean age as well as their male/female gender 
ratio (1.13 and 1.32) (P = 0.63, 0.29, respectively). 
Out of  the 79 ATH patients, 22 (27.2%) had PAHT 
whereas the rest (72.8%) had normal MPA pr. None 
of  the normal children were labeled with PAHT. From 
another aspect, the MPA pr was significantly higher (P 
= 0.04) among the ATH group compared to the normal 
group (20.88 ± 7.36 and 16.27 ± 2.4 mm Hg). There was 
a significant association between ATH and low BMI 
(defined as BMI < 5% on the BMI WHO centile growth 
chart). The number of  low BMI cases was significantly 
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higher among the ATH group (P = 0.01) with an odds 
ratio of: 3.38, with a high significance level (P = 0.003) 
[Table 1].

In a subgroup analysis of  the ATH group, as shown in 
Figure 1, the MPA pr (of  24.8 ± 5.99 mm Hg) among 
the underweight patients (BMI < 5%) was significantly 
higher than that (of  19.33 ± 5.92 mm Hg) of  non-
underweight children (BMI ≥ 5%) with P = 0.00. In 
Spearman correlation, we could not find a significant 
correlation between the MPA pr and BMI percentiles 
among this group. Linear regression graph revealed 
a very weak inverse relationship between these two 
variables [Figure 2].

In Table 2, the association between PAHT (defined as 
MPA pr ≥ 25 mm Hg), low BMI (<5%), clinical grading 
of tonsillar size, and endoscopic grading of adenoid size 
among the ATH group was analyzed. Low BMI cases 
were significantly higher among patients with PAHT 
(P = 0.03).

Neither the tonsillar size nor the adenoid size (from grade 
I to grade IV for both) showed significant association with 

the PAHT subgroups (P = 0.22 and 0.3). Further analysis 
of BMI percentiles with the different tonsillar and 
adenoid grades also could not find significant associations 
or correlations between these variables.

Discussion
Chronic airway obstruction in general and due to ATH, 
in particular, can result in serious consequences in terms 
of cellular hypoxia, increased MPA pr with subsequent 
reduction in the patient’s appetite, disturbed body cells 
metabolism, and slowing of body growth and all of these 
changes can improve after adenotonsillectomy.[2,3,7] Low 
BMI is a frequent observation among ATH patients and at 
least to the best of our knowledge, there are no studies that 
evaluated the associations and correlations between MPA 
pr and low BMI among ATH patients.

It is known that PAHT may be asymptomatic in the 
beginning but it antecedes the serious outcome of core 
pulmonale making its early discovery a crucial step in the 
risky subjects. It is widely accepted and has been approved 
by many former studies that PAHT is highly prevalent 

Table 1: Gender, age, BMI, and MPA pr characteristics of ATH patients compared to normal children

ATH (n = 79) Normal (n = 79) P value  
Gender  Male 42 45 0.63

Female 37 34

Mean age ± SD (months) 81.9 ± 32.7 90.5 ± 38.81 0.29

BMI centile line <5% 26 (32.9%) 10 (12.6%) 0.01 * 

5≤ 53 (66.1%) 69 (87.4)

Mean PA pr ± SD 20.88 ± 7.36 16.27 ± 2.4 0.04 *
There was no significant age or gender difference between both groups, but low BMI cases were significantly higher among the ATH group, meanwhile, 
the MPA pr is significantly higher in this group compared to normal children

Figure 1: Mean pulmonary artery pressure (mmHg) among ATH 
patients. The MPA pr is significantly higher in the low body mass index 
(<5% or underweight) group compared to the non-underweight group 
(≥5%)

Figure 2: In person’s correlation, there was no significant correlation 
between MPA pr and BMI percentiles (P = 0.46) among ATH who had 
PAHT, and linear regression for these variables showed a very weak 
inverse relationship
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among children with tonsillar, adenoid, or Adenotonsillar 
hypertrophy. In our study, 27.2% of ATH patients got 
PAHT, this figure is close to the results of the meta-
analysis of Kong et al.[12] which was 35%. Our prevalence 
of PAHT was within the range of other researchers among 
their studied samples ranging from 21.9% to 42.3%.[12-17] 
In our study, the MPA pr ± SD among ATH patients in 
general (20.88 ± 7.36 mmHg) and among the hypertensive 
subgroup (24.8 ± 5.92 mmHg) were also comparable 
to the previous studies and similarly, both means were 
significantly higher than their control group.[13-17]

Being underweight is a common observation among 
ATH patients which has been confirmed by other 
studies, but the relationship between PAHT and being 
underweight (indicated by low BMI) was not studied. 
Fortunately, both PAH and low BMI in patients with 
ATH are reversible and can be reverted to normal after 
adenotonsillectomy.[3,8,9,11,14,17,22,23] In our study 32.9 % of 
ATH in general and 50% of the pulmonary hypertensive 
ATH patients were found to have low BMI, both were 
significantly higher than their control group. In Kang 
et al.[17] study, the prevalence of underweight among ATH 
patients was 26.4%, which was close to ours.

We could not find similar studies to compare our results 
about the association and correlation of  low body BMI 
with PAHT among ATH patients. Our results confirm 
a significant association between these two variables 
among ATH patients; moreover, the MPA pr among 
the low BMI group was significantly higher than the 
normal BMI group among the ATH patients. Although 
there was a very weak inverse relationship between 
BMI percentiles and MPA pr, the correlation between 
these variables was not significant probably because of 
the size of  the studied sample, and might be found to 
be positive in future studies. Like the results of  some 
previous studies tonsillar or adenoid size did not show 
a significant association with the development of  PAHT 
among ATH patients.[14]

Conclusion
Among ATH patients, the MPA pr is higher and PAHT is 
more frequent, and low BMI is more frequent too. There 
is an increased frequency of low BMI in patients with 
ATH and PAHT and their MPA pr is significantly higher 
compared to children with ATH and normal BMI. The 
MPA pr is not correlated with the BMI percentiles despite 
the very weak inverse relationship between them. Tonsillar 
and adenoid grades are not significantly associated with 
low BMI or the risk to develop PAHT. So finally, we can 
posit PAHT and Low BMI are frequent comorbidities 
associated with ATH, the presence of either one anticipates 
the other in such patients. Special attention should be given 
to those patients because they are at risk of the serious 
sequelae of PAHT.
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