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Abstract

Background: Childhood obesity is a significant public health concern globally. Excess
adiposity negatively impacts multiple organ systems, including the respiratory system.
Obesity reduces chest wall compliance, limits diaphragmatic movement, and increases
airway resistance, which alters pulmonary mechanics. While respiratory impairment is
well documented in obese adults, evidence among children remains inconsistent.
Objective: To assess pulmonary function in obese school children, compare pulmonary
function parameters between obese and non-obese groups, and determine the prevalence
of obesity within the study population. Methods: This cross-sectional comparative study

EE

Correspondence: included 200 schoolchildren aged 9-16 years from multiple schools in Bikaner. Of the 250
Manoj K Bundela. children initially screened, 50 underweight participants were excluded. The remaining
Professor, Department  of | children were classified according to International Obesity Task Force (IOTF) BMI criteria
Physiology, S.N. Medical College, |into obese (n=44) and non-obese (n=156) groups. Pulmonary function tests were
Jodhpur. conducted using a computerized RMS Helios-401 spirometer. Student's t-test was applied,
with p<0.05 considered statistically significant. Results: Of the 200 children, 44 (22%)
Email: were classified as obese and 156 (78%) as non-obese. Pulmonary function parameters
krmanukr@gmail.com were generally lower in obese children; however, these differences did not reach
statistical significance. Conclusion: Mild obesity in childhood was not associated with
Received: 07-05-2026 statistically significant impairment of pulmonary function. Further longitudinal studies
Revised: 02-06-2026 are recommended.
Accepted: 19-06-2026
Published: 07-07-2026 Keywords: Childhood obesity, Pulmonary function test, Spirometry, School children,

BMI, Respiratory function.

This article is an open access article distributed under the terms and conditions of the Creative
Commons Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).
] BY

INTRODUCTION

Obesity develops when caloric intake surpasses energy expenditure, leading to the storage of excess calories as adipose
tissue. The primary cause of obesity is an imbalance between energy intake and expenditure, arising from complex
interactions among genetic, physiological, behavioral, and environmental factors.[1]

The global increase in adult obesity has been accompanied by a considerable rise in the prevalence of overweight and
obesity among children and adolescents. Childhood obesity is particularly concerning because it often persists into
adulthood and significantly elevates the risk of cardiovascular, metabolic, and respiratory disorders.

Multiple studies have demonstrated that obesity alters autonomic nervous system activity. The sympathetic nervous system
is integral to the regulation of energy expenditure. Individuals with reduced sympathetic activity exhibit a lower metabolic
rate, which predisposes them to weight gain. Experimental evidence indicates that obesity is associated with decreased
sympathetic and increased parasympathetic activity.[2-5]

Obesity induces significant mechanical changes in the respiratory system. Excess adipose tissue over the thoracic cage
reduces chest wall compliance and respiratory muscle endurance, increasing the work of breathing and airway resistance.[6-
8] Additionally, accumulation of abdominal and visceral fat restricts diaphragmatic movement, decreases basal lung
expansion, and promotes ventilation-perfusion mismatch, resulting in impaired respiratory mechanics.[9-10]

Although pulmonary abnormalities related to obesity have been extensively studied in adults, research involving children
has produced inconsistent findings. Therefore, this study aimed to evaluate pulmonary function in obese school children
and compare these results with age-matched non-obese peers using standardized spirometric assessment.
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MATERIALS AND METHODS

Study Design and Setting

A cross-sectional comparative study was conducted in the Department of Physiology at Sardar Patel Medical College,
Bikaner, Rajasthan, India, after obtaining approval from the Institutional Ethics Committee and the Departmental Research
Committee. The objective was to evaluate pulmonary function in obese and non-obese school children using standardized
spirometric techniques. The following methodology is adapted from the original thesis, with scientific content and reference
numbering maintained.

Study Population

A total of 250 schoolchildren aged 9 to 16 years, representing diverse socioeconomic backgrounds, were randomly selected
from multiple schools in Bikaner. All participants initially underwent anthropometric screening using Body Mass Index
(BMI). Fifty children classified as underweight using lower BMI cutoffs were excluded, resulting in a final study population
of 200 children. Participants were categorized into two study groups according to the International Obesity Task Force
(IOTF) age- and sex-specific BMI criteria:

* Non-obese group (n=156)

* Obese group (n=44)

The IOTF classification links childhood BMI percentiles to adult BMI thresholds of 25 kg/m? and 30 kg/m? at 18 years of
age and is widely accepted for defining childhood overweight and obesity.[11]

Inclusion Criteria

1) Boys and girls aged between 9 and 16 years.

2) Physically and mentally healthy children.

3) Children who were cooperative and capable of understanding the study procedure.

Exclusion Criteria

1) Acute or chronic medical illness.

2) Any disease likely to affect pulmonary function.

3) Major psychiatric illness.

4) Anxiety, apprehension, or inability to cooperate during pulmonary function testing.

Ethical Considerations

The study protocol was approved by the Institutional Ethics Committee and the Departmental Research Committee of
Sardar Patel Medical College, Bikaner. Written informed consent was obtained from school authorities and from the parents
or guardians of all participating children prior to study initiation. The objectives and procedures were explained in detail
before enrolment.

Data Collection

A pre-tested proforma was distributed two days before data collection to obtain demographic and family-related
information, including type of residence, family structure, parental educational status, parental occupation, and family
income. The exact age of each participant was verified using school records and recorded in completed years.

Anthropometric Measurements

Anthropometric measurements were obtained using standardised procedures. Body weight was measured with a calibrated
spring scale and recorded to the nearest kilogram. Standing height was measured using a wall-mounted stadiometer and
recorded to the nearest centimetre. All measurements were taken after removal of footwear and heavy clothing. BMI was
calculated as weight in kilograms divided by height in meters squared (kg/m?). Children were classified according to the
International Obesity Task Force (IOTF) BMI criteria for age and sex.[11]

Pulmonary Function Testing

Pulmonary function tests were conducted using a computerized spirometer (RMS Helios-401, Transducer No. 400—666).
This electronic instrument records respiratory flow and volume through a calibrated transducer connected to a computerized
recording system.

Spirometry Procedure

1) Tight clothing was loosened before testing.

2) Age, sex, height, and body weight were recorded.

3) Anasal clip was applied to prevent air leakage.

4) Participants performed several tidal breaths before testing.
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5) Subjects were instructed to inhale maximally, and then perform a rapid and forceful expiration through the mouthpiece
while maintaining a sitting posture.

6) Each manoeuvre was repeated three times.

7) The best technically acceptable recording was selected for analysis.

Pulmonary Function Parameters

e Forced Vital Capacity (FVC)

e Forced Expiratory Volume in one second (FEV1)

e FEV/FVCratio

e  Forced Expiratory Flow (FEF25-75%)

e  Peak Expiratory Flow Rate (PEFR)

Definitions and clinical interpretation of these parameters were identical to those described in the original study protocol.

Quality Control

e Flow-volume curves were examined for technical adequacy.

e  Peak expiratory flow was required to be sharp and well-defined.

e  Expiratory effort was maintained for more than four seconds.

e Inadequate manoeuvres were repeated.

e The best acceptable tracing from three attempts was used for statistical analysis.

Outcome Measures

The primary outcome of the study was the comparison of pulmonary function parameters between obese and non-obese
school children.

e Determination of obesity prevalence among screened schoolchildren.

e  Evaluation of the association between obesity and pulmonary function indices.

Statistical Analysis

Data were compiled and analysed using standard statistical methods. Continuous variables were expressed as mean =+
standard deviation (SD). Comparisons between obese and non-obese groups were performed using Student's unpaired t-
test. All statistical tests were two-tailed, with a p-value less than 0.05 considered statistically significant.

RESULTS

Study Population

A total of 250 school children aged 9—16 years were initially screened. After excluding 50 underweight children, 200
children fulfilled the eligibility criteria and were enrolled in the study. Based on the International Obesity Task Force
(IOTF) BMI criteria, 44 (22%) children were classified as obese and 156 (78%) as non-obese.

The study population comprised 121 boys (60.5%) and 79 girls (39.5%). Among boys, 95 were non-obese, and 26 were
obese, whereas among girls, 61 were non-obese and 18 were obese.

Table 1: Demographic characteristics of study participants

Variable Non-obese Obese Total
Boys 95 26 121
Girls 61 18 79
Total 156 44 200

Anthropometric Characteristics
The mean BMI was substantially higher in obese children compared to non-obese children across both sexes.

TABLE 2: MEAN BMI OF STUDY PARTICIPANTS

Group Mean BMI (kg/m?) | SD

Non-obese boys 18.25 1.915
Obese boys 25.94 4.208
Non-obese girls 17.70 1.891
Obese girls 24.07 4.932

These results demonstrate a clear anthropometric distinction between obese and non-obese groups.

Pulmonary Function in Boys
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Pulmonary function parameters in boys exhibited marginally lower mean values in obese participants; however, these
differences were not statistically significant.

TABLE 3: PULMONARY FUNCTION PARAMETERS AMONG BOYS

Parameter Non-obese (Mean+SD) Obese (Mean+SD) p-value
FVC 84.67+14.80 77.52+16.97 0.0834
FEV: 97.12+16.22 89.02+17.39 0.2711
FEVJ/FVC (%) | 116.67+7.18 115.194£9.59 0.3889
FEF25-75% 101.68+26.21 93.97+£27.94 0.1921
PEFR 132.094+32.71 120.66+24.28 0.0996

Obese boys had lower mean FVC, FEV., FEF25-75%, and PEFR values compared to non-obese boys; however, these
differences were not statistically significant (p>0.05).
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Graph 1: Comparison of pulmonary function parameters between non-obese (n=95) and obese boys (n=26). Mean
values of FVC, FEV,, FEV/FVC, FEF25-75% and PEFR are presented.

Pulmonary Function in Girls
In girls, pulmonary function parameters were similar between obese and non-obese participants.

TABLE 4: PULMONARY FUNCTION PARAMETERS AMONG GIRLS

Parameter Non-obese (Mean=SD) Obese (Mean+SD) p-value
FvVC 82.82+15.06 88.78+£17.02 0.1559
FEV: 92.10£15.55 100.28+17.21 0.0592
FEV/FVC (%) | 111.64 113.44 >0.05
FEF25-75% 117.66 129.14 >0.05
PEFR 138.56 152.56 >0.05

No significant differences in pulmonary function parameters were observed between obese and non-obese girls (p>0.05).
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Graph 2: Comparison of pulmonary function parameters between non-obese (n=61) and obese girls (n=18). Mean
values of FVC, FEV,, FEV/FVC, FEF25-75% and PEFR are presented.

Overall Findings

e  Obese children demonstrated marginally lower pulmonary function values than non-obese children across several
spirometric indices.

e Differences in FVC, FEV., FEV/FVC ratio, FEF25-75%, and PEFR were not statistically significant.

e  Anthropometric differences were apparent between study groups, while pulmonary function remained largely similar.

e The prevalence of overweight and obesity among the screened school children was 17.6%, underscoring the growing
burden of childhood obesity.

DISCUSSION

This study assessed pulmonary function in obese and non-obese schoolchildren aged 9—16 years using standardised
spirometric methods. Of the 200 participants, 44 were classified as obese and 156 as non-obese based on International
Obesity Task Force (IOTF) BMI criteria. While obese children exhibited lower mean values for several pulmonary function
parameters, none of these differences was statistically significant. These results indicate that mild childhood obesity, as
observed in this cohort, may not lead to clinically meaningful impairment of pulmonary function.

Obesity is a well-established risk factor for respiratory dysfunction due to both mechanical and metabolic effects. Increased
adipose tissue around the thoracic cage reduces chest wall compliance, and abdominal fat limits diaphragmatic movement,
leading to greater work of breathing and decreased lung expansion.[6-10] However, in this study, pulmonary function
parameters such as FVC, FEV,., FEV/FVC ratio, FEF25-75%, and PEFR were similar between obese and non-obese
children. This finding suggests that the level of obesity present in this cohort may not have been sufficient to cause
detectable changes in lung function.

Previous studies have reported results consistent with those of the present investigation. Boran et al.[12] found that
pulmonary function parameters in mildly obese children were comparable to those in normal-weight peers, concluding that
anthropometric measurements did not significantly influence spirometric variables during childhood. Similarly, Tang et
al.[13] observed no statistically significant differences in pulmonary function between obese and non-obese children.

Conversely, Biring et al.[14], Ulger et al.[15], Eisenmann et al.[16], and Rio-Navarro et al.[17] reported varying degrees
of pulmonary function impairment in obese children. Such discrepancies may be attributable to differences in study
populations, obesity severity, ethnicity, age distribution, and methodological approaches.

Other researchers, such as Lazarus et al.[18] and He et al., identified positive associations between obesity and specific
pulmonary function parameters, highlighting the complex relationship between childhood obesity and respiratory function.
Multiple mechanisms have been proposed to account for obesity-related changes in pulmonary function. Mechanical
restriction from increased thoracic and abdominal adiposity limits chest expansion and diaphragmatic movement, while
inflammatory mediators released by adipose tissue may further compromise respiratory function.[19-23]
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A key finding of this study is that anthropometric measurements did not have a statistically significant impact on pulmonary
function in mildly obese children. In childhood, adiposity is primarily subcutaneous, while visceral fat accumulation
becomes more prominent with increasing age.[24-25]

This study was limited by its single-centre design, a relatively small sample of obese participants, reliance on conventional
spirometry, and a cross-sectional design. Overall, mild childhood obesity was not associated with statistically significant
impairment of pulmonary function; however, larger longitudinal studies are needed to confirm these findings.

CONCLUSION
This cross-sectional study assessed pulmonary function in 200 schoolchildren aged 9—16 years, comprising 44 obese and
156 non-obese participants. The prevalence of childhood obesity in this cohort was 17.6%.

Pulmonary function parameters, including FVC, FEV., FEV/FVC ratio, FEF25-75%, and PEFR, did not differ
significantly between obese and non-obese children. Therefore, mild obesity was not associated with measurable
impairment of pulmonary function in this population.

Although significant respiratory dysfunction was not observed, the rising prevalence of childhood obesity remains a critical
public health issue. Early lifestyle modification, dietary counseling, regular physical activity, and school-based health
education are recommended. Future multicenter longitudinal studies with larger sample sizes and varying degrees of
obesity are warranted.
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