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ABSTRACT

Background: Obesity's systemic consequences impact pulmonary function, with central 

obesity exerting a more signicant inuence on pulmonary mechanics than peripheral 

obesity. Waist circumference (WC) emerges as a crucial parameter, yet research focusing on 

its specic impact on airway mechanics is limited. Objectives: The study aims to assess 

whether centrally obese adults exhibit distinct airway resistance and specic airway 

conductance compared to gender and age-matched controls using cross-sectional study. 

Methods: A total of ninety individuals between the ages of 20 and 40 took part in the study. 

The research group consisted of forty-ve individuals who were selected based on their 

waist circumference (WC) being equal to or more than 90 cm in males and 80 cm in women. 

The remaining 45 individuals were allocated to the control group according to their waist 

circumference (WC) being below 90 cm in men and 80 cm in females. A body 

plethysmograph was used to assess airway resistance and conductance. The statistical 

methodology employed was appropriate, utilizing the Independent Student's t-test to 

compare the groups.  Results: The ndings showed that the group that participated in the 

research had a higher airway resistance (P = 0.03) than the control group. No signicant 

disparity in specic airway conductance was observed between the two groups, following 

the application of suitable statistical tests for mean comparison (P = 0.99). Conclusion: 

Centrally obese adults experience increased airway resistance attributable to diminished 

lung volumes rather than intrinsic airway obstruction. This heightened respiratory effort 

underscores the importance of maintaining a normal waist circumference to mitigate 

potential respiratory challenges associated with central obesity.
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Introduction

The abnormal or excessive accumulation of fat that 

characterizes obesity may have detrimental consequences on 

health. Obesity is well recognized as a worldwide occurrence 

that leads to higher rates of illness and shorter lifespans [1]. The 

cause of obesity is complex and involves several causes, 

resulting from the interplay between genes and the 

environment, lifestyle, and emotional aspects. Due to the 

absorption of western culture, urbanization, and sedentary 

lifestyle, the prevalence of obesity has grown substantially in 

India, where it is now a major health problem for a considerable 

section of the population [2-4].

Obesity may be categorized as either central or peripheral. 

Central obesity refers to an accumulation of fat over the thorax, 

abdomen, and visceral organs. In contrast,peripheral obesity involves 

fat deposits mostly in the thighs, hips, and leg areas. Pulmonary 

function and mechanics are more signicantly impacted by central 

obesity than to peripheral obesity [5, 6]. Studies have demonstrated 

that, regardless of body mass index (BMI), abdominal obesity, which 

may be estimated by measuring waist circumference (WC), can affect 

respiratory mechanics [7, 8]. Waist circumference measurement and 

interpretation are simple procedures that are highly correlated with 

visceral fat. Research is accessible that demonstrates the impact of 

body weight and BMI on airway resistance. However, there is a scarcity 

of material that illustrates the impact of waist size on airway mechanics 

[9-11]. 

Lung function may be adversely affected by a number of systemic 

consequences resulting from chronic obesity. Furthermore, the thoracic
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wall and diaphragm may have difculty in moving due to the 

accumulation of adipose tissue in the chest and abdomen. 

The mechanical pressures placed on the diaphragm cause a 

reduction in both the expiratory volume and the functional 

residual capacity, or the quantity of air left in the lungs 

following a typical expiration. As a result, this leads to 

decreased exibility and ease of breathing (respiratory 

compliance). Obese persons have the challenge of dealing 

with both the elastic load and higher airway resistance caused 

by reduced lung capacities related to obesity .

Providing adequate treatment for this expanding patient 

population requires a thorough understanding of the 

relationship between obesity and respiratory disorders as 

well as ensuring that there are enough medical resources 

available. Spirometry is the most reliable and widely 

accepted tool for assessing lung function in clinical settings. 

Nevertheless, the spirometry test lacks the ability to 

accurately identify peripheral airways illness in individuals 

who are fat . Using volume-corrected respiratory mechanics 

measurements, like specic airway conductance, may shed 

more light on the underlying causes of fat people's airway 

mechanics. However, only a small number of researches 

have investigated airway resistance and specic airway 

conductance in persons who are centrally obese. This is 

despite the fact that a number of studies have demonstrated 

the inuence that obesity has on basic pulmonary function 

tests . The objective of this study was to examine if there are 

signicant disparities in airway obstruction and specic 

airways conductance among people with central obesity and 

their counterparts who are comparable in terms of age and 

gender. A body plethysmograph is used for the quantication 

of airway resistance and specic airway conductance. Our 

hypothesis is that people who have central obesity would 

have increased airway resistance compared to control 

subjects who are similar in terms of gender and age.

MATERIALS & METHODS

Study Design: Cross-sectional Observational Study.

Study Site: Department of Physiology, Bangalore Medical 

College and Research Institute, Bengaluru.

Study Duration: 6 months

Sampling Technique: Simple Random Sampling

Sample Size: The sample size was calculated by using the 

following formula which was as follows:
2 2 2n = [(Z  + Z )  σ ]/dα (1-β)

where, n is the required minimum sample size

Z  = level of signicance,  Z  = power of test, α (1-β)

σ = Standard Deviation & d = Effect Size. 

n = 45

Therefore, the sample size for the study consists of 45 study 

subjects in study group and 45 study subjects in control 

group.
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Inclusion Criteria: Participants between the age of 20 and 

40 years, participants willing to provide informed consent for 

participation in the study, generally healthy individuals 

without signicant persistent respiratory disorders (e.g., 

asthma, chronic obstructive pulmonary disease) or 

cardiovascular diseases and participants with no history of 

smoking are included in the study.

Exclusion Criteria: Individuals below 20 or above 40 years 

of age, pregnant individuals due to potential confounding 

factors affecting airway dynamics, individuals with evident 

clinical anomalies in the thoracic cage and spinal column, 

neuromuscular ailments, documented cases of any allergy or 

endocrine abnormalities, TB, chronic obstructive pulmonary 

illness, bronchial asthma, chronic bronchitis, nasolaryngeal 

disorders, a past medical history of occupational lung 

diseases, excessive daytime sleepiness, smoking, daytime 

fatigue, or snoring are excluded from the study.

Data collection methods and Procedures: Clear instructio-

-ns on the procedures were provided to all participants. The 

study design included the collection of patient history, 

conducting a clinical examination, obtaining anthropometric 

measures (such as height, weight, and waist circumference), 

and recording airway resistance and specic airway 

conductance. 

Research group and control group were formed based on 

waist circumference. A measuring tape that does not stretch 

was used to determine the waist circumference. The waist 

circumference was measured exactly midway between the 

iliac crest and the lowest margin of the ribs, at the end of 

normal expiration. 45 study subjects were taken in the study; 

all had waist circumference 90 cm or larger in men and 80 cm 

or larger in women. For this study, we used 45 controls, all of 

whom were age and gender matched and had a waist 

circumference of less than 80 cm for women and 90 cm for 

men.

The body plethysmograph module of the MEC PFT System 

(Medical Electronic Construction, Brussels, Belgium; 

Model No. - B1070) was used to assess the specic airway 

conductance and airway resistance. This is derived from 

Boyle's Law, which asserts that while the temperature and 

quantity of gas molecules remain constant, product of 

pressure and volume remains constant. The whole body 

plethysmograph comprises a rigid chamber where the patient 

sits and breathes via a pneumotachograph. The variable 

pressure plethysmograph operates on the core idea that 

alterations in plethysmograph pressure may be used to 

deduce variations in alveolar pressure. This is accomplished 

by the use of a shutter mechanism, which is located near the 

mouth in the plethysmograph. The shutter may be closed to 

temporarily block the airway. Voluntary respiratory attempts 

are made while the shutter is closed, and the change in alveol-



Demographic information for the participants is summarized 

in Table 1. No notable distinctions in age or height were 

observed between the two groups. However, the research 

group exhibited signicantly elevated values for weight, 

BMI, and waist circumference, with a p-value of 0.0001 (p < 

0.05). The research group consisted of 22 males and 23 

females, while the control group comprised 23 males and 22 

females.

Table 2 provides a comparison of airway resistance and 

specic airway conductance between the two groups. The 

research group exhibited a statistically signicant increase in 

airway resistance compared to the control group, as indicated 

by a p-value of 0.03 (p < 0.05). Conversely, no signicant 

difference in specic airway conductance was observed 

between the two groups, with a p-value greater than 0.99.

Table 3 illustrates the correlation matrix which indicates 

relationships among variables in the study. Age and BMI 

show a positive correlation (0.28), suggesting a tendency for 

higher BMI with increasing age. Weight and BMI exhibit a 

strong positive correlation (0.85), highlighting their close  

association. Airway resistance and specic airway 

conductance display a strong negative correlation (-0.8), ind-

-icating an inverse relationship - higher airway resistance is 

associated with lower specic airway conductance. 

-ar pressure is determined by measuring the change in mouth 

pressure.  The correlat ion between alveolar  and 

plethysmographic pressure, which is determined while 

exerting respiratory efforts against a closed shutter, is then 

applied to dynamic events during spontaneous breathing in 

order to assess airway resistance.

Participants were directed to engage in a period of relaxation 

lasting 5-10 minutes before the commencement of 

procedure.  Subsequently, the process was elucidated and the 

move was exemplied. Participants were directed to sit erect 

within the body box and maintain this position during the 

assessment. They were also told to wear a nasal clip. They 

were directed to rmly close their lips around the provided 

mouthpiece. Participants were instructed to do a panting 

maneuver inside a body plethysmograph with the door 

closed in order to evaluate airway resistance and specic 

airway conductance.

This research included both descriptive and inferential 

statistical analysis. The continuous values are reported as the 

mean value plus or minus the standard deviation. To 

comparethe two groups, we employed the Independent t-test 

( two-tailed). A statistically signicant p-value was less than 

0.05. R 3.4.1 was the version of software used to analyze the 

data.

RESULTS
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Table 1: Demographic prole of participants.

Variables Name

 

Control Group

 

Research Group

 

P-Value

 

Age (years)
 

24.29 ± 3.09
 

24.69 ± 3.27
 

0.55
 

Height (cm) 165.5 ± 9.97  165.49 ± 9.18  1.000  

Weight (kg) 60.5 ± 10.82  75.78 ± 14.34  0.0001*  

BMI (kg/m2)
 

21.98 ± 2.68
 

27.53 ± 3.54
 

0.0001*
 

Waist Circumference 
(cm)

 

73.41 ± 8.63

 

90.87 ± 8.88

 

0.0001*

 

 
*statistically signicant
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Table : Comparison of airway resistance and specic airway 2
conductance of two groups

Variables Name
 

Control Group
 

Research Group
 

p-value
 

Airway Resistance 

(kPa/L/s) 
0.3 ± 0.14 0.38 ± 0.1  0.03*  

Specic Airway 

Conductance 

(1/kPa/s)
 

1.54 ± 0.63
 

1.53 ± 1.27
 

0.99
 

 *statistically signicant

Cyril et al., 2024

Table 3: Correlation Matrix.

Parameters

 

Age

 

BMI

 

Airway 
Resistance

 
Specic Airway 

Conductance

 

Age

 

1

 

0.28

 

-0.12

 

0.07

 

Height
 

-0.02
 

0.2
 

0.05
 

-0.18
 

Weight 0.15 0.85 0.32  -0.25  

BMI 0.28 1 0.42  -0.36  

Waist Circumference
 

0.1
 

0.75
 

0.28
 

-0.22
 

Airway Resistance

 

-0.12

 

0.42

 

1

 

-0.8

 
Specic Airway 

Conductance

 

0.07

 

-0.36

 

-0.8

 

1

 

 
who were categorized into three separate groups based on 

their body mass index. Body plethysmography facilitated the 

assessment of airway resistance. Based on their investigation 

, the researchers found that the severity of obesity did not 

impact the specic airway conductance. However, they 

observed a positive relationship between the amount of 

obesity and an increase in airway resistance [22-24]. Truncal 

obesity has a notable impact on airway resistance, as 

indicated by the research conducted by Abdel Halim H A and 

colleagues. A total of 102 participants participated in this 

study, and airway resistance levels were determined using im-

DISCUSSION

Our study showed increased airway resistance in centrally 

obese adults. But, specic airway conductance was 

comparable between two groups. Both the groups were 

gender and age matched; they varied signicantly only for 

weight, BMI & waist circumference. As subjects were 

divided into 2 groups according to WC, increased waist 

circumference in centrally obese subjects might be the factor 

responsible for above observed ndings.

Similar results were also observed in a study conducted by 

Zerah F et al. The study included a cohort of  46 individuals, 



Furthermore, adipose tissue is recognized for its metabolic 

activity and its ability to cause inammation by releasing 

several chemicals, including as adipokines as leptin, resistin, 

and adiponectin. It is crucial to acknowledge that the 

receptors for these hormones are extensively dispersed 

throughout the body, specically in the lungs [33]. The pro-

inammatory mediators cause an increase in airway 

inammation and a decrease in lung viscoelasticity, leading 

to a loss of lung function.  Leptin has been proposed to be 

involved in the reduction of airway function linked to 

obesity. The primary explanation for this is the direct impact 

it has on the smooth muscles of the airways, coupled with its 

pro-inammatory properties. Additionally, it is possible that 

an intensied atopic reaction could result from an increased 

inammatory condition triggered by fat which warrants 

further consideration [34]. 

Conversely, some investigations have demonstrated that 

obesity-induced decrease in lung volumes might result in a 

decrease in the diameter of the peripheral airways. Over time, 

this can lead to the dysfunction of smooth muscles, resulting 

in the obstruction of the airway and increased sensitivity. Our 

analysis did not address the duration of an individual's 

obesity. However, it is plausible that long-term obesity is the 

underlying cause of the previously stated process  [35]. 

The current incidence of respiratory ailments and obesity in 

our culture amplies the signicance of our ndings.  

Obesity rates are increasing worldwide, despite mounting 

evidence of increased health concerns and a decline in 

quality of life. Although genetic predisposition can 

contribute, there are several strategies that can be pursued to 

treat and prevent obesity, aiming to mitigate a range of 

medical and respiratory issues. Promoting a lifestyle 

characterized by enhanced dietary habits and elevated levels 

of physical activity are vital for public health. It is crucial for 

governments to work together with public health authorities 

throughout this endeavor. The respiratory issues linked to 

obesity can be effectively alleviated by achieving weight loss 

and participating in physical exercise [36, 37]. 

 CONCLUSION

In conclusion, the ndings of this comparative cross-

sectional study demonstrate a heightened airway resistance 

in centrally obese adults, coupled with comparable specic 

airway conductance between the two groups under 

investigation. This suggests that the augmented airway 

resistance observed in centrally obese individuals is 

attributed to a reduction in lung volumes rather than intrinsic 

airway obstruction. Consequently, it is imperative to 

recognize that centrally obese adults experience an increased 

respiratory burden, emphasizing the critical importance of 

maintaining normal waist circumference as a preventive 

measure. These results contribute to our understanding of the 

respiratory implications associated with central obesity and 

underscore the signicance of targeted interventions to 

-pulse oscillometry [25].

In contrast, Arevalo A. P. and colleagues discovered that 

individuals who were obese saw a notable decrease in 

specic airway conductance (sGaw). This observation 

contradicts the ndings presented in this study. However, the 

study included a group of thirty-six children and adolescents, 

ranging in age from six to twelve years. The participants were 

classied into two groups according to their body mass index 

(BMI): individuals with a normal weight and individuals 

with obesity [26, 27]. 

The decrease in functional residual capacity (FRC) has a 

considerable impact on measurements of airway function, 

such as resistance and reactance; since these metrics depend 

on the precise lung volume at which they are evaluated. 

"Specic airway conductance" is a volume corrected 

measure. The computation is obtained by dividing the airway 

conductance by the lung volume at the moment of 

measurement. So while airway resistance is increased in 

obesity, when correction is done for the decreased functional 

residual capacity with parameters such as specic airway 

conductance, the airway caliber appears normal [28, 29].  

Consequently, the observation that both groups demonstrate-

-d comparable airway conductance suggests that the 

heightened airway resistance observed in centrally obese 

individuals is primarily due to a decrease in lung capacities 

rather than a genuine blockage of the airways. A bigger waist 

circumference may potentially impact pulmonary function 

by constraining the movement of the diaphragm and chest 

wall, leading to mechanical consequences.  The impact of 

this mechanical effect becomes more apparent when 

specically considering central obesity rather than overall or 

peripheral fat [30].

There is insufcient knowledge on the precise process that 

causes changes in airway mechanics due to obesity. Several 

variables, such as inammation and the mechanical stress 

caused by fat accumulation around the abdomen are believed 

to be the underlying causes.  Structural alterations occur as a 

result of excess adipose tissue in the chest wall, abdomen, 

and upper airways. These modications lead to a decrease in 

lung volumes and capacities, namely in the expiratory 

reserve volume (ERV) and functional residual capacity 

(FRC) [31]. The decrease in lung capacity leads to a 

simultaneous rise in peripheral airway resistance. Hence, the 

accumulation of adipose tissue on the thoracic wall and 

abdominal region leads to reduced lung capacities during 

periods of inactivity and diminished total respiratory 

exibility. This decrease in size may result in an increase in 

airway resistance, necessitating greater exertion for 

respiration. In obese persons, tidal breathing occurs in a less 

compliant position within their respiratory system, primarily 

due to their decreased functional residual capacity (FRC). As 

a consequence, they face increased airway resistance during 

tidal breathing. 
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