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Abstract

Introduction: Obesity, characterized by the accumulation 

of excess body fat, can alter respiratory mechanics and 

compromise functional capacity. Given its increasing 

prevalence and the significant morbidity associated with 

the condition, it is important to investigate techniques 

that enable rapid, easy measurement of lung function 

and the possible correlation between obesity and 

functional capacity. Objective: To assess lung function 

and functional capacity in obese adults and determine 

whether there is a correlation between reduced peak 

expiratory flow and impaired functional capacity. 

Methods: 30 participants, distributed into two groups: 

obese (36 ± 13 years) and normal weight (31 ± 9 years) were 

evaluated based on anthropometric measurements, the 

six-minute walk test (6MWT) and peak expiratory flow 

(PEF). Results: The obese individuals showed reduced 

PEF (382 ± 99 vs. 497 ± 104 L/min, p < 0.01), walked 

shorter distances in the 6MWT (453 ± 37 vs. 617 ± 50 m,

p < 0.01), had higher blood pressure and perceived

exertion (p < 0.05) when compared to normal weight 

participants. Additionally, there was a positive significant 

association between expiratory flow and distance walked 

in the 6MWT (r = 0.635 and p < 0.001). Conclusion: 

Obese individuals exhibited lower PEF and walked 

shorter distances in the 6MWT, indicating a positive 

correlation between these two variables. In light of this 

outcome, the assessment methods used could contribute 

to improving analysis of respiratory and functional status 

in this population and aid in exercise prescription.
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Introduction

Obesity, a chronic condition characterized by 

the accumulation of excess body fat, is a major 

global public health problem.1,2 The World Health 

Organization (WHO) estimates that one billion people 

worldwide are overweight and 300 million of these are 

obese.Projections are that 40% of the population in the 

USA, 30% in England and 20% in Brazil will be obese 

by 2025.3

Different anthropometric indices can be used to 

identify obesity. The body mass index (BMI) is considered 

the international standard for obesity classification, 

while the abdominal circumference (AC) and waist-hip 

ratio (WHR) characterize increased cardiovascular risk.4 

According to the WHO, individuals with BMI between 

18.5 and 24.9 kg/m² are considered normal weight 

and those with values above 30 kg/m² are considered 

obese.5 For AC and WHR, respective measures for men 

and women of more than 102 and 88 cm and 0.95 and 

0.85 increase the risk of cardiovascular dysfunction.6

Studies show that obesity can compromise 

respiratory system mechanics.7 Obese adults tend to 

experience respiratory problems, with reduced aerobic 

capacity and lung compliance as well as increased 

airway resistance, leading to a decline in functional 

residual capacity (FRC), forced vital capacity (FVC), 

residual volume (RV) and forced expiratory volume in 

one second (FEV1).
8,9

Changes in respiratory function can be identified 

using a peak flow meter, which evaluates peak expiratory 

flow (PEF), that is, the maximum flow generated during 

a forced expiration.10 This is a simple, non-invasive, low-

cost technique that exhibits good reliability because of its 

high correlation with FEV1, determined by conventional 

spirometry.11

In addition to altering respiratory function, increased 

body weight also has systemic repercussions that cause 

intolerance to physical exercise and, when combined 

with sedentarism, contribute to reducing physical and 

functional capacity.12 In this respect, it is important to 

underscore the applicability of the six-minute walk test 

(6MWT) in assessing functional capacity. This simple 

practical method evaluates the responses of all the 

systems involved in the test, including the respiratory, 

cardiovascular and muscular systems.13,14 

The literature indicates that obese individuals show 

altered physical and respiratory function, with reduced 

lung volumes and capacities detected by spirometry 

and shorter distances walked in the 6MWT.15 However, 

despite the effectiveness of assessing ventilatory 

function based on PEF using a peak flow meter, 

research on this approach is scarce, especially in obese 

individuals.Moreover, the global increase in obesity 

and associated complications as well as the specificity 

and low cost of the 6MWT in evaluating the physical and 

functional status of this population justify the present 

study, which aims to assess the lung function and 

functional capacity of obese individuals and determine 

whether there is a correlation between reduced PEF 

and impaired functional capacity.

Resumo

Introdução: A obesidade, caracterizada por acúmulo excessivo 

de tecido adiposo no organismo, pode alterar a mecânica 

ventilatória trazendo prejuízos funcionais. Considerando a 

prevalência crescente da obesidade, bem como a grande 

morbidade associada a esta condição, torna-se relevante 

investigar técnicas de mensuração rápidas e fáceis da função 

ventilatória e a possível correlação com a capacidade funcional. 

Objetivo: Avaliar a função ventilatória e a capacidade funcional 

em adultos obesos e determinar se pico de fluxo expiratório 

reduzido está correlacionado com prejuízo da capacidade 

funcional. Métodos: 30 participantes, distribuídos em dois 

grupos: obeso (36 ± 13 anos) e eutrófico (31 ± 9 anos) foram 

avaliados por meio de medidas antropométricas, do teste 

de caminhada de seis minutos (TC6´) e da avaliação do pico 

de fluxo expiratório (PFE). Resultados: Os indivíduos obesos 

apresentaram reduzido PFE (382 ± 99 vs. 497 ± 104 L/min, p 

< 0,01) e percorreram menor distância no TC6´ (453 ± 37 vs. 

617 ± 50 m, p < 0,01)  com maior pressão arterial e percepção 

de esforço (p < 0,05) quando comparados aos eutróficos. Além 

disso, foi encontrada correlação positiva e significativa entre 

fluxo expiratório e distância percorrida (r = 0,635 e p < 0,001). 

Conclusão: Os indivíduos obesos tiveram menor PFE e menor 

distância percorrida no TC6´, constatada correlação positiva 

entre essas duas variáveis. Diante de tal desfecho, a inclusão dos 

métodos avaliativos utilizados podem contribuir para melhor 

análise da condição respiratória e funcional dessa população e 

auxiliar na prescrição de exercícios.

Palavras-chave: Obesidade. Pico do fluxo expiratório. Teste de 

caminhada. Avaliação rápida.
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Methods

The protocol of the present study was approved by 

the Research Ethics Committee of President Antônio 

Carlos University (UNIPAC), under process no. 

1462961/2016, and followed the ethical principles of the 

Declaration of Helsinki. All the participants who agreed 

to take part provided written informed consent.

Participants

Convenience sampling was used and participation 

was free of charge. The sample consisted of 30 sedentary 

participants of both sexes, aged between 20 and 59 years, 

divided into two groups: the obese group, containing 

15 individuals with BMI ≥ 30 kg/m², and normal weight 

group, with 15 individuals whose BMI was between 18.5 

and 24.9 kg/m². Physically active individuals, those with 

cognitive and physical disorders, smokers and drug 

addicts, people who did not agree with the proposed 

procedure or exhibited decompensated respiratory and/

or cardiac and metabolic comorbidities contraindicated 

for the procedures according to the recommended 

protocols were excluded from the study.16  

Procedures

First, anamnesis was performed, including a 

description of personal information, medical history and 

lifestyle habits, vital signs assessment and anthropo-

metric measurements.

Lung function was assessed by analyzing PEF, using 

a portable peak flowmeter with a numbered scale and 

red marker that indicates the result in L/min, as well 

as individual disposable peak flow mouthpieces and 

Speedo® nose clips to prevent air from escaping. Peak 

expiratory flow was measured with participants sitting 

on an armless chair, with their head in a neutral position, 

left hand resting on the anterior thigh and right hand 

holding the device. Forced expiration was performed 

from full lung inflation to total lung capacity. The 

maneuver was executed at least three times, computing 

the highest value obtained. The PEF values obtained 

were compared against those predicted in the table 

compiled by Leiner et al.,17 which considers the height 

and weight of participants.

Functional capacity was evaluated using the 6MWT, 

in accordance with the American Thoracic Society (ATS). 

The test was conducted on a 30-meter-long flat, hard 

covered surface, with every meter marked and a cone at 

either end of the walkway. Participants were instructed 

to walk for six minutes from one end to the other as 

fast as possible, without running, and standardized 

encouragements such as “you only have a few minutes 

left” and “you are doing well” were given every minute.

After the 6MWT, the predicted distance was calculated 

using the equation proposed by Enright and Sherrill,18

and the distance walked based on the markings 

indicating the number of laps performed.Additionally, 

heart rate (HR) and oxygen saturation (SaO2), the 

latter measured with a Pulso Moriya® oximeter, were 

determined after a 5-minute rest with participants 

seated, every minute during the test and after its 

completion. Blood pressure (BP) was measured with a 

Bic® mercury sphygmomanometer and respiratory rate 

(RR) by observing chest expansion at the beginning of 

the 6MWT, while participants were resting, and after the 

test. Perceived exertion was assessed from 0 to 10 using 

a modified Berg scale and the results obtained were 

compared pre-test, in the third minute of the 6MWT, 

and after completion. 

Data analysis

Data distribution was analyzed by the Shapiro-

Wilk test. After testing for normality, descriptive and 

inferential analyses were represented by mean ± 

standard deviation or absolute frequency (for the 

variable sex). For possible intergroup differences in the 

physical, hemodynamic, lung function and functional 

capacity characteristics investigated, the Student’s t-test 

was used for variables with normal distribution and the 

Mann-Whitney U test for non-normal distribution. The 

sex ratio of the study population was analyzed by the 

chi-squared test.

Possible differences between predicted and 

measured values were analyzed by the student’s t-test 

(dependent samples).

Pearson’s correlation was applied to assess the 

association between PEF and distance walked in the 

6MWT. Two-way repeated measures ANOVA was used 

to evaluate possible behavioral differences for all the 

variables measured during the 6MWT. Significance was 

set at p < 0.05 for all the statistical tests and the analyses 

were performed using statistical software (STATISTICA 

8.0, StatSoft Inc., USA).
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Results

The results obtained indicate similar age, height and 

sex ratio between the groups. However, as expected, 

anthropometric variables, weight, BMI, AC, WC, HC and 

WHR differed significantly between groups, with higher 

values recorded in obese individuals (Table 1).

With respect to predicted PEF, scores in the normal 

weight group were within the predicted range, whereas 

obese individuals obtained low values (p1). The obese 

group obtained significantly lower PEF scores than their 

normal weight counterparts (p2) (Table 2).

The obese group performed worse in the 6MWT, 

walking shorter distances than the normal weight 

participants. These results are presented in Table 3.

The behavior of cardiorespiratory variables differed 

between groups during the 6MWT, as shown in Figure 

1. The obese participants obtained significantly higher 

systolic (SBP) and diastolic blood pressure (DBP) readings 

at both moments of the test (group effect: SBP p = 0.002; 

DBP p < 0.001), and significant increases after the test 

(time effect: SBP p < 0.001; DBP p = 0.045). Heart rate 

and SaO2 were similar between the groups (group effect 

HR: p = 0.14; SaO2 p = 0.511); however, HR increased 

(time effect: p < 0.001) and SaO2 declined (time effect: 

p = 0.042) at the start of the test. 

Respiratory rate and Borg scale scores differed 

between groups (group effect: HR p < 0.001; Borg 

Table 1 - Physical and anthropometric characteristics of the 

obese and normal weight groups

Normal weight

(n = 15)

Obese

(n = 15) 
p

Age (years) 30.66 ± 8.98 36.40 ± 12.67 0.232

Sex (M/F) 10/5 10/5 0.100

Height (cm) 1.64 ± 0.07 1.67 ± 0.08 0.390

Weight (kg) 61.45 ± 9.67 103.52 ± 27.90 < 0.001

BMI (kg/m²) 22.54 ± 2.07 36.77 ± 7.50 < 0.001

AC (cm) 80.20 ± 6.92 119.2 ± 20.96 < 0.001

WC (cm) 73.86 ± 8.94 106.33 ± 16.23 < 0.001

HC (cm) 95.93 ± 4.23 119.80 ± 13.30 < 0.001

WHR 0.76 ± 0.07 0.88 ± 0.10 < 0.001

Table 2 - Predicted and measured peak expiratory flow (PFE) in the obese and normal weight groups

Normal weight Obese p2

Predicted PFE (L/min) 473.73 ± 78.33 474.93 ± 86.43 0.968

Measured PFE (L/min) 497.33 ± 104.02 382 ± 99.08 0.004

p1 0.138 0.001 -

Note: M = male; F = Female; BMI = body mass index; AC = abdominal 

circumference; WC = waist circumference; HC = hip circumference; 

WHR: waist hip ratio.

Note: p1 = intragroup; p2 = intergroup.

Table 3 - Distance walked in the six-minute walk test for the normal weight and obese groups

Normal weight Obese p2

Predicted distance (m) 562.09 ± 52.13 455.72 ± 91.25 < 0.001

Distance walked (m) 616.86 ± 50.23 453.26 ± 37.44 < 0.001

p1 0.002 0.890 -

Note: p1 = intragroup; p2 = intergroup.

p = 0.044), with higher values recorded for obese 

participants. Additionally, the data show that the 6MWT 

raised RR and Borg scale values (time effect: p < 0.001); 

these physiologically expected responses are shown in 

Figure 1. 

Indeed, a positive significant correlation was 

observed between PEF and distance walked in the 

6MWT (r = 0.635 and p < 0.001), as shown in Figure 2.
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Figure 1 - Systolic blood pressure, diastolic blood pressure, heart rate, oxygen saturation, respiratory rate, borg scale cores in 

the six-minute walk test.*= Significant time difference between consecutive moments (p < 0.05).      Significant group difference 

(p < 0.05).              Normal weight              Obese
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with obese individuals exhibiting worse performance.

Corroborating these findings, Retory et al.25 also found 

that obese adults walked shorter distances in the 6MWT. 

Bautista et al.26 reported that obese participants walked 

approximately 100 meters less than their normal weight 

counterparts. Even among the severely obese, Santarém 

et al.27 reported that individuals with a BMI between 40 

and 49.9kg/m² walked further than those who BMI was 

50 to 60 kg/m² .

Although poor lung function can compromise 

functional capacity, obese individuals do not always 

exhibit reduced lung volumes and capacities.23 Gontijo 

et al.28 found that 90.3% of participants showed normal 

spirometry, but analysis of the association with the 

6MWT indicated a positive correlation, that is, individuals 

with higher pre- and post-bronchodilator FEV1/FVC and 

PEF values walked further. The bronchodilator response 

was not used in PEF analysis in the present study, but 

a positive correlation was observed between PEF and 

distance walked in the 6MWT. 

In regard to SBP, DBP, HR, RR and perceived exertion, 

values in both groups increased from pre- to post-

test. Likewise, Manzano et al.29 observed a significant 

increase in SBP, HR, RR and perceived exertion after 

the 6MWT. This is because the greater metabolic 

demands triggered by the 6MWT lead to hemodynamic 

adaptation and influence the cardiovascular system.

Increased SBP and HR are directly related, since a rise 

in the latter alters cardiac output. Respiratory rate and 

perceived exertion increase due to the rise in oxygen 

consumption and carbon dioxide production, resulting 

in greater pulmonary ventilation and dyspnea.30,31

With respect to these cardiovascular variables, 

analyzed during the 6MWT, the positive pressure and 

chronotropic response can be justified by sympathetic 

activation. Trevizani et al.32 found that HR tends to 

increase linearly with exertion and that SaO2 remains 

unchanged when the oxygen supply to the body is 

satisfactory, however, SaO2 declined in the present 

study. In this context, Retory et al.25 reported that obese 

individuals displayed a higher rate of dyspnea during 

the 6MWT. This result is similar to that of the present 

study, whereby perceived exertion was greater among 

the obese participants. 

Sympathetic activation may be hyperactive in 

cardiometabolic diseases due to the respiratory muscle 

metaboreflex. In these cases, prioritized perfusion to 

ventilatory muscles such as the diaphragm could explain 

Figure 2 - Correlation between peak expiratory flow and distance 

walked in the six-minute walk test based on mean ± standard 

deviation (r = 0.635 and p < 0.001).
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Discussion

The main finding of the present study is that obese 

adults exhibit compromised lung function, characterized 

by lower forced expiratory flow, and that this impairment 

is associated with reduced functional capacity. This 

relationship can be justified by the fact that obese 

participants exhibited higher BP as a cardiovascular 

effect, as well as signs of exhaustion, with high RR 

and perceived exertion results in pre- and post-test 

comparisons.19

Previous studies demonstrated that obesity negatively 

affects lung function, resulting in reduced FVC, FEV1 and 

PEF.20,21 These findings were corroborated in the present 

study, with obese participants obtaining lower PEF 

values than their normal weight counterparts. Similarly, 

Gundogdu and Eryilmaz22 assessed 1,439 obese and 

normal weight children and adolescents and found a 

negative association between BMI and PEF. Al Ghobain23 

observed a decline in PEF in obese individuals (479 ± 

95.62) when compared to non-obese ones (508.42 ± 

113.65), but no significant difference in FEV1, FVC, and 

FEV1/FVC. On the other hand, Alves et al.24 compared 

PEF in non-smokers obese individuals, smokers, and 

healthy non-smokers, and found better expiratory flow 

in obese participants. However, the fact that physically 

active individuals and adults of both sexes were included 

may have contributed to these results.

In regard to the 6MWT, our results indicate a 

significant intergroup difference in distance walked, 
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the lower blood supply to peripheral muscles, resulting in 

less tolerance to physical exercise and greater pressure 

levels in obese individuals.25 In this regard, obese adults 

experienced greater lower limb fatigue in the 6MWT, low 

breathing reserve and increased dyspnea during exertion, 

likely explaining the positive correlation observed 

between distance walked in the 6MWT and PEF.28

The fact that gold standard methods such as 

spirometry and the cardiopulmonary exercise test were 

not used in the present study could be questioned.

However, it is important to underscore that the peak 

flow meter and 6MWT are validated and recommended 

by the ATS, widely used in clinical practice and exhibit 

good reliability and scientific relevance for the proposed 

objective.18-33 

A limitation of this study was the fact that, although 

results were obtained for the population in question, the 

sample size was small. Another important limitation was 

the failure to assess responses of the autonomic cardiac 

and vascular nervous systems, since the objective was 

not to investigate the mechanisms responsible for the 

limitation to physical exercise. As such, further research 

should be conducted to clarify this information.

Conclusion

Obese individuals exhibited reduced peak 

expiratory flow and walked shorter distances in the six-

minute walk test. Low peak expiratory flow is directly 

correlated with decreased functional capacity. In light 

of this outcome, the assessment methods used could 

contribute to improving analysis of respiratory and 

functional status in this population and aid in exercise 

prescription. The results support an easy-to-perform 

assessment of the health status of obese individuals that 

could suggest, at least in part, greater risk of morbidity. 
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