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Inspiratory muscle endurance and functional
capacity in obese men and women

Resisténcia muscular inspiratéria e capacidade funcional em
homens e mulheres obesos

Carolina Franco Cardoso™®, Alessandra Hofstadler Deiques Fleig'®,
Stéfany Giacomello Piccinin'®, Janina Lied da Costa'®,
Carine Cristina Callegaro'®

ABSTRACT

Objective: This study aimed to investigate whether obese men and women
experience changes in IME and functional capacity. Methods: Ten obese
women, 10 normal-weight women, 9 obese men, and 10 normal-weight
men underwent assessments of inspiratory muscle strength using maximal
inspiratory pressure (MIP), IME through an inspiratory load, and functional
capacity using the 6-Minute Walk Test (6MWT). Results: IME was lower in
obese men and negatively associated with BMI and waist circumference.
Among obese women, the distance covered in the 6MWT was shorter than
that of normal-weight women and was negatively correlated with BMI and
waist circumference. Final Considerations: Obese men have reduced IME,
while obese women demonstrate lower functional capacity. Both findings
are associated with larger waist circumference and higher BMI. Furthermore,
waist circumferenceis anindependent predictor of IME in men and functional
capacity in women.

Keywords: Respiratory Muscles; Adipose Tissue; Waist Circumference;
Body Mass Index; Muscle Fatigue

RESUMO

Objetivo: Este estudo teve como objetivo investigar se homens e mulheres
obesos apresentam altera¢des na EMI e na capacidade funcional. Métodos:
Dez mulheres obesas, 10 mulheres com peso normal, 9 homens obesos e 10
homens com peso normal foram submetidos a avaliagdo da forca muscular
inspiratéria por meio da pressdo inspiratéria maxima (PImax), da EMI
utilizando uma resisténcia inspiratéria e da capacidade funcional pelo Teste
de Caminhada de 6 Minutos (TC6). Resultados: A EM| foi menor em homens
obesos e apresentou associacdo negativa com o IMC e a circunferéncia da
cintura. Entre as mulheres obesas, a distancia percorrida no TC6 foi menor
em comparacao as mulheres com peso normal e apresentou correlagao
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negativa com o IMC e a circunferéncia da cintura. Consideracgdes finais: Homens obesos tém redug¢ao na EMI,
enquanto mulheres obesas demonstram menor capacidade funcional. Ambos os achados estdo associados
a maior circunferéncia da cintura e IMC elevado. Além disso, a circunferéncia da cintura é um preditor
independente da EMI em homens e da capacidade funcional em mulheres.

Palavras-chave: MUsculos Respiratérios; Tecido Adiposo; Circunferéncia da Cintura; indice de Massa Corporal;
Fadiga Muscular

INTRODUCTION

The World Health Organization’ defines obesity based on a body mass index (BMI) > 30
kg/m2. In Brazil, 22.8% of men and 30.2% of women were considered obese in 2019.2 These
are worrying data, as obesity is associated with increased early morbidity and mortality.

Accumulated fat, especially in the central part of the body, increases resistance to
diaphragm contraction and hinders breathing mechanics.* Studies indicate that obese people
have less respiratory muscle endurance despite increased inspiratory muscle strength.®

Besides obesity, a person’s sex can also influence inspiratory muscle endurance (IME).
Various studies have reported differences between the sexes regarding diaphragm muscle
fatigue, respiration anatomy, and cardiopulmonary responses to endurance breathing
exercises. 878910 A study has demonstrated that women have greater diaphragm muscle
endurance. During inspiratory endurance exercises, the sympathetic response was smaller,
and the mean arterial pressure increased less in women than in men, which suggests an
attenuation of the inspiratory metaboreflex.? Similar findings were obtained from bicycle
exercise associated with IME."" These studies indicate that IME must be assessed in men
and women separately. Even though previous studies have demonstrated decreased IME in
obese people of both sexes® the effects of obesity on men’s and women'’s IME still need to
be separately clarified.

Obese people may also have decreased functional capacity (FC)."> Another variable
influenced by obesity is the pulmonary function, as both men’'s and women’'s waist
circumferences are inversely associated with their forced expiratory volume in the first
second (FEV,)."* However, few studies have assessed the influence of anthropometric
measures such as waist and hip circumferences on respiratory muscle endurance.

This study aimed to investigate whether obese men and women have changes in IME
and FC and verify the determining factors.
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METHODS

The study was developed at Cruz Alta University from June 2016 to March 2017. The
study sample comprised ten obese women (32 + 6 years old, BMI 36.8 + 6.2 kg/m?), ten
normal-weight women (29 + 8 years old, BMI 23.1 + 2.08 kg/m?), nine obese men (29 + 5
years old, BMI 37.9 + 2.9 kg/m?), and ten normal-weight men (29 + 8 years old, BMI 23.3
+ 0.7 kg/m?), recruited by publicizing the inclusion and exclusion criteria in social media,
family health strategy units, and clinics specializing in obesity treatment. All volunteers, aged
18 to 46 years, were sedentary, nonsmokers, and did not have a history of cardiovascular,
pulmonary, neuromuscular, or infectious diseases. The BMI of the obese individuals was
> 30 kg/m?, and that of normal-weight ones was > 18.5 and < 25.0 kg/m2. Normal-weight
individuals were matched with obese ones for sex and age. Subjects who had acute health
problems or emergency clinical conditions (viral or bacterial infections, accidents, allergic
reactions) in the previous month, nervous system diseases or conditions that might affect
the understanding or participation in the study, pregnant women, type 1 diabetes mellitus
patients, symptomatic coronary artery disease, left ventricular dysfunction, bronchial
asthma, chronic obstructive pulmonary disease, chronic neuropathies, or taking drugs
such as corticosteroids or bronchodilators were excluded from the study. The study was
approved by the Ethics Committee of the University of Cruz Alta (UNICRUZ) under CAAE:
51573315.7.0000.5322 and registered in Clinical Trials under number: NCT03056937.

BMI was calculated by dividing the weight (Kg) by the square of the body height
(m?2). The weight was measured on a scale (PlennaSlim Digital, Brazil), and the height was
measured on a stadiometer (Compacto E210 - WISO®, Brazil). BMI was classified according
to the WHO guidelines.’

The waist and hip circumferences were measured with a measuring tape ranging from
0 to 250 centimeters. The waist-hip ratio was calculated by dividing the waist circumference
by the hip circumference. The individuals were measured in the orthostatic position.

The inspiratory and expiratory muscle strength was determined with the maximum
inspiratory pressure (MIP) and maximum expiratory pressure (MEP), measured with a
manovacuometer (Famabras, Brazil), calibrated in cmH,O and with an operational limit of
+/-300 cmH,O. Respiratory maneuvers were repeated until obtaining six measures with a
variance smaller than 10% - MIP was defined as the highest of these values.™ Predicted MIP
values for sex and age were calculated using the equation by Neder et al.™

The FC was assessed with the 6-Minute Walk Test (6MWT) performed in a 30-meter-
long hallway with markings every 3 meters. Cones were placed at the ends of the route to
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indicate the turning points. Patients were instructed to walk as far and fast as possible for 6
minutes. The distance they walked was measured to determine their FC.

The endurance of the inspiratory muscles was evaluated using progressive inspiratory
loading. Firstly, MIP was determined. After a 15-minute rest, the IME test was performed,
in which individuals wore a nose clip and breathed continuously through a mouthpiece
connected to an inspiratory resistance (POWERbreathe, Southam, United Kingdom) at 50%
of the MIP, increasing by 10% of the MIP every 3 minutes until they were unable to continue
the test. Participants should maintain a rate of 15 breaths per minute, following different
metronome acoustic signals to inhale and exhale. IME measures were defined as the highest
inspiratory pressure value sustained for at least 60 seconds and presented as the percentage
of MIP (TP50MIP/MIP), as well as test duration in seconds.'”'8,

Data were presented as means and standard deviations. The results were analyzed in
SPSS, version 22. The normality of data distribution was verified with the Shapiro-Wilk test.
Variables were compared between obese and normal-weight individuals using the Student’s
independent samples t-test. The association between variables was determined using
Pearson’s correlation test. IME and FC predictors were determined with linear regression.
The level of significance was set at p < 0.05.

RESULTS

Clinical and anthropometric characteristics are shown in Table 1. As expected, obese
individuals differed from normal-weight ones regarding body weight and waist and hip
circumferences.

Table 1 - Clinical and anthropometric characteristics of the obese and normal-weight individuals

ow NWW oM NWM P P

(n = 10) (n = 10) (n=9) (n=10) OWxXNWW OM x NWM
Age (years) 326461  296+84 292455 29348 0.374 0.981
Weight (kg) 982 +20.7% 602+82 1162+12% 71.8+46  <0.001 <0.001
Height (m) 163+005 1614008 175+006 1.76+007 0523 0.813
BMI (kg/m?) 36.8+62% 2314208 37.9+29% 233+07  <0.001 <0.001
Waist circumf
(Cri';s CrCUmTerence 1101 +117* 769+92 1159+87* 865+49  <0.001 <0.001
Hip circumference (cm) 1229+ 11.1* 87.8+8.01 120.7+9.9* 91+8.3 <0.001 <0.001
Waist-hip ratio (cm) 09+001 088+0.08 096+0.07 0954006  0.581 0.769

Data presented as mean and standard deviation. OW: obese women; NWW: normal-weight women; OM: obese
men; NWM; normal-weight men; BMI: body mass index; * p <0.05
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Table 2 - Respiratory muscle function

ow NWW oM NWM P P
(n = 10) (n = 10) (n=9) (n=10) OWXNWW OM x NWM
MIP (cmH,0) 83+14.9 102.5+31.6 163.2+30.8% 133.5+ 23.1 0.102 0.028
Predicted MIP
95+37 96.8+ 3 1319444  131.9+64 0.259 0.981
(cmH,0)
p f
ercentage o 874+153 1056+31 1237+231% 101.9 +20.7 0.119 0.044
predicted MIP (%)
TPSOMIP (cmH,0)  64.3+24  72.4+242  931+138  96.2+23.6 0.46 0.731
TPSOMIP/MIP (%) 764+217 70.6+10.1  57.0+7.9  72.2+13.5% 0.447 0.013
TP50 duration
6151+333 611.5+195 307.2+243.8 691.9+2365%  0.977 0.003

(seconds)

OW: obese women; NWW: normal-weight women; OM: obese men; NWM; normal-weight men; MIP: maximum inspiratory
pressure; TP50 MIP: MIP at the end of the endurance test; TP50MIP/MIP: MIP at the end of the endurance

Data on respiratory muscle strength and IME are shown in Table 2. Obese and
normal-weight women were not different regarding inspiratory muscle strength absolute
values (MIP) and predicted percentage for their sex and age. Obese men, however, had
greater inspiratory muscle strength than normal-weight ones in both absolute values (MIP)
and predicted percentages for their sex and age. The absolute inspiratory pressure values
obtained at the end of the IME test (TP50MIP) were not different between obese and normal-
weight men and women. On the other hand, the percentage of the inspiratory pressure
obtained at the end of the IME test in relation to MIP (TP50MIP/MIP) was smaller in obese
men than in normal-weight ones. Only in men, TP50MIP/MIP was inversely associated with
BMI (r = -0.515; P = 0.024 Figure 1-A) and waist circumference (r = -0.532; P = 0.019, Figure
1-B). The IME test was shorter among obese men than normal-weight ones. Only among
men the endurance test duration was inversely associated with BMI (r = -0.627; P = 0.004
Figure 2-A) and waist circumference (r = -0.656; P = 0.002, Figure 2-B).
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Figure 1 - A: Correlation between body mass index and TP50MIP/MIP in obese and normal-

weight men. B: Correlation between waist circumference and TP50MIP/MIP in obese and

normal-weight men
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Figure 2 - A: Correlation between body mass index and TP50 duration in obese and normal-

weight men. B: Correlation between waist circumference and TP50 duration in obese and

normal-weight men
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The distance walked in BMWT was shorter among obese women than normal-weight
ones (obese women: 443.3 + 135.6 m; normal-weight women: 602.4 + 49.4 m). The distance
walked by obese men was not different from that by normal-weight ones. In either group,
the distance walked in the test was not correlated with TP50MIP, TP50MIP/MIP, or endurance
test duration. The distance walked by women was inversely correlated with BMI (r =-0.598; P

= 0.005, Figure 3-A) and waist circumference (r = -0.623; P = 0.003, Figure 3-B).
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Figure 3 - A: Correlation between body mass index and 6MWT in obese and normal-weight women.

B: Correlation between waist circumference and 6BMWT in obese and normal-weight women
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The prevalence of obese women was 50%, 30%, and 20% respectively in obesity degrees

l, I, and Ill, while that of men was 11.1%, 66.7%, and 22.2% respectively in degrees |, Il, and
lll. Among men, 28% of the IME variance was explained by the waist circumference variance,
thus indicating that the waist measure was an independent predictor of IME (Rz = 0.283).
In women, 38% of the variance in FC was explained by the variance in waist circumference,

which was an independent predictor of IMR (R?= 0.38).
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DISCUSSION

This study pioneered the investigation of IME in obese men and women. Obese men
had lower IME, which was associated with higher BMI and larger waist circumference. Obese
women had decreased FC associated with higher BMI and larger waist circumference.

Obese men in this study had greater inspiratory muscle strength than normal-weight
ones (MP). As mentioned in a previous study,’ obese people have greater respiratory muscle
strength but lower IME. However, other previous studies indicate that obese individuals may
have inspiratory muscle strength similar to that of normal-weight ones or even smaller,
due to diaphragm inefficiency.?®° Even though obese men in the present study had greater
inspiratory muscle strength, it was not so with obese women, which indicates a difference in
respiratory muscle strength between the sexes. This agrees with a previous study in which
obese women had less inspiratory muscle strength than men,' which can be explained by
the difference in the amount of lean mass.?' A possible explanation for the greater inspiratory
muscle strength in obese people is their physical conditioning - although all individuals in
the present study were sedentary. Obese men had a lower increase in MIP at the end of the
IME test in relation to the initial MIP than normal-weight ones, which suggests a lower IME.
This agrees with previous studies,>® even though their authors did not match subjects by sex.

Lower IME in obese men but not in obese women may be explained by their greater
prevalence in obesity degree I, whereas women had a greater prevalence in obesity degree
l. This hypothesis corroborates a previous study,® in which IME was inversely correlated with
BMI - hence, the higher the BMI, the less the inspiratory endurance test lasted. Furthermore,
a previous study demonstrated that the inspiratory muscle tension time index was greater in
obese individuals than in normal-weight ones, which indicates that obese people are more
prone to inspiratory muscle fatigue.??

This information agrees with the fact that waist circumference is an independent
predictor of IME, suggesting that abdominal obesity can impair the mechanics of breathing,
leading to early respiratory muscle fatigue.?? Accumulated fat hinders thoracicand abdominal
movement, causing perfusion changes that increase the demands on the diaphragm.? Other
factors may explain the lower IME in obese people, such as increased inflammatory response
and interleukin-6 production.?

In the present study, only obese women had decreased tolerance to exercise,
determined by the distance walked in 6MWT, which was inversely correlated with BMI.
These data agree with a previous study that verified that BMI explains 59% of the variance
in the distance walked in 6MWT.?* Moreover, moderate weight loss by obese women helped
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diminish the respiratory load imposed during the exercise, which consequently affects
directly the tolerance to physical activity.*

The distance walked in 6MWT was inversely associated with obese women'’s waist
circumference, which corroborates a previous study.?® Obese women who had to stop 6MWT
had greater body weight, higher BMI, larger waist circumference, and a higher percentage of
fat than obese women that completed the test.” On the other hand, another study failed to
associate cardiorespiratory endurance with waist circumference in adults submitted to the
3-minute step test.?®

Thus, obesity was verified to be an independent determinant of intolerance to exercise
in women, although it was not found likewise in men.?® On the other hand, another previous
study observed that obese men had a higher breathing rate and more dyspnea during
stationary bicycle exercises than controls.?® It was also demonstrated that obese individuals
had greater inspiratory muscle activity both exercising and at rest, which may indicate
intolerance to exercise in the case of more intense ones. The present study did not find an
association between IME and the distance walked in 6MWT, probably because inspiratory
muscle fatigue occurs in high-intensity exercises, whereas 6MWT is a low-intensity one.

Lastly, IME assessment has been widely recommended because patients tolerate it,
and its results are clear. As observed in this study, obese people with preserved inspiratory
muscle strength can have alower IME. This finding may indicate a decreased oxidative capacity
of the inspiratory muscles, which is associated with hyperactive inspiratory metaboreflex
and decreased tolerance to exercise.’

In conclusion, obese men have lower IME related to larger waist circumference and
higher BMI. Obese women have lower FC related to waist circumference and BMI. Waist
circumference is an independent predictor of IME in men and of FC in women.
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