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Behavior of respiratory muscle strength in 
morbidly obese women by using different 
predictive equations
Comportamento da força muscular respiratória de obesas mórbidas por diferentes 
equações preditivas

Eli M. Pazzianotto-Forti1,2, Fabiana S. Peixoto-Souza1, Camila Piconi-Mendes2, Irineu Rasera-Junior3, Marcela Barbalho-Moulim4

Abstract

Background: Studies on the behavior of respiratory muscle strength (RMS) in morbidly obese patients have found conflicting results. 

Objectives: To evaluate RMS in morbidly obese women and to compare the results by using different predictive equations. Method: 

This is a cross-sectional study that recruited 30 morbidly obese women and a control group of 30 normal-weight women. The subjects 

underwent anthropometric and maximal respiratory pressure measurement. Visual inspection of the Bland-Altman plots was performed 

to evaluate the correlation between the different equations, with a p value lower than 0.05 considered as statistically significant. Results: 

The obese women showed a significant increase in maximal inspiratory pressure (MIP) values (-87.83±21.40 cmH2O) compared with 

normal-weight women (-72±15.23 cmH2O) and a significant reduction of MIP (-87.83±21.40 cmH2O) according to the values predicted 

by the EHarik equation (-130.71±11.98 cmH2O). Regarding the obtained maximal expiratory pressure (MEP), there were no between-

group differences (p>0.05), and no agreeement was observed between obtained and predicted values of MEP and the ENeder and 

ECosta equations. Conclusions: Inspiratory muscle strength was greater in the morbidly obese subjects. The most appropriate equation 

for calculating the predicted MIP values for the morbidly obese seems to be Harik-Khan equation. There seem to be similarities between 

the respiratory muscle strength behavior of morbidly obese and normal-weight women, however, these findings are still inconclusive.

Keywords: morbid obesity; maximal respiratory pressures; respiratory muscles; reference values; physical therapy.

Resumo

Contextualização: Estudos sobre o comportamento da força muscular respiratória (FMR) em obesos mórbidos têm produzido 

resultados conflitantes. Objetivos: Avaliar a FMR de obesas mórbidas e comparar com os valores preditos por diferentes equações 

matemáticas encontradas na literatura. Método: Estudo transversal realizado com 30 obesas mórbidas e grupo controle constituído 

por 30 eutróficas. Foram avaliadas as características antropométricas e as pressões respiratórias máximas. Foi utilizada análise 

visual de Bland-Altman para avaliar o viés de concordância entre as equações estudadas, considerando significativo p<0,05. 

Resultados: As obesas mórbidas apresentaram aumento significativo nos valores obtidos de pressão inspiratória máxima (PImáx) 

(-87,83±21,40 cmH2O) em comparação com as eutróficas (-72±15,23 cmH2O) e redução significativa da PImáx (-87,83±21,40 cmH2O) 

segundo os valores previstos pela equação EHarik (-130,71±11,98 cmH2O). Quanto à pressão expiratória máxima (PEmáx), não houve 

diferenças nos valores obtidos entre os grupos (p>0,05), assim como não foram observadas concordâncias dos valores obtidos e 

previstos de PEmáx segundo as equações ENeder e ECosta. Na análise de Bland-Altman, foi observada maior validade na equação 

de Harik-Khan para predizer a PImáx nas obesas, já, para a predição da PEmáx, não foi possível visualizar qual das equações 

apresentou maior validade. Conclusões: Mulheres obesas mórbidas apresentaram maior força muscular inspiratória do que eutróficas. 

Das três equações utilizadas, a de Harik-Khan parece ser a mais apropriada para calcular os valores de referência das medidas de 

Plmáx para obesas mórbidas. Mulheres obesas mórbidas e eutróficas parecem apresentar semelhança no comportamento da força 

dos músculos expiratórios, entretanto esses achados são inconclusivos.
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Introduction  

Obesity is the most common metabolic disease worldwide, 
and its prevalence has been strongly increasing1. Obesity is 
considered a significant risk factor for cardiovascular diseases, 
type 2 diabetes, rheumatoid arthritis and neoplasms2-4. Obesity 
is also associated with the development of respiratory diseases 
such as sleep apnea and hypoventilation syndrome3.

Studies on the behavior of respiratory muscle strength (RMS) 
in morbidly obese patients have produced conflicting results. Ac-
cording to Magnani and Cataneo5, neither excess body mass nor 
fat distribution in the upper region promote respiratory muscle 
dysfunction. On the other hand, respiratory muscle dysfunction 
has been reported in this population, which could be due to an 
increase in tensile strength caused by excessive adipose tissue in 
the thoracic cage and abdomen that could lead to a mechanical 
disadvantage in the respiratory muscles6,7.

However, there are also reports that RMS increases in mor-
bidly obese patients, which could be justified by adaptations in 
the skeletal muscle fibers and the musculoskeletal structures 
due to the daily physical effort involved in movement and in 
maintaining the body in an erect position8,9. Tanner et al.10 
investigated rectus abdominis muscle fibers in obese during 
bariatric surgery, and found a high percentage of type II fibers, 
which are related to low resistance and high contraction power.

A reduction in respiratory muscle strength may delay or 
compromise postoperative evolution in the morbidly obese 
patients, especially those who underwent to bariatric surgery11. 
It is known that RMS is associated with age, gender, body mass, 
height and body surface area12. In this context, equations have 
been formulated to obtain predictive values for normal RMS in 
different populations13, but not for obese patients.

However, there is no study that either provides recommended 
RMS values specifically for the morbidly obese population or 
that indicates which of the mathematical formulas available in 
the literature best apply to this population. Therefore, the objec-
tives of this study were to evaluate this population’s RMS and to 
compare these estimates with the predictive values for different 
mathematical equations available in the literature.

Method  

Population studied

This cross-sectional study involved 60 adult women who 
were divided into 2 groups of 30 participants each: a morbidly 

obese group (BMI 44.7±4.11 kg/m²) and a normal-weight 
control group (BMI 22.1±1.8 kg/m²). The volunteers were told 
about the study’s objectives and signed an informed consent 
form. The study was approved by the Research Ethics Commit-
tee of the Universidade Metodista de Piracicaba (UNIMEP), 
Piracicaba, SP, Brazil, (reference number 19/10).

The morbidly obese women were screened in a Bariatric 
Clinic where meetings were held with the multidisciplinary 
team to prepare for gastroplasty, and the normal-weight 
women were recruited from the community with an invitation 
to participate in the study.

The inclusion criteria were: morbidly obese women 
(BMI≥40 kg/m2) and normal-weight women (BMI between 18.5 
and 24.9 kg/m2) aged between 25 and 50 years with a sedentary 
lifestyle, (i.e., scoring up to 816 on the Baecke, Burema and Frijters 
Questionnaire14 (validated in Brazil by Florindo and Latorre15)), 
with no comorbidities such as systemic arterial hypertension, 
diabetes, cardiovascular or pulmonary diseases, with no altera-
tions in the thoracic and/or abdominal region that would affect 
respiratory dynamics, who did not use tobacco and who could 
understand how to perform the maneuvers.

Pre-operative medical records were used to verify that there 
were no comorbidities among the morbidly obese participants. 
The health status of normal-weight volunteers was determined 
using standardized questions based on current guidelines for 
pulmonary function tests17.

To verify that the volunteers had no respiratory disorders, 
spirometric testing, i.e., forced vital capacity (FVC), forced ex-
piratory volume in the first second (FEV1) and FEV1/FVC rate 
above 80%, were conducted. To perform the tests, an ultrasonic 
computerized spirometer with a flow sensor (Microquark; 
Cosmed, Roma, Italy) was used according to American Thoracic 
Society guidelines18. Values were expressed as a percentage of 
the predicted Brazilian population estimates19.

Anthropometric evaluation

The volunteers were barefoot and wearing light clothing, 
remained in an upright standing position for the anthropo-
metric assessments. Body weight was measured using a prop-
erly calibrated digital scale (Filizola®, Brazil) with a 300  kg 
maximum capacity and an absolute error (precision) of 100 g. 
Height was verified using a wall stadiometer (Wiso) with a 
resolution in millimeters.

The BMI was calculated using the weight/height2 (kg/m2) 
equation. Neck circumference (NC) was measured at the cri-
coid cartilage level20. Waist circumference (WC) was measured 
at the midpoint between the margins of the last rib and the 
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upper margins of the iliac crest. Hip circumference was meas-
ured at the level of the greater trochanter of the femur21.

Evaluation of maximal respiratory pressures

An analog vacuum manometer (Critical Med, USA, 
2002) with an operating range of 0 to ±300 cmH2O was 
used to measure maximal respiratory pressure (MRP). This 
model is composed by a hard plastic mouthpiece with a 
small hole of 2 mm in internal diameter, which serves as 
a  relief valve for preventing elevated pressure in the oral 
cavity due to the simultaneous contraction of facial mus-
cles and the closing of the glottis22. A disposable cardboard 
mouthpiece was used (De Marchi).

Before testing, the volunteers were shown the correct way 
to perform the maneuvers, i.e., keeping the lips firmly in place 
around the mouthpiece so that no air could escape23.

Maximal inspiratory pressure (MIP) was measured 
from the residual volume, and maximal expiratory pressure 
(MEP) was measured from the total lung capacity. There 
was a 1 min interval between measurements24. The volun-
teers were instructed to avoid puffing out their cheeks in 
order to prevent air leakage. The position reached at the 
end of the maximal force was maintained to ascertain 
plateau pressure25. While performing these measurements, 
the volunteers remained seated with their feet supported 
and used a nose clip.

All volunteers performed a minimum of three, and maxi-
mum of five times of the maximal inspiration and expiration 
maneuver, provided each maneuver was technically accept-
able and reproducible, i.e., without air leakage, sustained for at 
least 1 second and similar to the other values (≤10%). When 
an exceptionally high value (>10% above previous attempts) 
was obtained in the final maneuver, the test continued until a 
value close to it (≤10%) was obtained. As such, the number of 
maneuvers could exceed five attempts. The highest value was 
used in the data analysis25,26.

The values obtained for maximal respiratory pressures were 
compared to the predicted values for MIP and MEP using the 
equations proposed by Harik-Khan, Wise and Fozard12, Neder 
et al.25 and Costa et al.27, as described below:

Harik-khan (EHarik): Harik-Khan, Wise and 
Fozard12 Equation

Women: MIP=171-0.694 x age +0.861 x body mass (kg) 
-0.743 x height (cm)

Neder (ENeder): Neder et al.25 Equation

Women: MIP=-0.49 x age+110.4
 MEP=-0.61 x age +115

Costa (ECosta): Costa et al.27 Equation

Women: MIP=-0.46 x age +74.25
 MEP=-0.68 x age+119.35

Statistical analysis

Data distribution was verified using the Shapiro-Wilk test, 
and once normality was confirmed, the data were expressed as 
means and standard deviations.

To compare the anthropometric characteristics, physical 
activity level and RMS values obtained between the groups, 
Student’s t-test was used for parametric data and the Mann-
Whitney test for non-parametric data.

To compare the MIP and MEP values obtained with those pre-
dicted for subjects of normal weight, the Friedman test was used 
for MIP, and repeated measures ANOVA with Bonferroni post-hoc 
was used for MEP. For the morbidly obese, repeated measures 
ANOVA with Bonferroni post-hoc was used for MIP and MEP.

Visual  inspection of the  Bland-Altman  plots was carried 
out to evaluate the agreement bias between the equations 
studied. The statistical significance level adopted was p<0.05. 
All statistical procedures were performed in BioStat 5.0 and 
Medcalc 12.2.1 (MedCal Software, Mariakerke, Belgium).

Results  

Table 1 shows that there were no between-group statisti-
cal differences in age or height. In relation to body mass, BMI, 
WC, WHR and NC, the morbidly obese women had signifi-
cantly higher values than the normal-weight subjects. There 
were no between-group significant differences in the FVC and 
FEV1/FVC ratio values; FEV1 was significantly lower in the 
obese women. There were no significant differences found in 
the volunteers’ physical activity level (Table 1). The morbidly 
obese subjects returned significantly higher MIP values than 
those of normal weight.

Regarding the differences between the MIP values ob-
tained and the values predicted by the equations, the values 
predicted by the EHarik equation for the morbidly obese were 
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significantly higher than those obtained. There was no differ-
ence between the values obtained and those predicted by the 
ENeder equation; the values predicted by the ECosta equation 
were significantly lower than those obtained. There was a sig-
nificant difference between the values predicted by the three 
equations, as shown in Table 2.

Regarding the normal-weight volunteers, there was no 
difference in the values obtained and those predicted by the 
EHariK equation; the values predicted by the ENeder equation 
were significantly higher than those obtained, and the values 
predicted by the ECosta equation were significantly lower than 
those obtained (Table 2).

There were no between-group differences in the obtained 
MEP values. However, there was a significant statistical differ-
ence between the MEP values obtained and those predicted 
by the ENeder and ECosta equations. There was no difference 
between the equations for predicted MEP values (Table 3).

For MIP, the statistical graph analysis from the Bland-Altman 
test between the obtained values and those predicted by the 
EHarik equation showed a mean difference of -7.7 cmH2O 
and an agreement interval of -38.9 cmH2O to 23.6 cmH2O. The 
obtained values and those predicted by the ENeder equation 
produced a mean difference of -23.5 cmH2O and an agreement 
interval of -52.3 cmH2O to 5.3 cmH2O. The obtained values 
and those predicted by ECosta showed a mean difference 
of 11.8 cmH2O and an agreement interval of -17.1 cmH2O to 
40.6 cmH2O. Regarding MEP, the Bland-Altman graph analysis 
between the obtained values and those predicted by ENeder 
showed a mean difference of 14.4 cmH2O and an agreement 
interval of -53.2 cmH2O to 24.1 cmH2O. The values obtained 

and those predicted by ECosta showed a mean difference of 
-16.1 cmH2O and an agreement interval of -54.9 cmH2O to 
22.6 cmH2O (Figures 1 and 2).

Discussion  

The analysis of RMS parameters becomes relevant espe-
cially when the morbidly obese individual is a candidate for 
gastroplasty surgery28. According to Barbalho-Moulin et al.29, 
respiratory muscle dysfunction is the main cause of pulmo-
nary complications after abdominal surgery and, because of 
this, respiratory muscle training is recommended. This study 
is informative for physical therapists and health professionals 
regarding the difficulties in using predictive RMS formulas that 
do not take body mass into account.

Respiratory muscle function can be severely compromised 
with obesity, which is due to the load placed on the diaphragm 
muscle. As a result of the reduced functional residual capacity 
(FRC), there is an increase in ventilation, and high flows are 
needed to perform maximal voluntary ventilation30.

It may be noted that there was no difference between the 
MIP values obtained and those predicted by the EHarik equa-
tion in the normal-weight group. For the equation proposed by 
Neder et al.25, however, we noted an overestimation of RMS; on 
the other hand, the values predicted for MIP by Costa et al.27 
were underestimated.

For the morbidly obese, therefore, depending on which RMS 
equation is used, three different conclusions could be drawn 

Table 1. Age, anthropometric data and values attributed to habitual physical 
activity in morbidly obese and lean women.

Morbidly Obese (n=30) Lean Women (n=30) p-value
Age (years) 33.06±5.4 30.6±5.4 0.1738
Height (m)  1.62±4.5 1.62±4.9 0.8303
Body weight (kg) 116.8±13.4 58.8±6.1 <0.0001
BMI (kg/m2) 44.7±4.11 22.1±1.8 <0.0001
WC (cm) 124.1±10.4 78.7±7.4 <0.0001
WHR 0.92±0.07 0.80±0.11 <0.0001
NC (cm) 40.2±2.8 31.8±1.2 <0.0001
FVC (%P) 95.27±15.54 99.10±10.9 0.2749
FEV1(%P) 88.31±4.31 102.75±13.2 <0.001
FEV1/FVC (%P) 102.16±6.08 102.81±6.19 0.6834
LPA score  2.11±0.43  1.97±0.6 0.3377
Score LLPA 1.23±1.05 1.36±0.72 0.3418
Total score 3.35±1.28 3.33±1.09 0.9526

Values were expressed as mean and standard deviation. BMI: body mass index, WC: waist circumfe-
rence, WHR: waist-to-hip ratio, NC: neck circumference, FVC (%P): Forced vital capacity in percentage 
predicted, FEV1/FVC (%P), Ratio of FEV1/FVC in percentage predicted, LPA: leisure physical activity, 
LLPA: leisure physical activity and locomotion. (*) p<0.05, difference between the values obtained from 
morbidly obese and lean women.

MIP Obtained  EHarik ENeder ECosta
Morbidly 
obese

-87.83±21.40** -130.71±11.98*# -94.55±3.05# -50.37±2.86*#

Lean 
Women

-72±15.23 -79.76±5.31# -95.47±2.57*# -60.23±2.41*#

Table 2. Values of MIP and provided by the equations obtained EHarik, ENeder and 
ECosta the morbidly obese and lean women in cmH2O.

Values are expressed as mean±standard deviation. EHarik: equation proposed by Harik-Khan, Wise 
and Fozard12, ENeder: equation proposed by Neder et al.25, ECosta: equation proposed by Costa et al.27. 
(*p<0.05) significant difference between the values obtained and provided. (**p<0.05) significant di-
fference between the values obtained from morbidly obese and lean women. (#p<0.05) significant 
difference between the values provided. MIP: maximal inspiratory pressure.

MEP Obtained ENeder ECosta
Morbidly obese 85.83±20.76 95.87±3.80* 97.36±4.23*
Lean Women 82.5±19.85 97.04±3.14* 98.63±3.57*

Table 3. Values ​of MEP and provided by the equations obtained EHarik, ENeder and 
ECosta the morbidly obese and lean women in cmH2O.

Values are expressed as mean±standard deviation. ENeder: equation proposed by Neder et al.25, 
ECosta: equation proposed by Costa et al.27. (*p<0.05) significant difference between the values obtai-
ned and provided. MEP: maximal expiratory pressure.
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for the same value, which confirms the study’s hypothesis that 
the mathematical formulas in question cannot reliably predict 
the RMS of the morbidly obese. This fact may also explain the 
different results of studies attempting to evaluate the strength 
of respiratory muscles in the morbidly obese28,31,32.

Due to the conflict between the obtained MIP measure-
ments and those predicted by the EHarik equation for normal-
weight volunteers, greater agreement was found between 
the obtained and predicted values from the Bland-Altman 
visual analysis, considering that there was no reason for 
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normal-weight volunteers to have reduced or increased RMS. 
Since this formula is the only one that includes the volunteers’ 
body mass and height, it was selected in this study as the most 
reliable for measuring the maximal respiratory pressure of the 
morbidly obese. This being the case, it can be confirmed that 
the inspiratory muscle strength of obese subjects is reduced.

This result may be explained by a restriction of the thoracic 
cage resulting from the excessive deposit of fat in the thora-
coabdominal region, which would alter the mobility of the 
diaphragm muscles33. Apart from this, in obese patients, the 
weight of the abdomen brings the diaphragm to the cephalic 
position in the supine position, leading to closure of the small 
air passageways at the base of the lungs and intrinsic positive 
end expiratory pressure, resulting in increased ventilatory 
work and consequent muscle disadvantage34.

The EHarik equation for MIP was most suitable for the 
control group. This result was also found by Leal et al.35, who 
evaluated the respiratory pressure of 475 healthy sedentary 
adults and concluded that the most suitable equations for 
that population were Harik-Kahn and Wise and Fozard12 
for MIP, which consider body mass, age and height and the 
Neder et al.25 equation for MEP, which considers age. However, 
since the predicted values of Neder et al.25 fit those of normal 
weight subjects in the present study, the equation was not con-
sidered as suitable for predicting expiratory muscle strength in 
morbidly obese patients.

In another study published by Parreira et al.36, it was con-
cluded that the equations proposed by Neder et al.25 could not 
predict MIP or MEP values in a population of healthy non-
obese individuals, and these differences were attributed to 
methodological differences between the studies.

As in the present study, other researchers using the Neder 
et al.25 equations have found contradictory results regarding 
RMS behavior in the morbidly obese. Magnani and Cataneo5 
performed a study with a group of obese individuals who 
had been recommended for bariatric surgery (with an aver-
age BMI of 44.42 kg/m2) and observed that both the MIP and 
MEP were within normal limits. Castello et al.28 found that 
morbidly obese women had lower values for MIP (76% of the 
predicted) and for MEP (67% of the predicted) compared to 
normal-weight women in the same age range. It could be said 
that the results for the obese individuals in this study were 
similar to those of Castello et al.28, but the values predicted 
by Harik-Kahn, Wise and Fozard12 for MIP and those of Neder 
et al.25 and/or Costa et al.27 for MEP would have to be taken 
into account.

The results obtained for MIP, considered separately, cor-
roborate those of Costa et al.32, who evaluated 57 obese 
individuals and 46 sedentary normal-weight individuals, 
confirming that obese individuals have greater MIP and MEP 

than normal-weight individuals. Costa et al.32 did not calculate 
predicted values according to established equations, although 
they highlighted the importance of a normal-weight control 
group for evaluating RMS due to the numerous different equa-
tions for estimating pressure values.

The increased respiratory muscle strength in the obese 
participants may be explained by an adaptation to the chronic 
overload that accompanies obesity, shown by the greater quan-
tity of type II fibers and the reduced quantity of type I fibers37. 
However, because of the difference between obtained and 
predicted MEP values in the normal-weight subjects and the 
fact that the Bland-Altman analysis indicated the predicted 
values were overestimated, the expiratory muscle strength of 
the morbidly obese in this study remains inconclusive.

Costa et al.27 conducted a study comparing MIP and MEP 
measurements in healthy individuals with values predicted 
by the Neder et al.25 equations in order to determine reference 
equations for the Brazilian population. They observed that 
the predicted value for IP was significantly greater than their 
obtained value, although there was no difference between pre-
dicted and obtained MEP values. They attributed their findings 
to the fact that the Neder et al.25 study did not specify the size of 
the hole in the mouthpiece to reduce buccinator muscle pres-
sure. This information could help explain our findings on the 
inspiratory muscle strength of normal-weight individuals with 
respect to the ENeder equation.

Enright et al.38 reported that the positive predictors for MIP 
are gender, FVC, handgrip strength and quantity of lean mass. 
Some studies have specifically shown that obese individuals 
have greater peripheral muscle strength than normal-weight 
individuals, which is probably associated with a greater fat-
free mass39,40. Since the volunteers’ body composition was not 
evaluated in this study, the MRP findings cannot be attributed 
to the amount of fat.

Bruschi et al.41 reported great variety in the results of studies 
on MRP. They attribute the variability to the different method-
ologies involved, such as the type of mouthpiece, the number 
of maneuvers performed, body position and differences in the 
populations studied.

Some limiting factors to be considered for this study are the 
lack of a cardio-pulmonary test, the lack of a body composi-
tion evaluation and the lack of analysis of other RMS studies, 
especially those involving Brazilian populations.

Conclusion  

The inspiratory muscle strength of morbidly obese 
women in this study was greater than that of normal-weight 
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women. Of the three equations used in this study, that of 
Harik-Khan et al.12 seems the most suitable for calculat-
ing the MIP measurement reference values of the morbidly 
obese. Morbidly obese and normal-weight women appear 
to show similarities in expiratory muscle strength behavior, 
but these findings are still inconclusive.
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