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Objective: To evaluate maximum inspiratory pressure (MIP) in women with
obesity using a manometer (FIMm) and the RT2® device (MIPRT) and compare the
findings with equations for predicted values.

Methods: A cross-sectional study was conducted with 103 women between 18 and
65 years of age with a body mass index (BMI) between 30 and 60 kg/m?. Spirometric
values (FVC, FEV1 and FVC/FEV1), MIPM and MIPRT were determined.

Results: The MIPM was higher than the MIPRT (98 + 24.3 cm H,0 and 74.2 £ 29 cm
H,0, respectively) and both values were lower than the values predicted for individuals
in the ideal weight range. Moreover, negative correlations with BMI were found.

Conclusion: These results demonstrate that the women with obesity had weaker
inspiratory muscle strength compared to values predicted for individuals in the ideal
weight range, differences are found when MIP is measured using different equipment
and the BMI exerts an influence.

Keywords: Obesity; Respiratory Muscle; Muscle Strength; Reference Values; Maximum
Inspiratory Pressure

Introduction

Obesity is a disease characterized by the excessive accumulation

due to the changes that occur in the lungs, thoracic wall and
diaphragm, which alter the respiratory mechanics and exert a

of body fat [1] and has become a worldwide public health problem
[2-4]. An imbalance favoring calorie intake over expenditure
leads to an increase in adipose tissue, which plays a key role in
the development of complications in diverse body systems [5,6],
including the respiratory system [7]. According to Magnani and
Cataneo [7], obese individuals have respiratory muscle dysfunction

negative impact on the gas exchange. These changes are believed
to overload the respiratory muscles, increasing the mechanical
work involved in respiration [6-11]. The evaluation of respiratory
muscle strength, which is measured by maximum expiratory and
inspiratory pressures, has been used since the 1960s [12] due to
its important diagnostic role in lung conditions, such as chronic
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obstructive pulmonary disease [13]. However, there is a lack of
information on respiratory muscle strength in individuals with
obesity, as no consensus is found on predictive values for this
population or whether there is an association between respiratory
muscle strength and the body mass index (BMI) [6-9].

Researchers have proposed equations for reference values
for measures of respiratory muscle strength in individuals in the
ideal weight range taking into consideration sex and age [14-21].
However, few studies have been conducted with obese individuals.
Evaluating maximum inspiratory pressure (MIP) in obese women,
[22]
equations and found three different values for the same individuals.

Pazzianotto-Fort, et al. compared different predictive
This demonstrates that respiratory muscle strength is not only
correlated with age and sex, but also weight, heightand body surface,
which underscores the need for studies on predictive equations,
particularly for the MIP, involving individuals with obesity [19,20].
Independently of the population being studied, respiratory muscle
strength has been investigated with the use of different equipment
and methods. An analog manometer is the most widely known and
used. This equipment constitutes a closed system in which vacuum
pressure is measured on a scale in cmH,0 [12-15]. Since the 1990s,
however, the RT2® device (DeVilbiss Healthcare Ltd.) has been
employed for the measurement of respiratory muscle strength as
well as for respiratory muscle training, used mainly on athletes
[16-18]. The RT2® device was first used in Brazil by Bien, et al.
[17] on a sample of individuals in the ideal weight range with the
aim of developing predictive equations for MIP for the Brazilian
population. Considering the different equipment and methods and
the fact that predictive MIP values are only found for individuals in
the ideal weight range [14,17,19-21], the aim of the present study
was to determine MIP in women with obesity using a manometer
(MIPM) and the RT2 device (MIPRT) to contribute to clarifying MIP

in this population.
Methods

Sample and Ethical Aspects

A cross-sectional study was conducted involving 103 women
with obesity recruited from the community surrounding University
Nove de Julho (Sdo Paulo, Brazil). All volunteers received
clarifications regarding the objectives and procedures of the study
and agreed to participate by signing a statement of informed
consent. This study received approval from the human research
ethics committee of the university (certificate number: 2.560.684).
The evaluations were performed at the Respiratory Functional
Assessment Laboratory of the university between August 2017
and September 2018. The inclusion criteria were women aged 18
to 65 years with obesity (BMI = 30 kg/m?). The exclusion criteria

were infectious or inflammatory disease, respiratory infection in
the previous two weeks, kidney disease, liver disease, uncontrolled
arterial hypertension or diabetes, obstructive or restrictive lung
condition detected by spirometry, physical limitations that would
impede the execution of the tests and not signing the statement of

informed consent.

Experimental Procedures

The evaluations were performed in a single session. After
taking the patient histories, the anthropometric measures were
determined with the volunteers standing barefoot and wearing light
clothing. Weight was determined using a calibrated precision scale
(Tanita®) with a maximum capacity of 180 kgand accuracy of 100 g.
Height was measured using a stadiometer with an accuracy of 1 mm.
The BMI was calculated as weight in kg divided by height in meters
squared (kg/m?). For the exclusion of obstructive or restrictive lung
conditions, forced vital capacity (FVC), forced expiratory volume in
the first second (FEV1) and the FEV1/FVC ratio < 80% of predicted
[23] were determined using a computerized ultrasound spirometer
with a flow sensor (Easy-One NDD® Medizintechnik, Switzerland),
following the recommendations of the American Thoracic Society
[23] and guidelines for lung function tests [24]. The values were
expressed in liters and percentage of predicted values based on the
reference values proposed by Knudson [25].

MIP was determined using a manometer (MIPM) and the RT2
device (MIPRT). The manometer was the Critical Med® device
(USA, 2002) with an operational range of 0 to + 300 cmH,0, duly
equipped with an rigid plastic mouthpiece with a small orifice
(internal diameter: 2 mm) serving as the relief valve to prevent
the increase in pressure in the oral cavity generated exclusively by
the contraction of the facial muscles with the closure of the glottis.
MIPM was measured beginning with residual volume. The volunteer
remained seated with feet on the floor wearing a nose clip. A
minimum of three and maximum of five trials were performed, with
a one-minute interval between trials. Those sustained for at least
one second and with a difference of less than 10% compared to the
immediately inferior result were considered technically acceptable
and reproducible [12]. MIPRT was determined using the RT2®
device (DeVilbiss Healthcare Ltd.) connected to a laptop or desk
computer. The volunteer inhaled as deeply and fully as possible
through an appropriate mouthpiece for the determination of MIPRT
in cmH,0. Following the recommendations of the manufacturer,
three to five trials were performed with a one-minute rest between
trials to obtain accurate MIPRT values [16]. The largest value was
used for the analysis. Both the MIPM, and MIPRT were compared to
the values predicted using the equations proposed by Neder, et al.
[14,17,19-21] and which are shown in the chart below.
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Statistical Analysis

The sample size was calculated based on the findings of a cross-
sectional study [20]. Using a correlation coefficient considering
weight (kg) and BMI correlated with MIP, with a respective effect
size of r = 0.33 and 0.34, two-tailed a = 0.05 and 80% power [26]
the minimum sample size was determined to be 85 participants.

The Shapiro-Wilk test was used to determine the normality of
the data, which were expressed as mean and standard deviation
values. The unpaired Student’s t-test was used for the comparison
of the obtained MIP values to those predicted by the different
equations. One-way analysis of variance (ANOVA) with Tukey’s post
hoc test was used for the comparison of the different BMI categories
and predicted MIP values. Pearson’s correlation coefficients (r2)
were calculated and linear regression analysis was performed to
identify the degree of interference of the BMI on MIP. The IBM®
SPSS® Statistics 22 (SPSS, Chicago, Illinois, USA) was used for the
statistical analysis, with the level of significance set to 5% (p < 0.05).

Results

Participants

Among the 107 women recruited, four were unable to complete
the tests. Thus, the final sample was composed of 103 women with
obesity. Figure 1 displays the flowchart of the study.

Women recruited
n=107

l Women excluded
n=4

Women evaluated
n=103

,

Evaluation file — patient history
Anthropometric data
Spirometry

TIRE - RT2

Manometer

Figure 1: Flow chart.

Clinical Findings

Table 1 displays the anthropometric characteristics, age
and spirometric values of the sample. There were no restrictive
or obstructive lung findings indicative of abnormalities of the
airways. Mean age was 32 + 10.3 years (range: 19 to 65 years),
mean BMI was 38.2 + 5.6, distributed among the three grades of
obesity. The spirometric findings revealed an absence of restrictive
abnormalities of the thoracic cage and airways. Table 2 displays
the mean FMI values obtained with the two methods employed in

the present study and comparisons to the results of the equations
proposed by other researchers. All values obtained with MIPM
and MIPRT were lower than the predicted values for individuals
in the ideal weight range. The exceptions were MIPC, which was
lower than both MIPM and MIPRT, and MIPN, which was lower
than MIPM. Table 2 also shows that MIPHK overestimates the
predicted values for these women with obesity and differences are
found among the values predicted by the equations for the same
individuals. Considering the difference in the FMI of these women
with obesity found when using different equipment (MIPM and
MIPN) and the possible influence of body mass, FMI was compared
considering the different grades of obesity (BMI 1, BMI 2 and BMI
3), as shown in Table 3.

Table 1: Anthropometric characteristics, age and spirometric
characteristics of sample.

Womenn =103
Age (19 - 65 years) 32+10.3
Height (1.5 - 1.86 m) 1.64 £ 0.06
Weight (72 - 180 Kg) 104 +19
BMI (30 - 60.1kg/m?) 382+56
BMI 1 n 33 (30 - 34.9 kg/m?) 3314
BMI 2 n 38 (35 - 39.9 kg/m?) 37+14
BMI 3 n 32 (= 40 kg/m?) 45+5.1
FVC (%P) 999+ 15
FEV, (%P) 97 £16.2
FEV,/FVC (%P) 83+5.1

Note: BMI = body mass index (kg/m?), BMI 1 = grade 1 obesity,
BMI 2 = grade 2 obesity, BMI 3 = grade 3 obesity, FVC% (%P)
= forced vital capacity in percentage of predicted, FEV,% (%P)
= forced expiratory volume in first second in percentage of
predicted, FEV,/FVC% (%P) = FEV,/FVCY% ratio in percentage
of predicted, data expressed as mean * standard deviation.

Independently of the grade of obesity, the MIPRT remained only
70 to 80% of the MIP determined by the manometer. According
to the data displayed in Table 2, significant differences are found
among the values predicted by the different equations for the same
obese women. According to the data displayed in Table 3 significant
differences are found between the MIPM and MIPRT among the
different degrees of obesity for the same obese women. Therefore,
a correlation analysis was performed between the different MIP
predictive equations and different grades of obesity (Table 4).
The findings displayed in Table 4 demonstrate that the MIPHK
and MIPSP equations are significantly negatively correlated with
BMI, whereas the correlations with the other equations were non-
significant. Respectively show the correlations with the MIPHK and
MIPSP, especially for BMI 2 and 3, with the strongest correlation
found for BMI 3. A linear regression analysis was performed to gain
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a better understanding of the correlations between BMI and both
the MIPSP and MIPHK predicted values (Table 5).

Table 2: Comparison of MIPM, MIPRT and values predicted
using different equations.

. Value expected Difference
Obtained by MIP,, a}nd MIP, by predictive between obtained
and % of predicted . .
equations and predicted
MIP, p
MIP,, -98 + 24.3 (103%) 95450 0.218
-95 £ 5.
MIP, -74.2 + 20 (78%) <0.001*
MIP,_
MIP,, -98 + 24.3 (164%) 60546 <0.001*
-60 * 4.
MIP,, -74.2 £ 20 (124%) <0.001*
MIP,
MIP,, -98 + 24.3 (84%) 116417 <0.001*
- +
MIP, . -74.2 + 20 (78%) <0.001*
MIP,,
MIP,, -98 + 24.3 (113%) <0.001*
-86.3+-4.0
MIP, -74.2 = 20 (87%) <0.001*
MIP,
MIP,, -98 + 24.3 (108%) 0.004*
-90.5 6.0
MIP, -74.2 + 20 (82%) <0.001*
p<0.001**

Note: MIP,, = maximum inpiratory pressure in cmH,O obtained
by manometer; MIP,, = maximum inpiratory pressure in
cmH,O obtained by RT2; MIP = maximum inspiratory pressure
in emH,O predicted by Neder equation; MIP. = maximum
inspiratory pressure in cmH,O predicted by Costa equation;
MIP,,, = maximum inspiratory pressure in cmH,O predicted by
Harik-Khan equation; MIP_, = maximum inspiratory pressure
in cmH,O predicted by Sgaribold & Pazzianotto-Forti equation;
MIP, = maximum inspiratory pressure in cmH,O predicted by
Bien equation; p = result of unpaired t-test with significance p <
0.05* and one-way ANOVA + Tukey’s test with significance p <
0.05**.

Table 3: Comparison of MIP,, and MIP_ . among different grades
of obesity.

MIP,, MIP, % p
BMI (N =103) -98+243 | -74.2+20 75 <0.001
Obese class I (N = 33) -88+19.4 | -69+15.3 78 <0.001
Obese class II (N = 38) -97.3+24 | -75.2+22 77 <0.001
Obese Class III (N = 32) -109+252 | -79+21 72 <0.001

Note: MIP, = maximum inspiratory pressure in cmH,O obtained
by manometer; MIP,, = maximum inspiratory pressure in cmH,O
obtained by RT2; BMI= body mass index, p= result of unpaired

t-test with significance p < 0.05.

Table 4: Correlation between grades of obesity and equations for
predicted values in the literature.

MIP, MIP, MIP,, MIP,, MIP,
BMI r _ *% _ * _ * ~ s,k
(N=103) | -0163+ | T-0-163™ | r-0896" | r-0883* | r-0.06
BMI'1 _ ok _ ok _ Hok r _ *ok
(N=33) | T2 | K002 | r0341% | g0, r-0.120
(?\Ilfég) r-0.06" | r-0.06** | r-0525% | r-0.475* | r-0.07**
(?\Il\gg) _0.1r7 gee | D074 | r-0.885* | r-0896* | r-0.310"*

Note: BMI = body mass index (kg/m?), BMI 1 = grade 1 obesity,
BMI2 = grade 2 obesity, BMI3 = grade 3 obesity, MIP = maximum
inspiratory pressure in cmH,O predicted by Neder et al., MIP_. =
maximum inspiratory pressure in cmH, predicted by Costa et
al., MIP,, = maximum inspiratory pressure in cmH,O predicted
by Harik-Khan, Wise & Fozard, MIP, = maximum inspiratory
pressure in cmH,O predicted by Sgaribold & Pazzianotto-Forti,
MIP, = maximum inspiratory pressure in cmH,O predicted by
Bien et al., Pearson’s correlation with significance p < 0.05%;
Pearson’s correlation with p > 0.05**.

Table 5: Regression analysis considering MIPHK and MIPSP as
dependent variables in relation to BML.

Dependent variable: MIP,
r’% r p
BMI (N =103) 78 -0.883 <0.001
Dependent variable: MIP,
r’% r p
BMI (N = 103) 80.3 -0.896 <0.001
Note: MIP, = maximum inspiratory pressure in cmHO

predicted by Harik-Khan et al., MIP;, = maximum inspiratory
pressure in cmH,O predicted by Sgaribold & Pazzianotto-Forti,
linear regression analysis with significance p < 0.05.

In this analysis, strong significant correlations were found
between BMI and the two equations, explaining 80.3% of the
variation in MIP with the HK equation and 78% of the variation in
MIP with the SP equation. Due to the significant difference between
MIPM and MIPRT as well as the non-significant correlation between
MIPB and the grades of obesity, the fact that the mean values
predicted by MIPB were higher than those obtained for these
women and the fact that the RT2 is a relatively new device that
has been studied little in this population, the aim of the following
analysis was to demonstrate the confidence intervals of the mean
values obtained by the RT2 in obese women. Table 6 shows that the
mean MIPRT values were lower than those predicted by the MIPB
equation for the women with obesityin all categories of obesity, but
the value was within the 95% confidence interval.
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Table 6: Confidence intervals of
according to grade of obesity.

means obtained by MIPRT

MIP, MIP, 95% CI
BMI (N = 103) -74.2 %20 -90.5+ 6 -148
BMI 1 (N = 33) -69+15.3 91+7 -138
BMI 2 (N = 38) -75.2 %22 290+ 6 -146
BMI 3 (N = 32) 79+ 21 91+6 -157

Note: BMI = body mass index, BMI 1 = grade 1 obesity, BMI 2
= grade 2 obesity, BMI 3 = grade 3 obesity, MIP, = maximum
inspiratory pressure in cmH,O predicted by Bien et al., MIP,,=
maximum inspiratory pressure in cmH,O obtained by RT2, CI =
confidence interval.

Discussion

Comparing the MIP values found for the women with obesity
in the present study to those determined using different predictive
equations for individuals in the ideal weight range, different values
are found, with the predictive values either overestimating or
underestimating MIP for these women. This demonstrates the lack
of applicability of these equations for the population with obesity
and underscores the need for new equations or adjustments to
existing equations for this population. Contradictory findings
are described in the literature with regard to respiratory muscle
strength in individuals with obesity. Abdalla, et al. [13] found
that MIP values were, on average, 21% higher among women
with obesity in comparison to non-obese women. Campos et al.
[6] found that MIP values were higher (102%) among women
with grade 3 obesity in the preoperative period prior to bariatric
surgery compared to values predicted for individuals in the ideal
weight range. In contrast, Sant Anna Jr, et al. [27] found a 30 to
40% reduction in MIP in obese individuals compared to those in
the ideal weight range and Sood, et al. [28] found MIP at 60% of
the value predicted for individuals in the ideal weight range. These
divergences may be due to the small number of studies and lack of
a consensus on this subject as well as the fact that most predictive
equations were proposed for non-obese individuals. Thus, there
is a need for further studies involving individuals with obesity
and a large sample size to ensure the adequate reproducibility of

predictive equations for this population.

The differences in FMI found in individuals with obesity
may be due to certain limitations in the ventilatory mechanics.
Greater activity of the diaphragm is required for these individuals
to produce adequate ventilatory work [29], since the excessive
deposit of fat in the thoracic and abdominal cavities, elevates the
diaphragm domes, causing an increase in final positive expiratory
pressure due to the closure of small airways at the base of the
lungs, leading to an increase in ventilatory work and a respiratory
muscle disadvantage [30]. The present findings indicate that the

deposition of body fat exerts an influence on MIP independently
of the degree of obesity, as demonstrated by the results obtained
with both the manometer and the RT2 device. While Magnani and
Cataneo [7] found MIP values for individuals with grade 3 obesity
within the values predicted using the equations proposed by Neder,
et al. [14]. Castello, et al. [31] found lower MIP values in women
with grade 3 obesity than the values expected using the same
equations. Evaluating three equations for predictive values [Neder,
et al. [14,21,19,22]] found three different values, although the
equation proposed by Harik-Khan, et al. [19] proved to be the most
appropriate for this population.

The present findings demonstrate that the anthropometric
characteristics of individuals with obesity, especially grade 3
obesity, exert a direct influence on MIP, which is in agreement with
data described by Harik-Khan, et al. [19] as respiratory muscle
strength is associated with sex, age, weight, height and body surface.
It should also be pointed out that among all the equations found
in the literature, only those proposed by Harik-Khan, et al. [19,20]
take body surface into account. The present findings demonstrate
that women with obesity have a lower FMI in comparison to values
predicted for individuals in the ideal weight range, with the MIPM
lower than that predicted using the equation proposed by Harik-
Khan, et al. [19]. Moreover, this difference was accentuated when
FMI was measured using the RT2 device (MIPRT). The MIPRT of
the women with obesity in the present study was also significantly
lower than that predicted using the equation proposed by Bien, et
al. [17], which was also developed to predict values in individuals in
the ideal weight range using the RT2 device. This underscores the
fact that body surface exerts an influence on FMI measures.

The values obtained using the manometer (MIPM) were, on
average, 30% higher than those obtained using the RT2 device
(MIPRT), which may be related to the different functioning
mechanisms of these two devices. The analog manometer furnishes
avalue using a closed system in which a vacuum is generated, which
requires a greater peak for its execution [12-15]. In contrast, the
RT2 requires the individual to sustain inspiration for a few seconds
more to obtain the FMI and is characterized as an open system with
inspiratory flow resistive loading, requiring a lower mean peak of
strength to generate pressure [16,18]. These are important aspects
to consider for the establishment of possible predictive equations.

Limitations of the Study

The main limitation was the fact the sample was limited to
women due to the small number of men available for participation.
Another limitation was the lack of electrical bioimpediance analysis,
which would have provided the respective percentages of fat mass,
lean mass and water, as these elements may exert an influence on
MIP in individuals with obesity.
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Clinical Relevance

Equations for predicting MIP in individuals with obesity
should take body mass into account. Considering the influence
of obesity on the physical health of these individuals, this change
in the prediction equation will allow more accurate results in the
determination of inspiratory muscle strength and, consequently, a
better based therapeutic approach, especially in terms of physical
training and / or physical and functional rehabilitation for this

population.
Conclusion

The women with obesity analyzed presented lower inspiratory
muscle strength when compared to the predictive values using
equations developed for individuals in the ideal weight range with
the values obtained by the two methods employed in this study. In
addition, the degree of obesity affected inspiratory muscle strength
and the MIP value determined by the pressure gauge was higher
than that determined by the RT2 device.

What is Already Known about the Subject?

There are differences in inspiratory muscle strengths in women
with obesity compared with ideal weight. Adipose tissue influences
these muscle forces. Existence of different predictive value
equations for inspiratory muscle strength for ideal weight subjects.

What Does Your Study Add?

Need to develop a predictive equation for inspiratory muscle
strength values for individuals with obesity. Take into consideration
the weight and degree of obesity in developing such equations.
Consider the device used to obtain inspiratory muscle strength data
in women with obesity.
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