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/Abstract \

Background and Aim of the Study: Obesity is currently one of the biggest social problems and can

be assessed using several indicators. The Body Mass Index (BMI) is a simple method to evaluate body
fatness. Thus, the effects of BMI on the respiratory system have been increasingly studied in the field

of pneumology. The main objective of this work was to verify if there is an influence of BMI on the

)

strength of the respiratory muscles and spirometric parameters.

N
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Material and Methods: This study was conducted using a sample that consisted of 374
individuals. For that, the clinical processes of patients who underwent preoperative assessment
were consulted and divided according to different BMI classes. The data was analyzed in an

encrypted database IBM SPSS Statistics software.

Results: The results obtained showed that there are significant statistically differences between
maximal inspiratory pressure (MIP) (p-value <0.001, p-value <0.001, p-value= 0.006, for gender,
age and BMI, respectively), for maximal expiratory pressure (MEP) (p-value <0.001 for gender and
p-value = 0.001 for BMI), for forced expiratory volume in one second (FEV1) (p-value =0.018 for
gender), for forced expiratory volume (FEV) (p-value = 0.006 for gender, p-value = 0.005 for BMI)
and FEV1/FVC relation (p-value <0.001, age). A negative correlation between BMI and MIP was
evidenced. Moreover, the gender of the patient influences the variables studied since women have

higher values of MIP and men of MEP.

Conclusions: The current study is the first to address the relationship between BMI, spirometry

tests and respiratory muscle strength in Portugal.

Keywords: Body Mass Index, maximal inspiratory pressure, maximal expiratory pressure,

spirometry, obesity

Introduction

Obesity is increasingly becoming one of the biggest social and cultural problems, representing an
economical burden for national health systems worldwide. This chronic disease is a long-term or lifelong
condition for most persons and is considered as one the most prevalent chronic metabolic diseases (1-
0). In order to establish a patient's clinical treatment or to simply change their daily eating and physical
exercise practices, it is important to identify this disease and evaluate its severity. The Body Mass Index
(BMI) is a measure of body fat based on height and weight (1). A high BMI can be an indicator of high
body fatness, even though it does not consider fat distribution in the body. BMI is a simple, fast, and
inexpensive method that can be used to screen for weight categories that may lead to health problems,

such as obesity (7).

Obesity can lead to multiple systemic complications, some of which result in severe impairment of organs
and tissues. Therefore, people who have obesity are at increased risk for many serious diseases and
health conditions. The increased deposition of fat on the chest wall causes a reduction in chest

compliance and lung volume, leading to impaired respiratory mechanics and gas exchange, hence
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creating greater resistance in muscles and less lung compliance (4,5,8,11). In this context, the effects of

obesity and BMI on the respiratory system have been increasingly studied.

Respiratory muscle strength assesses respiratory muscle performance and are often used to quantify
the severity in patients with pulmonary, neuromuscular or cardiovascular disease, and can also used
in rehabilitation programs and in pre- and post-operative situations (6,10-15). Moreover, it can be used

as a tool to detect pulmonary dysfunction in obese individuals (1).

The respiratory muscle strength can be assessed by measuring the maximal inspiratory pressure (MIP),
and the maximal expiratory pressure (MEP) (2). MIP reflects the residual volume and is the maximum
negative pressure generated by a maximum inspiration and, it reflects the strength of the inspiratory
muscles (diaphragm, internal intercostal muscles of the parasternal region, external intercostal and
other accessory muscles) (6,8,16). MEP encompasses total lung capacity, and is generated by positive
pressure, translating the strength of expiratory muscles (lateral internal intercostal muscles and

abdominal muscles) (6,16).

Several studies have demonstrated an inverse relationship between the increase in BMI and the decrease
in respiratory muscle pressures, due to restrictive pulmonary weakness, but also in result of the
decrease in muscle strength and endurance, which translates into decreased MIP and MEP (3,6,17). In
contrast, other authors argue that there is an inversion of respiratory muscle fibers in obese individuals,
which leads to changes in respiratory muscle pressures. According to these authors, this occurs due to
the existence of a large amount of type II muscle fibers (fast contraction) and a small amount of type I
fibers (slow contraction), creating a great potential to generate muscle strength (1,4,17,18). Some studies
have also found that there is a strong weakness of the peripheral muscles in people over 60 years of age
or older, as respiratory muscle strength decreases with body composition and with advancing age

(15,19,20).

Respiratory muscle strength is not the only method to evaluate a patient breathing capacity. Another
method widely used due to its simplicity of use and quick results is spirometry. With this noninvasive
and portable technique, sensitive to early change and reproducible it is possible to detect the presence
or absence of lung disease and quantify lung impairment (21). Spirometry measures two key factors:
expiratory forced vital capacity (FVC) measures how much air a person can exhale during a forced breath
and forced expiratory volume in one second (FEV1), corresponds to tge amount of air exhaled may be
measured during the first second. FEV1/FVC relation and peak expiratory flow (PEF), which is a person's

maximum speed of expiration, are other parameters that can be obtained (21,22).

Thus, the aim of this work is to determine which spirometric parameters or respiratory muscle pressures

have the greatest influence from BMI and identify the correlations between the considered variables.
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Material and Methods
Study design

The conducted study was databased, retrospective, and cross-sectional. Inclusion criteria included all
individuals without a previously diagnosed respiratory disease that had conducted a pre-operative
assessment that included spirometry and respiratory muscle strength measurement. Exclusion criteria
included all individuals who had a to respiratory or neuromuscular pathology, mild, moderate, or severe
obstruction or obstruction of the small airways, demonstrated by spirometry and / or lack of

collaboration.

The data was collected at the pulmonology service of the “Centro Hospitalar de Vila Nova de
Gai/Espinho)”, and the study was approved by the Ethic Committee of this hospital, out in accordance
with The Code of Ethics of the World Medical Association (Declaration of Helsinki), approved with
number 242 /2020 in 23 January of 2020 and all participants gave written informed consent. In total

data from 471 participants was collected, 87 of which were excluded, as shown in Figure 1.

Total sample
471
Excluded
&7
Included Patients
374
L
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Figure 1. Representative scheme of sample selection and analyzed variables.

Procedure

The equipment used to perform spirometry and muscle pressures were the Vitalograph spirometer and
the Respiratory Pressure Meter (MicroRPM), respectively. Both techniques are performed with a nasal

clip. In spirometry, a filter is placed on the spirometer so that the user can breathe into the mouthpiece.
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To determination of respiratory muscle strength, a Respiratory Pressure Meter was used, in witch the
user blows into a mouthpiece, applying force when the valve occlusion occurs either on inspiration (MIP)

or on exhalation (MEP).

When performing spirometry, three acceptable curves were obtained with at least two reproducible ones,
accordingly to the reproducibility and acceptability criteria of the international recommendations of the
ERS/ATS of 2019 (23,24). Respiratory muscle strength measurements were performed according to with
the international recommendations of ATS/ERS of 2002, with at least 3 measurements, both from MIP

and MEP. The references value for spirometry and respiratory muscle strengths are evidenced in Tablel.

Respiratory parameters Normal Value
FEV1 >80%,
FEV1/FVC relation >70%,
Forced Vital Capacity (FVC) >80%,
Peak Expiratory Flow (PEF) >80 %
MIP Women >20 cmH20/ Men >44 cmH20
MEP Women >60 cmH20/ Men >80 cmH20

Table 1. Reference values for spirometry and for respiratory muscle strengths (15,19).

Statistical analysis

Age was considered as a categorical variable and was divided into 3 categories, the first up to 40 years
old, the second between 41 and 64 years old and finally a last one with patients with more than 65

years.

According to the World Health Organization (WHO) there are 6 classes of BMI (26), but as in this study
there is not a similar and significant number of patients in each class, only 3 classes were considered:
class 1 involves all individuals who have a BMI <29.99 kg/m?2, Class 2 between 30-35 kg/m?2 and Class
3 with BMI values 235.1 kg/m?2.

The normality of the variables was assessed using the Kolmogorov-Smirnov test. Since most of the

variables considered did not follow normality, non-parametric tests were used.
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To correlation BMI in respiratory muscle pressures and spirometric parameters, the variables with more
influence in this study (BMI, gender and age), were selected. A linear regression was used by changing

the dependent variable (MIP, MEP, FEV1, FVC, FEV1/FVC relation and PEF).

The data processing summary table was performed and included the constant variables (BMI, gender
and age) and dependent variable. Through the variables that present statistically significant differences,

it was possible to perceive the positive or negative coefficient in this study.

To visualize the variables that had statistically significant differences, the simple Boxplot graph was

used.

All statistical tests were performed using the IBM SPSS Statistics 27 software (Armonk, NY, IBM Corp.),

considering a significance level of 0.05.

Results

Regarding the data used in this study, collected from the different individuals, a statistical description

of the parameters for male and female are described in table 2 and 3, respectively.

Statistics | Maximum | Minimum | Median Standard Mean
Varia deviation

Age 92 16.00 58.95 16.02 58.95
Weight [kg] 138 49.00 79.07 16.23 79.07
Height [cm)] 184 132.00 167.87 7.02 167.87

BMI 48 17.40 27.91 5.15 27.91

MIP 76 -162.00 -82.94 30.48 -82.94

MEP 271 24.00 123.09 42.74 123.09

FEV_1 136 38.20 98.24 15.21 98.24
FVC 147 61.00 104.84 18.45 104.84
FEV1/FVC Ratio 108.1 31.16 80.59 8.21 80.59
PEF 164 73.40 104.63 17.97 104.63

Table 2. Statistical parameters for the variables considered in male individuals.
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Standard
Statistics Maximum | Minimum Median | deviation Mean
Variable

Age 81 16.0 53.93 16.18 53.93
Weight [kg] 151 38.0 76.85 19.99 76.85
Height [cm] 180 134.0 156.44 7.16 156.44
BMI 61.3 17.0 31.51 7.80 31.51
PIM 84 -207.0 -68.99 31.45 -68.99
PEM 187 -80.0 91.93 36.46 91.93
FEV_1 158.9 70.0 99.92 15.50 99.92
FVC 177.8 70.0 101.70 16.70 101.70
FEV1/FVC Ratio 108 66.57.0 82.79 7.79 82.79
PEF 1008 54.3 108.16 71.27 108.16

Table 3. Statistical parameters for the variables considered in female individuals.

In the statistical analysis, the MIP, MEP (gender, BMI), FEV1 (Age), FVC (gender, BMI) and FEV1/FVC
relation (Age) variables showed statistically significant differences, with p values <0.05. In the remaining

variables, primarily in MEP, there were no statistically significant differences, with p values> 0.05.

As for the spirometric data, it was verified that there is a decrease in the FVC values with the increase
in the BMI. The age variation is positively presented in the FEV1 values, that is, there is no decrease in
the values, contrary to what happens in the FEV1/FVC relation, since there is a decrease in the values

with increasing age. These results are described in Table 4.

Dsz::::j:t Constant Variable p-value Ug‘s;at.;lii?:::z;d
Gender <0.001 19.332
MIP Age <0.001 0.524
BMI 0.006 -0.655
Gender <0.001 -35.564
MEP Age 0.550 -0.076
BMI 0.001 1.019
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Gender 0.095 2.780

FEV1 Age 0.018 0.117
BMI 0.196 -0.157

Gender 0.006 4.714

FVC Age 0.052 0.099
BMI 0.005 -0.352

Gender 0.071 1.550

FVC1/FVC relation Age <0.001 -0.119
BMI 0.212 0.078

Gender 0.876 0.853

PEF Age 0.466 -0.118
BMI 0.329 0.388

Table 4. Variables characterization. All variables are described by the p-value and by the non-

standardized coefficient, obtained through linear regression test.

Figure 2A shows the boxplot between MIP and gender since it has significant statistically differences.
The boxplot represents the central trend (i.e., the median of age) and dispersion (observations between
the P25-P75), being data from extreme values represented by points. Male individuals are represented

by the number 1, while female by number 2.

In is possible to verify that the MIP values are higher in females, as shown in the nom-standardized

coefficient value, shown in table 3.

Figure 2B shows the boxplot between MIP and Age. There is a difference between the P25-P75 justified
by the variability of the data. Class 1 is represented with ages up 40 years old, class 2 with ages between
41-64 years old and Class 3 ages above 65 years old. It is shown that there is greater variability between
the median and the P75 ages up to 40 years. It is also noticeable that in fact, in comparison with younger
ages, class 2 presents lower MIP values, but in contrast to individuals with higher ages have the highest

MIP values.

Regarding Figure 2C, the boxplot between the MIP and BMI, shows that there is no great variability
between the percentiles in the different classes. Class 1 represents values bellow < 29.99 m2/Kg, Class

2 with BMI values between 30-35 m?/Kg and Class 3 with BMI values = 35.1 m?2/Kg. It is possible to
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verify that according to the increase in the BMI, the MIP values decrease, mainly in Class 2, as shown

by the linear regression test, with a negative non-standardized coefficient.
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Figure 2. Boxplots representing the variation between (A) MIP and gender, (B) MIP and Age and (C) MIP
and BMI.
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Figure 3A. shows the correlation between MEP and gender on Boxplot. It appears that there are lower
values of MEP in the female individuals, that is, the male gender has much higher values of MEP than

female gender.
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Figure 3. Boxplots representing the variation between (A) MEP and gender, (B) MEP and Age and (C)
MEP and BMI.

Figure 3B shows that there is a decrease in MEP values in older individuals, that is, in individuals older
than 65 years old, compared to the age group between 41-64 years old. It appears that there is a great

variability in the values of Class 1 and Class 3.

Finally, in figure 3C the boxplot that relates BMI and MEP, it is possible to verify that there is no
correlation with the increase in BMI and MEP values, as demonstrated by the positive value of the non-
standardized coefficient, obtained by the regression linear. It is also observed that individuals with a

BMI between 30-35 m?2/kg have higher values of MEP.

Discussion

In the present work, significant statistically differences in MIP, MEP (gender, BMI), FEV1 (Age), FVC
(gender, BMI) and FEV1/FVC relation (Age) were evidenced. It was found that females have higher MIP
values than males, in contrast, males have higher MEP values. Differences with increasing age in the
values of respiratory muscle pressures were not evidenced. On the other hand, there was a slight
decrease in MIP values, with an increase in BMI. Regarding the spirometric values, it was found that

there is a decrease in the FVC values with an increase in the BMI.
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In the literature it is well established that obesity has detrimental effects on general health and
respiratory functions (2,4). In fact, the lung function is influenced by the progressive increase in BMI,
being these effects more evident when BMI> 50.9 kg/m? (8). The inexistence of a correlation between
BMI and respiratory muscle strengths, can be explained according to Chlif et al.,(13) that stated that
patients with obesity are faced with muscle overload, especially in the inspiratory muscles. Thus,
changes in thoracic-abdominal configuration also alter the fiber length and the pressure generated

(independently of lung volume changes) (13).

The results from this articles are similar to those presented by Simao et al., (23) where the respiratory
muscle strength was markedly reduced in elderly women aged between 60 and 89 years, especially in
MEP, with a correlation between maximal respiratory pressures with age and anthropometric
characteristics. Furthermore, Carpenter MA, et al., (24) reported that the relation between BMI and MIP
was not linear due to different between genders, and that the peak MIP was observed at BMI 30 in men

and BMI 37 in women.

Other studies such as the one conducted by Magnani et al., (17) affirmed that the maximum respiratory
pressures in obese individuals are generally normal, except when they develop hypoventilation-obesity
syndrome, where respiratory requirements are hindered. In addition, neck fat on the appears to hamper

the ability to mobilize respiratory flow compared to general adiposity (17).

On the other hand, studies such as the ones conducted by Jacome Goncalves et al., (17) e Costa et al.,
(5) show a positive correlation between obesity and MIP and MEP that can be explained by the theory
that an inversion of respiratory muscle fibers occurs and leads to changes in respiratory muscle
strengths with a large amount of muscle fibers of type II and a small amount of type I fibers in obese
individuals (5,17,20). This means that obese people need a higher amount of oxygen, causing
hyperventilation, increasing the respiratory movement of the rib cage, by means of rapid and shallow
breaths, as D'Avila Melo et al., (8) confirmed, thus developing in greater extend respiratory muscles

(8,11).

Pouwels et al.,(2) and Tenodrio et al.,(3) observed that after bariatric surgery, even though respiratory
muscle pressure values are normal, there is a decrease in respiratory muscle strength when weight loss
increases, which is due to the overload decrease. On the other hand, there is a greater elasticity in the
respiratory muscles (4). This relationship with surgery may explain the non-decrease in respiratory
muscle pressures in obese patients. After surgery, these authors argue that there is a significant

improvement in MIP and FEV1 (2,3).

In this study, it can be concluded that there is a negative correlation between age and MIP, in class 2.
It should be noted that this correlation can be influenced by the BMI variable, but according to Sclauser
Pessoa et al., (15) and Costes et al.,(20) MIP begins to decrease over the age group of 40 to 60 years and
continues to decrease progressively with age. For the same age group, men tend to have higher MIP than
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women, since they have more muscle mass. Assis Navarro et al.,(19) confirmed that there was a
significant difference between individuals aged 70-79 years and those aged 50-59 years (19). The primary
mechanism for this reduction, according to the authors, was sarcopenia associated with the aging
process, in which respiratory muscle strength decreases approximately 8-10% per decade from the age

of 40 (25).

Prem et al.,(25), and Pessoa et al.,(26), identified several factors that can affect the decline in respiratory
muscle strength as changes that can occur in the skeletal muscle itself (involving calcification and
hardening of the rib cage joints), the elastic recoil of the lungs and chest wall and the increase in residual

volume (25,26).

In this study, it was possible to verify that there are no statistically significant differences in the
FEV1/FVC relation and PEF Index, which is in disaccordance with Jalai et al.,(27), who says that there
is no correlation between BMI and respiratory muscle pressures, but there is a relationship with
spirometric parameters (27). This phenomenon is also explained by Magnani et al.,(1), that states that
patients with morbid obesity have an increase in metabolic requirements due to fat deposition, which
results in a restrictive lung function disorder, thus causing a reduction in chest compliance and lung
volumes, especially in FVC, FEV1 and the FEV1/FVC relation, distorting the balance in the interaction

between lung, wall and diaphragm, leading to impairment in mechanics (1,2).

However, according to what was confirmed by this study, in the study by Pouwels et al.,(4) and Tenorio
et al.,(3), there is a decrease in respiratory muscle pressures with an increase in BMI, especially in MIP,

since encompasses a greater number of muscles (3,4).

Although this is the first Portuguese study to investigate the influence of several respiratory parameters
on BMI, there are limitations that must be considered. The fact that the present research paper is based
on a small sample between 16 and 49 years old) made it difficult to compare spirometric parameters
and respiratory muscle strength in the same class of BMI. As future perspectives it would be interesting
to conduct a study in which it could be possible to have a sample with a larger number of young

individuals and adults, thus allowing a more reliable and accurate assessment of the data.

Future work includes to determine if there are significant differences in respiratory muscle strength in
obese individuals (Class 5 BMI) with COPD compared to normal individuals (Class 1 BMI) with COPD.

Therefore, there is still a lot to be investigated in the current field.

Conclusion

Since there are several factors that influence the strength of respiratory muscles, the conducted study

performs an analysis on the variables that correlate to BMI. The results obtained showed that there are
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significant statistically differences between maximal inspiratory pressure (MIP), for maximal expiratory
pressure (MEP), for forced expiratory volume in one second (FEV1), for forced expiratory volume (FEV)
and FEV1/FVC relation. A negative correlation between BMI and MIP was evidenced. Moreover, the
gender of the patient influences the variables studied since women have higher values of MIP and men
of MEP. It was found that there is negative correlation between BMI and MIP. Regarding the spirometric

data, the data suggests that in addition to FVC values, there are no other significant influences.
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