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ABSTRACT

OsJecTIVE. To correlate anthropometric data and respiratory muscle strength (RMS) of normal-weight
and obese women.

MeTHoDps. The sample consisted of 103 sedentary women, divided into two groups: 57 obese and 46
normal-weight women. Waist circumference (WC) and hip circumference (HC) were measured to calcu-
late the waist-to-hip ratio (WHR), and maximal respiratory pressures (Pmax) were determined using
an analog vacuum manometer to = 300 cm H20. Body composition was measured using tetrapolar
bioelectrical impedance analysis. Descriptive statistics was used for data analysis, in addition to the
Student t test for independent samples, Pearson correlation, and stepwise multiple linear regression
analysis. Significance level was set at p < 0.05.

ResuLts. The analysis showed significant differences in Pmax of normal-weight women (PImax
= -73.04=16.55 cm H20 and PEmax = 79.67=18.89 cm H20) and obese women (PImax =
-85.00+21.69 cm H20 and PEmax = 103.86+20.35 cm H20). Anthropometric and manometric
variables showed no significant correlation in both groups. When analyzing the influence of bioelec-
trical impedance on RMS, a positive correlation was observed between lean body mass and Plmax.

ConcLuslion. Bioelectrical impedance and obesity showed a direct correlation with RMS. WC and WHR had
no influence on RMS of obese women; however, a relevance to risk factors for associated diseases was
observed. We believe that these results are due to an adjustment to excess body weight over the years.
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INTRODUCTION

Obesity is a chronic noncommunicable disease (NCD),
multifactorial in etiology, resulting from weight gain, caused by
an energy imbalance between calories consumed on one hand,
and calories expended on the other hand.! It is considered a
public health problem due to impact factors leading to loss of
quality of life as well as loss of life years.!2 Data from the World
Health Organization (WHO) indicate that globally in 2005
approximately 1.6 billion adults (older than 15 years) were
overweight and at least 400 million were obese.® Projections
to 2015 indicate an increase in the number of overweight
people to approximately 2.3 billion adults, and more than 700
million adults will be obese.? In Brazil, overweight and obesity
have risen dramatically to epidemic proportions.4 Prospective
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studies indicate that Brazil is projected to rank fifth by the
year 2025 in burden of obesity worlwide.®

Obese individuals are characterized by the distribution
of body fat chiefly in the abdominal region, known as
android obesity.?® Abdominal adipose-tissue accumulation
increases the risk of developing severe chronic and degene-
rative diseases such as type 2 diabetes, coronary diseases,
musculoskeletal disorders, systemic hypertension, cere-
brovascular accident, psychosocial problems, obstructive
sleep apnea syndrome, and respiratory problems. Obesity
may also be classified as gynecoid, which is characterized
by the distribution of body fat chiefly in the region of the
hips, thighs, and buttocks. It is more commonly observed
in women and considered less harmful to health when
compared to android obesity, giving rise mainly to aesthetic
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issues.1278 |n addition to these diseases, other studies
show that obesity can also promote considerable changes in
respiratory function: decreased functional residual capacity
(FRC), tidal volume (TV), and lung compliance; disturbed
ventilation-perfusion ratio (VA/Q); alveolar hypoventilation;
carbon dioxide (CO2) retention and increased respiratory
airflow resistance; and changes in the respiratory mecha-
nics of the rib cage and diaphragm, increasing respiratory
muscle workload.? % 10

Respiratory muscle strength (RMS) can be measured
by vacuum manometry and expressed as centimeters of
water (cm H2,0) through maximal respiratory pressures
(Pmax).1213 Maximal inspiratory pressure (Plmax) is the
highest negative pressure that can be generated during inspi-
ration and refers to ventilatory capacity.'® Maximal expiratory
pressure (PEmax) is the highest positive pressure achieved
during forced expiration and, clinically, is crucial to produce
an effective cough.1113

The waist-to-hip ratio (WHR) is represented as the
ratio between waist circumference (WC), measured at the
midpoint between the lowest costal margin and the superior
iliac crest, and hip circumference (HC), measured at the
level of the greater trochanter of the femur.1418 After WHR is
obtained, the distribution of body fat is established as either
android or gynecoid.!” Women with ratios greater than 0.85
and men with ratios greater than 0.90 have increased risk of
developing obesity-related metabolic abnormalities, such as
elevated blood pressure, impaired glucose tolerance, dysli-
pidemia, and insulin resistance.!® 20 WC determines abdo-
minal adiposity, and values greater than 80 cm in women and
94 cm in men indicate increased risk for chronic degenerative
diseases.!” Values above 88 cm for women and 103 cm for men
can further increase the risk for metabolic complications.!”- 2!

Bioelectrical impedance describes the ability of a living
organism to resist to passage of an electric current.!® The device
measures the passage of electric signals through lean tissues,
fat, and water.1>16 This method is based on the premise that
electrical conductivity of hydrated fat-free tissue is greater than
that of fat due to lower resistance to current flow. Thus, electric
current flows easily through lean mass, whereas fat mass shows
greater resistance to current flow due to low levels of water.1%- 16

In order to contribute to further knowledge of the subject,
with regard specifically to the recordings of reference values for
RMS, this study aimed to conduct a quantitative analysis of data
resulting from the interrelationship of variables, using matched
normal-weight volunteers so that, in the future, better service,
monitoring and physiotherapy treatment may be provided to a
growing obese population.

OBJECTIVES

General objective
To correlate anthropometric data with RMS of normal-
weight and obese women.

Specific objectives
To correlate Pmax with WHR and WC.
To verify the influence of body composition on RMS.
To evaluate body composition in both groups.
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To identify which group has the highest RMS.

PATIENTS AND METHODS

The initial study population consisted of 108 women; three
volunteers were excluded because they failed to complete the
required tests and two volunteers because they were smokers.
The final sample was then composed of 103 women, aged
between 20 and 55 years. The participants were divided
into two groups: obese women, with body mass index (BMI)
> 30 kg/m2 (study group, n = 57); normal-weight women,
BMI 18.5-24.9 kg/m2 (control group, n = 46). All patients
provided written informed consent. All participants were
randomly selected according to inclusion and exclusion
criteria established for both groups. The study was approved
by the Research Ethics Committee of Universidade Catdlica
de Brasilia (UCB), Brazil (protocol no. 052/2009).

Study design
A cross-sectional study.

3.1.1. Inclusion criteria

Women aged 20 to 55 years.

BMI = 30 kg/m? for the study group, and BMI 18.5-24.9
kg/m2 for the control group.

Women with no restrictions that could alter the rib cage
or respiratory muscles.

Women who do not practice regular physical activity.

Exclusion criteria

Current smokers.

Patients with any physical or mental dysfunction that could
hinder a proper understanding of the tests.

Patients with uncompensated associated diseases, such
as heart diseases, metabolic disorders, lung diseases, and
neuromuscular diseases.

Patients who failed to complete the proposed tests and/or
did not meet the inclusion criteria.

MEeTHODOLOGY

An evaluation form was filled out, on which were recorded
the patient’s personal data, associated diseases, life style,
degree of dyspnea, vital signs, anthropometric measurements,
and Pmax and bioelectrical impedance data.

The participants were previously instructed to wear light
and comfortable clothes on the day of examination, to avoid
heavy meals at least four hours prior to testing, to avoid
caffeine-containing beverages and alcohol 24 hours prior to
collection, and not to be in the premenstrual period.!® 22 23

The volunteers remained seated and at rest for approxima-
tely 10 minutes. Heart rate and peripheral oxygen saturation
(Sp0,) were measured by pulse oximetry (Nonin-Onyx®)
and blood pressure was measured in the left upper limb
using a stethoscope (Littmann®) eand a sphygmomanometer
(Missouri®).

Overweight and obesity in adult populations are estimated
by BMI, which is defined as the weight in kilograms divided
by the square of the height in meters (kg/m?2).1:6 WHO defines
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overweight as a BMI = 25 kg/m? and obesity as a BMI = 30
kg/m2.! Based on BMI values we can obtain a classification
of obesity, as follows:21* grade | — BMI 30-34.9 kg/m?; grade
[l — BMI 35-39.9 kg/m?; and grade Il — BMI = 40 kg/m?.
Other anthropometric methods are used in the evaluation,
guantification, and distribution of fat, such as WHR, WC, and
HC, which are often easy to apply and show a high degree of
evidence.!” Among the laboratory methods used to assess body
composition, bioelectrical impedance has high specificity and
sensitivity, in addition to a wide range of applications.!5 1617

A digital scale (Filizola®), with capacity for 180 kg and
accuracy of 100 g was used to measure body weight. Stan-
ding height was measured with a wall-mounted stadiometer
accurate to 0.1 cm (Cardiomed®) in the same laboratory room
used for collection. BMI was calculated after all data were
collected using the equation weight/height?.

WC was measured at the midpoint between the lowest
costal margin and the superior iliac crest. HC was measured
at the level of the greater trochanter of the femur. These
measurements were performed with the volunteers in the
upright position, breathing at FRC level, using a long flexible
tape measure (Kapor®) wide by 13 mm and calibrated in
millimeters.

Body composition was assessed using tetrapolar bioelec-
trical impedance analysis (Biodynamics® model 310) with
volunteers in the supine position and their arms and legs in
45° of abduction. This method estimates in a direct manner
lean body mass and percent body fat and water.'> Four elec-
trodes were used. The contact areas were cleaned with 70%
alcohol and the electrodes were attached, as recommended
by the manufacturer, at the following sites: emitters — dorsal
surface of the right hand near the metacarpophalangeal joint
and distal transverse arch of the upper surface of the right
foot; collectors — posterior prominence of the distal radioulnar
joint of the right wrist and between the medial malleolus and
lateral malleolus of the right ankle.1® 23

Pressures were obtained by quantifying PImax and PEmax
with the volunteer seated, wearing a nose clip to impede nasal
airflow and a rigid and flat mouthpiece, held tightly between
the lips, to prevent an increase in intraoral pressure.?2425 The
analog vacuum manometer + 300cm H,0O (Suporte®) was
connected to a 15-cm tracheal tube and a universal connector
with a small orifice to relieve excess pressure, thus avoiding
early glottic closure during PImax and reducing the use of
facial muscles during PEmax.12:18.24.25.26

To quantify PImax the volunteer was instructed to perform
a maximal inspiratory effort from residual volume (RV), and
to quantify PEmax a maximal expiratory effort from total lung
capacity (TLC), both against an occluded airway.!3: 26

The test was conducted by experienced, previously trained
researchers, who provided a brief explanation and demons-
tration to the participants on how to correctly perform the
test. After the explanation, the volunteer was instructed to
perform five maneuvers producing three acceptable measu-
rements. The highest value obtained from the measurements
was used for statistical analysis as long as this value was not
the last one obtained. Maneuvers without air leaks and with
sustained effort for at least one second were accepted, and
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measurements with variation less than or equal to 10% of the
highest value were considered reproducible.'?132¢ The time
interval to rest between measurements was one minute.!213:26

Statistical analysis

Descriptive statistics was used for data analysis with mean
+ standard deviation and maximum and minimum values, in
addition to the Student t test for independent samples, Pearson
correlation, and stepwise multiple linear regression analysis.

Descriptive statistics was performed using Statistical
Package for the Social Sciences (SPSS) version 10.0 to analyze
and correlate anthropometric data and RMS in different
degrees of obesity (grades I, Il, and Ill). Significance level
was set at p < 0.05.

REsuLTs

The sample was composed of 103 women, 46 normal-
weight and 57 obese women.

Comparative bioelectrical impedance analysis between
groups showed significant differences in percent fat weight,
total fat, and water (p = 0.001). Obese women had higher
fat weight, amounts of water, and total fat than normal-weight
women.

A significant difference in the percentage of lean mass was
found between groups (t1{101] = 15.78; p = 0.001); normal-
weight women (73.86+4.29%) had a higher percentage of
lean mass than obese women (61.29+3.79%).

When comparing manometric measurements between
groups, the analysis revealed a significant difference in PImax
and PEmax (p = 0.001). Obese women had higher manome-
tric values than normal-weight women (Table 1).

Stepwise multiple linear regression analysis was conducted
to determine the influence of body composition on Pmax of
both obese and normal-weight women.

Lean mass had an influence on PImax of obese women (p
< 0.05), and the other variables (percent fat weight, total fat,
and water) were removed (p = 0.05), accepting the hypothesis
that lean mass has an influence on Pmax.

A significant positive correlation was observed between the
amount of lean mass and Plmax, indicating that the greater
the amount of lean mass in obese women, the greater the
force generated by inspiratory muscles.

Bioelectrical impedance variables (lean mass, percent fat
weight, total fat, and water) had no statistically significant
influence on PEmax and Pmax of obese and normal-weight
women, respectively.

Discussion

The importance of using a control group for a reliable
assessment of RMS has been reported in the literature, indi-
cating that a comparison between obese and normal-weight
subjects is more likely to reveal a positive correlation with
Pmax values.?” However, studies have employed different
equations to predict or estimate Pmax, finding similar or
lower values. 1228

In the present study, values found for bioelectrical impe-
dance, WC, WHR, and Pmax were higher in obese women
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Table 1 - Comparison of vacuum manometry between groups

Normal-weight (n=46) Obese (n=57) Valor t Valor p
PImax (cm H,0) -73,04 + 16,55 - 85,00 = 21,69 3,17 0,002*
PEmax (cm H,0) 79,67 + 18,89 103,86 + 20,35 -6,18 0,001*

*p = 0.05 is significant.

cm H20 = centimeters of water; PEmax = maximal expiratory pressure; Plmax = maximal inspiratory pressure.

The analysis showed no correlation between anthropometric variables and vacuum manometry in normal-weight (Table 2) and

obese (Table 3) women.

Table 2 - Correlation between anthropometry and vacuum manometry in normal-weight women (n = 46)

PImax PEmax
r p f p
WC (cm) -0,04 0,82 0,06 0,72
WHR 0,08 0,60 0,10 0,53

* p = 0.05 is significant.

PEmax = maximal expiratory pressure; PImax = maximal inspiratory pressure; WC = waist circumference; WHR = waist-to-hip ratio.

Table 3 - Correlation between anthropometry and vacuum manometry in obese women (n = 57)

PImax PEmax
r p r p
WC (cm) -0,12 0,37 0,14 0,29
WHR 0,11 0,40 0,22 0,11

* p = 0.05 is significant.

PEmax = maximal expiratory pressure; PImax = maximal inspiratory pressure; WC = waist circumference; WHR = waist-to-hip ratio.

compared to normal-weight women, all with a significant p
value.

Cardoso 22 studied 33 grade Il and Ill obese women,
candidates for bariatric surgery, and observed that RMS,
although higher, showed no statistically significant diffe-
rence when compared to normative data for the Brazilian
population established by Neder et al..'? Domingos-Benicio
et al.? found similar RMS values between groups of obese
and normal-weight subjects, separated by BMI and not by
sex.

Magnani and Cataneo,!® in a study only with obese indivi-
duals aged 20-64 years, verified that obesity does not impair
RMS, since Pmax values did not achieve significance when
compared with reference values for normality established by
Neder et al..'?

Queiroz 2% conducted a study with obese and nonobese
individuals (n = 100) separated by sex. The author evaluated
Pmax of these groups and found that the obese group, regar-
dless of sex, had higher RMS than nonobese subjects. The
present study, which also has a control group, found similar
values with p < 0.001.
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Our statistical analysis correlating WHR with RMS reve-
aled no significant results, which are consistent with previous
findings.8?5, Magnani and Cataneo!® reported that obesity did
not interfere with RMS at any age group and degree of obesity,
respectively. High WC and WHR measurements appeared not
to compromise RMS of women in that study.

Inthe analysis of WC and WHR data, increased values were
found for obese women compared to normal-weight women.
These data corroborate the findings by Martins et al.,®! who
described a positive correlation between WC and WHR in the
obese group, associating these results with socioeconomic,
behavioral, and biochemical risk factors that play a role in the
etiology of central obesity.

The literature describes that values above 80 cm for WC
and 0.85 cm for WHR are associated with higher incidence
of obesity-related diseases.'#17:2 Qur data showed incre-
ased WCand WHR values (112.86+13.86and 0.91+0.08
cm, respectively), and the percentage of diseases found
was 26.3% for hypertension, 24.6% for high cholesterol
levels, and 7% for diabetes. These findings are consistent
with the strong correlation between WC and risk factors

Rev Assoc Med Bras 2010; 56(4): 403-8
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for associated diseases described in the literature.!.2831
Muscles of obese individuals have specific histological
and metabolic characteristics, showing an increase in
lean mass and a more powerful muscle contraction. Due
to daily physical efforts to move the body and attempts of
the musculoskeletal structure to maintain the body in the
upright position, obese individuals have a higher proportion
of skeletal muscle mass and type Il fibers.32 Tanner et al.
22 investigated the type of muscle fiber present in obese
subjects, by means of a biopsy of the rectus abdominus
during bariatric surgery, and found a high percentage of
type Il fibers, which are related to low endurance and high
power to perform physical activities.

According to Cezar,® in a review of the literature about
characteristics of the obese population regarding body compo-
sition, these individuals have the proportion of lean mass
increased by the physical effort required to move the body,
thus showing more type Il fibers.

In the present study, the results from bioelectrical
impedance analysis revealed that the percentage of lean
body mass was higher in normal-weight women compared
to obese women (p < 0.001), with a positive correla-
tion between lean mass and PImax of obese women (p
< 0.05).

The study by Rolland et al.3 of 1454 women, 215 were
obese, verified that handgrip strength is directly related to
overall muscle strength, inferring a positive association with
RMS, which is consistent with the findings by Queiroz.?®

Thus, these studies add to and strengthen our data, confir-
ming that obese women are stronger and show higher RMS
(with a significant p value), which might have occurred due
to a probable adaption of muscle fibers.

CONCLUSION

We can conclude that obese women have higher respiratory
muscle strength compared to normal-weight women, either by
adaptation to obesity over the years or by respiratory muscle
overload imposed to the diaphragm, or even by changes in
muscle fiber type.

These patients should undergo examinations that assess body
composition, since a positive correlation was found between
these variables and respiratory muscle strength, demonstrating
that such analysis can be used to correlate parameters.

Despite not interfering with respiratory muscle strength,
waist circumference should be always assessed in these women,
since there is a strong association of this measurement with
obesity-related diseases, increasing even further the risk factors
for cardiovascular and metabolic diseases.

A significant positive correlation was found between the
amount of lean mass and PImax in obese women, indicating that
the greater the amount of lean mass, the greater the respiratory
(inspiratory) muscle strength.

Nevertheless, further studies involving more patients should
be conducted, separating degrees of obesity and using other
methods of body composition assessment.

Conflict of interest: No conflicts of interest declared
concerning the publication of this article.
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