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ABSTRACT

Introduction: The gestational period brings anatomical and physiological changes to
women in several systems, especially the respiratory system. Objective: To determine
whether there is an association between gestational age (GA), Diabetes, uterine fundal
height (UFH), Body Mass Index (BMI), level of dyspnea, and physical activity with
maximum respiratory and nasal pressures. Methods: Cross-sectional study that
included 55 high-risk pregnant women in the 2nd and 3rd trimester of pregnancy at
the Obstetrics Outpatient Clinic of the Hospital das Clinicas in Recife — PE, Brazil,
personal, sociodemographic, anthropometric, clinical and Maximal Inspiratory
Pressure (MIP) data were described and nasal inspiratory pressure (NIP), that,
using regression and multivariate analysis, analyzed the influence of risk factors for
high-risk pregnancy with NIP considering a p<0.005. Results: Among the pregnant
women, according to the clinical variables, it was observed that 56.4% (n=31) had a
gestational age above 28 weeks, 27.3% (n=15) diabetes, 25.5% (n=14) asthma, 43.6%
(n=24) Gestational Hypertension, 56.4% (n=31) obesity, 85.5% (n=47) complaints of
dyspnea 38.1% (n=21) mild to severe dyspnea and 65.5% (n=36) vigorous physical
activity. Low MIP (76.76 cmH,0) and NIP (68.62 cmH,0) values were found for age.
An association was observed between an increase in UFH and a decrease of 0.8 cmH,0O
in NIP, regardless of gestational age. Conclusion: High-risk pregnant women in the
second and third trimester of pregnancy have decreased NIP and MIP with a negative

association of UFH with NIP regardless of gestational age.

Keywords: pregnancy, high-risk; gestational age; exercise; breathing exercises.

INTRODUCTION

High-risk pregnancies are considered to be those in which the life or health of the
mother and/or fetus are at greater risk of morbidity or mortality before or after childbirth
than the average for the estimated population’. In Brazil, 15% to 20% of pregnancies are
high-risk, which is characterized by the presence of certain factors such as hypertension,
diabetes mellitus (DM), obesity, and cardiorespiratory diseases"2. Some of these factors,

such as diabetes, obesity, and asthma, can cause respiratory muscle weakness®.
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The gestational period brings anatomical and physiological
changes in various systems, especially the respiratory system.
These changes affect respiratory mechanics and consequently in-
terfere with its function, leading to dyspnea being one of the main
complaints during prenatal consultations®’. About respiratory
mechanics, there is a compensatory increase of 2 cm in the an-
teroposterior diameter of the rib cage, a reduction in lung capac-
ity, and a decrease in abdominal breathing, in favor of an increase
in the thoracic breathing pattern®’.

Regarding respiratory muscle pressure measured by a mano-
vacuometer attached to a mouthpiece, studies®'* have shown that
low-risk pregnant women had lower inspiratory muscle pres-
sure than the reference values for healthy women, while there
are currently no studies showing respiratory muscle pressure in
high-risk pregnant women and reference values for the pregnant
population.

Among the methods for assessing respiratory muscle function,
manovacuometry represents the measurement of maximum static
inspiratory and expiratory pressures (respectively MIP and MEP).
In addition, nasal inspiratory pressure (NIP) is a new validated
method capable of assessing the global pressure of the diaphragm
and other inspiratory muscles through a maximum and rapid na-
sal inspiration' .

Given the existing gap in inspiratory muscle pressure during
high-risk pregnancy, and analyzing possible factors for decreased
respiratory muscle pressure, this study aims to determine the as-
sociation of gestational age (GA), uterine fundal height (UFH),
body mass index (BMI), level of dyspnea and physical activity
with maximal and nasal respiratory pressures in high-risk preg-

nant women'®',

METHODS

This is a cross-sectional study, whose data collection took
place from April to August 2017 at the gynecology outpatient
clinic of the Hospital das Clinicas of the Universidade Federal de
Pernambuco (HC-UFPE), in the city of Recife/PE, Brazil.

The sample, selected sequentially for convenience, includ-
ed 55 pregnant women with a high-risk medical diagnosis in
the 2nd and 3rd trimesters. The following were included in
the study: high-risk pregnant women with asthma, obesity,
chronic and gestational hypertension, type 1, 2, and gesta-
tional diabetes mellitus, followed up during prenatal care at
the gynecology outpatient clinic at HC-UFPE, aged between
18 and 40, primigravida or multigravida, in the 2nd and/or 3rd
trimester of pregnancy. The following were excluded from the
study: pregnant women with bleeding or fluid loss, twin preg-
nancies, systemic blood pressure greater than 160x100 mmHg,
those with neuromuscular diseases, deformities of the spine
or rib cage, a history of smoking, colds/flu 15 days before
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the assessment, and inability to understand or perform the
procedures.

This study was approved by the Human Research Ethics
Committee of the Federal University of Pernambuco under
CAAE no. 63171216.0.0000.5208 and opinion no. 1.937.525
and the pregnant women who agreed to take part signed the
Free and Informed Consent Form according to the crite-
ria prescribed by resolution 466/12 of the Brazilian National
Research Council.

All the pregnant women underwent a preliminary assessment
which consisted of obtaining personal, sociodemographic, and
anthropometric data using a form drawn up by the researchers.
Gestational age was calculated from the last menstrual period
(LMP) date, and/or by 1st trimester ultrasound when there was
doubt about the LMP. BMI was calculated using current weight in
kilograms divided by height in meters squared (kg/m?)'®.

Physical examinations were then conducted to assess the
pregnant woman’s respiratory function. They began with mano-
vacuometry, a method capable of assessing maximum inspiratory
pressure (MIP) and maximum expiratory pressure (MEP)".

MIP values were obtained from the Residual Volume (RV)
and a minimum of three and a maximum of five maneuvers were
performed, choosing the highest value obtained with a difference
of less than or equal to 10% between the maneuvers'”. The ma-
neuvers were conducted using an analog manovacuometer (re-
cord, model GA-RA), with a background scale of -120 to 120,
and systematically calibrated. The measurements were taken with
the pregnant woman sitting on a chair with a backrest, with her
feet flat on the floor, hips, and knees at 90°, upper limbs relaxed
at the side of the body, and then a nose clip and mouth adapter
were fitted, containing an orifice of approximately 2 mm in diam-
eter, to prevent intraoral pressure from rising due to air escaping.
Verbal encouragement was also given to each of the women, as
well as visual feedback via the device’s monitor to achieve maxi-
mum effort when performing the maneuver?’.

Next, nasal inspiratory pressure (NIP) was evaluated, which
is a non-invasive, alternative method for assessing inspira-
tory muscle pressure, especially in the diaphragmatic muscles.
The measure consists of evaluating the peak nasal pressure dur-
ing sniffing, based on the functional residual capacity. This pres-
sure corresponds to an estimate of nasopharyngeal pressure and
is characterized by a ballistic maneuver but with a brief, natural
characteristic, with a maximum diaphragmatic activation pattern
easily reached”.

NIP was measured using a manovacuometer, the same one
used to assess NIP, which was attached to a silicone nasal plug
connected to one nostril. The maneuver consisted of a maximum
sniff through the contralateral (free) nostril, with the mouth
closed, and 10 measurements were taken from the functional re-

sidual capacity, choosing the highest value'.
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To assess dyspnea, the Modified Borg Scale was used, which
quantifies dyspnea on a vertical scale of 0-10, where 0 represents
no symptom and 10 represents maximum symptom?, the preg-
nant woman was asked in which activity she had the most dys-
pnea and she quantified it.

The height of the uterine fundus was measured with the
pregnant woman in the supine position with hips and knees
extended and abdomen uncovered, using a flexible, non-
stretchable tape measure. The tape was located at its initial end
at the upper edge of the pubic symphysis, passing through the
index and middle finger to the cubital edge of the hand, reach-
ing the fundus of the uterus?'.

The level of physical activity was ascertained using the Physical
Activity Questionnaire for Pregnant Women (Questiondrio de
Atividade Fisica para Gestantes - QAFG) validated in Brazil by
Silva et al.*? and expressed in METS.minute/week. This question-
naire is made up of 33 questions, the first about the last day of
menstruation and the second about the baby’s expected birth.
The other 31 questions seek to identify energy expenditure during
physical activity. All the questions put pregnant women in front of
situations that are often part of their daily lives*.

It captures these physical activities conducted during leisure
time, exercise, sport, work, transportation, caring for other
people, and household chores, showing the average time spent
on each activity, in minutes or hours. The QAFG intensity
estimate for light to vigorous intensity activities is based on
the average MET/hour per week for the total activity. Each ac-
tivity was classified by its intensity: sedentary (<1.5 METs),
light (1.5 - <3.0 METs), moderate (3.0 - 6.0 METs), or vigorous
(>6.0 METs)%.

The sample size was calculated using the recommendations of
Vittinghoft et al.>® where 10 subjects are needed for each predictor.
This study included six predictors (gestational age (GA), obesity
(BMI), asthma, uterine fundal height (UFH), level of dyspnea,
and level of physical activity) in the regression models. Therefore,
by this calculation, 60 pregnant women were required for inclu-
sion in the study.

A descriptive analysis of the data was conducted, including
mean, standard deviation, and percentage to characterize the
sample. Pearsons Correlation Coeflicient was used to check the
strength of the linear relationship between the respiratory vari-
ables and the clinical variables related to the pregnant women’s
information. Multiple regression analysis was used to determine
the influence of the explanatory variables on the response vari-
able, NIP. Univariate analysis was conducted separately for each
predictor variable about NIP using the backward procedure.
Only variables with a significance level <0.20 were included in the
bivariate analysis and a significance of p<0.05 was considered in
the final model. R 3.4.2 and SPSS version 22 (SPSS Inc., Chicago,
IL, USA) were used to analyze the data.
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RESULTS

During data collection, patients were assessed to check their eli-
gibility. Of the 136 pregnant women, 61 were eligible. However, six
volunteers were unable to understand, perform the test, and/or
refused to undergo the assessment, totaling 55 high-risk pregnant
women (Figure 1).

According to the clinical variables, most of the pregnant
women were over 28 weeks of gestational age and had diabetes,
asthma, and gestational hypertension. Around 56.4% (n=31)
were obese, 85.5% (n=47) had complaints of dyspnea (Borg
scale of 2-10) where they reported a level of dyspnea ranging
from slightly severe to very severe, and they engaged in vigor-
ous physical activity. The characterization of high-risk pregnant
women according to sociodemographic and clinical variables is
shown in Table 1.

The inspiratory pressures of the high-risk pregnant women are
shown in Table 2, with a reduction in the percentages of the pre-
dicted in both the NIP and the MIP.

Table 3 shows the parameter estimates for the regression model,
with NIP as the response. The final model has the UFH variable as
significant at the 5% level. The regression coefficients indicate that
keeping the other factors constant, an increase of one unit in the
UFH variable leads to a decrease of 0.8 cmH,O in NIP.

Assessed for eligibility

(n=136) Excluded (n=75)

Ineligible (n=60)

Presence of bleeding
Loss of fluid

Premature labor

Spinal deformity
Neuromuscular disease
History of smoking

Low risk

l_.

Total Recruited (n=61)

Eligible but not recruited
(n=10)

¢ Refusal to participate
e Asthmatic attack
Losses (n=6) e Colds and flu

e Unable to understand
or perform the test
e Refusal to finish

Available for review
(n=55)

Figure 1: Flow diagram for attracting pregnant women
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Table 1: Characterization of high-risk pregnant women according
to sociodemographic and clinical variables.

Mean (SD)

Age (years) 28.3615.03
Weight (kg) 83.4+15.90
Height (cm) 1.63+0.14
BMI (kg/m?) 31.84+6.02
UFH (cm) 27.48+7.16
Education | _n | %
Elementary school incomplete 8 14.5
Elementary school complete S 5.5
High school incomplete 5 9.1
High school complete 30 54.5
Higher education incomplete 2 3.6
Higher education complete 7 12.7
Postgraduate 0 0
Race/skin color
White 20 36.4
Brown 14 25.5
Black 21 38.2
Income
No income 8 14.5
Up to 1 minimum wage 29 52.7
1 to 2 salaries 15 273
3 to 4 salaries 3 5.5
More than 4 salaries 0 0
Marital status
Married 41 74.5
Divorced 0 0
Widowed 1 1.8
Single 13 23.6
Gestational age
14 to 27 weeks 24 43.6
Above 28 weeks 31 56.4
Diabetes
Yes 15 27.3
No 40 72.7
Asthma
Yes 14 25.5
No 41 74.5
Gestational hypertension
Yes 24 43.6
No 31 56.4
Obesity
Yes 31 56.4
No 24 43.6
Dyspnea
Yes 47 85.5
No 8 14.5
Dyspnea level
Absolutely nothing 8 14.5
Not much 4 73
Very little 14 255
Regular 8 14.5
A little strong 8 14.5
Strong 7 12.7
Very strong 4 73
Level of physical activity
Sedentary (>1.5) 1 1.8
Light (1.5-3.0) 0 0
Moderate (3.0-6.0) 18 32.7
Vigorous (>6.0) 36 65.5

BMI: Body Mass Index; UFH: uterine fundal height
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Table 2: Inspiratory pressures in high-risk pregnant women (n=55)

Measured NIP -68.62 + 18.2
Predicted NIP -100.11 £ 1.81
%NIP prediction -68.59 + 18.42
Measured MIP -76.76 £ 22.17
Predicted MIP -96.5 £ 2.47

%MIP prediction -79.63 £ 23.21

PIN: Nasal Inspiratory Pressure; MIP: Maximum Inspiratory Pressure

Table 3: Association of gestational age, asthma, dyspnea, uterine
fundal height, and BMI with PIN in high-risk pregnant women.

Variables - NIP Initial model Final model
a

Gestational age -3.52 0.681

Asthma -1.74 0.82 J

Dyspnea -5.75 0.436 J

UFH -0.55 0.431 -0.8 0.021*
BMI 0.72 0.105 0.76

Egzz;cal Activity 0.42 0.585 a

n 55 55

R 15.30% 12.70%

Adjusted R? 4.70% 9.30%

BMI: body mass index; UFH: uterine fundal height; @not significant; *significance
level: p<0.05.

DISCUSSION

This study is the first to assess inspiratory muscle function
in high-risk pregnant women and found low values of inspira-
tory muscle strength obtained by NIP and MIP. Among the
factors associated with NIP, the regression coefficients indi-
cated that a one-unit increase in the UFH variable leads to a
decrease in NIP values.

The NIP is considered a non-invasive test of inspiratory mus-
cle function that is easy to apply and can be used as a comple-
ment to MIP%, but it has never been assessed in women during
pregnancy. This study showed a reduction in the percentages
predicted for both NIP and MIP when using the mathematical
model for women proposed by Aradjo et al."*, who determined
the NIP reference values for healthy Brazilian women to be be-
tween 76 and 129.6 cmH,O (20 to 29 years) and 74.7 and 114.5
cmH,0 (30 to 39 years).

The results described above can be attributed to the anatomi-
cal changes that occur during pregnancy, since with abdominal
expansion and consequent elevation of the lower ribs, there is
an increase in the subcostal angle and the circumference of the
rib cage, causing compression of the diaphragm which limits
the generation of inspiratory pressure”?. In addition, pregnant
women have obstetric risks such as hypertension, asthma, dia-
betes, and obesity, among which are risk factors for a decrease
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in respiratory muscle strength, which, except hypertension,
are also factors that can favor a decrease in respiratory muscle
strength during this period*%.

Regarding MIP values, the pregnant women in this study had
a MIP of only 79.63% of the predicted MIP, which does not cor-
roborate the study by Neder et al.”’, who evaluated Brazilian
women aged between 20 and 39 years, whose mean MIP was
101.6 cmH,O, showing that high-risk pregnant women had a
26.4% decrease in predicted MIP.

The studies by Lemos et al.%, Lemos et al.> and Pinto et al.?®
evaluated respiratory muscle function in low-risk, eutrophic
pregnant women aged between 20 and 29 and found that inspi-
ratory muscle strength (88.54; 87.78; 69.06 cmH, O, respectively)
was lower than the reference value for healthy women. This study,
when compared to the aforementioned studies, found a reduction
in MIP of 11.74%, 11.02%, and 7.7%, respectively, which can be
explained by the presence of gestational risk factors such as obe-
sity, diabetes, and asthma. Therefore, high-risk pregnancy seems
to have influenced the reduction in MIP obtained.

Regarding the association between gestational age, asthma,
BMI, level of dyspnea and physical activity with NIP, it was ob-
served from the associations made in the present study that
an increase in UAF is associated with a decrease in NIP, which
is probably due to the progression of abdominal size resulting
from the growth of the uterus, causing compression of the dia-
phragm, altering the length-tension relationship”?, thus causing
a 0.8 cmH,O decrease in inspiratory muscle strength when there
is a 1cm increase in UFH.

UFH can vary from pregnant woman to pregnant woman, con-
sidering that between the 20th and 34th weeks, uterine height in
centimeters is equivalent to gestational age. Therefore, it seems
important to classify UFH during pregnancy to be able to identify
an atypical increase for gestational age early on® and then predict
a reduction in inspiratory muscle strength and, if necessary, offer
respiratory muscle training if there are repercussions on function-
al capacity or quality of life.

It is difficult to compare the results of this study with those in
the literature since there are no reference values for the population
of pregnant women and the prediction of the equations for the
adult population comprises a broad age group. However, despite
this difficulty, the data from this study allowed for consistency in
the MIP and NIP values obtained in the preliminary studies®.

Despite not correlating with NIP values, dyspnea was one of the
most common complaints, in around 85.5% of pregnant women.
Changes in lung function are not enough to cause these symptoms,
which can be justified by the perception of increased respiratory
work due to the increase in the subcostal angle and the circumfer-
ence of the rib cage®. The hypothesis is that pregnant women with
greater difficulty breathing tend to have a higher minute volume,
due to the increase in respiratory rate. This hyperventilation may
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therefore explain the number of subjective complaints of dyspnea
during pregnancy and is not associated with a decrease in respira-
tory muscle strength'®%.

About obesity, 56.4% of the pregnant women in the sample were
obese. The World Health Organization (WHO) considers obesity
when BMI is over 30 kg/m?. In this study, BMI showed no signifi-
cant association with NIP. There are controversies regarding the
effect of high BMI on respiratory pressure. Studies®~** have shown
that there is a positive correlation and suggest that this is due to an
increase in diaphragmatic muscle mass after pulmonary function
improves with weight gain. Other studies***¢ have not shown this
association and do not provide a clear interpretation of it.

The study by Lemos et al.’, which assessed respiratory pres-
sures in low-risk pregnant women, showed that weight and BMI
reflected an exceptionally low magnitude or no correlation at all,
so there was no correlation with MIP. This was also the case in this
study, although most of the pregnant women were obese.

About the presence of asthma, 25.5% of the pregnant women
in the sample had been diagnosed with asthma. Asthma is an
obstructive pneumopathy that can be exacerbated in pregnancy,
present in between 3.7 and 8.4% of pregnancies, and when un-
controlled can cause hypoxia and, consequently, an increase in
maternal lethality®’. Physical activity at all stages of life main-
tains and improves cardiorespiratory fitness, reduces associated
comorbidities, and results in greater longevity®. In the present
study, 65.5% of the pregnant women had a vigorous level of
physical activity, which explains the lack of a relationship with
a reduction in NIP.

There is still no standardization in the literature of reference
values for respiratory muscle pressure in low- and high-risk preg-
nant women. Therefore, studies are needed to establish predictive
equations respecting clinical, socioeconomic, anthropometric,
geographic, and racial differences, which are of necessary clini-
cal importance, so that during prenatal care, the condition of
the respiratory muscles can be assessed and thus included in the
training and preparation protocols for childbirth, given that an
adequate cardiopulmonary and muscular condition has a positive
impact during labor.

Limitations of the study include the small sample size leading
to a low adjusted R* of the regression, which made it impossible
to form a control group with low-risk pregnant women to ob-
tain a more robust analysis. Despite the limitations mentioned
above, there is a gap in the scientific literature on this subject,
and this study is the first to evaluate MIP and NIP in high-risk
pregnant women.

High-risk pregnant women in the second and third trimesters,
with systemic arterial hypertension, complaints of dyspnea, dia-
betes, high BMI, and vigorously active showed decreased NIP and
MIP, and that a 0.8 cmH,O decrease in NIP is associated with in-

creased UFH, regardless of gestational age.

Page 5 of 7


https://doi.org/10.7322/abcshs.2022128.2197

Pereira et al.

ABCS Health Sci. 2024;49:¢024218

REFERENCES

1.

Brasil. Ministério da Saude. Secretaria de Ateng¢do Primaria a
Saude. Departamento de Agbes Programdticas. Manual de
gestacao de alto risco. Brasilia: Ministério da Saude, 2022.

Jensen D, Webb KA, Wolfe LA, O’'Donnell DE. Effects of human
pregnancy and advancing gestation on respiratory discomfort
during exercise. Respir Physiol Neurobiol. 2007;156(1):85-93.
https://doi.org/10.1016/j.resp.2006.08.004

Fuso L, Pitocco D, Longobardi A, Zaccardi F, Cont C, Pozzuto C,
et al. Reduced respiratory muscle strength and endurance in type
2 diabetes mellitus. Diabetes Metab Res Rev 2012;28(4):370-5.
https://doi.org/10.1002/dmrr.2284

Pinto AVA, Schleder JC, Penteado C, Gallo RBS. Avaliagdo
da mecénica respiratéria em gestantes. Fisioter Pesq.
2015;22(4):348-54.
https://doi.org/10.590/1809-2950/13667922042015

Bezerra MAB, Nunes PC, Lemos A. For¢ga muscular respiratoria:
comparagdo entre nuligestas e primigestas. Fisioter Pesq.
2011;18(3):235-40.
https://doi.org/10.1590/S1809-29502011000300006

Schatz M, Dombrowski MP, Wise R, Momirova V, Landon M, Mabie
W, et al. Spirometry is related to perinatal outcomes in pregnant
women with asthma. Am J Obstet Gynecol. 2006;194(1):120-6.
https://doi.org/10.1016/j.ajog.2005.06.028

Tan EK, Tan EL. Alterations in physiology and anatomy
during pregnancy. Best Pract Res Clin Obstet Gynaecol.
2013;27(6):791-802.
https://doi.org/10.1016/j.bpobgyn.2013.08.001

Lemos A, Souza Al, Figueroa JN, Cabral-Filho JE, Andrade
AD. Respiratory muscle strength in pregnancy. Respir Med.
2010;104(11):1638-44.
https://doi.org/10.1016/j.rmed.2010.05.020

Lemos A, Souza Al, Andrade AD, Figueiroa JN, Cabral-Filho JE.
Forca muscular respiratéria: comparagdo entre primigestas e
nuligestas. J Bras Pneumol. 2011;37(2):193-9.
https://doi.org/10.1590/S1806-37132011000200009

. Dias FAL, Garcia ACM, Benicio KFG, Azevedo |G, Resqueti V,

Aliverti A, et al. Effects of diaphragm activation control on sniff
nasal-inspiratory pressure and maximum relaxation rate of
inspiratory muscles in healthy subjects. Eur Resp J. 2013;42(Suppl
57):1328.

. Kamide N, Ogino M, Yamashina N, Fukuda M. Sniff nasal

inspiratory pressure in healthy Japanese subjects: Mean values
and lower limits of normal. Respiration. 2009;77(1):58-62.
https://doi.org/10.1159/000167321

. Benicio K, Dias FAL, Gualdi LP, Aliverti A, Resqueti VR, Fregonezi

GAF. Effects of diaphragmatic control on the assessment of sniff
nasal inspiratory pressure and maximum relaxation rate. Braz J
Phys Ther. 2016;20(1):96-103.
https://doi.org/10.1590/bjpt-rbf.2014.0101er

. Onaga FI, Jamami M, Ruas G, Di Lorenzo VAP, Jamami LK.

Influéncia de diferentes tipos de bocais e diametros de traqueias
na manovacuometria. Fisioter Mov. 2010;23(2):211-19.
https://doi.org/10.1590/S0103-51502010000200005

. Aratjo PRS, Resqueti VR, Nascimento Junior J, Carvalho LA,

Cavalcanti AGL, Silva VC, et al. Valores de referéncia da presséao
inspiratéria nasal em individuos saudaveis no Brasil: estudo
multicéntrico. J Bras Pneumol. 2012;38(6):700-7.
https://doi.org/10.1590/S1806-37132012000600004

https://doi.org/10.7322/abcshs.2022128.2197

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Severino FG, Resqueti VR, Bruno SS, Azevedo IG, Vieira RHG,
Fregonezi GAF. Comparagéo entre 0 manovacudmetro nacional
e o0 importado para medida da presséo inspiratéria nasal. Braz J
Phys Ther. 2010;14(5):426-31.
https://doi.org/10.1590/S1413-35552010000500012

Black LF, Hyatt RE. Maximal respiratory pressures: normal
values and relationship to age and sex. Rev Respir Dis
1969;99(5):696-702.

https://doi.org/10.1164/arrd.1969.99.5.696

Neder JA, Andreoni S, Lerario MC, Nery LE. Reference values for
lung function tests. Il. Maximal respiratory pressures and voluntary
ventilation. J Med Biol Res. 1999;32(6):719-27.
https://doi.org/10.1590/S0100-879X1999000600007

Associacao Brasileira para o Estudo da Obesidade e da Sindrome
Metabdlica (ABESO). Diretrizes brasileiras de obesidade. 4 ed.
Sao Paulo: ABESO; 2016.

Almeida IP, Bertucci NR, Lima VP. Variagbes da pressao
inspiratéria maxima e pressao expiratéria maxima a partir da
capacidade residual funcional ou da capacidade pulmonar
total e volume residual em individuos normais. Mundo Saude.
2008;32(2):176-82.
https://doi.org/10.15343/0104-7809.200832.2.7

Brunetto AF, Alves LA. Comparagéo entre os valores de pico e
sustentados das pressfes respiratérias maximas em individuos
saudaveis e pacientes portadores de pneumopatia cronica. J
Pneumol. 2003;29(4):208-12.

Martinelli S, Bittar RE, Zugaib M. Proposta de nova curva de altura
uterina para gestacoes entre a 20% e a 422 semana. Rev Bras
Ginecol Obstet. 2001;23(4):235-41.
https://doi.org/10.1590/S0100-72032001000400006

Silva FT. Avaliagao do nivel de atividade fisica durante a gestagéo.
Rev Bras Ginecol Obstet. 2007;29(9).
https://doi.org/10.1590/S0100-72032007000900009

Vittinghoff E, Glidden DV, Shiboski SC, McCulloch CE. Regression
Methods in Biostatistics: Linear, Logistic, Survival, and Repeated
Measures Models. 2nd ed. Springer; 2012.

Azevedo |G, Severino FG, Lucena TA, Resqueti VR, Bruno SS,
Fregonezi G. Relagao entre pressao inspiratéria nasal e pressao
inspiratéria maxima em pacientes com distrofia miotonica. Rev Ter
Man. 2010;8(37):224-30.

Hegewald MJ, Crapo RO. Respiratory Physiology in Pregnancy.
Clin Chest Med. 2011;32(1):1-13.
https://doi.org/10.1016/j.ccm.2010.11.001

Wells CE, Polkey MI, Baker EH. Insulin resistance is associated
with  skeletal muscle weakness in  COPD. Respirology.
2016;21(4):689-96.

https://doi.org/10.1111/resp.12716

Edwards AM, Graham D, Bloxham S, Maguire GP. Efficacy of
inspiratory muscle training as a practical and minimally intrusive
technique to aid functional fitness among adults with obesity.
Respir Physiol Neurobiol. 2016;234:85-8.
https://doi.org/10.1016/j.resp.2016.09.007

Heinzmann-Filho JP, Vendrusculo FM, Woszezenki CT, Piva TC,
Santos AN, Barcellos AB, et al. Inspiratory muscle function in
asthmatic and healthy subjects: influence of age, nutrition and
physical activity. J Asthma. 2016;53(9):893-9.
https://doi.org/10.3109/02770903.2016.1165698

Page 6 of 7


https://doi.org/10.7322/abcshs.2022128.2197
https://doi.org/10.1016/j.resp.2006.08.004
https://doi.org/10.1002/dmrr.2284
https://doi.org/10.590/1809-2950/13667922042015
https://doi.org/10.1590/S1809-29502011000300006
https://doi.org/10.1016/j.ajog.2005.06.028
https://doi.org/10.1016/j.bpobgyn.2013.08.001
https://doi.org/10.1016/j.rmed.2010.05.020
https://doi.org/10.1590/S1806-37132011000200009
https://doi.org/10.1159/000167321
https://doi.org/10.1590/bjpt-rbf.2014.0101er
https://doi.org/10.1590/S0103-51502010000200005
https://doi.org/10.1590/S1806-37132012000600004
https://doi.org/10.1590/S1413-35552010000500012
https://doi.org/10.1164/arrd.1969.99.5.696
https://doi.org/10.1590/S0100-879X1999000600007
https://doi.org/10.15343/0104-7809.200832.2.7
https://doi.org/10.1590/S0100-72032001000400006
https://doi.org/10.1590/S0100-72032007000900009
https://doi.org/10.1016/j.ccm.2010.11.001
https://doi.org/10.1111/resp.12716
https://doi.org/10.1016/j.resp.2016.09.007
https://doi.org/10.3109/02770903.2016.1165698

Pereira et al.

ABCS Health Sci. 2024;49:¢024218

29.

30.

31.

32.

33.

Gilleard WL, Brown JM. Structure and function of the abdominal
muscles in primigravid subjects during pregnancy and the
immediate postbirth period. Phys Ther. 1996;76(7).750-62.
https://doi.org/10.1093/ptj/76.7.750

Field SK, Bell SG, Cenaiko DF, Whitelaw WA. Relationship between
inspiratory effort and breathlessness in pregnancy. J Appl Physiol
(1985). 1991;71(5):897-902.
https://doi.org/10.1152/jappl.1991.71.5.1897

Melo LC, Silva MAMS, Calles ACN. Obesidade e fungéo pulmonar:
uma revisao sistematica. Einstein (Sao Paulo). 2014;12(1):120-5.
https://doi.org/10.1590/S1679-45082014RW2691

Melo A, Amorim MMR, Belo MCF, Pinto MC, Sena ASS, Martins FD.
Respiratory muscle strength during pregnancy: a cohort study.
Obstetr Gynecol. 2015;125:71s.
https://doi.org/10.1097/01.AOG.0000463121.86172.25

SantAnna Junior M, Oliveira JEP, Carneiro JRI, Guimaraes FS,
Magalhdes DF, Mafra AM, et al. Forga muscular respiratéria
de mulheres obesas moérbidas e eutrdficas. Fisioter Pesgq.
2011;18(2):122-6.
https://doi.org/10.1590/S1809-29502011000200004

https://doi.org/10.7322/abcshs.2022128.2197

34.

35.

36.

37.

38.

Castello V, Simdes RP, Bassi D, Mendes RG, Borghi-Silva A. Forga
muscular respiratéria € marcantemente reduzida em mulheres
obesas mérbidas. Arg Med ABC. 2007;32(2):74-7.

Aguiar MM, Rizzo JA, Lima MELS, Melo Junior EF, Sarinho ESC.
Asma na gravidez: atualizagdo no manejo. Braz J Allergy Immunol.
2013;1(3):138-42.
https://doi.org/10.10.5935/2318-5015.20130013

Pouwels S, Buise MP, Smeenk FWJM, Teijink JA, Nienhuijs SW.
Comparative analysis of respiratory muscle strength before and
after bariatric surgery using 5 different predictive equations. J Clin
Anesth. 2016;32:172-80.
https://doi.org/10.1016/j.jclinane.2016.03.005

Junqueira MSR, Sette CVM, Sette CS, Souza JHK. Asma e
gravidez: uma abordagem completa. Rev Med Minas Gerais.
2014;24(3):367-73.
http://www.dx.doi.org/10.5935/2238-3182.20140104

Carvalhaes MABL, Martiniano ACA, Malta MB, Takito MY, Benicio
MHD. Physical activity in pregnant women receiving care in
primary health care units. Rev Saude Publica. 2013;47(5):958-67.
https://doi.org/10.1590/rsp.v47i5.76707

Page 7 of 7


https://doi.org/10.7322/abcshs.2022128.2197
https://doi.org/10.1093/ptj/76.7.750
https://doi.org/10.1152/jappl.1991.71.5.1897
https://doi.org/10.1590/S1679-45082014RW2691
https://doi.org/10.1097/01.AOG.0000463121.86172.25
https://doi.org/10.1590/S1809-29502011000200004
https://doi.org/10.10.5935/2318-5015.20130013
https://doi.org/10.1016/j.jclinane.2016.03.005
http://www.dx.doi.org/10.5935/2238-3182.20140104
https://doi.org/10.1590/rsp.v47i5.76707

