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Purpose: Impaired respiratory muscle strength has been associated with some geriatric syndromes. However, no studies have 
previously evaluated the relationship between respiratory muscle strength and dynapenic abdominal obesity. This study aimed to 
analyze whether there is an association between respiratory muscle strength and abdominal obesity, dynapenia and dynapenic 
abdominal obesity (DAO) in community-dwelling older adults.
Patients and Methods: Cross-sectional study conducted with community-dwelling older adults (n=382 / 70.03 ± 7.3 years) from 
Macapá, Amapá, Brazil. Respiratory muscle strength was assessed by measuring maximal inspiratory and expiratory pressures (MIP 
and MEP, respectively), using an analog manovacuometry. DAO was defined as the combination of dynapenia (grip strength < 26 kgf 
for men and < 16 kgf for women) and abdominal obesity (abdominal circumference > 102 cm for men and > 88 cm for women). We 
performed descriptive and inferential statistical analyses using the student’s t-test for independent and related samples and linear 
regression model.
Results: Older adults with abdominal obesity, dynapenia, and DAO presented lower mean values (obtained and obtained versus 
predicted; except abdominal obesity versus MIP) for maximal respiratory pressures compared to individuals without these conditions. 
However, the adjusted analysis only indicated an association between MIP and the following conditions: dynapenia (MIP - β =−0.171; 
p<0.001), abdominal obesity (MIP - β=0.102; p=0.042), and DAO (MIP - β=−0.101; p=0.028).
Conclusion: Older adults with abdominal obesity, dynapenia, and DAO showed impaired maximal respiratory pressures. The results 
of the adjusted analysis indicate that inspiratory muscle strength may require greater attention by health professionals aiming at 
preventing respiratory complications and improving respiratory health care in older people with these conditions.
Keywords: respiratory muscles, muscle strength, respiratory function tests, obesity, abdominal, aged

Introduction
The aging process can lead to changes in body composition, with an increase in the percentage of body fat and a decrease 
in global muscle mass, with important consequences on strength and physical performance.1 Regarding the distribution 
of body fat, older people may present abdominal obesity (AO) and intramuscular fat deposition.2 AO has a high 
prevalence in older adults, ranging from 16.15% to 54.2%, and is associated with increased susceptibility to the 
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development of cardiovascular, metabolic, cancer, and other diseases.3 In addition, AO is associated with increased 
functional limitations and worse quality of life.4

Another common condition in older adults is dynapenia, which is characterized by the reduction in peripheral muscle 
strength associated with aging (not as a consequence of muscle or neurological diseases).5 The prevalence of dynapenia 
varies from 25.1% to 30.9% in developed and developing countries, respectively.3 In isolation, dynapenia and AO are 
associated with impairments in physical function in older adults and, when these conditions coexist, the impairments can 
be potentiated, which is defined as dynapenic abdominal obesity (DAO).6

DAO may be associated with negative outcomes, such as functional decline, increased risk of falling, prolonged 
hospital stays, higher health care costs, and mortality.7,8 In recent years, the repercussions of obesity on respiratory 
function have been studied, showing that this condition can lead to respiratory muscle weakness4 and lung function 
decline9,10 in the long term. Thus, it is suggested that AO, when associated with dynapenia, may further impair 
respiratory muscle strength.4,11 Of note, both dynapenia and AO are closely related to modifiable factors including the 
reduction of muscle strength and obesity. Therefore, the early identification of subjects with DAO can allow for 
management in a timely fashion and prevent the development of adverse outcomes.12

Some studies have demonstrated an association between respiratory muscle strength and dynapenia in specific 
populations. For instance, a previous study showed an association between respiratory muscle strength and 
dynapenia.13 In that study, dynapenic older adults with chronic obstructive pulmonary disease (COPD) had lower 
maximal respiratory pressure values when compared to non-dynapenic older adults with COPD.13 However, to our 
knowledge, no studies have been published that assess possible associations between DAO and respiratory muscle 
strength, as well as their repercussions on the respiratory system in community-dwelling older adults, mainly without any 
previous respiratory conditions, thus requiring further investigation. Understanding the association between dynapenia, 
AO and DAO and respiratory muscle strength represent an important knowledge base that may help provide a better 
clinical management of these older people in the future. Therefore, the aim of this study was to analyze whether there is 
an association between respiratory muscle strength, AO, dynapenia, and DAO in community-dwelling older adults.

Materials and Methods
Study Design and Population
This is a cross-sectional study developed in the urban area of Macapá, in 2017, with community-dwelling older adults. 
Macapá is a municipality in the Amazon region, capital of the state of Amapá, in the north of Brazil. The sample size 
calculation considered a prevalence of health problems in 50% of the elderly population, accuracy of 5%, and a 95% 
confidence interval for a finite population of 19,955 elderly, reaching a minimum required sample of 377 subjects. 
Information on sample size calculation and population characteristics are available in a previous study.14

Eligibility Criteria
We included older adults living in the urban area of Macapa, aged 60 years or older who agreed to participate in the 
study, and were able to walk. We excluded those that moved to another city, that could not be located after three attempts 
by the interviewer, presented cognitive decline, who had neurological sequelae and/or were hospitalized, and/or 
conditions that would make it impossible for them to carry out the assessments. We excluded individuals if they had 
any medical conditions contraindicated for assessing respiratory muscle strength15 (Figure 1). Thus, 382 older adults 
(Figure 1), of both sexes participated in this study. This study was approved by the Research Ethics Committee of the 
Federal University of Amapá, opinion no. 1,738,671, and all individuals signed informed consent before commencing 
their participation. This research followed the ethical principles present in the Helsinki Declaration.

Instruments and Measures of Assessment
Respiratory Muscle Strength
We assessed respiratory muscle strength using manovacuometry to obtain maximal respiratory pressure values (MIP and 
MEP), which reflect the strength of the inspiratory and expiratory muscles, respectively.16 For these measurements, we 
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used a properly calibrated manovacuometer, containing a rigid plastic mouthpiece, a plastic trachea, and a leak hole 
(2 mm in diameter), which was used to prevent pressure increase in the oral cavity after the contraction of the face and 
oropharynx muscles.17

Measurements were taken in the sitting position using a nose clip.18 The MIP was obtained from a maximum inspiratory 
effort preceded by a maximum expiration close to the residual volume (RV), while for MEP, a maximum inspiration was 
performed close to the total lung capacity (TLC), followed by a maximum expiratory effort.17 A minimum of three and 
a maximum of five maneuvers were performed. The evaluation was considered valid when three acceptable measurements 
(pressure sustained for at least one second) and two reproducible measurements (variation equal to or less than 10% of the 
highest value) were obtained. We considered the highest value obtained for the analyses.18,19

Dynapenia
To measure muscle strength, handgrip strength was assessed using a SAEHAN® Hydraulic Hand Dynamometer model 
SH5001, following the recommendations of the American Society of Hand Therapists.20 Three measurements were 
obtained, with a one-minute interval, and the mean value of the measurements was considered for the analyses. We 
determined the presence of dynapenia by adopting cut-off points for handgrip strength: we considered as reduced muscle 
strength values < 16 kgf for women and < 26 kilograms/force (kgf) for men.21

Abdominal Obesity
Waist circumference was measured at the end of expiration with the abdomen relaxed using an inelastic tape measure, placed 
at the midpoint between the iliac crest and the last rib. For the measurement, the subject remained in an upright position, with 
the arms relaxed along the body and with the region of the measurement free of clothes.22 Abdominal obesity was defined by 
waist circumference, being characterized as present when > 102 cm for men and > 88 cm for women.23

Dynapenic Abdominal Obesity
DAO was defined by the combination of cut-off points for handgrip muscle strength (< 26 kgf for men and < 16 kgf for 
women)21 and waist circumference (> 102 cm for men and > 88 cm for women).23

Figure 1 Flow diagram representing the loss of the sample and final sample composition.
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Adjustment Variables
We considered age, sex, smoking status, level of physical activity, and number of medications and diseases24 as 
adjustment variables. The long version of the International Physical Activity Physical Activity Questionnaire (IPAQ) 
for Brazilian older adults25,26 as used to measure physical activity intensity, determined based on the amount of moderate 
(MPA) and vigorous physical activity (VPA) practiced for at least 10 minutes continuously during a typical week day and 
in different domains. This variable was then dichotomized in: sufficiently active (> 150 min/week of MPA, 75 min/week 
of VPA or a combination of both); and insufficiently active.27

Statistical Analysis
We performed the statistical analysis using descriptive analysis (absolute numbers, and percentages, and means and 
standard deviations). We performed bivariate analysis for the continuous variables, using the student’s t-test - indepen-
dent and related samples were used to compare values obtained, obtained versus predicted between the groups with AO, 
dynapenia, DAO, and without any of these conditions. We used the chi-square test for the categorical variables; and 
crude and multivariable through multiple linear regression, to verify the association between the variables of maximum 
respiratory pressures, AO, dynapenia, and AO. Significance of p < 0.05 and a 95% confidence interval (CI) were 
considered. The minimum necessary prerequisites were considered, including residual analysis (normality, homoscedas-
ticity, and linearity) and multicollinearity. Data analyses were performed using the Statistical Package for Social Sciences 
(SPSS), version 21.0.

Results
After considering the inclusion and exclusion criteria, a total of 382 older adults were finally included. The mean age of 
the participants was 70.03±7.3, being 131 males (34.3%) and 251 females (65.7%). The prevalence of AO was 65.7% 
(n=251), dynapenia 18.5% (n=71), and DAO 10.7% (n=41). The other sample characterization and adjustment variables 
are expressed in Table 1.

Individuals with AO, dynapenia, and DAO obtained values of both MIP and MEP that were significantly lower than 
the predicted values in all groups. When comparing obtained values of MIP and MEP of individuals who had AO, 
dynapenia, and DAO, these values were also significantly lower than of those individuals without these conditions, 
except for MIP, in the AO group, in which there was no significant difference in these values (Table 2).

The adjusted analysis only indicated an association between MIP and the following conditions: AO (MIP - β= 0.102; 
p=0.042), dynapenia (MIP - β= −0.171; p<0.001), and DAO (MIP - β= −0.101; p=0.028). In the adjusted analysis, no 
differences were found between groups for MEP (Table 3).

Discussion
This is the first study to investigate possible associations between maximal respiratory pressure values and DAO in 
community-dwelling older adults. The results identified an inverse association between AO, dynapenia, and DAO and 
inspiratory muscle strength, even after adjustments. Additionally, older adults with AO, dynapenia, and DAO showed 
reduced inspiratory and expiratory muscle strength when compared to those without these conditions, demonstrating that 
respiratory muscle strength assessments may be important variables to be screened in dynapenic abdominal obesity in 
older populations.

The accumulation of adipose tissue, especially in the abdominal region (AO) may have consequences in several 
physiological systems, including the respiratory system. Previous studies demonstrated that AO may negatively influ-
ence, for example, lung function.10,28–30 Respiratory muscle weakness may be explained by the excess of adipose tissue, 
especially in the abdominal region, which leads to an increase in intra-abdominal pressure, and may result in changes in 
ventilatory mechanics, and in a mechanical disadvantage of the respiratory muscles, especially the diaphragm, which 
presents restricted mobility in this situation.14 During this process, the diaphragm may present functional impairment, 
such as in then generation of force and, consequently, suffer greater overload.4
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Table 1 Characteristics of the Older Adults According to the Conditions of Abdominal Obesity, Dynapenia, and Dynapenic Abdominal Obesity. Macapá, AP, Brazil, 2017 (n=382)

Variables Abdominal Obesity Dynapenia Dynapenic Abdominal Obesity Total Sample (n=382)

Yes (n=251) No (n=131) p Yes (n=71) No (n=311) p Yes (n=41) No (n=341) p

Age (years) 69.85±7.09 70.37±7.69 0.512† 74.04±8.68 69.11±6.63 <0.001† 73.34±8.58 69.63±7.04 0.002† 70.03±7.3

Sex
Male 53(40.2) 79(59.8) <0.001* 31(43.1) 101(32.5) 0.074* 11(26.82) 121(35.48) 0.271* 132(34.6)

Female 198(79.2) 52(20.8) 40(56.9) 210(67.5) 30(73.18) 220(64.52) 250(65.4)

Height (m) 1.53±0.08 1.56±0.09 <0.001† 1.51±0.08 1.54±0.08 0.005† 1.49±0.08 1.55±0.08 0.001† 1.54±0.89
Weight (Kg) 70.10±12.68 60.16±12.02 <0.001† 63.15±13.38 67.52±13.18 0.013† 67.31±13.28 66.63±13.33 0.702† 66.71±13.32

BMI (Kg/m2) 29.91±4.40 24.5±3.87 <0.001† 27.63±5.58 28.18±4.78 0.402† 29.88±5.10 27.85±4.88 0.009† 28.03±4.98
Number of diseases 5.82±2.99 4.47±2.35 <0.001† 5.60±2.68 5.31±2.90 0.427† 6.14±2.85 5.27±2.85 0.064† 5.36±2.86

Number of medications 1.91±1.87 1.11±1.36 <0.001† 1.70±1.72 1.63±1.77 0.765† 1.92±1.91 1.60±1.74 0.275† 1.64±1.75

Smoking
Yes 16(6.3) 17(13) 0.029* 6(8.3) 27(8.7) 0.950* 3(7.1) 30(8.8) 0.750* 33(8.6)

No 235(93.7) 114(87) 65(91.7) 284(91.7) 38(92.9) 311(91.2) 349(91.4)

Physical Activity
Sufficiently active 127(50.8) 50(38.2) 0.021* 45(63.9) 132(42.4) 0.001* 27(66.7) 150(44) 0.008* 205(53.7)

Insufficiently active 124(49.2) 81(61.8) 26(36.1) 179(57.6) 14(33.3) 191(56) 177(46.3)

Notes: n (%); Mean, standard deviation, Dynapenia, handgrip strength, <26 kgf for men and < 16 kgf for women; Abdominal obesity, waist circumference > 102 cm for men and > 88 cm for women. *Chi square test (p<0.05); †Student’s 
t-test (p<0.05). 
Abbreviations: n, number of subjects; BMI, Body mass index; Kg, kilograms; Kgf, kilogram force; m, meters;
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Furthermore, excessive stretching of the diaphragm muscle fibers, and the accumulation of intra-abdominal fat may 
lead to the elevation of the diaphragmatic domes, reducing the contractile efficiency of the diaphragmatic muscle fibers, 
and leaving this muscle overloaded.4 This can result in muscle weakness in the long term and early diaphragmatic 
fatigue.31–33 Additionally, Souza et al34 showed in their study that inspiratory muscle weakness was found in 47.6% of 
subjects who presented a lower fat-free mass percentage (p=0.017), smaller fat-free mass index (p=0.001), greater fat 
mass percentage (p=0.029) and less diaphragmatic mobility (p=0.007) compared with the non-respiratory weakness 
group.

This hypothesis may support the results of the present study, which showed that older adults with AO presented 
respiratory muscle weakness (reduced MIP and MEP) when compared to those without this condition, therefore 
indicating that AO alone may negatively influence inspiratory and expiratory muscle strength.

On the other hand, a study by Sant’Anna35 and collaborators demonstrated that in individuals with grade 3 obesity 
(morbid obesity) there was no reduction in the values of either MIP or MEP when compared to non-obese individuals. 
However, it is noteworthy that the methodology used to measure obesity (body mass index), as well as the population 
were different from the present study, which may have caused these differences in the outcomes found.

Table 2 Comparison of Obtained, and Obtained versus Predicted Values of Maximal Respiratory Pressures According to the Presence 
of Abdominal Obesity, Dynapenia, and Dynapenic Abdominal Obesity Conditions. Macapá, AP, Brazil, 2017 (n= 382)

Variables Abdominal Obesity Dynapenia Dynapenic Abdominal Obesity

Yes (n=251) No (n=131) p Yes (n=71) No (n=311) p Yes (n=41) No (n=341) p

MIP (cmH2O) 
obtained

57.82±24.80 60.26±26.93 0.377* 47.11±23.09 61.30±25.38 <0.001* 46.21±22.77 60.16±25.48 0.001*

MIP (cmH2O) 

predicted

81.10±10.44 89.97±13.03 83.69±12.20 84.25±12.13 80.45±11.19 84.59±12.18

<0.001† <0.001† <0.001† <0.001† <0.001† <0.001†

MEP (cmH2O) 

obtained

68.72±26.73 75.45±31.49 0.038* 64.29±28.63 72.57±28.40 0.028* 61.58±24.71 72.17±28.84 0.025*

MEP (cmH2O) 

predicted

80.55±15.49 94.24±18.98 85.66±18.41 85.15±17.89 80.28±16.88 85.84±18.02

<0.001† <0.001† <0.001† <0.001† <0.001† <0.001†

Notes: n (%); Mean, standard deviation. Dynapenia, handgrip strength, <26 kgf for men and < 16 kgf for women; Abdominal obesity, waist circumference > 102 cm for men 
and > 88 cm for women. †Paired t-test Comparison between obtained and predicted values in groups (p<0.05). *Student’s t-test (p<0.05). 
Abbreviations: n, number of subjects; MIP, maximum inspiratory pressure; MEP, maximum expiratory pressure;

Table 3 Association of Maximal Respiratory Pressures According to Conditions of Abdominal Obesity, 
Dynapenia, and Dynapenic Abdominal Obesity. Macapá, AP, Brazil, 2017 (n= 382)

Variables Abdominal Obesity Dynapenia Dynapenic Abdominal 
Obesity

R2 β p* R2 β p* R2 β p*

MIP (cmH2O) obtained
Unadjusted −0.001 −0.045 0.377 0.044 −0.216 <0.001 0.026 −0.169 0.001

Adjusted 0.236 0.102 0.042 0.254 −0.171 <0.001 0.237 −0.101 0.028

MEP (cmH2O) obtained
Unadjusted 0.010 −0.112 0.029 0.010 −0.113 0.028 0.011 −0.115 0.025

Adjusted 0.302 0.086 0.073 0.302 −0.082 0.070 0.297 −0.037 0.401

Notes: R2, Coefficient of determination; β, Standardized linear regression coefficient. Dynapenia, handgrip strength, <26 kgf for men and <16 
kgf for women; Abdominal obesity, waist circumference > 102 cm for men and > 88 cm for women; Adjusted for age, sex, number of diseases 
and medications, smoking and physical activity level. *Linear regression model (p<0.05). 
Abbreviations: MIP, maximum inspiratory pressure; MEP, maximum expiratory pressure.
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Another condition frequently associated with adverse outcomes, such as functional disability, mobility decline, and 
deaths, is dynapenia.36,37 In recent years, dynapenia has also been associated with impaired lung function38 and reduced 
respiratory muscle strength.13 Ohara et al38 found an association (in the adjusted model) of dynapenia with a reduction in 
forced expiratory volume in one second (FEV1), forced vital capacity (FVC), and peak expiratory flow (PEF). Mansour 
et al13 suggested an association between respiratory muscle strength and dynapenia, where dynapenic older adults with 
COPD presented significantly lower MIP and MEP values compared to non-dynapenic older adults. Our results are also 
in agreement with these findings, in which dynapenic older adults had lower MIP and MEP values compared to non- 
dynapenic older adults, suggesting that dynapenia may be associated with additional impairment of respiratory muscle 
strength.

Similarly, Ohara et al14 reported an association between respiratory muscle strength and sarcopenia. In that study, 
sarcopenic older adults had lower MIP values compared to non-sarcopenic older adults. In the present study we evaluated 
dynapenic, not sarcopenic, older adults. Both sarcopenia and dynapenia have loss of muscle strength as a diagnostic 
feature, however, unlike dynapenia, for sarcopenia, this decrease in strength is necessarily accompanied by a progressive 
decrease in muscle mass and is associated with poor physical performance in severe cases.39 In addition, the methods 
used to classify these conditions present divergences in the scientific literature, which can make comparisons between 
findings difficult. Despite this, we believe that there is an association between respiratory muscle strength and dynapenia, 
since one of the criteria for assessing sarcopenia is peripheral muscle strength.

In this sense, the study of Moon, Kong & Kim40 showed that obese older adults with low muscle mass (sarcopenic 
obesity) present compromised lung function (reduced FEV1 and FVC), when compared to those without this condition. 
Together, these findings suggest that elements related to the musculoskeletal system (muscle mass and strength) may 
influence respiratory variables. However, to date, no studies were found in the available literature that assess the existing 
relationships between respiratory muscle strength and DAO. Thus, the current study is probably the first to demonstrate 
these possible associations.

Some limitations of our study should be pointed out. There was a difference in the number of older males and 
females, which may have influenced the results, as it is known that obesity has a higher prevalence in females, and that 
females have lower respiratory muscle strength than males. We minimized this limitation, by adjusting the analyses not 
only for sex, but also for age, number of medications, number of diseases, smoking status, and physical activity level. 
Another limitation was that the assessment of abdominal obesity was not carried out using X-ray absorptiometry 
(DEXA), computed tomography (CT), and bioelectrical impedance analysis (BIA), and yes by to measure waist 
circumference. Therefore, in community-dwelling older adults, it is known that there are difficulties in using high-cost 
equipment. Thus, we chose to use a measure widely used in other studies, it is an easy, low-cost. Finally, the cross- 
sectional nature of our study. Therefore, it is not possible to determine any causal relationship between respiratory muscle 
strength and DAO and further longitudinal studies are still necessary.

Of note, our study presents a representative sample of older adults and provides information on the health condition of 
a population located in the Brazilian Amazon region. According to our findings, respiratory muscle strength should be 
included as an important component of clinical evaluations in older adult populations, as there are associations of AO, 
dynapenia, and DAO with negative health outcomes. This fact denotes the need for greater attention in the planning 
(screening, prevention, and treatment) of health care for older adults with AO, dynapenia, and DAO in order to aid early 
identification and treatment of decreases in respiratory muscle strength, as well as to prevent adverse health outcomes.

Conclusion
Older adults with AO, dynapenia, and DAO showed impaired respiratory muscle strength, with emphasis on inspiratory 
muscle strength, compared to older adults without these conditions. Furthermore, inspiratory muscle strength was 
associated with AO, dynapenia, and DAO.

The data may represent a starting point for investigating the impacts of dynapenia, AO and DAO on respiratory 
function, helping guide health professionals on the prevention and management of respiratory disorders among commu-
nity-dwelling older adults. Given the clinical relevance of these factors, further longitudinal studies are needed to identify 
possible causal relationships between respiratory muscle strength and AO, dynapenia, and DAO.
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Novelty Statement
The present study comprises the same sample and the variable of interest, which is DAO, as in another previously 
published study.41 However, the studies have different objectives, with different analyzes and results. For example, in the 
present study, the outcome of interest is respiratory muscle strength and we used some adjustment variables. In the other 
study, the outcome was DAO and we sought to investigate associated predictors.41

Disclosure
The authors declare no conflicts of interest in this work.
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