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Obesity is now well-known as an important risk factor for developing several respiratory diseases. Whether it is 
associated with respiratory muscle strength (RMS) impairment is unsettled. We aimed to investigate the infl uence of 

obesity on the RMS in Thai women aged between 20-60 years old. Sixteen obese (body mass index, BMI > 25 kg/m2) and 
16 normal-weight women (BMI > 18.5 to 22.9 kg/m2) matched for age were studied. RMS including PImaxRV, PImaxFRC, 
Pnsn and PEmax were measured using a MICRORPM®, Medical, UK. A pneumotach airfl ow transducer (medium fl ow), 
BIOPAC Systems (USA) was used to measure tidal volume (VT), respiratory rate (RR) and total expired ventilation (V°E).  
BMI were 32.9±4.5 and 20.1±1.1 kg/m2 whereas ages were 32.0±8.6 and 32.2±8.7 yrs in obese and lean groups, respectively. 
Absolute PImaxRV, PImaxFRC, Pnsn, PEmax and RMS in obese women were signifi cantly higher than in normal-weight 
women (p<0.001). VT but not RR or V°E in obese women was signifi cantly higher (p<0.01) than that of normal-weight 
peers. This study indicates that obese women studied have greater respiratory muscle strength than normal-weight peers. 
This could be due to deep breathing constantly loaded to the respiratory muscles and adaptation of muscle fi bers.
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occurred due to a probable adaption of muscle fi bers.19 

Interestingly, several studies reported that inspiratory 
muscle training (deep breathing) in mild to moderate 
chronic obstructive pulmonary disease patients could 
improve respiratory muscle performance (tidal volume, VT, 
was increasing) indicating that respiratory muscle changes 
in strength or endurance.10,20,21,22,23 We therefore aimed to 
investigate the strength of respiratory muscles, VT and V°E 
in obese Thai women.

Materials and Methods
Study designs
 The designs of this study were descriptive and analytical. 
We divided women aged between 20-60 years into 2 groups: 
16 obese (BMI>25 kg/m²) and 16 lean (BMI>18.5 to 22.9 
kg/m²) participants. 

Study population
 All participants had FEV1>80% (only one normal-
weight woman had FEV1=77%). Each obese woman’s age 
was matched with a normal-weight peer of the same age. To 
avoid possible factors affecting respiratory muscle strength 
test, subjects with smoking history, sign of bronchiectasis, 
angina pectoris, hypertension, restrictive pulmonary 
disease, chronic obstructive pulmonary disease, obstructive 
sleep apnea, neuromuscular diseases and history of chronic 
steroid use were not included in this study.

Ethical approval
 A written informed consent from the participant was 
obtained before testing. The methods of this study was 
reviewed and approved by the Khon Kaen University 
Ethics Committee for Human Research. 
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Introduction
 Obesity is worldwide epidemic with at least 300 
million of them clinically obese.1 An index that has been 
commonly used to defi ne such condition is body mass 
index (BMI) which is ≥30 kg/m2 in Caucasian population 
and ≥25 kg/m2 in Asian population.2 The second report on 
National Health Examination Survey of Thailand reported 
that 19.2% of men and 33.9% of women had BMI between 
25-30 kg/m², whereas 3.5% of men and 8.8% of women 
had BMI >30 kg/m².3 In 2010, we reported the prevalence 
of obesity and overweight 12 to 18 year-old-adolescents of 
4.9% using the sex-specifi c BMI-for-age and 13.7% using 
the Thai standard W/H.4  
 Obesity has been demonstrated to be related to risk 
factors of many diseases such as cardiovascular disease, 
myocardial infarction, diabetes mellitus, systemic arterial 
hypertension, pulmonary dysfunction and respiratory 
failure. 1,5,6,7,8 Studies on respiratory muscle strength (RMS) 
in obese population report confl icting results. Maximum 
respiratory pressures in obese individuals are often 
normal.9,10,11,12,13 On the other hand, some obese individuals, 
especially severe patients, have lower maximum respiratory 
pressures14,15,16,17,18  or show higher RMS which might have 
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Experiment protocol
Body mass index (BMI), hip and waist circumferences
 Height, weight, hip and waist circumference were 
measured according to the WHO guidelines24. Participants 
wore light clothing and no shoes. Weight was determined 
using a digital scale (TCS-150-B), to the nearest tenth. 
Height was measured standing with feet together and arms 
relaxed at the sides. The BMI was calculated as weight (kg) 
divided by height (m2).

Total expired ventilation (V°E)
 VT  , RR and V°E were carried out using a Pneumotach 
airfl ow transducer (medium fl ow), BIOPAC Systems, USA. 

Respiratory muscle strength
 MICRORPM®, Medical, UK was used to measure 
inspiratory and expiratory muscle strength. All participants 
underwent maximal inspiratory pressure at residual volume 
(PImaxRV) and at function residual capacity (PImaxFRC), 
sniff nasal pressure (Pnsn) and maximal expiratory pressure 
(PEmax) evaluation. All of procedures are referenced 
base on American/European Respiratory Society “ATS/
ERS Statement on Respiratory Muscle Testing”25. Each 
testing lasted at least 1.5s and was measured at least 5 
times or more than that, until the closed highest 2 values 
were achieved. The highest value was recorded. RMS was 
calculated as [PImaxRV+PEmax]/2. 

Statistical analysis
 Data were expressed as means±SD and median. The 
Stata 10 Statistical software was used to perform the 

statistical analysis. Unpaired t-test was used to compare 
differences in characteristics and all parameters between 
obese and lean women. Two-sample Wilcoxon rank-sum 
(Mann-Whitney) test when data showed departure from 
normality was used. A value of p<0.05 was taken to be the 
threshold of statistical signifi cance.

Results 
 Anthropometric data are summarized in Table 1. It was 
apparent that the obese women had almost identical mean 
age to normal-weight peer with the mean of approximately 
32 yr. Compared with the lean individuals, obese women 
had signifi cantly higher body weight (p<0.001), waist 
circumference (p<0.001), hip circumference (p<0.001) 
and WHR (p=0.002) compared with lean counterparts. 
BMI was greater in obese (BMI; 32.9±4.5, median 31.5 
vs. 20.1±1.1, median 19.85 kg/m2, p<0.001). In addition, 
the VT in obese women was higher (0.6±0.1 vs. 0.5±0.1 
L, p=0.006) than that of the lean group. Nevertheless, RR 
and V°E were not signifi cantly different between the two 
groups.
 Table 2 and Fig. 1 summarize data in regard to the 
RMS. It was observed that PImaxFRC, PImaxRV, Pnsn 
and PEmax in obese women were 22.9 cm H

2
O (p<0.001), 

34.6 H
2
O (p<0.001), 13.9 H

2
O (p=0.01) and 32.9 H

2
O 

(p<0.001), respectively, greater than those of normal-weight 
women. Besides, obese women had stronger respiratory 
muscles indicated by a RMS of 33.7 H

2
O higher than that 

of normal-weight women (Table 2 & Fig. 1). 

Table 1 Characteristics of the study population

       Obese (n=16) Normal-weight (n=16)  

mean±SD Median mean±SD Median   P

Age (years) 32.0±8.6 28.3 32.2±8.7 29.2 NS

Weight (kg) 79.8±11.3 80.2 49.7±3.42 49.8 <0.001

Height (m) 1.56±0.04 1.6 1.57±0.04 1.6 NS

BMI 32.9±4.5 31.5 20.1±1.1 19.9 <0.001

Waist (cm) 98.3±10.4 96.1 72.0±5.3 70.0 <0.001

Hip (cm) 112.1±7.1 113.5 90.5±4.9 91.5 <0.001

WHR 0.88±0.07 0.9 0.80±0.06 0.8 0.002

VT (L) 0.6±0.1 0.6 0.5±0.1 0.5 0.006

RR (/min) 16.0±4.2 15.0 17.0±3.6 16.0 NS

V°E (L/min) 9.1±2.5 8.4 8.1±1.8 8.1 NS

BMI, body mass index; WHR, waist to hip ratio; VT, tidal volume; RR, respiratory rate; V°E, minute ventilation. Values 
are mean±SD and median tested by two-sample Wilcoxon rank-sum (Mann-Whitney) test. Age, weight, BMI, waist, hip, 
RR and V°E tested by Mann-Whitney
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Table 2 Comparison of respiratory muscle strength between groups.

Obese (n=16) Normal-weight(n=16)  

mean±SD Median mean±SD Median   P

PImaxFRC 111.0±27.0 111.5 78.1±15.5 77.5 <0.001

PImaxRV 122.1±27.8 120.0 87.5±18.2 85.5 <0.001

Pnsn 90.2±11.8 92.0 76.3±20.3 74.0   0.01

PEmax 126.5±27.9 124.0 93.6±17.3 91.5 <0.001

RMS 124.3±21.2 124.0 90.6±17.1 88.0 <0.001

PImaxFRC, maximal inspiratory pressure from function residual capacity (cmH
2
O); PImaxRV, maximal inspiratory pressure 

at residual volume (cmH
2
O); Pnsn, sniff nasal pressure (cmH

2
O); PEmax, maximal inspiratory pressure (cmH

2
O) and RMS, 

respiratory muscle or [PImaxRV+PEmax]/2. Values are mean±SD and median tested by two-sample Wilcoxon rank-sum 
(Mann-Whitney) test. PImaxFRC and PImaxRV tested by Mann-Whitney.

Figure 1. Respiratory muscle strength in 16 obese (OB) and 
16 normal-weight (N) women. Abbreviations are as in Table 2. * 
p<0.001 and y p=0.01. Values are mean±SD and median tested by 
two-sample Wilcoxon rank-sum (Mann-Whitney) test.

Discussion
 The present study provides evidence that respiratory 
muscle strength, e.g. PImaxFRC, PImaxRV, Pnsn, PEmax 
and RMS in obese women was signifi cantly higher compared 
to normal weight peers. This is in lines with previous 
studies which have shown that peripheral muscles strength 
is greater in obese individuals than in healthy peers.13,,26,28. 
Moreover, a recent study done in obese women has reported 
higher RMS.19 They suggested that greater fat free muscle 
mass may pay compensation for the increased work of 
breathing forced by obesity and hence removing of impairing 
muscle strength. Moreover, obese individuals generally 
have supplementary muscle mass and more power than do 
normal-weight adults.29,30 In fact, some studies suggests that 
greater qualities of type II muscle fi bers, especially type IIb 
fi bers, which are related to low endurance and have greater 
power to perform physical acivities, may be responsible 
for an adaptation of skeletal muscle on chronic overload 
compulsory by obesity.19, 30,31 It may be possible that obese 

women in the present study could have adaptation of 
respiratory muscles and/or have more of fat free mass 
leading to stronger respiratory muscles. In addition, obese 
women studied breathed at higher VT than normal-weight. 
It is thus also probable that deep breathing improved 
respiratory muscle strength as observed in COPD 
patients.10, 20, 21,22,23 Nonetheless, our results are not in 
agreement with those reporting no changes9,10,11,12,13,19 or 
reduced respiratory muscle strength.14,15,16,17,18  Impaired 
respiratory muscle function in obesity may be caused by 
increased elastic load which the respiratory muscles are 
required to overcome during inspiration.16An overstretched 
diaphragm would place this respiratory muscle at a 
mechanical disadvantage, leading to decreased inspiratory 
muscle strength and effi ciency 32 Additionally, decreased 
skeletal muscle glycogen synthase activity in obese 
subjects may be associated with decreased isokinetic 
skeletal muscle endurance 32, although it is not known if 
this phenomenon actually occurs in respiratory muscles. It 
is possible that degrees of obesity, methods of measuring 
RMS and not having sex separated in different studies 
contribute to debatable fi ndings. Our study had the age of an 
obese woman which was almost identical to a normal-weight 
peer of the same age. We are confi dent that obese women 
had greater amount of lean mass and therefore greater 
RMS. Nevertheless, it is essential that further studies 
involving more patients should be conducted, separating 
degrees of obesity.

Conclusions
 Women with obesity did not have impaired RMS 
but instead had stronger respiratory muscles. This could 
probably due to, at least, deep breathing forced to the 
obese women. Several factors may also be exaggerated 
on respiratory muscle strength in obesity such as duration 
of obesity, physical activity and fat free mass. However, 
a further study on larger population is required to verify 
our results.
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