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Abstract

The strength of respiratory muscles can be evaluated from static measurement (PImax and PEmax) or inferred from dynamic measurement such as maximal 
voluntary ventilation. Maximal inspiratory pressure and Maximal expiratory pressure are simple, convenient and non-invasive measurement of respiratory muscle strength. 
Respiratory muscle strength decreases in COPD patients due to multiple factors. The primary aim of this study is to obtain mean PImax and PEmax values in Indian COPD 
patients and its co-rrelation with anthropomatric, physiological, spirometric parameters and arterial blood gas tension. 

Subjects and methods:  Retrospective data were collected between 2007to 2010.139 stable COPD patients of different stages according to GOLD classifi cation were 
selected for this study with mean age 62.53 + 10.36 years, out of 139 patients 104 were male and 35 were female. 

Results:  In our study mean PImax values in male and female COPD patients were 5.93 + 2.19 kPa and 4.87 +2.12 kPa respectively. Mean PEmax value in male and 
female COPD patients were 7.84 + 2.80 kPa and 4.89 +2.34 kPa respectively. 

Conclusion: In our study PImax, PEmax were reduced in COPD patients in comparison to normal populations and signifi cantly lower in patients with severe airfl ow 
limitations than mild airfl ow limitations. This can help in assessment and monitoring of the disease burden, severity of functional impairment and response to treatment. 
It had signifi cant positive or negative correlation with anthropometric and spirometry parameters and arterial blood gas tension.
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Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a common 
preventable and treatable disease that is characterized by 
persistent respiratory symptoms and airfl ow limitations that 
is due to airway and/or alveolar abnormalities usually caused 
by signifi cant exposure to noxious particles or gases [1,2]. The 
chronic airfl ow limitation that is characteristics of COPD is 
caused by a mixture of small airways disease (e.g. Obstructive 
bronchiolitis) and parenchymal destruction (Emphysema), 
the relative contribution of which vary from person to person. 
COPD produces signifi cant systemic consequences [2]. COPD is 
a leading cause of morbidity and mortality in the world which 
continues to cause disabling symptoms, impair the functional 
status and quality of life. COPD ranked fourth as the cause of 
death currently in the world which will become the third leading 
cause of death by 2020 [1]. More than 3 million people died due to 
COPD in 2012 about 6% of all deaths. It is important public health 
problem which is both preventable and treatable. The burden 
of COPD will increase progressively due to its risk factors and 
aging of the populations. In India prevalence of COPD is around 
4.1% [3]. Effects of COPD do not remain localized to lungs only 
but also produce several extra-pulmonary effects. Systemic 
features include chronic low grade systemic infl ammation 
and altered regulation of protein metabolism, result in muscle 
atrophy at an early stage [4,5], that leads to cachexia at later 
stage, which attribute to skeletal muscle dysfunction [6-
8]. Respiratory muscle weakness in COPD is multi-factorial 
which includes (a) Age (b) Smoking (c) Malnutrition related to 
biochemical, anatomical and physiological changes (d) Chronic 
inactivity (e) Muscular atrophy (f) Steroid induced myopathy 
(g) Pulmonary hyperinfl ation with increased residual volume 
(h) Decreased blood fl ow to respiratory muscle. (i) Hypoxemia 
(j) Oxidative stress and superoxide anion production [7-
16]. Maximal respiratory static pressures refl ect respiratory 
muscle strength. PImax measures strength of the diaphragm 
while PEmax measures strength of abdominal and intercostal 
muscles. The measurement of PImax and PEmax is easy, 
non-invasive, rapid, convenient and reproducible [17,18]. In 
advance stage respiratory muscle weakness leads to respiratory 
failure. Inspiratory muscle weakness explains dyspnoea and 
expiratory muscle weakness leads to mucus retention due 
to impaired cough effi cacy. Respiratory muscle strength is 
a strong predictor for survival in COPD patients [19].  Hence 
measurement of maximal respiratory static pressure is very 
useful in diagnosing respiratory muscle dysfunction and 
helpful in assessment of impact of chronic disease. Serial 
measurement allows to monitor progression of muscle 
dysfunction and response to treatment.  Various studies 
show that maximal respiratory static pressures are reduced 
in COPD patients compared to normal populations. Some of 
these studies also show PImax and PEmax correlate positively 
with spirometry parameters, arterial blood gas tensions and 
anthropometric measurements [14,20-25]. Till present no data 
exists for COPD patients in India that prompted us to do this 
study with the following objectives: (a) To obtain mean values 
of PImax and PEmax  (b)To study correlation of MRP with 
spirometry, physiological parameters and ABG.       

Review of literature 

COPD: International guidelines for diagnosis of COPD 
staging is still based on severity of airway obstruction. Patients 
are homebound and depressed; they avoid dyspnoea which 
everyday activities produce. Respiratory muscles are essential 
for alveolar ventilation. Inspiratory muscle function is 
abnormal in COPD patients [26]. Expiratory muscle weakness 
is also seen, but its clinical importance is not well understood 
Table 1 Figure 1  [27,28]. 

Figure 1:

Table 1:  Total 139 subjects were studied. Out of which male subjects were 104 and 
female subjects were 35. Age range of subjects was 37 to 82 years.
Numbers of subjects in the study according to different COPD stage were as given 
in fi gure 1.

Respiratory muscle dysfunction: Byrd, et al. [20], 
demonstrated that MRP is reduced in COPD [14,20, 25,27,28]. 
Polkey, et al. [29], assessed diaphragm strength in 20 COPD 
patients and 7 control subjects by measuring maximal sniff 
trans-diaphragmatic pressure and twitch trans-diaphragmatic 
pressure. Tw Pdi, sniff Pdi, twitch oesophageal pressure 
and sniff Pes in COPD patients were reduced. The ability of 
diaphragm to generate trans-diaphragmatic and a negative 
intra-thoracic pressure is reduced in COPD and these changes 
are exaggerated with acute on chronic hyperinfl ation. 

Causes of Diaphragm dysfunction [26]: Mechanical 
disadvantage Hyperinfl ation is the main feature in COPD. In 
hyperinfl ation the area of diaphragm immediately apposed 
to rib cage is reduced at FRC [30]. Alteration in diaphragm 
geometry impairs three critical actions of diaphragm (1) Piston 
like axial displacement of the diaphragmatic dome, which 
is main mechanism of the contribution of the diaphragm to 
tidal volume in normal subjects.(2) Appositional action of 
the diaphragm which is the lower rib cage expanding action 
of the diaphragm that depends on the rise in abdominal 
pressure acting through the zone of apposition to expand 
the lower rib cage and (3)Its insertion action which is the 
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lower rib cage expanding action of the diaphragm exerted by 
virtue of its insertion into the lower ribs. It causes lifting and 
rotating of lower ribs outward. Hyperinfl ation could change the 
mechanical arrangement between the crural and costal parts of 
the diaphragm from a parallel to a series arrangement, leading 
to a further reduction of the force-generating capacity [31-33]. 

Muscle length: Muscle fi bre length is an important 
determinant of force-generating capacity. Cassart, et al. 
[30], demonstrated that diaphragm length reduced in COPD 
patients. Shortening of diaphragm impair its force-generating 
capacity. Inspiratory pressures generated by these patients are 
reduced in COPD. Acute dynamic hyperinfl ation develops once 
expiratory fl ow develops .This interposition of acute on chronic 
hyperinfl ation decreases the force capacity of the diaphragm. 

Muscle structure: Severe COPD increases the slow-twitch 
characteristics of the muscle fi bres in diaphragm, an adaption 
that increases resistance to fatigue. Levine, et al. [34], 
studied 6 COPD patient’s diaphragm biopsies, which showed 
increased proportion of type-I fi bres essentially at the expense 
of type-IIb fi bres. Biopsy specimens from the patients had 
higher percentages of slow myosin heavy chain I and lower 
percentages of fast myosin heavy chains IIa and IIb than the 
diaphragm of the controls. 

Muscle environment: A variety of electrolyte disturbances 
have been shown to alter skeletal muscle function.  Acute 
hypercapnia reduces the diaphragm contractility because 
breathing CO2 was associated with lower Pdi [35]. Acute 
respiratory acidosis decreases the contractility and endurance 
time of diaphragm. Aging COPD develops with advancing age. 
Changes occur in structure and function of muscles in elderly 
persons [36]. Atrophy of type-II fi bres causes decline in muscle 
strength. Pdimax, sniff Pdi and twitch Pdi were 25%, 13% and 
23% lower in elderly people [37,38].  

Body weight and malnutrition: Malnutrition in COPD 
patients is the result of an imbalance between energy intake 
and energy expenditure. Reduced dietary intake in these 
patients attributed to symptoms of postprandial dyspnoea, 
early satiety, fatigue and loss of appetite. Elevated energy 
expenditure has been attributed to increased work of breathing 
and systemic infl ammation. Malnutrition reduces respiratory 
muscle mass and contractile force through atrophy of Type II 
fi bres and impaired energy metabolism [9]. 

Steroid induced changes: Steroids are prescribed for acute 
exacerbation and chronic symptoms. Long term therapy with 
steroids elicits signifi cant reduction in strength of ventilator 
and limb muscles [11]. Steroid myopathy is due to reduction 
in protein synthesis and increased glycogen accumulation. An 
elevation of urinary creatinine excretion and selective type-
IIb fi bre atrophy may be observed [39]. Corticosteroids may 
down regulate IGF-1, and protein synthesis and increases 
intracellular proteolysis. Protein synthesis is inhibited in 
type-II fi bres by down regulating peptide initiation on the 
ribosomes. Increased cytoplasmic protease activity may lead 
to myofi brillar destruction. Therefore steroids inhibit protein 
synthesis and accelerate myofi brillar and soluble protein 

degradation in muscle. Carbohydrate metabolism is altered in 
steroid myopathy. Reduced muscle glycogen phosphorylase 
activity and increased glycogen synthatase activity lead to an 
increased intramuscular concentration of glycogen, reduction 
in creatine kinase activity. This impairment in glycolytic 
activity may in part be compensated by increasing oxidative 
metabolism. It has been postulated that steroids may impair 
diaphragm function by reducing myofi brillar density and/or by 
slowing cross-bridge kinetics [8]. 

Hypoxemia: COPD patients develop chronic hypoxemia or 
repeated episodes of hypoxemia during exacerbation. Maximum 
diaphragm force and endurance are both signifi cantly reduced 
in COPD patients with chronic hypoxemia although inhalation 
of oxygen for 15 minutes elicits an increase in strength and 
endurance [40]. Jakobsson, et al. [41], reported that ATP, 
glycogen and creatine phosphate levels in quadriceps muscle 
fi bres are reduced in COPD patients with chronic respiratory 
failure and found a signifi cant co-relation between muscle 
metabolites and PaO2. Chronic hypoxemic COPD patients 
show greater levels of exercise induced lipid peroxidation 
and oxidized proteins in their quadriceps muscle than do non 
hypoxemic [42-44].  Hypoxemia can elicit skeletal muscle 
dysfunctions through direct and indirect actions on contractile 
processes. Indirect effects mediated through release of pro-
infl ammatory cytokines TNF- and IL-44.  

Systemic infl ammation is a feature of COPD, elevated 
levels of CRP, fi brinogen, circulating leukocytes and pro-
infl ammatory cytokines: TNF-, interleukins IL8, IL6, IL18, 
S TNF-R55 and 72(s TNF-R75) have been observed [45-47].  
No direct correlations have been observed between sputum 
and plasma concentration of these in patients with mild 
to moderate COPD suggesting that organs other than the 
lungs(diaphragm and intercostal muscle where the work of 
breathing is elevated) contribute to elevated levels of systemic 
infl ammatory mediators. Casadevall, et al. found elevated 
levels of TNF- and IL-6 levels in intercostal muscles of COPD 
patients [48]. TNF- promotes muscle wasting by enhancing 
the activity of the ubiquitin proteasome pathway, apoptosis, 
and altered protein metabolism. Apoptosis cause loss of nuclei, 
alter myonuclear domain size resulting in muscle atrophy 
Table 2   [6,7]. 

Oxidative stress: Hypoxemia and systemic infl ammation 
contribute to oxidative stress in COPD patients. Production 
of ROS and NO within skeletal muscle fi bres is regulated by 
strong muscle contractions, severe COPD patients are exposed 
to respiratory overloads, their diaphragm fi bres generate 
greater levels of oxidants than those normally neutralized 
by intracellular antioxidants defences, thus leading to the 
development of oxidative stress. Barreiro, et al. [15], showed 
that diaphragm muscle exhibits increased levels of oxidative 
stress, and such levels are associated with impairment of both 
pulmonary and respiratory muscle functions. Marrin-Corral, 
et al. [16], has demonstrated oxidation of diaphragm proteins 
and increased superoxide anion level in diaphragm specimens 
of COPD patients. Oxidation of diaphragm proteins involved in 
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energy production and contractile performance contribute to 
respiratory muscle dysfunction. Rochester, et al. [21], studied 
32 COPD patients and 22 normal subjects. Half had normal and 
half had low values of PEmax. PImax was normal in patients 
with normal PEmax, but lower in patients with low PEmax. 
PaCO2 was elevated in 13 of 18 patients whose PImax was less 
than 55 cm H2O and inversely correlated with PImax.  Morrision, 
et al. [22], studied respiratory muscle performance in elderly 
subjects. PImax, but not PEmax was less in COPD patients. 
Heijidra, et al. [14], studied 30 male COPD patients, PImax and 
PEmax were low. Signifi cant correlation was found between 
PImax and FRC, RV%, TLC, BMI, FEV1, PaCO2. Nishimura, et al. 
[13], studied respiratory muscle strength, pulmonary function 
and body composition in 24 Japanese male COPD patients 
(group A < 80% ideal body weight, group B > 80% compared 
to group C controls). PImax  and PEmax in group A were lower 
than in group B and C. Both PImax and PEmax were correlated 
with lean body mass.Positive correlations amongst PImax and 
PEmax and VC, VC% and FEV1.No correlation with TLC, RV, RV/
TLC, PaO2 and PCO2. Peter, et al. [23], studied PImax in 34 COPD 
patients and 149 healthy subjects. PImax was lower in both sex. 
Kbitz, et al. [24], studied PImax in 33  patients and  control 
PImax was low in COPD patients. Terzano, et al. [25], compared 
PImax and PEmax value of 110 COPD patients with 21 control. 
Both were low in COPD. Signifi cant positive correlation found 
amongst MIP and FEV1, FVC, PEF, TLC and height, MEP and 
functional parameters. No correlation found with RV, RV/TLC, 
weight and age. As severity of COPD increases, muscle strength 
reduces and quality of life deteriorates. Above mentioned 
reasons prompted us to do this study to derive PImax and 
PEmax values COPD patients India.             

Materials and methods

Aims and objectives

(1) To obtain average values of PImax and PEmax (2) To 
study correlation between MRP and various anthropometric, 
spirometry parameters and ABG. 

Materials and methods

Study was conducted in retrospective manner after taking 
approval from hospital ethical committee and patient’s 
informed written consent were obtained. Data were collected 
from pulmonary laboratory of Jaslok Hospital Mumbai. All 
Patient’s medical records, clinical history, diagnosis, checked. 

Inclusion criteria

Age > 18 years. 

Exclusion criteria 

Patients with AECOPD within last 3 months, acute 
pulmonary illness, co-existing chronic pulmonary and co-
existent illness impairing respiratory muscle function. 

Measurements

For all patients, demographic data were obtained.  
Anthropometry was done by measuring weight in kilogram 
(kg) and height with a stadiometer and Body Mass Index (BMI) 
was calculated according to the formula kg/m2 . Spirometry 
test was performed on JAEGER MS PFT analysis unit, which 
was calibrated daily, all tests were conducted by same 

Table 2: Characteristics of patients (All values are given as mean ± SD).
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technicians, as per ATS/ERS statement [18]. Persons were 
explained about procedure and motivated.  For measurement of 
PImax the subject was asked to make a maximum inspiratory 
effort starting from the residual volume, whereas for PEmax 
a maximal expiratory effort starting from total lung capacity 
was elicited [7]. At least three reproducible manoeuvres each 
maintained at least one second until three technically adequate 
efforts were selected and highest value was recorded. 

MVV is the largest volume that can be breathed into and 
out of the lungs during a period of 10-15 seconds interval with 
maximal voluntary efforts. 

Arterial blood gases analysed. 

Stastistical data analysis

 Was performed for all measured parameters using SPSS 
software. Patients were divided according to severity of COPD 
as per GOLD classifi cation [1]. Standard descriptive statistics 
based on mean and standard deviation for quantitative 
variables were used. Pearson’s correlation co-effi cient test was 
performed to assess possible correlation between PImax and 
PEmax values and anthropometric spirometry parameters and 
Arterial blood gas measurement.                                                                                

Results 

Mean age, weight and height of subjects were 62.53+ 10.36 
years, 63.36 + 12.23 kg and 163.20 + 9.31 cm. Mean FEV1/FVC% 
58.23+ 9.10%,  mean FEV1(L) and FVC(L) were 1.15+0.48 and 
1.97+0.69 L. Mean FEV1% 47.24+15.74%  and mean FVC%  
63.88+ 16.75%. Mean MVV (L/min) and MVV% 45.23 +22.33 
and 47.67+ 20.95 % . Mean PaO2 and PaCO2 were 77.25 +11.72 
and 37.48 +4.50 mm of Hg. 

Entire group results of MRP

Mean PImax 5.66 kPa +2.21 kPa, mean PEmax 7.09 kPa+ 
2.97 kPa. Table 3 Figure 2.

In male: Mean PImax 5.93 kPa +2.19 kPa. Mean PEmax 7.84 
kPa+2.80 kPa. Tables 4,5 Figure 3.

In female: Mean PImax 4.87 kPa+2.12 kPa. Mean PEmax 
4.89 kPa+2.34 kPa. In female both values were lower than 
male. There was signifi cant difference between both sexes. 
PImax and PEmax in different stages of COPD are given in 
Table 6 and Figure 4. 

Correlation of PImax to variables in male

Signifi cant positive correlation found between PImax 
and height and weight. Signifi cant positive correlation found 
between PImax and FEV1, FEV1%, FVC, FVC%, MVV, MVV and 
PaO2. Correlation were more signifi cant with absolute value 
than percentage predicted values. PImax had no signifi cant 
correlation with FEV1/FVC and PaCO2 Table 7 Figure 5.

Correlation of PEmax to variables in male

Signifi cant positive correlation found between PEmax and 
height and weight, between PEmax and FEV1, FEV1%, FVC% 

Figure 2: Mean values of PImax and PEmax.

Table 3: Mean values of PImax and PEmax.

Table 4: Group Statistics.

Table 5: Independent Sample Test.

Figure 3: Mean value pf PImax and PEmax in male and female.
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MVV, MVV% and PaO2. Correlation was more signifi cant 
with MVV amongst all parameters. PEmax had no signifi cant 
correlation with FEV1/FVC and PaCO2 Table 8 Figure 6.

Correlation of PImax to variables in female

Signifi cant positive correlation found between Pimax 
and FEV1, MVV, MVV%. Correlation was more signifi cant 
with absolute MVV than percentage predicted. PImax had no 
signifi cant correlation with height, weight, FEV1/FVC, FEV1%, 
FVC, FVC%, PaO2 and PaCO2. Table 9 Figure 7.

Correlation of PEmax to variables in female

Signifi cant positive correlation found between PEmax and 
FEV1, FVC, MVV, MVV%. Correlation was more signifi cant 
with MVV amongst all functional parameters. PEmax had no 
signifi cant correlation with height, weight, FEV1/FVC, FEV1%, 
FVC%, PaO2 and PaCO2 Table 10, Figure 8.                                                                                                  

Discussion

This is the fi rst Indian study that analyses PImax and 

PEmax values and their correlation with anthropometric 
and spirometry parameters in of COPD patients in Indian 
population. In our study PImax and PEmax in COPD patients 
were 5.66+2.19 kPa and 7.84+ 2.80 kPa amongst 139 COPD 
patients. Mean PImax in COPD patients described in previous 
studies were 7.1+2.3kPa [14], 7.1+2.4 kPa [20], 5.6+2.5 kPa [21], 
6.0+1.9 kPa [22], 7.3+3.0 kPa [24] and 7.5+2.7 kPa [25]. Mean 
PEmax in COPD patients described in previous studies were 
9.3+3.0kPa [14], 20.6+4.1 kPa [20], 13.7+4.8 kPa [21], 13.8+6.5 
kPa [22] and 8.7+ 3.0 kPa [25]. Different studies showed wide 

Table 6: Descriptive. According to GOLD classifi cation values of PImax and PEmax 
in different stage of COPD age given in table 6 & Figure 4.

Figure 4: Mean pf PImax and PEmax in different stage.

Table 7: Correlation of PImax to other variable in male group.

 

Figure 5: Mean of PImax in male subgroup.
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variations in PEmax values. Marked difference in result of 
above studies can be explained on the basis that all studies 
had different characteristics of patients. Compared to previous 
study, our mean PImax and PEmax were 16.5% and 30.7% lower 
than western populations. In our study mean PImax in male and 
female were 5.93+2.19kPa and 4.87+2.12 kPa respectively. Mean 
PEmax in male and female were 7.84 +2.80 kPa and 4.89 +2.34 
kPa respectively. Johan et al derived values of MRP in Indian 
population. Mean PImax in male and female were 8.6+ 2.9kPa 

and 4.9+ 1.4 kPa respectively. Mean PEmax in male and female 
were 9.6+2.8 kPa and 5.9 + 2.0kPa respectively. Devasahayam 
J, et al. [49,50], reported mean PImax in male and female 10.59 
kPa and 7.65 kPa respectively. Mean PEmax in male and female 
were 12.94 kPa and 8.86 kPa respectively. Priyanka Chaudhary, 
et al. [51-53], reported mean PImax 59.8951c m+24.49023 
(male and female 66.7600 +24.48717and 50.6900+21.50713 cm 
respectively). Mean PEmax was 67.3636 c m+23.63529, (male 
and female 75.8012+ 23.27 025cm and 56.0496+19.132337 

Table 8: Correlation of PEmax to other variable in male group.

Figure 6: Mean of PEmax in male subgroup.

Table 9: Correlation of PImax to other variable in female group.

Figure 7: Mean of PImax in female subgroup.
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Table 10: Correlation of PEmax to other variable in female group.

Figure 8: Mean of PEmax in female subgroup.

cm respectively). Mean MVV 97.6900 L/min+31.04196 (male 
and female 115.6236+24.93948 and 73.6427+ 20.34229 L/
min respectively). Respiratory muscle strength was reduced 
in Indian COPD population when compared to normal Indian 
population [49]. As disease severity increases respiratory muscle 
strength decreases. Female had lower values than male. In 
male PImax and PEmax showed signifi cant positive correlation 
with weight. Nishimura, et al. [13], reported that respiratory 
muscle is closely associated with body weight and lean body 
mass. Undernourished patients with COPD have lower muscle 

strength than well-nourished because prolong malnutrition 
can lead to skeletal and respiratory muscle wasting with severe 
effects on the contractile properties of diaphragm [26]. This 
suggests that nutrition supplementation should be a primary 
intervention. Our study suggests strong correlation between 
PImax and PEmax and FEV1 and FVC. Other studies [13-25], 
showed similar results. The relation between PImax and FEV1 
might suggest that the impaired muscle function results in 
lower FEV1. In our study absolute values of FEV1 and FVC had 
better correlation with PImax and PEmax than percentage 
predictive values. Study also highlights relation between MVV 
and PImax and PEmax, amongst all parameters MVV showed 
highest positive correlation with respiratory muscle strength, 
absolute MVV showed better correlation than percentage 
predicted values refl ect the respiratory muscle endurance 
and fatigue. The lack of cardiopulmonary fi tness in patients 
with COPD may cause reduced respiratory muscle endurance. 
Nishimura, et al. [13], did not show signifi cant correlation 
between respiratory muscle strength and PaO2. But our study 
showed signifi cant positive correlation with PaO2. This fi nding 
suggests that chronic hypoxemia does cause impairment. 
But effect of long term oxygen therapy on respiratory muscle 
strength is not known. A negative correlation between PImax 
and PaCO2 found in previous studies [14,21], our study does not 
show such results. 

Conclusion

COPD is a leading cause of morbidity and mortality. 
Respiratory muscle strength is a strong predictor of survival 
in COPD patients. Its weakness is multi-factorial that leads to 
respiratory failure. Hence measurement of maximal respiratory 
static pressure is extremely useful in diagnosing respiratory 
muscle dysfunction and helpful in assessment of impact 
of chronic disease and plan for exercise and rehabilitation 
programme. In our study PImax and PEmax in COPD patients 
were lower than western studies. PImax and PEmax showed 
signifi cant correlation with weight and MVV amongst all 
parameters.
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