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RESUMEN  

 

El objetivo del estudio fue analizar la relación entre la fuerza de la musculatura 
inspiratoria (MIP), la fuerza periférica medida como prensión manual (HG), y la 
masa muscular (MM), en mujeres mayores sanas y activas. Tras recoger 126 
mediciones de usuarias del programa de entrenamiento multicomponente 
EFAM-UV© y comprobar la influencia de la edad sobre MM, HG y MIP, incluidos 
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sus gráficos de dispersión y R2, se analizó la asociación entre estas variables, 
con y sin la covariable edad (Coeficientes Pearson o Spearman según 
corresponda). La esperada relación negativa entre edad y MM, y edad y HG, fue 
moderada, y se redujo para Edad vs. MIP (r=-0,178; R2 <2%). MIP, HG y MM no 
mostraron asociación. Envejecimiento y entrenamiento son procesos selectivos. 
Una MIP baja a pesar de la buena aptitud física justificaría estos resultados y 
confirmaría que, aun siendo activas, las mujeres mayores deben entrenar 
específicamente la musculatura inspiratoria.  

 

PALABRAS CLAVE: Aptitud física, ejercicio, entrenamiento respiratorio, 
envejecimiento activo, evaluación respiratoria, sarcopenia.  

 

ABSTRACT  

 

The aim of this study was to analyse the relationship between inspiratory 
muscle strength (MIP), peripheral strength measured with a handgrip test (HG), 
and muscle mass (MM) in healthy active elderly women. After collecting 126 
measurements from women undergoing the multicomponent training program 
EFAM-UV©, and after testing the influence of age on MM, HG and MIP, 
including their Scatter plots and R2, the relationship between these variables 
was analysed, with and without Age as a covariate (Pearson or Spearman 
Coefficients as appropriate). The expected negative association between age 
and MM, and age and HG, were moderated and were reduced when 
considering Age vs. MIP (r=-0.178; R2 <2%). Moreover, there was no 
relationship between MIP, HG and MM. Aging and Exercise Training are both 
selective processes. Low MIP values despite a good physical fitness would 
justify these results, confirming that even being active, elderly women should 
train inspiratory muscles specifically.  

 

KEYWORDS: Physical fitness, exercise, respiratory training, active aging, 
respiratory assessment, sarcopenia. 

 

 

INTRODUCTION 

 

Sarcopenia, a progressive and widespread loss of muscle mass and strength 
(1), in both healthy and pathological older people (OP), is one of the major 
problems facing the OP. As stated  by the European Working Group on 
Sarcopenia in Older People (2), we are facing a loss of muscle mass, both in 
quality and in quantity, which is related to a loss of functionality, reduced 
mobility and physical fragility (3) accompanied by increased risk of fractures, 
falls (4) and even future dependence, also affecting the quality of life and 
mental health, among others (2). 

 

However, recently, Shaw et al. (5) studied the loss of muscle mass, strength 
and physical function in an independent manner, concluding that the loss of 
muscle mass is much slower than the loss of strength, and that physical 
function is the last to be reduced. Thus, the evaluation of changes in strength 
associated with age helps to diagnose sarcopenia prior to the loss of muscle 
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mass or functionality, and therefore quick and simple tests such as the hand 
grip test have become a common test in the OP evaluation (6). The so-called 
Handgrip Test (HG) has confirmed to be a predictor of loss of functionality, 
disability, even mortality (7), and its high values can be considered as a 
reflection of healthy ageing (8). 

 

On the other hand, sarcopenia is a widespread process and it is expected that 
not only the peripheral muscles are affected, but also that there are losses in 
the respiratory muscles (1), accompanied by losses in strength and respiratory 
function associated with age. In fact, Jeon et al. (9) relate low muscle mass 
levels to alterations in lung function. 

 

Structural and physiological changes, with special attention to the deterioration 
of the immune system, explain that the loss of muscle mass at respiratory level 
can cause loss of strength above 20% by the age of 70 (10), a factor that is 
associated with the increase in dyspnea during activities of daily living (ADL), 
limitation of physical activity (PA) and decreased performance during exercise 
(11). In this sense, the strength of the expiratory muscles can be measured by 
the maximal expiratory pressure (MEP), while the strength of the inspiratory 
musculature is measured by the maximal inspiratory pressure (MIP) -ATS/ERS 
2002 (12)-. And if we focus on the latter, the influence of the age is confirmed, 
further indicating that the pattern that follows their loss is different in men and 
women (13, 14), although studies that measure only women, and especially 
elderly women, are still scarce. 

 

It therefore seems important to go in depth in the relationship between age, 
muscle mass and respiratory strength, as well as their influence on the 
functionality of the respiratory system, since not only age per se, but also the 
loss or reduction of the mobility characteristic of ageing, contributes to 
accentuate the loss of muscle mass (15, 16). On the other hand, PA helps to 
maintain the musculoskeletal system (17), and can therefore prevent respiratory 
deterioration. Bamrotia et al. (18) compared a group of OP who performed 
regular PA during 150 min per week to a group of OP with a sedentary lifestyle, 
concluding that regular PA practice maintained lung function above average, in 
addition to better preparing them to deal with diseases related to the respiratory 
system. Specifically on respiratory muscles, Summerhill et al. (19) concluded 
that active OP had higher respiratory strength values compared to inactive OP. 

 

Finally, and as we have already pointed out, gender is a factor to be taken into 
account in this process. In fact, both age and gender act as a negative condition 
of performance in the application of strength and the execution of functional 
tasks in older people (20). Women have lower values of muscle mass, strength 
and physical function (5), which at respiratory level is reflected in 30% less of 
inspiratory strength compared to men (13, 14). Although with the age the loss of 
strength is lower in relation to men (14), the fact that the decrease in muscle 
mass is associated with hormonal factors increases their predisposition to suffer 
from sarcopenia diseases after menopause (21) making women a risk group. 
However, studies that analyse the relationship between body composition and 
respiratory function in the elderly female population are still scarce. Moreover, 
as far as we know, there are no studies that analyse the relationship between 
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muscle mass, respiratory function -measured as inspiratory strength- and 
handgrip strength -as a reflection of peripheral strength- in a large and 
exclusive sample of active elderly women. 

 

Thus, the aim of the present study was (a) to analyse the association of 
inspiratory muscle strength (MIP) with handgrip strength, and with the muscle 
mass, in a group of older, healthy and active women, subject to a regular 
multicomponent training programme, as well as (b) to identify the importance of 
age on these factors and their associations. Knowing how ageing affects these 
muscle systems in active older women, and to what extent the loss of muscle 
mass is reflected equally in the strength of both, whether specifically trained or 
not (c), is important and can help detect and prevent problems associated with 
sarcopenia in this population. 

 

MATERIAL AND METHODS 

 

Participants 

 

The study included 126 measurements from elderly women users of the 
multicomponent training programme EFAM-UV© (22) (the Spanish acronym for 
Functional Training in Older Adults of the University of Valencia) carried out 
over two years (2017 to 2019). Inclusion criteria: woman over 60 years old, 
participant in the multicomponent training programme EFAM-UV© for at least 
one year, and non-smoker. Exclusion criteria: wearing dental prosthesis, 
suffering or having suffered from heart, respiratory or chest wall disease, 
cognitive impairment or retinopathy, or any other contraindication to the practice 
of physical exercise. 

 

Design and procedure 

 

The study, which is responsible for applied quantitative and cross-sectional 
research, meets the ethical standards of the Declaration of Helsinki and was 
approved by the ethics committee of the responsible academic entity 
(H15063533751695). At the beginning of each course in the programme, all 
women received information regarding membership in a research programme 
and signed an informed consent. 

 

As indicated in Figure 1, the body composition, height, blood pressure, oxygen 
saturation (SaO2), spirometry, maximal inspiratory pressure (MIP), handgrip 
strength (HG) and cardiorespiratory fitness, among others, were evaluated. In 
all cases, they were instructed on the measurements, which were distributed 
over 3 days with a minimum of 48 hours separation. 
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Figure 1. Evaluation protocol 

SaO2: Oxygen saturation; 6MWT: six-minute walk test. 

 

Multicomponent training programme EFAM-UV© 

 

The women of the study regularly participated in the multicomponent training 
programme EFAM-UV© (22), which is carried out for 8 months, in two weekly 60 
minutes sessions (from October to May). EFAM-UV© combines walking 
education and postural correction tasks with rhythm and motor skills activities, 
under a dual task methodology, so that the strength and balance of the OP is 
improved as a basis for perfecting their cognitive, neuromuscular and 
cardiovascular abilities. The training environment is complex and includes tasks 
related to activities of daily living, without respiratory work as specific objective. 
It is added to the 8 months, 15 days prior to the pre assessment and another 15 
when the programme ends. Graduates in Physical Activity and Sport Science 
carry both, the programme and its evaluation out. In this case, the data 
collected from 2017 to 2019 have been used, including users of EFAM-UV© 
training groups from 3 localities, and after at least two months from the start of 
the programme. 

 

Variables and instruments 

 

Along with the determination of muscle mass, the height, blood pressure and 
oxygen saturation were evaluated to identify the sample. After measuring height 
with the SECA 222 stadiometer (SECA; Medical Scale and Measuring Systems, 
Hamburg, Germany), the body composition was evaluated by bioimpedance 
with the BC-545 scale (TANITA; Corporation of America, Inc., Arlington Heights, 
IL). After resting 5 mins sitting in a chair, blood pressure was checked on the 
left arm (Omron M3 monitor; IM-HEM-7131-E), while SaO2 was measured in the 
right middle finger (WristOX2-3150 pulse oximeter; Nonin Medical Inc., 
Minneapolis, MN, USA). For blood pressure (systolic –SBP– and diastolic –
DBP–) 2 measurements were carried out with 1 minute separation, using the 
average of the two for final analysis. During all this time SaO2 was measured 
until a stable value was obtained. For these measurements, women came in 
fasting. 

 

Maximal inspiratory pressure. To evaluate the strength of inspiratory muscles 
(MIP test), following the protocol of Neder et al. (23), the women were seated in 
a chair with their feet on the floor and their backs straight, and they inhaled as 
hard and fast as possible with a nose clip, without extending their backs. Three 
measurements were taken and if the difference between them was >10%, up to 
5 measurements were taken. Similar to other studies with older people (24, 25), 

1st SESSION 

Body composition 
Blood pressure and SaO2 

Maximal inspiratory 
pressure (MIP) 

2nd SESSION 

 

Grip strength 
(Handgrip) 

 
Spirometry 

 

3rd SESSION 

Cardiorespiratory 
fitness (6MWT) 

2
 d

a
y

s
 

5
 d

a
y

s
 



Rev.int.med.cienc.act.fís.deporte - vol. 21 - número 84 - ISSN: 1577-0354 

 

 768 

the Powerbreathe® K5 electronic device (Powerbreathe K5, HaB International 
Ltd. UK) was used. 

 

Handgrip test. Grip strength (HG) was evaluated by the Takei 5401 adaptable 
dynamometer (Takei Scientific Instruments CO., LTD). Following the protocol of 
Vianna et al. (26), the contraction was maintained for 5 seconds, with the arm 
stretched along the body, and 2 measurements were taken on each side, with 1 
minute rest between them. This was considered the best value for the final 
analysis. 

 

Spirometry. With the purpose of ruling out major respiratory illness or limitation, 
the lung capacity was evaluated according to the guidelines of García-Río et al. 
(27), by means of a portable spirometer (Spirobank spirometer USB, Medical 
International Research, Rome, Italy). Women were seated with their backs 
straight, without crossing their legs and with a nose clip. After a maximum 
inspiration, they should release the air as hard as possible keeping the 
exhalation for a minimum of 6 seconds to ensure the validity of the curve. Three 
measurements were taken, and up to a maximum of 8 in case any curve was 
not valid, leaving enough time to ensure recovery (27). The best value of the 
interest variables: forced vital capacity (FVC), maximum forced expiratory 
volume in first second (FEV1), forced expiratory flow (FEF25%-75%) and peak 
expiratory flow (PEF) was considered for the subsequent analysis. 

 

Cardiorespiratory fitness test. Similarly, the 6-minute walk test (6MWT) was 
evaluated according to the protocol of Rikli & Jones (28), in a 20m x 5m 
rectangle, thus ensuring the functional level of the sample. Women walked as 
fast as possible, but without running for 6 min, being encouraged in each lap. 
They were warned of the time at 3 and 5 min. 

 

Statistical treatment 

 

The analysis of the data was performed with the SPSS statistics package 
version 23 (IBM SPSS Statistics for Windows), considering the data from the 
tests available for each variable. Once the normality of the sample (K-S) was 
analysed, the descriptors of all the variables were calculated, expressed by 
means of the Mean and Standard Deviation (Mean ± SD). The coefficient of 
variation (CV) was added to obtain greater information on the sample 
dispersion. In order to find out the relationship between age and muscle mass, 
as well as between age and inspiratory strength and peripheral strength, the 
Spearman Coefficient was used, since the age variable did not present a 
normal distribution. Following Sullivan & Feinn (29), the value of R2 in the 
scatter plots was also considered as a measure of the size of the effect of these 
associations. Subsequently, in order to determine the relationship between 
inspiratory strength, peripheral strength and absolute muscle mass, the 
Pearson Coefficient was used in this case. Finally, partial correlations were 
made by controlling the age factor (ra) to observe the role of age in these 
relationships. The p-value of significance was considered as p<0.05. To assess 
the degree of association, the Hopkins classification was used (30), where 0.1 
trivial; 0.1-0.3 small; 0.3-0.49, moderate; 0.5-0.69, large; 0.7-0.89, very large; 
and >0.9 to 1, almost perfect. 
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RESULTS 

 

Characteristics of the sample 

 

As shown in Table 1, heterogeneity is a characteristic of the OP, also in active 
women. Importantly, and despite being trained, with high values in the 6MWT  
(31)and hand grip strength above the 95 percentile for their mean age (26), the 
evaluated women were placed in a low range for the expected values of 
maximum inspiratory strength (14, 32), a variable not specifically trained. 
 

Table 1. Characteristics of the sample 

n=126 Mean ± SD CV (%)  

Anthropometric characteristics  

Age (years) 72.59 ± 4.96 6.83  

Height (metres) 1.54 ± 0.05 3.24  

Weight (Kg) 66.62 ± 10.39 15.60  

Muscle Mass (Kg) 37.77 ± 4.22 11.17  

Physiological characteristics  

SaO2 (%)1 95.58 ± 1.64 1.72  

SBP (mmHg)1 136.26 ± 17.49 12.84  

DBP (mmHg)1 77.94 ± 8.4 10.82  

FEV1 (L)2 1.97 ± 0.50 25.38  

FVC (L)2 2.72 ± 0.58 21.32  

FEF25%-75% (L/s)2 1.85 ± 0.67 36.21  

PEF (L/s)2 3.90 ± 1.39 35.64  

Performance characteristics *Reference values 

MIP (cmH2O) 48.28 ± 16.65 34.49 65.00 ± 26.00 

HG (Kg)3 25.32 ± 4.31 21.48 > Percentile 95 

6MWT (metres) 536.33 ± 61.81 11.52 492.86 ± 79.55 
1 n=125; 2 n=91; 3 n=121 

SaO2: Oxygen saturation; SBP: systolic blood pressure; DBP: diastolic blood pressure; 
FEV1: maximum forced expiratory volume in first second; FVC: forced vital capacity; FEF25%-

75%: forced expiratory flow; PEF: peak expiratory flow; MIP: maximal inspiratory pressure; 
HG: handgrip strength; 6MWT: six-minute walk test. 

 

Influence of age on inspiratory strength, peripheral strength and absolute 
muscle mass 

 

We found a moderate and negative association between age and muscle mass, 
and age and peripheral muscle strength (Table 2). However, this association 
was reduced to small when considering inspiratory muscle strength. 

 
Table 2. Association between age, inspiratory strength, peripheral strength and absolute 

muscle mass 

 

n=126 MIP HG MM 

Age -0.178* -0.361*** -0.403*** 
*p<0.05; ***p<0.001 

MM: muscle mass; HG: handgrip test; MIP: maximal inspiratory pressure 
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Again, we see that the value of the association when considering age and MIP 
was reduced against MM and HG in the scatter plots (Figure 2). The size of the 
effect when considering Age vs. MIP falls and R2 was reduced below what 
Sullivan & Feinn (29) proposed as small (section 2C; R2 = 0.025).  
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Figure 2. Relationship between age and muscle mass (A), peripheral muscle strength (B) and 

inspiratory muscle strength (C). 

MM: muscle mass; HG: handgrip test; MIP: maximal inspiratory pressure 

A 

B 
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R2 = 0.147 
y = 61,44 – 0,33*x 
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y = 48.51 – 0.32*x 

R2 = 0.025 
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Relationship between inspiratory strength and absolute muscle mass and 
between inspiratory strength and handgrip strength 

 

Finally, as shown in Table 3, no association was found between the two 
strength measures (inspiratory muscle strength and handgrip strength), nor 
between inspiratory muscle strength and muscle mass. 

 
Table 3. Absence of association between inspiratory strength, peripheral strength and absolute 

muscle mass 

n=126 MM HG 

MIP 0.038 0.166 

MIPa -0.012 0.128 

MIP: maximal inspiratory pressure; MIPa: 
maximal inspiratory pressure controlling 
age; MM: muscle mass; HG: handgrip 
test 

 

DISCUSSION 

 

The main finding of this study is that inspiratory strength is not related to the 
general muscle mass or grip strength in a group of healthy and active older 
women, subjected to multicomponent training. In fact, our women were in a 
good physical condition (cardiorespiratory fitness, muscle mass and grip 
strength) for a low inspiratory strength. Furthermore, the proportion of the 
variance explained by age in inspiratory strength is almost non-existent, 
compared to higher values when considering grip strength, and especially 
muscle mass. The values of MIP -variable not specifically trained- were 
generally low and more heterogeneous, especially in younger women of our 
sample, compared to a more trained and homogeneous muscle mass and grip 
strength for the same ages (Figure 2). This could explain some of these 
divergences. In fact, cardiorespiratory fitness measured in a walk test, central 
objective of the programme, was the most homogeneous variable. It therefore 
seems to be confirmed that both ageing and training are selective processes in 
their consequences, and do not affect equally general muscle mass and 
specific strength, especially when it comes to different muscle systems, which 
are also subject to different levels of demand. The beneficial effect of regular 
PA and training for the containment of age-related deterioration is also 
confirmed. Taking into account that muscle mass and strength do not appear to 
age according to a uniform pattern when considering different muscle systems, 
our data reinforces the need to consider the evaluation and training of each 
system to ensure a comprehensive treatment of the health of the OP, at least in 
the female population. 

 

MIP reflects the state of inspiratory muscles, so that low values in this test can 
be associated with a weakness of the diaphragm that can affect gas exchange, 
oxygen distribution or ventilation (33), thus limiting ADL. Given the importance 
of having simple tests that anticipate and minimise age-related losses (5), early 
detection of these changes can help prevent, delay and even reverse the 
deterioration of respiratory muscles. 
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Although women do not experience the weight of age on their inspiratory 
strength until the age of fifty, once this stage is over they do seem to suffer a 
moderate and progressive loss (14, 32), although this is lower than the loss 
found in men, who have more strength but they also lose more (13, 14). This 
negative association between Age and MIP, however, is reduced to a trivial 
relationship and with a small R2 in our study, below what was shown for HG and 
MM (in this order), and also below previous values in studies with similar 
samples (14, 23, 34). In addition, the low MIP of our younger women (Figure 
2C) is striking in comparison with these previous studies, as in them the MIP is 
higher in the first age group (14, 23), and especially higher among healthier 
women (14). 

 

In this sense, EFAM-UV© is a periodised programme that is initiated with a 
neuromuscular and cognitive orientation (balance and strength predominance, 
with instructions and double task), to evolve at the end of the macrocycle 
towards more cardiovascular activities (22). Some measurements have 
coincided with neuromuscular mesocycles, but even in their most 
cardiovascular phase, multicomponent training seems not a sufficient stimulus 
to improve MIP. This fact and the fact that we do see a moderate and negative 
association with age in our sample for grip strength and muscle mass (Table 2, 
Figure 2A and 2B), leads us to think that a greater effect of training on younger 
women, but only on specifically trained variables, may explain some of these 
differences. In fact, McConnell & Copestake (34) confirm a greater negative 
association between age and MIP (r=-0.456) in older women who perform 
cardiovascular activities (walking, dancing, cycling, running or tennis). In 
addition, in their study with healthy and active Brazilian population, with 
identical assessment protocol of MIP, Neder et al. (23) found an R2 of 0.464 for 
age vs MIP in women between 20 and 80 years, and a positive correlation 
between MIP and VO2max (r= 0.81), and between MIP and self-reported PA 
(r=0.47). It is true that these latter associations could already be mediated by 
the influence of age and gender, co-variables that their authors do not consider 
(23). 

 

In the absence of further studies to improve our understanding of the values of 
inspiratory strength offered by electronic devices, which seem to be 
underestimating inspiratory strength in relation to previous normative values 
(23, 25), we consider that MIP assessment is a simple and low-cost tool that 
would allow us to assess respiratory muscles specifically. Likewise, it seems 
that it would be appropriate to complement existing exercise programmes in the 
elderly women population, or to implement respiratory training programmes 
specifically, if necessary, as it has been already suggested (25). 

 

Regarding the relationship between MIP and other strength variables such as 
handgrip strength in OP, Enright et al. (13) noted a significant, positive and 
moderate correlation (r=0.48; p<0.001) between both, but these authors 
considered men and women together, as well as smokers and non-smokers, 
without specifying the level of PA. In addition, they did not consider the 
influence of age. The same as Shin et al. (35), when analysing 65 adults over 
60 (r=0.560), or Efstathiou et al. (36) in a younger mixed population (20 to 60 
years old, r=0.71). In fact, the latter found that sex and HG were clear MIP 
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predictors (36). However, the fact that in our study, the tendency to a trivial 
association between MIP and HG disappears when considering the influence of 
age, which had previously shown its relationship with HG, detracts from this 
relationship between variables, at least in the female population. Furthermore, 
in our sample, women train the upper part, but not the inspiratory strength. 

 

In this sense, new studies are required considering only the population of older 
women, because different works that have included only men or both genders 
together, corroborate positive associations between respiratory strength and 
different manifestations of strength, pointing, perhaps, to the fact that greater 
male strength may be behind this association not found in our sample of 
women. Bahat et al. (1) confirmed the association between inspiratory strength 
and handgrip strength in men only. Moreover, Simoes et al. (37) found a 
significant association between MIP and MEP and knee flexion and extension 
strength at 60º, thus considering men and women together. It will also be 
necessary to review these associations after inspiratory muscle training in both 
genders. 

 

Something similar seems to occur in the relationship between inspiratory 
strength and MM, which has not been significant in our sample, despite the fact 
that these are active women for their age and PA is a factor that conditions MM 
(38). Compared to our results, Shin et al. (35) did suggest inspiratory muscle 
sarcopenia when they found an association between MIP and skeletal muscle 
index (SMI) in a group of OP -although not with MEP-. However, recently, 
Sawaya et al. (39) analysed this same relationship in a group of healthy young 
adults taking into account gender, and found that the initial association between 
SIM and MIP (r=0.56) disappeared in both genders when analysed separately, 
in line with our results. 

 

It therefore seems that gender differences are important in these associations, 
and differences in respiratory training needs could be as well. As already 
mentioned, structural differences such as thoracic cage morphometry (40) or 
the size of the airways, which are smaller in women than in men (41), together 
with lower general strength capacity, would explain why women present lower 
values in both lung function and respiratory strength, and thus run a greater risk 
of going below normal over the years. Furthermore, as already seen in previous 
works of the group (25), high physical fitness by the standards of the adult 
female population does not ensure respiratory strength, which highlights the 
need to train the inspiratory muscles specifically in older women. Hand grip 
strengths above the percentile 95 (26), and cardiorespiratory fitness values (six-
minute walk test) 8.82% above Rikli & Jones  values, have (31) not been 
accompanied by a high inspiratory strength in our sample, despite training. 

 

On the other hand, given the role of respiratory muscles as a support to provide 
the peripheral muscles with oxygen, especially when increasing the exercise 
intensity (42), and given the beneficial effect of respiratory training programmes 
as support for improved performance, both in young elite athletes (42), as in 
older women (24, 25, 43), it seems that assessing this variable and monitoring 
their behaviour in relation to other variables may be particularly interesting for 
the health of older women. Studies such as those by Rodrigues et al. (44) 
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already found improvements in MIP after 5 weeks of inspiratory training in this 
population, as well as Souza et al. (45) after 8 weeks. As points Ozdal (46) out, 
although some jobs involving stabilisation of the trunk may involve respiratory 
improvements in the initial weeks of adaptation to exercise (8 weeks), from that 
moment onwards, specific training is required to continue improving at 
respiratory levels. 

  

CONCLUSION 

 

Thus, inspiratory strength is not associated with grip strength and muscle mass 
in active elderly women, so the three require specific assessment and training. 
Ageing and training are selective and complex processes that do not affect 
muscle mass and strength of different muscle systems. Similarly, older women 
must specifically train their inspiratory muscles, as regular PA does not ensure 
high levels of strength in them. The extension of the MIP evaluation outside the 
hospital setting, thanks to electronic devices, should help detect early changes 
in this manifestation of respiratory strength, and anticipate solutions to the 
process of its deterioration, since, with age, older women see their health and 
abilities diminish. 
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