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Relationship between frailty and respiratory  
function in the community-dwelling elderly

Maycon S. Pegorari, Gualberto Ruas, Lislei J. Patrizzi

ABSTRACT | Objective: To evaluate the impact of frailty on respiratory function in a community- dwelling elderly. 
Method: 51 community-dwelling elderly were evaluated (mean age of 73±6 years), being 29 men (56.7%) and 22 women 
(43.3%). We collect the following variables: sociodemographic characteristics, frailty phenotype, pulmonary function test 
and assessment of the respiratory muscles using an analog manometer. The statistical analysis was performed using the 
Kolmogorov and Smirnov tests, one-way ANOVA, Paired Student’s t-test and Pearson correlation coefficient (p<0.05). 
Results: There were no statistically significant between-group differences among the frail group (FG=9.8%), pre-frail 
group (PG=47.1%) and non-frail group (NG=43.1%), in relation to anthropometric, demographic and spirometric data. 
Regarding to the maximum inspiratory and expiratory pressures (MIP and MEP), statistically significant between-group 
differences were observed among the three groups, being these pressures significantly lower in the FG and PG compared 
to the NG. With regards to the obtained and predicted values, the FG and PG showed statistically significant difference 
(p=0.004). The PG showed positive correlations between the MIP and MEP with the values of hand grip strength (r=0.7). 
The NG showed positive correlation between the MEP and the values of physical activity level (r=0.7). Conclusions: The 
study demonstrated that maximal respiratory pressures may decrease according to the frailty condition among the non-
frail, pre-frail and frail elderly. Furthermore, it also indicated a positive correlation between inspiratory muscle strength, 
expiratory muscle strength and hand grip strength in pre-frail elderly. Further investigation with regards to prevention 
or intervention programs that incorporate actions to minimize the loss of respiratory function are necessary in order to 
reverse or prevent the progression of the frailty condition.
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Introduction
The frailty syndrome can be defined as the decrease 

in both energy reserves and resistance to stressors. 
It results from cumulative declines across multiple 
physiological systems and causes vulnerability to 
adverse health conditions. The decrease in function 
across some systems is related to the aging process, 
such as neuroendocrine dysregulation, immune 
dysfunction and neuromuscular disorders. This 
condition increases vulnerability to adverse health 
outcomes, such as morbidity, dependency, falls, 
hospitalization and mortality1-3.

Fried et al.1 proposed a construction of a phenotype 
related to frailty, composed by five items that 
could be measured: unintentional weight loss, self-
reported fatigue, decreased hand grip strength, low 
physical activity level and slow walking speed. 
Therefore, the main components of this syndrome 

are: chronic malnutrition, sarcopenia, decreased 
muscle strength, declining exercise tolerance, 
decreased levels of physical activity, decreased 
energy expenditure and imobility4,5. Another study 
has established a strong association between frailty 
and respiratory dysfunction evaluated by spirometry 
in the community-dwelling elderly and the presence 
of both characteristics may increase substantially the 
risk of death6.

Changes in respiratory mechanics are more evident 
by the reduction in the physiological capacity during 
the aging process, which also include a progressive 
increase in chest wall stiffness and a decrease of the 
elastic lung component. These changes, associated 
with respiratory infections and frequent exposure to 
stressors, such as toxic particles from the environment 
and smoking, can lead to airflow limitation, which 
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is defined by a decrease in the ratio between forced 
expiratory volume (FEV

1
) and forced vital capacity 

(FVC), and may be accompanied by an increase in 
residual volume and functional residual capacity7-9.

The aging process promotes the decrease in muscle 
mass, strength and function, with repercussion in the 
respiratory muscles10-12. This situation may impact 
the performance of daily living activities, as well as 
in the functional capacity13. Studies have reported 
a negative correlation between age and respiratory 
muscle strength in the elderly14-17, however, it can be 
observed that these studies did not considered the 
frailty syndrome in their investigations.

Weiss et al.18 and Vaz Fragoso et al.6 emphasized 
in their studies the need to use other measurements 
to investigate pulmonary function in frail elderly, 
such as the evaluation of maximal respiratory 
pressures. Therefore, the aim of this study was to 
evaluate the impact of frailty on respiratory function 
in community-dwelling elderly.

Method

Study design and ethical aspects
This is quantitative, observational, descriptive 

and analytical cross-sectional study. The study was 
approved by the Ethics Committee in Research of the 
Universidade Federal do Triangulo Mineiro (UFTM), 
Brazil (nº 1815/11).

Participants
The study was conducted with elderly participants 

registered in the Family Health Unit (FHU). 
Therefore, we examined all the records from the 
selected FHT, where there were 549 registered elderly 
that were monitored.

The participants were randomly selected through 
opaque envelopes. To be included, they should be 
older than 65 years old, being of both genders, agree 
to participate, be permanent residents at residence 
from the enrolled area of the FHT, be able to walk, 
being allowed the use of device for gait assistance 
(cane, crutch or walker). The elderly with cognitive 
impairment assessed through the Mini Mental 
State Examination (MMSE)19 and neurological 
diseases that compromised their performance in the 
assessments were excluded.

From the 549 elderly enrolled at the FHU, 
390 elderly met the inclusion criteria and were 

selected to be possibly included in this study. The 
sample size was calculate using the maximum 
percentage to the prevalence of frailty (6.9%) 
according to Fried et al.1 study and with a confidence 
level of 90%, being a sample of 73 elderly.

After the randomization, 86 elderly were invited 
via phone or via visit in their homes to attend the 
FHU. From these, 11 elderly refused to participate 
in the study, 2 died, 9 had no physical conditions to 
attend the FHU, 5 changed their address, 6 did not 
meet the cutoff point on the MMSE, 1 refused to 
continue the assessments and 1 was unable to perform 
the tests for the lung function evaluation (spirometry 
and manovacuometry), totaling 35 elderly excluded. 
Finally, the sample consisted of 51 community-
dwelling elderly (31 women and 20 men), considering 
a significance level of 5% and a power of 80%.

Procedures
Cognitive impairment was evaluated by the 

MMSE19. All participants with no cognitive 
impairment were invited to participate and were 
informed about the nature and aim of the study. After 
accepting to participate in the study, they signed 
an informed consent form. Data collection was 
performed in two stages collected in different days: 
the first stage aimed to evaluate the cognitive level 
and to record the sociodemographic, anthropometric 
and indicators of frailty data; and the second stage 
aimed to evaluate the of respiratory variables, such 
as respiratory muscle strength and lung volumes. 
Participants were evaluated by the same examiner, 
which was properly qualified and trained to perform 
the assessments.

Instruments and measures
To evaluate the sociodemographic characteristics, 

the following variables were collected: gender, 
age, skin color/race, education, marital status, 
occupational status and living arrangement.

Anthropometric data and body mass index (BMI) 
were measured using a calibrated anthropometric 
scale (Filizola®), with subject wearing as little 
clothing as possible. Body mass was obtained in 
kilograms (kg) and height in meters (m). BMI was 
calculated by dividing body weight by the square of 
height (kg/m2).

The presence of frailty syndrome was verified by 
testing for identification of the five items described as 
components of the phenotype of frailty proposed by 
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Fried et al.1, as follows: 1) Unintentional weight loss: 
was evaluated by the following question, “In last year, 
did you lost more than 4.5 kg unintentionally (i.e. 
without diet or exercise)?” It was given positive score 
for the frailty criterion when the self-reported weight 
loss was greater than 4.5 kg in the last year or more 
than 5% of body weight; 2) Muscle Strength: was 
verified based on hand grip strength using a manual 
hydraulic dynamometer, model NC701/42 - North 
CoastTM. The cutoff points proposed by Silva et al.20 
were adopted, adjusted for gender and BMI; 3) Self-
reported exhaustion: was evaluated by two questions 
from the Brazilian version of the depression scale of 
the Center for Epidemiological Studies (CES-D)21; 4) 
Low walking speed: was evaluated by time spent to 
walk a distance of 4.6 m. The cutoffs points proposed 
by Silva et al.20 adjusted for gender and height were 
used; 5) Low physical activity level: was measured 
by weekly energy expenditure in kilocalories (Kcal). 
It was evaluated using the self-reported performance 
questionnaire Profile of Human Activity (PHA)22. 
To calculate the cutoff points, the 20th percentile of 
the assumed values of the variables collected in the 
sample was determined, according to gender. Low 
physical activity level was scored if the weekly energy 
expenditure was lower than 163.23 kcal for elderly 
men and lower than 173.17 kcal for elderly women. 
Elderly who have scored positive three or more of 
the items mentioned above were classified as frail, 
and those who have scored positive one or two items 
were classified as pre-frail. Elderly who have scored 
negative for all tested items for the frailty syndrome 
were considered strong or non-frail1.

To evaluate the lung volumes, the spirometer 
EasyOne™ was used according the Guidelines of the 
Brazilian Society of Pulmonology and Tisiology23. 
The spirometer was property calibrated. The 
measures of FVC, FEV

1
 and ratio FEV

1
/FVC were 

obtained with two-minute intervals and at least three 
maneuvers. The measures were collected with the 
participants in the sitting position, feet resting on 
the floor, spine erect, without support for the upper 
limbs and using a nose clip. Spirometric values were 
expressed as the percentage of the normal predicted 
value for the Brazilian population24.

The respiratory muscle strength was measured 
using an analog manometer (Ger-Air®, São 
Paulo, Brazil), with scales ranging from –300 to 
+300 cmH

2
O (properly calibrated). The analog 

manometer was equipped with a plastic trachea of 16 
cm long and 2.4 cm of internal diameter, hard plastic 

mouthpiece and escape orifice of approximately 
2 mm diameter for dissipation of pressures generated 
by the muscles of the face and oropharynx25. The 
measures of maximal inspiratory pressure (MIP) and 
maximal expiratory pressure (MEP) were obtained, 
being performed a maximal of five acceptable and 
reproducible measurements. These measures were 
performed with the participants in the sitting position, 
using a nose clip, with a sustained period of three 
seconds. The MIP value was obtained from the 
residual volume, and the MEP values was obtained 
from the total lung capacity. The elderly received 
proper verbal encouragement and, if a difference 
greater than 10% difference between one measure 
and another were observed a new maneuver was 
performed, considering the highest value obtained 
since this maneuver was not the last one26.

Statistical analysis
Data were analyzed using the statistical program 

InStat, version 3.05 (GraphPad Software Inc, San 
Diego, CA, USA). The mean and standard deviations 
were calculated. In the between-group analysis, 
the Kolmogorov-Smirnov test was performed to 
evaluate the data distribution. As the variables were 
normally distributed one-way ANOVA was used. For 
the analyzed variables with a statistical significant 
difference between-group, the post hoc Duncan test 
was applied for ordering these variables.

To compare the obtained and predicted values 
of respiratory pressures, paired Student’s t test was 
used. Pearson correlation coefficient was used for 
test the correlations between the variables. The level 
of significance was set at 5%.

Results
The sample included 51 elderly non-smokers, 

29 men (56.7%) and 22 women (43.3%) with mean 
age of 73±6 years, mean height of 1.56±0.8 m, mean 
weight of 65±11 kg and BMI of 26±4 kg/m2. In 
addition, 37 (72%) elderly were white, nine (17%) 
were mulatto/cabocla/brown and five (9.8%) were 
from black race. Most were married (56.9%, n=29) 
and 35.3% (n=18) were widowed. The educational 
level of 74.5% of the elderly (n=38) was primary, 
while 5.9% (n=3) of the elderly had a lower level 
of education. In relation to work, 84.3% (n=43) of 
the elderly reported that they were not working at 
the moment, and the vast majority, comprised by 
44 elderly (84.3%) was retired. The average number 
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of children per elderly was 4.8±3.87 and 41 (80.4%) 
of the elderly reported that they did not live alone. 
The mean MMSE score was 25±3.

To perform the analyses the sample was divided 
into three groups: frail (FG), pre-frail (PG) and non-
frail (NG). Using the operational definition described 
by Fried et al.1, the prevalence was: five (9.8%) 
elderly were classified as frail (FG), 24 (47.1%) were 
classified in the intermediate phase of frailty, pre-fail 
(PG), and 22 (43.1%) as non-frail (NG).

Sixteen (31.4%) elderly scored positive in the 
unintentional weight loss criterion, six (11.76%) 
scored positive for exhaustion criterion, four (7.8%) 
presented decreased hand grip strength, 12 (23.5%) 
scored positive in the reduced gait speed criterion 
and ten (19.6%) scored positive for reduced physical 
activity level criterion.

The anthropometric, demographic and spirometric 
characteristics and also the inspiratory and expiratory 
pressures of the FG, PG and NG are shown in Table 1.

There were no statistically significant differences 
between the FG, PG and NG in relation to 
anthropometric, demographic and spirometric data, 
but the maximum inspiratory and expiratory pressures 
showed statically significant differences among the 
three groups (p=0.006; one-way ANOVA test).

The FG presented MIP and MEP values 
significantly lower in relation to PG and NG, while 
the PG presented lower values when compared with 

NG (p=0.004; Duncan post hoc). With regards to 
the obtained MIP and MEP values versus predicted 
values, the FG and PG showed statistically significant 
differences (p=0.004; Paired Student’s t test) 
(Table 1).

Table 2 presents the correlation analyses. As can be 
observed the MIP and MEP were positive correlated 
with the values of hand grip strength for the PG 
(r=0.7; p=0.0007 and r=0.7; p=0.0006 respectively). 
On the other hand, positive correlation between 
MEP and the values of physical activity level (r=0.7; 
p=0.002) was observed in the PG.

Discussion
Studies evaluating the relationship between frailty 

syndrome and respiratory function in the elderly 
are scarce, and changes in lung function due to the 
aging process are relevant, since a poor pulmonary 
condition is associated with high rates of mortality27. 

Vaz Fragoso et al.6 demonstrated cross-sectional 
and longitudinal associations between frailty 
and respiratory dysfunction in a sample of 3.578 
white elderly, aged between 65 and 80 years. In 
the cross-sectional analysis, pre-frail and frail 
elderly presented 62% and 88% of probability of 
having airflow limitation and 80% and 205% of a 
restrictive lung function pattern, respectively. In 
the longitudinal analysis, elderly with underlying 

Table 1. Anthropometric and clinical characteristics between groups.

Variables FG PG NG

N (%) 5 (9.8) 24 (47.1) 22 (43.1)

Age (years) 70±3 75±7 71±5

Weight (Kg) 67±13 63±13 66±8

Height (cm) 152±8 154±8 160±8

BMI (Kg/m²) 29±5 27±7 25±3

FVC (%pred) 77±4 80±3 81±9

FEV1 (%pred) 78±7 79±2 82±14

FEV1/FVC (%) 101±13 95±14 100±5

MIP (cmH2O) 50±10†§ 58±18††£ 72±25*

MIP (cmH2O) predicted 80±8§ 79±9£ 86±11

MIP (cmH2O) (%pred) 62±15 72±19 83±24

MEP (cmH2O) 48±10†§ 61±18††£ 83±29*

MEP (cmH2O) predicted 79±14§ 79±14£ 91±18

MEP (cmH2O) (%pred) 60±13 76±13 90±23

FG: frail group, PG: pre-frail group, NG: non-frail group. Data are express as percentage (%), mean±standard deviation; kg: kilograms, 
cm: centimeter, Kg/m²:per square meter, FVC: forced vital capacity, FEV1: forced expiratory volume in one second; FEV

1
/FVC: ratio of forced 

expiratory volume in one second and forced vital capacity; %pred: percentage of predicted; †: FG<PG<NG; ††: PG<NG, § and £: significant 
between measured and predicted values; *: significant between groups (p<0,05).
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frailty characteristics were more likely to develop 
respiratory dysfunction. On the other hand, elderly 
with underlying respiratory dysfunction were more 
likely to develop frailty.

This study found that there was no statistically 
significant difference between the FG, PG and NG 
in relation to anthropometric and demographic data. 
Compromise of the spirometric variables was not 
observed in this study, being the results within the 
normative values24. Future studies with larger samples 
are needed, since the frailty syndrome and respiratory 
dysfunction seem to have a strong association with 
increased risk of death6.

During the aging process there is a decline in FVC 
and FEV

1
 with an increase in functional residual 

capacity (FRC) due to the higher closing volume 
and an increase in residual volume (RV). These may 
happen because when the lung volume is lower, 
there is a tendency of small airways to collapse, 
and these changes account for the higher lung 
static compliance14,28,29. The authors also highlight 
a reduction in respiratory muscle strength, in lung 
elastic recoil and in thoracic compliance28,30,31, as well 
as a reduction in respiratory response to hypoxemia 
and hypercapnia, lower perception of increased 
resistance of airway14, and physiological changes 
associated with aging that affect the lung function 
in the elderly14,17,28,30,32-34. 

The disappearance of synovial joints between 
the sternum and the costal cartilages decreases the 
chest-wall compliance and tension forces, with 
consequent decrease in maximal respiratory pressure 
and hypotrophy of accessory respiratory muscles7-9.

The key results presented in this study were 
related with the behavior of the variables MIP and 
MEP in the FG, PG and NG. To our knowledge 
there is no study that has mentioned the relationship 
between frailty syndrome and maximal respiratory 
pressures, especially in the Brazilian population. 

However, evidence suggests that muscle changes 
associated with aging compromise the function of 
the respiratory muscles, with a significant decrease 
around 25% on the diaphragm strength of the elderly, 
when compared with young adults35. Furthermore, it 
is suggested that the changes induced by the frailty 
condition may explain the findings between groups, 
since the components of this syndrome accelerate 
the sarcopenia process1,4,5, intensifying the negative 
impact on respiratory muscle strength.

Regarding the behavior of respiratory pressures, 
the FG showed lower values (p<0.05) for MIP 
and MEP when compared with the PG and NG, 
suggesting reduced respiratory muscle strength. This 
reduction may generate reductions in tidal volume, 
with increase in the frequency and respiratory 
effort7,30,36,37. 

Other conditions may support such situation, 
such as lung hyperinflation, which occurs decrease 
of the resting length of the diaphragm muscle and 
reduction of chest-wall movements, resulting in 
reduced strength, lower transdiaphragmatic pressure 
and lower MIP7,30,36,37.

Kim38 highlighted that the inspiratory muscles are 
considered the most relevant in relation to function, 
fatigue and training. However, expiratory muscles 
may promote inspiration, preventing the shortening 
and increasing the diaphragm strength39.

During strenuous exercise, there is a contraction of 
the expiratory muscles, with decrease in the residual 
volume, which contributes to the diaphragm acting in 
a more convenient length. Increase in the ventilation 
through the abdominal musculature can prolong or 
prevent the onset of inspiratory muscle fatigue. The 
recruitment of this musculature and the consequent 
decrease in residual volume occur during exercises 
with resistance to inspiratory flow39. 

The commitment of the expiratory muscles leads to 
decrease flow and damage to the cough mechanism40, 

Table 2. Correlation between MIP, MEP and indicators of fragility (HS, WS e PAL).

Variables FG PG NG

MIP vs HS r=–0.004(NS) r=0.7* r=–0.5(NS)

MIP vs WS r=–0.1(NS) r=–0.3(NS) r=–0.2(NS)

MIP vs PAL r=-0.8(NS) r=0.3(NS) r=0.5(NS)

MEP vs HS r=0.4(NS) r=0.7* r=–0.5(NS)

MEP vs WS r=0.3(NS) r=–0.4(NS) r=–0.2(NS)

MEP vs PAL r=–0.2(NS) r=–0.1(NS) r=0.7*

FG: frail group, PG: pre-frail group, NG: non-frail group; MIP: maximum inspiratory pressure; MEP: maximal expiratory pressure; HS: handgrip 
strength; WS: walk speed; PAL: physical activity level; vs: versus; r: Pearson correlation; *: significant (p<0, 05); (NS): not significant.
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predisposing the secretions accumulation and the 
development of bronchopulmonary infections 41.

Factors such as nutritional status, hand grip 
strength and physical activity level can compromise 
the respiratory function42. 

Changes in nutritional status predict changes in 
the respiratory system, including changes in the 
structure of the respiratory muscle42, with muscles 
more susceptible to fatigue and failure, as well as 
depression of the immune system and increased 
risk of infections33. In this study was observed that 
31.4% of the sample reported unintentional weight 
loss, and it may have contributed with the findings 
of this study. Therefore, respiratory muscle strength 
and unintentional weight loss should be objects of 
future investigation.

It was observed in this study that the values of 
MIP and MEP correlated significantly with the 
hand grip strength in the PG. Studies43-45 indicate 
that the overall muscle strength can be estimated by 
the hand grip strength, being used as an important 
predictor of adverse clinical outcomes, such as 
functional disability, hospitalization, and mortality. 
Otherwise, frailty is associated with muscle strength 
loss and sarcopenia, which seems to be the main 
reason for changes in activity pattern and decreased 
musculoskeletal function, with consequent increase 
of the frailty condition in the ederly46-48.

Accordingly, changes in the skeletal muscles 
due to aging can compromise respiratory muscle 
function10-12. Therefore, the results obtained in this 
study suggest that elderly under pre-frailty condition 
may present lower hand grip strength associated with 
reduced respiratory muscle strength. This relationship 
was not observed in FG, probably due to the small 
number of elderly in this group.

In the study conducted by Vaz Fragoso et al.6, it 
was found that reduced gait speed (RGS) and low 
physical activity level were associated with airflow 
limitation in a cross-sectional analysis, while RGS, 
low physical activity level and reduced hand grip 
strength were associate with the restrictive lung 
function pattern.

Pulmonary rehabilitation programs may be 
established as an adequate strategy to the needs 
of frail elderly with respiratory disfunction6. Thus, 
the optimization of maximal respiratory pressures 
through respiratory muscle training is an additional 
physical therapy resource13, necessary in prevention 
or intervention programs for the elderly population 
in frailty condition.

The results found in this study, regarding the 
correlation between MIP and MEP and gait speed 
and physical activity level, should be interpreted 
with caution, especially in the FG. Limitations 
include cross-sectional nature that precludes 
inferring causality; the instrument used to measure 
hand grip strength was not the same used in the 
Fried et al.1 study, however it is important to highlight 
that the instrument used in this study has similar 
characteristics to the one used in the Fried et al.1 
study and all the recommended criteria by the authors 
were followed, and finally the sample size that, even 
small, was sufficient to detect significant differences 
and relationships between variables.

The lack of studies limited the comparisons of the 
results presented in this study. On the other hand, it 
allowed an analysis based on reasonable possibilities 
that could be confirmed by future studies. Larger 
samples size and other methodological designs 
involving this population are necessary to investigate 
the relationship between frailty syndrome and 
respiratory function.

Conclusions
This study showed that the maximal respiratory 

pressures decreased according to the frailty condition 
among the non-frail, pre-frail and frail elderly. It was 
observed a positive correlation between inspiratory 
muscle strength, expiratory muscle strength and 
hand grip strength in pre-frail elderly and positive 
correlation between maximal expiratory pressure 
and physical activity level in the non-frail elderly. 
Further investigations with intervention or prevention 
programs, which incorporate actions to minimize the 
loss of respiratory function are important in order 
to reverse or prevent the progression of the frailty 
condition.
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