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ABSTRACT

Objective: To evaluate handgrip strength (HGS) as a diagnostic tool for frailty risk in
elderly patients with asthma, as well as to investigate the prevalence of frailty in this
population. Methods: This was a cross-sectional study including 96 patients > 60 years
of age diagnosed with moderate to severe asthma and treated at a tertiary referral center
in Brazil. We measured HGS using a calibrated hydraulic hand dynamometer. \We used
a frailty scale and the AUC to assess the diagnostic accuracy of the HGS test. Results:
The median age of participants was 67 years. Most (78%) were women and non-White
(91%) of low socioeconomic status. HGS identified those at risk for frailty, with an AUC
of 71.6% (61.5-80.4%; p < 0.002), as well as a sensitivity of 73.58% and a specificity of
67.53%, on the basis of a cutoff of < 19 kgf. Conclusions: HGS appears to be a simple,
reliable tool for clinicians to determine frailty risk in older asthma patients in a point-of-
care setting.
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INTRODUCTION

Aging promotes physiological changes related to
increased proinflammatory cytokine activity, resulting
in peripheral muscle dysfunction and declining lung
function.¥> With the global increase in life expectancy,
asthma in the elderly has become an emerging public
health issue worldwide. Notably, asthma prevalence
in this population ranges from 7.0% to 10.6%, with
unexpectedly high asthma-related mortality.(?) Elderly
asthma patients are also more likely to present with
airway remodeling and noneosinophilic asthma, as
well as being more likely to have a poor perception of
symptoms.©3%) Accumulating evidence indicates that
frailty is a critical prognostic factor in chronic respiratory
diseases and impacts asthma control.>® Therefore,
assessing frailty risk is critical in the clinical management
of elderly asthma patients.

Frailty, a cornerstone in geriatric medicine, is a
multidimensional syndrome with complex physical,
psychosocial, and economic associations.” It has
been reported that the prevalence of frailty among
noninstitutionalized adults > 60 years of age in Brazil
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is 13.5%.% The frailty phenotype, first described by
Fried et al.,*V has a substantial clinical impact because
these individuals experience a three-fold increased
mortality when compared with robust older adults.(*?
Although frail elderly individuals experience several
apparent physiological dysfunctions, early recognition
of frailty can be challenging. Despite the lack of
agreement regarding the best methodology to identify
frailty in older adults, several screening instruments
have been validated for evaluating frailty risk in clinical
practice.® The handgrip strength (HGS) test measures
the maximum static muscular force of the dominant
hand using a dynamometer. Given that muscle strength
is a component of the frailty phenotype, HGS has been
validated as a reliable tool for frailty syndrome screening
in older adults.(*>'*) Moreover, HGS is a predictor of a
wide range of health outcomes, including mortality,
disability, and hospitalization.(*>®

Frailty is not a static condition and can be modified by
targeted clinical interventions. Identifying elderly asthma
patients at an increased frailty risk is paramount, given
that this condition can increase asthma morbidity.(*7-'*
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We hypothesized that HGS is a reliable and easy-
to-use method for frailty risk assessment in older
patients with asthma. Moreover, given its ease of
use, this tool could be part of a comprehensive
evaluation of comorbidities among asthma patients
with advanced age.

METHODS

This was a cross-sectional study performed between
2020 and 2021 and designed to evaluate the diagnostic
accuracy of HGS for frailty risk assessment in elderly
patients with asthma. A consecutive sample of 96
older patients was included in the study (Figure 1).
All of the patients were treated at a tertiary outpatient
clinic located in the city of Salvador, Brazil. Inclusion
criteria were as follows: having been diagnosed with
asthma by a chest physician and being > 60 years of
age. We excluded former or current smokers with a
smoking history > 10 pack-years; patients with other
pulmonary diseases or extrapulmonary diseases that
could interfere with asthma evaluation; and patients
with a history of asthma exacerbation in the week
before enrollment.

We collected data on demographic characteristics
(age, sex, race, household income, and BMI), as
well as clinical data on smoking (current smoking,
past smoking, and smoking history, in pack-
years), comorbidities, current asthma treatment,
medication adherence, inhaler technique, use of oral
corticosteroids, history of exacerbations, and history of
hospitalizations. The definition of asthma and severity
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classification followed the 2020 recommendations
of the GINA.?? We objectively assessed inhaler
technique errors such as errors in dose preparation,
placing the inhaler in the mouth, exhaling normally
before use, incorrect inhalation technique, and
failure to hold the breath after inhaling.?® The
5-item Asthma Control Questionnaire was used in
order to assess asthma control.?") Spirometry and
flow-volume curves were performed before and
after bronchodilator administration, with the use of
a computerized spirometer (KoKo PFT, Longmont,
CO, USA), in accordance with the American Thoracic
Society recommendations.®?

We evaluated HGS (in kgf) using a calibrated hydraulic
dynamometer (Baseline®; Fabrication Enterprises Inc.,
White Plains, NY, USA).(>® Trained research staff
collected three consecutive measurements from the
dominant hand, with a minimum interval of 1 min
between measurements, with the patient in a sitting
position and with the elbow flexed at 90°. The best
of the three measurements was used for analysis.
The research staff that performed the HGS test was
blinded to the frailty status of patients.

To determine the diagnostic accuracy of the HGS
test, we used s frailty scale developed by Fried et al.,
previously translated to Portuguese and validated for
use in Brazil.*?) The scale is the instrument of choice
for characterizing frailty on the basis of the following
clinical criteria: unintentional weight loss, weakness,
slow gait speed, self-reported exhaustion, and a low
level of physical activity. Unintentional weight loss
was defined as self-reported loss of 4.5 kg or 5% of

Asthma patients > 60 years of age
meeting the eligibility criteria
(n=128)
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« declined to participate (n = 21)

« former or current smokers with a smoking history >
10 pack-years (n = 6)
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« recent exacerbation (n = 1)
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Figure 1. Flow chart of the study population.
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normal body weight in the last 12 months. Weakness
(HGS) was measured with a hand dynamometer on the
dominant hand. Muscle weakness was defined by an
inability to perform an HGS maneuver or HGS within
the lower quintile of the normal range. A stopwatch
was used in order to monitor the gait speed over
three meters. Slow gait speed was determined on the
basis of performance in the highest quintile of time or
inability to perform the test. Exhaustion was defined
by affirmative responses (most or almost all of the
time) to the items on the Center for Epidemiological
Studies-Depression Scale. We used the Minnesota
Leisure Time Physical Activity Questionnaire in order to
assess the level of physical activity. A combination of 3
or more frailty criteria defined frailty; the presence of
1 or 2 frailty criteria characterized prefrail individuals;
and the absence of any frailty criteria characterized
the nonfrail or robust group.®®

Likelihood ratios (LRs) are a measure that
incorporates both sensitivity and specificity and is
used in order to determine the impact of a new
diagnostic test on the probability of a disease. The
formula for calculating the LR for a positive test result
(LR+) is LR+ = sensitivity/(1 — specificity), whereas
the formula for calculating the LR for a negative test
result (LR-) is LR— = (1 — sensitivity)/specificity.
Specifically, we employed LRs to assess the pretest
probability for frailty at different proposed cutoff
points for HGS, considering the prevalence of the
disease in the study population.

The study was conducted in accordance with the 2015
Standards for Reporting of Diagnostic Accuracy Studies
guidelines® and was approved by the local institutional
review board (CAAE no. 3.505.830 - 07/29/2019). All
participating patients gave written informed consent.
The data obtained were stored in real time on the
Research Electronic Data Capture (REDCap; Vanderbilt
University, Nashville, TN, USA) platform. We intend to
make research data freely available to other researchers
(and study participants) upon request.

Statistical analysis

We summarized quantitative variables using medians
and interquartile ranges. We expressed categorical
and qualitative variables as numbers and proportions.
We used the chi-square test in order to compare
categorical variables and the Student’s t-test or the
Mann-Whitney test in order to compare continuous
data. To measure the global accuracy of the index test,
we used the AUC. An HGS of < 19 kgf was the cutoff
point that showed the best diagnostic accuracy. We
considered a p value < 0.05 as statistically significant.
We conducted the statistical analysis using the
GraphPad Prism software, version 9.0.3 (GraphPad
Software, Inc., San Diego, CA, USA).

RESULTS

Between 2020 and 2021, 128 patients > 60 years
of age with a diagnosis of moderate to severe asthma
were assessed for eligibility and invited to participate

in the study. A total of 32 patients were excluded
for the following reasons: failure to provide written
informed consent; being a current or former smoker
with a smoking history > 10 pack-years; having severe
pulmonary or extrapulmonary diseases; and having
experienced an acute exacerbation in the past four
weeks (Figure 1). Ninety-six patients were included
in the analysis. The median age of participants was
67 (64-73) years. Most (78%) were women and
non-White (91%) of low socioeconomic status.

Nineteen patients fulfilled the criteria for the frailty
phenotype, with a 19.79% prevalence of frailty in our
sample. HGS identified those at risk for frailty, with
an AUC of 71.6% (61.5-80.4%; p < 0.002). An HGS
cutoff of < 19 kgf showed a sensitivity of 73.58%
and a specificity of 67.53% (Figure 2). No significant
adverse events occurred because of the HGS test or
gait speed assessment.

We assessed the diagnostic properties of the index
test at different cutoffs to define low muscle strength.
Figure 3 illustrates positive predictive values (PPVs)
and the respective LRs. For an HGS cutoff of < 19
kgf, we obtained an LR+ of 2.27, with a PPV of
approximately 40%, and an LR— of 0.39, with a PPV
of approximately 6%.

We conducted a sensitivity analysis of the accuracy
of the index test, adjusted by sex. Table 1 shows a
distribution of sensitivity, specificity, LR+, and LR— for
different HGS cutoffs for females and males. For
females, the sensitivity of the index test was highest
for a cutoff of < 27 kgf (93.75%), with an LR— of 1.23,
and the specificity of the test was highest for a cutoff
of < 12 kgf (86.44%). An HGS of < 11 kgf showed
an LR+ of 3.69, with a PPV of approximately 48%,
and an HGS of < 20 kgf showed an LR+ of 1.08, with
a PPV of 21%. We obtained an LR— of 0.29, with a
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Figure 2. Diagnostic accuracy of the handgrip strength
test, as determined by the AUC. A cutoff point of < 19 kgf
showed the best diagnostic accuracy, with a sensitivity of
73.58% and a specificity of 67.53%.
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Figure 3. Fagan’s nomogram showing the positive predictive values (PPVs) for several cutoffs and positive likelihood
ratios (LR+), in A, and negative likelihood ratios (LR-), in B. In A, PPVs for a diagnosis of frailty based on handgrip
strength (HGS) cutoffs of < 11 kgf, < 19 kgf, and < 28 kgf (pretest probability of frailty, 19.79%). For an HGS cutoff
of < 19 kgf (red line), we obtained an LR+ of 2.27, with a PPV of approximately 40%; for an HGS cutoff of < 11 kgf
(green line), we obtained an LR+ of 4.05, with a PPV of 50%; and for an HGS cutoff of < 28 kgf (blue line), we obtained
an LR+ of 1.08, with a PPV of 16%. In B, LR— and PPVs for a diagnosis of frailty based on the same HGS cutoffs. For
an HGS cutoff of < 19 kgdf (red line), we obtained an LR— of 0.39, with a PPV of approximately 6%; for an HGS cutoff
of < 11 kgf (green line), we obtained an LR— of 0.83, with a PPV of approximately 16%; and for an HGS cutoff of < 28

kgf (blue line), we obtained an LR— of 0.27, with a PPV of approximately 4%.

Females

HGS Sensitivity, Specificity, LR+

cutoff, % %
kgf
<9 12.50 98.31 7.38 0.89
<12 31.25 86.44 2.30 0.80
<19 87.50 57.63 2.06 0.22
<24 93.75 27.12 1.29 0.23

Table 1. Diagnostic properties of the index test for frailty risk assessment in females and males.

Males
HGS Sensitivity, Specificity, LR+
cutoff, % %

kgf

<20 0.0 100 0.0 1.0
<25 33.33 83.33 2.0 0.8
<27 66.67 77.78 3.0 0.43
<32 100 66.67 3.0 0.0

HGS: handgrip strength; LR+: positive likelihood ratio; and LH—:

PPV of 5%, for an HGS cutoff of < 17 kgf. Regarding
the diagnostic proprieties of the index test for males,
an HGS of < 27 kgf showed an LR+ of 3.00, with a
PPV of 45%, and an LR— of 0.43, with a PPV of 5%.

Comparative analysis of asthma outcomes,
comorbidities, and lung function by frailty status

Frail patients were significantly older (p = 0.04) than
nonfrail patients (Table 2). Regarding comorbidities,
most of the patients reported rhinitis (74%) and
gastroesophageal reflux (60%); depression was less
common, and dementia was rare.
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negative likelihood ratio.

Most of the patients reported high treatment
adherence and correct inhaler technique. Adherence to
up to 80% of the prescribed doses was self-reported
by 83% and 79% of the patients in the nonfrail and
frail groups, respectively. Approximately 90% of the
patients in both groups demonstrated correct inhalation
technique, without any critical errors. Regarding
asthma control, most of the study participants were
receiving treatment with medium-dose long-acting
B, agonists and inhaled corticosteroids or high-dose
inhaled corticosteroids, in accordance with the GINA
recommendations for step 4 asthma treatment. There
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was no significant difference in median 5-item Asthma
Control Questionnaire scores between the groups,
although 31% of the frail patients had uncontrolled
disease, whereas 23% of the nonfrail patients had
uncontrolled disease.

Lung function parameters did not differ significantly
between the groups. Median FEV, values (in Land in
% predicted, respectively) were 2.06 L (73%) in the
nonfrail group and 1.89 L (72%) in the frail group. It
should be noted that spirometry was not performed in
10 (10%) of the patients, because of biosafety issues
during the COVID-19 pandemic. There were missing
data for 7 (9%) of the patients in the nonfrail group
and 3 (16%) of those in the frail group (Table 2).

We also analyzed the cumulative corticosteroid
exposure in the previous year. We observed a higher
frequency of use of corticosteroids in the frail group,
although the difference was not significant. Notably,
68% of the patients in the frail group needed at least
one oral corticosteroid course and 16% needed at least
one parenteral corticosteroid course in the previous
year. Both groups reported no hospital admissions for
asthma in the previous year. There was no significant
difference in muscle strength between the groups in
relation to their cumulative corticosteroid exposure,
with median HGS values of 23.00 (15-26) kgf and
21.00 (16-27) kgdf in the frail and nonfrail groups,
respectively (p = 0.869).

DISCUSSION

We investigated the diagnostic accuracy of the HGS
test for assessing frailty risk in patients > 60 years

Variable

Age, years
Female sex

Non-White

Household income, number of times the Brazilian
national minimum wage
BMI, kg/m?
Spirometry®
FEV,, L
FEV,, % predicted
FVC, L
FVC, % predicted
FEV,/FVC

ACQ-5 score
Oral corticosteroid tapers in the last year
Parenteral corticosteroid courses in the last year
Comorbidities

Rhinitis

Gastroesophageal reflux

Depression

Dementia

Table 2. Baseline characteristics of the study population, stratified by the presence or absence of frailty.2

of age with moderate to severe asthma treated at a
tertiary referral center in Brazil. Our findings suggest
that HGS is a simple, reliable tool for clinicians to
determine frailty risk in a point-of-care setting. There
is minimal observer effect when assessing muscle
strength with a hand dynamometer,* and any
trained multidisciplinary team member can perform
this procedure. Therefore, an easy-to-use, accurate
diagnostic tool facilitates screening programs for
frailty in elderly asthma patients.

In Brazil, the ongoing process of aging takes place
in wide social inequality, often in precarious health
and socioeconomic conditions.(® Environments highly
influence individual behavior and exposure to health
risks. According to the WHO, an older person is someone
over 60 years of age.?® Indeed, life expectancy may
vary in developed and developing countries because
environments influence individual behavior, exposure
to risks, and access to health services.?”

HGS has historically been reliably used in the
assessment of frailty.(*>'¥ We found a prevalence
of frailty of approximately 20% in our sample. The
predominance of moderate-to-severe asthma patients
can partially explain this prevalence rate, which is
higher than those reported in similar studies of older
patients with asthma. In a study conducted in France,
adult asthma patients were found to have a two-fold
increased prevalence of frailty when compared with
individuals without asthma (13% vs. 6%).?® In a
study conducted in Japan, the prevalence of frailty in
outpatients with asthma was reported to be 14.5%.%)
Esophageal dysmotility and chronic aspiration are

Group

Nonfrail

(n = 77)
67 [60-90] 69 [61-88] 0.04
59 (76.6) 16 (84.2) 0.55
71 (92.2) 17 (89.5) 0.65
1.9 [0.96-2.44] 1.0 [0.96-2.0] 0.20
29.5 [26.5-33.1] 28.8 [23.7-33.7] 0.58
2.06 [1.7-2.5] 1.8 [1.3-2.2] 0.79
72.6 [66.5-81.5] 80.5 [69.3-88.4] 0.17
1.3 [1.1-1.6] 1.3 [0.7-1.5] 0.22
61.2 [47.3-69.2] 58.2 [45.4-80.7] 0.76

0.63 [0.51-0.83] 0.63 [0.47-0.84]

0.80 [0.2-1.6] 1.2 [0.2-1.6] 0.96
34 (44.16) 13 (68.4) 0.07
7 (7.69) 3 (15.8) 0.37
56 (72.7) 15 (78.9) 0.77
46 (59.7) 12 (73.2) >0.99
19 (24.6) 5 (26.3) >0.99
1(1.3) 0 (0) 0.36

ACQ-5: 5-item Asthma Control Questionnaire. ?Data expressed as median [IQR] or n (%). ®Spirometry data

unavailable for 10 (10.41%) of the patients.
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disorders that have been reported in older asthma
patients.?® This might explain the high prevalence
of gastroesophageal reflux in our study population.
In a recent study conducted in Japan, a positive
association was found between lifetime cumulative
corticosteroid exposure and a higher prevalence of
muscle frailty and weakness.*® In our study, no
significant difference in muscle strength was found
between the two groups of patients regarding their
cumulative corticosteroid exposure. However, our
study was not designed for this purpose and could
have been underpowered to detect this relationship.

Mounting evidence indicates that frailty is a critical
prognostic factor in patients with chronic respiratory
disease.®V) Frailty assessment has been recommended
in older adults.*? Unfortunately, few studies have
addressed the impact of frailty on asthma and
vice-versa, particularly in patients with moderate
to severe disease. Our findings corroborate that
frailty is prevalent in this population. Interventions
targeted to factors leading to the development of the
frailty phenotype can contribute to improving clinical
outcomes in elderly patients with asthma.

Several screening instruments have been validated
to assess the risk of frailty. Choosing the most
appropriate tool depends on the peculiarities of the
health care system and the characteristics of the
target population.*® Despite well-established research
protocols, there are several barriers to large-scale
application in clinical practice.®3 HGS assessment
is not time-consuming and is valuable as a single
marker of frailty in elderly asthma patients. A more
straightforward diagnostic tool such as the HGS test
can help reduce patient discomfort and allow clinicians
to close this gap in frailty screening programs.

In this study, HGS was found to be a reliable diagnostic
tool for frailty risk assessment. Our results suggest that
a cutoff of < 19 kgf for females and a cutoff of < 27 kgf
for males constitute the optimal threshold for frailty in
elderly asthma patients. As a screening method, HGS
below 28 kgf showed a highly discriminative negative
predictive value. Previous studies in the general
geriatric population have reported accuracies ranging
from 0.55 to 0.87.G53% The accuracy of the index test
in asthma patients was slightly lower than the 0.91
reported in a study conducted in Canada and involving
elderly individuals > 75 years of age receiving primary
care.® Nonetheless, our findings suggest that this
highly useful tool can contribute to population-based
screening programs for frailty.

The frailty phenotype is a multifactorial condition
related to a complex relationship of biological,
environmental, and socioeconomic factors, which can
differ across different populations. For example, in
comparison with the participants of a study conducted
in Europe,®”) our patients were more likely to be of
non-White ethnicity and have lower socioeconomic
status. Analyzing the social determinants of these
disparities can contribute to a better understanding
of the health-disease process in elderly asthma

J Bras Pneumol. 2023;49(3):e20220465

patients. Given the heterogeneous profile of disease
severity, impaired peripheral muscle function, and
socioeconomic characteristics in elderly patients with
asthma worldwide, the HGS test requires validation
on different populations.

This study has some limitations. First, 41 of the
patients who met the eligibility criteria declined to
participate. This might impact the external validity
of our results; however, 75% of the eligible patients
underwent frailty and HGS assessment. We conducted
this study during the COVID-19 pandemic. Although
it is possible that frail patients were most likely to
decline to participate, the prevalence of frailty in our
sample was higher than that reported in previous
studies, including studies of elderly asthma patients.
(6:28) Second, data from our sensitivity analysis should
be interpreted with caution because of the reduced
number of males in our sample. Several factors can
contribute to a higher prevalence of asthma in elderly
females, including postmenopausal hormonal changes,
increased exposure to environmental triggers, and
comorbidities. Hormonal changes during menopause
can decrease estrogen levels, leading to airway
inflammation and asthma symptoms. (8

There is limited evidence on frailty treatment in
older asthma patients. Current management strategies
focus on symptom control and reducing exacerbations.
However, a multidisciplinary approach addressing
comorbidities and including nutritional intervention
and exercise prescription might also improve frailty
outcomes in patients with respiratory disease.**4% More
research is needed to develop specific interventions
for this population.

Understanding the frailty phenotype is a cornerstone
in the management of asthma in the elderly. In our
study, older adults with moderate to severe asthma had
a higher prevalence of frailty than that reported in the
general geriatric population in Brazil.*» We demonstrated
that HGS is an accurate diagnostic tool to assess the
risk of frailty in patients with asthma. In a sex-stratified
analysis, HGS cutoffs of < 19 kgf in females and < 27
kgf in males showed the best diagnostic accuracy for
frailty risk assessment in older asthma patients. The
development of a simple point-of-care diagnostic tool
facilitates screening programs for frailty in older patients
with chronic respiratory disease. Further investigation
of HGS and other biomarkers of the frailty phenotype
can bring promising results.

AUTHOR CONTRIBUTIONS

RGF, JB, and MP designed the study. RGF, VA, and
MMFL collected the data. JB, AAC, and FH analyzed
and interpreted the data and statistics. GPP and CVNS
provided study material. RGF, JB, AAC, MP, and FH
interpreted the results and wrote the manuscript.
All authors read and approved the final manuscript.

CONFLICTS OF INTEREST

None declared.



Figueiredo RG, Holguin, Pizzichini M, Pinheiro GP, Arata V, Leal MFM, Santana CVN, Cruz AA, Bessa Junior J

REFERENCES

1.

Nikolich-Zugich J. The twilight of immunity: emerging concepts in
aging of the immune system [published correction appears in Nat
Immunol.  2018;19(10):1146]. Nat Immunol. 2018;19(1):10-19.
https://doi.org/10.1038/s41590-017-0006-x

Moorman JE, Mannino DM. Increasing U.S. asthma mortality
rates: who is really dying?. J Asthma. 2001;38(1):65-71. https://doi.
0rg/10.1081/JAS-100000023

Gibson PG, McDonald VM, Marks GB. Asthma in older adults.
Lancet. 2010;376(9743):803-813.  https://doi.org/10.1016/S0140-
6736(10)61087-2

Ponte EV, Lima A, Aimeida PCA, de Jesus JPV, Lima VB, Scichilone
N, et al. Age is associated with asthma phenotypes. Respirology.
2017;22(8):1558-1563. https://doi.org/10.1111/resp.13102
Bandeen-Roche K, Seplaki CL, Huang J, Buta B, Kalyani RR, Varadhan
R, et al. Frailty in Older Adults: A Nationally Representative Profile in
the United States. J Gerontol A Biol Sci Med Sci. 2015;70(11):1427-
1434. https://doi.org/10.1093/gerona/glv133

Kusunose M, Sanda R, Mori M, Narita A, Nishimura K. Are frailty and
patient-reported outcomes independent in subjects with asthma? A
cross-sectional observational study. Clin Respir J. 2021;15(2):216-
224. https://doi.org/10.1111/crj.13287

Burke GL, Arold AM, Bild DE, Cushman M, Fried LP, Newman A,
et al. Factors associated with healthy aging: the cardiovascular health
study. J Am Geriatr Soc. 2001;49(3):254-262. https://doi.org/10.1046/
j.1532-5415.2001.4930254 X

Clegg A, Young J, lliffe S, Rikkert MO, Rockwood K. Frailty in
elderly people [published correction appears in Lancet. 2013 Oct
19;382(9901):1328]. Lancet. 2013;381(9868):752-762. https://doi.
0rg/10.1016/S0140-6736(12)62167-9

Walston J, Buta B, Xue QL. Frailty Screening and Interventions:
Considerations for Clinical Practice. Clin Geriatr Med. 2018;34(1):25-
38. https://doi.org/10.1016/).cger.2017.09.004

. Andrade JM, Duarte YAO, Alves LC, Andrade FCD, Souza Junior

PRB, Lima-Costa MF, et al. Frailty profile in Brazilian older adults:
ELSI-Brazil. Rev Saude Publica. 2018;52Suppl 2(Suppl 2):17s. https://
doi.org/10.11606/s1518-8787.2018052000616

. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener

J, et al. Frailty in older adults: evidence for a phenotype. J Gerontol
A Biol Sci Med Sci. 2001;56(3):M146-M156. https://doi.org/10.1093/
gerona/56.3.M146

. Lourenco RA, Moreira VG, Mello RGB, Santos IS, Lin SM, Pinto

ALF, et al. Brazilian consensus on frailty in older people: concepts,
epidemiology and evaluation instruments. Geriatr  Gerontol
Aging. 2018;12(2):121-135. https://doi.org/10.56327/22447-
211520181800023

. Lee L, Patel T, Costa A, Bryce E, Hillier LM, Slonim K, et al. Screening

for frailty in primary care: Accuracy of gait speed and hand-grip
strength. Can Fam Physician. 2017,63(1):e51-e57.

. Bohannon RW. Test-Retest Reliability of Measurements of Hand-

Grip Strength Obtained by Dynamometry from Older Adults: A
Systematic Review of Research in the PubMed Database. J Frailty
Aging. 2017;6(2):83-87. https://doi.org/10.14283/jfa.2017.8

. Aliberti MJR, Szlejf C, Covinsky KE, Lee SJ, Jacob-Filho W, Suemoto

CK. Prognostic value of a rapid sarcopenia measure in acutely ill older
adults. Clin Nutr. 2020;39(7):2114-2120. https://doi.org/10.1016/].
¢lnu.2019.08.026

. Syddall H, Cooper C, Martin F, Briggs R, Aihie Sayer A. Is grip strength

a useful single marker of frailty?. Age Ageing. 2003;32(6):650-656.
https://doi.org/10.1093/ageing/afg111

. Roman MA, Rossiter HB, Casaburi R. Exercise, ageing and

the lung. Eur Respir J. 2016;48(5):1471-1486.
0rg/10.1183/13993003.00347-2016

https://doi.

. Battaglia S, Benfante A, Spatafora M, Scichilone N. Asthma in the

elderly: a different disease?. Breathe (Sheff). 2016;12(1):18-28.
https://doi.org/10.1183/20734735.002816

. Ponte EV, Stelmach R, Franco R, Souza-Machado C, Souza-

Machado A, Cruz AA. Age is not associated with hospital admission
or uncontrolled symptoms of asthma if proper treatment is
offered. Int Arch Allergy Immunol. 2014;165(1):61-67. https://doi.
org/10.1159/000367924

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Global Initiative for Asthma [homepage on the Internet]. Bethesda:
Global Initiative for Asthma; [cited 2023 Apr 1]. Global Strategy for
Asthma Management and Prevention 2020. Available from: http://
www.ginasthma.org

Juniper EF, O'Byme PM, Guyatt GH, Ferrie PJ, King DR.
Development and validation of a questionnaire to measure asthma
control. Eur Respir J. 1999;14(4):902-907. https://doi.org/10.1034/
j.1399-3003.1999.14d29.x

Graham BL, Steenbruggen |, Miller MR, Barjaktarevic 1Z, Cooper
BG, Hall GL, et al. Standardization of Spirometry 2019 Update.
An Official American Thoracic Society and European Respiratory
Society Technical Statement. Am J Respir Crit Care Med.
2019;200(8):€70-e88. https://doi.org/10.1164/rccm.201908-1590ST
Roberts HC, Denison HJ, Martin HJ, Patel HP, Syddall H, Cooper
C, et al. A review of the measurement of grip strength in clinical
and epidemiological studies: towards a standardised approach. Age
Ageing. 2011;40(4):423-429. https://doi.org/10.1093/ageing/afr051
Cohen JF, Korevaar DA, Altman DG, Bruns DE, Gatsonis CA,
Hooft L, et al. STARD 2015 guidelines for reporting diagnostic
accuracy studies: explanation and elaboration. BMJ Open.
2016;6(11):€012799. https://doi.org/10.1136/bmjopen-2016-012799
Lima-Costa MF, Facchini LA, Matos DL, Macinko J. Changes in ten
years of social inequalities in health among elderly Brazilians (1998-
2008).[Article in Portuguese]. Rev Saude Publica. 2012;46 Suppl
1:100-107. https://doi.org/10.1590/S0034-89102012005000059
World Health Organization [homepage on the Internet]. Geneva:
WHO [updated 2002; cited 2023 Mar 01]. Active ageing: a

policy ~ framework. Available  from:  https://apps.who.int/iris/
handle/10665/67215
GBD 2017 Mortality Collaborators. Global, regional, and national age-

sex-specific mortality and life expectancy, 1950-2017: a systematic
analysis for the Global Burden of Disease Study 2017 [published
correction appears in Lancet. 2019 Jun 22;393(10190):e44]. Lancet.
2018;392(10159):1684-1735. https://doi.org/10.1016/S0140-
6736(18)31891-9

Landré B, Nadif R, Goldberg M, Gourmelen J, Zins M, Ankri J, et al.
Asthma is associated with frailty among community-dwelling adults:
the GAZEL cohort. BMJ Open Respir Res. 2020;7(1):e000526.
https://doi.org/10.1136/bmjresp-2019-000526

Marik PE, Kaplan D. Aspiration pneumonia and dysphagia in the
elderly. Chest. 2003;124(1):328-336.  https://doi.org/10.1378/
chest.124.1.328

Ryu K, Fukutomi Y, Nakatani E, Iwata M, Nagayama K, Yano K, et
al. Frailty and muscle weakness in elderly patients with asthma
and their association with cumulative lifetime oral corticosteroid
exposure. Allergol Int. 2023;72(2):252-261. https://doi.org/10.1016/].
alit.2022.10.005

. Bandeen-Roche K, Seplaki CL, Huang J, Buta B, Kalyani RR, Varadhan

R, et al. Frailty in Older Adults: A Nationally Representative Profile in
the United States. J Gerontol A Biol Sci Med Sci. 2015;70(11):1427-
1434. https://doi.org/10.1093/gerona/glv133

Dent E, Morley JE, Cruz-Jentoft AJ, Woodhouse L, Rodriguez-Manas
L, Fried LP, et al. Physical Frailty: ICFSR International Clinical Practice
Guidelines for Identification and Management. J Nutr Health Aging.
2019;23(9):771-787. https://doi.org/10.1007/s12603-019-1273-z
Faller JW, Pereira DDN, de Souza S, Nampo FK, Orlandi FS,
Matumoto S. Instruments for the detection of frailty syndrome in
older adults: A systematic review. PLoS One. 2019;14(4):e0216166.
https://doi.org/10.1371/journal.pone.0216166

Kojima G, Lilias AEM, lliffe S. Frailty syndrome: implications and
challenges for health care policy. Risk Manag Healthc Policy.
2019;12:23-30. https://doi.org/10.2147/RMHP.S168750
Sousa-Santos AR, Amaral TF. Differences in handgrip strength
protocols to identify sarcopenia and frailty - a systematic review.
BMC Geriatr. 2017;17(1):238. https://doi.org/10.1186/s12877-017-
0625-y

Pijpers E, Ferreira |, Stehouwer CD, Nieuwenhuijzen Kruseman AC.
The frailty dilemma. Review of the predictive accuracy of major
frailty scores. Eur J Intern Med. 2012;23(2):118-123. https://doi.
org/10.1016/j.ejim.2011.09.003

J Bras Pneumol. 2023;49(3):e20220465

4gp

7/8


https://doi.org/10.1038/s41590-017-0006-x
https://doi.org/10.1081/JAS-100000023
https://doi.org/10.1081/JAS-100000023
https://doi.org/10.1016/S0140-6736(10)61087-2
https://doi.org/10.1016/S0140-6736(10)61087-2
https://doi.org/10.1111/resp.13102
https://doi.org/10.1093/gerona/glv133
https://doi.org/10.1111/crj.13287
https://doi.org/10.1046/j.1532-5415.2001.4930254.x
https://doi.org/10.1046/j.1532-5415.2001.4930254.x
https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1016/j.cger.2017.09.004
https://doi.org/10.11606/s1518-8787.2018052000616
https://doi.org/10.11606/s1518-8787.2018052000616
https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.5327/Z2447-211520181800023
https://doi.org/10.5327/Z2447-211520181800023
https://doi.org/10.14283/jfa.2017.8
https://doi.org/10.1016/j.clnu.2019.08.026
https://doi.org/10.1016/j.clnu.2019.08.026
https://doi.org/10.1093/ageing/afg111
https://doi.org/10.1183/13993003.00347-2016
https://doi.org/10.1183/13993003.00347-2016
https://doi.org/10.1183/20734735.002816
https://doi.org/10.1159/000367924
https://doi.org/10.1159/000367924
http://www.ginasthma.org
http://www.ginasthma.org
https://doi.org/10.1034/j.1399-3003.1999.14d29.x
https://doi.org/10.1034/j.1399-3003.1999.14d29.x
https://doi.org/10.1164/rccm.201908-1590ST
https://doi.org/10.1093/ageing/afr051
https://doi.org/10.1136/bmjopen-2016-012799
https://doi.org/10.1590/S0034-89102012005000059
https://apps.who.int/iris/handle/10665/67215
https://apps.who.int/iris/handle/10665/67215
https://doi.org/10.1016/S0140-6736(18)31891-9
https://doi.org/10.1016/S0140-6736(18)31891-9
https://doi.org/10.1136/bmjresp-2019-000526
https://doi.org/10.1378/chest.124.1.328
https://doi.org/10.1378/chest.124.1.328
https://doi.org/10.1016/j.alit.2022.10.005
https://doi.org/10.1016/j.alit.2022.10.005
https://doi.org/10.1093/gerona/glv133
https://doi.org/10.1007/s12603-019-1273-z
https://doi.org/10.1371/journal.pone.0216166
https://doi.org/10.2147/RMHP.S168750
https://doi.org/10.1186/s12877-017-0625-y
https://doi.org/10.1186/s12877-017-0625-y
https://doi.org/10.1016/j.ejim.2011.09.003
https://doi.org/10.1016/j.ejim.2011.09.003

%P Handgrip strength as a diagnostic tool for frailty risk in elderly patients with moderate to severe asthma

8/8

37.

38.

Cruz AA, Riley JH, Bansal AT, Ponte EV, Souza-Machado A, Almeida
PCA, et al. Asthma similarities across ProAR (Brazil) and U-BIOPRED
(Europe) adult cohorts of contrasting locations, ethnicity and
socioeconomic status. Respir Med. 2020;161:105817. https://doi.
0rg/10.1016/j.rmed.2019.105817

Baptist AP, Hamad A, Patel MR. Special challenges in treatment
and self-management of older women with asthma. Ann Allergy
Asthma Immunol. 2014;113(2):125-130. https://doi.org/10.1016/j.

J Bras Pneumol. 2023;49(3):e20220465

39

40

anai.2014.05.013

Walston J, Buta B, Xue QL. Frailty Screening and Interventions:
Considerations for Clinical Practice. Clin Geriatr Med. 2018;34(1):25-
38. https://doi.org/10.1016/).cger.2017.09.004

Symvoulakis EK, Kamekis A, Drakonaki E, Mastrodemou S, Ryerson
CJ, Antoniou K. Frailty and chronic respiratory disease: the need for
a multidisciplinary care model. Sarcoidosis Vasc Diffuse Lung Dis.
2021;38(3):€2021031. https://doi.org/10.36141/svdld.v38i3.11599


https://doi.org/10.1016/j.anai.2014.05.013
https://doi.org/10.1016/j.anai.2014.05.013
https://doi.org/10.1016/j.cger.2017.09.004
https://doi.org/10.36141/svdld.v38i3.11599

