
Vol.:(0123456789)1 3

Internal and Emergency Medicine (2023) 18:2423–2434 
https://doi.org/10.1007/s11739-023-03405-6

CE-SYSTEMATIC REVIEWS AND META-ANALYSIS

Frailty and its influence on mortality and morbidity in COPD: 
A Systematic Review and Meta‑Analysis

Alessia Verduri1,2  · Ben Carter3 · James Laraman1 · Ceara Rice1 · Enrico Clini2 · Nick Anthony Maskell4 · 
Jonathan Hewitt1

Received: 26 May 2023 / Accepted: 18 August 2023 / Published online: 5 September 2023 
© The Author(s) 2023

Abstract
Frailty increases vulnerability to adverse outcomes. Long-term conditions increase the risk of frailty. We searched PubMed, 
Web of Science, The Cochrane Library, EMBASE from inception to March 2022. Quality assessment was conducted using 
the NOS. Data was analysed in a pooled a random-effects meta-analysis. Our primary outcome was the impact of frailty on 
mortality in adults with Chronic Obstructive Pulmonary Disease (COPD) diagnosis according to the guidelines. Secondary 
outcomes were: frailty and association with readmissions, hospitalisations, exacerbation rates, and prevalence of frailty in 
COPD. We identified 25 studies, with 5882 participants. The median prevalence of frailty was 47% (IQR, 39.3–66.3%, range 
6.4–72%). There was an association between COPD patients living with frailty and increased risk of mortality versus COPD 
patients without frailty (pooled OR, 4.21 (95% CI 2.99–5.93, I2 55%). A descriptive analysis of relationship between frailty 
and hospital readmission and all cause hospitalization showed positive associations. The relationship between frailty and the 
risk of exacerbation showed a pooled OR, 1.45 (95% CI 0.37–5.70, I2 80%). Frailty is significantly associated with higher 
mortality risk in COPD. Frailty is common in patients with COPD and its measurement should be considered in clinical 
practice to better characterise COPD.
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Introduction

Chronic Obstructive Pulmonary Disease (COPD) is one of 
the leading causes of mortality, morbidity, and health-care 
use worldwide (www. goldc opd. org). It is both preventable 
and treatable. COPD is one of the most common chronic 
diseases in old age. COPD diagnosis should be considered 
in any individual who has chronic dyspnea and cough and 

a history of exposure to risk factors such as smoking and 
must be functionally confirmed by spirometry. The disease is 
frequently associated with chronic comorbidities, including 
cardiovascular and metabolic disease, that may potentially 
influence health status and mortality of COPD patients. The 
prevalence of COPD increases with age and the highest rate 
is among those > 60 years. COPD prevalence data varies 
widely across countries which is likely due to different diag-
nostic criteria. The global prevalence of COPD according to 
the GOLD definition was 10.3% among people ages 30 to 
79 years in 2019 [1]. The lowest estimates of prevalence are 
based on self-reported diagnosis, is under recognized and 
often misdiagnosed [2], these numbers underestimate the 
true prevalence. The burden of COPD is expected to increase 
over the next decades due to continued exposure to risk fac-
tors and ageing of the world’s population. The health care 
costs associated with COPD are high. In Europe, the direct 
costs of respiratory disease account for about 6% of health 
budgets and more than 50% of this is due to COPD. The 
disease contributes to significant health care burden annually 
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in terms of visits, access to emergency departments and hos-
pitalisations (www. goldc opd. org).

Frailty is a syndrome in which multiple factors reduce 
physiological capacity and increase an individual’s vulner-
ability to adverse health outcomes following minor stressor 
events [3, 4]. People living with frailty are at higher risk of 
falls, disability, prolonged hospitalisation, admission to care 
homes, and death [3, 4]. There are two main classifications 
of frailty (the deficit model and the phenotype model) and 
many clinical assessment tools used to measure it [4–6]. 
Some instruments use scoring systems and standardised 
cut-offs based on multiple domains including cognitive and 
social items, while others use a single functional measure-
ment, such as hand grip strength [6–8]. Prevalence of frailty 
varies according to the criteria model used and the setting in 
which a population is studied [9].

Chronic diseases, such as lung diseases, are known risk 
factors for the development of frailty [6, 9]. Not surprisingly 
frailty is common in people with COPD. The prevalence of 
frailty in the COPD population varied from 9 to 64% accord-
ing to the criteria of the phenotype model and from 9 to 
28% in studies based on different frailty models (Marengoni 
et al.) [10]. The literature on frailty in COPD is evolving and 
frailty in COPD is common in older patients both in primary 
and secondary care settings [11]. The systematic review and 
meta-analysis on the relationship between COPD and frailty, 
published by Marengoni et al. in 2018 [10], demonstrated a 
two-fold increase of being frail if one has COPD, compared 
to people without COPD. These data did not explore a link 
between adverse outcomes associated with frailty and people 
living with COPD.

The identification of outcomes in patients with COPD 
living with frailty is important to predict disease progression 
and improve clinical outcomes [12, 13]. The primary out-
comes of this review were to assess the prevalence of frailty 
in a population with COPD and to determine the association 
between frailty and mortality in people with COPD. The 
secondary outcomes were to explore the association between 
frailty and readmissions, hospitalisations, and exacerbations.

Study design and methods

The systematic review and meta-analysis were conducted in 
accordance with the Preferred Reporting Items for System-
atic Reviews and Metanalyses (PRISMA) recommendations. 
The protocol was registered through the PROSPERO data-
base (registration number: CRD42022328511).

Search strategy

The search strategy was developed in partnership 
with a specialist librarian. Two researchers (AV, JL) 

independently searched four electronic databases (Pub-
Med, Web of Science, The Cochrane Library and 
EMBASE) for manuscripts published from inception to 
24th March 2022. The search terms were based on Medi-
cal Subject Headings (MeSH) and the following words 
referring to frailty and COPD were used as keywords: 
Pulmonary Disease, Chronic Obstructive Bronchitis, 
Emphysema, AND frailty. The search strategy is outlined 
in Supplementary Information (SI) file. Studies report-
ing information on frailty assessment and COPD in titles 
and abstracts were included. Any disagreement on study 
eligibility was resolved through discussion with a third 
reviewer (JH). A hand search of the reference lists of all 
relevant articles was performed to identify any articles not 
captured by the electronic search. Only full-text reports 
were considered reported in English.

The inclusion criteria were: (1) Study participants 
(≥ 18 years) who were diagnosed with COPD and were 
assessed for frailty. We accepted a diagnosis of COPD 
according to the recognised international GOLD guide-
lines (www. goldc opd. org) confirmed by spirometry (post-
bronchodilator  FEV1/FVC < 0.70). Studies with confirmed 
diagnosis of COPD according to the International Clas-
sification of Diseases (ICD-Codes; www. who. int/ stand 
ards/ class ifica tions/ class ifica tion- of- disea ses) were also 
included; (2) Only studies using a validated method of 
frailty identification were included; (3) Outcome measures 
were: prevalence of frailty and related- mortality and mor-
bidity in patients with COPD; (4) Cross-sectional, longi-
tudinal, prospective or retrospective cohort and case–con-
trol study designs. The review process is summarised in 
a PRISMA flow diagram (Fig. 1). Exclusion criteria were 
patients with COPD listed for lung transplantation.

Data extraction and quality assessment

Study characteristics, demographic information, frailty tool, 
frailty prevalence and outcomes data were independently 
extracted from the included studies. Study authors were 
contacted to clarify or provide additional data where it was 
missing or unclear.

For the studies included the quality assessment was con-
ducted by the two reviewers independently (AV, JL) and 
arbitrated by a third (JH) using the Newcastle–Ottawa Scale 
(NOS) [14], which assesses the risk of bias in observational 
studies. Each domain examined was classified as good, fair 
or poor. Studies were considered to be of good quality where 
they scored good for all domains, fair if they scored fair in 
one or more domain and poor if they scored poorly in any 
domain.

http://www.goldcopd.org
http://www.goldcopd.org
http://www.who.int/standards/classifications/classification-of-diseases
http://www.who.int/standards/classifications/classification-of-diseases
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Outcomes

The primary outcome was mortality in people with COPD 
and frailty. A priori, long-term mortality was defined 
as ≥ 1-year mortality, and short-term mortality was defined 
as in-hospital mortality or 30- or 90-day mortality after 
admission for acute exacerbation of COPD. Secondary 
outcomes were: readmissions to hospital within 30 days 
or 90 days following hospitalisation for AECOPD; hospi-
talisations due to any-cause or COPD; and COPD exac-
erbations rates (patients experiencing at least one COPD 
exacerbation).

Key exposure of frailty

Studies were included if they measured frailty using any 
validated instrument (this could be either a deficit index or 
clinical judgement approach). The following were examples 
of those included: Fried Frailty Phenotype [4], Frailty Index 
[5], Clinical Frailty Scale (CFS) [8], FRAIL Scale [15], 
Canadian Study of Health and Aging Clinical Frailty Scale 
[16], Reported Edmonton Frailty Scale [17], Kihon Check-
list [18], FiND questionnaire [19], PRISMA-7 questionnaire 
[20], Tilburg Frailty Indicator [21], and Frailty Staging Sys-
tem [22]. Frailty was measured as a binary variable as frail 

Fig. 1  PRISMA Flowchart of 
the included studies on COPD. 
From: Page MJ, McKenzie 
JE, Bossuyt PM, Boutron I, 
Hoffmann TC, Mulrow CD, 
et al (2021) The PRISMA 2020 
statement: an updated guide-
line for reporting systematic 
reviews. BMJ 372:n71
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or not frail using the thresholds presented for the individual 
instruments. For example, within the CFS 4–9 were scored 
as frail compared to 1–3 that were not frail. Studies using 
Gait Speed as a surrogate indicator of physical frailty and 
Time Up and Go Test to assess risk of falls were excluded. 
We summarised each of frailty instruments in SI-Table 1D.

Data analysis

The prevalence of frailty was estimated as the median study 
level prevalence, presented alongside the interquartile range.

The primary outcome of mortality was associated with 
frailty. Only studies that were clinically and contextually 
homogenous were considered for pooling. Homogenous 
studies were pooled using a Mantel–Haenszel method with 
a random-effects. Pooled effects were presented as odds 
ratio (OR) with associated 95% CIs, p-values, and I2 sum-
mary data. All pooled meta-analyses were performed using 
Review Manager Version 5.4.

Secondary outcomes were narratively described and, 
where study characteristics were deemed as contextually 
homogeneous, they were associated with frailty as a binary 
variable. Where possible secondary outcomes were pooled 
in a manner consistent with the primary outcome.

Assessment of subgroups and statistical 
heterogeneity

Statistical heterogeneity was measured using the I2 statistic. 
Heterogeneity exceeding 80% was explored using subgroup 
analyses. Pre-specified subgroups to explore heterogeneity 
included; age; gender; study design, type of frailty instru-
ment, and study level risk of bias.

Results

Search results and quality assessment

After removal of duplicates, 699 records were identified. 
One hundred and thirteen (113) full texts were reviewed, 
and 88 of these were excluded for the following reasons: 
not original research articles (editorial, commentary, 
ongoing studies not published, review, inconsistent report-
ing, guideline or congress abstracts); not appropriate study 
design; duplicate data from same study population; articles 
on lung transplantation; diagnosis not according to the 
guidelines. Twenty-five (25) studies included are shown 
in the PRISMA flowchart (Fig. 1). Eleven studies were 
determined as good quality [23–33], fourteen were cat-
egorised as fair quality [34–47]. For further details of the 

quality assessments tool, see SI-Table 1A, SI- Table 1B, 
and SI- Table 1C.

Characteristics of the included studies

The included studies were published between 2018 and 
2022, and of the 25 studies, 11 were cohort studies and 14 
were cross-sectional (Table 1). The studies originated from 
Japan [34–36, 40], Taiwan [41], China [28, 45], Singapore 
[32], Turkey [47], Greece [33], Italy [26, 43, 46], Spain [38, 
39], the United Kingdom [24, 30], the Netherlands [42], Bra-
zil [23], USA [25, 29, 31], and Canada [27, 44]. Of the 25 
studies, 5882 participants were included, 46.5% were male 
(2735/5882). There was a range of frailty assessment tools 
used in the included studies, of which 22 were deemed suit-
able for inclusion in the frailty prevalence estimation. The 
average age of the participants was 70 years old; this does 
not include the study by Mustafaoğlu et al. [47] as the mean 
age was not recorded, although the study reported age range 
65–84 (Table 1).

Frailty prevalence in COPD

Prevalence was assessed using 11 different frailty scales, 
with the most common being the Fried Frailty Phenotype, 
the Frailty Index, and the Kihon Checklist. Two of the 25 
included studies [30, 41] did not report data on prevalence of 
frailty in COPD. Of 29 included studies, the median preva-
lence of frailty in COPD patients was 47 (IQR, 39.3–66.3; 
range 6.4–72%) (SI- Table 1D and SI- Table 1E). The overall 
prevalence of pre-frailty ranged between 19.6 and 73.7%. 
Only one study, Gephine et al. [44], included patients with 
COPD with chronic respiratory failure defined as use of 
long-term oxygen therapy and/or non-invasive ventila-
tion. The overall prevalence of frailty in COPD was 43% 
(SI- Table 1C).

Mortality

Seven longitudinal studies explored the relationship between 
frailty and long-term mortality across 2560 participants [51]. 
Five studies [28, 29, 32, 50, 52] found a positive association, 
whilst two studies [25, 26] reported no association.

Two studies [27, 45] explored the influence of frailty 
on short-term mortality across 544 patients. Both studies 
reported an association between being frail and mortality.

Overall, there was an association found with patients with 
COPD living with frailty and increased risk of mortality 
compared to patients with COPD without frailty pooled OR, 
4.21 (95% CI 2.99–5.93, I2 55%) (Fig. 2).

One study, Kennedy et al. [29], conducted a retrospective 
analysis of 2-year survival data from the 5-year, multicentre 
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study. They found a significantly reduced survival in frail 
participants with a mortality rate of 36% compared to 16% in 
non-frail or pre-frail participants. Therefore, we performed 
a subgroup analysis of the six studies which reported long-
term mortality only [25, 26, 28, 32, 50, 52], excluding the 
data of the Kennedy study [29]. The results showed OR, 0.16 
(95% CI 0.07–0.25, I2 84%) (SI-Fig. 3).

Readmission

Three studies [30, 31, 48] investigated readmissions within 
30 and 90 days. Of three studies involving 255 patients, all of 
them [30, 31, 48] found positive associations between frailty 
and readmission. Witt et al. [31] demonstrated an Odds Ratio 
of 19.31 (1.07–349.03) in a small sample (n = 70) of which 
all 8 readmitted patients were living with frailty. Alqahtani 
and colleagues [30] demonstrated that people who were 
readmitted had a higher frailty index than those who were 
not admitted but did not provide data on the exact numbers 
of people readmitted. Bernabeu-Mora and colleagues [48] 
reported a trend (p = 0.002) showing increased readmission 
with increasing frailty [49].

Hospitalisation

Three studies [25, 28, 29] investigated hospitalisations, 
which included 1491 participants in stable condition. All 
of these studies reported at some evidence of an association 
between frailty and hospitalisation. Yee and colleagues [25] 
demonstrated that frailty phenotype was associated only with 

non-COPD-related hospitalisations (Incidence Rate Ratio 
2.62, 95%CI 1.00–6.84, p = 0.05). Luo et al. [28] showed 
that all-cause hospitalisations were significantly higher in 
the frail group versus the non-frail group (p < 0.001). The 
study of Kennedy et al. [29] found that frailty phenotype 
was associated with increased incidence of hospitalisations 
(p = 0.02).

Exacerbations

Three studies [25, 32] explored the relationship between 
frailty and risk of future moderate-to-severe exacerbations 
within the next year. Two studies, including 1751 patients, 
showed no association. One study [28] found a positive asso-
ciation (n = 309) showing that the risk of moderate-to-severe 
acute exacerbation within one year was higher in patients 
with COPD and frailty compared to patients without frailty 
(p < 0.001).

Of the included studies, eight [23, 24, 26, 28, 33, 38, 
44] across 1697 participants investigated the relationship 
between frailty and the number of COPD exacerbations in 
the past year. Only three studies [28, 38, 44] reported the 
exact number of patients with ≥ 1 or ≥ 2 exacerbations of 
COPD within the last year. Only one [28] of these three 
studies found that, in 309 patients with COPD, people liv-
ing with frailty had more previous exacerbations than those 
living without frailty (p < 0.001). Overall, there was no asso-
ciation found with patients with COPD living with frailty 
and increased risk of previous exacerbations compared to 
patients with COPD without frailty (pooled OR, 1.45 95%CI 
0.37–5.70, I2 80%) (SI-Fig. 4).

Fig. 2  A meta-analysis of frailty and mortality in COPD. Forest plot demonstrating effect of frailty on all-cause short- and long-term mortality. 
The mortality of patients with COPD living with or without frailty were compared across nine studies
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Discussion

The main objective of this review was mortality in people 
with COPD and frailty. The secondary aims were preva-
lence of frailty in COPD and influence of frailty on hospi-
talisations, readmissions, and exacerbations in patients with 
COPD. This study identified 25 studies with 5882 patients. 
Eleven studies were good quality, and the remaining fourteen 
fair quality.

This is the first study to systematically review the lit-
erature on mortality and frailty in patients with COPD. We 
demonstrated that all-cause mortality in COPD was associ-
ated with being frail in both the short and longer term. Most 
existing evidence on long-term mortality in COPD includes 
studies that assess patients hospitalised for AECOPD, 
both in general medicine wards and Intensive Care Units 
[53–56]. The systematic review of Singanayagam et al. [57] 
concluded that short-term mortality, including in-hospital 
mortality, was influenced by multiple factors in hospitalised 
patients for AECOPD such as age and comorbidities which 
could be inferred as similar to the syndrome of frailty.

The study demonstrated that nearly 50% of patients with 
COPD, diagnosed using the GOLD criteria, were living with 
frailty. The frailty instruments used in these studies (Fried 
model and Frailty Index) [4, 5] are have been extensively 
validated in people aged over 65 years [58]. In younger pop-
ulations, they have been used although much less widely 
[59], therefore generalizing to younger populations with 
COPD, should be done with caution.

For the prevalence estimate, we included three studies 
[42–44] that explored the relationship between frailty and 
pulmonary rehabilitation in patients with COPD. Finamore 
et al. [43] confirmed the influence of frailty on the walk-
ing distance during and after the programme and showed 
greater improvement in rehabilitation outcomes in frail 
patients compared to non-frail patients [60]. These findings 
are in line with the study of Maddocks et al. [12]. At the 
start of rehabilitation programme, ter Beek et al. [42] found 
high coexistence of malnutrition and frailty in participants 
with COPD. Gephine et al. [44] reported a greater use of 
nutritional supplements in patients with COPD with chronic 
respiratory failure and frailty. Nutritional status is one of 
the components of assessment in pulmonary rehabilitation 
and is important in determining frailty. Rehabilitation pro-
grammes that improve levels of physical activity and mal-
nutrition can increase quality of life and reduce number of 
hospitalisations and mortality in patients with COPD [www. 
goldc opd. org, 60]. These programmes should be recom-
mended to make lifestyle changes that might potentially 
decrease or reverse frailty in COPD. While not the focus 
of this systematic review, these studies highlight the inter-
ventions to ameliorate the high prevalence of frailty in this 

population can be beneficial. This emphasizes the need for 
pulmonary rehabilitation and frailty be studied further in 
people living with COPD.

The study showed there is some evidence of positive 
association between the frailty phenotype and hospitaliza-
tion in patients with COPD. Also, the review found that 
readmissions to hospital within three months after acute 
exacerbation were more frequent in patients with COPD and 
frailty. Although these findings require future studies and 
larger samples to explore better these relationships, these 
results are consistent with frailty adversely contributes to a 
range of poor outcomes in COPD, which would be in line 
with the literature.

The study investigated the role of frailty and the risk of 
exacerbations of COPD, with no convincing associations 
demonstrated. However, only a few studies were identified, 
confirming the need for further longitudinal reports in this 
population. Specifically, only a small number of studies 
reported the exact number of patients who had an exacer-
bation and the exact number of those exacerbations. Most 
authors reported the mean or median value of exacerbations 
making meta-analyses difficult and we would urge future 
authors to report these detailed data.

A strength of this review is the use of GOLD guidelines 
for the diagnosis of COPD. These guidelines are the interna-
tionally recommended standard for the diagnosis and man-
agement of COPD. COPD is commonly self-reported, which 
is known to underestimate the true prevalence of disease. 
Therefore, this review provides by far the most accurate 
estimate of frailty with COPD. This systematic review had 
some limitations. First, the review included only nonran-
domized studies and reverse causality cannot be ignored. 
Also, while we only considered recognised frailty tools for 
the diagnosis of frailty, we considered 11 different frailty 
instruments. Hence some heterogeneity cannot be excluded. 
However, whilst the different frailty tools may have offered 
the contextual diversity, they were not able to explain the 
heterogeneity. This represents an additional weakness of the 
review. In addition, the length of follow up in the included 
studies may have explained some of the heterogeneity found 
in the analysis of long-term mortality.

Future research should explore frailty as a modifiable 
risk factor and the development of clinical interventions to 
reverse the effect of frailty such as pulmonary rehabilita-
tion that may, potentially, reduce health-care use and rate of 
admissions in routine practice.

Conclusion

The study shows a high prevalence of frailty in people with 
COPD diagnosed according to GOLD criteria. Our review 
suggests that frailty has a clear association with mortality 

http://www.goldcopd.org
http://www.goldcopd.org
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in COPD. This data can be used to support shared deci-
sion-making in hospital settings. Our findings highlight the 
need of early identification of patients with COPD living 
with frailty to minimise their risk. Further work is urgently 
needed to identify a single frailty assessment tool that 
includes physical, cognitive and social domains for patients 
with COPD to accurately capture the complexity of the 
condition.
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