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The prognosis of pre-frail chronic
obstructive pulmonary disease patients for
hospitalizations and mortality depends on
their level of functional physical
performance
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Joaquina Montilla-Herrador1,2, Pilar Escolar-Reina1,2 and
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Abstract

Objective: To determine if pre-frail Chronic obstructive pulmonary disease (COPD) patients with poor and non-poor
performance in the five-repetition sit-to-stand test (5-STS) had a worse prognosis for hospitalization and mortality at
2 years and for mortality at 5 years than non-frail patients.

Methods: We prospectively included patients with stable COPD, between 40 and 80 years, from a hospital in Spain.
Patients were classified according their performance on the 5-STS test and level of frailty. Timing, number of hospital-
izations, length of stay, and timing and rate of mortality were outcome measures. Patients were followed for 2 years for
exacerbations and for 5 years for mortality. Kaplan-Meier curves and univariate and multivariate Cox proportional-hazard
analyses, ANOVA tests and univariate and multivariate linear and logistic regression models were used.

Results: Of the 125 patients included, 25.6% were pre-frail with poor performance, 57% pre-frail with non-poor
performance, and 17.4% non-frail with non-poor performance. Pre-frail patients with poor performance had a higher
number of hospitalizations (adjusted beta: 0.49; 95% CI: 0.01–0.96), mortality rates (odds ratio: 11.33; 95% CI: 1.15–
110.81), and risk at 5 years (adjusted hazard ratio: 8.77; 95% CI: 1.02–75.51) than non-frail patients. Pre-frail patients with
poor performance also had worse prognoses than non-frail patients with respect to length of hospital stays (increased by
4.16 days) and timing to first hospitalization (HR: 6.01) in unadjusted models, but not when adjusted.

Conclusion: The COPD prognosis of pre-frail patients with respect to the number of exacerbations with hospitalization
and the timing and rate of mortality is dependent of functional performance.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a
common cause of death worldwide, and its morbidity and
mortality are constantly increasing.1 COPD is a heteroge-
neous disease in which patients with the same forced ex-
piratory volume in 1 s (FEV1) differ considerably in their
disease characteristics.2,3 As consequence, in recent years
there has been a tendency to group patients with similar
attributes in clusters called phenotypes that are associated
with prognosis and important clinical outcomes.2 One of the
phenotypes most studied in COPD is the physical frailty
described by Fried, which determines the frailty status of the
patient that according to the presence of one or more
characteristics patients were classified as frail (three or more
characteristics), pre-frail (one or two), and non-frail (none).4

Several studies have shown that the prevalence of frailty
among COPD patients is 20–50%, while pre-frailty prev-
alence is usually higher.5,6

The frailty phenotype has shown that frail patients have a
worse disability outcome after rehabilitation than non-frail
patients.5 Moreover, several longitudinal studies have found
that mortality among frail COPD patients was up to 4-fold
higher than in non-frail patients.7–9 Similarly, Kennedy et al.
recently reported that frail patients have shorter times to first
hospitalization and death, and longer length of hospital stay
than non-frail patients.10 However, the prognosis of pre-frail
patients was not significantly different than that of non-frail
patients.10 Thus, while the prognosis of frail patients is well
known, the impact of pre-frailty remains to be verified.10,11

Some studies have suggested that pre-frail patients vary
considerably in their performance of some musculoskeletal
and cardiorespiratory functions, such as lower-limb strength
and aerobic capacity.5,12 While impairments of these
functions have shown an independent association with
mortality and exacerbations in patients with COPD,13–15

their interaction with the frailty phenotype has not still been
analysed. Focussing on this issue, we hypothesized that pre-
frail patients could have any sub-phenotype, based on the
performance of these functional measures, with a different
prognosis than non-frail patients. For this, we use the 5-STS
because performance in this test of functional capacity
reflects both lower-limb muscle strength and aerobic ca-
pacity in COPD patients.16,17

Our main objective was to determine if pre-frail out-
patients with stable COPD with poor and non-poor per-
formance in the 5-STS have a worse prognosis for

exacerbation with hospitalization and mortality at 2 years
than do non-frail patients. A secondary objective was to
determine if an increased follow-up time of 5 years had an
effect on mortality prognosis.

Materials and methods

Participants and study design

A consecutive sample of eligible patients with stable COPD
was recruited prospectively from an outpatient pulmonary
service at hospital in Spain during 2014, as described in a
previous cross-sectional study.17 All study participants
provided written informed consent, and the study protocol
was approved by the institutional review board of the
hospital, called the “Ethical Committee of Clinical Research
of the General University Hospital”. While the initial
protocol included a follow-up period of 2-years (approval
number: EST-35/13), a subsequent version encompassed 5-
years overall (approval number: EST-66/20). All methods
were performed in accordance with the relevant guidelines
and regulations. Inclusion criteria were a diagnosis of
COPD according to the Global Initiative for COPD (GOLD)
recommendations (i.e., FEV1/forced vital capacity, post-
bronchodilator ratio <70%),18 stable stage (without exac-
erbations in the previous 3 months), either pre-frail or non-
frail, and aged 40–80 years. Exclusion criteria were unstable
cardiac condition within 4 months of the start of the study,
cognitive deterioration, inability to walk, and frail
phenotype.

A pulmonary physician assessed their eligibility for
inclusion among all patients with stable COPD that attended
their follow-up visits. All patients participated in an annual
follow-up program consisting of medical consultations
including update of their medical treatments; none of the
participants was involved in rehabilitation programs.

Measures

Patients participated in the baseline data collection and were
followed up for 2 years (2014–2016) for exacerbation-
related outcome measures and for 5 years (2014–2019)
for mortality. At baseline, we obtained data regarding so-
ciodemographic, clinical, and pulmonary and non-
pulmonary variables, as described elsewhere.19 We also
measured frailty.
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Briefly, demographic characteristics included age and
sex. The clinical and pulmonary measures were history of
smoking in pack-years, body mass index (calculated as
mass [kg]/height [m2]), number of comorbidities (measured
with a functional comorbidity index),20 the number of se-
vere exacerbations in the previous year (defined as an ex-
acerbation requiring an urgent visit to the emergency
department with hospital admission), grade of dyspnoea
(measured using the modified British Medical Research
Council [mMRC] scale21), perceived health status assessed
by the COPD Assessment Test (CAT categorized as ≥10 or
<10, as recommended),19,22 and the FEV1 in percentage as
determined by use of post-bronchodilator spirometry with a
MasterScope Spirometer (version 4.6, Jaeger, Würzburg,
Germany) according to the American Thoracic Society
guidelines.23

Non-pulmonary variables included quadriceps strength,
short physical performance battery (SPPB) test scores, and
self-reported mobility limitations. Quadriceps strength was
assessed on the dominant side with a hand-held dyna-
mometer (HHD) (Nicholas Manual Muscle Tester, model
01160; Lafayette Instrument). To measure quadriceps
strength, participants stayed seated with the knee flexed 70°
and a break test was performed.24 Gait velocity and 5-STS
and balance tests were assessed according to the National
Institute on Aging protocol for the SPPB.17 Velocity was
reported in m/s and measured with the 4-m gait speed test;
the 5-STS was reported in seconds taken to stand 5 times
from a sitting position as rapidly as possible. The three
SPPB sub-tests were scored from 0 to 4, with a higher score
denoting better performance; the total SPPB test was scored
from 0 to 12.17 Self-reported mobility limitations were
measured using a questionnaire.25

Frailty was defined using the Fried phenotype model,4

which is well established and has been validated in large
epidemiological studies.26 It consists of five features that
reduce physiologic reserve and precipitate a state of vul-
nerability: unintentional weight loss, low physical activity,
exhaustion, slow walking speed, and low grip strength. All
cut-off points used were according to the original values of
Fried4: unintentional weight loss equal or greater than 4.6 kg
of body weight in the last year assessed by collecting in-
formation from the medical record; low physical activity
was identified by a score on the Spanish Short Version of the
Minnesota Leisure Time Physical Activity Questionnaire27

in the lower quintile adjusted by sex; exhaustion was
identified using two questions from the Center for Epide-
miologic Studies Depression Scale (CES-D scale),28 with a
positive answer to one of the two questions; slow walking
speed, assessed as a 4-m gait-speed29 lower than the 20th
percentile and adjusted for sex and height; and low grip
strength was assessed using a handgrip dynamometer30 and
defined as strength below the 20th percentile, adjusted for
sex and BMI. Patients meeting none of the Fried criteria

were considered non-frail, those meeting 1–2 criteria were
considered pre-frail, and those meeting ≥3 criteria were
considered frail.

In addition, pre-frail patients as well non-frail patients
were classified into another two groups: patients with poor
performance and non-poor performance in the 5-STS. For
this we used a time cut-off of 15.98 s, which was established
in a previous study to identify patients with higher exac-
erbation risk at 1 year31

Outcome measures

The outcome measures were related to exacerbations with
hospitalization (time until the first hospitalization, the total
number of hospitalizations, and length of stay per hospi-
talization) and to mortality (timing and rate of all-cause
mortality at 2 and 5 years). We focused on all-cause
mortality because the determination of cause of death is
prone to misclassification and difficult to perform, even if
centrally adjudicated. All outcome measures were collected
from the patients’ electronic files.

Statistical analyses

Participants’ characteristics at baseline were summarised.
Categorical variables were expressed as counts (%) and
continuous variables as mean (± standard deviation) or
median (interquartile range [IQR]) as appropriate. The one-
way analysis of variance with Bonferroni correction applied
to a post hoc pairwise comparison and chi-squared tests
were used to compare these characteristics between the pre-
frail and non-frail groups.

Time to death at 2 and 5 years and time to first hospi-
talization were modelled using Cox proportional-hazards
models. First, we used unadjusted models to compare both
pre-frail groups, with poor and non-poor performance, with
non-frail patients. Second, we adjusted for age, sex, mMRC
scale, and FEV1, as previously done,10 and we also added
other clinical/pulmonary variables that showed differences
between the pre-frail groups of our sample (e.g., CAT)
because they could be confounders. Kaplan-Meier curves
and log-rank tests were also used for these time-to-event end
points.

The total number of hospitalizations and mean of length
of stay per hospitalization during 2 years were modelled
using linear multivariable regression models. Differences
between mortality rates were also adjusted using logistic
regression models with the same covariates.

Sample size calculation was based on the rule of thumb
that 15 subjects per predictor are needed for a reliable
equation in multiple regression models.22 We recruited a
minimum of 105 participants, assuming a maximum of 7
predictors. All analyses were performed using the Statistical

Medina-Mirapeix et al. 3



Package for the Social Sciences (SPSS) version 24.0 (IBM
SPSS, Chicago, IL, USA).

Results

Participants

Of the 147 patients with COPD that were enrolled initially,
22 failed to meet our study inclusion criteria (12/22 were
frail). Therefore, 125 patients were finally included in our

patient cohort at baseline. The mean age of the entire cohort
was 66 years and most of the subjects were male (86.8%). A
total of 31 (25.6%) patients were considered pre-frail with
poor performance, 69 (57%) pre-frail with non-poor per-
formance, and 21 (17.4%) non-frail with non-poor per-
formance. There were only 4 non-frail patients with poor
performance, and they were excluded for comparisons
between groups. Participant characteristics and compari-
sons between these groups are provided in Table 1. Pre-frail
patients with poor and non-poor performance were

Table 1. Participant characteristics of study population, and comparisons between groups.

Characteristics All
Pre-frail with poor
performance

Pre-frail with non-poor
performance

Non-frail with non-poor
performancec p-value

Number of subjects, n (%) 125 31 (25.6) 69 (57) 21 (17.4)
Demographics variables
Age (years), mean (±SD) 66 (8.4) 69 (7.7) 67 (7.0) 59 (9.9)a,b <0.001
Male, n (%) 105 (86.8) 27 (87.1) 61.0 (88.4) 17 (81.0) 0.676

Clinical and pulmonary variables
BMI (kg/m2), mean (±SD) 29.0 (5) 28.3 (5.4) 29.8 (4.9) 27.4 (4.8) 0.955
Number Comorbidities, median

(IQR)
3 (2,5) 3 (3) 3 (3) 2 (2)a,b <0.001

Smoking pack-years, mean
(±SD)

57.4 (25.0) 66.0 (26.9) 59.0 (23.6) 40.0 (18.2)a,b <0.001

Current smoker, n (%) 38(31.4) 10 (32.3) 22 (31.9) 6 (28.6) 0.953
Total number of exacerbations,

median (IQR)
2 (2) 3 (2) 2 (1) 2 (2.5) 0.972

Total number of severe
exacerbations, median
(IQR)

1 (1) 1 (1) 1 (1) 0 (1)a 0.024

FEV1 (% predicted), mean (±SD) 51.4 (16.6) 46.0 (17.5) 53.2 (16.5) 53.6 (14.5) 0.367
CAT ≥10, n (%) 85 (70.2) 29 (93.5) 43 (62.3)a 13 (61.9)a 0.004
Dyspnea score (mMRC), median

(IQR)
1 (1) 2 (1) 1 (0.5) 1.5 (1) <0.001

GOLD stage, n (%) 0.093
A 24 (19.8) 2 (6.5) 17 (24.6) 5 (23.8)
B 20 (16.5) 6 (19.4) 11 (15.9) 3 (14.3)
C 11 (9.1) 0 (0) 8 (11.6) 3 (14.3)
D 66 (54.5) 23 (74.2) 33 (47.8) 10 (47.6)

Domiciliary oxygen therapy, n
(%)

27 (22.3) 11 (35.5) 14 (20.3) 2 (9.5) 0.073

NIV at home, n (%) 13 (10.7) 5 (16.1) 7 (10.1) 1 (4.8) 0.418
Non-pulmonary variables
Quadriceps strength (kg), mean

(±SD)
15.9 (2.8) 14.3 (3.0) 16.1 (2.5)a 17.8 (2.1)a,b <0.001

Gait speed (m/s), mean (±SD) 0.94 (0.2) 0.7 (0.1) 0.9 (0.1)a 1.1 (0.2)a,b <0.001
5-STS time (s), mean (±SD) 15.3 (7.4) 22.7 (11.3) 12.9 (1.7)a 12.0 (2.8)a <0.001
SPPB score, mean (±SD) 9.9 (1.7) 7.8 (1.3) 10.5 (1.1)a 10.8 (1.1)a <0.001
% activities with limitations,

mean (±SD)
20.3 (17.1) 31.6 (20.4) 18.3 (15.0)a 10.1 (6.8)a <0.001

ap < .05 respect pre-frail poor performance.
bp < .05 respect pre-frail non-poor performance.
cOnly 21/25 non-frail with non-poor performance patients are shown (4/25 had poor performance).
SD: standard deviation; BMI: body mass index; FEV1: forced expiratory volume in 1 s; CAT: COPD Assessment Test; mMRC: modified British Medical
Research Council; IQR: interquartile range; 5-STS: five-repetition sit-to-stand test; SPPB: short physical performance battery.
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significantly different in CAT and all non-pulmonary var-
iables. Non-frail patients were significantly different from
the rest of the pre-frail groups in age, number of co-
morbidities, smoking pack-years, quadriceps strength, and
gait speed. A total of 27 patients (33.75%) died within the
5 years of observation, including 7 within the first 2 years.
Of the remaining 98 patients, only one was lost to follow-
up.

Timing to first hospitalization, number of
hospitalizations, and length of stay

The Kaplan-Meier plot (Figure 1) shows that the combi-
nation of pre-frailty and functional performance was as-
sociated with time to first hospitalization due to
exacerbation (log-rank test, X2 = 13.3; p = .001). The
cumulative percentage of pre-frail patients with poor per-
formance increased faster over time compared with the rest
of the groups, and 62% of them had at least one hospi-
talization at 2 years. In addition, unadjusted Cox regression
showed that pre-frailty with poor performance was asso-
ciated with time to hospitalization (hazard ratio [HR]: 6.01;
95% CI: 1.76–20.44; p = .004), but not when it was adjusted
(aHR: 3.59; 95% CI: 0.91–14.11; p = .067).

Table 2 shows that pre-frail patients with poor perfor-
mance had a higher number of hospitalizations due to ex-
acerbations during the 2 years and longer length of stays than
non-frail patients (mean of 0.73 hospitalizations and a 4.16-
day increase, respectively), but after adjusting, only differ-
ences related to the number of hospitalizations remained
statistically significant (aBeta: 0.49; 95% CI: 0.01–0.96; p =
0.042). Pre-frail patients with non-poor performance and
non-frail patients were not significantly different.

Timing and mortality rate at 2 and 5 years

At 2 years, pre-frail patients with poor performance had
significantly worse survival by Kaplan-Meier survival
analysis (log-rank test, X2 = 8.71; p = .013) (Figure 2). Nev-
ertheless, the adjusted Cox regression models showed non-
significant higher risk for pre-frail patients with poor perfor-
mance than for non-frail patients (HR of 2.37; 95% CI: 0.17–
32.36; p = .632) (see Table 3). The 2-year event rate for
mortality was higher in pre-frail patients with poor performance
than in non-frail participants (16.1% vs. 4.8%, respectively), but
adjusted logistic regression models also showed non-significant
differences (OR: 10.18; 95% CI: 0.97–105.95).

At 5 years, Kaplan-Meier survival analysis (log-rank
test, X2 = 24.77; p < .001) and adjusted Cox regression
models showed that pre-frail patients with poor perfor-
mance had higher mortality risk than non-frail patients
(aHR: 8.77; 95% CI: 1.02–75.51). The event rate for
mortality of pre-frail patients with poor performance

increased significantly with respect to non-frail patients
(51.6% vs. 4.8%), and the ORs were statistically significant
even when they were adjusted (OR: 11.33; 95% CI: 1.15–
110.81). Pre-frail patients with non-poor performance and
non-frail patients were not significantly different, except in
their adjusted mortality rates (Figure 2).

Discussion

To our knowledge, this is the first study comparing prog-
noses for exacerbations with hospitalization and mortality
between groups of non-frail and pre-frail patients with poor
and non-poor functional performance in the 5-STS. We
found that pre-frail patients with poor performance on the 5-
STS had a higher number of hospitalizations during 2 years,
and higher rates and mortality risk at 5 years, than non-frail
patients. In contrast, the prognosis of pre-frail patients with
non-poor performance did not differ from that of non-frail
patients, except in their 5-year mortality rates.

Our results reveal different prognoses for the two groups
within the pre-frail phenotype. This finding suggests the ex-
istence of two sub-phenotypes based on functional perfor-
mance on the 5-STS. The prognostic value of poor functional
performance has been widely demonstrated,13–15 but without
regard to its relationship to frailty phenotypes, which we have
examined in the present study. One of the preferred functional
measures has been the 6-min walking test (6-MWT). For
example, Morakami et al. showed that patients with poor
performance in aerobic capacity as measured using the 6-
MWT were more than twice as likely to experience exacer-
bations at 2 years than were those whose exercise capacity was
preserved.32 Despite the relevance of the 6-MWT, it is not
typically measured by pulmonologists in the clinic due to time
constraints, equipment, and obvious space requirements.17 So
that, in our study we have shown that a simpler and faster test,

Figure 1. Cumulative incidence of time to first hospitalization
stratified by the pre-frailty with poor and non-poor
performance and non-frailty phenotype.
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such as the 5-STS, can be used to define possible sub-
phenotypes within the frailty phenotype.33

As expected, at least one of our hypotheses with respect
to exacerbations was confirmed. Our results are evidence
that, while pre-frail patients with poor performance clearly
had a higher number of hospitalizations than non-frail
patients over a 2-year follow-up, those with non-poor
performance did not. These results seem reasonable since
it has been recognized that skeletal muscle dysfunction is a

common feature in subjects with COPD.34 In addition,
previous studies have shown that pre-frail and non-frail
patients have different physical activity, and may play a
significant role in morbidity and mortality.12,13,35–37 In
particular, a poor performance in the 5-STS has been shown
to be a predictor of re-hospitalization31 and survival in
COPD patients.35

However, hypotheses about timing and length of stay
remained to be confirmed. Despite pre-frail patients with
poor performance clearly having a higher tendency to faster
timing to first hospitalization and longer length of stay per
hospitalization than non-frail patients, these tendencies
were not statistically significant. This non-significant as-
sociation could be explained by the low number of non-frail
patients with any hospitalization during the 2-year follow-
up.

Regarding mortality, the low number of deaths at 2 years
is probably also one of the reasons that explain our finding
of non-differences between pre-frail and non-frail patients.
However, when we extended the follow-up time to 5 years,
our study demonstrated that while pre-frail patients with
poor performance clearly had faster times to hospitalization
and greater mortality risk than non-frail patients, pre-frail
patients with non-poor performance did not. This finding is
novel and is not comparable to those of the Kennedy study,
which explored only mortality at 2 years. Nevertheless,
previous studies support an independent association of
measures of physical performance (e.g., exercise capacity
and sit-to-stand) with increased all-cause mortality risk at

Table 2. Associations of pre-frailty with hospitalized in this cohort during 2-years.

Pre-frail with poor
performance

Pre-frail with non-poor
performance

Non-frail with non-poor
performance

Number of subjects with ≥1
hospitalizations, n (%)

18 (58.1)/31 22 (32.3)/69 3 (14.3)/21

Requires ICU, n (%) 2 (6.5) 2 (2.9) 0 (0)
Not require ICU, n (%) 16 (93.5) 20 (97.1) 3 (100)
Total number of hospitalizations
Mean, SD 0.96 (1.11)a,b 0.35 (0.53) 0.23 (0.62)
Beta (95%CI) 0.73 (0.31-1.14);0.001 0.11 (-0.25-0.48);0.36
Adjusted beta standarized (95%CI)c 0.49 (0.01-0.96);0.042 -0.008 (-0.39-0.37);0.966
Adjusted beta standarized (95%CI)d 0.49 (0.01-0.96);0.043 -0.009 (-0.39-0.37);0.963

Length of stay (days) per hospitalization
Mean, SD 11.16 (8.52) 7.20 (3.76) 7.00 (2.64)
Beta (95%CI) 4.16 (-3.67-12.01);0.289 0.20 (-7.53-7.94);0.958
Adjusted beta standarized (95%CI)c 2.29 (-6.74-11.33);0.610 -0.34 (-8.94-8.24);0.934
Adjusted beta standarized (95%CI)d 2.31 (-6.82-11.45);0.610 -0.76 (-9.59-8.06);0.861

ap < .05 respect non-frail.
bp < .05 respect pre-frail non-poor performance.
cAdjusted: age, sex mMRC, % FEV1.
dAdjusted: age, sex mMRC, % FEV1 and CAT.
SD: standard deviation; CI: confidence interval; mMRC: modified British Medical Research Council; FEV1: forced expiratory volume in 1 s; CAT: COPD
Assessment Test.

Figure 2. Kaplan-Meier curves for time to death stratified by the
pre-frailty with poor and non-poor performance and non-frailty
phenotype.
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5 years35,38,39 One study even found that the 5-STS test is a
mortality predictor at both 2 and 5 years35

Implications for practice and research

In recent years, various studies on COPD have focused on
describing patients based on different phenotypes.2 Rec-
ognition of such phenotypes enables clinical screening of a
unique population at risk and enables personalized medical
regimens. We believe that the pre-frailty phenotype based
on physical performance will allow discrimination between
patients who were previously grouped into a single group
and whose prognosis, in terms of hospitalizations and
mortality, has been shown to be different.

Assessing the pre-frailty phenotype based on physical
performance will help clinicians counsel their patients in a
more personalized treatment. In fact, other studies have
reinforced the finding that responses to treatment vary
among patients with the frailty phenotype in COPD. For
example, physical rehabilitation programs produce signif-
icant improvements in exercise capacity and lower limb
strength in most frail patients over 80 years of age.40

Maddocks and his colleagues have also suggested that
pulmonary rehabilitation shows greater improvement in
pre-frail COPD patients than in frail patients.5

Future research should assess whether the combination
of the frailty phenotype with physical performance mea-
sured with the 5-STS could help to monitor disease

Table 3. Associations of pre-frailty and non-frailty based physical performance with mortality in this cohort.

Pre-frail with poor
performance

Pre-frail with non-poor
performance

Non-frail with non-poor
performance

Mortality at 2 years
Number of subjects 31 69 21
Number of deaths 5 1 1
Rate per 100 person-years 8.6 0.73 2.38
Two-year event rate
(95%CI)

16.1 (7.09-32.63) 1.45 (0.26-7.76) 4.8 (0.85-22.67)

Adjusted odds ratio
(95%CI)b

10.18 (0.97-105.95) 2.27 (0.15-34.04)

Adjusted odds ratio

(95%CI)c

10.53 (0.95-116.01) 2.32 (0.15-35.6)

Crude hazard ratio
(95%CI)

3.64 (0.42-31.25) 0.30 (0.01-4.91)

Adjusted hazard ratio
(95%CI)b

2.37 (0.17-32.36) 0.24 (0.01-4.46)

Adjusted hazard ratio
(95%CI)c

2.39 (0.17-33.12) 0.24 (0.01-4.44)

Mortality at 5 years
Number of subjects 31 69 21
Number of deaths 16 10 1
Rate per 100 person-years 12.75 3 0.95
Five-year event rate
(95%CI)

51.6 (34.84-68.03)a 14.5 (8.07-24.66) 4.8 (0.85-22.67)

Adjusted odds ratio
(95%CI)b

11.33 (1.15-110.81)a 4.96 (1.69-14.38)a

Adjusted odds ratio
(95%CI)c

10.99 (1.11-108.2)a 4.72 (1.58-14.13)a

Crude hazard ratio
(95%CI)

14.56 (1.92-110.00)a 3.15 (0.40-24.60)

Adjusted hazard ratio
(95%CI)b

8.77(1.02-75.51)a 2.24 (0.27-18.35)

Adjusted hazard ratio
(95%CI)c

8.61(1.01-74.5)a 2.28 (0.27-18.73)

ap < .05 respect non-frail.
bAdjusted: age, sex mMRC, % FEV1.
cAdjusted: age, sex mMRC, % FEV1 and CAT.
CI: confidence interval; mMRC: modified British Medical Research Council FEV1: forced expiratory voume in 1 s; CAT: COPD assessment est.
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progression and predict differential treatment responses to
interventions.41 In addition, further studies are needed to
replicate and confirm the value of the results obtained.

Strengths and limitations

This study has two main strengths. First, we explored the
prognostic value of pre-frailty and non-frailty based on
physical performance, which to our knowledge has not been
published previously. Second, we included an exhaustive
selection of confounders to ensure comprehensive control of
potential confounding.

This study also has limitations. First, because the small
sample size of the group of non-frail patients with poor
performance, we could not compare the prognosis of pre-
frail groups with that of those non-frail patients. Second,
due to the small number of deaths at 2 years, a type II error
could have been made when we did not find some differ-
ences in prognosis between the two pre-frailty groups in
comparison to the non-frail. Third, although we included a
wide variety of potential prognostic factors to control for
confounding, some important factors may have been
omitted (e.g., physical activity, participation in rehabilita-
tion programs). Finally, as our study was developed in one
centre and included a small number of women, general-
isations should be made with caution.

Conclusions

Chronic obstructive pulmonary disease prognosis in pre-
frail patients with regard to the number of exacerbations
with hospitalization and timing and mortality rates is de-
pendent on their level of functional performance. The im-
pact of that performance on timing to the first hospitalization
and length of hospital stays remains to be verified.
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Appendix

Abbreviations

BMI Body mass index
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CAT COPD Assessment Test
CES-D scale Center for Epidemiologic Studies

Depression Scale
CI Confidence interval

COPD Chronic obstructive pulmonary disease
FEV1 Forced expiratory volume in 1 s
GOLD Global Initiative for Chronic Obstructive

Lung Disease

HHD Hand-held dynamometer
HR Hazard ratio
IQR Interquartile range
Kg Kilogram
OD Odds ratio

SPPB Short physical performance battery
5-STS five-repetition sit-to-stand test

m2 square meter
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