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 Original Article

 Pulmonary rehabilitation improves frailty and gait 
speed in some ambulatory patients with chronic 

lung diseases

Neha Mittal MD, Rishi Raj MD, Ebtesam Islam MD, PhD, Kenneth Nugent MD

Abstract

 Objective: To determine the effect of rehabilitation on frailty markers in patients with 
chronic lung diseases. 

Methods: Forty-one patients started pulmonary rehabilitation, and 30 patients complet-
ed at least 6 weeks of rehabilitation. Gait speed, weight loss, exhaustion, grip strength, 
and physical activity were assessed at the initial visit, at 6 weeks, and at 12 weeks to 
determine the frailty status using Fried’s criteria.                                                                                                                       

Results: The study population (53% women) had a mean age of 67 ± 12 years, a mean 
BMI of 27± 9 kg/m2, and a mean FEV1 of 50% ± 17% of predicted. The average gait 
speed was 52.9 ± 15.4 m/min; 17% were frail, 61% pre-frail, and 22% robust. Gait speed 
increased from 52.9 ± 15.4 meters per minute to 61.1 ± 12.9 meters per minute after 6 
weeks (P< 0.01 by paired t test). The number of frail patients decreased from 5 to 2 after 
6 weeks (P=NS). 

Conclusions: Gait speed increased in patients with chronic lung diseases with pul-
monary rehabilitation. However, the frailty classification improved in some patients and 
declined in others.
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Introduction

         Frailty is a distinct and complex syndrome 
that appears to represent a transitional state in the 
dynamic progression from robustness to functional 
decline. It results from multiple system impairments 

occurring in conjunction with normal aging and is as-
sociated with sarcopenia, functional decline, neuro-
endocrine dysregulation, and immune impairment.1 

Frailty has been studied for more than two decades, 
but a commonly accepted definition of frailty remains 
elusive. It results in disability, institutionalizations, and 
death.2 Physical exercise training involving balance, 
strength training, movement speed, and coordination 
has improved frailty markers in multiple randomized 
and nonrandomized studies.3-5
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Chronic lung diseases, such as chronic obstructive 
pulmonary disease (COPD), were associated with 
frailty in the Cardiovascular Health Study.6-8 Inflam-
mation, lack of activity or decreased exercise perfor-
mance, and reduction in maximum oxygen uptake 
likely contribute to its development.9 Pulmonary re-
habilitation improves skeletal muscle activity and ex-
ercise performance in patients with COPD.10 It also 
improves dyspnea, fatigue, emotional function, and 
patients’ control over their medical conditions.11 Pul-
monary rehabilitation would, therefore, be expected 
to improve frailty, but there are no published data on 
the effect of this intervention on frailty. The aim of this 
study was to determine the effects of pulmonary re-
habilitation on frailty markers in community-dwelling 
patients with chronic lung diseases.

Methods

Study Design

	 This study measured the effect of pulmonary 
rehabilitation on frailty status and gait speed. Any 
patient with a chronic pulmonary disease, including 
COPD, asthma, pulmonary hypertension, and inter-
stitial lung disease, was approached during the ini-
tial rehabilitation evaluation and asked to participate. 
The diagnoses were based on the medical records 
maintained by the referring physicians and/or hospital 
records, when available. The study participants rep-
resent a convenience sample; patients under the age 
of 21 or with acute respiratory illness were excluded 
from the study. Forty-one patients started the pulmo-
nary rehabilitation program, 30 patients completed at 
least six weeks of rehabilitation, and 18 patients com-
pleted at least 12 weeks of rehabilitation. The study 
was approved by the Institutional Review Board at 
Texas Tech University Health Science Center (IRB# 
L08-051); all patients gave written informed consent.

Demographics

	 Study investigators collected demographic 
information, including age, sex, ethnicity, body mass 
index (BMI), smoking history, medical history, home 
medications, oxygen use, pulmonary function test 
data, and history of recent falls and hospitalizations. 

Falls and past hospitalization data were based on in-
dividual recall. 

Pulmonary rehabilitation program  

	  These patients were referred for pulmonary 
rehabilitation by their physicians if they fulfilled Medi-
care criteria for enrollment into pulmonary rehabilita-
tion and/or had “medical necessity” for rehabilitation 
based on physician judgment. Pulmonary rehabilita-
tion included aerobic exercises using treadmills, bi-
cycles, arm ergometers, and recumbent cross train-
ers and strength training using light weights, starting 
at a tolerable level on each machine and increasing 
the time as tolerated during two to three sessions 
per week. The usual goal was a total machine time 
between 40 and 50 minutes plus light upper body 
exercise with weights. Patients were educated on 
breathing retraining, disease physiology, beating the 
triggers in patients with obstructive airway disease, 
oxygen use and safety, preventing infections, relax-
ation techniques, nutritional counseling, pulmonary 
medications, and smoking cessation when appli-
cable. Each rehabilitation session took about 60-90 
minutes. The rehabilitation program is managed by a 
respiratory therapist with more than 10 years of work 
in pulmonary rehabilitation. Exercise sessions were 
also supervised by workers trained in exercise sci-
ence and sports medicine. Additional details about 
this rehabilitation center are reported in other publica-
tions.12,13

Outcomes                                                                                                                     	
   	
	 The primary outcomes were to determine the 
effect of six weeks of pulmonary rehabilitation on frail-
ty status and gait speed. Frailty was assessed using 
Fried’s criteria.6  These criteria include weight loss, 
exhaustion, physical activity level using the Minneso-
ta Leisure Time Activity Questionnaire, 15-foot walk 
time, and grip strength. One co-author (EI) and one 
clinical research nurse from the Clinical Research In-
stitute at Texas Tech University Health Sciences Cen-
ter performed all evaluations. Both the 15-foot walk 
time used in Fried’s criteria and the 100-foot walk time 
were measured. Grip strengths were measured with 
a JAMAR hydraulic hand dynamometer (Sammons 
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Preston Roylan, Bolingbrook, IL); the best of three ef-
forts with the dominant hand was recorded. Patients 
who met two Fried’s criteria were classified as pre-
frail; patients who met three criteria were classified as 
frail.
	 The one hundred feet walk test was performed 
according to previously standardized protocol.14 The 
patient walked 50 feet in the hall, turned, walked 50 
feet, and sat down. Patients were instructed to walk at 
their usual pace; time was recorded with a stop watch. 
Pulse rate, respiratory rate, and oxygen saturation 
(SaO2) were recorded before the walk, after the walk, 
and after 3 minutes of recovery with a pulse oximeter. 
This 100-foot walk test was used because it causes a 
reproducible increase in heart rate in healthy subjects 
and therefore creates a mild physiological stress. In 
addition, it has satisfactory repeatability and provides 
an opportunity to evaluate the physiological cost in-
dex.15

              Patients who participated in rehabilitation per-
formed additional 100-foot walk tests and underwent 
additional frailty assessments at 6 and 12 weeks.  Pa-
tients who had a second follow-up at 5-7 weeks were 
counted in the 6 week follow-up group, and patients 
with a third follow-up at 10-13 weeks were counted in 
the 12 week follow-up group for gait speed measure-
ments and frailty assessment. Some patients missed 
scheduled follow-up assessments due to intercurrent 
illness.

Statistical Analysis

                Data were analyzed using Statistical Package 
for Social Sciences V.19.0.0 (SPSS, IBM Inc., USA). 
Chi square analysis of contingency table was used 
to assess group differences for discreet variables 
and Fisher’s exact test was used when each cell had 
expected frequency of less than 5. Parametric tests 
(T test, ANOVA), and non-parametric tests (Kruskal-
Wallis test) were used to assess group differences for 
continuous variables. P value of < 0.05 was consid-
ered statistically significant.

Results

Study population characteristics

	 Forty-one patients started pulmonary reha-
bilitation; 30 patients completed at least 6 weeks of 
rehabilitation, and 18 patients completed 12 weeks of 
rehabilitation. Baseline demographic characteristics 
of the 30 patients are detailed in Table 1. Fifty-three 
percent of subjects were female. The mean age was 
67 ± 12 years (range: 38-85 years), and the mean 
body mass index was 27± 9 kg/m2 (range: 15-61 kg/
m2). Pulmonary diagnoses included chronic obstruc-
tive pulmonary disease (77%), asthma (30%), pul-
monary fibrosis (10 %), and pulmonary hypertension 
(7%). The mean FEV1 was 50 ± 17% of predicted 
(range: 26-85 % predicted). Other co-morbidities in-
cluded congestive heart failure (13%), cerebrovascu-
lar disease (10%), coronary artery disease (33%), pe-
ripheral vascular disease (0%), diabetes mellitus type 
2 (13%), hypertension (40%), renal disease (0%), 
and arthritis (20%).  On the initial evaluation, 17% 
subjects were frail, 61% were pre-frail, and 22% were 
robust. These patients had frequent falls and hospital-
izations within the last one year (Table 1).

Changes in frailty and gait speed after pulmonary re-
habilitation. 

	 Thirty patients completed 6 weeks of reha-
bilitation but only 29 had frailty evaluations at week 
1 and at week 6. Eighteen patients had a third frailty 
evaluation at week 12; some patients (12) did not 
have a final evaluation due to scheduling conflicts 
or intercurrent illness precluding attendance. There 
were fewer frail patients after 6 weeks of rehabilitation 
in the 29 patients who had evaluations at the start of 
rehabilitation and after 6 weeks of rehabilitation (7% 
at 6 weeks vs. 17% at 1 week; Table 2). There were 
also fewer frail patients after 6 weeks of rehabilitation 
in the 18 patients who completed 12 weeks of reha-
bilitation (6% at 6 weeks vs. 17% at 1 week; Table 3). 
There were no statistically significant differences in 
the frailty status in the 1-6 weeks participation cohort 
and the 1-6-12 weeks participation cohort by Fischer 
exact tests. Five patients had a deterioration in their 
frailty status during rehabilitation; four patients from 
week 1-6 group (29 total) went from robust to pre-
frail, and one patient from week 6-12 group (18 total) 
went from pre-frail to frail. Review of the rehabilitation 
center files did not identify any definite explanations 
for these changes in status.  
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Table 1 Baseline characteristics of the 30 patients  completing six weeks of rehabilitation                                                                                                                                  

  
Characteristics Mean ± SD (Range), or Percent (%)

Age (years) 67 ± 12 (38-85)

BMI 27 ± 9 (15-61)

FEV1 (%) 50 ± 17 (26-85)

Gender: Female 53%

Ethnicity: White 86.7%

                 Hispanic 10.0%

                 Black 0.0%

                 Asian 0.0%

                 Other 3.3%

Tobacco use:  Current 16.7%

                       Past 70.0%

                       None 13.3%

Pulmonary diagnoses

                          COPD* 77%

                          Asthma* 30%

                          Pulmonary Fibrosis 10%

                          Pulmonary HTN 7%

Comorbidities

                          CHF 13%

                          Stroke 10%

                          CAD 33%

                          PVD 0%

                          Hypertension 40%

                          Diabetes mellitus 13%

                          Renal insufficiency 0%

                          Osteoarthritis 20%

Oxygen use:  None 37%

                       At Night 17%

                       Continuous 47%

Falls in last one year:  None 70%

                                     1 to 5 23%

                                      > 5 7%

Falls in the last 3 months:  None 83%

                                           1 to 5 17%

                                           > 5 0%

Hospitalization in last 1 year:  None 33%

                                                 Once 43%

                                                  > 1 23%
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Frailty status: Robust** 17%

                       Pre-frail 61%

                       Frail 22%

* Some patients had the diagnosis of both COPD and asthma,
** Percent is based on 29 patients who completed 6 weeks of rehabilitation

CHF- congestive heart failure, PVD- peripheral vascular disease, 

CAD-coronary artery disease

Table 1 Baseline characteristics of the 30 patients  completing six weeks of rehabilitation   
(Continued)                                                                                                                                 

  
Characteristics Mean ± SD (Range), or Percent (%)

Table 2 Frailty data for 29 patients who finished 6 weeks of rehab

Week 1

Week 6*

Frail Pre-frail Robust Total 

(Week 6)
Frail 2   0 0   2 (7%)

Pre-frail 3 15 4 22 (76%)

Robust 0   2 3   5 (17%)

Total

(Week 1)

5 (17%) 17 (59%) 7 (24%) 29 (100%)

*There was no difference in the distribution between week 1 and week 6 based on Fischer 
exact tests using all three categories or using two categories with frail and pre-frail as a 
single group.
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Table 3 Frailty status of 18 patients at weeks 1, 6, and 12of rehabilitation

                Week 1*

Week 6

Frail Pre-frail Robust

Total 

Week 6

Frail 1   0 0   1 (6%)

Pre-Frail 2 10 2 14 (78%)

Robust 0   1 2   3 (17%)

Total

Week 1
3 (17%) 11 (61%) 4 (22%)

18 (100%)

               Week 6**

Week 12

Frail Pre-frail Robust

Total 

Week 12

Frail 0 1 0 1 (6%)

Pre-Frail 1 8 0 9 (50%)

Robust 0 5 3 8 (44%)

Total

Week 6
1 (6%) 14 (78%) 3 (17%)

18 (100%)

*,**There are no differences in the distribution between week 1 and week 6  or between week 6 and week 
12 based on Fischer exact tests using all three categories or using two categories with frail and pre-frail as 
a single group.

                                                                                              
	  Thirty-seven patients had gait speed mea-
surements at week 1(initial evaluation) and at week 6, 
and 22 of these patients had another gait speed mea-
surement at week 12 (some of these patients in both 
groups missed scheduled frailty evaluations). For the 
37 patients undergoing gait speed testing at week 1 
and at week 6 of rehabilitation, gait speed increased 
from 52.9 ± 15.4 meters per minute at week 1 to 61.1± 
12.9  meters per  minute  at week 6  (p=0.001, paired 

t-test). The mean increase was 8.4 ± 13.9 meters per 
minute (95% CI: - 3.8 meters per minute to 13.0 me-
ters per minute, p=0.0001, paired t-test) (Figure 1). 
Twenty-two patients continued rehabilitation for an 
additional six weeks. They had no additional increase 
in gait speeds during the second six weeks of rehabil-
itation. Mean gait speed for this group was 63.2 ±11.4 
meters per minute at 6 weeks and 62.5±12.7 meters 
per minute at 12 weeks (p=0.72, paired t test) (Figure 
1). 
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Figure 1 Gait speed (m/min) before and after six and twelve weeks of rehabilitation for all patients (37 at 
6 weeks and 22 at 12 weeks). Gait speed increases after rehabilitation (p=0.002, paired sample t test) for 
all patients. Gait speed increases by 8.2 meters per minute overall (95% CI for change 3.5-13.6 meters per 
minute).

Discussion

	 This study demonstrates that pulmonary reha-
bilitation improves both gait speed and frailty status 
in some but not all ambulatory patients with chronic 
lung diseases. Most of the improvement in gait speed 
occurred in the first six weeks of rehabilitation. The 
proportion of frail patients decreased, and the propor-
tion of robust patients increased with rehabilitation. 
However, pulmonary rehabilitation did not have a uni-
form effect in this small study cohort. Some patients 
had deterioration in their frailty status without a defi-
nite explanation.

               Frailty has been associated with several chro- 
nic diseases and predicts worse outcomes. The Car-
diovascular Health Study (CHS) showed an associa-
tion between frailty and cardiovascular disease (odds 
ratio 7.5 in patients with CV disease compared to 
healthy controls).16 Fried et al used data from the Car-
diovascular Health Study and observed a close asso-

ciation between frailty status and incident falls, wors-
ened mobility, incident hospitalization, and death over 
3 or 7 years.6 Park determined the frequency of frailty 
in patients using data from the National Health and 
Nutrition Evaluation Survey dataset (2003-2006).17  

Based on these survey responses, these investiga-
tors concluded that 57.8% of patients with COPD 
were frail. Galizia et al studied mortality in elderly sub-
jects with COPD and frailty. Over a 12 year follow-up 
frail subjects with COPD had a higher mortality rate 
than frail subjects without COPD.18 Subjects with in-
creasing frailty scores had increased mortality. The 
prevalence of frailty and pre-frailty in our study likely 
reflects the characteristics of patients seen in pulmo-
nary rehabilitation centers. Our patients had frequent 
self-reported hospitalizations and falls and slower gait 
speeds as reported in other studies.6-8,19-22 Frailty has 
been associated with increased risk for falls in oth-
er disease processes. The association of frailty with 
poor health outcomes in patients with chronic diseas-
es has important clinical implications.
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           Rehabilitation with balance training and muscle 
strengthening has improved phenotypic markers of 
frailty in small studies which used varying definitions 
of frailty.3-5,6,23,24 The current literature on the effects 
of interventions on frailty includes studies on physi-
cal rehabilitation using resistance training, balance 
exercises, and aerobic training.25,26 All these studies 
showed positive effects of exercise on various char-
acteristics of frailty, but there is no study that shows 
an overall change/reversal in frailty status with pulmo-
nary rehabilitation based on Fried’s criteria.3-5,3,24,27 A 
meta-analysis published by Lacasse and coworkers 
studied the impact of pulmonary rehabilitation on four 
major domains of quality of life (chronic respiratory 
questionnaire scores of dyspnea, fatigue, emotional 
function, and mastery) in COPD patients and found 
statistically significant improvement in all the out-
comes.11 The ongoing Frailty Intervention Trial will try 
to determine the impact of multiple interventions on 
frailty in pre-frail and frail community-dwelling older 
adults.28 Our study demonstrates that pulmonary re-
habilitation improves frailty in some patients, but this 
effect was not consistent. 

Limitations

	 Our study is limited by a relatively small num-
ber of patients completing more than six weeks of 
rehabilitation and by the missed scheduled evalua-
tions due intercurrent illness. In addition, we could not 
determine why some patients had a decline in frailty 
status; this could reflect intercurrent illness, the ef-
fect of other co-morbidity, or the progression of their 
lung disease even though they were in rehabilitation. 
We used only one frailty assessment tool; the physi-
cal activity component of this tool requires time to 
complete and provides only estimates about activity 
levels. Studies like this need a robust tool with less 
dependence on subjective responses. Finally, we did 
not compare changes in frailty status with other out-
comes, such as changes in the quality of life. 

Conclusion

	 Frailty is common in patients with chronic lung 
diseases, and slow gait speed is a good indicator for 
frailty in these patients. Both frailty and gait speed im-
prove in some patients with pulmonary rehabilitation. 
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