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OBJECTIVE: Coronavirus disease 2019 is expected to have a widespread and significant impact on pulmonary tuberculosis services. This
study aims to investigate the effect of comprehensive short-term, outpatient pulmonary rehabilitation program among treated pulmonary
tuberculosis patients during the coronavirus disease 2019 pandemic.

MATERIAL AND METHODS: Forty-five pulmonary tuberculosis patients who completed their tuberculosis treatment were randomly allo-
cated to the outpatient pulmonary rehabilitation group and the other 45 were allocated to the control group for 4 weeks. The pulmonary
rehabilitation program comprised supervised endurance and resistance training, breathing techniques, self-management strategies, and
patient education. The outcome measures evaluated in both groups were functional capacity assessed by a 6-minute walk test, health-
related quality of life (short-form 36 questionnaire), pulmonary function (forced expiratory volume in 1 second/forced vital capacity,
forced vital capacity, and forced expiratory volume in 1 second), and dyspnea by modified Medical Research Council dyspnea scale. All
measurements were performed at enrolment and after completion of 4 weeks protocol in both the groups.

RESULTS: There was a significant improvement in 6-minute walk distance in meters (P = .001) and percentage predicted (P = .014)
in the pulmonary rehabilitation group compared to the control group. All domains of the short-form 36 questionnaire showed signifi-
cant improvement post-pulmonary rehabilitation (P < 0.05), and modified Medical Research Council dyspnea scale also significantly
improved in the pulmonary rehabilitation group (P < .001). However, no significant differences were observed in any of the pulmonary
function measures (P > .05) between the groups after 4 weeks.

CONCLUSION: Short-term pulmonary rehabilitation program in pulmonary tuberculosis demonstrated improvement in functional
capacity, quality of life, and dyspnea. However, it failed to register changes in pulmonary function. The study results provide motivation
to consider the implementation of a short-term pulmonary rehabilitation program after pulmonary tuberculosis treatment to reduce the
impairment the patient may suffer even after microbiological cure.
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INTRODUCTION

By distorting the healthcare system at several levels, the coronavirus disease 2019 (COVID-19) pandemic has impacted
pulmonary tuberculosis (PTB) control strategies and the occurrence of catastrophic expenses. The prioritization has also
resulted in a drastic shift in healthcare personnel’s role toward COVID-19-related services which has led to a reduction
in the number of consultation services and the delivery of PTB-related programs at both hospitals and community levels.
Due to the allocation of numerous PTB-related resources to COVID-19 programs, there is also a reduction in the avail-
ability of healthcare services for efficient PTB management strategies." Between 2020 and 2025, the globe might see an
additional 6.3 million cases of PTB, and 1.4 million PTB deaths are suspected.? Social distancing measures established in
several countries to restrict COVID-19 transmission had an immediate and substantial impact on the delivery of pulmo-
nary rehabilitation (PR) programs.?

In most impacted nations, PR programs included a minimum of 6-7 weeks duration (24 supervised sessions) followed by
3 months of maintenance phase.*> Pulmonary rehabilitation setups were discontinued to protect vulnerable population
from contracting the virus. However, the dire need for PR cannot be neglected; therefore, formal discussions were con-
ducted among healthcare professionals on how to continue delivering PR services in the midst of the crisis.

Short-term PR programs can be considered as an efficient and effective treatment strategy at the time of the crisis where
delivering long-term PR can be challenging. Short-term PR programs have shown immediate benefits in patients with
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various chronic respiratory conditions.” However, there have
been no published evaluations on the efficacy of short-term
PR during the COVID-19 pandemic on post-PTB pharmaco-
logically treated patients. Therefore, the aim of the present
study is to evaluate the effect of short-term PR on functional
capacity, pulmonary function, health-related quality of life
(HRQoL), and dyspnea during the COVID-19 pandemic on
post-PTB-treated patients.

MATERIAL AND METHODS

The present randomized control trial was conducted after
obtaining ethical clearance from the Institutional Ethics
Committee of Sharda University, Greater Noida, India, with
ethical approval number SU/SMS&R/76-A/2022/01. The
study was designed according to the Consolidated Standard
of Reporting Trials (CONSORT) guidelines designed for
reporting Randomized control trials. Potential participants
were educated about the protocol based on eligibility cri-
teria, signed informed consent was acquired from all par-
ticipants, and research methods were followed based on the
Declaration of Helsinki, 1964.

Inclusion criteria for both groups were patients with PTB 18
years of age and older, who exhibit shortness of breath on
exertion, who have limitations in the activities of daily liv-
ing, and who have a documented history of smear-positive
PTB with pharmacological treatment completed more than
6 months prior to the study enrolment.® Subjects who have
not participated in any physical activity or rehabilitation pro-
gram during the previous 6 months were included. Subjects
with a previous history of other respiratory diseases such as
chronic obstructive pulmonary disease, asthma, and intersti-
tial lung disease as well as cardiovascular diseases such as
myocardial infarction, angina, and congestive heart failure
were excluded. Patients over the age of 80 and those with
orthopedic or cognitive impairments who would be unable
to participate in the rehabilitation program on a regular basis
were also excluded from the present study.

MAIN POINTS

e The burden of pulmonary tuberculosis (PTB) during coro-
navirus disease 2019 (COVID-19) has negatively influ-
enced PTB management strategies.

e The long-term sequelae of PTB patients results in dete-
riorated functional capacity, pulmonary measures, and
excessive breathlessness, ultimately affecting the over-
all health-related quality of life (HRQoL). This results in
enhanced symptomatic burden that cannot be recovered
solely by pharmacological management.

e Pulmonary rehabilitation (PR) strategies have the potential
to break the vicious cycle. It has proven beneficial impact
on various chronic respiratory conditions. However, the
efficacy of short-term PR program on patients with PTB
still remains inconclusive.

e The findings of the present study can wave paths for
clinicians to optimally deliver short-term PR in post-
PTB patients to maximize gains in functional capacity,
HRQoL, and dyspnea. However, the efficacy of PR on
pulmonary measures in these patients is still debatable.

Sample Size Calculation

Software G. Power 3.1.9.2 (Franz E Universitat Kiel, Kiel,
Germany) was used to determine the sample from a previ-
ous study conducted by Singh et al® using data of changes in
6-minute walk distance (6MWD). A total of 45 subjects were
considered necessary in each group, and the power (1 — beta)
was 0.80 with an effect size of 0.384.

The respiratory outpatient service helped in enrolling 90 sta-
ble PTB patients who had completed their pharmacological
treatment. Patients who met the inclusion criteria were allo-
cated randomly to either the rehabilitation or control group
using sealed envelopes created and jumbled by an impartial
individual unaffiliated with the study procedure before trial
was initiated. The allocator opened the envelope sequentially,
only after the participant’s name was written on it. Patients
who were allocated to the rehabilitation group had to com-
plete a minimum of 16 sessions of an outpatient PR program
over the course of 4 weeks (4 sessions per week). The com-
plete exercise prescription for this PR program was carried
out under the guidance of a licensed physiotherapist at the
hospital while adhering to COVID-19-appropriate behavior
because it was an institution-based program.

Pulmonary rehabilitation sessions were conducted in the
morning hours to allow participants to travel back home in
time before the evening rush hour, and the standard oper-
ating procedure for data collection was modified to ensure
2-m distancing between the study staff and study participant.
Study participants underwent COVID-19 testing before start-
ing PR and as needed during the hospital-based sessions.
Before accessing the PR room, all participants and staff were
required to undergo temperature measurement using a hand-
held non-contact thermometer and wash their hands with
soap or alcohol-based hand sanitizer. The maximum number
of participants participating in the PR session was reduced
from 12 to 8 to ensure social distancing between participants.
All study staff were required to wear N95 masks at all times
and underwent COVID-19 training with an emphasis on
infection prevention and control, and the study participants
were screened for signs and symptoms of the disease.

Assessment

A week before baseline testing, all patients were made aware
of the research procedures and potential hazards. Each
patient got a primary health examination prior to initial test-
ing. The baseline testing was conducted over 2 days. On day
1, participants were requested to complete the short form-
36 questionnaire (SF-36) which is generic HRQoL question-
naire, following baseline dyspnea assessment which was
conducted through modified Medical Research Council
(mMMRC) dyspnea scale. On day 2, the participants underwent
a pulmonary function test, as recommended by the American
Thoracic Society and the European Respiratory Society (ATS/
ERS) guidelines. Measurements were made of the forced vital
capacity (FVC), forced expiratory volume (FEV,) in 1 second,
and FEV,/FVC ratio. According to ATS/ERS recommendations,
blood pressure, heart rate, oxygen saturation (SpO,), and dys-
pnea were measured before and after the 6-minute walk test
(6MWT). Each patient was instructed to walk at their own
pace covering the largest distance possible in 6 minutes. The
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Figure 1. Study flowchart.

participant’s total distance covered was calculated in meters
and percentage. Enright® equation was used to estimate the
6MWD predicted for both males and females.

Following baseline testing, participants were randomly allo-
cated to the PR or control group. Participant assigned to the
control group were asked to continue their normal routine
strategies for 4 weeks. After completion of the 4 weeks, out-
come measures were reassessed for both the groups.

Pulmonary Rehabilitation Intervention

The outpatient PR sessions were individually tailored to each
patient’s performance during the initial assessment which
comprised static circuit training to increase peripheral muscle
strength and general mobility with breathing exercises, super-
vised endurance and resistance training, stretching of upper
and lower extremity muscles, self-management, and patient
education. Breathing exercises are applied in each session
and last for 30 minutes.'

The endurance exercise program was applied in the form of
ground walking. The walking prescription mostly represents
the activities of daily living. It is functional, simple, inexpen-
sive, and readily applicable. The walk speed or intensity of
the training was calculated based on the distanced covered
during 6MWT, as suggested by Chandrasekaran and Reddy."

Maximum distance that may be walked in 20-minute walk
distance (20MWD) = actual 6MWD x 3.33 m

Initial training distance to be walked in 20 minute for first 1
week = 80/100 x 20MWD m

For the second week, distance to be walked in 20 minutes =
85/100 x 20MWD m

v

Intervention Group (n=45)

Pulmonary Rehabilitation

v

Lost to Follow-up
(0=0)

|

Analyzed
(n=45)

For the third week, distance to be walked in 20 minutes =
90/100 x 20MWD m

For the fourth week, the subjects performed walking at the
actual GBMWD covered in the initial testing.

This way the subjects began from 80% of their walking dis-
tance and progressively increased to 100% of the walk inten-
sity derived from actual 6MWT conducted over a period
of 4 weeks. Walking speed was gradually increased as the
patients gained confidence and correlated with an intensity
of 11-13 points on the Borg scale for the initial 2 weeks and
progressively increased up to 15 on the Borg scale for the
final 2 weeks, taking care that SpO, did not drop below 90%.
Walking distance was 20 minutes twice a day for 4 weeks
based on the above prescription. The training was done under
the supervision of a physical therapist on 4 weekdays. On the
weekend, the patients were instructed to perform walking as
prescribed during supervised sessions.

Resistance training was performed 3 times per week at 50%-
70% of 1 repetition maximum intensity (1-RM).* After deter-
mining the 1-RM for each exercise, the load at 50%-70%
of 1-RM was approximated. Quadriceps, hamstrings, hip
flexors, abductors, and extensors were all worked out. The
deltoid, triceps, and biceps muscles were also exercised by
the upper extremity strength training. Three sets of 8-10 rep-
etitions of each exercise were performed with 2-3 minutes
of rest interval between the sets. Resistance training intensity
was progressively increased: 50% of 1-RM for the first week,
60% of 1-RM for the middle 2 weeks, and 70% of 1-RM for
the fourth week."

Stretching exercises targeting specific muscle groups were
recommended to ensure good posture and proper body

133



134

Thorac Res Pract. 2023; 24(3): 131-136

mechanics and to minimize the incidence of joint and mus-
cle injury resulting in improved respiratory mechanics.’® Five
minutes of flexibility training was conducted at the beginning
and end of each exercise session. One set of 4-5 stretching
exercises was performed for 15-30 seconds (seated single-leg
hamstring stretch, standing quadriceps stretch, chest stretch,
overhead reach stretch, and wall cat stretch).'

The researcher gave the intervention group a systematic pro-
gram consisting of self-management of symptoms, involv-
ing relaxation techniques to minimize dyspnea, cessation of
smoking, and nutritional suggestions based on the nutrition-
ist’s personalized recommendations.

The control group on the other hand continued with their
usual activities and, if necessary, medical care as prescribed
by a qualified practitioner.

Statistical Analysis

Statistical Package for Social Sciences (SPSS) version 21.0
(IBM Corp.; Armonk, NY, USA) was used for the data anal-
ysis. Results were reported in mean and SD for continuous
data, whereas discrete (categorical) data were presented as
number (n) and percentage (%). The normal distribution of
data was tested by the Shapiro-Wilk test, skewness, and his-
togram. Variables that depicted non-normal distribution were
log-transformed.

The outcome variables between groups were compared at
baseline and 4 weeks later using an independent t-test. To
compute the difference between PR versus control group fol-
lowing 4 weeks, standardized mean difference and 95% ClI
were estimated. Statistical significance was set at P < .05.

RESULTS

As demonstrated in Table 1, there were no appreciable varia-
tions in baseline demographic, clinical, or outcome character-
istics between the PR and the control group. The 2 groups were
well-matched in terms of age, weight, and height in comparison
to the control group. After 4 weeks, the PR group demonstrated
a significant improvement in 6MWD in meters (P = .001) and
percentage predicted (P = .014). The PR group showed a sig-
nificant improvement in all SF-36 domains. Modified Medical
Research Council (dyspnea scale) scores in the PR group
also significantly increased (P = .001). However, as shown in
Table 2, there were no differences between the groups after
4 weeks in the pulmonary function measurements: FEV, (L)
(P = .142), FVC (L) (P=.115), and FEV1/FVC (P = .497).

DISCUSSION

In the current study, the PR group had a substantial improve-
ment in 6MWD by 198 m compared to controls; these
findings are supported by previous trials conducted in PTB

Table 1. Baseline Clinical and Demographic Features of the Subject (n = 90)

Variables PR Group (n = 45), Mean + SD Control Group (n = 45), Mean + SD P
Age, years 35.20 + 11.69 35.04 + 7.74 95
9 X height, cm 152.25 + 5.46 152.32 + 5.37 .94
Weight, kg 54.93 +10.2 53.72+11.8 .54
6MWT, m 286.85 + 44.64 352.37 + 36.17 17
6MWD, % 64.2 +13.6 69.4 +12.7 .30
6MWD, RHR (bpm) 81.95 + 9.36 763 +£11.4 48
6MWD, HRmax (bpm) 104.6 + 16.88 105.45 + 19.91 .38
PFT

FEV,, L 1.29 + 0.44 1.25 + 0.46 .61
FVC, L 1.64 +0.47 1.57 +0.51 46
FEV,/FVC 100.37 +16.0 101.45 + 15.91 71
mMRC 3.38 + 0.49 3.60 + 0.49 .93
SF-36

Physical functioning 42.4+7.3 47.7 + 8.1 42
Role physical 49.6 +13.6 51.2 +9.5 43
Bodily pain 433+7.3 42.7 +8.3 .67
General health 50.2 + 7.1 51.2+6.9 42
Vitality 62.5 + 8.0 61.9+7.1 .70
Social functioning 56.5 +12.3 56.5 +12.3 .98
Role emotional 763 +£11.4 63.3 £ 14.1 .07
Mental health 65.1 + 8.3 62.9 +10.5 .20

All values expressed in mean + SD.

6MWT, 6-minute walk test; 6MWD, 6-minute walk distance; RHR, Resting heart rate; FEV,, forced expiratory volume in 1 second; FVC, forced vital
capacity; mMRC, modified Medical Research Council (dyspnea scale); PFT, pulmonary function testing; PR, pulmonary rehabilitation; SF-36,

36-item short-form survey.



Table 2. Four-Week Outcome Variable Standardized Mean Differences Between Groups

PR Group (n = 45)

Outcome Mean Difference

Variables Baseline Four weeks Baseline Four weeks  t-Value Random (95% CI) P
6MWT, m 286.85 + 44.64 484.15 +48.01 313.0+48.17 321.32+43.46 13.03 1.44 (0.60-2.29) .001"
6MWD, % 64.2 +13.6 83.2+11.4 69.4+12.7 71.1+12.6 11.3 0.98 (0.19-1.77) 014"
predicted

6MWD, 81.95 +9.36 73.60 + 9.82 763 +11.4 88.9+6.3 14.9 -9.2(69.00-78.20) <.001
RHR (bpm)

6MWD, 104.6 +16.88 107.6 +£18.50 105.45 + 19.91 108.2 + 19.30 18.7 -17.36 (98.94-116.3) .381
HRmax (bpm)

FEV,, L 1.29 + 0.44 1.44 + 0.64 1.25 +£ 0.46 1.34 +£0.58 5.59 0.51(-0.25 to 1.26) 142
FVC, L 1.64+0.47 1.64 +0.47 1.57 £ 0.51 1.57 +£0.51 6.03 0.18 (-0.56 to 0.92) 115
FEV,/FVC 100.37 £ 16.0 100.37 £16.0 101.45 +15.91 101.45+15.9 2.43 0.02 (-0.72 to 0.76) 497
mMRC 3.38 £ 0.49 0.02 £ 0.12 3.60 + 0.49 0.50 + 0.65 17.96 1.49 (-2.34 to -0.64) .005"
Physical 42.4+7.3 88.9 + 6.3 47.7 + 8.1 50.8 £ 8.3 23.8 1.22 (-2.03 to —-0.40) .003"
functioning

Role physical 49.6 +13.6 79.3 £ 10.0 51.2+9.5 54.3+9.8 13.6 1.22 (-2.03 to —0.40) .003"
Bodily pain 433 +7.3 87.8 £6.9 42.7 + 8.3 46.0 + 9.1 26.5 1.22 (-2.03 to —0.40) .003"
General health 50.2 + 7.1 89.7 £ 7.2 51.2+6.9 54.6 + 7.1 18.4 1.15 (-1.96 to —-0.34) .007"
Vitality 62.5 + 8.0 88.6 + 6.8 61.9 +7.1 64.0 + 8.0 19.8 1.06 (-1.039 to -1.082) <.001"
Social 56.5+12.3 89.4+5.7 56.5+12.3 59.1+£11.9 15.77 1.019(1.011 to -1.028) <.001"
functioning

Role emotional 76.3+11.4 88.7 £ 5.1 63.3 + 14.1 65.8 +13.8 14.53 1.052 (1.016-1.091) .005"
Mental health 65.1 + 8.3 88.4 +£5.1 62.9 + 10.5 65.8 + 10.9 17.93 1.49 (-2.34 to —0.64) .005"

Control Group (n = 45)

Orooj et al. Short-Term Pulmonary Rehabilitation Among Pulmonary Tuberculosis Patients

PR Group vs. Control
Group Standardized

The mean and SD of the values are shown. Percent in FVC denotes a percentage change in FVC.

*Significant difference between groups after 6 weeks.

6MWT, 6-minute walk test; 6MWD, 6-minute walk distance; RHR, Resting heart rate; FEV,, forced expiratory volume in 1 second; FVC, forced vital
capacity; mMRC, modified Medical Research Council (dyspnea scale); PFT, pulmonary function testing; PR, pulmonary rehabilitation.

patients.'>'> Adults with post-PTB develop skeletal muscle
dysfunction accountable to physical inactivity and systemic
inflammation which is often compounded by impaired
nutrition. Such patients enter a vicious cycle, which results
in declining body mass index, progressive morbidity, and
increased mortality.'® Individuals affected by chronic respira-
tory conditions tend to avoid exercise and become increas-
ingly deconditioned and developed exercise intolerance
during exercise testing and training. Pulmonary rehabili-
tation results in breaking this vicious cycle and improves
the exercise tolerance of the patient.'”” We may speculate
that improvement in functional capacity might result from
decreased ventilatory demand and switching toward aerobic
metabolism as suggested by the depressed lactate levels,'
which ultimately results in improved muscle performance
and subsequent alleviation of muscle fatigue, thereby result-
ing in enhanced exercise tolerance."”

We observed significant improvements in HRQoL assessed
by the SF-36, a reliable and validated generic HRQoL ques-
tionnaire appropriate for assessing patients with PTB. These
improvements in HRQoL may be more significant than
physiological measurements.'® According to a study by Rossi
et al', symptoms of mental health deterioration are pres-
ent at quite high rates since the pandemic, which eventually

resulted in a low quality of life. However, the current study
found that by the end of the PR program, the patient’s mental
health improved significantly, as assessed by the SF-36 ques-
tionnaire. The findings of the current study are consistent with
previous research that found that PTB patients’ HRQolL signif-
icantly improved following the completion of PR sessions on
both clinical and statistical level."” Exercise-related biologi-
cal processes included improved hypothalamic—pituitary—
adrenal axis modulation, higher endogenous opioid release,
and lower systemic inflammation, all of which are speculated
to enhance mental and emotional well-being following PR
and thereby improving HRQolL among PTB patients.?®

We found no improvement in spirometric measures in PTB
post-PR. The finding of the present study is in agreement with
Mbatchou Ngahane et al?' who demonstrated a connection
between pulmonary function deterioration and the interval
between the onset of disease symptoms and the diagnosis of
tuberculosis. Moreover, cumulative age-related FEV, decline
predominantly in young adults will cause even more signifi-
cant impairment in pulmonary function later.?> The reason for
no significant improvement in pulmonary function in the cur-
rent study is a longer delay in diagnosis and treatment due to
the COVID-19 pandemic, which has eventually been linked
to a decline in pulmonary function outcomes.
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The current study has a few limitations. First, it would be fas-
cinating to look into the effects of a long-term PR in individu-
als who have been pharmacologically cured of PTB. Second,
other more relevant outcome variables such as chest x-rays,
sputum examination, arterial blood gas analysis, and inflam-
matory markers like eosinophil might provide a comprehen-
sive picture of this population's physiological responses to PR.
Despite these limitations, the study has potential strengths;
the lack of dropouts from the current trial suggests that par-
ticipants adhered to the treatment protocol. This suggests
that short-term PR may be an effective strategy to improve
outcome measures in PTB patients with an increased adher-
ence rate. As the protocol was implemented during the time
of COVID-19, COVID-19 appropriate measures have been
taken for all of the patients.

CONCLUSION

The results of the study indicate that a short-term PR program
enhances PTB patient’s functional capacity, HRQolL, and
dyspnea scores. However, short-term PR was insufficient to
register changes in pulmonary function in these PTB patients.
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