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KEYWORDS Patients with nontuberculous mycobacterial lung disease (NTM-LD) often have significant exer-
Airway clearance cise intolerance and poorer health-related quality of life (HRQL). The goals of treatment for
technique; NTM-LD should include reducing the severity of symptoms, improving HRQL, and reducing
Bronchiectasis; acute exacerbations. Nonpharmacological treatment, including pulmonary rehabilitation pro-
Nontuberculous gram and optimal nutritional strategy, should be one part of treatment for NTM-LD. A pulmo-
mycobacterial lung nary rehabilitation (PR) program can comprise education, airway clearance techniques
disease; instruction, exercise training program, and inspiratory muscle training (IMT). Airway clearance
Pulmonary techniques can improve the volume of sputum expectorated, cough symptom, breathlessness,
rehabilitation; and HRQL. Exercise training can improve exercise capacity and HRQL, and reduce acute exac-
Nutrition erbations and dyspnea. Clinical benefits of IMT remain controversial but high-intensity IMT has

been shown to be effective in increasing respiratory muscle strength with concurrent improve-
ment of HRQL and exercise capacity. Body weight and muscle mass loss are common in patients
with NTM-LD. An adequate protein and caloric diet combined with antioxidant nutrients might
be the most appropriate dietary strategy. Comprehensive treatment for NTM-LD should include
the combination of both pharmacological and nonpharmacological treatments. The manage-
ment programs should be tailored to the individual’s condition.
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Introduction

Nontuberculous mycobacterial lung diseases (NTM-LDs)
occur more commonly in patients with structural LDs such
as chronic obstructive pulmonary disease (COPD), bronchi-
ectasis, pneumoconiosis, and those from previous tuber-
culosis'?. In the general population without structural LDs,
only 0.055% had NTM isolated from respiratory specimens,
but among those with structural LD, about 1.7% had NTM
isolates during follow-up®. A broad range of radiological
patterns are observed in NTM-LD, including bronchiectasis,
nodular lesion, cavitary lesion, and parenchymal consoli-
dation patterns®. The two main manifestations of NTM-LD
are fibrocavitary and nodular bronchiectasis. The fibroca-
vitary form of NTM-LD presents as increased opacity often
in the upper lungs, and it frequently affects elderly men
with underlying LD. Nodular bronchiectasis manifests as
bilateral, multilobar bronchiectasis with small nodules
often located in the middle and lower lobes and often
presents along with pleural thickening and volume reduc-
tion”. In one study, patients with NTM-LD had a significantly
poorer health-related quality of life (HRQL) and more
comorbidities such as aspergillosis, tuberculosis, bronchi-
ectasis, and chronic respiratory failure than those without
NTM-LD".

Growing evidence has indicated that NTM pulmonary
infection may cause bronchiectasis.* However, bronchiec-
tasis can also precede NTM pulmonary infection. Treatment
for patients with NTM-LD and bronchiectasis remains highly
challenging®. The goals of treatment for NTM-LD should
include the reduction of symptom severity, improvement of
HRQL, reduction of acute exacerbation, and prevention of
respiratory failure’. Antimicrobial treatment is the main
course of treatment for NTM-LD'. However, it is sometimes
inadequate for patients with poor sputum clearance,
immunocompromised condition, and structural LDs’. In
these patients, despite the use of multiple antibiotics,
culture conversion is sometimes difficult to achieve®. It has
been reported that multidrug treatment regimens yield
sputum culture conversion rates of only 13%—86%’. Thus, a
comprehensive treatment for NTM-LD needs to include the
management of concomitant LDs and a combination of both
pharmacological and nonpharmacological treatments
(Fig. 1 and Table 1). However, studies on non-
pharmacological treatments for NTM-LD are relatively
scarce; thus, the nonpharmacological treatment strategies
mentioned in this review were sourced largely from the
literature on bronchiectasis. The focus areas of this review
are the following: (1) Pulmonary rehabilitation and (2)
nutrition support for patients with NTM-LD.

Pulmonary rehabilitation

The pulmonary rehabilitation (PR) programs comprise ed-
ucation, airway clearance technique, exercise training,
inspiratory muscle training (IMT), and postoperative PR”''°.
PR programs are recommended to be an essential part of
the nonpharmacological management and are integral to
multidisciplinary programs of care in patients with COPD or
bronchiectasis”'". However, the randomized control trials
(RCTs) on PR in NTM-LD are quite limited. Although, the role

of PR in NTM-LD is undefined, the PR programs used to treat
bronchiectasis might be able to serve as references because
patients with NTM often have bronchiectasis. Recommen-
dations for PR in patients with bronchiectasis were previ-
ously only supported by results from small trials’; however,
in recent years, there is growing evidence supporting the
benefits of PR in patients with bronchiectasis, especially
those with dyspnea, exercise intolerance, and poor HRQL 2.

Assessments, including those of exercise capacity and
HRQL, are crucial and should be a part of PR programs'>.
Exercise capacity is recommended to be evaluated before
and after PR, and even small changes in exercise capacity
may reflect important changes in health’. The 6-min walk
test (6MWT), incremental shuttle walking test (ISWT),
endurance shuttle walk test, or cardiopulmonary exercise
test (CPET)'* are often used tools to assess the exercise
capacity. The advantages of the CPET are its ability to
measure maximum exercise capacity and maximum oxygen
uptake, identify physiological limitation factors, and eval-
uate prognoses. However, the CPET is difficult to perform in
patients with severe dyspnea or arrhythmia'®. In such pa-
tients, the 6MWT is simple and feasible to provide accept-
able estimations of prognosis. One study by Yagi et al.
showed that the 6-min walk distance is a useful parameter
for evaluating exercise capacity in patients with Mycobac-
terium avium complex—LD'®. However, the 6MWT cannot
measure a person’s maximum exercise capacity or identify
physiological limitation factors'®. The ISWT is similar to the
CPET in that the exercise power can be gradually increased
to measure maximum exercise capacity, and it is much
simpler than the CPET'®. Lee et al. suggested that the
6MWT and ISWT are reliable and responsive measures of
exercise capacity in individuals with bronchiectasis'’, and
found that the minimal important differences for patients
with bronchiectasis were 25 m in the 6MWT and 35 m in the
ISWT'”. HRQL assessment before and after PR is also
essential, and commonly used questionnaires such as the
Short Form-36 Health Survey, St. George’s Respiratory
Questionnaire, COPD assessment test, and Leicester Cough
Questionnaire have been employed in studies investigating
NTM'LD14’16’18.

Education should be offered by health care practitioners
with the objective of improving patients’ understanding
and management of NTM-LD and associated diseases such
as bronchiectasis'®. Courses could be tailored to individual
needs, covering, for example, self-care techniques, exer-
cise training, medication use, inhaler techniques (if used by
the patient), airway clearance techniques, infection man-
agement, oxygen therapy, nutrition, and hospice care, if
necessary'®.

Airway clearance techniques

The vicious cycle hypothesis is widely accepted to explain
the development and progression of bronchiectasis. The
hypothesis suggests that failure of host defense leading to a
host-mediated chronic inflammatory response'® causes
further impairment of mucociliary clearance and host de-
fenses. Impaired mucociliary clearance results in microbial
colonization of the bronchial trees. The microbial infection
further causes chronic inflammation resulting in tissue
damage and impaired mucociliary motility. This leads to
more infection with a cycle of progressive inflammation
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Figure 1 Comprehensive treatment of NTM-LD.

causing lung damage. Therefore, it is suggested that
bronchial anatomic changes and airway clearance impair-
ment appear to be the risk factors of chronic NTM infec-
tion’%. Clearance of the mucus may help to break this
vicious cycle®. Therefore, we suggest airway clearance
techniques as part of the treatment plan for patients with
NTM-LD.

Several airway clearance techniques can be used to
treat individuals with NTM-LD, including the active cycle of
breathing techniques (ACBT), autogenic drainage, forced
expiration technique (FET), manual techniques, postural
drainage (PD), oscillating positive expiratory pressure
(OPEP) therapy, and high-frequency chest wall oscillation
(HFCWO)*' =23, ACBT is composed of breathing control,
thoracic expansion exercises, and huffing, and helps pa-
tients to clear airway secretions?'. The FET is a maneuver
that uses thoracic expansion exercises to move secretions
towards the mouth. PD uses gravity and percussion to
loosen the thick, sticky secretions and lets the secretions to
be removed by coughing?'. OPEP therapy uses a device with
positive end-expiratory pressure and air-flow oscillations to
increase mobilization and elimination of airway secre-
tions?'. HFCWO is an airway clearance technique using a
machine that produces external chest wall oscillations and
loosening of the secretions?®.

Although few studies have evaluated airway clearance
techniques in patients with NTM-LD, such techniques have
long been used to treat bronchiectasis. The first RCT to
compare OPEP and ACBT with and without PD in random
treatment order was performed in 36 subjects with bron-
chiectasis®'. The total sputum weight of the ACBT plus PD
group was twice that of the ACBT group and OPEP group. All
techniques were well accepted and tolerated by patients.
The patients’ preferences were 44% for OPEP, 22% for ACBT,
and 33% for ACBT plus PD. In a systematic review on airway
clearance techniques in patients with bronchiectasis??,
Snijders et al. reviewed 35 articles in the 1989—2014 in-
ternational medical literature and discovered that ACBT
could increase the amount of sputum expectorated and
improve breathlessness, lung residual volume (RV),

functional respiratory capacity (FRC), and total lung ca-
pacity (TLC) but had no effects on forced expiratory volume
in 1 s (FEV1) and forced vital capacity (FVC). The FET can
also increase the amount of sputum expectorated and
improve RV, FRC, and TLC. PD with ACBT significantly
increased sputum expectoration and improved cough
symptoms and HRQL??. OPEP devices such as Acapella® and
Flutter® can increase the quantity of sputum expectorated
and improve RV, FRC, and TLC. These OPEP devices, how-
ever, have no effects on FEV1 and FVC.?> HFCWO can
improve sputum clearance, HRQL, FEV1, and FVC and it was
more comfortable for patients relative to other tech-
niques’’. A recent systematic review covering six studies
with a total of 120 participants noted that all airway
clearance techniques were safe and reported no severe
adverse reactions?®>. The ACBT may be more effective at
improving gas exchange, sputum volume, and HRQL than
PD. Participants in two studies preferred OPEP devices over
the ACBT or PD techniques?. These studies have revealed
that airway clearance techniques improve sputum clear-
ance, symptoms, and HRQL in a bronchiectasis population.
A retrospective single-center study® analyzed the effects of
chest physical therapy (including manual chest percussion,
HFCWO, and OPEP) in patients with NTM over a period of 8
years and observed an increase in TLC but not FEV1. Large
RCTs on airway clearance techniques in NTM-LD are scarce.
The effects of airway clearance techniques are summarized
in Table 2.

Exercise training

Although studies on exercise training in patients with NTM-
LD are relatively few, increasing evidence has indicated
that exercise training increases exercise capacity and HRQL
in patients with bronchiectasis. The exercise training pro-
gram reported by Lee at al. included treadmill or land-
based walking conducted twice weekly for 8 weeks?*. The
exercise intensities were 75% of the maximal speed ach-
ieved on the ISWT, 60% of the maximal work rate on a
bike?*. Mandal et al. conducted an exercise training pro-
gram over two supervised sessions and one unsupervised
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Table 1 Non-pharmacological treatment of NTM-LD.
Therapies Items Indications Benefits
Education - Knowledge about disease - All patients - Improve self-management'*

- Self-care technique

- Pharmacological treatment

- Non-pharmacological
treatment

- Smoking cessation

- Hospice care

- Active cycle of breathing
techniques

- Autogenic drainage

- Forced expiration technique

- Manual techniques

- Postural drainage

- Positive expiratory pressure

- Oscillating positive expiratory

Airway Clearance
Therapy

- Copious secretions
- Respiratory

retained secretions
- Acute atelectasis

- Increase amount of sputum expec-
torated®?' 23

- Improve
dyspnea)

- Improve HRQL®??

- Decrease RV, FRC, and TLC®??

infection with

symptoms
8,22

(cough,

pressure
- High frequency chest wall
oscillation
Exercise training - Bike - Poor exercise capacity - Improve exercise capacity'>*2¢
- Treadmill - Poor HRQL - Improve HRQL'#2%:2
- Walking - Persistent dyspnea - Improve symptoms (dyspnea,
- Swimming fatigue)?*2°
- Resistance training (with - Decrease acute exacerbation”*
hand weights or bands)
Inspiratory - IMT device - Low MIP and MEP - Increase respiratory muscle
muscle strength?8—3°
training - Improve exercise capacity?>°
- Improve HRQL?-*°
- Decrease dyspnea®”
Nutrition - High-calorie intake/High pro- - Malnutrition (BMI< <20 kg/ - Increased muscle strength and
tein content m?, serum albumin <3.5 g/ HRQL (with PR)*
- Fruits and vegetables dL)
- Vitamin and mineral
supplements

- Oral nutritional supplements

Abbreviation: BMI = body mass index, FEV1 = forced expiratory volume in 1 s, FRC = functional respiratory capacity, FVC = forced
vital capacity, HRQL = health-related quality of life, MEP = maximal expiratory pressure, MIP = maximal inspiratory pressure,

PR = pulmonary rehabilitation, TLC = total lung capacity.

session per week for 8 weeks?>. After a warm up, patients
completed 10-min sessions on the treadmill, bike, and ski
machine. The intensity was 85% of maximum oxygen up-
take?’. Zanini et al. implemented a 3-week inpatient ex-
ercise training program including 12—15 supervised
sessions?®. All patients participated in sessions of
30—40 min, exercising on a treadmill or cycle ergometer.
Exercise intensity was 60%—70% of the maximum heart rate
achieved on the 6MWT and adjusted according to patients’
tolerance, with the aim being a Borg dyspnea score of 3—5.
Patients were also instructed on pursed lip breathing,
airway clearance techniques, IMT, and nutritional support.
The total daily duration of the training program was
2—3 h%. Patel et al. offered an outpatient exercise training
program involving two supervised sessions and one home
session per week for 8 weeks'”. Exercise training was
individualized and included cycling, aerobic walking, and
four-limb resistance training.

In these studies, exercise training programs lasted
approximately 8 weeks or 12—16 sessions. The frequency of
exercise training was two supervised sessions a week with
or without one session at home. The intensity of exercise
training was approximately 60%—75% of maximal exercise
capacity or heart rate.

Mandal et al. conducted a pilot RCT comparing an 8-
week exercise training program plus respiratory physio-
therapy with respiratory physiotherapy alone?. In the
group that engaged in exercise training with respiratory
physiotherapy, significantly greater improvement was
achieved in the ISWT, Leicester Cough Questionnaire, and
St. George’s Respiratory Questionnaire, relative to the
group that engaged in respiratory physiotherapy only. Lee
et al. conducted another RCT comparing an 8-week ex-
ercise training group with a control group?*. Significant
improvements were obtained by the intervention group
with respect to the exercise capacity, acute
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Table 2  Effects of airway clearance techniques.
Interventions Study design Patient numbers Results Reference
- PD Retrospective 77 patients with - Improved cough and sputum production 8
- HFCWO NTM-LD - increase in TLC
- OPEP
- OPEP (Flutter®) Randomized 36 patients with - All techniques were well accepted and 21
vs. ACBT vs. controlled trial bronchiectasis tolerated.
ACBT-PD - The total sputum weight of the ACBT-PD
group was twice than that of the ACBT
group and OPEP group
- The patients’ preferences were 44% for
OPEP, 22% for ACBT, and 33% for ACBT-PD
- ACBT Systematic review 655 patients with - ACBT improved sputum expectorated, RV, 22
- ACBT-PD bronchiectasis FRC, and RLC
- FET - ACBT-PD improved sputum expectorated,
- OPEP cough symptoms and HRQL.
- HFCWO - FET improved sputum expectorated, RV,
FRC, and TLC
- OPEP (Acapella® and Flutter®) improved
sputum expectorated, RV, FRC, and TLC
- HFCWO improved sputum clearance,
HRQL, FEV1, and FVC
- HFCWO was more comfortable relative to
other techniques
- ACBT Systematic review 120 patients with - All airway clearance techniques were safe 23
- PD bronchiectasis and reported no severe adverse reactions.
- FET - ACBT was more effective at improving gas
- OPEP exchange, sputum volume, and HRQL than
- HFCWO PD

- Participants preferred OPEP devices over
the ACBT or PD

Abbreviation: ACBT = active cycle of breathing techniques, FET = forced expiration technique, FEV1 = forced expiratory volumein 1 s,
FRC = functional respiratory capacity, FVC = forced vital capacity, HFCWO = high-frequency chest wall oscillation, HRQL = health-
related quality of life, OPEP = oscillating positive expiratory pressure, PD = postural drainage, TLC = total lung capacity.

exacerbations, dyspnea, and fatigue domains of the
Chronic Respiratory Disease Questionnaire. However, in
their study, exercise training did not improve cough-
related quality of life. A retrospective study evaluated
the effect of a 3-week inpatient PR program on individuals
with bronchiectasis?®. This PR program had a significant
effect on 6-min walk distance, HRQL, and dyspnea score.
Their regression analysis suggested that male sex and se-
vere disease were factors predicting improvement in
HRQL and exercise capacity. Recently, Patel et al. per-
formed a real-life, propensity-matched control study to
compare the effects of supervised outpatient PR in pa-
tients with bronchiectasis versus patients with COPD'2.
They revealed that the bronchiectasis group had a similar
completion rate (74%) as did the COPD group'®. The
changes in ISWT distance and Chronic Respiratory Disease
Questionnaire score after PR were also similar between
the two groups.'? However, the bronchiectasis group had
less improvement in the fatigue domain of the Chronic
Respiratory Disease Questionnaire than did the COPD
group'?. These studies support the clinical provision of PR

to patients with bronchiectasis. The effects of exercise
training are summarized in Table 3.

IMT and postoperative PR
IMT is a method to train the respiratory muscle strength
using a device?’. The training is mostly conducted using a
threshold or incentive spirometry, but the intensity and
frequency of IMT programs have varied in studies. In most
studies, IMT has been performed two to five days a week?,
with the intensity ranging from 30% to 80% of maximum
inspiratory pressure’” and the training duration ranging
from 1 week to 1 year?’. Although many studies have per-
formed IMT for patients with pulmonary diseases, the
clinical benefits of IMT remain controversial. In a previous
study of patients with bronchiectasis, an 8-week IMT
intervention group was compared with a control group®.
IMT intervention resulted in significant improvements to
inspiratory and expiratory muscle strength. However, the
two groups did not significantly differ with respect to lung
function, HRQL, and walking capacity. A recent RCT
compared a control group with an intervention group that
u.
n-
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Table 3  Effects of Exercise training.
Interventions Study design Patient numbers Results Reference
- Session: two supervised ses- Propensity- 213 patients with - Significant improve- 12
sions and one home session matched control bronchiectasis vs. ments in exercise ca-
per week study 213 patients with COPD pacity and HRQL.
- Duration: 8 weeks - The changes in exer-
- Exercise program: cycling, cise capacity and HRQL
aerobic walking, and four- were similar between
limb resistance training the two groups
- Session: two sessions per  Randomized 85 patients with - Significant ~ improve- 24
week controlled trial bronchiectasis ments in exercise ca-

- Duration: 8 weeks

- Exercise program: treadmill
or land-based walking

- Intensity: 75% of the maximal

speed on the ISWT, or 60% of

the maximal work rate on a

bike

Session: two supervised and

one unsupervised session per

week

- Duration: 8 weeks

- Exercise program: treadmill,
bike, and ski machine

- Intensity: 85% of maximum
oxygen uptake

- Session: total 12—15 sessions

- Duration: 3 weeks

- Exercise program: treadmill
or cycle ergometer.

- Intensity: 60%—70% of the
maximum heart rate

Randomized
controlled trial

Retrospective
study

30 patients with
bronchiectasis (15
patients in chest
physiotherapy group, 15
patients in chest
physiotherapy with
exercise training)

135 patients with
bronchiectasis

pacity, acute
exacerbations, dys-
pnea, and HRQL.

- Exercise training plus 25
chest physiotherapy
with more improve-
ment in exercise ca-
pacity and HRQL

- Significant  improve- 26
ment in exercise ca-
pacity, HRQL, and
dyspnea score.
- Regression analysis:
male gender and se-
vere disease predicting
improvement in HRQL
and exercise capacity.

Abbreviation: COPD = chronic obstructive pulmonary disease, ISW = incremental shuttle walk, HRQL = health-related quality of life.

derwent an 8-week high-intensity IMT (70% maximal inspi-
ratory pressure)?’; high-intensity IMT resulted in increased
respiratory muscle strength, HRQL, and exercise capacity.
Another study demonstrated that an 8-week home-based
high-intensity IMT improved inspiratory muscle strength
and HRQL (measured using the St. George’s Respiratory
Questionnaire) and reduced dyspnea during daily activity;
however, such IMT did not reduce the 6-min walk distance
in patients with advanced LD*°. The benefits were sus-
tained for 3 months*°.

Some types of NTM-LD are difficult to control with
antimicrobial therapy alone”, and surgical resection may be
beneficial in some patients. However, lung surgery often
decreases physical fitness and HRQL®. Intervention of PR
programs either before or after surgery, might be consid-
ered for patients with NTM-LD. Morino et al. investigated
preoperative PR in 19 patients with NTM-LD who received
video-assisted thoracic surgery with lung resection®' and
discovered that PR reduced postoperative atelectasis and

pneumonia. Thus, preoperative PR may be effective in
preventing postoperative complications.

Nutrition

Weight and muscle mass loss tend to be high in patients
with chronic inflammatory LDs, such as NTM-LD, emphy-
sema®?, and COPD*3. The unintentional weight loss in NTM-
LD can be attributed to increased calorie needs, decreased
appetite, early satiety, nausea, taste bud changes, medi-
cation side effects, and inflammatory response to NTM-
LD**. Chronic inflammatory status could also account for
increased body weight loss and the catabolization of lean
body protein®®>. Among patients with NTM-LD, failure to
stabilize body weight is closely associated with poorer
outcomes during treatment®®. Besides, lower serum albu-
min level and higher C reactive protein level were associ-
ated with a higher risk of disease progression®” and a lower
probability of responding to therapy>®.
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Common indicators of malnutrition in patients with
pulmonary disease are (1) body mass index, (2) fat free
mass, (3) the fat free mass index (calculated as the fat
free mass divided by the squared of height), and (4)
multifrequency bioelectrical impedance spectroscopy re-
sults. Although body mass index is a useful indicator of
overall health status, it does not measure composition of
fat and muscle mass. Fat free mass and multifrequency
bioelectrical impedance spectroscopy provide more de-
tails on muscle and fat composition, thus fat free mass is
more capable than body mass index in evaluating malnu-
trition or muscle wasting and could be a better malnu-
trition screening tool and predictor of nutritional
status®®*°.

Sufficient caloric and protein intake plays a crucial role
to help patients fight infection*!, but studies addressing the
benefits of nutritional supplementation in patients with
NTM-LD remain scarce. However, chronic inflammatory
status, such as bronchiectasis, is frequently noted in pa-
tients with NTM-LD and it could lead to hypermetabolism
with increased protein catabolism, loss of lean body mass,
and exercise intolerance, and contribute to a poor quality
of life®>. Thus, an adequate protein and caloric diet com-
bined with antioxidant nutrients might be the most appro-
priate dietary strategy*>*>. In bronchiectasis patients, an
RCT showed that the addition of a hyperproteic oral nutri-
tional supplement enriched with beta-hydroxy-beta-
methylbutyrate to PR could improve body composition,
muscle strength, and HRQL**. A practical strategy to in-
crease appetite could include appetite-stimulating medi-
cation, frequent meals, and nutritional supplement drinks.
Frequent small meals with high-calorie foods might benefit
patients with poor appetite®, since the respiratory load
during a small meal (250—500 kcal) is relatively low. Animal
proteins, such as meat, fish, eggs, poultry, legumes, and
dairy products, can provide essential amino acids. Mean-
while, vegetarians can obtain complete protein through
foods such as tofu or other soy products.

Nutrients with antioxidant ability and other supplements
Although the studies on nutrients with antioxidant ability in
NTM-LD are lacking, previous studies in COPD*® and cystic
fibrosis*’ revealed that nutrients with antioxidant ability
might help in alleviating lung function loss and airway
inflammation. Micronutrients such as vitamins and minerals
can affect several components of innate immunity*®“°. The
deficiencies in these micronutrients affect a person’s im-
munity to fight infections. Significantly lower serum con-
centrations of vitamins A, D, and E have been reported in
patients with tuberculosis relative to healthy control
groups*®“?, A few studies also demonstrated that patients
with NTM-LD have multiple significant vitamin deficiencies
and the intake of multivitamin and mineral supplements
may be beneficial®.

Patients with significantly reduced body weight or food
intake might benefit from nutritional supplements between
meals®'. These can improve patient’s nutritional status and
stabilize their weight and muscle mass®'. A balanced for-
mula containing the basic daily nutrients requirement is the
first recommended choice. In addition, palatability, vol-
ume, and energy density of liquid diet are also important
factors when selecting a commercial formula®. A special

formula with high proportion of fat might help to reduce
demand of carbon dioxide, but it might cause slow gastric
emptying, and increase satiety and decrease appetite®.

Future work

Studies concerning PR programs and nutrition support in
patients with NTM-LD remain limited. Only small-sample
and retrospective studies have been performed. PR and
nutrition support were recommended for patients with
NTM-LD based on the results of a few small clinical studies
and extrapolations from guidelines for bronchiectasis or
COPD. Further studies, especially large RCTs on PR pro-
grams and nutrition support are necessary. The cost of
treatment of NTM-LD is substantial, especially the cost of
drugs and hospitalization®*. Studies investigating the cost-
effectiveness of PR programs in patients with NTM are
lacking, and further investigation is necessary.

Conclusions

Patients with NTM-LD have been reported to have a
significantly poorer HRQL and exercise intolerance than
healthy controls do. The goals of treatment for NTM-LD
should include reducing symptom severity, improving HRQL,
improving exercise capacity, and reducing acute exacer-
bation. Medical treatment is the main course of treatment
for NTM-LD, but it is sometimes inadequate in managing
patients with NTM-LD. Nonpharmacological treatment
strategies, including PR programs involving airway clear-
ance techniques, exercise training, IMT, education, and
nutrition support are well known to improve HRQL, exercise
capacity, and acute exacerbation in patients with lung
diseases such as bronchiectasis and COPD. The combination
of medical treatment and nonpharmacological manage-
ment is integral in the management of these diseases. It is
rational to apply these treatments to NTM-LD. However,
further studies, especially large RCTs are needed.
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