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Abstract: In idiopathic pulmonary fibrosis (IPF), several factors may have a negative impact on
the nutritional status, including an increased respiratory muscles load, release of inflammation
mediators, the coexistence of hypoxemia, and physical inactivity. Nutritional abnormalities also
have an impact on IPF clinical outcomes. Given the relevance of nutritional status in IPF patients,
we sought to focus on some critical issues, highlighting what is known and what should be
further learned about these issues. We revised scientific literature published between 1995 and
August 2019 by searching on Medline/PubMed and EMBASE databases including observational
and interventional studies. We conducted a narrative review on nutritional assessment in IPF,
underlining the importance of nutritional evaluation not only in the diagnostic process, but also
during follow-up. We also highlighted the need to keep a high level of attention on cardiovascular
comorbidities. We also focused on current clinical treatment in IPF with Nintedanib and Pirfenidone
and management of gastrointestinal adverse events, such as diarrhea, induced by these antifibrotic
drugs. Finally, we concentrated on the importance of pulmonary rehabilitation program, including
nutritional assessment, education and behavioral change, and psychological support among its
essential components. More attention should be devoted to the assessment of the undernutrition and
overnutrition, as well as of muscle strength and physical performance in IPF patients, taking also
into account that an adequate clinical management of gastrointestinal complications makes IPF drug
treatments more feasible.
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1. Introduction

In recent years, nutritional status has increasingly gained attention in the evaluation of patients
with chronic respiratory diseases since their clinical course is often characterized by progressive weight
loss and reduction of muscle mass [1-3].

Idiopathic pulmonary fibrosis (IPF) is a fibrosing interstitial lung disease of unknown etiology
characterized by rapid progression and poor prognosis [4,5].

As shown in Figure 1, in IPE several factors may have a negative impact on the nutritional status
of IPF patients, including an increased respiratory muscles load, release of inflammation mediators,
hypoxemia, and physical inactivity [6-9].
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Figure 1. Nutritional disorders in IPF: pathogenesis.

Furthermore, given the rapidly progressive nature of the disease, with a median survival time of
only two to five years, all these factors often develop and worsen in a short period of time.

It is worth noting that not only may the “downward spiral” of the underlying pulmonary disease
affect the nutritional status, but also nutritional abnormalities may have an impact on clinical outcomes.
For instance, lower body mass index (BMI) and body weight loss have been associated with increased
mortality [10-12]. Conversely, the effects of obesity and metabolic syndrome are less known.

Given the relevance of evaluating nutritional status in IPF patients, a topic which remains still
largely understudied, we sought to focus on some critical issues, highlighting what is known and what
should be further learned about these issues.

2. Materials and Methods

We revised scientific literature published between 1995 and August 2019 by searching on
Medline/PubMed, EMBASE, and clinicaltrials.gov databases including observational and interventional
studies. Keywords used for each database are reported in Box 1.
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Box 1. Selected keywords to perform the research.

Nutritional status AND (IPF OR acute exacerbation of IPF), nutritional assessment AND (IPF OR acute
exacerbation of IPF), nutrition AND (IPF OR acute exacerbation of IPF), body mass index AND (IPF OR acute
exacerbation of IPF), nutritional interventions AND (IPF OR acute exacerbation of IPF), dietary habits AND (IPF
OR acute exacerbation of IPF), body composition AND (IPF OR acute exacerbation of IPF), metabolic rate and
(IPF OR acute exacerbation of IPF), body weight AND (IPF OR acute exacerbation of IPF), weight loss AND
(IPF OR acute exacerbation of IPF), weight gain AND (IPF OR acute exacerbation of IPF), malnutrition AND
(IPF OR acute exacerbation of IPF), overweight AND (IPF OR acute exacerbation of IPF), obesity AND (IPF OR
acute exacerbation of IPF), cardiovascular comorbidities AND IPF, cardiovascular risk AND IPF, dyslipidemia
AND IPE, metabolic syndrome AND IPF, diabetes mellitus AND IPF, gastroesophageal reflux disease AND IPF,
nintedanib AND (gastrointestinal events OR diarrhea OR nausea OR vomiting OR dyspepsia OR anorexia),
pirfenidone AND (gastrointestinal events OR diarrhea OR nausea OR vomiting OR dyspepsia OR anorexia), IPF
AND pulmonary rehabilitation.

Studies targeting children and conference abstracts were excluded. In addition, given the aim of
the present review, we included only studies on IPF excluding those on other interstitial lung diseases
(ILDs). Topics and structure of the review were discussed and approved by the expert panel. Reviewing
main topics were based on the author’s expert view on the current status of the field under discussion.

3. Results and Discussion

3.1. Assessment of Nutritional Status in IPF Patients

Specific nutritional counseling and dietary advices for IPF patients are not yet available, with
the exception of dietary recommendations to reduce the side effects of antifibrotic treatments (see the
following sections). The implementation of a nutrition care process may be useful especially in those
patients with IPF who are at risk or already malnourished [13]. According to the ESPEN guidelines [13],
malnutrition (i.e., undernutrition) can be defined as “a state resulting from lack of intake or uptake of
nutrition that leads to altered body composition (decreased fat free mass) and body cell mass leading to
diminished physical and mental function and impaired clinical outcome from disease”. Disease-related
malnutrition can arise from a number of reasons, for instance the inability to eat (for instance, as a result
of anorexia, nausea, and vomiting), impaired absorption, altered metabolism, and hypercatabolism.
The diagnosis of malnutrition (undernutrition) may be reached according to international criteria [13]
or based on authors’ choices. The term overnutrition includes both overweight and obesity.

From a practical point of view, nutritional status may be assessed by evaluating nutrient intakes,
energy expenditure, body composition, laboratory data, and body functions. Overall, only a few
studies (in most cases, cross-sectional) have so far evaluated the nutritional status of IPF patients.

To the best of our knowledge, there are no consistent results available on nutrient intakes in IPF.
Two studies carried out in Japan [14,15] showed that the consumption of fruit was associated with a
reduced risk of IPF, whereas the opposite was true for meat and saturated fatty acids.

Main anthropometric data were reported in many papers. Mean BMI was around 26-28 kg/m?
in most studies from Western Countries [8,10,16-21] and lower (23-24 kg/mz) in those carried out in
Japan and South Korea [11,22-25] (Table 1).



Nutrients 2020, 12, 1131

40f16

Table 1. Mean BMI values of patients with idiopathic pulmonary fibrosis (IPF) as reported in

selected studies.

Year of . Mean BMI BMI Categories
Publication Country Type of Study Patients (kg/m?) (BMI as kg/m?)
WESTERN COUNTRIES
" =197 <25: 23%
Alakhras 2007 USA Cross-sectional " 282 +3.0 25-30: 43%
70% men
>30: 34%
Newly diagnosed n=115
Mura 2012 Italy Patients 62% men 28.0£4.0 -
Nolan 2018 UK Cross-sectional n =46 271+58 -
72% men
Guler 2019 Canada Cross-sectional n =115 28.0 £4.0 -
62% men
Jouneau 2019 France Cross-sectional noz 81 26.3 +£3.3 <21: 3.7%
88% men
Jouneau 2019 France Cross-sectional 710: 191 27.5+4.0 -
84% men
. n =130
Nolan 2019 UK Cross-sectional o 27.8 +4.7 -
83% men
Sheth 2019 USA Cross-sectional n(,: >0 302 +4.4 >30: 46%
66% men
FAR EAST COUNTRIES
Kim 2012 South Newly cbagnosed 227429 B
Corea Patients
. . n=238
Morino 2017 Japan Cross-sectional 68% men 239 +3.0 -
. . n=44
Nishiyama 2017 Japan Cross-sectional 80% men 22.8+2.9 -
Nakatsuka 2018 Japan Cross-sectional nO: 124 23.8£2.6 -
85% men
. n =30
Ikeda 2019 Japan Cross-sectional 80% men 21.0+2.0 -

Thus, a high proportion of overweight/obese patients (overnutrition) may be expected [17,21].
As a matter of fact, in terms of phenotype, the prevalence of obese patients has been reported in two
studies to be 34% and 46% [10,21]. On the other hand, the prevalence of underweight patients was
found low (4%), but of clinical significance, in a recent study on French IPF patients [18], whereas it
was substantially higher (>20%) in patients recruited in Japan [24]. As far as body composition is
concerned, two studies found low fat-free mass (strongly suggesting malnutrition) in a consistent
proportion of IPF patients [18,24]. The study by Jouneau et al. also reported low values of mid-arm
circumference in nearly one-third of cases [18]. Interestingly, a reduction of pectoralis muscle area
(no difference in BMI) was specifically observed in IPF patients with frailty syndrome [21]. Finally,
it should be stressed that fat-free mass is also a significant independent predictor of survival in IPF
patients [24]. With regard to vitamin status, a recent study showed that patients with IPF exhibited low
serum vitamin D concentrations and such deficiency correlated with all-cause mortality, suggesting the
role of vitamin D as prognostic factor and therapeutic target [26]. Overall, it should be noted that there
are no studies identifying malnutrition and/or sarcopenia, as formal diagnoses, using to international
criteria such as those proposed by ESPEN [13] or the 2019 EWGSOP Consensus [27], respectively.

The assessment of health-related physical fitness provides relevant information on body functions
by assessing muscle strength, physical performance, and exercise tolerance. There is a small amount of
literature on this issue for IPF patients. An inverse association between handgrip strength and age or
dyspnea was observed [8,28]. Gait speed was inversely correlated with gender, age, and GAP index
(a staging system based on gender, age and physiology, i.e., pulmonary function) and improved with
pulmonary rehabilitation [20]. Furthermore, it was also an independent predictor of mortality [17].
A greater six-minute walk distance (6MWD) was associated with a higher diffusion capacity of the
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lung for carbon monoxide (DLCO) and forced vital capacity (FVC), lower dyspnea, better quality of
life, and lower mortality [29].

3.2. Nutritional Follow-Up in IPF Patients

Considering that there are no guidelines about the nutritional follow-up in IPF patients, in our
opinion, nutritional status should be re-evaluated at regular intervals in all IPF patients with regard
to formal diagnosis, weight loss, and nutritional problems. According to the best clinical practice,
the periodic evaluation should consider [30] dietary intake and nutrition-focused medical history;
nutrition-related physical signs and symptoms; body composition [31]; basal metabolic rate [32];
laboratory tests [11]; functional tests [24]; and physical activity level [12].

Previous studies have reported that body weight changes with time have a strong correlation with
clinical outcomes in several diseases [30,31]. Body weight loss is recognized as a common complication
of IPF [32]. In fact, there is evidence that body weight loss is an independent predictive factor of
reduced survival in IPF [11] and a decrease in BMI >5% per year are associated with an increased
mortality even in patients with an FVC decline <10% [24]. Body weight loss is not affected by BMI
values at baseline, suggesting that a single-point measurement is not enough to evaluate the weight of
the status of IPF patients [11]. A recently published retrospective study confirmed that weight loss
is common in patients with ILD and it is associated with an increased risk of mortality in patients
with IPE. The authors suggest that weight loss may also serve as a longitudinal marker of disease
progression together with functional evaluation [12]. Body weight loss may be due to various factors
such as chronic inflammation, oxidative stress, reduced food intake (due to loss of appetite), and
may be associated with disease progression [33]. In addition, in IPF, as for other chronic disease as
chronic obstructive pulmonary disease (COPD), the cause of nutritional abnormalities is multifactorial.
The different relevance, if any, of nutritional change in IPF patients in comparison with other chronic
lung disease has not been studied so far.

Finally, as far as body composition is concerned, changes in muscle mass body composition, i.e., a
reduced cross-sectional area of erector-spinae muscles, are associated with a worse prognosis in IPF
patients [34].

3.3. Nutrition and Acute Exacerbation of IPF

Acute exacerbation is characterized by acute respiratory worsening, being a severe event in the
course of IPF and leading to high mortality [35]. In this situation, patients with IPF are almost always
hospitalized, with no data so far available on their nutritional status. A basal evaluation of nutritional
status in hospitalized IPF patients may be measured with serological markers such as total proteins
and total cholesterol level. However, there are no data about nutritional evaluation in this condition.
Indeed, to produce some comments, we can examine and ponder available evidence on seriously ill
patients hospitalized for other diseases.

Malnutrition is a highly prevalent consequence of hospitalization, especially in critically ill patients
admitted to intensive care units (ICU) [36]. Malnutrition can be the result of both hypermetabolism,
and inadequate intakes of energy and protein [37,38]. During IPF exacerbation, a greater reduction in
physical activity, impairment in gas exchange and oxygenation, a systemic inflammatory condition, and
a worse nutritional balance may be observed. Inflammation helps accelerate the degradation of muscle
proteins. Immobilization is another important factor in muscle myopathy among ICU patients [39].

Nutrient deficiency has been correlated with a prolonged length of ICU/hospital stay and is strongly
associated with increased morbidity and mortality among critically ill patients [36,37]. Conversely,
medical nutritional therapy may reduce morbidity, mortality, and length of ICU stay [40]. Nutrition
support in the ICU/hospital can impact favorably the development of complications, the modulation
of the immune response, and the length of stay, resulting in improved outcomes [41,42].
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3.4. Cardiovascular Risk, Metabolic Syndrome, and Obesity

Cardiovascular comorbidities, particularly coronary artery disease and arrhythmias, have been
frequently observed in patients with IPF [43-45]. Such comorbidities may increase mortality risk [46].
Risk factors for cardiovascular diseases in IPF patients may include (1) fibrosing pathogenetic pathways
shared with IPF that still largely remain to be explored; (2) unhealthy lifestyles and eating habits,
such as low physical activity level, dyslipidemia, metabolic syndrome, systemic hypertension, and
smoking history [47]. To note, multiple post-hoc analyses evaluated the effect of cardiovascular drugs
on IPF outcomes: angiotensin-converting enzyme inhibitor (ACEi) and statin use, but not angiotensin
IT receptor blocker (ARB) administration, was associated with slower disease progression [48,49].

Prevalence of diabetes mellitus also appears higher than in general population, even after the
exclusion of individuals treated with systemic corticosteroid therapy. However, the prognostic
significance of such finding is unknown [46]. Metformin, a well-known antidiabetic drug, has been
recently explored as antifibrotic agent in the mouse model of bleomycin-induced pulmonary fibrosis
with positive results. More specifically, metformin significantly reduced the expression of multiple
profibrotic proteins and restored mitochondrial biogenesis accelerating lung fibrosis resolution [50-52].
Moreover, Spagnolo et al. [53] performed a post-hoc analysis to assess the effect of metformin on IPF
outcomes including mortality, hospitalization, FVC, and 6MWD decline and found no differences in
disease progression or other outcomes at 1 year.

As already mentioned, observational studies reporting BMI in patients with IPF showed a presence
of overweight or obesity in the majority of patients [8,11,18].

Although in IPF patients lower BMI and weight loss show a negative impact on disease outcomes
more than overweight and obesity (see above), these latter issues may have a major impact in advanced
stages as demonstrated by the fact that obesity is associated with an increased mortality risk in patients
receiving bilateral lung transplantation and that obese patients may not be eligible for transplant [54].
Interestingly, the prevalence of hypothyroidism was observed to be higher and an independent
predictor of mortality in IPF patients as compared to the general population, and it may also be a cause
of overweight and obesity; therefore, in patients with such conditions, it is important to screen for
dysthyroidism [55].

3.5. Gastrointestinal Aspects: Gastroesophageal Reflux Disease

A recent meta-analysis confirmed that gastroesophageal reflux disease (GERD) and IPF may
be associated with each other; however, this association was found in case-control studies with
smoking being a possible major confounder [56]. The causal association would still have to be clearly
demonstrated. The current paradigm of GERD diagnosis hinges on the identification of esophageal
mucosal lesions or troublesome symptoms caused by GERD [57]. A putative GERD diagnosis
is reinforced by a favorable response to proton pump inhibitor (PPI) therapy [58]. Standardized
questionnaires may be useful in the diagnostic process [59]. Indications for further testing include
treatment failure, diagnostic uncertainty, and treating (or preventing) complications of GERD. However,
diagnostic testing may or may not support the initial diagnosis, as the criteria defining GERD are
specific to each testing modality [60]. The optimal diagnostic strategy to test for GERD in patients with
IPF is uncertain. The benefit of antacid medication on IPF progression is unclear because there are
conflicting and low-quality data. Spanish and German guidelines for IPF do not recommend antacids
treatment of IPF patients for their primary disease underlying the need of further studies [61,62].
Conversely, the recommendations of the clinical practice guidelines suggest a regular antacid treatment
for patients with IPF due to a possible (and yet unproven) increase in lung function and survival, and
the low cost of therapy [63]. However, a potential risk for increased infections should be taken into
account [64].

Although dietary intervention might play a role in effective treatment and management of
GERD [65] and reflux itself might adversely affect nutritional status in chronic debilitating condition [66],
to the best of our knowledge, there are no studies who address the complex interplay between IPF,
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nutritional status, and GERD. Further studies are needed to evaluate the effective role of antacids on
IPF progression.

3.6. Adverse Events of New Antifibrotic Drugs

The two currently available anti-fibrotic drugs, nintedanib and pirfenidone (PFD), have offered a
therapeutic chance to IPF patients. However, as reported below, both of them cause adverse events
that may interfere with food intake and absorption, potentially leading to weight loss and malnutrition.
To the best of our knowledge, the relation between nutrition and anti-fibrotic therapies has not been
carefully investigated and needs special attention. There is evidence that a weight loss > 5% occurs in
about 20% of IPF patients, even in the absence of anti-fibrotic treatments [11]. Moreover, both weight
loss and a decrease in BMI have been associated with a worse prognosis [11,67,68]. Recently, Perelas et
al. reported that the choice of anti-fibrotic medication along with disease severity predicts weight loss.
In particular, a higher proportion (61%) of patients taking nintedanib compared to those taking PFD
(30%) had a clinically significant weight loss after one year of uninterrupted treatment [69].

3.6.1. Nintedanib

In IPF patients, the treatment with Nintedanib was not associated with serious adverse events
(data from INPULSIS and INPULSIS ON trials), but was associated with increased gastrointestinal
events, particularly diarrhea (62.4% in treatment group vs. 18.4% in placebo group). These episodes
were mild-to-moderate and led to a low 4.4% incidence of discontinuation in the clinical trial [70].
Additionally, diarrhea tended to ameliorate after the first months of treatment. In INPULSIS, 44% of
diarrhea cases occurred within the first month of treatment and 67% within the first three months.
INPULSIS studies were extended in the INPULSIS ON, and data from INPULSIS ON suggested that
a correct clinical management can reduce adverse events in IPF patients; in fact, INPULSIS placebo
patients, which received Nintedanib in the subsequent INPULSIS ON, experienced a lower rate of side
effects. Specifically, the INPULSIS studies showed an event rate for diarrhea of 112.6 (per 100 PEY) vs.
25.6 of placebo, while the INPULSIS ON reported only 62.5 events in the nintedanib group and 73.7
events in patients who began treatment (formerly placebo arm) [71]. Real life data emerging about
nintedanib use in IPF patient confirmed the efficacy and safety observed in the clinical trials.

Gastrointestinal adverse events can be managed by reduction to 100 mg twice daily of Nintedanib
dose or temporary suspension as needed. For diarrhea control, concomitant usage of loperamide [72,73]
as well as appropriate nutrition have been suggested without negative effects on antifibrotic efficacy [74].

Moreover, Ikeda et al. [75] observed an increased risk of hepatotoxicity in Japanese patients with
low surface area treated with nintedanib 150 mg twice daily. In 8 out of 10 patients, this adverse event
did not develop again after resuming a reduced dose of 100 mg twice daily. These preliminary data
suggest the importance of paying attention to patients with a small build, considering dose reduction
if needed.

3.6.2. Pirfenidone

A retrospective comprehensive analysis of safety outcomes of treatment with pirfenidone (PFD)
in 1299 IPF patients from five clinical trials (including two studies with no control group, and the
exclusion of patients with selected co-morbidities like renal failure and hepatic impairment) has shown
that overall PFD was well tolerated over a 9.9 years follow-up. Mild to moderate nausea (37.6%),
diarrhea (28.1%), dyspepsia (18.4%) and vomiting (15.9%) were the most frequent adverse events [76].
PFD has also been shown to be well tolerated (and equally efficacious) in patients with more advanced
IPF without an increased risk of discontinuation due to therapy-related adverse events [77-79].

In real-life studies, anorexia and gastrointestinal disturbance are the most common reasons for
cessation of PFD [80,81]. Ikeda et al. [25] recently reported that PFD was associated with anorexia,
weight loss, and dyspepsia, respectively, in the 63.3%, 56.7%, and 16.7% of 30 IPF patients who stopped
therapy. Moreover, anorexia and weight loss increased the rate of early termination (within six months)
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of those patients treated with PFD; due to these issues, such patients switched to nintedanib. However,
the overall safety profile of PFD seems to be quite good [82,83]. Certainly, temporary dose modification
or drug interruption may help the management of adverse events with patients counselling being
encouraged [84]. Safety data of combination therapy with pirfenidone and nintedanib suggest that
their use for 24 weeks was well tolerated by 89 IPF patients. However, the majority of them (74,
mean baseline BMI 28.6 kg/mz) had 418 treatment-related adverse events with nausea, vomiting, and
diarrhea being the most common [85]. In order to help patients with nausea and vomiting, it should be
suggested to eat small snacks throughout the day, avoid large meals, or eat food that is cold or at room
temperature (see below).

3.7. Management of Antifibrotic Drugs-Induced Diarrhea

The benefit of specific dietary recommendations other than those for oral hydration has not been
well established in controlled trials.

However, a diet can play a role in treating diarrhea avoiding foods that are high in fat, high in
fiber, milk and dairy products (since lactase deficiency may be induced by mucosal injury), spicy foods,
alcohol, caffeine-containing products, some fruit juices (e.g., prune juice, orange juice) [86]. Main
recommendations for gastrointestinal adverse events including diarrhea, nausea and vomiting, and
appetite loss are summarized in Table 2.

Table 2. Nutritional and dietary indications according to the gastrointestinal adverse events.

Diarrhea Nausea and Vomiting Appetite Loss

° It is best to drink fluids before or after meals,
not while eating.

e  Eatsmall and frequent meals.

e  Eatslowly and chewing food thoroughly.

Maintain good hydration
with a fluid intake of at least
three liters per day.

Use simple cooking methods,
such as steaming, microwave
baking and grilling.

Use raw extra-virgin olive oil
to flavor foods.

Eat carrot and potato soup
without vegetables, initially.
Fruit intake should be no
more than two servings per
day and always peeled.

Eat legumes as creamy soup.

Eat lightly seasoned, not excessively aromatic,
low-fat foods, without sauces or strong spices.
Foods should be cooked through simple
methods, such as grilling, roasting, baking
and boiling.

Eat dry foods, such as rusks, bread and biscuits.

Limit or avoid drinks with caffeine because they
may worsen nausea.

Eat when you are hungry in order to avoid
food refusal.

Drink small amounts of liquid (infusions, fruit
juices) frequently.

Liquids and soft, slightly warm and/or cold
foods may be more tolerable than hot ones: fruit
sorbets, creams, ice creams, fruit jellies,

fruit juices

Carbonated drinks such as cola, soda and tonic
water may alleviate gastrointestinal symptoms.
Milk and its derivatives (yogurt, ricotta, low-fat
cheeses) contribute essential nutrients to

the diet.

Add ginger or peppermint (spices with
antiemetic and prokinetic properties) to your
foods, declaring the possible concurrent use of
anticoagulants to your doctor.

Eat small and frequent meals.
Eat when appetite appears,
not waiting for the usual
meal times.

Eat three main meals per day
(breakfast, lunch and dinner),
snacking between meals.
Snacks should be constituted
of high-calorie foods.

Avoid drinking liquids before
and/or during meals in that
they may cause satiety.

Eat vegetables accompanying
them with high-calorie foods
(cheese, eggs, chicken, meat,
beans, corn) at the end

of meals.

Eat high-calorie foods,
avoiding low-calorie foods,
such as vegetables, salads
and broths.

3.8. Pulmonary Rehabilitation

Pulmonary rehabilitation (PR) has been widely used in the treatment of chronic respiratory
diseases, playing a fundamental role in improving exercise capacity, health-related quality of life,
and breathlessness.

PR is one of the most effective nonpharmacological treatments, and it is recommended by
guidelines for patients with IPF, even if the evidence is still inconclusive.
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As summarized in in the review performed by Xuequing et al., pulmonary function was evaluated
only in three studies, showing a significant positive effect of PR on FVC in IPF patients, with no
statistically significant improvement was reported for DLCO [87].

A randomized controlled trial, conducted by Perez-Bogerd et al. showed that exercise capacity,
health status, and muscle force improved significantly after PR, maintaining such results after one
year [88]. In addition, Dowman et al. found that successful adherence to exercise progression
maximizes the benefits [89].

Moreover, Chehere et al. reported a 53% non-responder rate, related to the severity of
exercise-induced desaturation and the impairment of DLCO before PR [90]; such issues were associated
with failure in PR.

The selection of patients for rehabilitation is of paramount importance because specific
characteristics may be associated with a greater response to PR. Subjects with a higher FVC, less
exercise desaturation, less disability, and more severe breathlessness demonstrated a more remarkable
improvement in rehabilitation outcomes [28].

The pulmonary rehabilitation program should consist of a comprehensive intervention of
patient-tailored therapies [91]. In particular, exercise training is a critical component of pulmonary
rehabilitation. Currently, principles of exercise training in IPF are similar to those in chronic obstructive
pulmonary disease (COPD), but patients with IPF may need a modification of exercise prescription
compared to COPD patients, due to the severity of dyspnea and more severe oxyhemoglobin
desaturation on exertion. Nutritional assessment and support are other essential components of
rehabilitation programs, which have as a principal target the recovery of skeletal muscle function.
Indeed, there is evidence that a combination of both exercise training and nutrition care management
may improve rehabilitation outcomes [92].

The other components of PR include education, psychological support, and training in behaviors
(i.e., behaviors that affect patients’ life such as smoking, sedentary lifestyle, etc.) that will assist in
disease management.

Morisset et al. investigated educational needs of IPF patients and provided some topics for
educational programs such as disease education, symptoms management, medications use, oxygen
therapy, and end-of-life counseling [93].

Psychological support is another component of rehabilitation programs since depression and
anxiety are frequent comorbidities in IPF patients. Uncontrolled data suggest that pulmonary
rehabilitation might improve psychological health in patients with IPF through improvements in
symptoms such as dyspnea, exercise tolerance, and sense of control over the disease [94].

All of these components of PR must work together to achieve optimal outcomes for patients
affected by IPF [95]. Studies on PR programs in IPF patient comprehensive of all the previously cited
aspects are most needed.

3.9. Future Application and Research Perspectives

To date, evaluation of nutritional status and physical fitness, the nutrition care process, and
physical activity are all largely unexplored issues related to the clinical management of patients
with IPF.

The increased interest in body composition and in the assessment of nutritional status in COPD
over the last few years has led to the establishment of different nutritional risk profiles, based on
different patients’ metabolic phenotypes (Table 3). Such assessment proved useful in both clinical
studies and patient counselling [3].
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Table 3. Metabolic phenotypes applied in COPD.

Metabolic Phenotypes Parameters and Cut-off Used to Identify Different Metabolic Phenotypes

CACHEXIA BMI (body mass index) < 18.5 kg/m?
Involuntary weight loss > 5% in the last 6 months
FEMI (fat free mass index) < 17 kg/m? for males/<15 kg/m? for females
SMI (skeletal muscle mass index) (12) < 8.87 kg/m2 for males
/<6.42 kg/m? for females
BEMI (body fat mass index) < 1.7 kg/m2 for males/<3.8 kg/rn2 for females

SARCOPENIA BMI < 30 kg/m?
FFMI < 17 kg/m? for males/<15 kg/m? for females
SMI < 8.87 kg/m? for males/<6.42 kg/m? for females
BEMI > 1.8 kg/m? for males/>3.9 kg/m? for females
Hand Grip < 30 kg for males/<20 kg for females
Gait Speed (4 m) (14) < 0.8 m/s

NORMA];%\ETJF{II;ITIONAL BMI between 18.5 and 24.9 kg/m?, (overweight if BMI > 25 and <30)
FFMI > 17 kg/m2 for males/>15 kg/m2 for females
SMI > 8.88 kg/m2 for males/>6.43 kg/m2 for females
BFMI between 1.8 and 5.2 kg/m? for males/between 3.9 and 8.2 kg/m? for females
Hand Grip > 30 kg for males/>20 kg for females
Gait Speed (4 m) > 0.9 m/s
No involuntary weight loss > 5% in the last 6 months

OBESITY BMI > 30.1 kg/m?
Abdominal circumference > 102 cm for males/>88 cm for females
FFMI > 17 kg/m? for males/>15 kg/m? for females
SMI > 8.88 kg/m? for males/>6.43 kg/m? for females
BEMI > 8.3 kg/m? for males/>11.82 kg/m? for females
Hand Grip > 30 kg for males/>20 kg for females
Gait Speed (4 m) > 0.9 m/s

BMI > 30.1 kg/m?
SARCOPENIC OBESITY Abdominal circumference > 102 cm for males/>88 cm for females
FFMI < 17 kg/m? for males/<15 kg/m? for females
SMI < 8.87 kg/m2 for males/<6.42 kg/m2 for females
BFMI > 8.3 kg/m2 for males/>11.82 kg/rn2 for females
Hand Grip < 30 kg for males/<20 kg for females
Gait Speed (4 m) < 0.8 m/s

Recently, more attention has been focused on comorbidities in IPF, especially from a prognostic
point of view. A prediction model, named TORVAN, assessed the ability of comorbidities to improve
prediction of survival in IPF patients beyond the variables included in the GAP model. The TORVAN
model also suggests that GERD, pulmonary hypertension, lung cancer, valvular heart disease, and
atrial arrhythmias were the comorbidities with a higher impact on IPF patients survival [96]. There
has been wide debate on nutritional alterations, such as malnutrition; one wonders whether these
alterations deserve to be considered as comorbidities capable of impacting prognosis of IPF patients
and which are the best indicators to assess them [97].

However, epidemiological studies performing a complete nutritional evaluation (NUTRIPF
study, ClinicalTrials.gov Identifier: NCT03770845) and nutritional intervention (MADIET study,
ClinicalTrials.gov Identifier: NCT03539289) in IPF patients are ongoing, and their results are expected
in the near future.

Finally, future studies on the lung microbiome and the gut-lung axis might be of paramount
importance in that antifibrotic drugs may affect gut microbiome leading to gastrointestinal events in
some patients.
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4. Conclusions

As far as IPF is concerned, different studies [10-12,98] have found that nutritional abnormalities,
such as lower BMI, body weight loss, and vitamin D deficiency, seem to have a negative prognostic
significance. Despite this evidence, such topics have not been examined extensively.

We believe, based on literature data broadly reported in this paper, that more attention should be
devoted to the identification of the malnutrition (undernutrition) and overnutrition, as well as of low
muscle strength (dynapenia) and low physical performance, taking also into account that an adequate
clinical management of comorbidities, particularly gastrointestinal complications, makes IPF drug
treatments more feasible.

To the best of our knowledge, there is a paucity of longitudinal studies which should evaluate
the prognostic impact of some comorbid conditions that affect IPF patients, such as obesity and
cardiovascular diseases. Moreover, the current lack of nutritional intervention studies does not allow
to assess their efficacy in undernourished or over nourished IPF patients.

Hence, the clinical guidelines for IPF management [5,61] should incorporate recommendations
for nutritional abnormalities associated with this disease.

In light of the above, it seems therefore quite clear that a multidisciplinary approach is needed
not only in the diagnostic process, but also in follow-up and advanced phases of the disease—so
that various specialists should be involved in multidisciplinary care of IPF, including nutritionists
(physicians and dietitians) and rehabilitation specialists in addition to pulmonologists, nurses, and
psychologists. Such holistic care might improve IPF patients” quality of life and at the same time may
be also a clear reference point for patients, who often feel alone with their disease [99].
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