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Abstract: Background: The incidence of lung diseases is very high worldwide, especially in the
case of lung cancer, pulmonary tuberculosis, and obstructive ventilatory dysfunctions. Alpha-1 an-
titrypsin (AAT) is synthesized mainly by hepatocytes, and one of its roles is to inhibit protease ac-
tivity in the body's biological fluids following the phenomenon of programmed cell death, which is
also called apoptosis. Acute lung diseases, but especially chronic ones, can cause, in addition to
pulmonary and extrapulmonary manifestations, social and psychological impact, which is why a
complex, interdisciplinary respiratory rehabilitation program is necessary. Objectives: Our study
aimed to determine the correlation between alpha-1 antitrypsin values and lung diseases (pulmo-
nary tuberculosis, lung cancer, asthma, and COPD) and to evaluate the influence of the individual-
ized respiratory rehabilitation program in these diseases. Methods: We carried out a retrospective
study between February 2022 and March 2023 in the Pneumology Department of the "Victor Babes"
Clinical Hospital of Infectious Diseases and Pneumoftiziology, Craiova. It included 189 patients di-
agnosed with pulmonary tuberculosis, lung cancer, or obstructive ventilatory dysfunctions (chronic
obstructive pulmonary disease — COPD or asthma). Alpha-1 antitrypsin was collected from all pa-
tients. Respiratory rehabilitation was carried out both during hospitalization and in an out-patient
setting for a maximum period of 6 months after discharge, with some patients even using telemed-
icine. Results: Increased values of alpha-1 antitrypsin were detected in advanced stages of the dis-
ease, and a clear improvement of clinical and functional parameters was observed after inclusion in
the rehabilitation program. Conclusions: Detection of alpha-1 antitrypsin deficiency (AATD) is rare.
The majority of patients diagnosed with lung cancer in advanced stages showed increased values of
alpha-1 antitrypsin, AAT being able to be used as a follow-up marker in response to oncological
treatment. Respiratory rehabilitation benefits in pulmonary tuberculosis, lung cancer, COPD, and
asthma, regardless of the form of the disease. An interdisciplinary approach is necessary for the
optimal treatment and control of lung diseases.
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Introduction

The incidence of lung diseases is very high worldwide, especially in the case of lung
cancer, pulmonary tuberculosis and, obstructive ventilatory dysfunctions. In terms of the
incidence of lung cancer, it is in second place among neoplasms and has surpassed breast
cancer in women and prostate cancer in men. Known risk factors such as smoking,
pollution or the predominance of the male sex no longer represent the same importance,
because in recent decades we have also witnessed an increase in the number of lung
cancers in non-smoking women [1]. According to the Global Tuberculosis Report 2021
published by the World Health Organization (WHO), the incidence and mortality rates
associated with tuberculosis (TB) have decreased worldwide [2], but still remains the
leading cause of death caused by a single infectious agent (Koch's bacillus), including
among Human Immunodeficiency Virus (HIV) -positive people [3]. On the other hand,
COPD and asthma are the most common progressive lung diseases, not caused by an
infectious agent [4] , and which represent the leading causes of mortality and morbidity
worldwide [5].

Alpha-1 antitrypsin (AAT) is synthesized mainly by hepatocytes, and one of its roles
is to inhibit protease activity in the body's biological fluids following the phenomenon of
programmed cell death, which is also called apoptosis. As this is an acute-phase reactant,
its primary role is to protect by inactivating neutrophil elastase,
especially in the lung alveolar tissue, against substances synthesized during the
inflammatory process. AAT plays the role of a protein that is part of the SERPIN (serine
protease inhibitor supergene family). From a genetic point of view, there are several
protein variants: normal variants (M alleles), deficient variants (predominantly Z and S
alleles) , and null variants (null alleles). Low serum AAT levels contribute to the
development of COPD, by the appearance of lung emphysema lesions with onset at a
young age, and the abnormal accumulation of AAT proteins increases the risk of liver
disease [6]. When the concentrations of alpha 1-antitrypsin show a vital decrease - by 30-
40% compared to the normal ones, the clinical manifestations begin. While children are
more prone to liver diseases, adults develop lung diseases more frequently. Homozygous
adult smokers with hereditary alpha-1 antitrypsin deficiency develop dyspnea or
emphysema 20 years earlier than non-smokers. Liver diseases caused by hereditary
deficiency of alpha-1 antitrypsin sometimes show average serum concentrations due to an
acute phase reaction of the inflamed liver parenchyma. Patients with AAT deficiency
(AATD) face difficulties, such as late diagnosis, underdiagnosis, and limited treatment
options. To improve the evolution of the health status of patients, measures for early
detection of the condition are necessary [7]. The main changes in alpha-1 antitrypsin
deficiency occurin  children, and they are manifested in the form of: prolonged neonatal
jaundice, important liver diseases, the most serious of which is liver cirrhosis, because it
is the leading cause of liver transplantation in children. In adults, AATD can be manifested
by: early pulmonary emphysema, pulmonary fibrosis, rarely by unexplained
bronchiectasis, nephrotic syndrome, liver cirrhosis or hepatocellular carcinoma [8]. In the
situation where there is a deficiency of alpha-1 antitrypsin, pulmonary emphysema occurs
as a result of a defective ratio between proteases and antiproteases with a predominant
location in the lower lobes, where there is a rapid degradation of lung function, manifested
by a significant reduction in FEV1 (forced expiratory volume in 1 second), as and DLCO
(diffusing capacity of the lungs for carbon monoxide) [9]. If the AAT values are
standard, the decline of lung function occurs as a result of the increased resistance of the
airways and the loss of elastic recoil [10]. On the other hand, increased values of AAT can
occur during a febrile episode, in case of inflammation or infection of the body, during
pregnancy, osteoarticular diseases, autoimmune diseases, administration of oral
contraceptives, or drugs containing estrogen (hormone replacement treatment).

The management of changes in AAT values, specifically AATD, involves quitting
smoking, an appropriate inhaler treatment and respiratory rehabilitation [11].

Although respiratory rehabilitation was known for its benefits to medicine in the case
of lung diseases, with the pandemic caused by the SARS-CoV2-2 (Severe Acute
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Respiratory Syndrome Coronavirus-2) infection, it earned its place for an exceptional
treatment. Acute lung diseases, but especially chronic ones, can cause, in addition to
pulmonary and extrapulmonary manifestations, social and psychological impact, which
is why a complex, interdisciplinary respiratory rehabilitation program is necessary. It
must be adapted to the needs of each patient and depending on the complexity of the lung
damage, so that the content, frequency, and duration differ [9].

Pulmonary rehabilitation has proven beneficial both in active pulmonary
tuberculosis, where it has the role of determining a cure without sequelae, but especially
in post-TB pulmonary sequelae that can cause radiological changes: fibrosis,
bronchiectasis on scar tissue, remaining cavities, thickenings, and pleural changes, and
following the performance of ventilatory functional tests - spirometry, body
plethysmography, DLCO (Diffusing Capacity of the Lungs for Carbon Monoxide),
anomalies may appear such as obstructive, restrictive and mixed ventilatory dysfunctions,
where it has the role of increasing the effort capacity and improving the quality of life [10].
In lung cancer, the importance of pulmonary rehabilitation has been demonstrated time
and time again due to decreased respiratory muscle strength — preoperatively due to
tumor-generated pain and dyspnea, atelectasis, and postoperatively due to surgical
trauma. Special attention is paid to psychological support, nutrition, and characteristic
physical exercises [11]. Regarding obstructive ventilatory dysfunctions, the evidence base
for respiratory rehabilitation is the greatest in the case of patients with COPD, unlike
asthma, where it is less proven. The rehabilitation program is used to improve dyspnea,
improve tolerance to effort, weakness of the respiratory muscles, but also of the limbs
[12].

Aims

Our study aimed to determine the correlation between alpha-1 antitrypsin values and
lung diseases (pulmonary tuberculosis, lung cancer, asthma, and COPD), and to evaluate
the influence of the individualized respiratory rehabilitation program in these diseases.

2. Materials and Methods

After obtaining the approval of the Ethics Committee of our hospital, no. 137/07.12.2020
by the Declaration of Helsinki, we started the research which included 189 participants.
All patients were informed about the study and signed a written consent that they agreed,
both with the processing of personal data and with the necessary investigations.

Research protocol

Period and place of the research

We conducted a retrospective study between February 2022 - March 2023 in the
Pulmonology Department of the Clinical Hospital of Infectious Diseases and
Pneumoftziology "Victor Babes", Craiova.

Respiratory rehabilitation was carried out both during hospitalization and in an out-
patient setting for a maximum period of 6 months after discharge, with some
patients even resorting to telemedicine.

AAT was processed at the Department of Laboratory Medicine within the
Emergency Clinical County Hospital of Craiova.

Subjects and groups

The study included 189 patients who were divided into 3 groups: the first group (G1)
included 49 patients who were diagnosed with pulmonary tuberculosis, the second group
(G2) included 53 patients diagnosed with lung cancer, and the third group (G3) included
87 patients who were diagnosed with obstructive ventilatory dysfunctions. G3 was
subdivided into 2 subgroups: G3a which included 45 patients diagnosed with COPD and
G3b which included 42 patients diagnosed with asthma. (Table 1.).

In the context of a real need of both Romanian and international society to create an
integration of patients with lung diseases and changes in alpha-1 antitrypsin in a
respiratory rehabilitation program, we propose that, following our study, we will
harmonize the field of research with health to achieve a proper management.

The inclusion criteria in the study were:
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o Patients over 18 years old;

i Patients who collected alpha-1 antitrypsin;

. Non-pregnant women, mandatory with a negative pregnancy test;

i patients who do not take estrogen-based drugs, including oral contraceptives;
. The diagnosis of tuberculosis must be confirmed following a sputum

examination or broncho-alveolar lavage with a positive culture for Mycobacterium
Tuberculosis (patients with active tuberculosis at the time of inclusion in the study,
without sequelae)

e The diagnosis of lung cancer must be confirmed histopathologically;

e The diagnoses of obstructive ventilatory dysfunctions must comply with the
guidelines in force — COPD diagnosis according to GOLD (Global Initiative for
Chronic Obstructive Lung Disease) and asthma according to GINA (Global
Initiative for ~ Asthma);

e Patients must not have severe liver damage (acute or chronic hepatitis, liver
cirrhosis, hepatocellular cancer);

e Patients must not have had a myocardial infarction or stroke more recently than
6 months ago;

e Patients without severe psychiatric conditions;

e DPatients who were compliant and respected the exercises included in the
rehabilitation program.

Table 1. The characteristics of the patients in the studied groups.

Groups Gender Age Own place
Male | Female | 18-29 | 30-49 | 50-69 | >70 Urban | Rural
years | years | years | years

Gl1 28 21 13 24 9 3 18 31

(49 patients) | (57%) | (43%) (27%) | (49%) | (18%) | (6%) | (37%) | (63%)
G2 29 24 0 9 25 19 29 24

(53 patients) | (55%) | (45%) (17%) | (47%) | (36%) | (55%) | (45%)
G3 39 48 8 26 30 23 51 36

(87 patients) | (45%) | (55%) (10%) | (30%) | (34%) | (26%) | (59%) | (41%)
G3a 26 19 0 7 21 17 28 17

(45 patients) | (58%) | (42%) (16%) | (46%) | (38%) | (62%) | (38%)
G3b 13 29 8 19 9 6 23 19

(42 patients) | (31%) | (69%) (19%) | (46%) | (21%) | (14%) | (45%) | (55%)

Applied tests

We investigated the observation sheets of the patients and collected data from the
objective examination, blood tests, sputum examination, imaging studies (Figures 1. a, 1. b,
1. ¢), bronchoscopy ( Figures 2, 3, 4), and histopathological examination.

The rehabilitation program included patient assessment and education, establishment
of the complete diagnosis, pharmacological treatment, physical training, psychological
support, and proper nutrition. Physical exercises are the basis of the medical recovery
program. This program was composed of an association of two exercise modalities:
continuous aerobic training and IEMT (inspiratory/expiratory muscle training). The exercise
training was performed with the help of the cycle ergometer or the treadmill with a
progressive increase in intensity for 30 minutes. IEMT consisted of 3 sets of 5 repetitions
each, followed by breathing exercises 3 times per week alternating with exercise training.
For Koch's bacillus positive patients, the rehabilitation program included posturing,
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submaximal aerobic breathing exercises associated with inspiratory/expiratory respiratory

muscle training with progressive intensity for 30 minutes.

All sessions included 5-min warm-up and 5-min cool down, and three series of bicep

curls and chest and shoulder press with a constant load of 0.5 kg. The rehabilitation program
was initiated and supervised in the hospital, for a period of 3-4 weeks, followed by an out-
patient rehabilitation program, with weekly monitoring.

The benefits brought were tracked by:

measurement of oxygen saturation of arterial blood (5a02) with a
pulse-oximeter [13];

evaluation of dyspnea by the Borg Scale [14];

quantification of exercise tolerance by Six — Minute Walk Distance (6MWD) [15];
the perception of limitation of daily activities by Patient Specific Functional Scale
[16];

healing without sequelae or with limited sequelae in the case of tuberculosis
patients;

improvement of the ECOG (Eastern Cooperative Oncology Group) Performance
Status Scale in patients with lung cancer [17].

Figure 1. a.
Pulmonary tuberculosis
("tree in bud” aspects, cavity images)

Figure 1. b.
Lung cancer
(tissue mass with dimensions of 93/59/67
mm with inhomogeneous structure and
iodophilia, located in the apical and posterior
segment of the right upper lobe)

Figure 1. c.
CcorD
(centrilobular and para septal
emphysema located in both lung areas)
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Figure 2. a. Figure 2. b.
Figures 2. a. and 2. b. Pulmonary tuberculosis
Macroscopic appearance at bronchoscopy - middle lobe spurs with caseous necrosis.
Histopathological examination - granuloma (macrophages, multinucleated giant cells, epithelioid cells, foamy cells,
these cells being surrounded by a crown of lymphocytes.
Bronchoalveolar lavage - positive BK (Koch's bacillus) direct microscopy + culture.

Figure 3. a. Figure 3. b.
Figures 3. a. and 3. b. Lung cancer
Macroscopic appearance at bronchoscopy — well-vascularized infiltration of the mucosa.
Histopathological examination - squamous cell lung cancer (SQCLC).

Figure 4. a. Figure 4. b.
Figures 4. a. and 4. b. COPD
Macroscopic (bronchoscopy) - diverticulosis, fibrous bands, increased sero-mucous
secretions.
Histopathological examination: bronchial mucosa with subepithelial inflammatory
process, with frequent foamy macrophages and siderophages.

All patients included in the study had AAT collected by the immunonephelometry
method. Alpha-1 antitrypsin was collected, in the morning, from venous blood in a
vacutainer without anticoagulant. The minimum required amount was 1 ml of serum. The
samples were collected at the ”Victor Babes ” Hospital in Craiova then, immediately after
collection, they were transported under appropriate conditions (temperature 2 — 8 °
Celsius) to the Laboratory Medicine department of the Emergency Clinical County
Hospital of Craiova, because the serum is separated by centrifugation on the same day.
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Lipemic specimens were rejected. The reference values are 0.9 — 2.0 g/L3, with a detection
limit of 0.21 g/L, and when the value is below 0.7 g/L, it indicates a high probability of
homozygous deficiency.

Statistical processing

We used the Analysis ToolPak in Excel for the analytical processing of the data, and
for the statistical correlation we used the Fischer test with two-tailed, which is consiered
to have a significant value if the p-value is below 0.005. We have highlighted the results
in the form of tables and charts. The graphics were made with using the Microsoft Excel
XP program.

3. Results

From the total of 189 patients included in the study, 49 were diagnosed with
pulmonary tuberculosis (G1), 53 were diagnosed with lung cancer (G2), and 87 (G3) with
obstructive ventilatory dysfunctions, of which 45 — 52% (G3a) were subjects with COPD,
and the rest, 42 — 48% (G3b) with asthma.(Figure 5.)

46%
300 26% 28% g

250

200 +

150 -

100

N\

50

G1 G2 G3

Figure 5. Distribution of patients

Among the 49 patients in group G1, 21 of them were diagnosed with minimal,
unilateral lung involvement, and 28 of them with extensive forms of pulmonary
tuberculosis - bilateral lung involvement. In group G2, out of the 53 patients, 17 were
staged according to the Eighth Edition of TNM (Tumor, Node, Metastasis) staging in
stages I-1II A and 36 in stages IIIB-IV. In G3a, among the 45 patients, the patients were
classified according to GOLD in the following stages: stage I ( Forced Expiratory Volume
FEV1 > 80%) - 7 patients, stage II (FEV1 50-79) - 21 patients, stage III (FEV1 30-49) - 11
patients and stage IV (FEV1 <30) - 6 patients. In G3b, among the 42 subjects diagnosed
with asthma according to GINA, they were divided as follows: 9 subjects with mild
persistent asthma, 19 subjects with moderate persistent asthma, 10 subjects with severe
persistent asthma and 4 patients with very severe persistent asthma (Figure 6.).

The changes regarding AAT values consisted of increases in it. Relative to the total
number of patients (189), the percentage of increase in AAT values was: for G1 - 10%, for
G2 - 17% and for G3 — 8%, but relative to the total number of patients in each group, the
percentages were as follows: the highest values were in group G2 — 60%, followed by
group G1 —39% and then group G3 —18% (Figure 7.).

The increase of AAT was significantly correlated with patients with lung cancer,
compared with patients diagnosed with obstructive ventilatory dysfunctions, where the
two-tailed P-value equals 0.0007. This association between groups and outcomes is
considered to be highly statistically significant.

We did not determine any alpha 1 antitrypsin deficiency (AATD) (Figure 8.).
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In group G1, we detected 19 elevated values of AAT, of which 16 (33%) patients had
bilateral pulmonary determinations, and 3 (6%) patients had limited pulmonary
tuberculosis.

From the G2 group, 32 patients showed increased values of AAT, of which 27 (51%)
patients were diagnosed with lung cancer divided into stages I-IIl A, and 5 (9%) patients
into stages IIIB-IV.

The fewest patients with elevated AAT values were in the G3 group, only 16 patients
out of 87, which in turn were distributed so that 9 (20%) patients belonged to the G3a
group and 7 (17%) patients were included in the G3b group. Among the patients with
increased values in the G3a group, 5 patients had FEV1 <30% (stage IV) and 4 patients
with FEV1 30-49% (stage III). Among the patients of the G3b group, all patients with very
severe persistent asthma showed increased values, i.e., 4 patients and 3 patients
with severe persistent asthma.

61 || e ﬁ|_| G3a || G3b
90 68
80 - 5;%
43% 32%
70 7/ o= =
47%
Ls 45%
60 | 24%
9 16% 13% 519 24%
M1 ] —
50 10%
19__53___45_______
40 ,/_ 42
. P45 L] .
30 15 45 2 1
42
20 ,/— B | Bl Bl | | | T
10 - ] IR
O I I I
W SR S QO &« s & &
&04& 9@&\ é&qa %\‘z’% NS q,b og} & ) '\%@ '\5\@ \%@
3 be‘b RO O ST o B Q& Q& &
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Figure 6. Staging of disease forms
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Figure 7. Correlation with increased values of AAT

mAAT T
mAATD |
= AAT STANDARD

Figure 8. AAT values detected

Regarding the benefit of pulmonary rehabilitation, we found that it significantly
improves the quality of life in all patients with lung diseases, with a slight difference
regarding the value of AAT.

In our study, patients with elevated alpha-1 antitrypsin values showed a very little
less benefit compared to patients who had normal alpha-1 antitrypsin values. This further
supports the fact that patients with increased AAT values present more extensive forms
of the disease.

The patients followed the rehabilitation program from the moment of
hospitalization and after discharge, totaling a minimum period of 4 weeks.

The quality of life improved, dyspnea was reduced to the point of disappearance, the
exercise capacity increased, and a significant improvement in oxygen saturation was
observed.

Thus, in group G1 out of a total of 49 patients, 28 of the 30 patients with normal values
of alpha-1 anitrypsin showed improvements after the rehabilitation program, compared
to 13 of the 19 patients with increased values of AAT.
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From group G2, which has a total of 53 patients, 20 of the 21 patients with normal
AAT values showed benefit from respiratory rehabilitation and 26 of the 32 patients with
increased values.

In group G3, which included 87 patients, improvement was detected in 10 of the 16
patients with increased AAT values and in 59 patients of the 71 with standard values.

(Figure 9.)
G1 G2 G3
140
83% @
120
100 -
71
80 -
9300 8100
60 -
95%
30 32
40 68%
21 63%
| | _—
19
20 - 16
0
Normal Increased Normal Increased Normal Increased
AAT values AAT values AAT values AAT values AAT values AAT values

Figure 9. The benefits of respiratory rehabilitation

The complex evaluation of the results of the pulmonary rehabilitation program
applied to patients with pulmonary diseases and AAT dosage represents a new field of
research and little addressed until now. On the occasion of our study, we want to
emphasize the importance of respiratory rehabilitation and also that it is an indispensable
part of the treatment of these patients.

As can be seen in Table 2, there is a significant improvement in clinical and
functional parameters after inclusion in the respiratory rehabilitation program.
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Table 2. Significant improvement after respiratory rehabilitation
Sa02 Borg Scale 6MWD Patient-Specific ECOG
Functional Scale Performance
l 1 l l Status Scale
T ! T T i
!
T1 T2 | T1 T2 T1 T2 T1 T2 T1 T2
G1 23 18 20 15 25 16 17 13
(47%) [(78%)| (41%) | (75%) | (51%) | (64%) | (B5%) | (76%)
G2 29 22 33 27 36 24 24 19 31 25
(55%) [(76%)| (62%) | (82%) | (68%) | (67%) | (45%) | (79%) | (58%) | (81%)
G3a 27 21 31 22 33 23 21 17
(60%) [(78%)| (69%) | (71%) | (73%) | (70%) | (47%) | (81%)
G3b 19 15 16 11 21 17 14 11
(45%) [(79%)| (38%) | (69%) | (50%) | (81%) | (33%) | (79%)
P G1=0,0368* | G1=0,0958 G1=0,3270 G1=0,0815
value | G2 =0,0232* | G2=0,0024* G2 =0,1500 G2 =0,0223* G2 =0,0065*
G3a=0,0184* | G3a=0,0754 G3a=0,0853 G3a =0,0290*
G3b = | G3b=10,3549 G3b =0,0280* G3b=0,1021
0,0472*
T1 (Time 1) = values before inclusion in the rehabilitation program
T2 (Time 2) = values after inclusion in the rehabilitation program, minimum 3 - 4 weeks
Sa02 | =<93% a.a (atmospheric air, without additional oxygen)
Borg Scale 1 = value > 5 (0 =rest, 10 = maximal effort)
6MWD | = <425 m (NYHA classes II, III, IV correspondent)
Patient-Specific Functional Scale | = value <5 (0 = unable to perform an activity, 10 = able to perform an
activity at the same level as before injury or problem)
ECOG 1 =>2 (0 = fully active, 4 = completely disabled)
P value* = considered statistically significant

Thus, from group G1, 23 of the patients presented low SaO2, and after performing
the exercises, 18 of the 23 subjects presented increased values of SaO2. In group G2, 29
patients had low values, and after rehabilitation, an improvement was observed in 22 of
them. In G3a, 27 of the patients had low SaO2, and 21 of them showed increases in values
after the program. G3b highlighted the fact that 19 of the patients had low values, and of
these 15 showed an essential increase after rehabilitation. SaO2 values were between 77
%-93 % a.a. before rehabilitation and after between 93 %-100 % a.a., depending on the
severity of each form.

Regarding the Borg scale before the rehabilitation program, in G1, 20 patients had
scores of at least 5, with significant improvement after respiratory rehabilitation in 15 of
them; in G2, 33 patients had increased values, and the benefits of rehabilitation
observing in 27 of them; in G3a, 31 patients had values of at least 5, and after the program,
it was observed that in 22 of them, the values decreased and in G3b 16 patients presented
impressive dyspnea, but after medical rehabilitation, 11 of them had low Borg scale
values.

6MWD also showed significant improvements after the rehabilitation program, so
that in G1, among the 25 patients who could not complete a distance greater than 425
meters (m), after being included in the rehabilitation program, 16 of them exceeded this
distance. In group G2, among the 36 patients with impaired exercise capacity, 24 of them
managed to complete a distance greater than 425 m after the recovery program. In
subgroup G3a it was observed that 6 MWD was significantly modified in 33 patients, and
after recovery it improved in 23 of them. In subgroup G3b, of the 21 patients who could
not walk more than 425 m, after following the respiratory rehabilitation program 17 of
them showed significant improvements.

Increases in the values of the functional scale specific to the patient were also
observed after performing the respiratory rehabilitation so that in G1, 17 patients had
values below 5, and 13 of them showed improvements; in G2, 24 of the subjects had low
values of the scale and, 19 of them showed good values after finishing the program; in
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G3a, 21 of the patients had low values and 17 of them showed significant improvements,
and; in G3b of the 17 patients with values below 5, 11 of them had substantial
improvements after performing correctness of the program. In G2, the improvement of
the ECOG scale was also compared; of the 31 patients with a score above 2, after the end
of the respiratory rehabilitation program, 25 of them had scores below 2, so with a
crucial clinical improvement. The impact of the importance of rehabilitation on patients
with elevated values of alpha 1 antitrypsin was also proven by the p-value.

The values were statistically significant for patients with lung cancer and COPD,
which justifies the effectiveness of the rehabilitation program in these categories of
respiratory patients.

4. Discussion

The originality of our study lies in the correlation of increased values of alpha-1
antitrypsin with lung diseases and the impact of pulmonary rehabilitation on these
patients. The study focused on chronic lung diseases (COPD and asthma), lung cancer and
active pulmonary tuberculosis with a major impact on quality of life. It is known that
pulmonary rehabilitation is a basic component of the management of both chronic [18]
and acute lung diseases.

We demonstrated through the Borg scale, C(MWD, patient specific functional scale, Sa02
and the ECOG performance status scale that both patients with normal alpha -1
antitrypsin values and patients with elevated values benefited from respiratory
rehabilitation.

Our study attempted to determine alpha-1 antitrypsin values in patients with lung
disease, but we did not find deficient values, as opposed to standard or elevated values,
in contrast to a study carried out in Spain, which claims that AATD is a wildly
underdiagnosed condition and which estimated that over 120,000 people in Europe have
severe AATD and over 90% are undiagnosed [19]. On the other hand, an international
study that included data from the European AATD Research Collaboration ( EARCO)
international registry that was established with the aim to characterize people with alpha-
1 antitrypsin deficiency, concluded that AATD is a rare disease, but associated with a high
incidence of pulmonary emphysema. [20]. In our study, the majority of patients in the G3b
group had emphysema without alpha-1 antitrypsin deficiency, as a survey carried out in
The Netherlands also claims that there is an underestimation of non-ATTD emphysema
because the mechanisms underlying the development of his are: protease-antiprotease
imbalance, increased oxidative stress, programmed cell death and autophagy [21].

As we also proved, the increased levels of AAT were correlated with the most severe
forms of lung disease in each category because there is the most critical
inflammation. This was also supported by a study carried out in the Spanish population,
which confirmed that increased levels of AAT, similar to C-reactive protein (CRP) and
other markers of systemic inflammation are a vital characteristic of patients with COPD
and there is a complex interrelationship between AAT values and the health of the
respiratory system [22]. This fact is also supported by a study carried out in Jordan
regarding neoplasias, so that increased values of AAT were associated with lung
neoplasms and prostate neoplasms, significantly advanced stages, precisely as in our
study, which demonstrates that plasma levels increased by AAT could be a marker for
monitoring the response to cancer treatment [23].

At the same time, in this study, we proved the importance of respiratory
rehabilitation in lung diseases. The importance of pulmonary rehabilitation in chronic
lung diseases, such as COPD or asthma, is very well studied, and we also demonstrated
in our study that it also benefits this category of patients. This is supported by a recent
survey conducted in 2023 in China, which confirms that respiratory rehabilitation in
COPD slows the decline of lung function, increases muscle strength, and ensures optimal
neurological control and an adequate heart rate, and in asthma, exercise agents have an
effect that, through a specific mechanism, causes the reduction of airway inflammation,
increasing bronchial permeability and in the case of patients with eosinophilia, reducing
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the number of eosinophils, which in turn reduces inflammation and implicitly the
increased consumption of glucocorticoids [24]. In our study, after discharge, several
patients also resorted to telrehabilitation, there being no difference between those who
showed up physically and those who performed the exercises virtually, a fact also
supported by a study conducted in Denmark on patients with COPD that proved that
pulmonary tele- rehabilitation was not superior to classical pulmonary rehabilitation and
no differences were found between groups [25].

Including patients with lung cancer, we proved the benefits of respiratory
rehabilitation in this study, regardless of the stage according to TNM; this is also
supported by a meta-analysis carried out in the United States of America (USA) in patients
with lung cancer preoperatively which demonstrated that the exercises performed have
reduced hospitalization time, prevented complications, and considerably improved
exercise capacity measured by the 6-minute walk distance [26]. This was also supported
postoperatively by a study conducted on 66 patients with lung cancer, in Turkey, which
demonstrated that the rehabilitation program after surgery improved the quality of life,
psychological manifestations and reduced dyspnea [27]. In our study, we demonstrated
benefits including in the advanced stages of lung cancer, which requires palliative care by
increasing the quality of life and relieving pain, and this is also supported by a study
conducted in Canada on a group of patients who received an individualized respiratory
rehabilitation program for 12 weeks which concluded that fatigue, depression and pain
were significantly reduced and quality of life increased [28]. As Bade BC [29] and the rest
of the authors said, lung cancer benefits from respiratory rehabilitation as an integral part
of the treatment more than any other type of cancer due to the overlap with chronic lung
diseases, especially COPD, as we also proved the satisfactory results after inclusion in the
respiratory rehabilitation program.

Although the American/European Thoracic Society (ATS/ERS) pulmonary
rehabilitation guidelines focus specifically on the benefit to patients with COPD, recent
evidence in a literature review article indicates that rehabilitation plays an essential role
in tuberculosis pulmonary, both in the active stage to ameliorate the quality of life, restore
exercise capacity, prevent malnutrition and disappear dyspnea, as well as in the post-TB
sequelae, which can generate obstructive, restrictive and mixed [30].

There were also limitations of the study, they consisted in the presence of
comorbidities that influenced AAT values, non-compliant patients who refused to be
included in the rehabilitation program or gave up along the way, and an important
limitation would be the fact that we did not have the patient's genomic profile regarding
the mutation of the Z gene.

For the future, we would like to integrate the alpha-1 antitrypsin dosage in the case
of patients diagnosed with lung diseases, because not only AATD is important,
including increased values indicate more severe forms of the disease. At the same time,
we want to help implement the interdisciplinary approach to patients with lung diseases,
under the conditions of application information in the three dimensions (organism,
individual, society) and to offer the possibility of connection to European research
topics, with the integration of the zonal specificity of situations related to functioning and
disability, and their restrictions, in the concerted effort to develop optimal strategies
necessary for an active life.

Our proposal solutions on life guidelines and integrated care for patients with lung
diseases it represents a relevant contribution to the further development of life and
working conditions for people with chronic respiratory diseases. Comparison of results
our clinical trial with the results of international clinical trials will allow reporting
management involving the respiratory rehabilitation of patients with lung diseases from
Romania at the European and international level.
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5. Conclusions

1. Detection of alpha-1 antitrypsin deficiency (AATD) is rare.

2. Elevated levels of alpha-1 antitrypsin are correlated with severe forms of lung disease
due to increased inflammation.

3. The majority of patients diagnosed with lung cancer in advanced stages showed
increased values of alpha-1 antitrypsin, AAT being able to be used as a follow-up
marker in response to oncological treatment.

4.  Respiratory rehabilitation brings benefits in pulmonary tuberculosis, lung cancer,
COPD and asthma, regardless of the form of the disease.

5. An interdisciplinary approach is necessary for the optimal treatment and control of
lung diseases.

6. Patents
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