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Introduction: Bronchiectasis is a chronic respiratory disease characterized by structural changes in
airways, leading to recurrent episodes of cough with expectoration. Exacerbations are significant
events associated with increased morbidity and mortality. Aim: To evaluate factors associated with
exacerbations requiring hospitalization in patients with bronchiectasis Materials and methods: A
prospective observational study was done at a tertiary care teaching hospital from December 2017
to May 2019. Demographic data, comorbidities, investigations including HRCT, sputum culture and
spirometry were collected. Patients were grouped into exacerbations requiring hospitalizations and
those managed as outpatients and followed up for one year. Factors associated with exacerbations
were assessed and compared between the two groups. Results: 89 patients were recruited for the
study, out of which 12 patients without exacerbation during the study period were excluded. The
remaining 77 patients were divided into those who needed hospitalization (37) and those managed
as outpatients (40). About 48.1%required hospital admission. Factors associated with exacerbations
were advanced age, isolation of organisms from sputum, FEV1 less than 50%, PPI use during the
study period, concomitant COPD, vaccination with pneumococcal and influenza vaccines and high
severity scores. Use of LTO2, LABA/ICS, chest physiotherapy, mucolytic agents, radiological extent
and previous history of exacerbations were not associated with exacerbations leading to
hospitalization. Conclusion: Factors associated with bronchiectasis exacerbations leading to
hospitalizations were advanced age, high bronchiectasis severity score, FEV1 less than 50%, PPI use
and concomitant COPD. Vaccination for influenza and pneumococcus had a favourable impact in
reducing hospitalization.
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Introduction
Bronchiectasis is a chronic respiratory disease
presenting with cough and sputum production.
Underlying structural airway changes lead to
recurrent respiratory infections and impaired quality
of life. Bronchiectasis has been a neglected disease.
However, the past several years has generated a lot
of new evidences that has refined our understanding
of the disease. Exacerbations are important events
that affect prognosis and quality of life in patients
with bronchiectasis. In bronchiectasis, exacerbations
have been associated with increased mortality and
more significant impairment of lung function, as well
as more severe forms of the disease with
substantial concomitant health-related costs [1-3].
Exacerbations account for a large proportion of the
clinical workload and the economic impact of
bronchiectasis on health care systems
internationally.

There is limited data on mortality after an acute
exacerbation of bronchiectasis. Recent studies have
reported survival in patients with acute exacerbation
of bronchiectasis. In these studies, the mortality
rate was 40% at one year and 60% at four years
[4,5,6]. At the same time, mortality in non-
hospitalized patients with bronchiectasis varies from
13% to 25%, according to some other studies [7].
Mortality related to bronchiectasis exacerbations can
be decreased to a certain extent if factors affecting
exacerbations that require hospitalizations are
identified and managed appropriately. Patients with
risk factors for severe exacerbations are likely to be
hospitalized. Few data are available on risk factors
and patient characteristics in bronchiectasis that
might provoke exacerbations requiring hospital
admission apart from severity scales. Age,
Frequency of exacerbations, the severity of the
disease, radiological extent, colonization with
microorganisms, smoking status, previous
hospitalization history and vaccinations are likely to
influence exacerbations and hospitalizations.
Identification of these factors may help in
formulating preventive strategies and patient
monitoring. A European study has identified certain
factors related to host characteristics, comorbidities,
severity scores, previous exacerbations and
treatment-related factors etc. [8]. There is a dearth
of studies from our country on how such risk factors
influence exacerbations and hospitalizations.

So, we planned to evaluate whether these factors
are relevant in our patient populations with
bronchiectasis. 

Detailed Study Plan         

Objective: To evaluate factors associated with
exacerbations requiring hospitalization in patients
with bronchiectasis, about host characteristics,
usual treatments, severity and history of
exacerbations.

Materials & Methods
Study design: Prospective observational study

Study settings: Patients attending a tertiary care
teaching hospital at Government medical college in
Kerala

Study period: One and half years from December
2017

Sample size: Prevalence of hospitalization in
bronchiectasis exacerbation is taken as 23.55%
Hence sample size= 4pq/d2.

P=23.55 q=77.45 
d is taken as 10 
Sample size =72

Sampling method: Simple random sampling
method of selecting patients from Out Patient
Department or ward.

Inclusion criteria: Adults with a compatible clinical
history consistent with chronic sputum production
and frequent respiratory infections with findings
suggestive of bronchiectasis in HRCT of lungs
performed before study recruitment.

Exclusion criteria:

Patients were enrolled after getting informed
consent. They were examined, and various
investigations were done as per the protocol. They
were followed up for one year with the
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Patients with immunosuppression-Human
immunodeficiency virus infection/acquired
immune deficiency syndrome (HIV/AIDS), or
taking chemotherapy or other
immunosuppressive drugs.

Active Pulmonary Tuberculosis.

Cystic fibrosis.

Interstitial lung disease.

International Journal of Medical Research and Review 2021;9(6)380



Periodic review every two months. The cohort
consisted of 77 patients followed up for one year
and separated into two groups: patients treated as
outpatients and those hospitalized at least once
during the follow-up period due to exacerbation.
The treating physician decided for hospital
admission as per the BTS 2010 guideline.
Exacerbations were defined as an acute
deterioration with increased sputum volume and
purulence and/systemic upset, according to BTS
guidelines [9].

Demographic data, diagnosis of bronchiectasis,
comorbidities, smoking, and vaccine status
(influenza and pneumococcal vaccines) were
recorded. Comorbid conditions recorded were
Diabetes mellitus, chronic obstructive pulmonary
disease (COPD), Asthma, chronic heart failure,
Myocardial infarction and prior Tuberculosis. We
recorded COPD as comorbidity similar to other
studies. We defined bronchiectasis associated with
COPD in the presence of a smoking history of at
least ten pack-years with airflow obstruction
(FEV1/FVC ratio < 0.7) according to the Global
Initiative for Chronic Obstructive Lung Disease
recommendations [10].

Data related to previous chronic infections, the
number of exacerbations during the last year, and
bronchiectasis severity scores (BSI, FACED) were
also recorded for all patients. Usual chronic and
concomitant medications included bronchodilators,
inhaled/nebulized antibiotics, proton pump
inhibitors, long-term oxygen therapy, and mucolytic
drugs in the last six months. Microbiological
diagnosis of exacerbation is performed with sputum
culture. In outpatient exacerbations, microbiological
tests include sputum culture and any other
additional test according to physician decision. The
microbial aetiology of exacerbation was defined as
any positive result from the microbiological
investigation, as per previous publications.

Statistical analysis: Data were analyzed using
SPSS software version 22. Descriptive and
inferential statistical analysis has been carried out in
the present study. Results on continuous
measurements are presented on Mean � SD (Min-
Max), and results on categorical measures are
presented in number (%). Significance is assessed
at a 5 % level of significance. The following
assumptions on data are made Assumptions: 1.
Dependent variables should be normally distributed,

2. Samples drawn from the population should be
random. Cases of the samples should be
independent.

Chi-square/ Fisher Exact test has been used to find
the significance of study parameters on a
categorical scale between two or more groups, the
non-parametric setting for Qualitative data analysis.
Fisher Exact test is used when samples are very
small.

Results
The study group consisted of 77 patients followed
up for one year and separated into two subsets:
patients treated as outpatients and those admitted
to the hospital at least once during the follow-up
period.37(48.1%) had been hospitalized due to
exacerbation among the 77 during the study period.

 
Figure 1. Hospitalization during follow up.

Most of the hospitalizations due to exacerbations
were in the 61-70 years group [56.8%]. All patients
above 50 years of age required hospitalization due
to exacerbation. The distribution of males and
females is almost similar in the two groups (Table1).

Table 1: Association of age and Gender in
relation to hospitalization during follow up. 

variables Hospitalization during follow-up Total (n=77) P value

No (n=40) Yes (n=37)

Age in years     

<40 4(10%) 0(0%) 4(5.2%) 0.001**

40-50 16(40%) 0(0%) 16(20.8%)

51-60 16(40%) 16(43.2%) 32(41.6%)

61-70 4(10%) 21(56.8%) 25(32.5%)

Gender     

Female 22(55%) 20(54.1%) 42(54.5%) 0.934

Male 18(45%) 17(45.9%) 35(45.5%)

Chi-Square/Fisher Exact Test (p-value less than
0.05 significant) Vaccinated patients were more in
the OP patients' group; 35 % patients had taken
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Influenza vaccine and 47.5% had the pneumococcal
vaccine, 8.1% and 21.6% for IP patient respectively
[significant p value].8 out of 32 patients were
smokers in IP cohort whereas 3 out of 40 patients
were smokers in OP group (Table2).

Table 2: Association of Smoking status,
Influenza vaccine and pneumococcal vaccine
in relation to hospitalization during follow up. 

variables Hospitalization during

follow-up

Total

(n=77)

P

value

No (n=40) Yes (n=37)

Smoking Status 3(7.5%) 8(21.6%) 11(14.3%) 0.077+

Influenza vaccine 14(35%) 3(8.1%) 17(22.1%) 0.004*

*

Pneumococcal

vaccine

19(47.5%) 8(21.6%) 27(35.1%) 0.017*

Chi-Square/Fisher Exact Test (p-value less than
0.05 significant)

On sputum culture, 29 out of 37 IP patients yielded
any culture isolate. Out of these, 32.4% were
pseudomonas, 18.9 % were MDR pathogens, and
27% were other organisms, whereas, in 31 out of
40 OP patients, no organisms were isolated in
culture (Table3).

Table 3: Isolated Organism distribution with
hospitalization during follow up.

Organism Hospitalization during follow-up Total (n=77)

No (n=40) Yes (n=37)

No organism 31(77.5%) 8(21.6%) 39(50.6%)

Organism 9(22.5%) 29(78.4%) 38(49.4%)

·         Pseudomonas 4(10%) 12(32.4%) 15(20.8%)

·         MDR pathogen 4(10%) 7(18.9%) 11(14.3%)

·         Other organisms1(2.5%) 10(27%) 11(14.3%)

P 0.001**, Significant, Fisher Exact Test.

In the IP Cohort, more than half of the patients had
FEV1 less than 50% of the predicted value,
whereas, in the OP cohort, the entire patient
population had FEV1 above 50% (P value 0.001)
(Table 4). 

Table 4: FEV1 in relation to hospitalization
during follow up. 

FEV1 Hospitalization during follow-up Total

No Yes

<50 0(0%) 22(59.5%) 22(28.6%)

50-70 32(80%) 15(40.5%) 47(61%)

>70 8(20%) 0(0%) 8(10.4%)

Total 40(100%) 37(100%) 77(100%)

P 0.001**, Significant, Fisher Exact Test (FEV1-
Forced Expiratory Volume in 1 second).

COPD was found to be associated with
exacerbations, which was more in IP patients:12 out
of 37 patients [32.4%] with COPD had
exacerbations, which was statistically significant [P
value 0.002]. In the OP cohort, only 2 (5%) had
COPD and exacerbations.

Table 5: Comorbidities in relation to
hospitalization during follow up. 

 Hospitalization during follow-up Total (n=77) P value

No (n=40) Yes (n=37)

DM 10(25%) 16(43.2%) 26(33.8%) 0.091+

COPD 2(5%) 12(32.4%) 14(18.2%) 0.002**

Heart Failure 3(7.5%) 8(21.6%) 11(14.3%) 0.077+

Chi-Square/Fisher Exact Test (p-value less than
0.05 significant).

[DM- Diabetes Mellitus; COPD – Chronic Obstructive
Pulmonary Disease].

54% of the patient from the IP cohort shows the
involvement of more than three lobes, whereas 70
% of the patient from the OP cohort shows less than
three lobes, but this difference is not statistically
significant (p value0.087) (Table 6). 

Table 6: Radiological extent in relation to
hospitalization during follow up. 

Radiology [HRCT, No. of

lobe]

Hospitalization during

follow-up

Total

No Yes

1 14(35%) 6(16.2%) 20(26%)

2 14(35%) 11(29.7%) 25(32.5%)

3 11(27.5%) 15(40.5%) 26(33.8%)

4 1(2.5%) 5(13.5%) 6(7.8%)

Total 40(100%) 37(100%) 77(100%)

P=0.087+, Not Significant, Fisher Exact Test.

An underlying aetiology of bronchiectasis was
identified in 48.06% of the patients. The most
common aetiology of bronchiectasis was post-
infective (83%) following Tuberculosis (25.97%),
childhood infections (12.96%) and pneumonia
(3.89%). There were three patients with
immunoglobulin deficiency and one case of ABPA.
Evaluation of bronchiectasis severity scores with risk
for hospitalizations has shown that those with high
severity scores had more hospitalizations than those
treated as outpatients. (Table 7).

 

Ettuveetil M et al: Exacerbation Bronchiectasis Leading to Hospitalisation in Patients

International Journal of Medical Research and Review 2021;9(6)382



Table 7: Association of FACED and BSI to
Hospitalization during follow-up. 
variables Hospitalization during follow-up Total (n=77) P value

No (n=40) Yes (n=37)

FACED     

Mild 27(67.5%) 8(21.6%) 35(45.5%) 0.001**

Moderate 12(30%) 12(32.4%) 24(31.2%)

Severe 1(2.5%) 17(45.9%) 18(23.4%)

BSI     

Mild 10(25%) 2(5.4%) 12(15.6%) 0.001**

Moderate 20(50%) 3(8.1%) 23(29.9%)

Severe 10(25%) 32(86.5%) 42(54.5%)

Chi-Square/Fisher Exact Test (p-value less than
0.05 significant).

[BSI- Bronchiectasis severity Index, F-FEV1,
A-Age, C-Chronic colonization,E radiological
extent,D - Dyspnoea]

Figure 2: Severity scoring in bronchiectasis –
FACED.

Figure 3: Severity scoring in bronchiectasis –
BSI.

Most of the patients from both groups (83%) used
LABA and ICS. There was not much difference
between the groups regarding the use of LABA/ICS.
Only 6 (16.2%) patients were

Using LTOT among IP patients and 3(7.5%) patients
using in OP cohort. 73% of patients from the IP
cohort were using mucolytics, whereas, from the OP
cohort, 87.5% used mucolytics. Out of 40 OP
patients, 25 were using Proton Pump Inhibitors, and
32 patients from the IP cohort were using PPI.
There was a statistically significant difference
among the cohorts in PPI use (p-0.035). Almost
70% of patients from the IP cohort and 82.5 %
patients from the OP cohort regularly used chest
physiotherapy. Hospitalization due to exacerbation
in the past year was more in the IP cohort [48.6%]
compared to the OP cohort [30%]; however, there
was no statistical significance for this finding. From
the IP cohort, 64.9 % of patients had a history of
the previous hospitalization due to bronchiectasis at
any time, whereas in the OP cohort, it was 50%
(Table 8).

Table 8: Treatment-related factors and
exacerbations during follow up. 

Previous

hospitalization due to

BE at any time

Hospitalization

during follow-up

Total  

No Yes

No 20(50%) 13(35.1%) 33(42.9%) P=0.188,

Chi-Square

Test

Yes 20(50%) 24(64.9%) 44(57.1%)

Total 40(100%) 37(100%) 77(100%)

Chest Physiotherapy  

No 7(17.5%) 11(29.7%) 18(23.4%) P=0.205,

Chi-Square

Test

Yes 33(82.5%) 26(70.3%) 59(76.6%)

Total 40(100%) 37(100%) 77(100%)

MUCOLYTIC   

No 5(12.5%) 10(27%) 15(19.5%) P=0.108,

Chi-Square

Test  

Yes 35(87.5%) 27(73%) 62(80.5%)

Total 40(100%) 37(100%) 77(100%)

LABA/ICS  

No 7(17.5%) 6(16.2%) 13(16.9%) P=0.881,

Chi-Square

Test  

Yes 33(82.5%) 31(83.8%) 64(83.1%)

Total 40(100%) 37(100%) 77(100%)

PPI  

No 15(37.4%) 5(13.5%) 20(22.1%) P=0.035*,

Chi-Square

Test  

Yes 25(62.6%) 32(86.5%) 57(77.9%)

Total 40(100%) 37(100%) 77(100%)

Long Term O2  

No 37(92.5%) 31(83.8%) 68(88.3%) P=0.299,

Fisher Exact

Test  

Yes 3(7.5%) 6(16.2%) 9(11.7%)

Total 40(100%) 37(100%) 77(100%)

Hospitalization in last year due to BE

No 28(70%) 19(51.4%) 47(61%) P=0.094 Chi-

Square Test  Yes 12(30%) 18(48.6%) 30(39%)

Total 40(100%) 37(100%) 77(100%)
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(P-value less than 0.05 significant) [BE-
Bronchiectasis exacerbation, PPI – Proton Pump
Inhibitor, LABA – Long-Acting Beta Agonist, ICS –
Inhaled Corticosteroids].

Discussion
We recruited a total of 89 patients with
bronchiectasis in this study. About 12 patients
without exacerbations during the follow-up period
were excluded from the analysis. Among the 77
study subjects, males constituted 45.6% of the
study population. The mean age of the population
was 52.6. The relationship between demographic
characteristics and outcomes for the population
shows a strong relationship between age and
hospitalization due to exacerbation. Most patients
requiring hospitalization due to exacerbation were
above 51 years of age (P value0.001). In the OP
cohort, 40% of the patients were above 50 years of
age. Menendez et al. found that the mean age for
severe exacerbation of bronchiectasis is73.[8].
Chalmers et al. also found a strong relationship
between age and mortality [3].73 % of patients
with exacerbation were above 70 years with a mean
age of 74 years. Whereas in our study mean age is
62 yrs. (51 -70) in hospitalized patients.

Gender difference does not seem to be responsible
for the difference in exacerbations and hospital
admissions among the two groups. Pasteur et al.
has found a predilection for female sex to
bronchiectasis, but lung damage developed at the
same rate in both genders [11]. Menendez et al.
found that the male gender was associated with
more severe disease, more comorbidities and higher
Pseudomonas colonization. Ringshausen et al. have
also reported an increase in hospitalization among
older men. [12].

The data on FEV1 of our study patients have shown
that 59.5% of the patients from the inpatient group
had FEV1 less than 50 percent of predicted,
whereas, in the OP patient group, all of them had
FEV1 more than 50% (P-value 0.001). Several
studies have attempted to correlate disease severity
with other associated factors in the decline in FEV1
% predicted. Chalmers et al. found that FEV1 <
50% had significant relation with mortality and
exacerbation of bronchiectasis; based on the
Youden index, FEV1 % predicted was most
discriminatory for mortality and hospital admissions
and was used for subsequent

Analyses of lung function. Similarly, patients with
lower lung function were more frequently
hospitalized and had an increased annual
exacerbation frequency and worse quality of life.
Menendez et al. also found similar findings. Roberts
et al. found that airflow obstruction correlated with
the degree of radiographic findings on CT,
specifically the severity of bronchial wall thickening
and disease of the small airways [13].

Evaluation of the isolation of the organism from the
culture in patients with exacerbations showed that
there was significantly higher culture isolation in
patients with any one of the bacterial isolates,
compared with non-culture isolated patients. 29 out
of 37 inpatients yielded any one of culture isolate, in
which 32.4% were pseudomonas. Chalmers et al.
found that mortality was significantly higher in
patients with chronic colonization than non-
colonized patients. With the highest mortality rates
associated with the isolation of pseudomonas and
methicillin-resistant staphylococcus. Chalmers JD et
al. also found that exacerbations were more with
pseudomonas infection (40.7%) [14,15].
Pseudomonas aeruginosa infection in the respiratory
tract of bronchiectasis patients is associated with
worsening airway clearance and airway obstruction,
worsening lung function and impaired health-related
quality of life [16]. This may be due to the ability of
this organism to release virulent exotoxins, form
bio-films on tissue surfaces, and quickly develop
hypermutable P. aeruginosa strains resistant to
antibiotics, and all these factors increase bronchial
damage.

Analysis of radiological severity data showed that
involvement of more than three lobes in HRCT had
an increased chance for hospitalizations due to
exacerbations compared to less involvement in
HRCT; however, this finding was not statistically
significant (p-value = 0.087). The involvement of 3
or more lobes was associated with hospitalization
due to exacerbation in bronchiectasis. The study by
Charmers et al. shows no significant relationship
between radiological severity and mortality but a
significant relationship between the Reiff score and
hospital admissions. Thus, involvement with more
than three lobes had more hospital admissions due
to exacerbations, but Menendez et al. has found no
significant relationship between radiological severity
and exacerbation. [8].

Analysis of the use of Proton Pump Inhibitors
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(PPI) showed that, out of 37 in the inpatient's
group, 32(86.5%) patients were using PPI, and
from the 40 OP cohort, 25 (62.6%) were using PPI.
There was a statistically significant association
between the use of PPI and exacerbations. The
pathophysiological mechanism behind this
association is not clearly defined. Some studies
suggest that PPIs modify the composition of the gut
microbiome, and increase levels of oral and upper
gastro-intestinal tract commensals due to changes
in pH [17]. This alteration of the microbiome could
contribute to more severe exacerbations requiring
hospital admission. Another study in a mouse model
found that an increase follows depletion of the gut
microbiota in bacterial dissemination, inflammation,
and even resulting in organ damage [18].             

At the study enrolment, 48.6% of the patients gave
a history of hospitalization with exacerbation or
respiratory tract infection in the preceding year. This
shows that a prior history of hospital admissions
may be relevant to future mortality, hospital
admissions, exacerbations, and quality of life.
Previous studies have identified prior hospitalization
as the most decisive risk factor for severe
exacerbation in other chronic respiratory diseases
[8,19]. This might be due to the greater bronchial
and systemic inflammation, as has been observed
during exacerbations. This contributes to
perpetuating the infection-inflammation cycle and
has a negative effect on prognosis [20]. The
mortality at one year in our study is significantly
less compared to the mortality reported by Dupont
et al. (40%) and by Alzeer et al. (34%) in patients
admitted to the MICU with an acute exacerbation of
bronchiectasis [3,4]. In our study, 6 out of
37(16.2%) IP patients died during follow up period
and 1 out of 40(2.5%) OP patients died during
follow up period, and all six patients from the IP
cohort had a history of ICU admissions.

As expected, patients with bronchiectasis
exacerbations (BE) with higher BSI and FACED
scores had more hospital admissions because of
exacerbation. BSI classified patients into low,
intermediate and high scores. There was a clear
difference in hospitalization due to exacerbation
between patients classified as low, intermediate,
and high BSI scores [P value 0.001]. Other studies
also show BE patients with higher BSI and FACED
scores required more hospital admissions.
[19,21,22,23]. Vaccination against influenza and
pneumococci are associated with a protective effect

In bronchiectasis. Our study also showed that
vaccinated patients were more in the non-
hospitalized group; 35 % of patients had taken
influenza vaccine, and 47.5% had taken the
pneumococcal vaccine, whereas 8.1% and 21.6% in
hospitalized patients, respectively [ p value=0.004].
The pneumococcal vaccine has been recommended
for bronchiectasis patients in the literature [24]. In
this study, several factors were not associated with
hospital admissions after adjustment for other
included variables, such as aetiology of
bronchiectasis, comorbidities like DM, heart failure,
smoking status, chest physiotherapy, use of LTOT,
inhaled beta2 agonist and corticosteroid. Almost all
patients in our study group were using ICS/LABA.
Smoking has been known to be associated with lung
disease. In this study, it was found that smoking
was not associated with increased risk for
exacerbations; it may be because of the small study
population and less proportion of smoking patients,
whereas in other studies, smoking was found to be
a risk factor. Possible causes are defects in the
ability to clear secretions predisposing them to an
increased risk of infections and increased
inflammation of the lung parenchyma caused by the
toxic chemicals in tobacco [25]. In our study, only
11(14.3%) out of 77 were smokers. The low
number of smokers in the study group might not
have sufficient power to impact the exacerbation
and hospitalization.

What does this study add to existing
knowledge?

This study found the use of PPI as a risk factor for
exacerbations leading to hospitalization in
bronchiectasis patients; this warrants further
studies on this subject and necessitates judicious
use of proton pump inhibitors in such patients.

Limitations of the study:  Being a study done in a
tertiary care centre, most of the cases would have
been in the advanced stage. Therefore our findings
may not be generalizable to the population with
milder bronchiectasis. Long-term follow-up was
needed for assessing exacerbations; only one year
of follow up was done in this study.

Conclusions
Our study found that the risk factors associated with
bronchiectasis patients likely to develop
exacerbations requiring hospitalization
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During a one-year follow-up period are Age, Forced
Expiratory Volume in 1 second (FEV1), Coexistent
COPD, Culture isolation of organism, Use of Proton
Pump Inhibitors (PPI) and Bronchiectasis Severity
score. Pneumococcal and Influenza vaccination is
found to be a protective factors.

Author contributions: Mahroofa EV- Literature
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preparation, statistical workup. Anandan PT –
Research concept, study design, Literature review,
and review of the manuscript, editing and final
approval. Paulo Varghese Akkara – Study design,
manuscript review, statistical review and
supervision of data collection.
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