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2026 incidence of nosocomial pneumonia among patients treated at Meuraxa

Regional Hospital, Banda Aceh. An analytical observational study with a
retrospective approach was conducted using secondary medical-record data
from patients hospitalized between January 2022 and December 2024. Of 248
eligible patients, 41 (16.5%) developed nosocomial pneumonia. Data were
analyzed using descriptive statistics and the Chi-square test. Previous
antibiotic use (OR = 2.97; 95% CI 1.50-5.90; p = 0.001), mechanical
ventilator use (p = 0.0004), and prolonged hospitalization (p < 0.001) were
significantly associated with nosocomial pneumonia, with prolonged
hospitalization showing the strongest association; age, sex, and comorbidities
were not significant. These findings highlight the importance of antimicrobial
stewardship, careful ventilator management, and minimizing unnecessary
length of stay to reduce nosocomial pneumonia risk in resource-limited
hospital settings such as RSUD Meuraxa.

Keywords: Antibiotic Use, Hospital-Acquired Infection, Length of Hospital

Stay, Mechanical Ventilation, Nosocomial Pneumonia
00,

© 2026 by the author(s)

This article is an open-access article distributed under the terms and conditions
of the Creative Commons Attribution-ShareAlike 4.0 International

(CC BY SA) license (https://creativecommons.org/licenses/by-sa/4.0/).

Journal Homepage https://research.adra.ac.id/index.php/health ISSN: (P: 2988-7550) - (E: 2988-0459)

How to cite: Nasuha, R., Nurfitriani, & Erlina, R. (2026). Risk Factors Associated with the Incidence
of Nosocomial Pneumonia Among Hospitalized Patients at Meuraxa Regional Hospital,
Banda Aceh. Journal of World Future Medicine, Health and Nursing, 4(5), 600-612.
https://doi.org/10.70177/health.v4i5.4106

Published by: Yayasan Adra Karima Hubbi

Page| 600


mailto:usmanfitrie@gmail.com
http://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://research.adra.ac.id/index.php/health
https://portal.issn.org/resource/issn/2988-7550
https://portal.issn.org/resource/issn/2988-0459
https://doi.org/10.70177/health.v2i6.1420

Journal of World Future Medicine, Health and Nursing

INTRODUCTION

Pneumonia remains a major global health problem and is one of the leading causes of
morbidity and mortality worldwide. The World Health Organization (WHO) reported that
pneumonia is an acute infection affecting the lung parenchyma, particularly the alveoli, which
may become filled with fluid or pus, resulting in impaired gas exchange and respiratory distress
(Narciso et al., 2025). The disease can be caused by various microorganisms (Yi et al., 2023),
including bacteria, viruses, and fungi. Among bacterial pathogens, Streptococcus pneumoniae
remains the most common cause of pneumonia, while viral pathogens such as influenza viruses
and SARS-CoV-2 have also contributed significantly to the global burden of respiratory
infections.

Addressing this burden is urgent: nosocomial pneumonia not only prolongs
hospitalization and raises treatment costs, but can also strain the limited bed capacity,
antimicrobial supply, and infection-control resources of regional hospitals, where such capacity
is generally more constrained than in major tertiary or metropolitan centers (Asegu et al.,
2024). Nosocomial pneumonia, also known as hospital-acquired pneumonia (HAP), is defined
as pneumonia that develops 48 hours or more after hospital admission and was not present at
the time of admission. It is recognized as one of the most common healthcare-associated
infections and is associated with prolonged hospitalization, increased healthcare costs, and high
mortality rates (Metersky & Kalil, 2024; Zolfaghari et al.,, 2024). Ventilator-associated
pneumonia (VAP), a subtype of nosocomial pneumonia occurring in patients receiving
mechanical ventilation for at least 48 hours, accounts for a substantial proportion of cases in
intensive care units (Rosenthal et al., 2025).

The incidence of nosocomial pneumonia remains high in both developed and developing
countries. Studies have reported an incidence ranging from 5 to 10 cases per 1,000 hospitalized
patients, with significantly higher rates among critically ill patients receiving mechanical
ventilation (Rosenthal et al., 2025). According to the Indonesian National Medical Service
Guidelines, nosocomial pneumonia contributes substantially to hospital mortality in Southeast
Asia, with reported mortality rates reaching 25.5% in Malaysia, 11.3% in Indonesia, and 9.1%
in the Philippines (Ministry of Health of Indonesia, 2023). These findings indicate that
nosocomial pneumonia continues to be a significant challenge for healthcare systems in the
region.

Several studies have identified various factors associated with the development of
nosocomial pneumonia. Patient-related factors such as advanced age, impaired immune
function, malnutrition, and underlying chronic diseases have been reported to increase
susceptibility to infection (Zheng et al., 2025). Comorbid conditions including chronic
obstructive pulmonary disease (COPD), chronic kidney disease, diabetes mellitus, and
congestive heart failure may further elevate the risk of developing nosocomial pneumonia
(Martin-Loeches et al., 2023). In addition, treatment-related factors such as prolonged
hospitalization, invasive procedures, endotracheal intubation, and long-term mechanical
ventilation have consistently been identified as important predictors of nosocomial pneumonia
(Rosenthal et al., 2025).

Previous studies have highlighted the importance of identifying risk factors for
nosocomial pneumonia to support early prevention and improve patient outcomes. However,
the distribution and contribution of these risk factors may vary across hospitals due to
differences in patient characteristics, healthcare facilities, infection control practices, and local
epidemiological conditions. To date, there is limited evidence regarding the factors associated
with nosocomial pneumonia among hospitalized patients in Aceh Province, particularly at
Meuraxa Regional Hospital, Banda Aceh.

This local gap is not merely a matter of geography. RSUD Meuraxa is one of the main
referral hospitals serving Banda Aceh City, receiving patients with complex and often
prolonged admissions across internal medicine, pulmonary, and intensive-care wards, yet like
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many regional hospitals in the province it has not previously had a systematic, hospital-based
surveillance program specifically for nosocomial pneumonia. (Sinto et al., 2024).
Antimicrobial stewardship and infection-prevention infrastructure are also unevenly
implemented across regional hospitals in Aceh compared with larger metropolitan tertiary
centers (Ministry of Health of Indonesia, 2023; Nawanindha et al., 2024) meaning that risk-
factor patterns documented in better-resourced hospitals elsewhere in Indonesia may not
directly transfer to this setting. A hospital-specific analysis is therefore needed to generate
locally applicable evidence rather than relying on extrapolation.

Considering the high burden of nosocomial pneumonia and the lack of local
epidemiological data, this study was conducted to identify and analyze the risk factors
associated with nosocomial pneumonia among patients treated at Meuraxa Regional Hospital,
Banda Aceh. Identifying which of these factors are locally modifiable is directly relevant to
hospital infection-control policy: it can help RSUD Meuraxa and similar regional hospitals
prioritize antimicrobial stewardship, ventilator-care bundles, and length-of-stay management
within realistic resource constraints. The findings are expected to provide evidence-based
information that can support infection prevention strategies, improve clinical management, and
reduce the incidence of nosocomial pneumonia in hospital settings.

RESEARCH METHOD
Research Design

This study employed an analytical observational design with a retrospective approach.
The retrospective design was selected because it enables researchers to examine the association
between pre-existing exposure factors and the occurrence of nosocomial pneumonia using
secondary data obtained from routinely collected hospital medical records. This approach
provides an efficient method for analyzing clinical risk factors without requiring prospective
patient follow-up, thereby reducing time, cost, and ethical constraints. The study was
conducted at Meuraxa Regional Hospital, Banda Aceh City, Aceh Province, Indonesia, with
data collection and analysis performed from May to June 2025. The reviewed medical records
covered hospitalized pneumonia patients during the period of January 2022 to December 2024.

Research Target/Subject

The target population of this study consisted of all pneumonia patients treated at Meuraxa
Regional Hospital between January 2022 and December 2024, with a total of 1,350 patients.
The accessible population included 248 patients whose medical records met the availability
requirements and eligibility criteria. The study sample consisted of patients diagnosed with
nosocomial pneumonia during the study period. A total of 41 patients fulfilled the inclusion
and exclusion criteria and were included as research subjects. The sampling technique applied
was total sampling, in which all eligible patients were selected for analysis. The inclusion
criteria included patients who were hospitalized for at least 48 hours, patients admitted to the
Internal Medicine Ward, Pulmonary Ward, Intensive Care Unit (ICU), Intensive Cardiac Care
Unit (ICCU), and Class I, Il, or 1l wards during 2022-2024, patients who met the clinical
diagnostic criteria for nosocomial pneumonia based on the Centers for Disease Control and
Prevention (CDC), and patients aged 18 years or older. The exclusion criteria included patients
with incomplete medical records related to hospitalization and treatment, patients diagnosed
with pneumonia before hospital admission, and medical records that could not be located in the
hospital archive system.

Research Procedure

The research procedure was conducted through several systematic stages. First, ethical
approval and administrative permissions were obtained from the relevant authorities before
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data collection. Second, medical records of pneumonia patients hospitalized during the study
period were identified and screened based on the predetermined inclusion and exclusion
criteria. Third, eligible medical records were reviewed to extract information related to
demographic characteristics, hospitalization history, and potential risk factors associated with
nosocomial pneumonia. Fourth, the collected data were compiled, coded, and organized into a
research database. Finally, statistical analysis was performed to determine the association
between potential risk factors and the occurrence of nosocomial pneumonia among hospitalized
patients at Meuraxa Regional Hospital.

Instruments, and Data Collection Techniques

The research instrument used in this study was a medical record review form developed
by the researchers for systematic data extraction. The study utilized secondary data obtained
from patients’ medical records maintained by Meuraxa Regional Hospital. The collected
variables included demographic characteristics, length of hospitalization, mechanical
ventilation use, nutritional status, comorbid diseases, and other clinical factors considered
relevant to nosocomial pneumonia occurrence. Data collection was conducted through a
structured review of medical records using a standardized extraction sheet to ensure
consistency and completeness. The operational definitions of variables, including nosocomial
pneumonia, mechanical ventilation use, and comorbidity status, were based on CDC diagnostic
criteria and the terminology used in the hospital medical record system. To ensure data
reliability, a second independent reviewer re-extracted data from a random subsample of 10%
of the medical records (n = 25). The level of agreement between reviewers was assessed using
Cohen’s kappa coefficient, which demonstrated substantial agreement (k = 0.86). Any
discrepancies were resolved through discussion and verification of the original medical records
with a third member of the research team.

Data Analysis Technique

The collected data were analyzed using statistical software. Descriptive analysis was
initially conducted to summarize participants’ characteristics and describe the distribution of
research variables. Categorical variables were presented as frequencies and percentages, while
numerical variables were expressed as means and standard deviations or medians with
interquartile ranges, depending on the distribution of the data. Furthermore, bivariate analysis
was performed to examine the association between each potential risk factor and the incidence
of nosocomial pneumonia using the Chi-square test with a significance level of p < 0.05. The
null hypothesis (HO) stated that there was no association between risk factors and the
occurrence of nosocomial pneumonia, whereas the alternative hypothesis (H1) stated that an
association existed. The HO hypothesis was rejected when the p-value was less than 0.05,
indicating a statistically significant relationship between the analyzed risk factors and
nosocomial pneumonia incidence.

RESULTS AND DISCUSSION

The study yielded a population of 248 patients, with a sample size of 41. This study used
secondary data (medical records).
Table 1. Patient Characteristics

Nosocomial Pneumonia Yes 41 16.5%
No 207 83.5%

Age 18-59 years 113 45.6%

>59 years 135 54.4%

Sex Men 102 41.1%

Women 146 58.9%
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Comorbidity Present 143 57.7%
Absent 105 42.3%

Previous Antibiotic Use Yes 80 32.3%
No 168 67.7%

Mechanical Ventilator Use Yes 108 43.5%
No 140 56.5%

Duration of Hospitalization <6 days 72 29.0%
6-10 days 135 54.4%

>10 days 41 16.5%

This study involved 248 patients who were sampled with demographic and clinical
characteristics. Forty-one patients experienced nosocomial pneumonia (16.5%); 207 patients
did not (83.5%). The age distribution of patients showed almost balanced results: the age group
>59 years numbered 135 patients (54.4%), while the age group 18-59 years numbered 113
patients (45.6%). Female patients outnumbered male patients, at 146 (58.9%) and 102 (41.1%)
respectively.

The distribution of comorbidities showed that 143 patients (57.7%) had a history of
comorbidities, while 105 patients (42.3%) did not. The distribution of antibiotic use history
showed that 80 patients (32.3%) had a history of previous antibiotic use, while 168 patients
(67.7%) did not. The distribution of mechanical ventilator use showed that 108 patients
(43.5%) were on mechanical ventilators, while 140 patients (56.5%) were not. The distribution
of hospitalization duration showed that most patients, 135 (54.4%), were treated for 6-10 days;
72 (29.0%) patients had a length of stay under six days, while 41 (16.5%) patients stayed
longer than ten days.

Table 2. Relation Between Age and the Incidence of Nosocomial Pneumonia

Nosocomial Pneumonia
Age Yes No p-value
n % n %
18-59 years old 23 20,4% 90 79,6%
>60 Years old 18 13,3% 117 86,7% 0,138
Total 41 16,5% 207 83,5%

Table 2 shows the results of the Chi-square analysis of the relationship between age and
the incidence of nosocomial pneumonia at Meuraxa Regional Hospital, which was not
significant (p = 0.138; OR 1.66, 95% CI 0.85-3.26 for the 18-59-year group relative to >60
years). HO was accepted and H1 was rejected.

Table 3. Relationship Between Gender and the Incidence of Nosocomial Pneumonia

Sex Gender Yes No p-value
Men 22 (21.6%) 80 (78.4%)
Women 19 (13.0%) 127 (87.0%) 0.074
Total 41 (16.5%) 207 (83.5%)
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Table 3 shows that the relationship between gender and the incidence of nosocomial
pneumonia was not significant (p = 0.074; OR 1.84, 95% CI 0.94-3.61 for men relative to
women). HO was accepted and H1 was rejected.

Table 4. Relation Between Comorbidities and the Incidence of Nosocomial Pneumonia

Comorbid Yes No p-value
Present 25 (17.5%) 118 (82.5%)
Absent 16 (15.2%) 89 (84.8%) 0.638
Total 41 (16.5%) 207 (83.5%)

Table 4 shows that the relationship between comorbidities and the incidence of
nosocomial pneumonia was not significant (p = 0.638; OR 1.18, 95% CI 0.59-2.34). HO was
accepted and H1 was rejected.

Table 5. Relation Between Previous Antibiotic Use and the Incidence of Nosocomial

Pneumonia
Previous Antibiotic Use Yes No p-value
Exist 22 (27.5%) 58 (72.5%)
Non existent 19 (11.3%) 149 (88.7%) 0.001
Total 41 (16.5%) 207 (83.5%)

Table 5 shows a significant association between previous antibiotic use and the incidence
of nosocomial pneumonia (p = 0.001; OR 2.97, 95% CI 1.50-5.90). H1 was accepted and HO
was rejected: patients with prior antibiotic use had almost three times the odds of developing
nosocomial pneumonia compared with patients without prior antibiotic use.

Table 6. Relation Between the Use of Mechanical Ventilators and the Incidence of Nosocomial

Pneumonia
Use of Mechanical Ventilators Yes No p-value
Yes 28 (25.9%) 80 (74.1%)
No 13 (9.3%) 127 (90.7%) 0.0004
Total 41 (16.5%) 207 (83.5%)

Ventilator use provides direct access for pathogenic bacteria to the lower respiratory
tract, especially when not accompanied by optimal infection-prevention protocols (Bassi et al.,
2024), and the bivariate analysis confirmed that mechanical ventilator use was significantly
associated with nosocomial pneumonia (p = 0.0004).

Table 7. Relation Between Duration of Hospitalization and the Incidence of Nosocomial

Pneumonia
Duration of Hospitalization Yes No p-value
<6 days 6 (8.3%) 66 (91.7%)
6-10 days 10 (7.4%) 125 (92.6%) 0.812
>10 days 25 (61.0%) 16 (39.0%) <0.001
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Total 41 (16.5%) 207 (83.5%)

Table 7 shows a significant association between duration of hospitalization and the
incidence of nosocomial pneumonia (p < 0.001). Patients hospitalized for more than 10 days
had approximately 17 times the odds of nosocomial pneumonia compared with those
hospitalized for fewer than 6 days (OR 17.19, 95% CI 6.04-48.88), while the 6-10-day group
did not differ significantly from the shortest-stay reference group (OR 0.89, 95% CI1 0.31-2.60;
p =0.812). H1 was accepted and HO was rejected for the >10-day comparison.

Figure 1 summarizes the crude odds ratios and 95% confidence intervals for all six risk
factors on a single forest plot, allowing their relative magnitude to be compared directly rather
than through p-values alone.

Crude Odds Ratios for Nosocomial Pneumonia by Risk Factor
(computed from Tables 2-7 data; RSUD Meuraxa, n = 248)

Duration of hospitalization | & 17.19 (6.04-48.88
(>10 vs <6 days) @ .19 (6. .88)
Mechanical ventilator use | ® 3.42 (1.71-6.84)
(yes vs no)
Previous antibiotic use | P 2.97 (1.50-5.90)
(yes vs no) :
Sex (men vs women) @ —— 1.84(0.94-3.61)
Age (18-59 vs =60 y) q —————@— 1.66 (0.85-3.26)
Comorbidity | —@— 1.18 (0.59-2.34)
(present vs absent)

10° 10t 100
0Odds Ratio (95% Cl), log scale

Figure 1. Crude odds Ratios (95% CI) for Nosocomial Pneumonia by Risk Factor, Computed
from Tables 2-7.

Bivariate analysis results showed that age was not associated with the incidence of
nosocomial pneumonia (p = 0.138), although the 18-59 age group showed a higher percentage
(20.4%, 23 cases) than the >60 group. This finding is in line with several previous studies that
stated that age is not the sole determinant of nosocomial infection incidence; the risk of
nosocomial infection is more strongly determined by clinical and procedural factors such as
invasive procedures, length of hospitalization, antibiotic use, and patient comorbidities, which
have a greater influence than age in determining the risk of nosocomial pneumonia in hospitals
(Liu et al., 2023). A 2022 study by Wang et al found different results (J. Wang et al., 2023):
age significantly influenced the incidence of hospital-acquired pneumonia, with patients aged
70 and over having a substantially higher risk than younger patients, related to the degenerative
decline of mucosal barrier function and impaired T-cell differentiation that facilitates pathogen
entry (Victor et al., 2023).

Developmental disorders cause changes in T-cell subtypes (a |CD4+/1CD8+ pattern),
disrupting immune balance and reducing antibody production, which worsens the inflammatory
response and lowers the effectiveness of the immune system against infection. Advanced age
therefore contributes to an increased risk of infectious complications, which can worsen
clinical conditions (Victor et al., 2023). This pattern of age acting mainly as a risk modifier
rather than an isolated determinant is echoed by a 2025 retrospective study of elderly inpatients
with community-acquired pneumonia by Li et al., which found that advancing age remained an
independent predictor of in-hospital mortality only after accounting for comorbidity burden and
clinical severity indices, rather than acting alone (Li et al., 2025).
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Bivariate analysis results showed that gender was not associated with the incidence of
nosocomial pneumonia (p = 0.074). Findings from several studies suggest that biological and
immunological differences between men and women may influence responses to infection, but
in this context these differences were not statistically strong (Sciarra et al., 2023). A 2014 study
by Sciarra et al,. demonstrated that estrogen increases NOS3 activity in lung macrophages,
enhancing phagocytic ability and bacterial clearance; estrogen also enhances the transport of
secretory IgA to the respiratory mucosa and helps prevent the infiltration of bacteria such as
Klebsiella pneumoniae. This hormonal protective mechanism suggests variations in immune
response based on specific biological characteristics (Sciarra et al., 2023). A 2023
retrospective study by Alfares et al. of hospitalized cardiac patients similarly reported that
female sex was among the factors associated with a higher prevalence of hospital-acquired
pneumonia, although, as in the present study, this association did not reach independent
statistical significance in multivariable analysis (Alfares et al., 2023).

Bivariate analysis results showed that comorbidities were not associated with the
incidence of nosocomial pneumonia (p = 0.638). This study found statistically insignificant
differences in the results; the lack of further classification into specific comorbidity types may
be a contributing factor. Wang et al (Z. Wang & Wu, 2025) study found that a high Charlson
Comorbidity Index (CCI) score was a risk factor for nosocomial pneumonia in hospitalized
geriatric patients , suggesting that a heavy comorbidity burden increases patient susceptibility
to nosocomial pneumonia. A 2021 study by Hernandez Puentes et al. found that elderly
patients with comorbidities such as COPD, dementia, and cerebrovascular disease are more
susceptible to nosocomial pneumonia, due to mobility difficulties that lower immunity and
facilitate bacterial colonization, together with decreased mucociliary clearance and altered
breathing mechanics that compromise airway defense (Hernandez-Puentes et al., 2025). The
difference between the present results and prior research may be due to this study's broad,
undifferentiated categorization of comorbidities, which did not distinguish between specific
comorbidity types. A 2024 analysis by Marushchak et al. using the Charlson Comorbidity
Index (CCI) as a composite score rather than individual diagnoses found that a higher overall
comorbidity burden was associated with greater pneumonia severity, suggesting that a
validated composite index may capture cumulative comorbidity risk more sensitively than the
broad present/absent classification used in the present study (Marushchak et al., 2024).

Bivariate analysis showed a significant association between prior antibiotic use and the
incidence of nosocomial pneumonia (p = 0.001). These findings align with a 2024 study by
Bassi et al. of critically ill trauma patients with pulmonary contusions in the intensive care unit,
which showed that each additional day of antibiotic use correlated with an increased risk of
isolating resistant bacteria (p < 0.01) (Bassi et al., 2024). Prolonged antibiotic use can increase
the risk of multidrug-resistant (MDR) microorganisms (Sartika et al., 2025); these findings
indicate that inappropriate or irrational antibiotic use can trigger microbial resistance and
increase the risk of nosocomial infections, in line with research by Niu et al. (Niu et al., 2023),
which stated that previous antibiotic use significantly contributes to the possibility of
colonization with multidrug-resistant bacteria (Zhang, 2023) (Niu et al., 2023). This concern is
reinforced by a 2025 microbiological surveillance study by Mgeladze et al., which documented
alarmingly high rates of resistance to penicillins, macrolides, and tetracyclines among gram-
positive pathogens isolated from nosocomial pneumonia cases, underscoring the broader link
between antibiotic exposure and the emergence of resistant organisms in hospital settings
(Mgeladze et al., 2025; Rongrungruang & others, 2025).

Bivariate analysis of mechanical ventilator use indicated a significant association with
nosocomial pneumonia (p = 0.0004; Table 6). Ventilator use provides direct access for
pathogenic bacteria to the lower respiratory tract, especially when not accompanied by optimal
infection-prevention protocols (Bassi et al., 2024). Research conducted by Alnimr (Alnimr,
2023) analyzed the relationship between mechanical ventilator use and infectious
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complications in ICU patients, attributing this to disruption of the airway's natural defense
mechanisms and the presence of a direct pathway for pathogen entry through the endotracheal
tube (Alnimr, 2023). Consistent with this, a 2025 multicenter retrospective study by Russo et
al. of ICU patients found that ventilatory support, together with advanced age and chronic
obstructive pulmonary disease, independently predicted the development of hospital-acquired
pneumonia, supporting ventilator use as a key modifiable procedural risk factor across diverse
hospital settings (Russo et al., 2025).

The bivariate analysis showed that duration of hospitalization was strongly associated
with the incidence of nosocomial pneumonia (p < 0.001), with patients hospitalized for more
than 10 days having roughly 17 times the odds of those hospitalized under 6 days. Prolonged
hospital exposure has been shown to increase the incidence of nosocomial infections through
mechanisms including transmission from other patients or healthcare workers, contaminated
aerosols, and contaminated equipment such as ventilation and air-conditioning systems (Chea
et al., 2026). Long hospital stays can also lead to oropharyngeal colonization by gram-negative
bacteria, especially in patients with immobilization, impaired consciousness, medical
instrumentation, and poor hygiene, further increasing the risk of exposure to nosocomial
microorganisms and invasive procedures (Tong et al., 2023). This is consistent with a 2023
retrospective cohort study by Luthi-Corridori et al., which identified a longer length of hospital
stay as both a consequence of pneumonia severity and an independent contributor to
subsequent complications and rehospitalization, reinforcing the bidirectional relationship
between prolonged hospitalization and nosocomial infection risk observed in the present study
(Amodio et al., 2024; Luthi-Corridori et al., 2023).

Consistent with the effect-size reporting recommended above, this pattern of results is
best summarized as follows: previous antibiotic use, mechanical ventilator use, and especially
prolonged hospitalization were the clinically and procedurally modifiable factors most strongly
associated with nosocomial pneumonia at RSUD Meuraxa, while patient-level demographic
factors (age, sex) and unstratified comorbidity status were not. Reporting the magnitude of
association (OR) alongside statistical significance, rather than p-values alone, is consistent with
current recommendations for observational health research (Chao et al., 2023).

Limitations. This study has several limitations that should be considered when
interpreting the findings. First, it relied on secondary data from medical records, which may be
subject to incomplete or inconsistent documentation. Second, the retrospective, single-center
design at one regional hospital limits the ability to establish temporal causality and constrains
generalizability to other hospital settings. Third, comorbidities were analyzed as a single
undifferentiated category, which may have obscured associations specific to individual
comorbid conditions. Fourth, because only bivariate analysis was performed, the independent
contribution of each risk factor could not be estimated after adjusting for the others; a
multivariate logistic regression model was not performed, and is recommended for future
analyses of this dataset or in a prospective follow-up study.

CONCLUSION

This study identified previous antibiotic use, mechanical ventilator use, and prolonged
hospitalization as factors significantly associated with the occurrence of nosocomial
pneumonia among patients treated at Meuraxa Regional Hospital, Banda Aceh, while age, sex,
and unstratified comorbidity status were not significantly associated in this population. Among
the significant factors, prolonged hospitalization showed by far the strongest association (OR
17.19, 95% CI 6.04-48.88 for stays exceeding 10 days), indicating that extended exposure to
the hospital environment substantially increases infection risk in this setting.

These findings carry practical, longer-term implications for RSUD Meuraxa and
similarly resourced regional hospitals: strengthening antimicrobial stewardship to reduce
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unnecessary or prolonged antibiotic exposure, tightening ventilator-care bundles, and actively
working to shorten avoidable length of stay could plausibly reduce the hospital's nosocomial
pneumonia burden over time, with downstream benefits for bed availability, treatment cost, and
patient safety. Because this study used a retrospective, single-hospital design, these findings
should be interpreted as evidence specific to RSUD Meuraxa's patient population and case-mix
rather than as a generalizable estimate for all hospitals in Indonesia; replication in other
regional hospitals, ideally with prospective data collection and multivariate adjustment, is
needed before the findings are extended more broadly. Further studies involving larger,
multicenter samples are recommended to provide a more comprehensive understanding of risk
factors for nosocomial pneumonia in similar healthcare settings.
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