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ABSTRACT The study analysed antibiotic use and pathogenic bacteria distribution in individuals with Type 2 Diabetes
Mellitus (T2DM) intricated by pulmonary infection. A retrospective review of 134 patients admitted in January 2022
to December 2023 was conducted, focusing on the types, duration, and combinations of antibiotics, pathogen distribution,
and adverse reactions. Antibiotic timing and selection, guided by pathogen type and sensitivity, significantly affected
outcomes, while penicillin, cephalosporins, and quinolones showed increasing resistance. Statistical analysis involves
applying Chi-square tests using SPSS 29, and alongside qualitative thematic analysis. Optimal therapy requires careful
drug selection, timely initiation, and treatment adjustment. Chi-square analysis revealed treatment outcomes were
significantly associated with glycemic control (χ²=5.62, p=0.018) and early symptom improvement (χ²=6.93, p=0.008).
Multidisciplinary approaches enable comprehensive and individualised, effective treatment, vital for elderly diabetic
patients with acute pulmonary infections. Overall, sensitivity-guided, individualised antibiotic management improves
outcomes and reduces adverse drug reactions among elderly patients with diabetes and pulmonary infections.
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INTRODUCTION

Pulmonary infections remain a leading cause
of emergency admissions and mortality among eld-
erly patients, particularly those with Type 2 Diabe-
tes Mellitus (T2DM). The convergence of age-
related immune dysfunction, chronic hyperglyce-
mia, and multiple comorbidities creates a uniquely
vulnerable patient population in which infections
are not only more common but also associated
with significantly higher mortality, prolonged hos-
pital stays, and increased morbidity (Fésüs et al.
2022).Among the most common reasons for hos-
pitalization and mortality, Community-Acquired
Pneumonia (CAP) is usually treated with antibiotics
(Aliberti et al. 2021; Xu et al. 2022).

Antibiotics have greatly minimized the mortal-
ity associated with bacterial infections;  however,
the overuse of antibiotics has led to increased an-
timicrobial resistance. Lower respiratory tract in-
fections (LRTIs) are classified into CAP and Hos-
pital-Acquired Pneumonia (HAP), and can result
from various infectious agents, including viruses,

bacteria, fungi, and parasites (Zhao et al. 2022;
Hunold et al. 2024). In elderly patients with T2DM,
effective antibiotic management is complicated by
several factors: the lack of standardized, condi-
tion-specific treatment guidelines, significant vari-
ability in clinician prescribing practices, and the
challenge of accurately assessing therapeutic effi-
cacy in a population with complex, overlapping
pathologies (Joyner et al. 2022). Risk factors for
developing viral pneumonia include obesity, im-
munosuppression, advanced age, and chronic lung
disease (Carbonell et al. 2023).

CAP is more likely to occur in older adults and
also among persons with certain clinical condi-
tions, including chronic heart or lung disease. As-
pects associated with the treatment of CAP in re-
gard to antibiotic stewardship include, but are not
limited to, shortening the duration of antibiotic ther-
apy, antibiotic de-escalation, early switching from
intravenous to oral antibiotics, and recommenda-
tions about empiric therapy (Campling et al. 2022;
Paschou et al. 2022). CAP is a respiratory disease
that is prevalent worldwide and poses significant
social and economic costs to society. Antibiotic
treatment is the primary form of treatment of CAP
(Lüthi-Corridori et al. 2024; Bassetti et al. 2022).
Typical fluoroquinolone drugs with those who
possess great and broad-spectrum antibacterial
activities are levofloxacin and moxifloxacin.

Int J Hum Genet, 26(2): 88-99 (2026)
DOI: 10.31901/24566330.2026/26.02.931 PRINT: ISSN 0972-3757  ONLINE: ISSN 2456-6330

Full text open access online (Since 2001)

©                                 Kamla-Raj IJHG 2025



INVESTIGATION OF CURRENT STATUS OF ANTIBIOTIC USE AND OPTIMIZATION STRATEGIES 89

Int J Hum Genet, 26(2): 88-99 (2026)

Empiric antibiotic advice differs with or with-
out the patient satisfying the severe CAP criteri-
on or risk factor that includes a multidrug resis-
tant organism (Iftikhar and Waagsbø 2025). Anti-
biotic therapy remains the primary treatment.
However, rising antimicrobial resistance, inappro-
priate selection, and delayed initiation often limit
efficacy and increase the risk of adverse reactions
(Tarrant and Krockow 2022).

In emergency settings, rapid and accurate de-
cision-making regarding antibiotic choice, timing,
and combination therapy is critical to improve pa-
tient outcomes (Zhu et al. 2022). Despite this, there
remains a significant gap in understanding how to
optimize these antibiotic strategies specifically for
elderly T2DM patients with acute pulmonary in-
fections, balancing the urgency of treatment with
the principles of antimicrobial stewardship.

Objectives

This body of research primarily centers on in-
vestigating current antibiotic utilization patterns
among elderly patients with type 2 diabetes melli-
tus (T2DM) who present with pulmonary infec-
tions in emergency departments. Beyond descrip-
tive epidemiology, the core goals extend to assess-
ing the correlation between pathogen distribution,
antibiotic susceptibility profiles and correspond-
ing therapeutic outcomes in this high-risk popula-
tion, and further establishing a targeted framework
to identify optimized antibiotic therapy strategies
while minimizing the risk of adverse drug reactions.

A relevant predictive model study focused on
elderly hip fracture patients, a population overlap-
ping with the target elderly cohort, validated a no-
mogram for postoperative pulmonary infection risk
via a retrospective analysis of 1008 surgical cases
(Huang et al. 2023). The model exhibited favorable
discrimination and calibration performance in inter-
nal validation cohorts; however, its single-center
retrospective study design imposes critical limita-
tions on external validity and population generalisability,
restricting its widespread clinical application.

For severe pulmonary infections, Wang et al.
(2025) conducted a comparative analysis of five
empirical antibiotic regimens to evaluate optimized
therapy for SCAP. The findings revealed that β-
lactam combination therapy with macrolides con-
ferred the most significant survival benefit, mark-
edly reducing overall patient mortality; in contrast,

monotherapy with β-lactam agents, as well as β-
lactam plus fluoroquinolone combination regimens,
were associated with inferior clinical outcomes.
Notably, the study’s observational nature limits
definitive causal interpretation of the observed
survival differences.

Viasus et al. (2025) further explored antibiotic
de-escalation in severe CAP through a retrospec-
tive cohort analysis spanning 1995 to 2022, em-
ploying inverse propensity score-weighted regres-
sion to compare early versus late de-escalation
approaches. Key results demonstrated that timely
antibiotic de-escalation did not elevate 30-day
mortality rates or prolong hospital length of stay,
while effectively reducing the incidence of pro-
longed antibiotic exposure. Similar to prior research,
the single-center observational design constrains
the ability to draw firm causal inferences regarding
treatment efficacy and safety.

Shifting focus to other common diabetic infec-
tions, Liu et al. (2023) analyzed pathogen distribu-
tion and drug susceptibility patterns across 581
diabetic foot infection patients. The study identi-
fied distinct pathogen stratification by infection
severity: gram-positive organisms were the pre-
dominant pathogens in grades 1–3 infections, while
gram-negative bacilli dominated more severe
grades 4–5 infections, with Staphylococcus au-
reus and Proteus species being the most frequent-
ly isolated pathogens. Critically, first-line antibiot-
ics including vancomycin, linezolid, tigecycline,
meropenem and amikacin retained high in vitro
antibacterial efficacy, supporting the recommen-
dation that clinical therapy should be strictly guid-
ed by microbial culture and antibiotic susceptibility
testing results.

Cilloniz and Torres (2024) systematically eval-
uated pneumonia risk specifically in older adults
with T2DM, clarifying that underlying immune
dysfunction, persistent hyperglycemia, and multi-
ple chronic comorbidities synergistically drive ele-
vated infection susceptibility in this population.
Consequently, these patients face significantly
higher rates of hospital admission and mortality
following pulmonary infection, highlighting that
effective clinical management requires a compre-
hensive understanding of these predisposing
pathophysiological factors, alongside improved
organizational care strategies to mitigate infection-
related complications.
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Yen et al. (2022) further investigated the pro-
tective effect of metformin, a first-line T2DM med-
ication, on infection risk using a cohort of 49,012
propensity score-matched metformin users and
nonusers. Cox regression analysis confirmed that
metformin administration significantly reduced the
risks of respiratory-related death, invasive mechan-
ical ventilation requirement, and bacterial pneu-
monia, with extended duration of metformin thera-
py associated with further incremental reductions
in these adverse outcomes, revealing a potential
adjunctive benefit of glycemic control agents in
infection prevention.

Expanding to environmental risk factors, Chu
et al. (2023) assessed urinary antibiotic exposure
from food and water sources in 525 adults aged
45–75 years to explore its association with T2DM.
The study detected 18 distinct antibiotics in 51 per-
cent of participants, withT2DM patients exhibiting
significantly higher antibiotic exposure levels and
hazard indices; specifically, elevated hazard quo-
tients for norfloxacin and ciprofloxacin were linked
to increased T2DM risk. These findings suggest a
potential causal link between environmental anti-
biotic exposure and T2DM development, though large-
scale prospective studies are required to confirm this
association and elucidate underlying mechanisms.

Guarino et al. (2023) reviewed updated clinical
management strategies for sepsis and septic shock,
severe complications of uncontrolled bacterial in-
fections. The core evidence-based interventions
include prompt initiation of empirical broad-spec-
trum antibiotics, targeted vasoactive agent thera-
py, individualized mechanical ventilation adjust-
ments, heparin-based thromboprophylaxis, and
tight glycemic control; while adjunctive support-
ive therapies remain a topic of clinical debate, mas-
tery of these core management protocols is essen-
tial to improve survival and clinical outcomes in
critically ill patients.

A three-year hospital-based surveillance study
analyzing 11,071 positive clinical samples charac-
terized institutional pathogen distribution and an-
tibiotic resistance patterns (Liu and Qin 2022). The
data highlighted alarmingly high prevalence of
multidrug-resistant (MDR) strains, particularly
Carbapenem-Resistant Enterobacterales (CRE) and
Methicillin-Resistant Staphylococcus Aureus
(MRSA), with distinct resistance profiles across
different clinical departments. These department-
specific resistance patterns underscore the urgent

need for targeted infection control measures and
rational, antibiotic stewardship programs to curb
MDR spread.

Zhang et al. (2022) conducted a meta-analysis
of 42 publications from 2000 to 2020 to define glo-
bal epidemiological patterns of bacterial keratitis
(BK). The overall microbial culture positivity rate
was 47 percent, with gram-positive cocci account-
ing for 62 percent of isolates, making them the
predominant causative pathogens. Susceptibility
testing showed gram-positive cocci were highly
sensitive to aminoglycosides, while gram-negative
bacilli were most susceptible to cephalosporins
and fluoroquinolones; importantly, fluoroquinolo-
ne susceptibility rates declined significantly after
2010 globally, emphasizing that antibiotic selec-
tion for BK must be tailored to regional resistance
surveillance data to ensure therapeutic efficacy.

METHODOLOGY

The retrospective observational investigation
evaluated antibiotic use, pathogen distribution,
and treatment outcomes in patients with T2DM
complicated by pulmonary infection. Patients were
selected using strict inclusion and exclusion crite-
ria. Standardised imaging, microbiological testing,
and glycemic assessments were performed prior
to treatment. Antibiotic regimens were document-
ed by type, timing, and combination, and thera-
peutic efficacy was evaluated using predefined
clinical and radiological criteria. Statistical analysis
was utilised.

The subjects were chosen from among the re-
searchers’ hospital’s patients who were treated for
T2D complicated by lung infection. A CT scan and
sputum culture were performed on all patients pri-
or to therapy. There were 48 female patients and 86
male patients overall. The ages ranged from 34 to
81 years, with a mean age of 50.47 ± 4.68 years. The
patients’ ages ranged from 34 to 81 years, with a
mean of 50.47 ± 4.68 years. The duration of diabe-
tes varied from 6 to 25 years, with a mean of 6.42 ±
2.46 years.

Inclusion Criteria

The inclusion criteria for the study were:
1. Complete clinical data
2. Diabetes diagnosis confirmed by fasting

blood glucose test as T2DM, meeting the
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American Diabetes Association Standards
of Medical Care in Diabetes (2021)

3. Pulmonary infection diagnosis meeting the
Chinese Guidelines for the Diagnosis and
Treatment of HAP and Ventilator-Associat-
ed Pneumonia in Adults (2018 Edition), with
chest CT showing patchy or flaky shadows,
pulmonary interstitial changes, plus any one
of the following:

a. Body temperature >38°C
b. Cough, expectoration
c. White blood cell count <4×10y /L or >10×10y /L
d. Presence of pulmonary consolidation

Exclusion Criteria

The exclusion criteria for the study where:
1. Diabetes mellitus type 1, gestational diabe-

tes, or another type of diabetes
2. Coexisting infections in other areas of the

body
3. Serious health issues, including severe heart

disease, renal disease, or systemic immuno-
deficiency

4. Recent use of antimicrobials or immunosup-
pressants

Pathogen Collection and Identification

Before treatment, on the morning after admis-
sion while fasting, patient sputum and Bronchoal-
veolar Lavage Fluid (BALF) were collected. Spec-
imens were considered qualified if cytological ex-
amination showed squamous epithelial cells <25
per low-power field, otherwise, re-sampling was
performed until qualified.

Antibiotic Usage

The route of administration, drug type, fre-
quency of use, and initiation time of antimicrobial
drugs used by patients were recorded and sum-
marised according to monotherapy, dual therapy,
and triple therapy regimens.

Observation Indicators

Glycemic Control Standard

A statistically significant difference was de-
scribed as fasting blood glucose <7.0 mmol/L (Note:

Original text “<0.05” appears erroneous; assumed
standard threshold like <7.0 mmol/L or HbA1c <7
percent is implied) on three consecutive occasions
after treatment. (Note: Clarification needed; trans-
lation reflects common diabetes control targets
implied by context).

Therapeutic Efficacy

Based on clinical symptoms and imaging find-
ings, treatment outcomes were classified into three
categories: Markedly Effective, Effective, and In-
effective.

Statistical Analysis

Statistical analysis refers to the systematic ap-
plication of analytical techniques to interpret data.
It includes quantitative methods, like Chi-square
tests performed using SPSS 29, and qualitative
approaches, such as thematic analysis, to identify
patterns, relationships, and meanings within non-
numerical data.

RESULTS

This section summarises antibiotic utilisation
patterns, including therapy type, route, and regi-
men changes, and reports short-term clinical out-
comes, adverse reactions, and the impact of glyce-
mic control. It also presents antibiotic class distri-
bution, regional prescribing variations, and the
spectrum of pathogens identified in pulmonary
infections.

In this study, 76 percent of patients received
monotherapy with antibiotics, 17 percent received
triple therapy, and 7 percent did not receive antibi-
otics. No inappropriate use of antibiotics was iden-
tified. Throughout the treatment process, the re-
searchers monitored patients symptom changes
and body temperature. Results showed that with-
in 72 hours of treatment initiation, 85 percent of
patients experienced significant symptom improve-
ment, with 40 percent classified as ‘marked improve-
ment’, 45 percent as ‘improvement’, and 15 per-
cent as ‘no improvement’, and body temperature
gradually returned to normal. Patients with signif-
icantly improved symptoms were adjusted to oral
antibiotic therapy or step-down therapy. During
treatment, approximately 5 percent of patients ex-
perienced adverse reactions, including nausea,
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vomiting, and rash. The results of treatment were
more favourable for those whose blood glucose
levels were well-controlled as compared to those
whose levels were not.

Table 1 presents antibiotic usage patterns
among elderly patients with T2DM and pulmo-
nary infections. Most patients received single an-
tibiotic therapy (56.7%), indicating reliance on
monotherapy. Combination therapy was used in
25.4 percent of cases, while 12.7 percent required
triple or higher regimens, reflecting greater disease
severity. Only 5.2 percent of patients did not re-
ceive antibiotics, suggesting predominantly ap-
propriate and targeted antimicrobial use based on
clinical and diagnostic evaluation. Figure 1 illus-
trates the percentage of antibiotic usage in patients
with T2D and pulmonary infection.

Table 2 summarises the microbiological profile
of pulmonary infections in elderly patients with
T2DM. Gram-negative organisms predominated,
with Pseudomonas aeruginosa (4 cases) and Acine-
tobacter species (2 cases) being the most frequent-
ly isolated pathogens, indicating a risk of resistant

infections. Gram-positive bacteria, including Pneu-
mococcus (3 cases), Enterococcus faecalis (2 cas-
es), and Staphylococcus aureus (2 cases), were
also identified. Fungal pathogens were detected in
3 cases, highlighting the need for pathogen-guid-
ed, individualised antimicrobial therapy. Figure 2
shows the number of cases in common pathogens.

Chi-square Test

The Chi-square test represents a statistical
method used to determine whether a significant
association exists between categorical variables
by comparing observed frequencies with expect-
ed frequencies. The Chi-square test was performed
to evaluate associations between clinical factors,
antibiotic practices, and treatment outcomes, sup-
porting optimisation of antibiotic use in elderly
diabetic patients.

Table 3 identifies key clinical and treatment-
related factors influencing outcomes in elderly di-
abetic patients with pulmonary infections in emer-
gency settings. Significant associations were ob-
served for glycemic control, antibiotic regimen
choice, route of administration, and early symp-
tom improvement within 72 hours, underscoring
their role in therapeutic success. In contrast, adverse
reactions were not significantly associated with out-
comes. These findings support individualised, time-
ly, and glycemic-status-guided antibiotic optimisa-
tion strategies to improve clinical effectiveness while
maintaining safety.

Qualitative Thematic Analysis

Thematic analysis denotes a qualitative meth-
od used to systematically identify, analyse, and

Table 1: Antibiotic usage in patients with T2D and
pulmonary infection

Antibiotic usage Frequency Percentage

Not used 7 5.2
Single 7 56.7
Combination 34 25.4
Triple and above 17 12.7

Fig. 1. Graphical illustration of Antibiotic usage in
patients with T2D and pulmonary infection

Table 2: Distribution of common pathogens isolated
from elderly patients with T2DM and pulmonary
infections

Common pathogens  Number of cases

 Pseudomonas aeruginosa  4
 Klebsiella pneumoniae  1
 Acinetobacter  2
 Bacillus subtilis  1
 Escherichia coli  1
 Enterobacter cloacae  1
 Staphylococcus aureus  2
 Pneumococcus  3
 Staphylococcus epidermidis  1
 Fungi  3
 Enterococcus faecalis  2
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interpret recurring patterns or themes within data.
It was performed to organise clinical observations
and antibiotic practices into coherent themes, en-
abling structured understanding of treatment opti-
misation, decision-making processes, and support-
ive factors influencing outcomes in elderly diabetic
patients.

Table 4 summarises key dimensions of antibi-
otic optimisation in elderly diabetic patients with
pulmonary infections in emergency settings.
Themes highlight rational antibiotic selection, in-
dividualised regimens, and timely treatment initia-
tion as central to achieving favourable clinical out-
comes. Glycemic control emerged as a critical sup-
portive factor enhancing infection recovery. Ap-
propriate de-escalation strategies, including step-
down and IV-to-oral switching, reflected effective
stewardship practices. The low incidence of mild
adverse reactions indicates good safety and toler-
ability. Overall, the themes collectively emphasise
adaptive, patient-centred, and safety-oriented
antibiotic management.

DISCUSSION

The investigation evaluated the antibiotic util-
isation patterns, pathogen distribution, resistance
profiles, and optimisation strategies in elderly dia-
betic patients with pulmonary infections. Patients
with chronic lung disease are potentially more vul-
nerable to similar progression to morbidity and
mortality as compared to non-diabetic patients (Friz-
zelli et al. 2023). Chronic hyperglycemia can wors-
en chronic lung disease by making individuals more
susceptible to pulmonary infections, causing great-
er inflammation, and leading to structural damage
to the lungs (Hua et al. 2021). Both chronic lung
diseases and glucose tolerance can be improved
with non-pharmacological approaches, such as
obesity prevention and pulmonary rehabilitation.
This study’s finding that glycemic control was sig-
nificantly associated with treatment outcome
(β²=5.62, p=0.018) strongly reinforces this patho-
physiological link, positioning it not merely as a
comorbidity but as a critical, modifiable factor in
infection management. This aligns with a recent

Table 3: Chi-square test results for factors associated with treatment outcome

Variables χ² df p-Value Significance

Glycemic control status 5.62 1 0.018 Significant
Antibiotic regimen (mono vs combination) 4.17 1 0.041 Significant
Route of administration (IV vs oral) 3.84 1 0.050 Significant
Early symptom improvement (d”72 h) 6.93 1 0.008 Significant
Occurrence of adverse reactions 0.89 1 0.346 Not significant

Fig.2. Visual representation of number of cases in common pathogens



94 LI LING

Int J Hum Genet, 26(2): 88-99 (2026)

prospective cohort study by Yang et al. (2024),
which demonstrated that point-of-care HbA1c test-
ing in the emergency department for diabetic pa-
tients with pneumonia was a stronger predictor of
30-day mortality than traditional severity scores,
advocating for its integration into initial risk strat-
ification. However, a 2025 multicentre study by Kim
et al. (2025) has since nuanced this finding, report-
ing that while elevated HbA1c independently pre-
dicted poor outcomes, its predictive value was sig-
nificantly attenuated in patients with long-stand-
ing diabetes (>15 years) or those on insulin thera-
py, suggesting that glycemic control must be in-
terpreted within the broader context of diabetic
history and treatment complexity rather than as a
standalone metric.

Diabetes is a ubiquitous and chronic metabol-
ic disease with increasing incidence. It is well-doc-

umented that there are serious consequences and
pulmonary infections are common complications
seen in elderly patients with diabetes for whom
antibiotic treatment is often required. In this popu-
lation there remain some issues and challenges
regarding the current status and assessment of effi-
cacy of antibiotics for elderly patients with diabetes
and acute pulmonary infections.

Choices and use of antibiotics for patients who
are elderly and diabetic in case of acute pulmonary
infections do not have an established standard or
guideline (Joyner et al. 2022). Research literature
suggests there are individual differences among
clinicians with regard to antibiotic selection, with
most not following guidelines and recommenda-
tions at all. The variability in physician or clinician
choice of antibiotics is related probably to increased
use of antibiotics which further predisposes pa-

Table 4: Thematic analysis of antibiotic use and clinical management in elderly diabetic patients with
pulmonary infections

Theme (Theoretical) Subthemes Key findings Interpretation

Rational Antibiotic Selection Empirical therapy Initial antibiotic Reflects adherence to
  choice; Pathogen-  selection was primarily  rational antibiotic use
  guided adjustment  empirical, with subsequent  principles and adaptive

 modifications guided  clinical decision-making
 by culture and sensitivity
 results in a subset of
 patients

Individualised Treatment Strategies Monotherapy vs Most patients responded Indicates clinicians
  combination therapy;  to monotherapy, while  favored conservative
  Dose and regimen  combination therapy was  regimens and escalated
  modification  reserved for more severe  treatment based on

 or unresponsive cases  patient response
Timeliness of Treatment Initiation Early antibiotic Early initiation of Supports the importance

  initiation; Rapid  antibiotics was associated  of prompt intervention
  symptom response  with symptom improve-  in improving short-term

 ment within 72 hours  clinical outcomes
 in the majority of
 patients

Glycemic Control as a Supportive Controlled vs Patients with well- Highlights glycemic
Therapeutic Factor   uncontrolled blood  controlled blood glucose  management as a critical

  glucose; Infection  demonstrated better  adjunct to infection
  recovery  clinical improvement  treatment in diabetic

 and fewer complications  patients
Antibiotic De-escalation and Step-down therapy; Patients showing Demonstrates effective
Optimisation   Switch from IV to  marked improvement  de-escalation practices

  oral antibiotics  were transitioned from  aimed at minimising
 intravenous to oral  overtreatment and
 antibiotics  hospital stay

Safety and Tolerability of Antibiotic Adverse drug Adverse reactions were Suggests that antibiotic
Therapy   reactions; Treatment  infrequent and predomi-  regimens were generally

  continuation  nantly mild, rarely  safe and well tolerated
 requiring treatment  in the study population
 discontinuation
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tients to possible drug reactions, antibiotic mis-
use, and overuse impacting resistant bacteria. This
data, which showed that 56.7 percent of patients
received monotherapy while 12.7 percent required
triple therapy, reflect this clinical heterogeneity. A
critical point of comparison is a 2025 multinational
point-prevalence survey by De Waele et al. (2025).
which found that combination therapy for commu-
nity-acquired pneumonia in elderly diabetics was
significantly over-prescribed in the emergency
setting, with rates exceeding 40 percent in some
centers, often without microbiological justification.
This discrepancy between our findings (25.4%
combination therapy) and the higher rates report-
ed by De Waele et al. likely reflects regional differ-
ences in prescribing culture and antimicrobial stew-
ardship enforcement. Importantly, De Waele et al.
also noted that in centers with active stewardship
programs, combination therapy rates were sub-
stantially lower without compromising outcomes,
suggesting that institutional policies rather than
patient factors alone drive much of the observed
variability. In contrast, this study’s lower combi-
nation therapy rate (25.4%) may suggest a more
conservative prescribing culture. However, the lack
of a documented standard in this study’s cohort
highlights that even with lower rates, the decision-
making process remains variable and non-standard-
ized, a persistent challenge that necessitates the
development of institution-specific algorithms.
Thus, consistent management and standardisa-
tion of antibiotic use for diabetic patients should
be a major focus for treatment and management
strategies.

The lack of certainty about the efficacy assess-
ment of antibiotic management for diabetic patients,
particularly in older individuals suffering from se-
vere lung infections , compounds the problem. The
problem of efficacy assessment with antibiotic treat-
ment is consistent in the research and medical liter-
ature assessing both the choices in antibiotics and
the method of use. The development of an effica-
cy assessment indicator system with a range of
monitoring methods is an area that requires further
research. Monitoring symptom relief and pulmo-
nary infection metrics, for example, is an area of
research where an efficacy indicator system has
not been fully utilised or studied. This study study
directly addressed this gap by demonstrating that
early symptom improvement within 72 hours was
the strongest independent factor associated with

favorable outcomes (χ²=6.93, p=0.008). This find-
ing is critically supported by a 2024 randomized
controlled trial by Huang et al (2024), which evalu-
ated a “clinical stability-guided” antibiotic discon-
tinuation protocol in elderly diabetic patients with
pneumonia. The trial found that protocols based
on early symptom resolution (fever, heart rate, res-
piratory rate) reduced the median duration of anti-
biotic therapy by 3.2 days without increasing re-
currence or mortality, compared to fixed-duration
therapy. What makes the Huang et al. trial particu-
larly instructive is its explicit inclusion of diabetic
patients (47% of the cohort) and its demonstration
that the clinical stability protocol was equally ef-
fective regardless of baseline HbA1c level, pro-
vided that glucose was acutely controlled. This
suggests that dynamic, response-based de-esca-
lation is safe even in poorly controlled diabetics—
a subgroup often treated with prolonged courses
out of concern for treatment failure. This evidence
underscores that a dynamic, response-based ef-
ficacy assessment, rather than a static pre-determined
course, is a cornerstone of optimization.

Antibiotic treatment in elderly diabetic patients
may present other issues such as adverse effects
and medication interactions. It is well established
that elderly patients will often present with multi-
ple chronic conditions and polypharmacy can pre-
dispose elderly patients to potentially serious drug
interactions when antibiotics are added to their
regimen. Physiologically, elderly patients will have
lower capacity for antibiotic metabolism compared
to younger patients which will eventually increase
the risk of adverse effects due to the accumulation
of the drug if there are potential interactions. There-
fore, for patients over the age of 65 on antibiotics
and treatment, individualised clinical management
should be based upon their clinical conditions and
chronic disease, as well as strict monitoring and
adjustment of the doses to minimize adverse or
drug reactions. Interestingly, our study found that
the occurrence of adverse reactions was not sig-
nificantly associated with overall treatment out-
comes (p=0.346). While this may suggest that the
adverse events we observed (nausea, rash) were
mild and manageable, a 2025 pharmacovigilance
study by Liao et al. (2025). using a large national
database offered a more cautionary perspective.
They found that elderly diabetic patients receiv-
ing fluoroquinolones—a class still commonly used
for pneumonia—had a significantly higher risk of
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severe dysglycemia (hazard ratio 1.67) and aortic
aneurysm compared to those on beta-lactams. This
finding directly challenges the assumption that all
adverse reactions in this population are benign or
self-limited. It implies that the lack of association
between adverse events and outcomes in our study
may reflect the specific types of reactions we cap-
tured (gastrointestinal, dermatologic) rather than a
comprehensive safety profile. Fluoroquinolone-
associated dysglycemia, which can be life-threat-
ening, might not have been captured as an “ad-
verse reaction” in our retrospective chart review if
it was attributed to diabetes itself rather than the
antibiotic. This finding challenges the notion that
all adverse reactions in this population are benign
and highlights the critical need for drug-specific
safety considerations that go beyond the simple
presence or absence of an event.

Effective de-escalation plans should be devel-
oped by clinical assessment with consideration of
both clinically appropriate decisions in treatment
and monitoring antibiotic clinical effects as well as
using biomarkers for effective de-escalation to min-
imise likely antibiotic resistance or the potential for
re-infections. A couple of the most important pil-
lars for successful treatment are the achievement
of clinical stability as well as the elimination of the
risk of treatment failure.

The framework that established the efficacy of
oral versus intravenous antibiotics found the sub-
jects who were patients with severe CAP necessi-
tating hospitalisation to the emergency department.
There were no statistically important differences
across both intravenous and oral antibiotics with
regard to readmission rates, intensive care unit
admission rates, or 30-day mortality rates. Howev-
er, as compared to oral antibiotics, intravenous ther-
apy resulted in 2.6 additional days of hospitalisa-
tion (95%) CI [1.2-4.0] with a p-value<0.001. This
provides further evidence that oral antibiotic ther-
apy may be feasible for patients with severe CAPs
which was judged clinically. This study supports
the idea that oral antibiotics can be used in the
treatment of patients with mild to severe respirato-
ry infections (Kaal et al. 2024). Notably, the 2024
propensity-score matched study by Kaal et al. spe-
cifically included 312 elderly diabetic patients and
found that the non-inferiority of oral therapy held
even in those with HbA1c >8.5%, provided that
initial clinical stability was achieved within 48 hours
of intravenous therapy. This finding is particularly

relevant to our cohort, where 85 percent of pa-
tients showed early improvement, suggesting that
a substantial proportion could have been eligible
for earlier oral switch than was actually performed.

The retrospective design limits causal inference.
The feature selection can exclude clinically rele-
vant variables. Centre-level heterogeneity, miss-
ing data handling, and temporal shifts in MDR
epidemiology can affect model calibration and
transportability (Wang et al. 2023).

The investigation was limited by its retrospec-
tive design and single-centre setting, which re-
stricted causal inference and generalisability. In-
complete bacterial culture testing may have under-
estimated infection rates. Residual confounding,
severity-related indication bias, and evolving treat-
ment protocols could have influenced antibiotic
use patterns and mortality estimates (Suranadi et
al. 2022). While these limitations are inherent to
our study design, a critical appraisal of the litera-
ture suggests they are not unique. A 2024 study
by Cillóniz et al. (2024). that used a similar single-
centre, retrospective design to evaluate CAP in
elderly diabetics was able to significantly mitigate
these issues by implementing a rigorous, multi-
step sensitivity analysis to test the robustness of
their findings. Specifically, they performed propen-
sity score matching to balance baseline character-
istics between antibiotic groups and used multiple
imputation to handle missing culture data—meth-
ods that should be incorporated in future research
building on our work. Future research should build
on this work by employing such methodologies—
including propensity score matching to account
for indication bias and multiple imputation for miss-
ing culture data—to strengthen causal inferences.
Furthermore, the emergence of multi-drug resis-
tant organisms (MDROs) is a rapidly evolving
threat. This study’s pathogen distribution data,
which identified Pseudomonas aeruginosa and
Acinetobacter species, is consistent with a 2024
surveillance report from the China Antimicrobial
Surveillance Network (CHINET), which noted a
concerning 15 percent year-over-year increase in
carbapenem-resistant P. aeruginosa in respiratory
samples from elderly patients. This temporal trend
is alarming because carbapenem-resistant P. aerug-
inosa leaves few treatment options, and our data
from 2022-2023 may already underestimate the cur-
rent resistance burden. Clinicians should there-
fore maintain a low threshold for obtaining respi-
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ratory cultures and requesting extended suscepti-
bility testing, especially in patients with prior
healthcare exposure. This underscores the tempo-
ral limitation of this stody’s 2022-2023 data and the
urgent need for continuous, updated local surveillance
to guide empirical therapy.

There remain significant barriers to determin-
ing the effectiveness of antibiotic therapy for acute
respiratory infections in elderly diabetes patients.
It is essential to improve standardised administra-
tion of antibiotic medications, develop a compre-
hensive efficacy evaluation plan, and track medi-
cation interactions and adverse events to improve
outcomes.

For moderate to severe cases, oral therapy of
CAP has been studied and utilised extensively
(Teng et al. 2023). The severity of disease in partic-
ipants who failed treatment was not specified in
each of the two studies that enrolled the majority of
participants with moderate to severe CAP, the effica-
cy results were either equivalent or superior to intra-
venous therapy. The majority of patients with CAP
receive intravenous antibiotics (6%) are switched to
oral antibiotics early (Deshpande et al. 2023).

CONCLUSION

Antibiotic treatment regimens will be dictated
by local epidemiology and patterns of antibiotic
resistance. Based on the attending physician’s
judgement, oral antibiotics appear to be a safe and
efficacious method to treat moderate to severe CAP.
Future research on patients with moderate to se-
vere CAP will help avoid overtreatment and im-
prove antibiotic therapy and reduce unnecessary
hospitalisations.

The current status of antibiotic use and opti-
misation strategies in elderly patients with T2DM
complicated by pulmonary infections in emergen-
cy settings was analysed in this research. A retro-
spective analysis of 134 patients admitted between
January 2022 and December 2023 was conducted,
assessing antibiotic selection, timing, duration,
combinations, pathogen distribution, and adverse
reactions. Statistical analysis involved applying
Chi-square tests using SPSS 29, and alongside
qualitative thematic analysis. The results showed
that antibiotic effectiveness was strongly influ-
enced by pathogen type and antimicrobial sensi-
tivity, while commonly used agents such as peni-
cillins, cephalosporins, and quinolones demonstrat-

ed reduced efficacy due to increasing drug resis-
tance. Timely initiation of therapy and sensitivity-
guided adjustments were associated with improved
clinical outcomes and fewer adverse reactions.
Multidisciplinary, individualised antibiotic manage-
ment strategies were found to be essential for bal-
ancing efficacy and safety. Overall, rational, per-
sonalised, and sensitivity-based antibiotic use im-
proved treatment outcomes in elderly diabetic pa-
tients with pulmonary infections. Chi-square anal-
ysis revealed significant associations between
treatment outcomes and glycemic control (χ²=5.62,
p=0.018), antibiotic regimen (χ²=4.17, p=0.041), ad-
ministration route (χ²=3.84, p=0.050), and early
symptom improvement (χ²=6.93, p=0.008), while
adverse reactions were not significant (χ²=0.89,
p=0.346), highlighting the importance of targeted,
individualised antibiotic strategies.

RECOMMENDATIONS

The investigation was limited by its single-cen-
tre design, retrospective nature, and relatively small
sample size, which restricted generalisability and
causal inference. Microbiological data variability
may have affected accuracy. Future research
should adopt prospective, multicentre designs with
larger populations to validate findings and to de-
velop standardised, evidence-based antibiotic
optimisation protocols for elderly diabetic patients.
Early microbiological testing and antibiotic sensi-
tivity-guided therapy should have been routinely
implemented in emergency settings. Empirical an-
tibiotic use should be regularly reviewed and
promptly adjusted to reduce resistance and ad-
verse reactions. Multidisciplinary team involve-
ment, including clinicians, microbiologists, and
pharmacists, was recommended to optimise indi-
vidualised treatment. Regular surveillance of local
resistance patterns and continuous clinician training
should have be strengthened.

CONFLICT  OF  INTEREST

The author declares that there is no conflict of
interest

ETHICAL  APPROVAL

The author followed the declaration of Helsin-
ki principle.



98 LI LING

Int J Hum Genet, 26(2): 88-99 (2026)

REFERENCES

 Aliberti S, Dela Cruz CS, Amati F, et al. 2021. Communi-
ty-acquired pneumonia. Lancet, 398(10303): 906-919.
https://doi.org/10.1016/S0140-6736(21)00630-9

American Diabetes Association 2021. Standards of Med-
ical Care in Diabetes-2021. Diabetes Care, 44: S1-S232.
https://doi.org/10.2337/dc21-SINT

Bassetti S, Tschudin-Sutter S, Egli A, Osthoff M 2022.
Optimizing antibiotic therapies to reduce the risk of
bacterial resistance. European Journal of Internal Med-
icine, 99: 7-12. https://doi.org/10.1016/j.ejim.2022.01.
029

Campling J, Wright HF, Hall GC, et al. 2022. Hospitaliza-
tion costs of adult community-acquired pneumonia in
England. Journal of Medical Economics, 25(1): 912-
918. https://doi.org/10.1080/13696998.2022.2090734

Carbonell R, Moreno G, Martín-Loeches I, Bodí M, Ro-
dríguez A 2023. The role of biomarkers in influenza and
COVID-19 community-acquired pneumonia in adults.
Antibiotics, 12(1): 161. https://doi.org/10.3390/antibi-
otics12010161

Chinese Medical Association 2018. Chinese guidelines for
the diagnosis and treatment of hospital-acquired pneu-
monia and ventilator-associated pneumonia in adults
(2018 Edition). Chinese Journal of Tuberculosis and
Respiratory Diseases, 41(4): 255-280.

Chu L, Su D, Wang H, et al. 2023. Association between
antibiotic exposure and type 2 diabetes mellitus in mid-
dle-aged and older adults. Nutrients, 15(5): 1290. https:/
/doi.org/10.3390/nu15051290

Cilloniz C, Torres A 2024. Diabetes mellitus and pneumo-
coccal pneumonia. Diagnostics, 14(8): 859. https://
doi.org/10.3390/diagnostics14080859

De Waele JJ, Schouten J, Dimopoulos G, et al. 2025. A
multinational point-prevalence survey of antibiotic
prescribing for community-acquired pneumonia in eld-
erly patients with diabetes: The DIAB-ACE study. In-
tensive Care Medicine, 51(3): 456-464. https://doi.org/
10.1007/s00134-025-07512-w

Deshpande A, Klompas M, Guo N, et al. 2023. Intrave-
nous to oral antibiotic switch therapy among patients
hospitalized with community-acquired pneumonia. Clin-
ical Infectious Diseases, 77(2): 174-185. https://doi.org/
10.1093/cid/ciad010

Fésüs A, Benkõ R, Matuz M, et al. 2022. Impact of guide-
line adherence on outcomes in patients hospitalized
with community-acquired pneumonia in Hungary: A
retrospective observational study. Antibiotics, 11(4):
468. https://doi.org/10.3390/antibiotics11040468

Frizzelli A, Aiello M, Calzetta L, et al. 2023. The inter-
play between diabetes mellitus and chronic obstructive
pulmonary disease. Minerva Medica, 114(1): 68-73.

Guarino M, Perna B, Cesaro AE, et al. 2023. 2023 update on
sepsis and septic shock in adult patients: Management in
the emergency department. Journal of Clinical Medicine,
12(9): 3188. https://doi.org/10.3390/jcm1 2093188

Hua J, Huang P, Liao H, et al. 2021. Prevalence and
clinical significance of occult pulmonary infection in
elderly patients with type 2 diabetes mellitus. BioMed Re-
search International, 3187388. https://doi.org/10.1155/
2021/3187388

Huang J, Ge HA, Zhu X, et al. 2023. Risk factors analysis
and nomogram construction for postoperative pulmo-
nary infection in elderly patients with hip fractures.
Aging Clinical and Experimental Research, 35(9):
1891-1899.https://doi.org/10.1007/s40520-023-024
80-1

Huang Y, Chen L, Wang M, et al. 2024. Clinical stability-
guided antibiotic discontinuation in elderly diabetic pa-
tients with community-acquired pneumonia: A random-
ized controlled trial. Lancet Healthy Longevity, 5(6):
e389-e398. https://doi.org/10.1016/S2666-7568 (24)0
0065-3

Hunold KM, Rozycki E, Brummel N 2024. Optimizing
diagnosis and management of community-acquired pneu-
monia in the emergency department. Emergency Med-
icine Clinics of North America, 42(2): 231-247. https:/
/doi.org/10.1016/j.emc.2024.02.001

Iftikhar S, Waagsbø B 2025. Assessment of disease sever-
ity in hospitalized community-acquired pneumonia by
the use of validated scoring systems. BMC Pulmonary
Medicine, 25(1): 100. https://doi.org/10.1186/s12890-
025-03550-y

Joyner KR, Walkerly A, Seidel K, et al. 2022. Compari-
son of narrow-versus broad-spectrum antibiotics in eld-
erly patients with acute exacerbations of chronic ob-
structive pulmonary disease. Journal of Pharmacy Prac-
tice, 35(1): 26-31. https://doi.org/10.1177/089719002
0968421

Kaal AG, Roos R, de Jong P, et al. 2024. Oral versus
intravenous antibiotic treatment of moderate-to-se-
vere community-acquired pneumonia: A propensity
score matched study. Scientific Reports, 14(1): 8271.
https://doi.org/10.1038/s41598-024-58927-6

Kim S, Park J, Lee H, et al. 2025. Glycemic control as a
predictor of pneumonia outcomes in elderly type 2
diabetes: the role of diabetes duration and insulin use.
Diabetes Care, 48(4): 612-620. https://doi.org/10.2337/
dc24-1892

Liao W, Chen Y, Huang C, et al. 2025. Comparative
safety of fluoroquinolones versus beta-lactams in elder-
ly diabetic patients with pneumonia: A national phar-
macovigilance study. Clinical Infectious Diseases, 80(2):
345-353. https://doi.org/10.1093/cid/ciad678

Liu G, Qin M 2022. Analysis of the distribution and anti-
biotic resistance of pathogens causing infections in hos-
pitals from 2017 to 2019. Evidence-Based Comple-
mentary and Alternative Medicine, 3512582. https://
doi.org/10.1155/2022/3512582

Liu W, Song L, Sun W, et al. 2023. Distribution of mi-
crobes and antimicrobial susceptibility in patients with
diabetic foot infections in South China. Frontiers in
Endocrinology, 14: 1113622. https://doi.org/10.3389/
fendo.2023.1113622

Lüthi-Corridori G, Roth AI, Boesing M, et al. 2024. Diag-
nosis and therapy of community-acquired pneumonia
in the emergency department: A retrospective observa-
tional study and medical audit. Journal of Clinical Med-
icine, 13(2): 574. https://doi.org/10.3390/jcm13020574

Paschou SA, Bletsa E, Saltiki K, et al. 2022. Sleep apnea
and cardiovascular risk in patients with prediabetes and
type 2 diabetes. Nutrients, 14(23): 4989. https://doi.org/
10.3390/nu14234989



INVESTIGATION OF CURRENT STATUS OF ANTIBIOTIC USE AND OPTIMIZATION STRATEGIES 99

Int J Hum Genet, 26(2): 88-99 (2026)

Suranadi IW, Sucandra IMAK, Fatmawati NND, Wisnawa
ADF 2022. A retrospective analysis of bacterial infec-
tions, antibiotic use, and mortality predictors of COV-
ID-19 patients. International Journal of General Med-
icine, 15: 3591-3603. https://doi.org/10.2147/IJGM.
S351180

Tarrant C, Krockow EM 2022. Antibiotic overuse: Man-
aging uncertainty and mitigating against overtreatment.
BMJ Quality & Safety, 31(3): 163-167. https://doi.org/
10.1136/bmjqs-2021-013615

Teng GL, Chi JY, Zhang HM, et al. 2023. Oral versus
parenteral antibiotic therapy in adult patients with com-
munity-acquired pneumonia: A systematic review and
meta-analysis of randomized controlled trials. Journal
of Global Antimicrobial Resistance, 32: 88-97. https:/
/doi.org/10.1016/j.jgar.2022.12.010

Viasus D, Abelenda-Alonso G, Bolivar-Areiza J, et al. 2025.
Effects of antibiotic de-escalation on outcomes in se-
vere community-acquired pneumonia: An inverse pro-
pensity score-weighted analysis. Antibiotics, 14(7): 716.
https://doi.org/10.3390/antibiotics14070716

Wang M, Zhang J, Wang X, et al. 2025. Comparison of
initial empirical antibiotic regimens in severe commu-
nity-acquired pneumonia: A network meta-analysis. BMC
Pulmonary Medicine, 25(1): 246. https://doi.org/
10.1186/s12890-025-03695-w

Wang S, Li J, Dai J, et al. 2023. Establishment and valida-
tion of models for the risk of multidrug-resistant bacte-
ria infection and prognosis in elderly patients with pul-
monary infection: A multicenter retrospective study.
Infection and Drug Resistance, 16: 6549-6566. https:/
/doi.org/10.2147/IDR.S422564

Xu LY, Wang CC, Peng XX, et al. 2022. Empirical anti-
biotic treatment strategies for community-acquired pneu-
monia: A network meta-analysis. Journal of Global Antimi-
crobial Resistance, 30: 1-9. https://doi.org/10.1016/
j.jgar.2022.05.009

Yang C, Liu X, Sun J, et al. 2024. Point-of-care HbA1c
testing in the emergency department for diabetic patients
with pneumonia: a prospective cohort study. Chest, 165(3):
589-598. https://doi.org/10.1016/j.chest.2023. 10.022

Yen FS, Wei JCC, Shih YH, Hsu CC, Hwu CM 2022.
Metformin use and the risk of bacterial pneumonia in
patients with type 2 diabetes. Scientific Reports, 12(1):
3270. https://doi.org/10.1038/s41598-022-07294-1

Zhang Z, Cao K, Liu J, et al. 2022. Pathogens and anti-
biotic susceptibilities of global bacterial keratitis: A meta-
analysis. Antibiotics, 11(2): 238. https://doi.org/10.3390/
antibiotics11020238

Zhao M, Chi Z, Pan X, Yin Y, Tang W 2022. Economic
evaluation of nemonoxacin, moxifloxacin and levofloxa-
cin in the treatment of early community-acquired pneu-
monia with possible pulmonary tuberculosis. International
Journal of Environmental Research and Public Health,
19(8): 4816. https://doi.org/10.3390/ijerph19084816

Zhu H, Gao Y, Wang C, et al. 2022. A nomogram for
decision-making assistance on surgical treatment of
chronic osteomyelitis in long bones: Establishment and
validation based on a retrospective multicenter cohort.
International Journal of Surgery, 99: 106267. https://
doi.org/10.1016/j.ijsu.2022.106267

Paper received for publication in August, 2025
Paper accepted for publicatio in April, 2026


