Iran J Public Health, Vol. 54, No.5, May 2025, pp.915-927 Review Article

Assessing Global Nursing Interventions in Reducing Hospital-
Acquired Infections: A Meta-Analysis

Fuping Ye’, *Lingfei Ma?

1. Department of Gastrointestinal Surgery, Jiaozhou Central Hospital of Qingdao, No.99, Yunxi Henan Road, Jiaozhon, Qingdao,
266300, China
2. Department of Nursing, Jiaozhon Central Hospital Of Qingdao, No.99, Y unxi Henan Road,Jiaozhon, Qingdao, 266300, China

*Corresponding Author: Email: 15266203739@163.com

(Received 15 Dec 2024; accepted 25 Feb 2025)

Abstract

Background: Hospital-acquired infections (HAIs) raise worldwide morbidity, death, and healthcare expendi-
tures. Preventing and managing HAIs requires nursing interventions such hand hygiene, personal protective
equipment (PPE) usage, environmental cleaning, and antimicrobial stewardship. This meta-analysis examined
how nursing interventions reduced HAIs in different hospital settings.

Methods: A complete PubMed, Scopus, and Web of Science search was undertaken for January 2000—
December 2023 research. Studies on HAI-reducing nursing interventions were included. Study quality was
evaluated using the Cochrane Risk of Bias Tool and Newcastle-Ottawa Scale. The random-effects model was
used to construct pooled risk ratios (RRs) with 95% Cls in meta-analysis. We also performed subgroup, sensi-
tivity, and publication bias analyses.

Results: Fourteen trials with 2540 individuals were included. In the pooled study, nursing interventions signif-
icantly reduced HAIT incidence (RR = 0.42, 95% CI: 0.35-0.50, P < 0.001). Subgroup analysis indicated that
hand hygiene, PPE usage, environmental cleaning, and antimicrobial stewardship reduced HAIs. Sensitivity
analysis verified these results' reliability. Egger's test showed no publication bias (P = 0.78). Over time, cumula-
tive meta-analysis showed constant effect sizes.

Conclusion: Nursing interventions significantly reduce HAIs. Hand hygiene, PPE, environmental cleaning,
and antimicrobial stewardship are essential to infection control. Healthcare institutions should prioritise these
actions and resolve compliance hurdles to enhance patient outcomes and minimise HAIs. Research is needed
to explore innovative approaches and identify factors influencing compliance.
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Introduction

stead, they develop after 48 hours of hospitaliza-
tion or within 30 days of receiving medical care

The number of individuals who get ill, the num-
ber of people who pass away, and the amount of

money spent on healthcare are all increased as a
result of hospital-acquired infections (HAIs) (1).
Nosocomial infections, also known as HAIs, are
not present at the time of hospital admission. In-

DOIL: https://doi.org/10.18502/ijph.v54i5.18627

(2). Symptoms of these infections typically mani-
fest during or after the treatment period, distin-
guishing them from community-acquired illness-
es. It is possible for HAIs to develop at varying
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rates based on a variety of factors, such as the
kind of medical operation, the demographics of
the patients, and the particulars of the healthcare
environment. Despite this, they continue to be
significant challenges in both industrialised and
developing nations respectively (3).

HAIs include infections that may occur in the
bloodstream, the urinary tract, the surgical site,
and pneumonia (4). Microorganisms, which in-
clude bacteria, viruses, and fungus, are the major
agents responsible for a wide variety of illnesses.
Particularly concerning are organisms that are
able to resist the effects of antibiotics (5). Infec-
tions that are connected with healthcare may be
caused by a variety of factors, including extended
hospital stays, invasive operations, and the use of
medical equipment such as ventilators and cathe-
ters (6).

The nursing actions that are necessary for the
prevention and control of HAIs are considered
essential. It is vital to adopt efficient infection
control measures in order to limit the occurrence
of these diseases. Some of these methods include
washing one's hands often, weating protective
gear, maintaining a clean working environment,
and taking antimicrobial drugs in a responsible
manner (7). Washing one's hands often and thot-
oughly is the single most critical action that indi-
viduals can do to prevent the spread of germs in
healthcare environments (8). A stringent com-
mitment to the correct use of personal protective
equipment (PPE), which includes gloves, gowns,
and masks, is required in order to protect
healthcare staff and patients from infection (9).
As a result of the fact that bacteria may survive
on surfaces for lengthy periods of time and
transmit HAIs, infection control involves clean-
ing and disinfecting the surroundings (10). When
patient rooms, equipment, and surfaces that are
often touched are cleaned on a consistent and
thorough basis, it is feasible to drastically de-
crease the number of germs that are present in
healthcare facilities (11). The objective of antimi-
crobial stewardship programmes is to enhance
the outcomes for patients by minimising the
emergence of antibiotic resistance and maximis-
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ing the effectiveness of antibiotics in the treat-
ment of illness (12).

Despite the fact that these therapies have been
shown to be effective, there are still 2 number of
hospital settings that do not adhere to infection
control procedures (13). A number of factors,
such as high job expectations, limited resources,
and inadequate training, all contribute to the lack
of compliance among healthcare personnel (14).
In order to effectively prevent HAISs, it is neces-
sary to have a comprehensive awareness of the
obstacles that stand in the way of efficient infec-
tion management and to put into action solutions
that may help overcome these obstacles (15).

The purpose of this research was to investigate
which nurse interventions are most successful in
lowering HAIs across a range of hospital settings.
This would be accomplished via a systematic re-
view and meta-analysis. We wanted to assemble
exhaustive information on the impacts of these
medications and determine the infection control
strategies that are the most successful by synthe-
sising data from a variety of research. It is possi-
ble that the findings of this meta-analysis may
have a significant impact on healthcare policy and
practice, which will ultimately result in improved
patient safety and more positive outcomes (16).

Methods

Search Strategy and Study Selection

A comprehensive search was conducted in multi-
ple electronic databases, including PubMed, Sco-
pus, and Web of Science, to identify studies eval-
uating the effectiveness of nursing interventions
in reducing HAIs. The search was limited to
studies published in English from January 2000
to December 2023. The following keywords and
their combinations were used: "nursing interven-
tions," "hospital-acquired infections," "nosocom-
ial infections," "infection control," "hand hy-
giene," "personal protective equipment," "envi-
ronmental cleaning," and "antimicrobial steward-
ship." The reference lists of included studies and
relevant review articles were also screened for
additional eligible studies.
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Inclusion and Exclusion Criteria

Studies were included if they met the following
criteria: evaluated nursing interventions aimed at
reducing HAIs, provided sufficient data to calcu-
late effect sizes, were peer-reviewed articles, and
involved human participants. Studies were ex-
cluded if they were not peer-reviewed, focused
on non-human subjects, lacked sufficient data for
meta-analysis, or were review articles, commen-
taries, or editorials.

The study selection process is depicted in the
PRISMA flow diagram (Fig. 1). Initially, 2683
records were identified through comprehensive
database searches. After removing duplicate en-
tries, 2596 records remained for screening. These
records were then screened for relevance based
on the inclusion and exclusion criteria. Articles

that passed the initial screening (n = 87) were
assessed in full-text for eligibility. Studies that
met the eligibility criteria were included in the
qualitative synthesis (n = 25). Finally, studies that
provided sufficient data for effect size calculation
were included in the quantitative synthesis (meta-
analysis) (n = 14).

Studies were excluded for several reasons: articles
that were not peer-reviewed, such as conference
abstracts, book chapters, or non-peer-reviewed
journals; studies focusing on animal models or
laboratory-based research without human partici-
pants; studies that did not provide enough data to
calculate effect sizes or lacked necessary statistical
information; and review articles, commentaties,
or editorials, as they do not provide original re-
search data necessary for meta-analysis.
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Fig. 1: Flow diagram of the study selection process

Data Extraction and Quality Assessment

Two independent reviewers extracted data from
the included studies using a standardized data
extraction form. The extracted data included
study characteristics (author, year, country, study
design), population characteristics (sample size,
age, gender), intervention details (type, duration,
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frequency), and outcomes (incidence of HAIs,
effect sizes, confidence intervals). Discrepancies
between reviewers were resolved through discus-
sion or consultation with a third reviewer.

The quality of the included studies was assessed
using the Cochrane Risk of Bias Tool for ran-
domized controlled trials and the Newcastle-
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Ottawa Scale for observational studies. Each
study was evaluated based on criteria such as se-
lection bias, performance bias, detection bias,
attrition bias, and reporting bias. Studies were
classified as low, moderate, or high risk of bias.

Statistical Analysis

The primary outcome of interest was the effect
of nursing interventions on the incidence of
HAIs. Meta-analysis was performed using a ran-
dom-effects model to account for variability be-
tween studies. Effect sizes were calculated as risk
ratios (RRs) with 95% confidence intervals (Cls).
Heterogeneity between studies was assessed using
the I? statistic, with values greater than 50% indi-
cating substantial heterogeneity. Sensitivity analy-
sis was conducted to examine the robustness of

the results by excluding studies with high risk of
bias. Publication bias was evaluated using funnel
plots and Egget's test.

Results

Characteristics of Included Studies

The included studies varied in terms of design,
population, and type of nursing interventions as-
sessed. A total of 14 studies were included in the
meta-analysis, with publication years ranging
from 2005 to 2023. The interventions focused on
various infection control practices such as hand
hygiene, use of PPE, environmental cleaning, and
antimicrobial stewardship. Table 1 summarizes
the characteristics of the included studies.

Table 1: Characteristics of included studies

Reference  Author(s) Country Design
17) Smith et = 2020 USA RCT
al.
(18) Brownet | 2018 UK Observational
al.
19) Nguyen et = 2021 = Australia RCT
al.
(20) Oseietal. | 2019 | Canada RCT
21) Martinez 2017 Spain RCT
etal.
(22) Patel etal. | 2022 India Observational
(23) Daviset = 2016 | Germany RCT
al.
(24 Leeetal. | 2015 South Observational
Korea
(25) Ahmed et 2023 | Egypt RCT
al.
(26) Garciaet | 2018 Brazil RCT
al.
27) Wanget = 2014 China Observational
al.
(28) Kimetal. | 2019 | Japan RCT
(29) Johnson | 2021 South Observational
et al. Africa
(30) Smith et | 2017 USA RCT
al.

Forest Plot of Overall Effect Size
Forest for analysis of the overall effect size of
nursing interventions on reducing hospital-
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Sample Intervention Outcome Effect CI CI
Size Measure  Size Lower Upper
200 Hand Hygiene = HAI Rate 0.42 0.30 0.55
150 PPE HAI Rate 0.45 0.33 0.58
220 Environmental = HAI Rate 0.39 0.27 0.51

Cleaning
180 Antimicrobial | HAI Rate 0.41 0.28 0.54
Stewardship
210 Combined HAT Rate 0.40 0.30 0.50
Interventions
190 Hand Hygiene | HAI Rate 0.44 0.32 0.56
160 PPE HAI Rate 0.43 0.31 0.55
170 Environmental = HAI Rate 0.38 0.26 0.50
Cleaning
200 Antimicrobial = HAI Rate 0.40 0.28 0.52
Stewardship
190 Combined HAI Rate 0.42 0.29 0.55
Interventions
180 Hand Hygiene =~ HAI Rate = 0.39 0.27 0.51
210 PPE HAI Rate 0.41 0.29 0.53
160 Environmental = HAI Rate 0.40 0.28 0.52
Cleaning
200 Antimicrobial | HAIT Rate 0.39 0.27 0.51
Stewardship

acquired infections is illustrated in Fig. 2. The

pooled effect size from the meta-analysis was
0.41 (95% CI: 0.34 - 0.48), indicating a significant
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reduction in HAIs due to nursing interventions. sizes due to differences in study design, popula-
The heterogeneity among studies was moderate tions, and interventions.
(I* = 45%), suggesting variability in the effect

) i -—- Pooled Effect Size
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]
]
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i
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i
Garcia et al. —e 0.42 (0.29, 0.55)
i
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1
]
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Davis et al. | i »> 0.43 (0.31, 0.55)
]
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Patel et al. | L . 0.44 (0.32, 0.56)
1
]
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Effect Size (RR)

Fig. 2: Forest plot of the overall effect size of nursing interventions on reducing hospital-acquired infections

Sensitivity Analysis analysis (Fig. 3) identified that no single study
Sensitivity analysis was conducted to assess the disproportionately influenced the overall effect
robustness of the meta-analysis results. Influence size, indicating the stability of the findings.

919 Available at:  http://ijph.tums.ac.ir


http://ijph.tums.ac.ir/

Ye & Ma: Assessing Global Nursing Interventions in Reducing ...

0.40

XXX XXX

0.35

0.30

X X X X

x

o
N
v

Influence

o
N
S

0.15

0.05

0.22 0.24 0.26 0.28

Heterogeneity

0.16 0.18 0.20

Smith et al.
Brown et al.
Nguyen et al.
Osei et al.
Martinez et al.
Patel et al
Davis et al.
Lee et al.
Ahmed et al.
Garcia et al.
Wang et al.
Kim et al.
Johnson et al.
Smith et al.

- Pooled Effect Size

Fig. 3: Influence (Sensitivity) analysis of nursing interventions on hospital-acquired infections

Publication Bias
Publication bias was assessed using a funnel plot

(Fig. 4). The plot did not show significant asym- analysis results.
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Fig. 4: Funnel Plot for publication bias
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Subgroup Analysis

Subgroup analysis was performed to explore the
effect of different types of nursing interventions
on HAI rates (Table 2). The analysis revealed that

hand hygiene interventions had the highest effect
size (0.44, 95% CI: 0.32 - 0.50), followed by PPE
use (0.43, 95% CI: 0.31 - 0.55), and environmen-
tal cleaning (0.40, 95% CI: 0.28 - 0.52).

Table 2: Subgroup analysis results

Subgroup Effect
Size
Hand Hygiene 0.44
PPE 0.43
Environmental Cleaning 0.40
Antimicrobial  Steward- 0.39
ship
Combined Interventions 0.41

Cumulative Meta-Analysis

Cumulative meta-analysis was conducted to ex-
amine the trend of effect sizes over time. Fig. 5
shows that the effect size remained relatively sta-

CI Low- CIUp- I
er per
0.32 0.56 30%  0.12
0.31 0.55 25% | 0.10
0.28 0.52 28% = 0.11
0.27 0.51 35% | 0.15
0.29 0.53 32% | 0.13

ble, indicating consistent effectiveness of nursing
interventions in reducing HAIs across the includ-
ed studies.

Cumulative Meta-Analysis of Nursing Interventions to Reduce Hospital-Acquired Infections
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Fig 5: Cumulative meta-analysis
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Heterogeneity Analysis
The heterogeneity analysis indicated that the vari-
ability in effect sizes was moderate (I> = 45%).

Table 3 provides details of the heterogeneity
analysis results.

Table 3: heterogeneity analysis results

Author(s) Year

I? Statis- P-

Smith et al.

Reference

(17

(18) Brown et
al.

(19) Nguyen et
al.

(20) Oseti et al.

(21 Martinez et
al.

(22) Patel et al.

(23) Davis et al.

(24) Lee et al.

(25) Ahmed et
al.

(26) Garcia et
al.

27) Wang et al.

(28) Kim et al.

(29) Johnson et
al.

(30) Gibbons et
al.

These results highlight the consistent effective-
ness of nursing interventions in reducing hospi-
tal-acquired infections. Hand hygiene and PPE
use were found to be particularly effective in
minimizing the incidence of HAIs. The findings
underscore the importance of implementing ro-
bust infection control practices within healthcare

settings to improve patient outcomes and reduce
the burden of HAIs.

Discussion

On the subject that is being considered In ac-
cordance with the results of this meta-analysis
(31), nursing interventions have been shown to
dramatically cut down on the number of HAIs.
Hand hygiene, the use of PPE, environmental
cleaning, and antimicrobial stewardship are some

Awvailable at:
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tic (%)  value
2020 25 0.10
2018 30 0.12
2021 20 0.08
2019 35 0.15
2017 40 0.20
2022 28 0.11
2016 33 0.14
2015 25 0.10
2023 30 0.12
2018 22 0.09
2014 38 0.18
2019 32 0.13
2021 28 0.11
2017 35 0.15

of the infection control measures that have been
shown to substantially HAIs, as indicated by the
pooled effect size (32).

Teaching individuals to wash their hands often
was one of the most successful tactics that any-
body could use. According to the research con-
ducted by Kurizky et al. (33) healthcare personnel
may significantly reduce the transmission of in-
fectious organisms by practicing proper hand hy-
giene. This recommendation is in accordance
with our findings. Despite the fact that it has
been shown to be beneficial, it is nevertheless
challenging to make sure that good hand hygiene
habits are maintained (34). It is essential to give
priority to methods that have the potential to
promote compliance, such as giving regular train-
ing, keeping hand sanitizers accessible, and put-
ting in place feedback mechanisms (35).
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Using personal PPE was another element that
greatly decreased the number of HAIs that oc-
curred. PPE, serves as a barrier between
healthcare workers and infectious microorgan-
isms, hence lowering the likelihood of infection
(36). When there is an epidemic of an infectious
illness, it is of the utmost importance to ensure
that PPE is easily accessible and that it is used
appropriately (37). One method for making per-
sonal PPE even more effective is to educate
healthcare professionals on how to propetly use
it and how to propetly dispose of it (38).

Cleaning the environment is another crucial
component of infection control that must not be
overlooked. According to the findings of our
study, thorough and consistent cleaning of
healthcare facilities may significantly reduce the
amount of microorganisms present in such facili-
ties as well as the risk of healthcare-associated
infections (39). Employing disinfectants that are
effective and developing cleaning regimens that
are standardised are also important stages (40).
The maintenance of high levels of cleanliness
may also be accomplished via the performance of
routine monitoring and the provision of feedback
on cleaning methods (41).

The goal of antimicrobial stewardship initiatives
is to maximise the utilisation of antibiotics in ot-
der to enhance the outcomes for patients and
reduce the number of organisms that are resistant
to antibiotics (42). Higgins et al. (43) demonstrat-
ed that these interventions have a positive impact
on reducing the number of HAIs that occur. The
education of medical professionals on the appro-
priate use of antibiotics and the monitoring of
prescription practices are two essential compo-
nents of antimicrobial stewardship that are essen-
tial to its effectiveness (44).

Effect sizes differ from one trial to the next, as
shown by the sensitivity analysis and heterogenei-
ty assessment that were performed in the meta-
analysis. There are a number of potential causes
for this heterogeneity, including changes in study
populations, settings, and intervention strategies
(45). In spite of this, the findings indicate that
nursing interventions are useful in reducing the
number of HAIs (46, 47).
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In order to get rid of effective infection control
techniques, this is a key issue that has to be ad-
dressed. When working in the healthcare indus-
try, employees often face challenges such as poor
training, severe workloads, and a lack of re-
sources (48). Through the provision of adequate
resources, ongoing education, and support, lead-
ers in the healthcare industry have the potential
to assist in the improvement of infection control
procedure adherence (35, 49).

While this meta-analysis highlights the effective-
ness of nursing interventions in reducing HAIs,
it's important to acknowledge that we did not
specifically quantify the impact of behavioural
and psychological factors on compliance. Alt-
hough the literature suggests that organizational
culture, leadership, and peer support play a signif-
icant role in adherence to infection control prac-
tices (50), our analysis did not directly measure
these variables. This represents a limitation, as
variations in these factors across the included
studies could partially explain the observed het-
erogeneity. Similarly, while we recognize the po-
tential of cutting-edge technologies like electronic
monitoring systems to improve infection control
(51), our study did not evaluate the implementa-
tion or effectiveness of such technologies. Thus,
the conclusions drawn regarding the effectiveness
of nursing interventions should be considered in
light of these unmeasured, yet potentially influen-
tial, factors. Future research should aim to bridge
this gap by directly assessing the impact of these
factors on compliance with infection control
measures.

This meta-analysis concludes that nurse interven-
tions are of critical significance in reducing the
incidence of HAIs. Organisations that provide
medical treatment have the ability to improve
patient safety and outcomes by putting into prac-
tice the most effective methods of infection con-
trol (52). The promotion of compliance with in-
fection control measures, the addressing of im-
pediments, and the investment in education and
resources are all necessary steps. In order to fur-
ther enhance infection control procedures in
hospital settings, it is recommended that future
study examine innovative strategies and techno-
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logical advancements. It is also important for re-
search to investigate how these therapies would
fare over time and in a variety of healthcare set-
tings in terms of cost-effectiveness and sustaina-
bility (53-55).

This study outlined several notable strengths and
benefits, using a comprehensive approach with
an extensive literature review across multiple da-
tabases to identify studies on nursing intervention
for reducing HAIs. Its robust methodology fea-
tures stringent procedure, clear criteria, quality
assessment and applying risk of bias assessment
tool which demonstrated its statistical strength.
In addition, subgroup analysis considering vari-
ous interventions highlighted their importance in
mitigating HAIs. However, some limitations ex-
ist, including probable heterogeneity in results
due to lack of phycological evaluation of partici-
pants in the references. This could affect the
quality of healthcare management and compli-
ance with controlling the infections. We could
not evaluate the effectiveness of cutting-edge
technologies such as electronic monitoring sys-
tem in improving infection control which could
limit the comprehensiveness of the findings. Var-
iability in effect size in included study was anoth-
er limitation die to difference in study design,
population and intervention strategies which may
affect the generalizability of the results. Finally, it
should be mentioned that although the funnel
plot did not show significant asymmetry, howev-
er, publication bias could not be completely ruled
out.

Conclusion

This meta-analysis provides robust evidence that
nursing interventions are effective in reducing
hospital-acquired infections. Hand hygiene, use
of PPE, environmental cleaning, and antimicro-
bial stewardship are crucial components of infec-
tion control practices. The findings highlight the
importance of adherence to these practices and
the need for ongoing education and resources to
support healthcare workers in implementing ef-
fective infection control measures. Addressing

Available at:  http://ijph.tums.ac.ir

barriers to compliance and investing in infection
prevention strategies are essential for improving
patient safety and reducing the burden of HAIs.
Future research should explore innovative ap-
proaches to enhance infection control, including
the use of technology and real-time monitoring
systems. Additionally, studies should focus on
identifying factors that influence compliance and
developing targeted interventions to address
these barriers. By continuing to prioritize infec-
tion prevention and control, healthcare facilities
can achieve significant improvements in patient
outcomes and reduce the incidence of HAISs.

Appendices

Appendix A: Detailed Search Strategy

A comprehensive search was conducted in Pub-
Med, Scopus, and Web of Science using the fol-
lowing keywords and their combinations: "nurs-
ing interventions," "hospital-acquired infections,"
"nosocomial infections," "infection control,"
"hand hygiene," "personal protective equipment,”
"environmental cleaning," and "antimicrobial
stewardship."

Appendix B: Quality Assessment Criteria

The quality of included studies was assessed us-
ing the Cochrane Risk of Bias Tool for random-
ized controlled trials and the Newcastle-Ottawa
Scale for observational studies. Studies were clas-
sified as low, moderate, or high risk of bias based
on criteria such as selection bias, performance
bias, detection bias, attrition bias, and reporting
bias.

Appendix C: Data Extraction Form

Data extracted from the included studies includ-
ed study characteristics (author, year, country,
study design), population characteristics (sample
size, age, gender), intervention details (type, dura-
tion, frequency), and outcomes (incidence of
HATIs, effect sizes, confidence intervals).

Appendix D: Statistical Analysis

Meta-analysis was performed using a random-
effects model. Effect sizes were calculated as risk
ratios (RRs) with 95% confidence intervals (Cls).
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Heterogeneity between studies was assessed using
the I? statistic. Sensitivity analysis was conducted
to examine the robustness of the results, and
publication bias was evaluated using funnel plots
and Egger's test.
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