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Summary
Background Bacterial antimicrobial resistance (AMR) is a leading cause of death globally. However, there has been 
no data synthesis on whether it influences mortality within hospital settings. We conducted a systematic review and 
meta-analysis to quantify the prevalence and risk of mortality associated in hospitalised patients with AMR, 
compared to patients with infections not classified as AMR.

Methods Databases (MEDLINE, EMBASE, and Cochrane library) were searched from inception up to 14th April 
2025 for studies that reported the prevalence of AMR in patients who acquired infections in hospitals and mortality 
(PROSPERO CRD42023420609). We calculated pooled prevalence estimates of AMR as well as unadjusted and 
adjusted estimates of the effect of AMR on mortality using a random-effects model. Study quality was assessed 
using the Joanna Briggs Quality Appraisal Tool, risk of bias using DOI plots and LFK index and certainty of 
evidence of mortality using GRADE criteria.

Findings We identified 34 studies (20,658 patients with resistant organisms) from 18 countries–namely the USA, 
China, the UK, Canada, Israel, Japan, Malaysia, Korea, Brazil, and Singapore. Of these, 33 were observational 
studies whilst two studies (one observational study and one purely modelling study) mechanistically modelled 
risk of mortality in relation to transmission. No studies were conducted in the African subcontinent, the Middle-
East, Russia, and India. The prevalence of AMR was high in patients in hospital (pooled prevalence: 36.5%, 95% 
CI: 29%–44%, I 2 = 99%) and associated with higher mortality (unadjusted pooled risk ratio [RR]: 1.64, 95% CI: 
1.37–1.97, I 2 = 96.22%, τ 2 = 0.20; adjusted pooled RR: 1.58, 95% CI: 1.33–1.87, I 2 = 85.9%, τ 2 = 0.13) compared 
to non-AMR organisms.
Sensitivity analyses showed particularly elevated risks for in-hospital mortality and for AMR-associated bacteraemia. 
Study quality was generally rated to be high, but there was evidence of publication bias in estimates of both 
prevalence and mortality. Overall certainty of evidence of mortality was graded to be low.
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Interpretation AMR is highly prevalent within hospital settings globally and associated with increased in-hospital 
mortality. Crucially, no data was identified from the India subcontinent, African subcontinent, the Middle East, 
and Russia, and only two studies used mechanistic modelling to explore how transmission of AMR affects 
mortality. Further research is required, particularly in underrepresented regions to inform interventions aimed at 
reducing both AMR transmission and its related mortality within hospital settings.

Funding Pacific Life.

Copyright © 2025 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http:// 
creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
Bacterial antimicrobial resistance (AMR) is a leading 
cause of death globally. 1 The prevalence of AMR is 
rising 2 and has been exacerbated by the COVID-19 
pandemic. 3–5 A review on antimicrobial resistance 
commissioned by the UK Government in 2014 pro-
jected that AMR could cause 10 million deaths per year 
by 2050. 6

AMR is of particular importance within nosocomial 
settings. 7 Hospitals represent high-risk environments 
for acquisition of AMR, due to their substantial 
numbers of patients with various bacterial infections 
and heavy antibiotic use. 8,9 Additional factors, such as 
increased virulence of certain organisms, 10,11 decreased 
effectiveness of empirical antibiotic therapy, 12 increased 
antibiotic toxicity or improper dosing, 13,14 increased 
need for surgery, 15 recurrent hospitalisations, 16 and 
ageing population with comorbidities 17 may also affect 
clinical outcomes in these patients.

One recent study using statistical predictive models 
from a global systematic review estimated that 4.71 
million deaths were associated with bacterial AMR, 
including 1.14 million deaths attributable to bacterial

AMR in 2021. 18 However, these estimates were derived 
from community settings, leaving open the question of 
whether such deaths stemmed directly from resistant 
infections or indirectly from factors such as inadequate 
access to inappropriate antibiotics. Consequently, data 
regarding the clinical significance of mortality directly 
attributable to AMR in hospitalised patients—namely, 
the importance of AMR in contributing to mortality 
compared to having a similar, infection that is not 
classified to be AMR—remains unclear.

In this study, we synthesise global estimates of the 
prevalence of AMR in hospital-based studies and assess 
how AMR relates to mortality in hospitalised pop-
ulations, compared to non-AMR infections. Our find-
ings will help elucidate the acute impact of AMR on 
patient outcomes within these settings and inform 
priorities for public health intervention.

Methods
We conducted this review in accordance with the 
Preferred Reporting Items in Systematic Reviews and 
Meta-Analyses guidelines (PRISMA) and prospectively

Research in context

Evidence before this study
Bacterial antimicrobial resistance (AMR) has been projected 
to cause up to 10 million deaths annually by 2050. Existing 
evidence links AMR to increased mortality in community 
settings, however the mechanisms underlying this 
association remain incompletely understood. In hospital 
settings, it is unclear whether AMR confers direct prognostic 
significance for patients.

Added value of this study
This systematic review and meta-analysis pools evidence to 
compare the impact of AMR and no AMR organisms on 
mortality in hospitalised patients who are infected with 
resistant organisms. Our study suggests that there is a high 
prevalence of AMR within hospital settings, with over one-
third of culture-positive organisms classified as resistant. 
Compared to infections without AMR, AMR infections were

associated with a higher risk of mortality (adjusted pooled 
RR: 1.58, 95% CI: 1.33–1.87, I 2 = 85.9%, τ 2 = 0.13); a trend 
that persisted in sensitivity analyses assessing mortality 
within the same hospital admission with a diagnosis of AMR. 
We also found no studies that examined the risk of mortality 
among hospitalised patients in the Indian subcontinent, 
African subcontinent, the Middle East, and Russia.

Implications of all the available evidence
AMR is prevalent within hospital environments across the 
world and associated with increased in-hospital mortality. In 
addition to the substantial public health implications 
regarding transmission and diminishing treatment options, 
AMR exerts an acute negative impact on patient outcomes. 
Robust interventions are urgently required to mitigate both 
the immediate and long-term consequences of AMR.
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registered our review on PROSPERO (CRD42023420609). 
Ethical approval and informed consent of participants 
were not required for this work as no new data was 
collected.

Data sources and searches
A comprehensive search strategy was developed by an 
academic librarian (PD). The databases MEDLINE, 
Embase, PROSPERO, and the Cochrane Library were 
searched from inception to April 14th 2025, for relevant 
articles (search strategies provided in Supplementary 
Materials 1).

Eligibility criteria
We included studies that reported original clinical data 
on patients hospitalised and tested positive for organ-
isms that had AMR (for example, methicillin or 
vancomycin-resistant Staphylococcus aureus extended-
spectrum β-lactamase producing Enterobacteriaceae or 
multi-drug-resistant bacteria). Eligible studies must 
compare mortality outcomes between drug-resistant 
and non-AMR infections (or colonisation) and report 
mortality data in both groups. We also included studies 
that incorporated mechanistic modelling of AMR in 
hospital settings, provided that they used original clin-
ical data (e.g., to derive model parameters). This was to 
help understand whether existing transmission models 
of AMR considered the impact of transmission on acute 
mortality.

Studies were excluded if they were correspondence 
pieces, studies on tuberculosis, studies in children and 
neonates. We also excluded studies that included special 
populations, such as those who were immunocompro-
mised, or studies which exclusively investigated one 
source of infection, or did not record mortality from 
AMR infections. These exclusions ensured that studies 
extracted were broadly representative of general hospital 
populations, while maintaining comparability for meta-
analysis. This would also allow us to present a preva-
lence statistic that was representative of the proportion of 
culture positive infections in hospitals that were resis-
tant, compared to classification as not resistant. 
We allowed studies of bacteraemia only if they investi-
gated AMR and non-AMR infections to mortality.

The main exposure of interest was AMR (compared 
to patients with organism not classified to have AMR), 
as defined by the study. This was usually defined by 
resistance profiles as per the Clinical and Laboratory 
Standards Institute (CLSI) or European Committee on 
Antimicrobial Susceptibility Testing (EUCAST) criteria, 
however, if neither were used, the criteria or definition 
was obtained from the methodology and collated 
accordingly.

Study selection
Three reviewers (NG, DK, and LS) independently 
screened the titles, abstracts and full texts. DK and LS

each screened 50% of the titles, abstracts, and full texts, 
while NG independently screened all records in full. 
Thus, each article was screened by two reviewers. 
Any disagreements were resolved by discussion with an 
adjudicator, DP, when necessary.

Data extraction
One reviewer (NG) completed 100% of data extraction 
from each eligible article, all of which were indepen-
dently checked by additional reviewers (LS, DK, and DP). 
Disagreements were resolved with group discussion. 
EndNote and Rayyan software were used to manage 
references, deduplication, and for screening. 19,20 Data 
were extracted using a predesigned excel sheet and based 
on study design, study setting, country of study, carrier 
or infection state, type of infection with organism 
involved, standardised criteria for sensitivity and resis-
tance and mortality reported.

Quality assessment
Quality assessment of the articles was divided between 
LS and DK, while NG independently assessed all 34 
papers using the Joanna Briggs Institute Critical 
Appraisal (JBI) tools for observational studies. The tool 
consisted of an 11-point scale for cohort studies, a 10-
point scale for case-controlled studies and an 8-point 
scale for cross-sectional studies. Each primary study 
was assigned two points if they satisfied the criteria 
used in the relevant tool; one if partially satisfied, and 
zero if not satisfied. Any disagreements were resolved 
through discussion with DP. Each article was inde-
pendently evaluated by two different authors.

A quality appraisal score was calculated by using the 
numerator and denominator relevant for each study. 
The mechanistic modelling aspect of studies was not 
graded using any tools, but the mechanistic models and 
findings of the models are collated. Publication bias was 
assessed visually using DOI plots and formally with the 
LFK test for primary analyses including at least 10 
studies substantiated with a trim-and-fill sensitivity 
analysis to explore the impact of this bias. We also used 
Egger’s and Begg’s test to assess publication bias.

GRADE criteria
We assessed overall certainty in the pooled adjusted 
estimates using the Grading of Recommendations, 
Assessment, Development, and Evaluations (GRADE) 
approach for prognosis. For GRADE we focused on the 
pooled adjusted analyses relating to mortality, since 
collection of mortality was necessary within our inclu-
sion criteria. The overall certainty estimates were cat-
egorised into one of four levels: high, moderate, low, 
very low. In keeping with GRADE guidance for prog-
nostic studies, observational studies start as high cer-
tainty evidence.

Certainty was rated down based on the following 
criteria:
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1. Risk of bias: rated down if most studies were 
moderate or high risk of bias.

2. Imprecision: rated down if confidence intervals 
were wide, relative to the clinical decision threshold 
(i.e., would the outcome differ depending on 
whether the upper or lower boundary of the confi-
dence interval represented the truth).

3. Inconsistency: rated down if there was wide varia-
tion in point estimates for mortality, or if there was 
publication bias.

4. Indirectness: rated down if most studies did not 
provide definitions for AMR.

Statistical analysis
We first synthesised data on the prevalence of AMR in 
each study, as well as the risk of mortality in those with 
bacteria that had AMR and did not have AMR. Raw 
counts were used for unadjusted data to calculate risk 
ratio (RR) and 95% confidence intervals (Cis).

We then synthesised mortality data adjusted for key 
confounders as defined by the individual studies such 
as age, co-morbidities, gender, APACHE score etc.; this 
included extraction of adjusted risk ratios (RR). 
Adjusted OR were converted to adjusted RR using the 
conversion method as recommended by the Cochrane 
Handbook. 21 For mortality we extracted adjusted hazard 
ratios (HR) with 95% CI where possible and assumed 
adjusted RR to approximate an adjusted HR. For 
studies with adjusted RRs, we recorded the con-
founders that the study had adjusted for. For both 
adjusted and unadjusted comparisons, data were 
extracted for analyses which used patients’ non-AMR 
bacterial organisms (classified to not have AMR) as 
the reference group.

We performed sensitivity analyses by study design, 
continent, hospital settings, site of infection, type of 
infection, and mortality (short term: up to 30 days, long 
term: 30–90 days, and in-hospital mortality); this was 
only performed if an intended sensitivity analysis had 
five or more studies. We also conducted a leave-one-out 
analysis to demonstrate the robustness in our study 
findings.

For all outcomes and data types, we synthesised data 
(prevalence, unadjusted RR and adjusted RR/HR) 
using the DerSimonian and Laird random-effects 
model. I 2 was used to assess heterogeneity. All meta-
analysis were conducted using STATA version 17. 22 

We used the statistical packages metan and meta in 
STATA to generate forest plots and pooled estimates. 
p values < 0.05 were considered to be statistically sig-
nificant. The data and the analysis code can be released 
upon reasonable request.

Role of funding sources
The funders had no role in the study design, data 
collection and analysis, decision to publish or prepara-
tion of the manuscript. All authors had access to the

data and critically reviewed and approved the manu-
script as submitted.

Results
Study selection
We identified a total of 2630 articles in the database 
search of published literature, as shown in Fig. 1. After 
removal of 52 duplicate records, we screened 2578 titles 
were screened for eligibility, after which 2336 were 
excluded. We then screened abstracts in the remaining 
242 articles; 166 were excluded, leaving 76 articles for 
full text assessment. We subsequently excluded another 
42 articles after full text assessment, leaving 34 articles 
(33 observational studies, of which one includes a 
mathematical model and another mathematical 
modelling study with original clinical data). These ar-
ticles included a total of 39,282 patients among whom 
20,658 patients grew an organism in sample cultures 
which was used for data extraction and analysis.

Characteristics of included studies
Characteristics of 33 observational studies are shown in 
Table 1. 23–40,41–56 All were conducted before the COVID-19 
pandemic. The geographical distribution of these studies 
is shown in Fig. 2. Many studies were conducted in 
China, the United States, Canada, Brazil, and Europe. 
We identified no studies from Russia, the African sub-
continent, the Indian subcontinent or the Middle-East, 
despite these regions being recognised for high rates 
of community AMR. Of the observational studies 24
were cohort studies, 23–27,29,30,33,34,36–38,40,41,43–46,48,50,51,53–55 and 9
were case-control. 28,31,32,35,42,47,49,52,56 Three studies focused
exclusively on AMR in patients managed in general 
hospital wards, 33,47,55 7 studies examined patients from 
intensive care units (ICU) 23,25,38,40,46,50,54 and the remaining
23 24,26–32,34–37,41–45,48,49,51–53,56 studies included patients from
both wards and ICUs. All studies recruited patients from 
acute care hospitals, although one study 54 also included 
community hospitals. 23 reported in-hospital mortality, 4 
recorded short-term mortality (<30 days), and 6 had long 
term mortality (30–90 days). None of the included studies 
reported the interval from hospital admission to obtain-
ing a positive blood culture result. Overall, the studies 
were rated as high quality. Details of the quality assess-
ment are shown within our Supplementary Materials. 

Two of the included studies 39,53 incorporated math-
ematical modelling within their analysis, as shown in 
Table 2; one study was a cohort study 53 of MRSA that 
used hazard ratios generated from original clinical data, 
within a multistate model with seven states that 
intrinsically incorporated the acquisition (or no acqui-
sition) of hospital acquired MRSA and MSS. The other, 
published in 1989, 39 did not describe in detail the 
characteristics of the data they used, but instead, 
focused on the mathematical modelling that described 
the relation between antibiotic use and propagation of
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antibiotic resistant hospital acquired gram-negative in-
fections. The modelling studies were synthesised 
narratively due to a lack of research available and were 
not included in the meta-analysis and neither model-
ling studies identified AMR as an important associate 
of mortality and neither modelling studies identified 
AMR as an important associate of mortality.

Definitions of AMR used across the studies are 
summarised in Table 3. Variation in AMR definitions 
was substantial. Two studies had no description of how 
AMR was defined; 12 studies made non-specific refer-
ence to guidelines (CLSI, ESCMID, and Global Burden 
of Diseases studies); four studies used the standardised 
international definition 57 : microorganisms resistant to

Fig. 1: PRISMA flowchart of studies identified for analysis.
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Study Country Study
design

Setting Date
published

Population
description

Criteria for positive
culture

Time from
admission
to
 
positive 

culture

Population
size (N)

Organism Site of
Infection

Factors adjusted
 
for

when
 
examining

mortality

Mortality
definitions

Study
score
(%)

Al-Sunaidar Malaysia Cohort ICU 2022 Tertiary
hospital

Positive culture after
admission

 
to
 
ICU
 
but 

before antibiotics

Not
specified

228 Combination
 
of

organisms
Various sites Age; gender; ethnicity;

time and type of surgery; 
infection

 
site; MDRO; 

GCS on day 1

In
 
hospital 

death
100

Bar US Cohort Ward + ICU 2006 Tertiary
hospital

Positive culture
retrospectively with 
mono-organism

 (enterococcus BSI)

Not
specified

50 Enterococci Various sites Age; gender; LOS; ICU
stay; Antibiotics use; CVC 
line; vancomycin 
resistance; TPN; IMV; 
Comorbidities

7 day 
mortality

100

Blanco US Cohort ICU 2018 Tertiary
hospital

Positive blood culture
taken

 
retrospectively with 

time to ICU admission

Not
specified

7925 A. baumannii Bacteraemia Age; Comorbidities;
Antibiotics use

In-hospital
death

79

Cao China Cohort Ward + ICU 2004 Tertiary
hospital

Inpatient positive cultures 
identified retrospectively

Not
specified

112 P. aeroginosa Various sites Age; gender; ICU
admission; comorbidities; 
APACHE II score; IMV; 
Antibiotic use; resistance; 
infection

 
with

 
multiple 

organisms

In-hospital
death

100

Esterly US Cohort Ward + ICU 2011 Tertiary
hospital

Patients with one positive
blood culture identified 
retrospectively which also 
included those who have 
been

 
on
 
treatment for 

more than 2 days

Not
specified

79 A. baumannii Bacteraemia N/A In-hospital
death

100

Fortun Spain Case-
control

Ward + ICU 2002 Tertiary
hospital

Patients with positive
blood cultures identified
retrospectively

Not
specified

49 Enterococci
(E. faecium)

Bacteraemia Age; APACHE II score;
parenteral nutrition;
urinary catheter; 
comorbidities; AREF 
bacteraemia

In-hospital
death

100

Gasink US Cohort Ward + ICU 2006 Tertiary
hospital

Patients with positive
blood cultures identified 
retrospectively; new 

event 
if positive blood culture 
after 30 days of admission

Not
specified

847 P. aeroginosa Various sites N/A In-hospital
death

86

Guillamet US Cohort Ward + ICU 2016 Tertiary
hospital

Patients with radiological
diagnosis of pneumonia 
with

 
a positive blood 

culture identified 
retrospectively

Not
specified

1031 Combination
 
of 

organisms
Pneumonia P. aeroginosa

bacteraemia; Antibiotics 
use; immunosuppression; 
Septic shock

In-hospital
death

100

Harthug Norway Case-
control

Ward + ICU 2000 Tertiary
hospital

Patients with positive
culture identified 
prospectively which was 
matched with a control 
patient

Not
specified

246 Enterococci N/A N/A In-hospital
death

83

Hattori Japan Cohort Ward + ICU 2018 Tertiary
hospital

Patients with positive
blood cultures identified
retrospectively with HAI
classified as positive blood
culture within two days of
admission. CAI were all
other samples

Not
specified

2105 Combination
 
of

organisms
Bacteraemia Age; hospital acquired

infection; SOFA score;
comorbidities; BSI
secondary to certain
organisms; surgery
before and after BSI;
MDR

 
pathogens; type of

infection

30
 
day

mortality
100

(Table 1 continues on next page)
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Study Country Study
design

Setting Date
published

Population
description

Criteria for positive
culture

Time from
admission
to
 
positive 

culture

Population
size (N)

Organism Site of
Infection

Factors adjusted
 
for

when
 
examining

mortality

Mortality
definitions

Study
score
(%)

(Continued from 
previous page)

Hautemaniere France Cohort Ward 2009 Tertiary
hospital

Prospectively identified
with

 
positive rectal swabs 

during their hospital stay, 
those that were positive 
at admission were 
excluded

Not
specified

226 Enterococci Colonisation
of various 
sites

GRE status; 
Comorbidities

In-hospital
death

100

Jamulitrat Thailand Cohort Ward + ICU 2009 Tertiary
hospital

Patients with positive
blood cultures was 
identified retrospectively

Not
specified

198 A. baumannii Various sites N/A In-hospital
death

92

Jia China Case-
control

Ward + ICU 2015 Tertiary
hospital

Patients who were
admitted for more than 
48
 
h
 
with

 
positive blood 

culture was identified 
retrospectively

Not
specified

88 Enterococci Various sites Age; gender;
colonisation; invasive 
procedure 4 weeks prior; 
Antibiotics use 3 months; 
Comorbidities; surgical 
unit admission

In-hospital
death

100

Kim Korea Cohort Ward + ICU 2012 Tertiary
hospital

Patients with positive
blood cultures were 
identified retrospectively

Not
specified

102 Combination
 
of

organisms
Various sites MDR

 
bacteria; hospital

acquired infection; 
Antibiotic use; ICU; 
Platelets; Neutrophils

28
 
day

mortality
79

Kritsotakis Greece Cohort Ward + ICU 2017 Tertiary
hospital

Patients with positive
cultures identified 
prospectively in the acute 
care ward. Same day 
discharge were excluded

Not
specified

8247 Combination
 
of 

organisms
Various sites N/A 30

 
day 

mortality
93

Lambert Europe Cohort ICU 2011 Tertiary
hospital

Patients with positive
cultures 2 days after 
admission

 
into

 
ICU
 
were 

identified prospectively

Not
specified

4986 Combination
 
of

organisms
Pneumonia Age; gender; SAPS score

II; type of admission; 
days with CVC and 
intubation; Antibiotics 
use; trauma; impaired 
immunity

In-hospital
death

93

Levin Israel and 
Canada

Cohort ICU 2010 Tertiary
hospital

Patients with positive
cultures 2 days after 
admission

 
into

 
ICU
 
were 

identified prospectively

Not
specified

423 Combination
 
of

organisms
Various sites N/A N/A 86

MacKinnon Canada Cohort Ward + ICU 2021 Tertiary
hospital

Patients with positive
blood cultures either 
within

 
48
 
h
 
of admission 

or 48 h before discharge 
identified prospectively

Not
specified

1080 E. coli Bacteraemia Age; Comorbidities; site
of infection; setting of 
onset

30
 
day 

mortality
100

Meng China Case-
control

Ward + ICU 2017 Tertiary
hospital

Patients with positive
cultures identified 
retrospectively after 48 h 
of admission

Not
specified

147 E. coli Various sites N/A In-hospital
death

92

Pena Spain Cohort Ward + ICU 2008 Tertiary
hospital

Patients with positive
blood cultures identified 
retrospectively

Not
specified

200 E. coli Various sites N/A 30
 
day

mortality
79

Persoon Netherlands Cohort Ward + ICU 2020 Tertiary
hospital

Patients with positive
blood cultures identified
retrospectively

Not
specified

249 P. aeroginosa Bacteraemia Age; Gender; Antibiotic
use; ICU; resistant strain;
hospital acquisition

28
 
day

mortality
100

(Table 1 continues on next page)
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Study Country Study
design

Setting Date
published

Population
description

Criteria for positive
culture

Time from
admission
to
 
positive 

culture

Population
size (N)

Organism Site of
Infection

Factors adjusted
 
for

when
 
examining

mortality

Mortality
definitions

Study
score
(%)

(Continued from 
previous page)

Podha Thailand Cohort Ward + ICU 2019 Tertiary
hospital

Patients with positive
cultures after 2 days of 
admission

 
identified 

retrospectively

Not
specified

523 Combination
 
of 

organisms
Various sites Gender; Admitted ward;

Comorbidities; type of 
organism; resistant 
pathogen; site of 
infection

 
number of 

hospital episodes

In-hospital
death

93

Quillici Brazil Cohort ICU 2020 Tertiary
hospital

Patients admitted for
more than 48 h with 
positive blood cultures 
identified retrospectively 

Not
specified

270 Enterobacteriaceae Bacteraemia Age; Co-morbidities;
Admission

 
unit; Septic 

shock; IMV; MDR 
pathogen; haemodialysis 

30
 
day 

mortality
93

Sakka Greece Case-
control

Ward 2008 Tertiary
hospital

Patients with positive 
rectal swabs were 
identified prospectively 
where 3 samples were 
taken

 
over 5 days

Not
specified

159 Enterococci Colonisation
of various 
sites

Age; Malignancy; Co-
morbidities; longer 
hospitalisation; invasive 
device in-situ; prolonged 
antibiotics use; VRE 
colonisation

In-hospital
death

100

Schwaber Israel Case-
control

Ward + ICU 2008 Tertiary
hospital

Patients with positive
cultures identified 
retrospectively

Not
specified

104 K. pneumoniae Various sites Gender; comorbidities;
poor functional status; 
CVC

 
line; Urinary 

catheter; ICU stay; IMV 
use; Antibiotic use; 
isolation

 
of resistant 

organism

In-hospital
death

100

Shi China Cohort Ward + ICU 2022 Tertiary
hospital

Patients admitted for
more than 24 h with
positive blood cultures
that were identified 
retrospectively

Not
specified

1018 Combination
 
of

organisms
Bacteraemia Age; Co-morbidities; CVC

line; MDR strain; NF
bacteria; use of
carbapenams and 
tigecycline; use of 
catheter (urinary)

In-hospital
death

93

Shilo Israel Case-
control

Ward + ICU 2013 Tertiary
hospital

Patients with positive
cultures identified 
retrospectively

Not
specified

262 K. pneumoniae Bacteraemia N/A In-hospital
death

86

Tabah Global Cohort ICU 2012 Tertiary
hospital

Patients with positive
blood cultures identified
prospectively

Not
specified

1156 Combination
 
of

organisms
Various sites Age; gender;

comorbidities; SOFA
score; organism
resistance; antibiotic use;
source of infection

28
 
day

mortality
100

Teo Singapore Cohort Ward + ICU 2012 Tertiary
hospital

Patients with positive
cultures identified
retrospectively

Not
specified

58 Enterobacteriaceae Various sites Age; gender;
comorbidities; APACHEII
score; previous hospital
admission; ICU stay;
immunosuppression

 
use;

Antibiotic use; ERE
infection

In-hospital
death

100

Wang China Case-
control

Ward + ICU 2018 Tertiary
hospital

Patients admitted for
48
 
h
 
with

 
positive

cultures were identified
retrospectively

Not
specified

96 K. pneumoniae Various sites Age; gender; Co-
morbidities; ICU stay;
Antibiotic use; site of
infection; Steroid use;
previous surgery; 6
month

 
re-admission

In-hospital
death

100

(Table 1 continues on next page)
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at least one antimicrobial agent in three or more 
different antimicrobial categories; and the remaining 
described definition of AMR in more detail, including 
methods, equipment and thresholds of resistance and 
interpretation used specific to the microorganism.

Pooled prevalence
Altogether, we found a total of 20,658 patients (53% of 
patients included in studies) had reported antimicrobial 
sensitivities. Fig. 3a shows the pooled prevalence of 
AMR within these patients. Overall pooled prevalence 
was 36.5% (95% CI: 29.1%–44.2%, I 2 = 99%); but varied 
widely across different studies. Sensitivity analyses 
revealed no statistical differences in pooled AMR 
prevalence by study design (cohort vs case-control), 
infection site (bacteraemia vs mixed sites), treatment 
setting (ICU only vs all settings), or continent of study 
(Asia, Europe, North America) as shown in Fig. 3b.

Mortality
Fig. 4a shows adjusted and unadjusted relative risk of 
mortality across all studies, and the overall mortality 
estimate, within both adjusted and unadjusted analyses. 
Overall, we found that AMR was associated with an 
increased risk of mortality, compared to having non-
AMR infections (pooled unadjusted RR: 1.64, 95% CI: 
1.37–1.97, I 2 = 96.22%, τ 2 = 0.20, vs pooled adjusted RR: 
1.58, 95% CI: 1.33–1.87, I 2 = 85.9%, τ 2 = 0.13). Most 
studies found an increased risk of mortality.

Fig. 4b shows overall adjusted and unadjusted 
mortality estimates in the sensitivity analyses, sepa-
rated by study design, different definitions of mortality 
(death within hospital and death after 30 days), site of 
infection, settings of care and continent. Estimates of 
mortality was higher in AMR compared to non-AMR 
infections in both case-control and cohort designs 
(adjusted RR in case control: 1.66, 95% CI: 1.01–2.72; 
and cohort: 1.57, 95% CI: 1.33–1.86) as well as in 
studies of death within the same hospital admission as 
when the AMR was detected (adjusted RR: 1.71, 95% 
CI: 1.40–2.07). Furthermore, mortality was higher in 
studies of bacteraemia only (adjusted RR: 1.37, 95% 
CI: 1.20–1.55), as well as intensive care settings, and 
across studies conducted in Asia, Europe and North 
America. The heterogeneity between studies was 
particularly low in sensitivity analyses involving 
studies of bacteraemia, and studies conducted in 
Europe and North America.

Supplementary Materials 2 shows a leave-one-out 
sensitivity analysis to assess the robustness of the 
pooled estimate. The analysis demonstrated that the 
exclusion of any one study did not substantially alter 
the overall effect size, with the pooled estimates ranging 
narrowly between 1.29 and 1.33. All iterations remained 
statistically significant, reiterating the association be-
tween AMR and increased mortality in hospitalised 
patients.
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Risk of bias assessment
For prevalence estimates of AMR, there was clear 
asymmetry in DOI plots and LFK index (8.42), indi-
cating publication bias in the main analysis along with 
a trim-and-fill analysis (as shown in Supplementary 
Materials 3). As precision increases, for most studies 
the standardised estimate starts decreasing (after a 
precision estimate of 0) and the Z-score increases. 
The trim-and-fill sensitivity analysis suggested the 
presence of four potentially missing studies indicative of 
small or non-significant studies that may not have been 
published. The pooled effect size from the observed data 
was 0.776 (95% CI: 0.766–0.786), while the adjusted

effect size after imputing the missing studies was 
slightly reduced to 0.758 (95% CI: 0.749–0.768). Despite 
this adjustment, the overall effect remained statistically 
significant, suggesting that AMR is consistently associ-
ated with increased mortality in hospitalised patients and 
supports the robustness of the findings. For estimates of 
mortality, there was also evidence of publication bias 
within the main analysis as shown by asymmetry from 
the funnel plot with an Egger’s test p value result for 
0.003. In contrast, Begg’s rank correlation test did not 
identify significant bias (p value: 0.411), which likely is 
attributable to the lower statistical power of Begg’s test in 
meta-analyses with a limited number of studies.

Fig. 2: World map demonstrating where studies analysed were conducted.

Manuscript
author

Publication
date

Main study aim Mechanistic model used Main finding

Garber 1989 To investigate the relation between antibiotic 
use and the propagation of antibiotic-resistant 
hospital-acquired infections due to gram-
negative bacteria in hospitalised patients.

The model incorporates the effects of an 
individual’s antibiotic use and other 
characteristics, as well as the effects of total 
antibiotic use in a population on the risk of 
acquiring bacterial infection in hospital. Patients 
are assumed to move from one health infection 
state to another with a daily probability that is a 
logistic function of several explanatory variables; 
the underlying stochastic process is assumed to 
have first-order Markov property, conditional on 
the set of explanatory variables.

AMR was not significantly associated with 
mortality; but there were strong associations 
between hospital outcomes and age, underlying 
disease and antibiotic consumption, with those 
receiving more antibiotics generally less likely to 
die.

Wolkewitz 2011 To study the impact of in-hospital bacteraemia 
caused by MRSA compared to MSSA, on 
mortality within 90 days after admission.

A multistate model with seven states were used; 
where patients were assumed to go from hospital 
admission to death, with acquisition (or no 
acquisition) of hospital acquired MSSA/MRSA, 
followed by discharge or remaining in hospital, as 
key mediators. Hazard ratios for each state were 
obtained using various Cox regression models.

Length of stay affected the study of bacteraemia 
caused by S. aureus in hospital; infected patients 
had already stayed a few days in hospital before the 
infection occurred, and once they were infected, 
hospital stays were considerably increased. 
Mortality differences secondary to MRSA or MSSA 
were not statistically significant.

Table 2: Summary of manuscripts that employed mechanistic modelling.
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GRADE assessment
Within our main analysis of pooled adjusted risk es-
timates for mortality, we found risk of bias to be 
serious; imprecision to be serious (adjusted confi-
dence intervals of effect to be wide); inconsistency of

results to be not serious and indirectness (definitions 
of AMR between studies) to also be serious. As such, 
our overall certainty of evidence for the effect of 
mortality from AMR compared to sensitive organisms 
to be low.

Authors Organisms investigated Definitions of resistance

Al-Sunaider et al. 
Blanco et al.
Podha et al. 
Quillici et al. 

Combination of organisms 
A. baumanii
Combination of organisms 
Gram negative bacilli 

Microorganisms resistant to at least one antimicrobial agent in three or more different antimicrobial categories

Guillamet et al. 
Hattori et al. 
Meng et al.
Pena et al.
Schwaber et al.
Cao et al.
Gasink et al.
Esterly et al.
Wang et al.
Zavascki et al.

Combination of organisms 
Combination of organisms 
E. coli
E. coli
K. pneumoniae
P. aeruginosa
P. aeruginosa
A. baumanii
K. pneumoniae
P. aeruginosa

Disk diffusion method according to guidelines established by CLSI

Bar et al. Enterococcus spp. Minimum inhibitory concentrations using E-test. Vancomycin resistance defined as an MIC ≥32 μg/mL
Fortun et al.
Hautemaniere et al.
Sakka et al.

Enterococcus spp. 
Enterococcus spp.
Enterococcus spp.

Agar dilution method according to NCCLS guidelines. Ampicillin resistance defined as MICs > 16 mg/L. E. faecium isolates with
glycopeptide resistance were examined for the presence of resistance genes using PCR. Isolates with vancomycin MICs of
4–16 mg/L were classified as intermediate; ≥32 mg/L as VRE

Harthug et al. Enterococcus faecium Agar diffusion method, using paper discs and PDM antibiotic sensitivity medium. Ampicillin resistance and vancomycin 
resistance according to recommendations by The Norwegian Working Group on Antibiotics. Gentamicin resistance examined by 
E-test. MIC of ampicillin, vancomycin, and teicoplanin were determined by E-test. Isolates with vancomycin MIC > 2 mg/L were 
analysed for the presence of vanA, vanB, and vanC resistance genes by PCR

Jamulitrat et al. 
Kritsotakis et al.

A. baumanii
Combination of organism

In-vitro resistance or intermediately susceptible to an antibiotic
Assessed based on antibiotic susceptibility data

Jia et al. Enterococcus spp. In-vitro susceptibilities were identified using VITEK Compact AST-GP67 card; all non-susceptible results for Linezolid were 
confirmed manually by standard broth microdilution method as per CLSI; Enterococcal isolates with linezolid MIC >4 μg/mL were 
classified as nonsusceptible

Kim et al. Combination of organisms Undefined; used definition from global burden of disease study
Lambert et al. Combination of organisms A. baumannii Resistance to Ceftazidime

P. aeruginosa Resistance to Ceftazidime
E. coli Resistance to third-generation cephalosporin
MRSA Resistance to Oxacillin
For other gram-negative organisms, intermediately sensitive strains were reported as resistant

Levin et al. Combination of organisms Resistance to any one or more of the following:
Third-generation cephalosporins (Ceftazidime only for P. aeruginosa)
Fluoroquinolones
Carbapenem antibiotics

MacKinnon et al. E. coli Resistance to third-generation cephalosporins. National study in Canada; breakpoint used in Calgary, Sherbrooke, and the 
Western interior used CLSI; Canberra, Finland, and Skaraborg used EUCAST guidelines. Antimicrobial susceptibility test was broth 
microdilution for all regions apart from Skaraborg, which used disk diffusion

Persoon et al. P. aeruginosa PCR for detection of bla gene in all isolates with MIC ≥8 mg/L or disk diffusion <17 mm for imipenem and MIC > 2 mg/L for 
tobramycin, or for isolates with intermediate or resistant susceptibility results for imipenem in combination with a highly 
resistant microorganism profile (resistance in three or more of the following: aminoglycosides, fluoroquinolones, ceftazidime, 
piperacillin, carbapenems), as per the Dutch Working Party on Infection Prevention. Antibiotic susceptibility was performed on 
VITEK2. Antibiotic susceptibility interpreted using EUCAST criteria

Shi et al. Combination of organisms MDR defined according to European Centre for Disease Prevention and Control criteria; Enterobacteriales and non-fermenting 
bacterial isolates resistant to ceftazidime or cefotaxime were considered ESBL producers. Carbapenem-resistant strains were 
defined as isolates intermediate resistant to one or more carbapenems using the CLSI breakpoints; but not all isolates were 
tested against all carbapenems

Tabah et al. Combination of organisms MDR, XDR, and PDR according to ESCMID guidelines
Teo et al. Enterobactereaceae Antimicrobial susceptibility testing was performed with VITEK2; carbapenem MIC confirmed with E-test according to EUCAST 

breakpoints. Presence of carbapenemase production also investigated phenotypically using diagnostic meropenem tablets of the 
KPC/Metallo-β-lactamase confirmation kit. Characterisation of β-lactamase genes was performed by PCR assays targeting serine 
carbapenemases and OXA-type carbapenemases

Wolkewitz et al.
Zahar et al.

S. aureus
Combination of organisms

No description of how MRSA was defined
No description of AMR definition

Table 3: Definitions of antimicrobial resistance used in manuscripts.
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Discussion
Bacterial AMR remains a critical threat to global health, 
associated with increased mortality and longer hospital 
stays, 58,59 which is more pronounced in low-income and 
middle-income countries (LMICs). 60,61 In this systematic 
review and meta-analysis, we present a global synthesis of 
studies specifically investigating the risk of mortality in 
hospitalised patients infected with resistant organisms 
compared with those infected with non-AMR organisms. 
Our data indicate a notably high pooled prevalence of AMR 
(circa 37%) and a significantly worse prognosis (adjusted

risk ratio of death: 1.58, 94% CI: 1.33–1.87) in patients with 
AMR compared with those who have non-AMR organisms, 
especially those with bacteraemia, and in cohorts where 
death occurred in the same hospital admission as AMR 
identification. These findings suggest a more direct rela-
tionship between AMR and mortality, than previously 
hypothesised, as demonstrated by the lack of mechanistic 
modelling models of AMR that specifically looked at 
whether AMR contributes to in-hospital mortality. 

Importantly, we also identified large gaps in the 
available evidence, with a distinct lack of studies on

Fig. 3: a: Forest plot showing prevalence estimates of antimicrobial resistance, as well as overall synthesised prevalence estimates of anti-
microbial resistance. b: Forest plot showing prevalence estimates of antimicrobial resistance by type of study, infection site, hospital setting 
and continent.
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AMR and mortality from parts of the world where 
community prevalence of AMR is reported to be high— 
namely, sub-Saharan Africa, Russia, the Middle-East, 
and India. The absence of data from these regions 
contrasts with the reported burden in the Global 
Burden of Disease 2021 18 AMR collaborators study, 18 

which highlighted that some of the highest rates of 
AMR-attributable deaths occur in these regions. Within 
the African sub-continent, inappropriate use of antimi-
crobials in hospitals is widely reported and exacerbated by 
high rates of HIV, TB and malaria, coupled with variable 
diagnostic resources. 62 Furthermore, lack of equipment 
and funding models of diagnostics lead to empirical 
antibiotic use without culture and susceptibility testing. 63 

These factors may explain the lack of data in the African 
subcontinent seen in our work. Similarly, a very high 
prevalence of antibiotic use is seen in Pakistan and other 
South Asian countries. 64,65 Increased use of point-
prevalence surveys of AMR in these countries, however,

may mean that such data will become increasingly 
available in the future. 66 Crucially, these surveys should 
now also aim to incorporate in-hospital mortality with 
AMR use, based on our studies’ findings. 18

We found that 36.5% of reported infections in hos-
pitals were resistant organisms. Whilst this might 
partly be explained by community acquisition of AMR, 
hospitals themselves are also a focal point for AMR 
transmission, given their vulnerable patient pop-
ulations. 67,68 Most studies in our analysis adjusted for 
disease severity and prior antibiotic use when esti-
mating mortality risk, but few accounted for whether 
the AMR organisms were acquired in the hospi-
tal 32,36,44,45 or the community. 54 It is this gap that might 
also explain why only two studies used mathematical 
models to link infection transmission within hospitals 
to mortality. Future studies must characterise the site of 
AMR acquisition and incorporate transmission model-
ling to clarify these associations.

Fig. 3: Continued.
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Previous work on AMR has largely emphasised the 
role of excessive antibiotic use driving resistance. 2,60,69–72 

Our work highlights the direct clinical relevance of 
AMR for individual patients, showing a strong associ-
ation with in-hospital mortality even when key founders 
such as age and disease severity are adjusted for. 73,74 

Our findings agree with another systematic review, by 
Ciapponi and colleagues, review of literature from 2000 
to 2022 focussing on studies from Latin America who 
found a higher risk of death in patients observed to 
have multi-drug resistant organisms compared to those 
infected with other pathogens (adjusted odds ratio: 
1.93, 85% CI: 1.58–2.37), with higher risk of death 
observed in those who did not receive appropriate 
empirical treatment (odds ratio 2.27, 95% CI: 1.44– 
3.56). 75 Greater awareness of the risks of AMR directly 
on mortality may influence clinical behaviour 76–78 —if 
clinicians understood that AMR is directly linked to 
poorer outcomes in hospitalised patients, they may be 
more inclined to improve antibiotic stewardship, 76–78

including more prudent antibiotic prescribing 71,72,79 

and enhanced infection-control measures. 79

Several plausible biological and clinical factors could 
cloud the link that we have shown between AMR and 
increased mortality risk. Older hospitalised patients are 
more likely to have multiple long-term conditions; 
although many studies adjusted this crudely, residual 
confounding from age-related changes, such as frailty 
of the patient 80–82 ; accumulation of antibiotic use in 
older individuals through multiple hospital admis-
sions 82 ; changes in gut flora across lifetimes in older 
individuals, 83 immunosenescence 81,82,84 and a lower 
tolerance for the use of effective antibiotics 85 against 
resistant bacteria cannot be excluded. Such factors are 
beyond the scope of this work to disentangle but may be 
important factors to consider in future prospective 
studies.

Our study had limitations. Variations across papers 
in relation to populations, setting, treatment context as 
well as differences within reporting definitions of AMR

Fig. 4: a: Forest plot showing synthesised unadjusted and adjusted risk ratios for mortality in relation to study participants with antimicrobial 
resistant organisms, compared to the same antibiotic sensitive organisms across studies. b: Forest plot showing synthesised unadjusted and 
adjusted risk ratios for mortality in relation to study participants with antimicrobial resistant organisms, compared to the same antibiotic 
sensitive organisms across studies, by type of study, mortality within hospital or after 30 days, infection site, study setting (including 
intensive care) and continent.
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and outcomes meant that there was a high degree of 
heterogeneity. 86,87 However, this does not preclude 
pooling of data and is consistent with other meta-
analyses on infection in diverse populations. 18,60,75,88–91 

We attempted to explore heterogeneity through sensi-
tivity analyses of different sub-populations. The ana-
lyses provide an important visualisation of the data 
available and highlight the need to improve data 
collection and analyses on this topic, including greater 
standardisation in adjusted analyses. We found clear 
evidence of publication bias. Most studies included in 
this work were retrospective observational studies; less 
than half of individuals in the included studies had 
organisms in which sensitivities were reported and 
consequently, we may have underestimated the preva-
lence of AMR, but it is unclear as to why this is. The 
observational nature of studies that we examined also 
means that the evidence generated for a direct associ-
ation with AMR and mortality in hospital is circum-
stantial and prone to competing risks bias; however, our 
work provides early evidence of such a relationship that 
could motivate researchers to design better, prospective 
observational studies that examine for this relationship 
in greater detail. Furthermore, all studies included in 
this review were performed prior to the COVID-19 
pandemic; the epidemiology of AMR within hospitals 
may have changed significantly since (although our 
search up to 2025 showed no recent studies

investigating this issue). However, our work provides 
an important summary of existing epidemiology prior 
to a pandemic. Ideally, we would prefer to have per-
formed this data synthesis by bacterial species, resis-
tance by antibiotic class and separate colonisation from 
infection; however, the high heterogeneity in defini-
tions of AMR and lack of data on specific species and 
colonisation prevented us from performing this anal-
ysis Furthermore, resistance patterns naturally change 
over time according to selective pressure. Yet, our aim 
of focussing on data representative of hospital cohorts, 
rather than infection from a specific site, was to provide 
a general summary of the effect on mortality, which has 
previously never been achieved. Finally, our analyses 
are reliant on robust estimates of unadjusted and 
adjusted ratios generated by the original studies them-
selves; in studies where, adjusted results were very 
different to unadjusted results for mortality, we con-
tacted study authors to ensure that the results were 
interpreted correctly. The overall low certainty of evi-
dence from our data synthesis suggests the need for 
better designed studies investigating this issue; that are 
adequately powered, with the right denominator (sen-
sitive organism) and granular definitions of AMR.

In conclusion, the prevalence of AMR in hospital-
ised patients with infections is high, and AMR inde-
pendently confers worse outcomes, including death 
within hospital. Early identification of patients with

Fig. 4: Continued.
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AMR and the development of rapid diagnostic methods 
could improve clinical decision making and patient 
care. Our findings emphasise both the public health 
urgency of controlling AMR and the direct mortality 
risk it poses to infected individuals. This is of 
particular global health relevance, if countries are 
going to meet the new United Nations General As-
sembly goals for the use of Access antibiotics (vs 
Watch and Reserve antibiotics) as well as generally 
seek to reduce AMR. 92 Addressing these challenges 
will require a coordinated global effort, expanded 
surveillance in underrepresented regions and effec-
tive stewardship strategies to mitigate further escala-
tion of AMR in the future.
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