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Abstract

IMPORTANCE Antimicrobial resistance continues to spread rapidly at a global scale. Little evidence
exists on the association of antimicrobial stewardship programs (ASPs) with the consumption of
antibiotics across health care and income settings.

OBJECTIVE To synthesize current evidence regarding the association between antimicrobial
stewardship programs and the consumption of antibiotics globally.

DATA SOURCES PubMed, Web of Science, and Scopus databases were searched from August 1,
2010, to Aug 1, 2020. Additional studies from the bibliography sections of previous systematic
reviews were included.

STUDY SELECTION Original studies of the association of ASPs with antimicrobial consumption
across health care and income settings. Animal and environmental studies were excluded.

DATA EXTRACTION AND SYNTHESIS Following the Preferred Reporting Items in Systematic
Reviews and Meta-Analyses guideline, the pooled association of targeted ASPs with antimicrobial
consumption was measured using multilevel random-effects models. The Effective Public Health
Practice Project quality assessment tool was used to assess study quality.

MAIN OUTCOMES AND MEASURES The main outcome measures were proportion of patients
receiving an antibiotic prescription and defined daily doses per 100 patient-days.

RESULTS Overall, 52 studies (with 1794 889 participants) measured the association between ASPs
and antimicrobial consumption and were included, with 40 studies conducted in high-income
countries and 12 in low- and middle-income countries (LMICs). ASPs were associated with a 10%
(95% Cl, 4%-15%) reduction in antibiotic prescriptions and a 28% reduction in antibiotic
consumption (rate ratio, 0.72; 95% Cl, 0.56-0.92). ASPs were also associated with a 21% (95% Cl,
5%-36%) reduction in antibiotic consumption in pediatric hospitals and a 28% reduction in World
Health Organization watch groups antibiotics (rate ratio, 0.72; 95% Cl, 0.56-0.92).

CONCLUSIONS AND RELEVANCE In this systematic review and meta-analysis, ASPs appeared to be
effective in reducing antibiotic consumption in both hospital and nonhospital settings. Impact
assessment of ASPs in resource-limited settings remains scarce; further research is needed on how
to best achieve reductions in antibiotic use in LMICs.
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Key Points

Question What is the association
between antimicrobial stewardship
programs (ASPs) implemented across
multiple health care settings and
antibiotic use?

Findings In this systematic review and
meta-analysis of 52 studies with more
than 1.7 million patients conducted in
different health care and income
settings, ASPs were associated with
reduced consumption of antibiotics
overall as well as of antibiotics in the
World Health Organization Watch group.

Meaning The findings of this study
support the use of ASPs to reduce
antibiotic use in both hospital and
nonhospital settings.
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Introduction

Antimicrobial resistance (AMR) continues to spread rapidly at a global scale.! Recent global estimates
suggest that the disease burden of AMR is at least as high as that of HIV and malaria combined, with
an estimated 4.95 million deaths caused in 2019." If not properly addressed, AMR could kill 10 million
people every year and cost the global economy up to $100 trillion by 2050.2

A number of antimicrobial stewardship programs (ASPs) have been introduced in different
settings to optimize antimicrobial use and delay resistance, while at the same time ensuring patient
safety and avoiding additional health care costs.>* The latest research suggests that ASPs can reduce
total antibiotic consumption by 19% and the use of restricted antimicrobial drugs by 27% in
hospital.'® The impact of the ASPs on antibiotic use may differ depending on the prevalence of
resistant infections across clinical settings and geographical regions' as well as on available
resources." To date, there is little consolidated evidence on the effectiveness of ASPs in low- and
middle-income countries (LMICs), where antimicrobial use is exceptionally high compared with high-
income countries (HICs).""?

Moreover, little evidence exists on how targeted interventions can improve the rational use of
specific antibiotic classes in different health care contexts. Existing research on ASPs has been mostly
restricted to limited comparisons in hospital and intensive care settings.*'©'3° |t is unclear how
ASPs in different contexts affect the consumption of specific antimicrobial agents used in different
health care settings. The main objectives of the present review are (1) to provide up-to-date pooled
estimates of the association of ASPs with antibiotic consumption and (2) to estimate the differential
association of ASPs with the use of different antibiotic classes and across health care and income
settings.

Methods

Search Strategy

This systematic review and meta-analysis followed the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) reporting guideline."” The protocol was registered with
PROSPERO (CRD42020206479). We searched PubMed, Web of Science, and Scopus databases
from August 1, 2010, to August 1, 2020, for articles on the association of ASPs with antimicrobial
consumption (eTable 1in Supplement 1). Additional studies were identified from the bibliography
sections of previous systematic reviews identified in our search. We searched for primary studies
conducted with human participants and excluded studies in animals and the environment (eTable 2
in Supplement 1).

Study Selection

Two independent reviewers (K.Z.Y. and PT.N.W.) assessed the eligibility of each full-text article; a
third reviewer (M.L.) decided cases without consensus. Two of us (K.ZY. and PT.N.W.) reviewed
identified articles and the data extraction process as suggested by the PRISMA checklist. PT.N.W.
conducted the quality assessment of all eligible studies. A third author (M.L.) reviewed the articles in
doubt, additional references, and data extraction items.

Risk of Bias Assessment

We used the Effective Public Health Practice Project (EPHPP) quality assessment tool to assess 6
domains of quality: (1) selection bias, (2) design, (3) confounders, (4) blinding, (5) data collection
methods, and (6) withdrawal and dropouts.'® EPHPP is a widely used assessment tool for
quantitative studies designed for systematic literature reviews of effectiveness studies.'® The aim of
the quality assessment was to evaluate the overall quality of evidence and the risk of bias.' Two
independent reviewers rated all articles as strong, moderate, or weak in each domain (eTable 3 in
Supplement 1). To avoid potential bias through inappropriate study designs, we only included articles

[5 JAMA Network Open. 2023;6(2):€2253806. doi:10.1001/jamanetworkopen.2022.53806 February 9,2023 2/15

Downloaded From: https://jamanetwork.com/ by a St George's, University of London User on 02/23/2023


http://www.equator-network.org/reporting-guidelines/prisma/
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=206479
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.53806&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.53806
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.53806&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.53806
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.53806&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.53806

JAMA Network Open | Public Health Antimicrobial Stewardship Programs and Antibiotic Use Globally

with high study quality, ie, studies that had strong or moderate ratings in at least 5 of 6 domains.
Disagreements were discussed by reviewers until consensus was reached. In addition, we assessed
publication bias via the Egger test.

Data Extraction

We extracted the following information from all studies: the aim of the study, country, study design,
type of health care facility, study populations, number of health care workers and facilities,
pathogens, antibiotic studied, timeline, duration of the interventions, intervention components, and
quantitative measure of antibiotic consumption before and after intervention whenever possible.
Two separate outcome measures were extracted for preintervention vs postintervention study
designs; 4 outcome measures were extracted for randomized trials with clearly defined control and
treatment groups. When a study reported both antibiotic-specific consumption measures and an
average over all antibiotics, we extracted detailed antibiotic-specific measures. ASPs were defined
broadly to include both single-component and multicomponent interventions (eg, a study that
implements decision support tools only vs a package combining decision support tools with
prospective audit and feedback).

Statistical Analysis

Effect Size Measures

The current literature uses 2 distinct types of outcome measures. First, actual drug consumption is
typically measured either as defined daily dose (DDD) per 100 or 1000 patient-days (PDs) or as days
of therapy (DOT) per 100 or 1000 PDs. DDD measures drugs administered as multiples of the
assumed average maintenance dose per day for a specific patient (typically an adult).2° DOT is the
number of days of antibiotic therapy administered to a patient, regardless of the number of doses
administered or dosage strength.° Since DDD and DOT are conceptually similar, we pooled them in
the meta-analysis. We standardized all DDD and DOT measures to 100 PDs. The second outcome
often used is the proportion of patients receiving an antibiotic prescription—a separate measure that
does not measure drug consumption directly. For each study we calculated 1of 2 outcomes: (1) the
change in antibiotic prescriptions after the intervention compared with before or (2) the rate ratio
(RR) of antibiotic consumption after intervention measured in DDD or DOT per 100 PDs compared
with the preintervention period. To calculate standard errors of the rate ratios, we calculated log rate
ratios as an intermediate step.?' Given that these yield asymmetric confidence intervals, we
truncated the upper bounds of the intervals at a value of 20.

Unit of Analysis and Synthesis Methods

We estimated 3-level meta-analytical models to get pooled average effectiveness estimates.?? In
contrast to the standard random effects meta-analytical model that accounts for study-level
sampling error and between-study heterogeneity, a 3-level model can account for within-study
heterogeneity.?? With this approach, all reported effect sizes from a single study can be included in
the analysis, but multiple effect sizes from the same study contribute less to the overall estimates
than single effect sizes from other studies.? The specific weight assigned to each study depends
inversely on how strong the correlations are between all effect sizes derived from the same study.
Two strongly correlated effect sizes from the same study will both receive lower weights than two
weakly correlated effect sizes since they will add little independent information to the pooled effect
size. This will then be reflected in a lower study-specific weight. Restricted maximum likelihood
models with nested 3-level random-effects were estimated, and Cochran’s Q as well as I* were
computed to assess heterogeneity. R version 4.1.2 (R Project for Statistical Computing) was used to
conduct statistical analysis. Statistical significance was set at P < .05.
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Subgroup Analyses

We stratified results based on the following subgroups: HICs and LMICs based on the World Bank
income group classification24; study settings (primary care practice, pediatric hospital, public
hospital); patient settings (outpatient, nursing care, inpatient, intensive care unit [ICU]); antibiotic
restriction (restricted or nonrestricted as per individual protocol); and World Health Organization
Access, Watch, and Reserve (AWaRe) classification antibiotics 2019.242° Finally, we stratified results
by individual ASP components when it was possible to obtain their individual associations with
antibiotic consumption.

Results

We identified 4011 citations from PubMed, Scopus, and Web of Science; 5 additional articles were
obtained from the bibliography of older systematic reviews. After removing duplicates, 2940 unique
citations were screened on title and abstract, and 109 citations were included for full-text

review. From these, 52 articles>>792572 were included in qualitative synthesis, while 34
studie53.5,7,27-30,33,36,38-43.45-48,51,52.54,55,57.58,60,61,63-66,68,69,72 had SUfﬁCient data to be included

in the quantitative meta-analysis (Figure 1).

Figure 1. Study Flow Diagram

4006 Records identified ‘ 5 Additional references identified
2392 PubMed
940 Scopus

674 Web of Science

|
|

‘ 4011 Total records identified ‘

—»‘ 1071 Duplicates excluded

‘ 2940 Records screened ‘

2831 Records excluded
2398 Irrelevant research questions
194 Review articles
—> 152 Treatment articles
81 Animal studies
5 Conference papers
1 Not full text

109 Full-text articles assessed for eligibility

52 Excluded for not reporting ASPs and
antibiotic consumption outcomes

‘ 57 Studies included in EPHPP quality assessment ‘

—»‘ 5 Excluded because of low EPHPP ratings

‘ 52 Studies included ‘

|
| |

‘ 52 Studies included in qualitative synthesis ‘ ‘ 34 Studies included in quantitative synthesis

ASP indicates antibiotic stewardship program; EPHPP,
Effective Public Health Practice Project.
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Characteristics of Included Studies

The final set of studies included in the analysis comprised 19 prospective intervention
Studies’6,9,26,27,31,36-39,42,43,48,60,63,66,70,71 ]2 randomized C“nical triaIs’7,28,29,34,40,46,50.51,54,55,57.61
10 quasi-experimental studies,>32:414447.53.62.64.6568 7 nonrandomized controlled trials, 303335
45,49,58,59 and 4 retrospective cohorts.>676972 Forty studies>>79-30-35.37-40:42-47:49-55,57-60,64-70.72
were conducted in HICs, and 12 studies?6-29.36:41:48.56.61-63.71in | M|Cs (eTable 4 in Supplement 1).
Most studies were conducted in tertiary care hospitals (n = 32)3>9:26:2731:32:34.36-39.41-45,
52,53,58-60,62-65,67-72 and primary care sites (n = 11).728.29.334047:49.50.54.5561 Tha remaining studies
were conducted in general practitioner medical practices (n = 3),4¢>"¢ |CUs (n = 3),48%72 and

nursing homes (n = 3).3%3>57 Participants were typically inpatients, including ICU patients
(n - 32) 3,5,6,9,26,27,31,32,34,36-40,42,43,46,50,53,58,59,62-76 followed by OUtpatientS (n - 10) 7.28,29,33,

),H1:44:45:48.52.56.60 and nursing home residents (n = 3).30-357

47.49,51,54,55,61 pediatric inpatients (n = 7
Most studies analyzed ASPs comprising multiple components. It was therefore not possible to
estimate the associations between most individual components of ASPs and antibiotic consumption,
except for 2 components: (1) training and guidelines and (2) decision support tools (eTable 4 in
Supplement 1). The most common components were (1) training and guidelines, ie, training health
workers on treatment practices, AMR, and updating guidelines; (2) decision support tools, ie,
electronic or paper-based algorithms to assist health workers in treatment decisions; (3) antibiotic
restriction, ie, active restrictions on antibiotic use, eg, via preauthorization; (4) prospective audit and
feedback, ie, expert physicians or pharmacists review patient cases and the antibiotics they have
been prescribed; (5) tracking, ie, monitoring, documenting, and reporting prescription practices and
infection and resistance patterns; (6) pharmacy-based interventions, ie, engaging pharmacists to
document antibiotic indications, dosage adjustment, and drug interactions and, where needed, to
optimize treatment by switching antibiotics; and (7) microbiology-based interventions, ie, antibiotic
susceptibility tests to guide decisions (eTable 5 in Supplement 1).

Pooled Association of ASPs With Antibiotic Consumption

Implementing ASPs was associated with a 10% (95% Cl, 4%-15%) decrease in antibiotic prescriptions
overall based on 17 estimates (Figure 2),3728-30.33:4041.46:47.51.54.55.576061 jth sybstantial
heterogeneity across studies (Q = 75.54; P < .001). The Egger test suggested possible publication
bias (P = .007). Five different antibiotic classes from 10 studies reported RRs of antibiotic
consumption after intervention measured in DDD per 100 PD compared with the preintervention
period. Pooled analysis suggested that, on average, ASPs were associated with a 28% reduction in
antibiotic consumption (RR, 0.72; 95% Cl, 0.56-0.92; 34 estimates) (Figure 3A).5-27-38:39:43.64-66.69.72
Evidence for potential publication bias was also found in this subset of studies (Egger test P = .001).
Stratifying results by broad-spectrum antibiotic classes revealed nonstatistically significant pooled
differences between ASPs and consumption. However, these associations were based on a small
number of studies, resulting in large confidence intervals, and the direction of the effect sizes was
systematic: 33 of 34 RRs suggested a reduction in consumption. All class-specific pooled RRs
consistently suggested large reductions in consumption, although the results were not statistically
significant: fluoroquinolones (42% reduction), penicillin and B-lactamase inhibitor combinations
(39% reduction), carbapenems (31% reduction), macrolides (26% reduction), and cephalosporins
(15% reduction) (Figure 3A).>2738.39.43.64-66.6972 panjcillins were less targeted, with 2 studies
actually encouraging their use.®*®° No significant change in pooled penicillin consumption

was identified following ASP implementation (RR, 0.94; 95% Cl, 0.62-1.45; 5 estimates)

(Figure 3B).2764-66.59 Among studies that reported total antibiotic consumption at a given health
facility but did not specify which antibiotic classes were included, results suggested that

reductions in consumption followed the implementation of ASPs; however, the pooled effect

size was not statistically significant (RR, 0.82; 95% Cl, 0.66-1.02; 5 estimates) (eFigure 1in
Supplement 1).4>48:52:5863 Raductions in the use of antibiotics on the WHO's AWaRe list were also
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observed, but results were only significant for antibiotics on the Watch list (RR, 0.72; 95% Cl, 0.56-
092’ 34 eStimateS) (Figure 4)_5,27,36,38.39.42.43,64—66.68.69.72

Heterogeneity of Outcomes Associated With ASPs Across Health Care Settings

and Countries

Results stratified by patient setting showed that the largest reductions in antibiotic use were
generally found in pediatric care (21% [95% Cl, 5% to 36%] reduction; 6 effect sizes) (Figure 5).
Antibiotic prescriptions in HICs following ASPs were associated with an average reduction of 6%
(95% Cl, 2% to 9%; 13 effect sizes) (Figure 5). In contrast, antibiotic consumption in LMICs following
ASPs were associated with an average reduction of 30% (95% Cl 10% to 50%; 4 effect sizes)
(Figure 5). ASPs were not associated with a reduction in antibiotic prescriptions for outpatients (-4%;
95% Cl, -11% to 3%; 7 effect sizes)>3#64751:5455 or inpatients and nursing home residents (-8%; 95%
C1-20% to 3%; 4 effect sizes),>30>78! although reductions cannot be ruled out due to the small
sample size. Similar nonsignificant results were found across different settings, including public
hospitals (-18%; 95% Cl, -54% to 18%; 3 effect sizes) and pediatric hospitals (-15%; 95% Cl, -36% to
5%; 4 effect sizes) (Figure 5). Decision support tools were associated with a 16% reduction in
antibiotic prescriptions (95% Cl, 2% to 30%; 3 effect sizes), while no significant association was
detected for training and education (-5%; 95% Cl, -15% to 6%; 6 effect sizes) and multicomponent
ASPs (-5%; 95% Cl, -15% to 6%; 8 effect sizes) (Figure 5D). Detailed forest plots for the results in
Figure 5 can be found in eFigure 2 in Supplement 1. The stratified results and meta-analysis for
antibiotic consumption can also be seen in eFigures 3 and 4 in Supplement 1.

Discussion

The results of our meta-analysis presented here suggest that ASPs were associated with a 10%
reduction in antibiotic prescriptions and a 28% reduction in antibiotic consumption rates. Reductions

Figure 2. Proportional Change in Antibiotic Prescription, After Compared With Before Intervention

Patient Proportional change
Source Country settings (95% ClI) Weight, %
Rahbarimanesh et al, 4! 2019 Iran Pediatric patients -0.48 (-0.72 to -0.24) ] 2.55
Wei et al,29 2017 China Inpatients -0.37 (-0.55t0 -0.18) ] 3.47
Wei et al,28 2019 China Pediatric patients -0.29(-0.43 to -0.14) ] 431
Gonzales et al,>> 2013 us Outpatients -0.21 (-0.38 t0 -0.04) foom 6.61
Chang et al,61 2020 China Pediatric patients -0.17 (-0.27 to -0.07) —a—] 5.40
Gonzales et al,>> 2013 us Outpatients -0.14 (-0.22 to -0.05) —l 9.99
Di Pentima et al,60 2011 us Outpatients -0.12 (-0.18 to -0.06) - 6.42
Regev-Yochay et al,#0 2011 Israel Nursing care -0.11 (-0.17 to -0.04) . 6.36
Van Buul et al,30 2015 Netherlands Inpatients -0.10 (-0.28 t0 0.08) . 3.53
Gerber et al,” 2013 us Outpatients -0.07 (-0.12 to -0.02) - 6.63
Fortini et al,3 2018 Italy Outpatients -0.06 (-0.12 to 0.00) - 6.42
Strumann et al,33 2020 Germany Pediatric patients -0.06 (-0.12 t0 0.00) - 6.46
March-Ldpez et al,47 2020 Spain Pediatric patients -0.05 (-0.09 to 0.00) HEH 6.73
Le Corvoisier et al,>1 2013 France Outpatients -0.04 (-0.06 to -0.02) ] 7.08
McNulty et al,46 2018 UK Pediatric patients -0.03 (-0.06 t0 0.00) i 6.97
Fleet et al,>7 2014 UK Nursing care -0.00(-0.14t0 0.13) —a— 4.69
Hiirlimann et al,>4 2015 Switzerland Outpatients 0.08 (0.02 to 0.14) . 6.39
RE model Q=75.54, df=16, P <.001 -0.10 (-0.15 to -0.04) <o 100.00
Between-study 12=90.59%
—0.‘80 »0.‘60 —0.‘40 —O.‘ZO 0 2‘0
Proportional change (95% Cl)
Change was calculated as the proportion of all patients who received an antibiotic from postintervention differences. A negative effect size indicates that antibiotic
prescription after the intervention minus the same proportion measured in the stewardship programs were associated with a reduction in antibiotic prescriptions of a
preintervention period. For randomized clinical trials, preintervention differences in the magnitude equal to the value of the effect size itself. RE indicates random effects.
proportion of prescriptions between treatment and control groups were subtracted
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Figure 3. Change in Antibiotic Consumption After vs Before Intervention by Antibiotic Class, in Defined Daily
Dose per 100 Patient-Days

E Change in antibiotic consumption by class

Source Country RR (95% CI) Weight, %

Penicillins and BLI
Ruizetal,392018 Spain 0.57(0.18-1.80) i 4.23
Wu et al,27 2017 Taiwan 0.62(0.18-2.08) I | 3.84
Sid Ahmed et al,38 2020 Qatar 0.72(0.17-2.99) e 2.81
Abdallah et al,”2 2017 Saudi Arabia 0.36 (0.02-7.02) e — 0.64
Alvarez-Lerma et al,66 2018 Spain 0.74 (0.07-7.38) P 1.07
Overall 0.61(0.24-1.59) o

Macrolides
Borde et al,6> 2014 Germany 0.76 (0.08-6.97) A 1.15
Borde et al,®4 2015 Germany 0.80(0.18-3.48) P 2.63
Ruiz et al,39 2018 Spain 0.86 (0.14-5.09) P 1.79
Wu et al,27 2017 Taiwan 0.16 (0.01-4.50) } | 0.51
Alvarez-Lerma et al,66 2018 Spain 1.05 (0.07-14.94) f—————1 0.81
Overall 0.74 (0.20-2.68) -

Fluoroquinolones
Pate et al,#3 2012 us 0.58(0.25-1.33) ] 8.16
Borde et al,6> 2014 Germany 0.61 (0.06-5.94) P 1.10
Borde et al,®4 2015 Germany 0.81(0.11-6.12) P 1.39
Ruiz et al,39 2018 Spain 0.80 (0.20-3.22) | — 2.94
Wu et al,27 2017 Taiwan 0.91 (0.18-4.44) B 2.25
Tedeschi et al,> 2017 Italy 0.08(0.01-0.65) P 1.35
Sid Ahmed et al,38 2020 Qatar 0.58(0.02-15.46) | { 0.53
Alvarez-Lerma et al,®¢ 2018 Spain 0.61(0.09-4.16) P 1.55
Overall 0.58(0.30-1.11) R

Cephalosporins
Pate et al,#3 2012 us 0.97 (0.34-2.78) e 5.11
Borde et al,®5 2014 Germany 0.70 (0.08-6.02) P 1.22
Borde et al,64 2015 Germany 0.76 (0.17-3.31) P 2.61
Ruizetal,392018 Spain 0.79(0.18-3.58) e 2.49
Wu et al,27 2017 Taiwan 0.88(0.55-1.43) - 24.40
Al Bahar et al,69 2020 UK 0.67 (0.09-4.93) P 1.42
Alvarez-Lerma et al,56 2018 Spain 0.64 (0.09-4.69) P 1.44
Overall 0.85(0.53-1.38) <

Carbapenems
Pate et al,*3 2012 us 0.61(0.14-2.61) P 2.67
Borde et al,6> 2014 Germany 0.87 (0.05-16.61) f———————1 0.65
Ruizetal,392018 Spain 0.73(0.20-2.67) ] 3.35
Wu et al,27 2017 Taiwan 0.50(0.04-6.28) e 0.89
Al Bahar et al,9 2020 UK 0.90(0.39-2.10) i 7.92
Tedeschi et al,> 2017 Italy 0.03(0.00-0.72) ¢ { 0.57
Sid Ahmed et al,38 2020 Qatar 0.67 (0.16-2.79) e 2.82
Abdallah et al,”2 2017 Saudi Arabia 0.41(0.05-3.54) P 1.22
Alvarez-Lerma et al,®¢ 2018 Spain 0.95(0.21-4.30) A 2.49
Overall 0.69 (0.38-1.25) &

RE model: df=33; P=.99 0.72(0.56-0.92) @ 100.00

6 0.65 1 1‘8

RR (95% Cl)
A, Results stratified by antibiotic classes targeted by

Change in penicillin consumption antibiotic stewardship programs. B, Penicillins only
since their use was either less targeted or even

Source Country RR (95% Cl) Weight, % . ' i
WuetalZ7 2017 Taiwan 036 (0.10-1.29) 4 559 encouraged in some studies. The rate ratio (RR) of
Alvarez-Lerma et al, 56 2018 Spain 0.89(0.29-2.76) ——a 7.18 antibiotic consumption was obtained by dividing the
Al Bahar et al,89 2020 UK 0.97 (0.70-1.36) . 81.10 post-intervention consumption rate measured in
Borde et al,5> 2014 Germany 1.28(0.23-7.16) [ na— 3.08 defined daily doses per 100 patient-days by the
Borde et al,54 2015 Germany 2.05(0.36-11.62) 1 3.04 preintervention consumption rate. An RR less than 1
RE model: df =4; P=.54 0.94(0.62-1.45) < 100.00 indicates that ASPs were associated with a reduction

6 0_65 i 1‘8 of 1 - RR% in antibiotic consumption. BLI indicates

RR (95% Cl) B-lactamase inhibitor; RE, random-effects.
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Figure 4. Change in the Consumption of World Health Organization Access, Watch, Reserve Antibiotics

After vs Before Intervention, in Defined Daily Dose per 100 Patient-Days

Source Class RR (95% CI)
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Alvarez-Lerma et al,®¢ 2018 Linezolid 0.97 (0.08-11.04)
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Wu et al,27 2017
Wu et al,27 2017
Al Bahar et al,%9 2020
Alvarez-Lerma et al,®¢ 2018
Alvarez-Lerma et al,56 2018
Overall

RE model

Fluoroquinolones
Cephalosporins
Carbapenems
Macrolides
Fluoroquinolones
Carbapenems
Cephalosporins
Macrolides
Fluoroquinolones
Cephalosporins
Macrolides
Fluoroquinolones
Cephalosporins
Carbapenems
Penicillins and BLI
Macrolides
Carbapenems
Fluoroquinolones
Penicillins and BLI
Cephalosporins
Cephalosporins
Carbapenems
Fluoroquinolones
Carbapenems
Fluoroquinolones
Penicillins and BLI
Carbapenems
Penicillins and BLI
Carbapenems
Carbapenems
Fluoroquinolones
Macrolides
Cephalosporins
Penicillins and BLI

Echinocandins
Penicillins
Penicillins
Aminoglycosides
Antifungals
Aminoglycosides
Penicillins
Penicillins
Azoles
Penicillins

0.77 (0.43-1.41)

0.58 (0.25-1.33)
0.97 (0.34-2.78)
0.61(0.14-2.61)
0.76 (0.08-6.97)
0.61 (0.06-5.94)
0.87 (0.05-16.61)
0.70 (0.08-6.02)
0.80 (0.18-3.48)
0.81(0.11-6.12)
0.76 (0.17-3.31)
0.86 (0.14-5.09)
0.80 (0.20-3.22)
0.79 (0.18-3.58)
0.73 (0.20-2.67)
0.57 (0.18-1.80)
0.16 (0.01-4.50)
0.50 (0.04-6.28)
0.91(0.18-4.44)
0.62 (0.18-2.08)
0.88 (0.55-1.43)
0.67 (0.09-4.93)
0.90 (0.39-2.10)
0.08 (0.01-0.65)
0.03 (0.00-0.72)
0.58 (0.02-15.46)
0.72(0.17-2.99)
0.67 (0.16-2.79)
0.36 (0.02-7.02)
0.41 (0.05-3.54)
0.95 (0.21-4.30)
0.61(0.09-4.16)
1.05 (0.07-14.94)
0.64 (0.09-4.69)
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0.73
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0.67
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1.17
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1.18
1.96
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0.80
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0.37
0.15

4.24
2.65
1.39
0.60
0.57
0.34
0.63
1.37
0.72
1.36
0.93
1.53
1.29
1.74
2.20
0.26
0.46
1.17
1.99
12.68
0.74
4.12
0.70
0.30
0.27
1.46
1.46
0.33
0.64
1.30
0.80
0.42
0.75
0.56

0.32
1.00
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0.32
2.01
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1.81
26.21
0.65
2.32

100.00

Access, Watch, and Reserve categories were obtained
from the World Health Organization classification of
antibiotics. The rate ratio (RR) of antibiotic
consumption was obtained by dividing the
postintervention consumption rate measured in
defined daily doses per 100 patient-days by the
preintervention consumption rate. An RR less than 1
indicates that antibiotic stewardship programs were
associated with a reduction of 1- RR% in antibiotic
consumption. RE indicates random effects.
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in consumption were observed across all antibiotic classes, including penicillin and B-lactamase
inhibitor combinations, macrolides, fluoroquinolones, cephalosporins, and carbapenems. The only
exceptions were penicillins, which is not surprising giving that these are not targeted by all
interventions and in some cases even encouraged.®*®> ASPs were also associated with reduced
consumption of antibiotics on the WHO Watch list, with particularly high risk of selection of bacterial
resistance.”® In light of concerning increased use of Watch antibiotics globally, this is good news, as
it suggests that protecting these drugs through appropriate ASPs is possible.”?

Subgroup analysis suggests that ASPs were associated with reductions in antibiotic
prescriptions in pediatric care, where antibiotic use is particularly high.”* Prescriptions for other
inpatient, outpatient, and nursing home patients were generally smaller and often not significant.

Moreover, our pooled analysis suggests that ASPs implemented in HICs were associated with
reduced antibiotic prescriptions by 6%, echoing findings from previous studies.'®'* For the meta-
2729 and 1from Iran.*'
While ASPs were associated with relatively large reductions in prescriptions in LMICs, this must be
interpreted with caution due to the small number of studies currently available from LMICs.
Uncertainty still remains about the outcomes of ASP in resource-limited settings. One study

analysis, we only identified 4 studies in LMICs, 3 of which were from China

conducted in a pediatric tertiary hospital in China>® suggested that a multicomponent ASP package
combining prior authorization, audit and feedback, and pay for performance was more effective than

Figure 5. Proportion Change in Antibiotic Prescriptions After vs Before Intervention: Subgroup Analyses

@ Stratified results by World Bank 2021 to 2022 income classification

Income Favors i Does not
classification Proportion (95% Cl) ASPs : favor ASPs
HICs -0.06 (-0.09 to -0.02) el

LMICs -0.30(-0.50to -0.10) P

T T
-0.6 -0.4 -0.2 0 0.2 0.4
Proportion (95% Cl)

Stratified results by patient setting

Patient Favors : Does not
settings Proportion (95% Cl) ASPs : favor ASPs
Pediatric patients -0.21 (-0.36 to -0.05) e
Outpatients -0.04 (-0.11t0 0.03) =
Inpatients and nursing homes -0.08 (-0.20 t0 0.03) —a—

—6.6 —d.4 —d.2 0 012 014

Proportion (95% Cl)

Stratified results by hospital setting
Hospital Favors : Does not
settings Proportion (95% ClI) ASPs : favor ASPs
Public hospitals -0.18 (-0.54t0 0.18) = |
Outpatient and primary care practices -0.06 (-0.13t0 0.01) f—m—
Pediatric hospitals -0.15 (-0.36 to 0.05) I

06 04 02 0 02 04

Proportion (95% Cl)
Results stratified for the change in the proportion of
@ Stratified results by ASP components patients receiving an antibiotic prescription in the
Favors | Does not postintervention vs preintervention period. The size of
ASP components Proportion (95% CI) ASPs : favor ASPs each square represents the pooled effect size. A,
Training and guidelines -0.05 (-0.15 t0 0.06) i Stratified results by World Bank 2021to 2022 income
Decision support -0.16 (-0.30 to -0.02) [E— classification. B, Stratified results by patient settings.
Multicomponent ASPs -0.05 (-0.15 t0 0.06) - C, S_tre_mﬂec.l results by h_osp|tal setting. D, Stratified by
antimicrobial stewardship program (ASP)
_d_g _d_4 —d.2 0 012 014 components. HIC indicates high-income country;

Proportion (95% Cl)

LMIC, low- and middle-income country.
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asingle strategy. A study in multiple primary care institutions in China®' found that physicians’
prescribing behavior did not affect the rate of antibiotic prescriptions, but a computer network-
based feedback intervention was associated with significant reductions in antibiotic prescriptions.

A study conducted in 47 small hospitals in South Africa®® did not report quantitative estimates
of consumption, but it found that introducing pharmacist expertise in a setting with limited infectious
disease resources had substantial consequences for antibiotic use and consumption. Overall, the
evidence from LMICs remains mixed. Given the challenges involved with the implementation of ASP
in LMICs, including often limited availability and access to antibiotics, unavailable diagnostics, and
weak adherence to treatment, further research on how to best implement ASPs without
compromising the quality of care provided to patients in LMICs is urgently needed."”>78 While the
present study tried to also analyze the outcome of specific ASP components, the currently available
data are not sufficient to assess the relative effectiveness of each component.

Limitations

This study has limitations. First, the pooled effect sizes cannot be directly interpreted as the causal
effect of ASPs on antibiotic prescription or consumption rates since few of the included studies were
designed as randomized clinical trials. A control group followed up through the baseline and
intervention periods could provide important information on time trends, seasonality, or other
factors, including trends in pathogen prevalence or changes in infection control measures that could
affect antibiotic consumption. Moreover, as already mentioned, we found very few studies from
LMICs. While we may expect the marginal impact of a well-implemented ASP to be larger in an LMIC
than in an HIC, the currently available data are not sufficient to assess these differences
systematically. Furthermore, our review also did not assess the impacts of stewardship programs on
animals and the environment, which are 2 areas that are likely affected and important from one
health approach.

Conclusions

In this systematic review and meta-analysis of the association of ASPs with antimicrobial
consumption, ASPs were associated with reduced antibiotic consumption in both hospital and
nonhospital settings. Our results show that ASPs can reduce the consumption of WHO Watch group
antibiotics with high resistance potential and can potentially contribute to major reductions in
antimicrobial consumption in pediatric patients. Overuse and misuse of antibiotics are the main
drivers of AMR; reducing antimicrobial consumption through ASPs should thus contribute toward
reducing the risk of AMR. This study is limited by the availability of assessments of ASPs in resource-
limited settings. Pragmatic randomized clinical trials of ASPs explicitly linking appropriateness of
antibiotic utilization to resistant bacterial prevalence as an outcome should therefore be a key
research priority. Performance of ASPs might vary considerably in different income settings, and this
warrants a particular focus on LMICs where implementation of ASPs could face operational,
behavioral, and financial challenges.

ARTICLE INFORMATION
Accepted for Publication: December 9, 2022.

Published: February 9, 2023. doi:10.1001/jamanetworkopen.2022.53806

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2023 Zay Ya K
et al. JAMA Network Open.

Corresponding Author: Kyaw Zay Ya, MB, BS, MPH, Department of Epidemiology and Public Health, Swiss
Tropical and Public Health Institute, Kreuzstrasse 2, 4123 Allschwil, Switzerland (kyaw.zayya@swisstph.ch).

Author Affiliations: Department of Epidemiology and Public Health, Swiss Tropical and Public Health Institute,

[5 JAMA Network Open. 2023;6(2):€2253806. doi:10.1001/jamanetworkopen.2022.53806 February 9,2023 10/15

Downloaded From: https://jamanetwork.com/ by a St George's, University of London User on 02/23/2023


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.53806&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.53806
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.53806
mailto:kyaw.zayya@swisstph.ch

JAMA Network Open | Public Health Antimicrobial Stewardship Programs and Antibiotic Use Globally

Allschwil, Switzerland (Zay Ya, Lambiris, Fink); University of Basel, Basel, Switzerland (Zay Ya, Lambiris, Fink);
Independent researcher, Yangon, Myanmar (Win); Paediatric Infectious Diseases Research Group, Institute of
Infection and Immunity, St George's, University of London, London, United Kingdom (Bielicki); Paediatric
Pharmacology and Paediatric Infectious Diseases, University Children’'s Hospital Basel, Basel, Switzerland (Bielicki).
Author Contributions: Dr Zay Ya had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis. Drs Lambiris and Fink contributed equally as senior
coauthors.

Concept and design: Zay Ya, Lambiris, Fink.

Acquisition, analysis, or interpretation of data: All authors.

Drafting of the manuscript: Zay Ya, Bielicki, Lambiris, Fink.

Critical revision of the manuscript for important intellectual content: All authors.
Statistical analysis: Zay Ya, Lambiris.

Obtained funding: Zay Ya, Fink.

Administrative, technical, or material support: Zay Ya, Lambiris.

Supervision: Bielicki, Lambiris, Fink.

Conflict of Interest Disclosures: Dr Bielicki reported receiving grants from Wellcome Trust outside the submitted
work. No other disclosures were reported.

Funding/Support: This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement 801076.

Role of the Funder/Sponsor: The funder had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Data Sharing Statement: See Supplement 2.

REFERENCES
1. Antimicrobial Resistance Collaborators. Global burden of bacterial antimicrobial resistance in 2019: a systematic
analysis. Lancet. 2022;399(10325):629-655.

2. O'Neill J. Tackling drug-resistant infections globally: final report and recommendations. 2016. Accessed
December 21, 2022. https://amr-review.org/sites/default/files/160518_Final%20paper_with%20cover.pdf

3. Fortini A, Faraone A, Di Pietro M, et al. Antimicrobial stewardship in an internal medicine ward: effects on
antibiotic consumption and on the use of carbapenems. Intern Emerg Med. 2018;13(8):1219-1226.

4. Mertz D, Brooks A, Irfan N, Sung M. Antimicrobial stewardship in the intensive care setting—a review and critical
appraisal of the literature. Swiss Med Wkly. 2015;145:w14220. doi:10.4414/smw.2015.14220

5. Tedeschi'S, Trapani F, Giannella M, et al. An antimicrobial stewardship program based on systematic infectious
disease consultation in a rehabilitation facility. Infect Control Hosp Epidemiol. 2017;38(1):76-82.

6. Onorato L, Macera M, Calo F, et al. The effect of an antimicrobial stewardship programme in two intensive care
units of a teaching hospital: an interrupted time series analysis. Clin Microbiol Infect. 2020;26(6):782.e1-782.e6.

7. Gerber JS, Prasad PA, Fiks AG, et al. Effect of an outpatient antimicrobial stewardship intervention on broad-
spectrum antibiotic prescribing by primary care pediatricians: a randomized trial. JAMA. 2013;309(22):
2345-2352.

8. Kassett N, Sham R, Aleong R, Yang D, Kirzner M, Craft A. Impact of antimicrobial stewardship on physician
practice in a geriatric facility. Can J Hosp Pharm. 2016;69(6):460-465.

9. Khdour MR, Hallak HO, Aldeyab MA, et al. Impact of antimicrobial stewardship programme on hospitalized
patients at the intensive care unit: a prospective audit and feedback study. Br J Clin Pharmacol. 2018;84(4):
708-715.

10. Karanika S, Paudel S, Grigoras C, Kalbasi A, Mylonakis E. Systematic review and meta-analysis of clinical and
economic outcomes from the implementation of hospital-based antimicrobial stewardship programs. Antimicrob
Agents Chemother. 2016;60(8):4840-4852.

11. Pierce J, Apisarnthanarak A, Schellack N, et al. Global antimicrobial stewardship with a focus on low- and
middle-income countries: a position statement for the international society for infectious diseases. Int J Infect Dis.
2020;96:621-629. doi:10.1016/j.ijid.2020.05.126

12. Alsan M, Schoemaker L, Eggleston K, Kammili N, Kolli P, Bhattacharya J. Out-of-pocket health expenditures and
antimicrobial resistance in low-income and middle-income countries: an economic analysis. Lancet Infect Dis.
2015;15(10):1203-1210.

[5 JAMA Network Open. 2023;6(2):€2253806. doi:10.1001/jamanetworkopen.2022.53806 February 9,2023 1/15

Downloaded From: https://jamanetwork.com/ by a St George's, University of London User on 02/23/2023


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.53806&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.53806
https://www.ncbi.nlm.nih.gov/pubmed/35065702
https://amr-review.org/sites/default/files/160518_Final%20paper_with%20cover.pdf
https://www.ncbi.nlm.nih.gov/pubmed/30032340
https://dx.doi.org/10.4414/smw.2015.14220
https://www.ncbi.nlm.nih.gov/pubmed/27745559
https://www.ncbi.nlm.nih.gov/pubmed/31678230
https://www.ncbi.nlm.nih.gov/pubmed/23757082
https://www.ncbi.nlm.nih.gov/pubmed/23757082
https://www.ncbi.nlm.nih.gov/pubmed/28123192
https://www.ncbi.nlm.nih.gov/pubmed/29236303
https://www.ncbi.nlm.nih.gov/pubmed/29236303
https://www.ncbi.nlm.nih.gov/pubmed/27246783
https://www.ncbi.nlm.nih.gov/pubmed/27246783
https://dx.doi.org/10.1016/j.ijid.2020.05.126
https://www.ncbi.nlm.nih.gov/pubmed/26164481
https://www.ncbi.nlm.nih.gov/pubmed/26164481

JAMA Network Open | Public Health Antimicrobial Stewardship Programs and Antibiotic Use Globally

13. Honda H, Ohmagari N, Tokuda Y, Mattar C, Warren DK. Antimicrobial stewardship in inpatient settings in the
Asia Pacific region: a systematic review and meta-analysis. Clin Infect Dis. 2017;64(suppl 2):5119-5126.

14. Baur D, Gladstone BP, Burkert F, et al. Effect of antibiotic stewardship on the incidence of infection and
colonisation with antibiotic-resistant bacteria and Clostridium difficile infection: a systematic review and meta-
analysis. Lancet Infect Dis. 2017;17(9):990-1001.

15. Lee CF, Cowling BJ, Feng S, et al. Impact of antibiotic stewardship programmes in Asia: a systematic review and
meta-analysis. J Antimicrob Chemother. 2018;73(4):844-851.

16. Ababneh MA, Nasser SA, Rababa'h AM. A systematic review of antimicrobial stewardship program
implementation in Middle Eastern countries. Int J Infect Dis. 2021;105:746-752.

17. PRISMA: Transparent Reporting of Systematic Reviews and Meta-analyses. Accessed December 21, 2022. https://
prisma-statement.org/

18. Effective Public Health Practice Project. Quality assessment tool for quantitative studies. Accessed December
21,2022. https://www.ephpp.ca/PDF/Quality%20Assessment%20Tool 2010_2.pdf

19. Thomas BH, Ciliska D, Dobbins M, Micucci S. A process for systematically reviewing the literature: providing
the research evidence for public health nursing interventions. Worldviews Evid Based Nurs. 2004;1(3):176-184.

20. Valles J, Fernandez S, Cortés E, et al. Comparison of the defined daily dose and days of treatment methods for
evaluating the consumption of antibiotics and antifungals in the intensive care unit. Med Intensiva (Engl Ed).
2020;44(5):294-300.

21. Harrer M, Cuijpers P, Furukawa T, Ebert D. Doing Meta-Analysis with R. Chapman and Hall; 2021.

22. Vanden Noortgate W, Lopez-Lépez JA, Marin-Martinez F, Sdnchez-Meca J. Meta-analysis of multiple
outcomes: a multilevel approach. Behav Res Methods. 2015;47(4):1274-1294.

23. ParksS, Beretvas SN. Synthesizing effects for multiple outcomes per study using robust variance estimation
versus the three-level model. Behav Res Methods. 2019:51(1):152-171.

24. Hamadeh N, Van Rompaey C, Metreau E. New World Bank country classifications by income level: 2021-2022.
World Bank. July 1, 2021. Accessed December 21, 2022. https://blogs.worldbanlk.org/opendata/new-world-bank-
country-classifications-income-level-2021-2022

25. World Health Organization. 2021 AWaRe classification. September 30, 2021. Accessed December 21, 2022.
https://www.who.int/publications/i/item/2021-aware-classification

26. Zhou Y, MalY, Zhao X, Tian SH, Sun LY, Cui YM. Impact of pharmacist intervention on antibiotic use and
prophylactic antibiotic use in urology clean operations. J Clin Pharm Ther. 2015;40(4):404-408.

27. Wu CT, Chen CL, Lee HY, et al. Decreased antimicrobial resistance and defined daily doses after
implementation of a clinical culture-guided antimicrobial stewardship program in a local hospital. J Microbiol
Immunol Infect. 2017;50(6):846-856.

28. Wei X, Zhang Z, Hicks JP, et al. Long-term outcomes of an educational intervention to reduce antibiotic
prescribing for childhood upper respiratory tract infections in rural China: follow-up of a cluster-randomised
controlled trial. PLoS Med. 2019;16(2):e1002733. doi:10.1371/journal.pmed.1002733

29. Wei X, Zhang Z, Walley JD, et al. Effect of a training and educational intervention for physicians and caregivers
on antibiotic prescribing for upper respiratory tract infections in children at primary care facilities in rural China:

a cluster-randomised controlled trial. Lancet Glob Health. 2017;5(12):€1258-e1267. doi:10.1016/52214-109X(17)
30383-2

30. van Buul LW, van der Steen JT, Achterberg WP, et al. Effect of tailored antibiotic stewardship programmes on
the appropriateness of antibiotic prescribing in nursing homes. J Antimicrob Chemother. 2015;70(7):2153-2162.

31. Tavares M, Carvalho AC, Almeida JP, et al. Implementation and impact of an audit and feedback antimicrobial
stewardship intervention in the orthopaedics department of a tertiary-care hospital: a controlled interrupted time
series study. Int J Antimicrob Agents. 2018;51(6):925-931.

32. Talpaert MJ, Gopal Rao G, Cooper BS, Wade P. Impact of guidelines and enhanced antibiotic stewardship on
reducing broad-spectrum antibiotic usage and its effect on incidence of Clostridium difficile infection. J Antimicrob
Chemother. 2011;66(9):2168-2174.

33. Strumann C, Steinhaeuser J, Emcke T, Sénnichsen A, Goetz K. Communication training and the prescribing
pattern of antibiotic prescription in primary health care. PLoS One. 2020;15(5):e0233345.

34. Stenehjem E, Hersh AL, Buckel WR, et al. Impact of implementing antibiotic stewardship programs in 15 small
hospitals: a cluster-randomized intervention. Clin Infect Dis. 2018;67(4):525-532. doi:10.1371/journal.pone.
0233345

[5 JAMA Network Open. 2023;6(2):€2253806. doi:10.1001/jamanetworkopen.2022.53806 February 9,2023 12/15

Downloaded From: https://jamanetwork.com/ by a St George's, University of London User on 02/23/2023


https://www.ncbi.nlm.nih.gov/pubmed/28475777
https://www.ncbi.nlm.nih.gov/pubmed/28629876
https://www.ncbi.nlm.nih.gov/pubmed/29340609
https://www.ncbi.nlm.nih.gov/pubmed/33737132
https://prisma-statement.org/
https://prisma-statement.org/
https://www.ephpp.ca/PDF/Quality%20Assessment%20Tool_2010_2.pdf
https://www.ncbi.nlm.nih.gov/pubmed/17163895
https://www.ncbi.nlm.nih.gov/pubmed/31378384
https://www.ncbi.nlm.nih.gov/pubmed/31378384
https://www.ncbi.nlm.nih.gov/pubmed/25361866
https://www.ncbi.nlm.nih.gov/pubmed/30406508
https://blogs.worldbank.org/opendata/new-world-bank-country-classifications-income-level-2021-2022
https://blogs.worldbank.org/opendata/new-world-bank-country-classifications-income-level-2021-2022
https://www.who.int/publications/i/item/2021-aware-classification
https://www.ncbi.nlm.nih.gov/pubmed/25913640
https://www.ncbi.nlm.nih.gov/pubmed/26809591
https://www.ncbi.nlm.nih.gov/pubmed/26809591
https://dx.doi.org/10.1371/journal.pmed.1002733
https://dx.doi.org/10.1016/S2214-109X(17)30383-2
https://dx.doi.org/10.1016/S2214-109X(17)30383-2
https://www.ncbi.nlm.nih.gov/pubmed/25745104
https://www.ncbi.nlm.nih.gov/pubmed/29339298
https://www.ncbi.nlm.nih.gov/pubmed/21676904
https://www.ncbi.nlm.nih.gov/pubmed/21676904
https://www.ncbi.nlm.nih.gov/pubmed/32428012
https://dx.doi.org/10.1371/journal.pone.0233345
https://dx.doi.org/10.1371/journal.pone.0233345

JAMA Network Open | Public Health Antimicrobial Stewardship Programs and Antibiotic Use Globally

35. Sloane PD, Zimmerman S, Ward K, et al. A 2-year pragmatic trial of antibiotic stewardship in 27 community
nursing homes. J Am Geriatr Soc. 2020;68(1):46-54.

36. Singh S, Menon VP, Mohamed ZU, et al. Implementation and impact of an antimicrobial stewardship program
at a tertiary care center in South India. Open Forum Infect Dis. 2018;6(4):0fy290. doi:10.1093/ofid/ofy290

37. Sikkens JJ, van Agtmael MA, Peters EJG, et al. Behavioral approach to appropriate antimicrobial prescribing in
hospitals: the Dutch Unique Method for Antimicrobial Stewardship (DUMAS) participatory intervention study.
JAMA Intern Med. 2017;177(8):1130-1138.

38. Sid Ahmed MA, Abdel Hadi H, Abu Jarir S, et al. Impact of an antimicrobial stewardship programme on
antimicrobial utilization and the prevalence of MDR Pseudomonas aeruginosa in an acute care hospital in Qatar.
JAC Antimicrob Resist. 2020;2(3):dlaa050. doi:10.1093/jacamr/dlaa050

39. Ruiz J, Ramirez P, Gordon M, et al. Antimicrobial stewardship programme in critical care medicine:
a prospective interventional study. Med Intensiva (Engl Ed). 2018;42(5):266-273.

40. Regev-Yochay G, Raz M, Dagan R, et al. Reduction in antibiotic use following a cluster randomized controlled
multifaceted intervention: the Israeli judicious antibiotic prescription study. Clin Infect Dis. 2011;53(1):33-41.

41. Rahbarimanesh A, Mojtahedi SY, Sadeghi P, et al. Antimicrobial stewardship program (ASP): an effective
implementing technique for the therapy efficiency of meropenem and vancomycin antibiotics in Iranian pediatric
patients. Ann Clin Microbiol Antimicrob. 2019;18(1):6. doi:10.1186/512941-019-0305-1

42. Pitiriga V, Kanellopoulos P, Kampos E, Panagiotakopoulos G, Tsakris A, Saroglou G. Antimicrobial stewardship
program in a Greek hospital: implementing a mandatory prescription form and prospective audits. Future
Microbiol. 2018;13:889-896.

43. Pate PG, Storey DF, Baum DL. Implementation of an antimicrobial stewardship program at a 60-bed long-term
acute care hospital. Infect Control Hosp Epidemiol. 2012;33(4):405-408.

44, Ouldali N, Belléttre X, Milcent K, et al. Impact of implementing national guidelines on antibiotic prescriptions
for acute respiratory tract infections in pediatric emergency departments: an interrupted time series analysis. Clin
Infect Dis. 2017;65(9):1469-1476.

45. Newland JG, Stach LM, De Lurgio SA, et al. Impact of a prospective-audit-with-feedback antimicrobial
stewardship program at a children’s hospital. J Pediatric Infect Dis Soc. 2012;1(3):179-186.

46. McNulty C, Hawking M, Lecky D, et al. Effects of primary care antimicrobial stewardship outreach on antibiotic
use by general practice staff: pragmatic randomized controlled trial of the TARGET antibiotics workshop.
J Antimicrob Chemother. 2018;73(5):1423-1432.

47. March-Lopez P, Madridejos R, Tomas R, et al. Impact of a multifaceted antimicrobial stewardship intervention
in a primary health care area: a quasi-experimental study. Front Pharmacol. 2020;11:398.

48. LuC, LiuQ, Yuan H, Wang L. Implementation of the Smart Use of Antibiotics Program to reduce unnecessary
antibiotic use in a neonatal ICU: a prospective interrupted time-series study in a developing country. Crit Care
Med. 2019;47(1):el-e7.

49. Llor C, Cots JM, Gonzalez Lopez-Valcarcel B, et al. Effect of two interventions on reducing antibiotic
prescription in pharyngitis in primary care. J Antimicrob Chemother. 2011;66(1):210-215.

50. Little P, Stuart B, Francis N, et al; GRACE consortium. Effects of internet-based training on antibiotic
prescribing rates for acute respiratory-tract infections: a multinational, cluster, randomised, factorial, controlled
trial. Lancet. 2013;382(9899):1175-1182.

51. Le Corvoisier P, Renard V, Roudot-Thoraval F, et al. Long-term effects of an educational seminar on antibiotic
prescribing by GPs: a randomised controlled trial. Br J Gen Pract. 2013;63(612):e455-e464.

52. Kreitmeyr K, von Both U, Pecar A, Borde JP, Mikolajczyk R, Huebner J. Pediatric antibiotic stewardship:
successful interventions to reduce broad-spectrum antibiotic use on general pediatric wards. Infection. 2017;45
(4):493-504.

53. Jenkins TC, Knepper BC, Shihadeh K, et al. Long-term outcomes of an antimicrobial stewardship program

implemented in a hospital with low baseline antibiotic use. Infect Control Hosp Epidemiol. 2015;36(6):664-672.

54. Hurlimann D, Limacher A, Schabel M, et al; Swiss Sentinel Working Group. Improvement of antibiotic
prescription in outpatient care: a cluster-randomized intervention study using a sentinel surveillance network of
physicians. J Antimicrob Chemother. 2015;70(2):602-608.

55. Gonzales R, Anderer T, McCulloch CE, et al. A cluster randomized trial of decision support strategies for
reducing antibiotic use in acute bronchitis. JAMA Intern Med. 2013;173(4):267-273.

[5 JAMA Network Open. 2023;6(2):€2253806. doi:10.1001/jamanetworkopen.2022.53806 February 9,2023 13/15

Downloaded From: https://jamanetwork.com/ by a St George's, University of London User on 02/23/2023


https://www.ncbi.nlm.nih.gov/pubmed/31317534
https://dx.doi.org/10.1093/ofid/ofy290
https://www.ncbi.nlm.nih.gov/pubmed/28459929
https://dx.doi.org/10.1093/jacamr/dlaa050
https://www.ncbi.nlm.nih.gov/pubmed/28882325
https://www.ncbi.nlm.nih.gov/pubmed/21653300
https://dx.doi.org/10.1186/s12941-019-0305-1
https://www.ncbi.nlm.nih.gov/pubmed/29661029
https://www.ncbi.nlm.nih.gov/pubmed/29661029
https://www.ncbi.nlm.nih.gov/pubmed/22418638
https://www.ncbi.nlm.nih.gov/pubmed/29048511
https://www.ncbi.nlm.nih.gov/pubmed/29048511
https://www.ncbi.nlm.nih.gov/pubmed/26619405
https://www.ncbi.nlm.nih.gov/pubmed/29514268
https://www.ncbi.nlm.nih.gov/pubmed/32300302
https://www.ncbi.nlm.nih.gov/pubmed/30285980
https://www.ncbi.nlm.nih.gov/pubmed/30285980
https://www.ncbi.nlm.nih.gov/pubmed/21081543
https://www.ncbi.nlm.nih.gov/pubmed/23915885
https://www.ncbi.nlm.nih.gov/pubmed/23834882
https://www.ncbi.nlm.nih.gov/pubmed/28397171
https://www.ncbi.nlm.nih.gov/pubmed/28397171
https://www.ncbi.nlm.nih.gov/pubmed/25740560
https://www.ncbi.nlm.nih.gov/pubmed/25326088
https://www.ncbi.nlm.nih.gov/pubmed/23319069

JAMA Network Open | Public Health Antimicrobial Stewardship Programs and Antibiotic Use Globally

56. Gong S, Qiu X, Song Y, et al. Effect of financially punished audit and feedback in a pediatric setting in China,
within an antimicrobial stewardship program, and as part of an international accreditation process. Front Public
Health. 2016;4(4):99. doi:10.3389/fpubh.2016.00099

57. Fleet E, Gopal Rao G, Patel B, et al. Impact of implementation of a novel antimicrobial stewardship tool on
antibiotic use in nursing homes: a prospective cluster randomized control pilot study. J Antimicrob Chemother.
2014;69(8):2265-2273.

58. Elligsen M, Walker SA, Pinto R, et al. Audit and feedback to reduce broad-spectrum antibiotic use among
intensive care unit patients: a controlled interrupted time series analysis. Infect Control Hosp Epidemiol. 2012;33
(4):354-361.

59. Dik JWH, Hendrix R, Lo-Ten-Foe JR, et al. Automatic day-2 intervention by a multidisciplinary antimicrobial
stewardship-team leads to multiple positive effects. Front Microbiol. 2015;6:546. doi:10.3389/fmicb.2015.00546

60. DiPentima MC, Chan S, Hossain J. Benefits of a pediatric antimicrobial stewardship program at a children’s
hospital. Pediatrics. 2011;128(6):1062-1070.

61. ChangY, Sangthong R, McNeil EB, Tang L, Chongsuvivatwong V. Effect of a computer network-based feedback
program on antibiotic prescription rates of primary care physicians: a cluster randomized crossover-controlled
trial. J Infect Public Health. 2020;13(9):1297-1303.

62. Butt SZ, Ahmad M, Saeed H, Saleem Z, Javaid Z. Post-surgical antibiotic prophylaxis: impact of pharmacist's
educational intervention on appropriate use of antibiotics. J Infect Public Health. 2019;12(6):854-860.

63. Brink AJ, Messina AP, Feldman C, et al; Netcare Antimicrobial Stewardship Study Alliance. Antimicrobial
stewardship across 47 South African hospitals: an implementation study. Lancet Infect Dis. 2016;16(9):1017-1025.

64. Borde JP, Kern WV, Hug M, et al. Implementation of an intensified antibiotic stewardship programme
targeting third-generation cephalosporin and fluoroquinolone use in an emergency medicine department. Emerg
Med J. 2015;32(7):509-515.

65. Borde JP, Kaier K, Steib-Bauert M, et al. Feasibility and impact of an intensified antibiotic stewardship
programme targeting cephalosporin and fluoroquinolone use in a tertiary care university medical center. BMC
Infect Dis. 2014;14:201.

66. Alvarez-LermaF, Grau S, Echeverria-Esnal D, et al. A before-and-after study of the effectiveness of an
antimicrobial stewardship program in critical care. Antimicrob Agents Chemother. 2018;62(4):e01825-17. doi:10.
1128/AAC.01825-17

67. Aldeyab MA, Kearney MP, Scott MG, et al. An evaluation of the impact of antibiotic stewardship on reducing
the use of high-risk antibiotics and its effect on the incidence of Clostridium difficile infection in hospital settings.
J Antimicrob Chemother. 2012;67(12):2988-2996.

68. Al-Omari A, Al Mutair A, Alhumaid S, et al. The impact of antimicrobial stewardship program implementation
at four tertiary private hospitals: results of a five-years pre-post analysis. Antimicrob Resist Infect Control. 2020;
9(1):95.

69. AlBahar F, Curtis CE, Alhamad H, Marriott JF. The impact of a computerised decision support system on
antibiotic usage in an English hospital. Int J Clin Pharm. 2020;42(2):765-771.

70. AdhikariS, Piza M, Taylor P, Deshpande K, Lam D, Konecny P. Sustained multimodal antimicrobial stewardship
in an Australian tertiary intensive care unit from 2008-2015: an interrupted time-series analysis. /nt J Antimicrob
Agents. 2018;51(4):620-628.

71. Abubakar U, Syed Sulaiman SA, Adesiyun AG. Impact of pharmacist-led antibiotic stewardship interventions on
compliance with surgical antibiotic prophylaxis in obstetric and gynecologic surgeries in Nigeria. PLoS One. 2019;
14(3):e0213395.

72. Abdallah M, Badawi M, Amirah MF, et al. Impact of carbapenem restriction on the antimicrobial susceptibility
pattern of Pseudomonas aeruginosa isolates in the ICU. J Antimicrob Chemother. 2017;72(11):3187-3190.

73. Klein EY, Milkowska-Shibata M, Tseng KK, et al. Assessment of WHO antibiotic consumption and access targets
in 76 countries, 2000-15: an analysis of pharmaceutical sales data. Lancet Infect Dis. 2021;21(1):107-115.

74. Jackson C, Hsia Y, Bielicki JA, et al. Estimating global trends in total and childhood antibiotic consumption,
2011-2015. BMJ Glob Health. 2019;4(1):e001241. doi:10.1136/bmjgh-2018-001241

75. Berhe DF, Beyene GT, Seyoum B, et al. Prevalence of antimicrobial resistance and its clinical implications in
Ethiopia: a systematic review. Antimicrob Resist Infect Control. 2021;10(1):168. doi:10.1186/513756-021-00965-0

76. Holloway KA, Kotwani A, Batmanabane G, Puri M, Tisocki K. Antibiotic use in South East Asia and policies to
promote appropriate use: reports from country situational analyses. BMJ. 2017;358:j2291.

[5 JAMA Network Open. 2023;6(2):€2253806. doi:10.1001/jamanetworkopen.2022.53806 February 9,2023 14/15

Downloaded From: https://jamanetwork.com/ by a St George's, University of London User on 02/23/2023


https://dx.doi.org/10.3389/fpubh.2016.00099
https://www.ncbi.nlm.nih.gov/pubmed/24777901
https://www.ncbi.nlm.nih.gov/pubmed/24777901
https://www.ncbi.nlm.nih.gov/pubmed/22418630
https://www.ncbi.nlm.nih.gov/pubmed/22418630
https://dx.doi.org/10.3389/fmicb.2015.00546
https://www.ncbi.nlm.nih.gov/pubmed/22106075
https://www.ncbi.nlm.nih.gov/pubmed/32554035
https://www.ncbi.nlm.nih.gov/pubmed/31196776
https://www.ncbi.nlm.nih.gov/pubmed/27312577
https://www.ncbi.nlm.nih.gov/pubmed/25261006
https://www.ncbi.nlm.nih.gov/pubmed/25261006
https://www.ncbi.nlm.nih.gov/pubmed/24731220
https://www.ncbi.nlm.nih.gov/pubmed/24731220
https://dx.doi.org/10.1128/AAC.01825-17
https://dx.doi.org/10.1128/AAC.01825-17
https://www.ncbi.nlm.nih.gov/pubmed/22899806
https://www.ncbi.nlm.nih.gov/pubmed/32600391
https://www.ncbi.nlm.nih.gov/pubmed/32600391
https://www.ncbi.nlm.nih.gov/pubmed/32279235
https://www.ncbi.nlm.nih.gov/pubmed/29410029
https://www.ncbi.nlm.nih.gov/pubmed/29410029
https://www.ncbi.nlm.nih.gov/pubmed/30845240
https://www.ncbi.nlm.nih.gov/pubmed/30845240
https://www.ncbi.nlm.nih.gov/pubmed/28961733
https://www.ncbi.nlm.nih.gov/pubmed/32717205
https://dx.doi.org/10.1136/bmjgh-2018-001241
https://dx.doi.org/10.1186/s13756-021-00965-0
https://www.ncbi.nlm.nih.gov/pubmed/28874360

JAMA Network Open | Public Health Antimicrobial Stewardship Programs and Antibiotic Use Globally

77. Kakkar M, Sharma A, Vong S. Developing a situation analysis tool to assess containment of antimicrobial
resistance in South East Asia. BMJ. 2017;358:j3760.

78. Shah AS, Karunaratne K, Shakya G, et al. Strengthening laboratory surveillance of antimicrobial resistance in
South East Asia. BMJ. 2017;358:j3474.

SUPPLEMENT1.

eTable 1. Search String for the Systematic Review and Meta-analysis

eTable 2. Inclusion and Exclusion Criteria for Article Screening

eTable 3. Quality Assessment of the 57 Studies Using the Effective Public Health Practice Project Quality
Assessment Tool

eTable 4. Characteristic of Included Studies in the Systematic Review and Meta-analysis

eTable 5. Summary of ASP Components Identified in the Included Studies

eFigure 1. Change in Total Antibiotic Consumption after ASPs (DDD or DOT per 100 Patient-Days)
eFigure 2. Subgroup Analyses (Antibiotic Prescriptions)

eFigure 3. Subgroup Analyses (Consumption in DDD per 100 Patient-Days)

eFigure 4. Meta-analysis Summary (Antibiotic Consumption in DDD per 100 Patient-Days)

SUPPLEMENT 2.
Data Sharing Statement

[5 JAMA Network Open. 2023;6(2):€2253806. doi:10.1001/jamanetworkopen.2022.53806 February 9,2023 15/15

Downloaded From: https://jamanetwork.com/ by a St George's, University of London User on 02/23/2023


https://www.ncbi.nlm.nih.gov/pubmed/28874347
https://www.ncbi.nlm.nih.gov/pubmed/28874340

