Supplementary data 1. Search terms and search strategies

1. PubMed [5063]

(antimicrobial* [Title/Abstract] OR antibiotic [Title/Abstract] OR microbial [Title/Abstract] OR
bacterial*[Title/Abstract] OR multi-drug [Title/Abstract] OR multidrug [Title/Abstract] OR
multiple-drug[Title/Abstract] OR multiple drug [Title/Abstract] OR gram-positive[Title/Abstract]
OR gram-negative[Title/Abstract] OR enterococcus|Title/Abstract] OR
escherichia[Title/Abstract] OR klebsiella[Title/Abstract] OR enterobacter[Title/Abstract] OR
pseudomonas|Title/Abstract] OR acinetobacter[Title/Abstract] OR
staphylococcus[Title/Abstract]) AND

(resistan*[Title/Abstract] OR MDRJTitle/Abstract] OR susceptib*[Title/Abstract] OR
nonsusceptib*[Title/Abstract]) AND

(economic*[Title] OR cost*[Title] OR length of stay[Title] OR hospital stay*[Title] OR
mortality[Title] OR clinical[Title] OR resource utilization[Title] OR burden[Title] OR
outcome(Title]) AND

(inpatients [Mesh terms] OR outpatients [Mesh terms] OR inpatient*[Title/Abstract] OR
outpatient*[Title/Abstract] OR hospital[Title/Abstract] OR hospitals[Title/Abstract] OR
hospitalization[Title/Abstract] OR hospitalized[Title/Abstract])

2. Web of Science [1250]

(antimicrobial* OR antibiotic OR microbial OR bacterial* OR multi-drug OR multidrug OR
multiple-drug OR multiple drug OR gram-positive OR gram-negative OR enterococcus OR
escherichia OR klebsiella OR enterobacter OR pseudomonas OR acinetobacter OR
staphylococcus) [Topic] AND

(resistan* OR MDR OR susceptib* OR nonsusceptib*) [Topic] AND

(inpatients OR outpatients OR patients OR patient OR hospital OR hospitals OR
hospitalization OR hospitalized) [Topic] AND

(economic* OR cost* OR length of stay OR hospital stay* OR mortality OR clinical OR
outcome OR burden OR resource utilization) [Title]

3. Embase [7010]

(‘antimicrobial*:ab,ti OR ‘antibiotic’:ab,ti OR ‘microbial’:ab,ti OR ‘bacterial’:ab,ti OR ‘multi-

drug’:ab,ti OR ‘multidrug’:ab,ti OR ‘multiple-drug’:ab,ti OR ‘multiple drug’:ab,ti OR ‘gram-

positive:ab,ti OR ‘gram-negative’:ab,ti OR ‘enterococcus’:ab,ti OR ‘escherichia’:ab,ti OR

‘klebsiella’:ab,ti OR ‘enterobacter’:ab,ti OR ‘pseudomonas’:ab,ti OR ‘acinetobacter’:ab,ti OR

‘staphylococcus’:ab,ti) AND

(‘resistan*’:ab,ti OR ‘MDR’:ab,ti OR ‘susceptib*:ab,ti OR ‘nonsusceptib*:ab,ti) AND
(‘economic™’:ti OR ‘cost™’:ti OR ‘length of stay’:ti OR ‘hospital stay*’:ti OR ‘mortality’:ti OR

‘clinical’:ti OR ‘outcome’:ti OR ‘burden’:ti OR ‘resource utilization’:ti) AND

(‘hospital patient/exp OR ‘inpatients’:ab,ti OR ‘outpatients’ab,ti OR ‘hospital’:ab,ti OR

‘hospitals’:ab,ti OR ‘hospitalization’:ab,ti OR ‘hospitalized’:ab,ti)

4. CNKI [242]
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5. Wanfang data [105]
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6. CQVIP [23]
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Supplementary data 2: Study characteristics

Table S1. Studies describing hospital mortality among inpatients with antibiotic resistance and multi-drug resistance.

Author Year Type of study Methods Province Hospital ~ Study period  Study Infection Type Hospital Bacteria
setting population wards
Guo et al. [43] 2017 retrospective cohort PSM/ significant test Shanghai single 2008-2013 adult patients HAI N/A A. baumannii
>16 years
Hu et al. [42] 2014 retrospective binary multivariate Zhejiang multiple  2011-2012 N/A NI N/A gram-negative
regression
Huang [41] 2015 retrospective significant test Zhejiang single 2009-2011 N/A HAI ICU K. pneumoniae
Li et al. [38] 2014 retrospective case-control significant test Guangdong single 2011 N/A N/A ICU gram-negative/gram
positive
Liang [36] 2014 prospective multivariate regression Hebei single 2012-2013 patients with pulmonary HAI ~ ICU/ A. baumannii
/respiratory/emergency mechanical respiratory/
ventilation emergency
Lv et al. [34] 2015 retrospective significant test Zhejiang single 2011-2014 N/A infection N/A P. aeruginosa
Pei [32] 2015 retrospective significant test Anhui single 2010-2012 N/A infection N/A A. baumannii
Wang [31] 2018 retrospective significant test Zhejiang single 2016-2017 N/A BSI N/A gram-negative
Wang et al. [29] 2016 retrospective case-control multivariate logistic Jiangsu single 2010-2014 N/A pneumonia N/A A. baumannii
regression
Zhang et al. [24] 2013 retrospective case-control matching/ significant test Hubei single 2009-2011 N/A BSI N/A S. aureus
Zhou et al. [23] 2015 retrospective case-control multivariate logistic Sichuan single 2009-2013 N/A BSI N/A S. aureus
regression
Chen et al. [22] 2016 retrospective case-control significant test Jiangsu single 2013-2014 adult patients HAI pneumonia  N/A S. aureus
PSM/ significant test >18 years
Cui et al. [21] 2012 retrospective case-control matching/multivariate Beijing single 2007-2009 N/A NI N/A A. baumannii
logistic regression
Long [20] 2015 retrospective case-control matching/ significant test Shanghai single 2006-2014 children BSI N/A Gram-negative
Zhuetal. [1] 2016 retrospective multivariate logistic Guangdong single 2011-2014 patients>l year ~ nosocomial BSI  N/A S. aureus
regression
Yang et al. [3] 2018 retrospective case-control cox regression analysis Chongqing single 2011-2015 adult nosocomial N/A A. baumannii
inpatients> 18 bacteremia
years
Chen et al. [6] 2018 retrospective cohort significant test Zhejiang single 2014-2018 adult inpatients ~ N/A N/A P. aeruginosa
PSM >18 years
Meng et al. [7] 2017 retrospective case-control multivariate logistic Hunan single 2012-2015 N/A HAI N/A E. coli
regression
Zheng et al. [8] 2013 retrospective cohort multivariate backward Jiangsu single 2006-2011 N/A nosocomial N/A A. baumannii
logistic regression pneumonia
Yuan et al. [9] 2017 retrospective cohort multiple stepwise logistic Shanghai single 2013 N/A NI N/A P. aeruginosa
regression
Xiao et al. [10] 2018 retrospective binary logistic regression Zhejiang single 2013-2015 adult inpatients ~ BSI N/A K. pneumoniae
>16 years
Wang et al. [11] 2018 retrospective case-control multiple stepwise regression Beijing single 2010-2014 adult inpatients  infection N/A K. pneumoniae

> 18 years



Tian et al. [12]
Jiao et al. [13]

Huang et al. [14]
Yang et al. [19]
Cao et al. [16]

Jiaetal. [17]
Cai et al. [18]

2016
2015

2018

2009

2004

2015
2012

retrospective
retrospective case-control
retrospective cohort
retrospective cohort
retrospective case control/

cohort
retrospective case control

retrospective

multivariate logistic analysis

multiple stepwise regression

Shanghai
Shanghai

PSM/ significant test
significant test

multiple stepwise linear

regression
multivariable logistic
regression
significant test

significant test

Sichuan

Beijing/ Shandong/
Hubei/ Sichuan/ Ningxia

Beijing
Chongqing
Hubei

single
single
single
multiple
single
single

single

2011-2015 N/A BSI
2010-2011 adult inpatients ~ HAI or
>18 years colonization
2017 N/A N/A
2005 N/A N/A
1999-2002 N/A N/A
2011-2014 N/A N/A
2009-2011 Children N/A

N/A
N/A

N/A
N/A
N/A

N/A
pediatric ICU

K. pneumoniae

K. pneumoniae

K. pneumoniae
gram positive/ gram
negative

P. aeruginosa

Enterococcus

A. baumannii

PSM: propensity score matching; HAI: healthcare acquired infection; NI: nosocomial infection; BSI: bloodstream infection; ICU: intensive care unit; A. baumannii: Acinetobacter baumannii,
K. pneumoniae: Klebsiella pneumoniae; P. aeruginosa: Pseudomonas aeruginosa; S. aureus: Staphylococcus aureus; E. coli: Escherichia coli.

Table S2. Studies describing hospital stay among patients with antibiotic resistance and multi-drug resistance.

Author Year Type of study Methods Province Hospital ~ Study period  Study population Infection Type Hospital wards Bacteria
setting

Fu et al. [44] 2014  case-control matching/ significant test ~ Fujian single 2012-2013 N/A infection N/A S. aureus
Guo et al. [43] 2017  retrospective cohort PSM/ significant test Shanghai single 2008-2013 adult patients >16 ~ HAI N/A A. baumannii

years
Hu et al. [42] 2014  retrospective significant test Zhejiang multiple  2011-2012 N/A NI N/A gram-negative
Huang [41] 2015  retrospective significant test Zhejiang single 2009-2011 N/A HAI ICU K. pneumonia
Jiang et al. [40] 2016  retrospective matching/ significant test ~Shandong single 2015 N/A NI N/A gram-negative/gram-positive
Lietal. [39] 2018  retrospective significant test Anhui single 2016-2017 patients with community- respiratory and gram-negative/gram-positive

bronchiectasis and  acquired infection  ICU

infection
Lietal. [37] 2016  retrospective significant test Fujian single 2009-2013 N/A NI respiratory K. pneumonia
Liang [36] 2014  prospective significant test Hebei single 2012-2013 patients with pulmonary HAT ICU/ respiratory/ A. baumannii

mechanical emergency

ventilation
Liu [35] 2018  retrospective case-control PSM/ significant test Hubei multiple  2013-2015 N/A N/A N/A gram-negative/gram-positive
Lv et al. [34] 2015  retrospective significant test Zhejiang single 2011-2014 N/A infection N/A P. aeruginosa
Pan et al. [33] 2018  retrospective significant test Yunnan single 2012-2015 surgical inpatients  infection N/A gram-negative/gram-positive
Pei [32] 2015  retrospective significant test Anhui single 2010-2012 N/A infection N/A A. baumannii
Wang [31] 2018  retrospective significant test Zhejiang single 2016-2017 N/A BSI N/A gram-negative
Jiang et al. [30] 2018  retrospective significant test Sichuan single 2014-2015 N/A infection respiratory gram-negative

medicine

Wang et al. [29] 2016 retrospective case-control significant test Jiangsu single 2010-2014 N/A pneumonia N/A A. baumannii

4



Wu et al. [28]
Xing et al. [27]
Xu et al. [26]

Yu [25]
Zhang et al. [24]
Zhou et al. [23]

Chen et al. [22]

Cui et al. [21]
Long [20]

Zhuetal. [1]
Hu et al. [2]

Zhen et al. [4]

Zhen et al. [5]
Chen et al. [6]

Wang et al. [11]

Tian et al. [12]
Jiao et al. [13]

2018
2017
2017

2016
2013
2015

2016

2012
2015

2016
2010

2017

2018
2018

2018

2016
2015

retrospective case-control
retrospective case-control

retrospective

retrospective case-control
retrospective case-control

retrospective case-control

retrospective case-control

retrospective case-control
retrospective case-control

retrospective

retrospective
retrospective

retrospective

retrospective cohort

retrospective case-control

retrospective

retrospective case-control

matching/ significant test
significant test

significant test

significant test
matching/ significant test

significant test

significant test

PSM/ significant test
significant test

PSM/ significant test
matching/significant test
matching/ significant test
significant test
generalized linear model
multivariate linear

analysis
significant test

significant test
PSM
significant test
PSM

significant test

significant test

significant test

Chongqing
Shandong
Hubei

Zhejiang
Hubei

Sichuan

Jiangsu

Beijing
Shanghai

Guangdong

Shanghai/ Beijing/
Zhejiang
Zhejiang

Zhejiang
Zhejiang

Beijing
Shanghai
Shanghai

single
single

single

single
single

single

single

single
single
single
multiple
single
single

single

single
single

single

2014-2016
2013-2015
2015

2013-2014
2009-2011
2009-2013

2013-2014

2007-2009
2006-2014

2011-2014
2006-2007

2013-2015

2013-2015
2014-2018

2010-2014

2011-2015
2010-2011

N/A
N/A
N/A

N/A
N/A
N/A

adult patients >18
years

N/A

children
patients>1 year
N/A

N/A

N/A

adult inpatients
>18 years

adult inpatients >
18 years
N/A

inpatients >18
years

infection
infection

infection

infection
BSI
BSI

HAI pneumonia

NI

BSI

nosocomial BSI
A1

N/A

1AL
N/A

infection

BSI

HAI or
colonization

N/A
N/A
N/A

N/A
N/A
N/A

N/A

N/A
N/A

N/A
N/A

N/A

N/A
N/A

N/A

N/A
N/A

A. baumannii

gram-negative/gram-positive

E. coli

K. pneumonia
Proteus mirabilis
A. baumannii

P. aeruginosa

Enterobacter cloacae

S. aureus

coagulase-negative
Staphylococci
S. aureus

S. aureus

S. aureus

S. aureus

A. baumannii
gram-negative

S. aureus

E. coli/ Klebsiella spp.

A. baumannii

gram-negative/gram-positive

P. aeruginosa

K. pneumoniae

K. pneumoniae

K. pneumoniae



Huang et al. [14]

Yang et al. [19]

Lietal [15]

Jiaetal. [17]
Cai et al. [18]

2018

2009

2016

2015
2012

retrospective cohort

retrospective cohort

retrospective

retrospective case control

retrospective

PSM/ significant test
significant test
significant test
significant test

multiple stepwise linear

regression

significant test

significant test

significant test

Sichuan

Beijing/ Shandong/

Hubei/ Sichuan/
Ningxia

Guangdong

Chongqing
Hubei

single 2017 N/A N/A

multiple 2005 N/A N/A

multiple  2008-2013 adult patients >18  N/A
years

single 2011-2014 N/A N/A

single 2009-2011 Children N/A

N/A

N/A

N/A

N/A
pediatric ICU

K. pneumoniae

gram-negative/gram-positive

S. aureus

Enterococcus

A. baumannii

PSM: propensity score matching; HAI: healthcare acquired infection; NI: nosocomial infection; BSI: bloodstream infection; IAl: intra-abdominal infection; ICU: intensive care unit; 4.
baumannii: Acinetobacter baumannii; K. pneumoniae: Klebsiella pneumoniae; P. aeruginosa: Pseudomonas aeruginosa; S. aureus: Staphylococcus aureus; E. coli: Escherichia coli.

Table S3. Studies describing hospital costs among patients with antibiotic resistance and multi-drug resistance.

Author Year  Type of study Methods Province Hospital Study Study Infection Hospital Bacteria
setting period population Type wards
Fu et al. [44] 2014  case-control matching/ significant test ~ Fujian single 2012-2013 N/A infection N/A S. aureus
Lietal. [15] 2016  retrospective significant test Guangdong multiple 2008-2013 adult patients ~ N/A N/A S. aureus
=18 years
Chen et al. [22] 2016  retrospective case-control significant test Jiangsu single 2013-2014 adult patients ~ HAI N/A S. aureus
=18 neumonia
PSM/ significant test years P
Hu et al. [42] 2014  retrospective significant test Zhejiang multiple 2011-2012 N/A NI N/A gram-negative
Long [20] 2015  retrospective case-control matching/ significant test ~ Shanghai single 2006-2014 children BSI N/A gram-negative
Jiang et al. [40] 2016  retrospective matching/ significant test ~Shandong single 2015 N/A NI N/A gram-positive/ gram-negative
Lietal. [39] 2018  retrospective significant test Anhui single 2016-2017 patients with community-  respiratory gram-positive/ gram-negative
bronchiectasis  acquired and ICU
and infection infection
Liu [35] 2018  retrospective case-control PSM/ significant test Hubei multiple 2013-2015 N/A gram-positive/ gram-negative
Pan et al. [33] 2018  retrospective significant test Yunnan single 2012-2015 surgical infection N/A gram-positive/ gram-negative
inpatients
Yang et al. [19] 2009  retrospective cohort multiple 2005 N/A N/A N/A gram positive/ gram negative



Xing et al. [27]
Zhen et al. [5]
Guo et al. [43]

Wu et al. [28]
Cui et al. [21]
Zhen et al. [4]

Chen et al. [6]

Xu et al. [26]

Hu et al. [2]

Meng et al. [7]

Huang et al. [14]

2017
2018
2017

2018
2012
2017

2018

2017

2010

2017
2018

retrospective case-control
retrospective

retrospective cohort

retrospective case-control
retrospective case-control

retrospective

retrospective cohort

retrospective

retrospective

retrospective case-control

retrospective cohort

multiple stepwise linear
regression
significant test

significant test

PSM/ significant test

matching/ significant test
matching/significant test
multivariate linear
analysis

significant test

PSM

significant test

PSM

significant test

generalized linear model

Significant test

PAMY/ significant test

Beijing/ Shandong/ Hubei/

Sichuan/ Ningxia
Shandong single 2013-2015 N/A
Zhejiang single 2013-2015 N/A
Shanghai single 2008-2013 adult patients
=16 years
Chongqing single 2014-2016  N/A
Beijing single 2007-2009 N/A
Zhejiang single 2013-2015 N/A
Zhejiang single 2014-2018 adult
inpatients =
18 years
Hubei single 2015 N/A
Shanghai/ Beijing/ multiple 2006-2007 N/A
Zhejiang
Hunan single 2012-2015 N/A
Sichuan single 2017 N/A

infection
IAI
HAI

infection
NI
N/A

N/A

infection

IAI

HAI
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A

N/A

N/A

N/A
N/A

gram-positive/ gram-negative
gram-positive/ gram-negative

A. baumannii

A. baumannii
A. baumannii

A. baumannii

P. aeruginosa

E. coli

K. pneumonia

Proteus mirabilis

A. baumannii

P. aeruginosa

Enterobacter cloacae

S. aureus

coagulase-negative Staphylococci

E. coli/ Klebsiella spp.

E. coli

K. pneumoniae

PSM: propensity score matching; HAI: healthcare acquired infection; NI: nosocomial infection; BSI: bloodstream infection; IAl: intra-abdominal infection; ICU: intensive care unit; 4.
baumannii: Acinetobacter baumannii; K. pneumoniae: Klebsiella pneumoniae; P. aeruginosa: Pseudomonas aeruginosa; S. aureus: Staphylococcus aureus; E. coli: Escherichia coli.



Supplementary data 3: Study quality assessment

Table S4. Quality assessment checklist for nonrandomized studies.

Domain Checklist Criteria Additional Information

Selection 1) Is the case definition adequate?

a) yes, with independent validation *

b) yes, eg record linkage or based on self-reports
¢) no description

2) Representativeness of the cases Assumption: Given the nature of the review, studies received a
a) consecutive or obviously representative series of cases * star if they discuss representation (and reasons for their study
b) potential for selection biases or not stated being representative) or if they are
multicentre/regional/national.

3) Selection of Controls Assumption: It was assumed that if the study was in a hospital
a) community controls * setting in which cases were hospital patients, hospital controls
b) hospital controls were accepted.
¢) no description
4) Definition of Controls Assumption: History of disease/infection was used in this
a) no history of disease (endpoint) * criteria even in studies looking at mortality or other burden
b) no description of source outcomes

Comparability 1) Comparability of cases and controls on the basis of the design | 2 * maximum allotted for this criteria.
or analysis Assumption: For studies in which hospital associated cases and
a) study controls for age/sex/comorbidities * LoS were being analysed, two stars were only given if time
b) study controls for any additional factor * dependency was controlled for

Exposure 1) Ascertainment of exposure Assumption: Studies which utilised lab techniques were used
a) secure record (eg surgical records) * to ascertain exposure received one star.

b) structured interview where blind to case/control status *
¢) interview not blinded to case/control status

d) written self-report or medical record only

¢) no description

2) Same method of ascertainment for cases and controls

a) yes *

b) no

3) Non-Response rate Assumption: No description of data cleaning or linkage and
a) same rate for both groups * loss to missing data for retrospective studies was panelised by
b) non respondents described not awarding a star

c) rate different and no designation

Table S5. Study quality of the included study.
Study Selection 1)  Selection2)  Selection3)  Selection4)  Comparability 1) Exposure 1) Exposure2) Exposure3) Total
* * * * *% * * *

(MAX. 9)
] 1 1 1 0 0 1 | 0 5
2] 1 1 1 1 2 1 : 0 8
3] 1 1 1 0 0 1 : 0 5
[4] 1 1 1 0 2 1 | 0 7
[5] 1 1 1 0 0 1 : 0 5
[6] 1 1 1 0 2 1 : 0 7
(7] 1 1 1 1 0 1 | 0 6
(8] 1 1 1 0 0 1 | 0 5
[9] 1 1 1 0 2 1 : 0 7
[10] 1 1 1 0 2 1 | 0 7
[11] 1 1 1 0 0 1 | 0 5
[12] 1 1 1 0 0 1 : 0 5
[13] 1 1 1 0 2 1 : 0 7
[14] 1 1 1 0 2 1 | 0 7
[15] 1 1 1 0 0 1 | 0 5
[16] 1 1 1 0 0 1 : 0 5
[17] 1 1 1 1 0 1 | 0 6
[18] 1 1 1 0 0 1 | 0 5
[19] 1 1 1 1 0 1 : 0 6
[20] 1 1 1 0 2 1 : 0 7
[21] 1 1 1 0 2 1 | 0 7
[22] 1 1 1 0 2 1 0 7
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