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The impact of antimicrobial de-escalation therapy in culture-negative
pneumonia: A systematic review and meta-analysis
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Antimicrobial de-escalation Meta-analysis «+ Shorter length of hospital stay
(ADE) (6 studies, 11.933 subjects)

Our findings suggest that ADE seems to be significantly associated with better clinical outcomes
Conclusion compared with non-ADE. Caution is demanded when interpreting data of this study because of
substantial between-study heterogeneity.

Background/Aims: Antimicrobial de-escalation (ADE) remains a challenging strategy in the treatment of pneumonia.
We investigated the outcomes of ADE as measured by mortality and duration of the use of antibiotics in patients with cul-
ture-negative pneumonia.

Methods: We performed a systematic review and meta-analysis in accordance with PRISMA guidelines. The primary out-
come was inpatient mortality.

Results: We examined six studies comprising 11,933 subjects, of whom 1,152 received ADE. Overall, the ADE strategy was
associated with a statistically lower risk of in-hospital mortality compared with non-ADE (risk ratio [RR] = 0.60, 95% confi-
dence interval [Cl] = 0.38 to 0.93). Although substantial heterogeneity was found among the included studies (> = 66%), a
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meta-regression analysis could not reveal plausible sources of heterogeneity. And ADE was associated with a shorter dura-
tion of total and initial antibiotic therapies and total length of hospital stay compared with non-ADE.

Conclusions: Our findings suggest that ADE seems to be significantly associated with better clinical outcomes
compared with non-ADE. Caution is demanded when interpreting data of this study because of substantial between-study

heterogeneity.
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INTRODUCTION

In patients with nosocomial pneumonia, empirical anti-
microbial therapies targeting multidrug-resistant (MDR)
pathogens such as Pseudomonas aeruginosa and methi-
cillin-resistant Staphylococcus aureus (MRSA) are associat-
ed with favorable outcomes [1]. However, excessive use of
broad-spectrum antimicrobials has been linked to the de-
velopment of adverse drug effects and superinfections such
as Clostridium difficile, as well as the emergence of MDR
pathogens [2]. Interventions that minimize antibiotic bur-
dens are needed.

Antimicrobial de-escalation (ADE) is a strategy to reduce
the spectrum of antimicrobial regimens and prevent the
development of drug resistance [3]. Current guidelines set
by the Infectious Diseases Society of America and Ameri-
can Thoracic Society advocate ADE based on culture results
and drug-susceptibilities once patients have shown clinical
response [1]. The ADE strategy is recommended in particular
for cases of sepsis and nosocomial pneumonia in which the
potential risk of MDR pathogens is relatively high. Sever-
al studies have reported that ADE is associated with lower
mortality compared with non-ADE treatments and can be
performed safely in these patients [4-6].

Despite current extensive diagnostic modalities, the pos-
itive rate of microbiological cultures is approximately 40—
60% for patients with sepsis, and pathogens were absent
in more than 60% of patients with community-acquired
pneumonia (CAP) [7,8]. Previous studies investigating sep-
sis and healthcare-associated pneumonia revealed that cul-
ture-negative patients experience reduced severity of illness
and hospital mortality, and shorter hospital stays compared
with culture-positive patients [9,10].

The ADE strategy has been evaluated primarily in cases of
nosocomial pneumonia and sepsis in which the risk of MDR
pathogens is relatively high [11]. In a previous meta-analysis,
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although a high risk of bias was evident among the cohort
studies, a pooled estimate indicated that ADE resulted in
lower mortality rates [11]. The aim of the present study was
to investigate the impact of ADE in culture-negative pneu-
monia through a systematic review and meta-analysis. \We
also examined factors affecting the clinical outcomes of
ADE.

METHODS

Data sources and search strategy

This systematic review and meta-analysis was performed
in accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses guidelines [12]. The
study protocol was registered with the PROSPERO Interna-
tional Prospective Register of Systematic Reviews (https://
www.crd.york.ac.uk/prospero/display_record.php?Recor-
diD=376375). The following terms were used to search
the available literature: [“antimicrobials” OR "antibiotics”
OR "antibacterials”] AND ["de-escalation” OR “discontinu-
ation” OR “narrowing” OR “step-down"]) AND [”hospital-
acquired” OR “ventilator-associated” OR "healthcare-asso-
ciated” OR “nosocomial”] AND [“pneumonia” OR “low-
er respiratory tract infection”]. Three electronic databases
(PubMed, Embase, and the Cochrane Central Register of
Controlled Trials) were searched for relevant articles pub-
lished before January 2023. The reference section lists all
research papers investigated, and appropriate reviews were
examined manually to identify potentially relevant articles.
As the present study is a systematic review of previous pub-
lished articles, neither informed consent nor ethics approval
was required.

Study selection, definitions, and outcomes
This meta-analysis included all studies that met the following

www.Kkjim.org 705


www.kjim.org
https://endic.naver.com/search.nhn?sLn=kr&query=plausible
https://www.ncbi.nlm.nih.gov/mesh/68059906

KJIM™

criteria: (1) the subjects were patients with culture-negative
pneumonia; (2) an examination of the clinical outcomes of
ADE was included; (3) in-hospital mortality outcomes were
included; (4) relative risk ratios (RRs) and 95% confidence
intervals (Cls) were reported or were able to be calculated
using information in the article; and (5) the study was pub-
lished in a peer-reviewed English-language journal. Review
journals, case reports or series, commentaries, and exten-
sion or post-hoc articles were excluded.

The ADE strategy involves discontinuing broad spectrum
antibiotics or narrowing the regimen based upon negative
culture results following reassessment of a patient’s status
after initiation of therapy [3]. Appropriate MDR-directed an-
timicrobial therapy was defined as a combination of at least
one anti-pseudomonal beta-lactam antibiotic and at least
one active anti-MRSA agent.

The primary outcome for this study was in-hospital mor-
tality at the study index date. We also analyzed the duration
of the initial antimicrobial therapy, total duration of antimi-
crobial therapy, and length of hospitalization.

Data extraction, assessment of literature
quality, and publication bias assessment
Two reviewers independently screened the titles and ab-
stracts of the studies retrieved from the search to identify
relevant papers. We obtained full-text articles and extract-
ed data according to the predefined inclusion criteria. The
following variables were extracted: the first author, year of
publication, study sites, number of patients, age, sex, initial
intensive care unit (ICU) admission rate, type of pneumonia,
ADE definition, ADE rate, patient mortality, duration of ini-
tial and total antimicrobial therapy, and primary outcomes.
As recommended by the Cochrane Collaboration, the
methodological quality of included studies was evaluated
using the in the Risk of Bias In Non-randomized Studies of
Interventions (ROBINS-I) tool [13]. The ROBINS-I uses seven
criteria to assess the potential risk of bias in each study in-
cluding confounding, selection bias, classification of inter-
ventions, deviation from interventions, missing data, mea-
surement of outcome, and selection of reported result. The
risk of bias was graded as low, moderate, serious, critical, or
no information [13]. The overall risk of bias was considered
as serious or critical if the study achieved serious or critical
ratings at least in one domain. Studies that obtained low in
all domains were regarded as having a low risk of bias, and
articles without any serious and critical ratings were regard-
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ed as having a moderate risk of bias [13].

The funnel plot was drawn to evaluate inherent publica-
tion bias and the Egger’s test was used to identify the ev-
idence of bias. Any disagreements regarding study search,
data extraction, and quality assessment were discussed and
resolved by the authors.

Statistical analysis

We extracted the RRs and associated 95% Cls for the ADE
strategy to evaluate clinical outcomes for dichotomous data
compared with non-ADE treatments. For continuous data,
the weighted mean difference (MD) with 95% Cls was ex-
tracted. Between-study statistical heterogeneity was evalu-
ated using I statistics on a scale of 0-100% (low heteroge-
neity for 12 < 49%, moderate 12 = 50-74% and high for 2
>75%, respectively) [14]. A random-effects model was used
for moderate or high heterogeneity. A p value < 0.05 was
considered statistically significant. Statistical analyses were
performed with Stata statistical software (Version 14.2; Sta-
ta Corp LP, College Station, TX, USA) and Review Manager
(Version 5.3; Nordic Cochrane Centre, The Cochrane Col-
laboration, Copenhagen, Denmark).

1,389 Records identified through database searching
556 PubMed
137 Embase
696 Cochrane Central Register

341 Records owing to duplication
1,048 Records screened

1,012 Reco-rds excluded after screening
titles and abstracts

\4

36 Full-text articles assessed for
eligibility

30 Full-text articles excluded with following
reasons
—» 18 Included culture-positive pneumonia
3 Absence of target outcomes
9 Review or comment

\4
6 Studies included in qualitative and
quantitative synthesis/meta-analysis

Figure 1. Flow diagram for identifying eligible studies.
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cost, and

HCAP coverage
to a narrower

nia

inpatient
mortality

spectrum regimen

within 14 days of

the initial antibiot-
ic prescription

ADE, antimicrobial de-escalation; HAP, hospital acquired pneumonia; HCAP, healthcare associated pneumonia; ICU, intensive care unit; LOS, length-of-stay; MDR, mul-

tidrug-resistant; MRSA, methicillin-resistant Staphylococcus aureus; ROBINS-I, Risk of Bias In Non-randomized Studies of Interventions; NR, not reported; VAP, ventilator

acquired pneumonia.
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RESULTS

Study search, characteristics of included
studies, and study quality

Figure 1 presents the results of the literature search. A to-
tal of 1,389 published articles were initially identified from
three databases; 556 articles from PubMed, 137 articles
from Embase, and 696 articles from the Cochrane Central
Register of Controlled Trials. After removing duplicate arti-
cles, 1,048 potentially eligible articles were screened. A re-
view of titles and abstracts resulted in the removal of 1,012
search records, and the remaining 36 articles were assessed
by reading the full text. Thirty articles were excluded for the
reasons presented in Figure 1, leaving six studies for our
analysis [15-20].

Table 1 summarizes the features of the selected studies.
Our systematic review and meta-analysis included 11,933
patients, of whom 1,152 received the ADE strategy and
10,781 did not receive ADE. The type of pneumonia was
community onset pneumonia in 3 studies [16,18,20] and
hospital-acquired pneumonia (HAP) in 3 studies [15,17,19],
respectively. All studies were published between 2010 and
2021. A quality assessment of the included studies is report-
ed in the Supplementary Table. Overall, the methodological
quality evaluated by the ROBINS-I appeared to be accept-
able.

Primary outcome

Pooled estimates of strategy efficacy with respect to reduced
in-hospital mortality rates by using ADE were weighed and
combined with a generic inverse variance and random-ef-
fects model. Overall, the RR for in-hospital mortality indi-
cated that ADE had a favorable effect compared with non-
ADE (RR = 0.60, 95% CI = 0.38 to 0.93; Fig. 2), with a
40% absolute risk reduction. The heterogeneity was high
(12 = 66%). The results of Egger’s test in the included stud-
ies indicated no significant publication bias (p = 0.335), al-
though a visual inspection of the plot suggested asymmetry
(Supplementary Fig.).

Because a substantial degree of heterogeneity existed
among the included studies, we conducted subgroup and
meta-regression analyses to explore heterogeneity according
to strategy used in response to culture-negative pneumonia.
Table 2 provides details of the subgroup and meta-regres-
sion analysis regarding the number of subjects (< 100 and
>100), age (<60 and >60yr), ICU-acquired pneumonia, HAP

https://doi.org/10.3904/kjim.2023.115
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Risk ratio Risk ratio
Study or subgroup log (risk ratio) SE Weight IV, random, 95% Cl IV, random, 95% Cl
Cowley 2019 -0.0202 0.1967 25.0% 0.98 (0.67, 1.44)
Deshpande 2021 -0.7679 0.1971 25.0% 0.46 (0.32, 0.68) —
Joung 2011 -1.3412 1.5047 2.1% 0.26 (0.01, 4.99)
Kwon 2019 -0.3871 0.2319 23.3% 0.68 (0.43, 1.07) —
Raman 2013 -0.2025 0.3482 17.8% 0.82 (0.41, 1.62) — E
Schlueter 2010 -2.3697 0.7544 6.9% 0.09 (0.02, 0.41) - =
Total (95% Cl) 100.0% 0.60 (0.38, 0.93) ‘
Heterogeneity: Tau? = 0.16; Chi? = 14.71, df = 5 (p = 0.01); I = 66% 0.5)1 0?1 1 1=0 1(’)0

Test for overall effect: Z = 2.28 (p = 0.02)

Favours (ADE) Favours (Non-ADE)

Figure 2. Forest plots for the risk ratio of in-hospital mortality in patients with culture-negative pneumonia receiving the ADE strategy,
compared with non-ADE. ADE, antimicrobial de-escalation; Cl, confidence interval; df, degrees of freedom; IV, inverse variance; SE, stan-
dard error.

Table 2. The subgroup and meta-regression analysis for the trials included in meta-analysis

Subgroup analysis Meta-regression analysis

No. of No. of

Variable studies patients Pooled risk ratios Likglihood Regression coefficient Dl
(95% Cl) ratio, I % (95% Cl)

No. of subjects
<100 2 162 0.31 (0.04-2.54) 85.3 0.61 (0.09-4.18) 0.516
> 100 4 11,880 0.66 (0.44-1.01) 60.6 Ref.

Mean or median age (yr)
<60 2 210 0.11 (0.03-0.43) 0 0.17 (0.02-1.28) 0.071
> 60 4 11,832 0.70 (0.49-1.00) 59.9 Ref.

ICU-acquired pneumonia
Yes 3 333 0.71 (0.49-1.03) 0 1.43 (0.24-8.74) 0.609
No 3 11,709 0.47 (0.20-1.08) 85.6 Ref.

HAP and/or VAP
Yes 3 505 0.92 (0.66-1.29) 0 1.82 (0.66-5.03) 0.178
No 3 11,537 0.44 (0.23-0.83) 70.6 Ref.

Type of the ADE strategy
Narrowing spectrum 2 101 0.11 (0.03-0.43) 0 5.97 (0.78-45.61) 0.071
Discontinuation 4 11,832 0.70 (0.49-1.00) 59.9 Ref.

ADE, antimicrobial de-escalation; Cl, confidence interval; HAP, hospital-acquired pneumonia; ICU, intensive care unit; VAP, ventila-
tor-associated pneumonia.

or ventilator-associated pneumonia (VAP), and the type of
ADE (discontinuation and narrowing spectrums). In the me-
ta-regression analysis, probable sources of between-study
heterogeneity for included studies were not found.

Secondary outcomes

Four studies reported data on the duration of antibiotic
therapy [15,16,18,19]. The ADE strategy resulted in shorter

https://doi.org/10.3904/kjim.2023.115

durations of total and initial antibiotic administration com-
pared with non-ADE (MD = -3.88 days, 95% Cl =-6.21 to
-1.54, p < 0.01, 12 = 98% and MD = -3.01 days, 95% Cl =
-6.93t0-0.91, p < 0.01, 12 =99%, respectively) (Fig. 3A, B).
Data regarding the total lengths of hospital stay, which
were available for three trials, were analyzed using the ge-
neric inverse variation method [15,16,20]. The duration in
total length of hospital stays was significantly shorter with
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ADE Non-ADE Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total ~ Weight IV, random, 95% ClI IV, random, 95% ClI
Cowley 2019 3 1.48 92 8 2.96 184  32.2% -5.00 (-5.52, -4.48) | |
Deshpande 2021 5 2.22 913 7 296 10,444  32.7% -2.00 (-2.15, -1.85) | |
Kwon 2019 21 21 40 24 17.8 67 7.1% -3.00 (-10.78, 4.78) —
Raman 2013 4 074 40 9 593 49  28.0%  -5.00 (-6.68, -3.32) -
Total (95% CI) 1,085 10,747  100.0% -3.88 (-6.21, -1.54) ‘
Het ity: Tau? = 4.34; Chi? = 127.38, df = 3 (p < 0.0001); I = 980 ’ ’ ’ ’
eterogeneity: Tau i (p< ) o >0 10 o 10 20

Test for overall effect: Z = 3.25 (p = 0.001)

Favours (ADE) Favours (Non-ADE)

ADE Non-ADE Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total ~ Weight IV. random. 95% ClI IV. random, 95% ClI
Cowley 2019 3 1.48 92 8 2.96 187 50.2% -5.00 (-5.52, -4.48) [ ]
Raman 2013 3 0.74 40 4 2.41 49 49.8% -1.00 (-1.71, -0.29)
Total (95% Cl) 132 236 100.0% -3.01 (-6.93, 0.91)

Heterogeneity: Tau? = 7.90; Chi2 = 78.86, df = 1 (p < 0.00001); I2 = 99%
E Test for overall effect: Z = 1.50 (p = 0.13)

-20 -10 0 10 20
Favours (ADE) Favours (Non-ADE)

ADE Non-ADE Mean difference Mean difference
Study or subgroup Mean SD Total  Mean SD Total ~ Weight IV. random. 95% ClI IV. random, 95% ClI
Cowley 2019 27 20.7 92 30 215 184  24.9% -3.00 (-8.23, 2.23) —_—
Deshpande 2021 4 2.22 913 6 296 10,444 50.2% -2.00 (-2.15, -1.85) |
Schlueter 2010 5.8 5 55 14.2 10.9 18 25.0% -8.40 (-13.61, -3.19) —
Total (95% Cl) 1,060 10,649 100.0%  -3.85(-7.52,-0.18) P
Het ity: Tau? = 6.99; Chi2 = 5.94, df = 2 (p = 0.05); 12 = 660 ‘ ‘ ‘ ‘
Tetegogenel y|| ?: 7 205I( 0.04) g ! i 20 -1 0 10 20
estioroverall ettect: £= 205 1p =% Favours (ADE) Favours (Non-ADE)
ADE Non-ADE Mean difference Mean difference
Study or subgroup Mean SD Total  Mean SD Total ~ Weight IV. random. 95% ClI IV. random, 95% ClI
Cowley 2019 10 14.1 92 13 1.1 187 54.0% -3.00 (-6.29, 0.29)
Kwon 2019 1.5 10.2 40 10 1.1 67 46.0% 1.50 (-2.63, 5.63)
Total (95% Cl) 132 124 100.0% -0.93 (-5.33, 3.47)

Heterogeneity: Tau? = 6.50; Chi2 = 2.79, df = 1 (p = 0.09); |2 = 64%
E Test for overall effect: Z = 0.41 (p = 0.68)

-20 -10 0 10 20
Favours (ADE) Favours (Non-ADE)

Figure 3. Forest plots for the mean difference of the duration of (A) total antibiotic therapy, (B) initial antibiotic therapy, (C) total length of
hospital stay, (D) ICU length of stay in patients with culture-negative pneumonia receiving ADE, compared with non-ADE. ADE, antimicro-
bial de-escalation; Cl, confidence interval; df, degrees of freedom; IV, inverse variance; SE, standard error.

ADE compared with non-ADE (MD = -3.85 days, 95% Cl =
-7.52t0-0.18, p = 0.05, |2 = 66%) (Fig. 3C). The mean ICU
length of stay was similar between the ADE and non-ADE
groups (MD =-0.93 days, 95% Cl=-5.33t0 3.47, p=0.09,
12 = 64%) (Fig. 3D) [15,18].

DISCUSSION

Current guidelines for the management of adults with HAP
or VAP recommend antibiotic therapy with de-escalation

710  www.kjim.org

rather than fixed broad-spectrum antibiotic regimens, con-
sidering culture results and drug-susceptibilities [1,21]. A
lack of de-escalation may increase the possibility of acquir-
ing antibiotic resistance [1,21]. However, current guidelines
do not provide guidance regarding ADE in culture-negative
pneumonia [1,21]. Although physicians commonly consider
ADE when microorganisms are detected, these cases rep-
resent less than 40% of all cases of pneumonia [8]. Major
studies of treatment of pneumonia have focused on micro-
biologically confirmed disease [10]. Culture-negative pneu-
monia is a relatively common but understudied disease.
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Previous studies of pneumonia patients with MDR risk
factors found that patients with culture-negative pneumo-
nia experienced less-severe illness and hospital mortality
and shorter hospital stays compared to patients with cul-
ture-positive pneumonia [10,22]. We therefore hypothe-
sized that fixed broad-spectrum antibiotics targeting MDR
pathogens may be excessive in patients with culture-nega-
tive pneumonia.

To the best of our knowledge, few data are available to
assess ADE in cases of culture-negative pneumonia. We
investigated the clinical impact of ADE in culture-negative
pneumonia through a systematic review and meta-analysis.
The RR for in-hospital mortality indicated that ADE in these
patients had a favorable effect compared with non-ADE,
with an absolute risk reduction of 40%. All studies includ-
ed in our analysis administered ADE based on clinical signs.
Once clinical stability is achieved, ADE may be appropriate
for patients with culture-negative pneumonia.

We found ADE was associated with additional favorable
outcomes in culture-negative pneumonia, such as a shorter
duration of total and initial antibiotic administration and du-
ration of hospital stays. Because excessive antibiotic agents
can cause the development of adverse drug effects and
antibiotic resistance [1], our findings may be related to a
reduction in these risks. A systematic review of 38 studies
also found that antimicrobial stewardship in the ICU was
associated with clinical improvement in antibiotic resistance
and adverse events, exclusive of short-term outcomes [23].
In line with these findings, another observational cohort
study of 1,995 adults with community onset pneumonia
reported that broad-spectrum antibiotic use targeted MDR
pathogens was associated with increased mortality, longer
lengths of hospital stay, greater costs, and increased C. diffi-
cile infection [24]. Baseline characteristics and comorbidities
were similar between patients receiving MDR directed an-
tibiotics and those who did not [24]. These results tend to
support our hypothesis.

Our research provided detailed information for a sub-
group and meta-regression analysis. The efficacy of ADE
for in-hospital mortality was examined for various clinical
factors such as age, ICU setting, and HAP/VAP. Of these
variables, patients less than 60 years of age, those with
non-ICU-acquired pneumonia and CAP, and the narrowing
spectrum of the strategy may be better positioned to ben-
efit from ADE. However, we could not a significant factor
for substantial between-study heterogeneity in the meta-re-
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gression analysis.

The cause of lower mortality with ADE was likely associat-
ed with the low severity of pneumonia, rather than the tim-
ing of the ADE. We attempted to investigate the severity of
disease in the study populations. Among studies included in
our analysis, only one addressed the severity of pneumonia,
and the pneumonia severity index did not differ between
the two groups studied [20]. Two trials used acute physiolo-
gy and chronic health evaluation (APACHE) or sepsis-related
organ failure assessments as ICU scoring systems [18,19].
These scores were similar between the two strategies. The
remaining three studies did not describe the severity of ill-
ness. Because all studies included in our analysis had retro-
spective observational cohort designs, differences in severity
of illness may exist between ADE and non-ADE, which may
have affected the mortality rate.

The present study has some limitations. First, we iden-
tified no randomized controlled trials (RCTs) that direct-
ly compared the two strategies. All studies in the present
analysis had an observational cohort study design and most
included studies that collected data from a relatively few
subjects. The visual funnel plot asymmetry in our analysis
may be an indicator of the effects of the small study siz-
es. Second, enrolled studies in our analysis were conduct-
ed in only two countries, the US and South Korea, mak-
ing it difficult to generalize the results to all patients with
culture-negative pneumonia. Third, no apparent consensus
on the definition of the ADE has emerged, and the includ-
ed studies used different definitions of ADE. The selected
studies included heterogenous populations with healthcare
associated pneumonia, HAP/VAP, and ICU-acquired pneu-
monia, which might have introduced bias, and our findings
should be interpreted with caution.

CONCLUSIONS

In a systematic review and meta-analysis, we found that ADE
would be statistically associated with favorable outcomes in
patients with culture-negative pneumonia. Although the
present study suffers from between-study heterogeneity,
a subgroup and meta-regression analysis could not reveal
considerable sources of heterogeneity. Further large-scale
RCTs are warranted to assess the efficacy of ADE in cul-
ture-negative pneumonia.
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1. The ADE strategy seems to be associated with bet-
ter clinical outcomes compared with non-ADE in
culture-negative pneumonia.
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Supplementary Table. Risk of bias within included non-randomized trials using the Risk of Bias In Non-randomized Studies
of Interventions (ROBINS-I) tool

. . . Classification of Deviation from . Measurement  Selection of
Reference Confounding Selection bias . : . : Missing data
interventions interventions of outcome  reported result

Cowley etal,  Moderate risk Low risk Low risk Low risk No information Low risk Low risk
2019 [15]

Deshpande et Low risk Low risk Low risk Low risk Low risk Low risk Low risk
al., 2021 [16]

Joung et al., Moderate risk Moderate risk Low risk Low risk No information Low risk Low risk
2011 [17]

Kwon et al., Low risk Low risk Low risk Low risk Low risk Low risk Low risk
2019 [18]

Raman et al., Low risk Low risk Moderate risk Moderate risk  No information Low risk Low risk
2013 [19]

Schlueter et al., Low risk Low risk Low risk Low risk Low risk Low risk Low risk
2010 [20]
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Egger's test (p = 0.335)
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Supplementary Figure. Funnel plot assessing publication bias (funnel plot with pseudo 95% confidence limits).

www.kjim.org

https://doi.org/10.3904/kjim.2023.115


www.kjim.org

	_Hlk136350854
	_Hlk136523467
	_Hlk134347968
	_Hlk134368333

