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Abstract

Background: The World Health Organization recommends regular hand hygiene monitoring and feedback to improve hand
hygiene behaviors and health care—associated infection rates. Intelligent technologies for hand hygiene are increasingly being
developed as alternative or supplemental monitoring approaches. However, there is insufficient evidence regarding the effect of
this type of intervention, with conflicting results in the literature.

Objective: We conduct a systematic review and meta-analysis to evaluate the effects of using intelligent technology for hand
hygiene in hospitals.

Methods: We searched 7 databases from inception to December 31, 2022. Two reviewers independently and blindly selected
studies, extracted data, and assessed the risk of bias. A meta-analysis was performed using the RevMan 5.3 and STATA 15.1
software. Sensitivity and subgroup analyses were also conducted. Overall certainty of evidence was appraised using the Grading
of Recommendations Assessment, Development, and Evaluation approach. The systematic review protocol was registered.

Results:  The 36 studies comprised 2 randomized controlled trials and 34 quasi-experimental studies. The included intelligent
technologies involved 5 functions: performance reminders, electronic counting and remote monitoring, data processing,
feedback, and education. Compared with usual care, the intelligent technology intervention for hand hygiene improved health
care workers' hand hygiene compliance (risk ratio 1.56, 95% CI 1.47-1.66; P<.001), reduced health care—associated infection
rates (risk ratio 0.25, 95% CI 0.19-0.33; P<.001), and was not associated with multidrug-resistant organism detection rates (risk
ratio 0.53, 95% CI 0.27-1.04; P=.07). Three covariates, including publication year, study design, and intervention, were not
factors of hand hygiene compliance or hospital-acquired infection rates analyzed by meta-regression. Sensitivity analysis showed
stable results except for the pooled outcome of multidrug-resistant organism detection rates. The caliber of 3 pieces of evidence
suggested a dearth of high-caliber research.

Conclusions: Intelligent technologies for hand hygiene play an integral role in hospital. However, low quality of evidence and
important heterogeneity were observed. Larger clinical trials are required to evaluate the impact of intelligent technology on
multidrug-resistant organism detection rates and other clinical outcomes.

(J Med Internet Res 2023;25:€37249) doi: 10.2196/37249
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reduce or inhibit the growth of microorganisms[1]. The World
Health Organization (WHO) regards HH as the most effective
way of reducing the transmission of pathogensthat cause health
care-associated infections (HCAIs) and promotes HH in the
Clean Care is Safer Care program [1]. In 2009, the WHO

Introduction

Hand hygiene (HH) refers to washing hands with soap and
water, or other detergents containing an antiseptic agent to
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summarized the 5 key moments of HH and recommended 2
standard HH techniques in the guidelines [1]. However, hand
hygiene compliance (HHC) and HH quality remain suboptimal,
even during the COVID-19 pandemic[2]. The WHO found that
the average baseline HHC rate among health care workers
(HCWs) was only 38.7% [1]. Szilagyi et a [3] reported that
only 72% of HCWs could adequately clean all hand surfaces
after HH training. Irregular hand hygiene behavior will
significantly increase the risk of HCAIs. The impact of HCAIs
involves prolonged hospital stay, long-term disability, increased
resistance of microorganisms to antimicrobials, massive
additional financial burden, high costs for patients and their
families, and excess deaths [4]. The WHO recommends regul ar
HH monitoring and feedback to improve HH behaviors and
control HCAIs[5].

Direct observation by trained auditors is regarded as the gold
standard for HH monitoring and is still widely used in avariety
of health care settings [6-8]. However, the process of direct
observation is laborious, time-consuming, and costly and may
lead to inaccurate data due to the Hawthorne effect (HHC rates
are higher during observation but return to baseline as soon as
observation stops) [9-11]. Recent work by Purssell et al [12]
attempted to quantify the Hawthorne effect by analyzing 9
studies comparing covert with overt measurement and concluded
that covert monitoring may give a better estimate of HHC.
Therefore, HH behaviors cannot be improved well because of
the inherent limitations and bias of direct observation [13,14].

A new method for more accurately measuring and better
improving HH is a necessary step in making significant
promotionsin hospitals[15]. Anincreasing number of intelligent
technologies for HH have been developed as alternative or
supplemental monitoring approaches over the last few years
[15,16]. Recent advancesin sensor technol ogies and algorithms
have also contributed to the development of new intelligent
technologies for HH. The devices and technologies include
electronic counters, pressure sensors on alcohol-based hand rub
dispensers, doorway entry or exit monitors, infrared beacons,
and electronic badges[16-18]. McMullen et al [19] used 3-year
electronic monitoring systemsin 12 hospital s that found a 23%
increase in hand hygiene performance.

Although studies have investigated the effectiveness of different
intelligent technologies for hand hygiene in hospitals, to the
best of our knowledge, only 2 reviews were attempted to
summarize the evidence resulting from these studies [11,20].
However, the findings of intelligent technology effects were
inconsistent or even contradictory among different studies, and
most previous studies only focused on theimpacts of intelligent
technology on HHC [21,22]. Assuch, wereviewed theliterature
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and conducted a systematic review and meta-analysis to
ascertain the effects of intelligent technology interventions on
clinical and process outcomes.

Methods

Registration

We followed the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines to report
our systematic review and meta-analysis [23]. Our PRISMA
checklist is provided in Multimedia Appendix 1 [23]. The
protocol of our study was registered in the PROSPERO
(International Prospective Register of Systematic Reviews).

Search Strategy

We adhered to the PRISMA-S (PRISMA Search Reporting
Extension) checklist [24]. The reviewer (YZ) searched the
CENTRAL and CDSR (via the Wiley platform), MEDLINE
(viathe PubMed platform), CINAHL (viathe EBSCO platform),
Web of Science Core Collection (via the Web of Science
platform), Embase (via the Ovidsp platform), and Chinese
Academic Journal (via the CNIK platform) databases from
inception to December 31, 2022, with no restrictions on
language or year of publication. The search strategy included
terms related to hand hygiene and intelligent technology. Our
strategy was devel oped in consultation with amedical research
librarian. Textbox S1 in Multimedia Appendix 2 details the
search strategies of databases. Clinical Trials.gov and the World
Health Organization International Clinical Trials Registry
Patform were searched for ongoing and unpublished trials. In
addition, we manually searched the references of the collected
articles and systematic reviews.

Eligibility Criteria

Articleswere eligible for inclusion in the meta-analysisif they
met all of thefollowing criteria: (1) were randomized controlled
triads (RCTYs) or quasi-experimental studies; (2) included HCWs
or adult patients (18 yearsor older) as participants; (3) evaluated
the effectiveness of an intelligent technology—related
intervention alone or in combination with usual care compared
with placebo or usua methods; and (4) reported at least one
clinical end point such as HHC rates, HCAIs rates, or
multidrug-resistant organism (MDRO) detection rates (Table
1).

Articleswereexcluded if they met any of thefollowing criteria:
(1) failed to provide the full text and the abstract provided
insufficient information, (2) had insufficient or incorrect data,
or (3) were duplicate studies.
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Table 1. Inclusion and exclusion criteria.
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Variable Inclusion criteria

Study characteristics

Study design RCTs? or quasi-experimental studies
Publication type
Publication year No limit
Language No limit

PICOP framework

Full-text journal publications and unpublished dissertations or theses

Population HCWSs or adult patients (18 years or older) as participants

Intervention An intelligent technology—related intervention alone or in combination with usual care
Comparison placebo or usual methods

Outcomes

At least one clinical end point such as HHCY rates, HCAIS® (CLABSIS, VAPY, SSIs, and CAUTIS) rates, or mul-

tidrug-resistant organism (MRSAJ, CREX, VRE', CR-AB™, MDR-PA", and PDR-PA°) detection MRSA rates

8RCT: randomized controlled trial.

bpico: population, intervention, control, and outcomes.
CHCW: health care worker.

9HHC: hand hygiene compliance.

®HCAI: health care-associated infection.

fCLABSI: central line-associated bloodstream infection.
9VAP: ventilator-associated pneumonia.

hsg): surgical siteinfection.

ICAUTI: catheter-associated urinary tract infection.
IMRSA: methicillin-resistant Saphylococcus aureus.
KCRE: carbapenem-resistant Enterobacter.

VRE: vancomycin-resistant Enterococcus.

MCR-AB: carbapenem-resistant Acinetobacter baumannii.
"MDR-PA: multidrug-resistant Pseudomonas aeruginosa.
®PDR-PA: pandrug-resistant Pseudomonas aeruginosa.

Study Identification and Data Extraction

The data management software EndNote X9 (Clarivate
Analytics) was used. Two reviewers (XBQ and KL)
independently screened the titles and abstracts for eligibility.
Articleswereretrieved in full upon request from the reviewers.
Then, the reviewers independently screened the full texts and
resolved disagreements through discussion. If they could not
reach an agreement, another author (Y'Y Z) was consulted, and
a decision was made by a majority vote.

Datawere extracted independently by 2 authors (YZ and YWL)
using predetermined forms (Table S1 in Multimedia Appendix
2). The following data were collected: authors, year of
publication, country, study design, setting, participants,
intelligent technol ogy intervention, data collection period, and
study outcomes.

Quality Assessment

Two reviewers conducted the risk of bias assessment using the
Cochrane risk-of-bias methodology [25] for RCTs and the
ROBINS-I (Risk Of Bias In Non-randomised Studies—of
Interventions) tool for nonrandomized intervention studies[26].
The assessment tools were both developed by the Cochrane
Collaboration. In addition, we used the Grading of
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Recommendations, Assessment, Development, and Eval uation
(GRADE) approach to classify the certainty of evidence into
high, moderate, low, or very low for each outcome [27].

Data Synthesis and Statistical Analysis

Meta-analysiswas performed using Review Manager (RevMan,
Version 5.3; the Nordic Cochrane Centre, the Cochrane
Collaboration, 2014, Copenhagen, Denmark) and STATA
Version 15.1 (version 15.1.629; StataCorp). Heterogeneity

among studies was assessed using the chi-square test, and 12
values were used to determine heterogeneity across studies. A
random- or fixed-effects model was used to calcul ate the pooled
effect sizes and corresponding 95% Cls based on the

heterogeneity. If 12<50%, which represented homogeneity,

fixed-effects models were selected. If 12>50%, which indicated
substantial heterogeneity of the effects, random-effects models
were applied [28]. For continuous data, the mean difference and
95% ClI were assessed for the pooled outcomes, and for
dichotomous outcomes, the odds ratio and 95% CI were used
in accordance with intent-to-treat principles. A forest plot was
generated to represent the meta-anal ysisresults. To gain insight
into the sources of substantial heterogeneity, prespecified
meta-regression was conducted with the following covariates:
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article publication year, study design, setting, and intelligent
technology intervention (different components of theintelligent
technology system). The sensitivity analysiswas performed by
eliminating studies to assess whether the results were stable
[29]. If more than 10 studies were included in the analysis of
outcomes, funnel plotswere constructed to identify publication
bias by Egger tests (with P<.05 considered significant) [29].

Results

Description of Search and Study Characteristics

The PRISMA flowchart depicts the extensive search process
(Figure 1). We identified 16,791 articles and reviewed 8571
unique titles and abstracts (after removing duplicates across

Zhang et a

databases) and 440 full-text articles, with 36 studies meeting
the predefined eigibility criteria [15,20,22,23,30-61]. Study
characteristics related to the population, interventions, and
outcomes for the 36 included studies are provided in Table S2
in Multimedia Appendix 2 [15,19,21,22,30-60,62]. The 36
unique articles included 2 (6%) RCTs [53,54] and 34 (94%)
quasi-experimental studies [15,19,21,22,30-52,55-60,62] (8
non-RCTsand 26 one-group pretest-posttest quasi-experimental
designs). Studieswere published between 2013 and 2022, apart
from 2 studies published in 2008 [48,58]. Twenty-five (69%)
studies were published in the past 5 years. The demographic
information of participants was provided in only 5 (14%)
studies. Most studies (31/36, 86%) recruited HCWSs from
hospitals or clinics.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of study selection. WHO: World Health

Organization.
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Setting

Twenty-one (58%) studies evaluated the impact of intelligent
technology in intensive care units, 12 (33%) studies evaluated
multiple departmentsin the hospitals, and only 2 (6%) evaluated
operating rooms. The remaining studiesinvolved only different
types of departments.

I nterventions

The included intelligent technology interventions could be
grouped into the following five components: (1) performance
reminders: HCWs were promoted either through wearable
devices, electronic communications, or other methodsto remind
them about HH; (2) electronic HH counting and remote
monitoring: devices were installed on handwashing equipment
to remotely monitor and capture HH data; (3) data processing:
data were uploaded to a database and analyzed; (4) feedback:
compliance feedback was provided to staff viamobile messages,
emails, or other methods; and (5) education: an educational
program on correct HH procedureswas provided. Only 4 (11%)
studies reported on single-component interventions, and most
of the studies (72%) involved more than 3 component
interventions. Components 1, 2, 3, and 4 were widely used in
the design of intelligent technologies for HH.

Outcomes

Eleven (31%) studies evaluated more than one result of the
impact of intelligent technology on HH. HHC was the most
assessed outcomein theincluded studies, with 22 (22/29, 76%)
articles assessing HHC when entering and leaving unit areas,
6 (6/29, 21%) articles assessing HHC at the WHO’s 5 moments
(WHO moment 1: before touching a patient; WHO moment 2:
before clean or aseptic procedures; WHO moment 3: after body
fluid exposure risk; WHO moment 4: after touching a patient;

Figure 2. Forest plots for the outcome of hand hygiene compliance.
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WHO moment 5: after touching patient surroundings), and 1
(1/29, 3%) article assessing HHC at WHO moments 1 and 4.

Risk of Biasand L evel of Evidence

Table S3 in Multimedia Appendix 2
[15,19,21,22,30-52,55-60,62] provides a summary of the
risk-of-bias assessment for al included nonrandomized
intervention studies (n=34) based on the ROBINS-I tool. Nine
articles were evaluated as having serious biases, and the other
studies were evaluated as having moderate biases. The
risk-of-bias assessment for the RCT studiesisprovidedin Figure
S1in Multimedia Appendix 2 [53,54]. Two studies all showed
moderate biases [53,54]. Overall, the quality of the studieswas
deemed as having high bias.

Pooled Outcomes

Hand Hygiene Compliance

A total of 29 of the 33 included studies reported on HHC. A
random-effects model was performed because of the significant

heterogeneity for this outcome (1>=100%, P<.001; Figure 2)
[15,19,21,30-41,43-45,47,49,51-54,56-59,62] . The pooled risk
ratio (RR) of HHC was 1.56 (95% CI 1.47-1.66, P<.001; Figure
2). The results of the meta-regression analysis indicated that
the prespecified covariates had no effects on HHC (Table 2).
Theresults of sensitivity analysis obtained by deleting 6 studies
with less than 1000 HH during intervention were not
significantly different from the combined values of all studies
(Table 3). The results of the Egger test showed no publication
bias (t=—1.23, P=.23>.05; Figure S2 in Multimedia Appendix
2). Using the GRADE summary of evidence, the quality of
evidence was very low and downgraded for indirectness, high
risk of bias, and imprecision.

With Intelligent Technology ~ Without Intelligent Technology Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Al Salman 2015 [62) 15163 18497 15769 26281 3.8% 1.37 [1.35, 1.38] =
Arai 2016 [30] 2892 21937 2221 20662 3.7% 1.23 [1.16, 1.29] =
Armellino 2013 [31] 81212 97647 2525 8297 3.8% 2.73 [2.65, 2.82]
Bai 2021 [32] 60387 69277 1124 1948 3.8% 1.51 [1.45, 1.57]
Boyce, Cooper 2019 [33] 184 285 605 1159 3.4% 1.24 (1.12, 1.37) -
Boyce, Laughman 2019 [34] 3183128 6145036 723738 2584782 3.8% 1.85 [1.85, 1.85)
Brotfain 2017 [35] 209 590 130 533 2.8% 1.45[1.21, 1.75] -
Generoso 2022 [36] 545 784 877 1485 3.7% 1.18 [1.11, 1.25] -
Guo 2019 [37] 11369 14754 851 2139 3.7% 1.94 [1.84, 2.04]
Higgins 2013 [38) 411 512 21 102 1.5% 3.90 (2.66, 5.72) —_—
Hu 2019 [39] 35584 41561 22780 43087 3.8% 1.62 [1.60, 1.64)
Kerbaj 2017 [40] 1559 6750 1336 15723 3.6% 2.72 (2.54, 2.91] -
Khan 2017 [41] 310 384 22 150 1.5% 5.50 [3.73, 8.12) m———
Kwok 2015 [43] 2500 3049 1539 2187 3.8% 1.17 [1.13, 1.20]
Lacey 2020 [44] 1474 3206 37 240 2.0% 2.98 (2.21, 4.02] S
Leis 2020 [45) 804108 1515537 1395450 4544144 3.8% 1.73 (1.72, 1.73)
Leis 2022 [15] 740660 1921656 1084329 3614908 3.8% 1.28 (1.28, 1.29)
Liu 2021 [47] 8734 8750 8032 8400 3.8% 1.04 [1.04, 1.05]
Marra 2014 [49] 162853 205227 83066 129118 3.8% 1.23 [1.23, 1.24)
MecMullen 2022 [19) 14084895 18532757 5019295 9470368 3.8% 1.43 [1.43, 1.43] s
Meller-Serensen 2016 [51) 1037 1143 1010 1541 3.8% 1.38 [1.33, 1.44) =
Pan 2020 [52] 298 300 204 300 3.6% 1.46 [1.35, 1.58) =
Pires 2021 [53] 1754 2788 1777 2668 3.8% 0.94 [0.91, 0.98]
Pong 2018 [54] 41383 120441 21262 120441 3.8% 1.95 [1.92, 1.97]
Simonet 2022 [56] 1242 1459 2531 3224 3.8% 1.08 (1.05, 1.12]
Sun 2016 [57] 14736 21196 744 1944 3.7% 1.82 [1.72, 1.92] =
Venkatesh 2008 [58] 3574 5099 1192 3136 3.7% 1.84 [1.76, 1.94] -
Wei 2021 [59] 40 50 30 50 2.2% 1.33 (1.02, 1.74] —
Xu 2021 [21] 21884 31380 13262 27894 3.8% 1.47 [1.45, 1.49]
Total (95% CI} 28792052 20636911 100.0% 1.56 [1.47, 1.66] 4
Total events 19284125 8405759
Heterogeneity; Tau?=0.02; }2=122942.28, df=28 (<0.00001); ’=100% lom ]00:

Test for overall effect: Z=14.52 (#<<0.00001)
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Table 2. Meta-regression analysis of multiple covariates for HHC® and HCAI b rates,
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Outcomes and covariate Regression coefficient 95% CI P value
HHC
Year -1.913 —-0.6951 to 0.0312 44
Setting 0.0730 —-0.0103 to 0.1564 .08
Design -1.728 —-0.4585 t0 0.1129 22
Intervention -0.0202 —-0.1245 to 0.0840 .69
HCAI rates
Year 0.3356 -1.4040to 2,0751 49
Setting -0.7453 -3.0057 to 1.5152 .29
Design -1.7453 -5.1746 to 8.6652 .39
Intervention 3.8675 -9.3284 to 17.0634 .33
3HHC: hand hygiene compliance.
PHCAI: health care-associated infection.
Table 3. Sensitivity analysisfor the outcomes.
QOutcomes and subgroup Study number OR?(95% CI) P value Quality of evidence
HHCP
All combined 29 1.56 (1.47-1.66) <.001 0O OO/very low
Remove HHS number <1000 (during intervention) 22 1.55(145-1.65) <.001
HCAI% rates
All combined 7 0.25(0.19-0.33) <.001 0o0OO/low
Remove Guo [28] 6 0.25 (0.18-0.34) <.001
Remove Knudsen [32] 6 0.26 (0.19-0.34) <.001
Remove Liu [37] 6 0.26 (0.20-0.34) <.001
Remove McCalla[40] 6 0.28 (0.18-0.42) <.001
Remove Wei [48] 6 0.25 (0.19-0.33) <.001
Remove Xu [13] 6 0.22 (0.17-0.30) <.001
Remove Zhu [49] 6 0.25 (0.18-0.33) <.001
Detection rate of MDRO®
All combined 6 0.53(0.27-1.04) .07 O0O0OO/low
Remove Kato [14] 5 0.65 (0.31-1.32) .23
Remove Liu [36] 5 0.71 (0.47-1.07) 10
Remove Marra [38] 5 0.47 (0.23-0.97) .04
Remove Shao [45] 5 0.49 (0.16-1.46) 20
Remove Sun [46] 5 0.54 (0.26-1.10) .09
Remove Xu [13] 5 0.45 (0.21-0.97) 04

%0R: odds ratio.

PHHC: hand hygiene compliance.

®HH: hand hygiene.

9HCAI: hedlth care—associated infection.
®MDRO: multidrug-resistant organisms.
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HCAI Rates
Seven trials reported this outcome. A fixed-effects model was

used because of the low heterogeneity (1=21%, P=.27; Figure
3) [21,37,42,47,50,59,60]. The pooled results showed that the
intelligent technology interventions had a beneficial effect on
HCAI rates (RR 0.25, 95% CI 0.19-0.33, P<.001; Figure 3).

Zhang et a

The sensitivity analysis obtained by removing one article at a
time did not materially change these results (Table 3). The
results of the Egger test showed no publication bias (t=0.11,
P=.92>.05; Figure S3 in Multimedia Appendix 2). Using the
GRADE summary of evidence, the quality of evidence was|ow
and downgraded for high risk of bias and imprecision.

Figure 3. Forest plots for the outcome of health care-associated infection rates.

With Intelligent Technology ~ Without Intelligent Technology Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Guo 2019 [37] 12 134 38 104 21.6% 0.25[0.14, 0.44) —
Knudsen 2021 [42] 0 823 7 815  3.8%  0.07 [0.00, 1.15]
Liu 2021 [47] 2 200 15 200 7.6%  0.13[0.03, 0.58)
McCalla 2018 [50] 42 36890 72 14297 52.4%  0.23[0.15, 0.33] ——
Wei 2021 [59] 2 50 8 50 4.0%  0.25[0.06, 1.12] e —
Xu 2021 [21] 7 342 ] 355 4.5% 0.81[0.30, 2.14] —
Zhu 2015 [60] 4 1955 12 1920 6.1%  0.33[0.11, 1.01)
Total (95% CI) 40394 17741 100.0% 0.25 [0.19, 0.33] <
Total events . 69 161
Heterogeneity: X “=7.57, df=6 (FP=0.27); I?"=21% bo1 of I 100

Test for overall effect: Z2=9.74 (P<<0.00001)

Detection Rate of MDRO

Six studies examined the effects of intelligent technology
interventions for HH on the detection rate of MDRO. A
random-effects model was performed because of the significant
heterogeneity for this outcome (12=97%, P<.001; Figure 4)
[21,22,46,48,55,57]. As shown in the forest plot, the RR
exhibited acombined effect of 0.53 (95% CI 0.27-1.04, P=.07;

.1
With Intelligent Technology Without Intelligent Technology

Figure 4). Theresults of the meta-regression analysisindicated
that the prespecified covariates had no effects on the detection
rate of MDRO (Table 2). However, sendtivity analysis
performed by removing one article at a time showed opposite
results after 2 articles were removed (Table 3). The results of
the Egger test showed no publication bias (t=-0.50, P=.64>.05;
Figure $4 in Multimedia Appendix 2). Using the GRADE
summary of evidence, the quality of evidencewasvery low and
downgraded for high risk of bias and imprecision.

Figure 4. Forest plots for the outcome of multidrug-resistant organism detection rates.

With Intelligent Technology = Without Intelligent Technology Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Kato 2021 [22] 6 68 27 58 15.7% 0.19 [0.08, 0.43] L
Liu 2019 [46] 106 887 421 868 20.0% 0.25 [0.20, 0.30] -
Marra 2008 (48] 6 212 H 222 12.5% 1.26 [0.39, 4.06] = 1=
Shao 2017 [55]) 194 849 411 1402 20.2% 0.78 [0.67, 0.90] -
Sun 2016 [57] 2 10 13 32 11l.4% 0.49 [0.13, 1.82] —
Xu 2021 [21] 119 160 96 139 20.2% 1.08 [0.93, 1.24) ™
Total (95% CI) 2186 2721 100.0% 0.53 [0.27, 1.04] R

Total events 433 973
Heterogeneity Tau=0.57; ¥2=186.45, df=5 (P <0.00001); P=97%
Test for overall effect: Z=1.84 (»=0.07)

Discussion

Principal Findings

This systematic review appraised evidence from 36 studies
evaluating the effects of intelligent technology interventions
for HH on the behavior of HCWs, nosocomial infection rates,
and MDRO detection rates. All studies, except 2 [48,58], were
conducted after 2013, indicating agrowing interest in applying
intelligent technology for the management of HH. Our
synthesized findings from the meta-analysis suggested that
intelligent technology interventionsfor HH had a positive effect
on HHC and contributed to the decrease in HCAI rates. This
may be because most of theintelligent technology interventions
provided reminders and real-time feedback to improve the HH
awareness and habits of HCWs [50,61], further reducing
infections [63]. However, our study could not determine the
sustainability of the impact of intelligent technology
interventions on HHC. Studies have shown that after the
abolition of intelligent technol ogy interventions, HHC dropped
significantly, and the intelligent interaction between equipment
and HCWsand direct personal feedback wereimportant methods
for improving the sustainability of HHC [64,65]. According to
the analysis of the characteristics of theincluded literature, there
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were various methods, including instant prompts and feedback.
Nevertheless, each type of reminder was associated with specific
drawbacks, such as audible reminders that could interrupt a
patient’s rest [66,67]. It was also challenging to effectively
provide feedback to help HCWs understand the situation
according to their needs and different educational backgrounds
[68,69].

In contrast, our research focused on the outcomes of intelligent
technology interventions for HH and showed no effect on
MDRO detection rates. However, these results must be
interpreted with caution because of the statistical heterogeneity
(>90%), heterogeneity in termsof publication year, study design
and interventions delivered (type of components), and unstable
sensitivity analysis. At present, there is still controversy about
the relationship between the improvement of HH behaviorsand
the detection rate of MDRO [70]. Studiesfound that the change
in the MDRO detection rate was related to the length of time
to improve HHC [71,72]. Improving HHC in a short period of
time had no effect on the MDRO detection rate, and there was
adelay effect. Studies have pointed out that this may be dueto
the nonlinear rel ationship between HHC and MDRO prevalence
[72].
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Comparison With Other Studies

We were aware of 4 reviews of intelligent technology
interventionsfor HH on the outcomes of HHC and HCAII rates.
Previous systematic reviews led to different and incomplete
conclusions. Two studies evaluated published articlesindicating
that technology systems could significantly improve HHC
among health care professionals[65,73], in agreement with our
results. However, thereview by Srigley et al [61] indicated that
1 study evaluating theimpact of el ectronic and video monitoring
systemswith aminimal potential for bias presented the smallest
effect for HHC. We found only 1 systematic review showing
that electronic and video monitoring systems have the potential
to prevent HCAIs, but the results are not supported by sufficient
data[74].

In addition to the 3 outcomes of this study, we noticed that some
studies focused on the barriers to the application of intelligent
technology for HH. Two systematic reviews found that usage
anxiety, privacy, and confidentiality were key elements
influencing the acceptance of intelligent technology
interventions by HCWs [65,75]. They were concerned about
potential risksposed by intelligent technol ogy such aswearable
sensorsthat could cause hand contamination and radio-frequency
interference [76,77]. Some of HCWs perceived that these
intelligent technology interventions using video cameras to
monitor al 5 moments of HH would invade their and the
patient’s privacy [11]. There were studies that suggested that a
camera could be placed on the chest of HCWs that was aimed
at their hands rather than installing cameras in the environment
[78,79]. However, none of the included studies mentioned
privacy protection before implementing intelligent technology
interventions for HH. Another systematic review, which
discussed costs, found that implementing intelligent technol ogy
interventions for HH in health care facilities would entail high
costs, including equipment installation and maintenance costs,
and that it was not redlistic to install the camera system in
community settings [4].

Quiality of Evidence

We assessed the quality of evidence for this study based on the
GRADE classification. The quality of the evidence for the
outcomes of the 3 studies was low, most of which were
downgraded because of high risk of bias and imprecision.
Therefore, the quality of evidence in this meta-analysis was
low, and the results of the present meta-analysis were not
strongly recommended.

Strengths and Limitations of the Study

Several limitations should be noted in this meta-analysis. First,
most of the included studies were quasi-experimental studies.
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Although only 2 of the studies conducted an RCT, blinding was
difficult to implement because of the nature of intelligent
technology interventions, which may potentially result in
performance bias. Second, high heterogeneity was identified
among studies in terms of results for the HHC and MDRO
detection rates. Part of the heterogeneity may be due to
differentiation in terms of populations and inconsistent inclusion
and exclusion criteria among studies. Other sources of
heterogeneity may be due to the diversity of intelligent
technology interventionsfor HH and the lack of standardization,
and system-rel ated standards based on hardware limitationsand
WHO recommendations need to be established. Third, the
sensitivity analysis showed unstable pooled results of MDRO
detection rates. Further studies are needed to examine the effect
of intelligent technology interventionsfor HH on this outcome.
Fourth, our study performed no cost-benefit analysis of HH,
and the results were unclear with respect to the rate of correct
HH steps and the long-term sustainability of intelligent
technology interventions. These limitations should be considered
in future research.

Nevertheless, this meta-analysis strictly followed the PRISMA
statement and applied a rigorous search strategy to identify
potential studies in all available databases to ensure the
generalizability of the results. Moreover, we included a
relevantly large number of studiesand sample sizesfrom various
geographic areas, substantially enhancing the internal and
external validity of the meta-analysis. This is the first
meta-analysis to evaluate the impact of intelligent technology
interventionsfor HH on multiple outcomes, which could provide
valuable evidence to encourage intelligent technology
application to improve clinical and nursing outcomes.

Conclusions

Improving HH behaviors is an important part of hospital
management, and it is of great significance to patients and
HCWs. The application of intelligent technology to HH involves
theinnovation of management methods. This systematic review
determined that intelligent technol ogy interventionsfor HH had
an important rolein improving HHC and reducing HCAI rates,
but it could not be determined whether it had an effect on the
MDRO detection rate. However, low-quality evidence and
important heterogeneity were observed. Important directions
for future work are to further verify the 3 outcomes through
high-quality research and conduct more research to evaluate
the impacts of intelligent technology interventions on the
long-term sustainability, cost-effectiveness, and rate of correct
HH.

We thank He Lin from Sichuan University for his assistance with source data search. This work was supported by the Nursing
Research Fund Project of Run Run Shaw Hospital affiliated to Zhejiang University School of Medicine (202101HL).

Data Availability

All data generated or analyzed during this study are included in this published article.

https://www.jmir.org/2023/1/e37249

JMed Internet Res 2023 | vol. 25 | €37249 | p. 8
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Zhang et al

Authors Contributions

YZ, XPC, and YWL conceived and designed the project. Data acquisition and data interpretation were performed by YWL, KL,
YYZ, and XBQ. YZ, XPC, XYG, and PW performed the statistical analysis. YWL and KL checked the statistical analysis. YZ
and XPC wrote the manuscript. All authors read and approved the final manuscript.

Conflictsof I nterest
None declared.

Multimedia Appendix 1

PRISMA 2020 checklist.
[DOCX File, 18 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Supplementary material.
[DOCX File, 1633 KB-Multimedia Appendix 2]

References

1.  WHOguidelineson hand hygienein health care. World Health Organization. 2009. URL: https.//www.who.int/publications/
i/item/9789241597906 [accessed 2023-04-23]

2. COVID-19 drategy update. World Health Organization. 2020. URL : http://www.who.int/emergencies/di seases/
novel-coronavirus-2019/strategies-andplans [accessed 2021-01-20]

3.  Szilagyi L, Haidegger T, Lehotsky A, Nagy M, Csonka EA, Sun X, et al. A large-scale assessment of hand hygiene quality
and the effectiveness of the"WHO 6-steps’. BMC Infect Dis2013;13:249 [ FREE Full text] [doi: 10.1186/1471-2334-13-249]
[Medline: 23718728]

4.  WangC,JangW, Yang K, YuD, Newn J, SarsenbayevaZ, et al. Electronic monitoring systemsfor hand hygiene: systematic
review of technology. JMed Internet Res 2021;23(11):e27880 [ FREE Full text] [doi: 10.2196/27880] [Medline: 34821565]

5. Guidelineson core components of infection prevention and control programmes at the national and acute health carefacility
level. World Health Organization. 2016. URL : https:.//www.who.int/publications/i/item/9789241549929 [ accessed 2023-04-23]

6.  Muller MP, Detsky AS. Public reporting of hospital hand hygiene compliance—helpful or harmful? JAMA
2010;304(10):1116-1117. [doi: 10.1001/jama.2010.1301] [Medline: 20823438]

7. Bolon MK. Hand hygiene: an update. Infect Dis Clin North Am 2016;30(3):591-607. [doi: 10.1016/j.idc.2016.04.007]
[Medline: 27515139]

8. TsengC, He X, Chen W, Tseng CL. Evaluating automatic hand hygiene monitoring systems: a scoping review. Public
Health Pract (Oxf) 2022;4:100290 [FREE Full text] [doi: 10.1016/j.puhip.2022.100290] [Medline: 36588768]

9. Hage S, Reischke J, Kesselmeier M, Winning J, Gastmeier P, Brunkhorst FM, et a. Quantifying the Hawthorne effect in
hand hygiene compliance through comparing direct observation with automated hand hygiene monitoring. Infect Control
Hosp Epidemiol 2015;36(8):957-962. [doi: 10.1017/ice.2015.93] [Medline: 25903555]

10. Measuring hand hygiene adherence: overcoming the challenges. The Joint Commission. 2009. URL : https.//www.
jointcommi ssion.org/-/medialtjc/documents/resources/hai/hh_monograph.pdf [accessed 2021-01-20]

11. Ward MA, Schweizer ML, Polgreen PM, Gupta K, Reisinger HS, Perencevich EN. Automated and electronically assisted
hand hygiene monitoring systems: a systematic review. Am JInfect Control 2014;42(5):472-478. [doi:
10.1016/].8jic.2014.01.002] [Medline: 24773785]

12. Purssal E, Drey N, Chudleigh J, Creedon S, Gould DJ. The Hawthorne effect on adherence to hand hygienein patient care.
JHosp Infect 2020;106(2):311-317. [doi: 10.1016/j.jhin.2020.07.028] [Medline: 32763330]

13. Boyce JM. Hand hygiene, an update. Infect Dis Clin North Am 2021;35(3):553-573. [doi: 10.1016/j.idc.2021.04.003]
[Medline: 34362534]

14. Iversen AM, Hansen MB, Kristensen B, Ellermann-Eriksen S. Clinical evaluation of an el ectronic hand hygiene monitoring
system. Am JInfect Control 2023;51(4):376-379 [FREE Full text] [doi: 10.1016/j.8jic.2022.06.017] [Medline: 35732254]

15. LeisJA, Obaidallah M, Williams V, Muller MP, Powis JE, Johnstone J, et al. Validation and implementation of group
electronic hand hygiene monitoring acrosstwenty-four critical care units. Infect Control Hosp Epidemiol 2022;43(7):834-839.
[doi: 10.1017/ice.2021.250] [Medline: 34784996]

16. Mckay KJ, Shaban RZ, Ferguson P. Hand hygiene compliance monitoring: do video-based technol ogies offer opportunities
for the future? Infect Dis Health 2020;25(2):92-100. [doi: 10.1016/j.idh.2019.12.002] [Medline: 31932242]

17. McCadlas, Reilly M, Thomas R, McSpedon-Rai D. An automated hand hygiene compliance system is associated with
improved monitoring of hand hygiene. Am Jinfect Control 2017;45(5):492-497. [doi: 10.1016/j.4jic.2016.12.015] [Medline:
28139265]

https://www.jmir.org/2023/1/e37249 JMed Internet Res 2023 | vol. 25 | €37249 | p. 9

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v25i1e37249_app1.docx&filename=1e0e9d9eb920c8948b4f5a588e176cab.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e37249_app1.docx&filename=1e0e9d9eb920c8948b4f5a588e176cab.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e37249_app2.docx&filename=80e2388dd77d85725756a232ac9be1e2.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e37249_app2.docx&filename=80e2388dd77d85725756a232ac9be1e2.docx
https://www.who.int/publications/i/item/9789241597906
https://www.who.int/publications/i/item/9789241597906
http://www.who.int/emergencies/diseases/novel-coronavirus-2019/strategies-andplans
http://www.who.int/emergencies/diseases/novel-coronavirus-2019/strategies-andplans
https://bmcinfectdis.biomedcentral.com/articles/10.1186/1471-2334-13-249
http://dx.doi.org/10.1186/1471-2334-13-249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23718728&dopt=Abstract
https://www.jmir.org/2021/11/e27880/
http://dx.doi.org/10.2196/27880
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34821565&dopt=Abstract
https://www.who.int/publications/i/item/9789241549929
http://dx.doi.org/10.1001/jama.2010.1301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20823438&dopt=Abstract
http://dx.doi.org/10.1016/j.idc.2016.04.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27515139&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2666-5352(22)00066-0
http://dx.doi.org/10.1016/j.puhip.2022.100290
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36588768&dopt=Abstract
http://dx.doi.org/10.1017/ice.2015.93
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25903555&dopt=Abstract
https://www.jointcommission.org/-/media/tjc/documents/resources/hai/hh_monograph.pdf
https://www.jointcommission.org/-/media/tjc/documents/resources/hai/hh_monograph.pdf
http://dx.doi.org/10.1016/j.ajic.2014.01.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24773785&dopt=Abstract
http://dx.doi.org/10.1016/j.jhin.2020.07.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32763330&dopt=Abstract
http://dx.doi.org/10.1016/j.idc.2021.04.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34362534&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0196-6553(22)00503-X
http://dx.doi.org/10.1016/j.ajic.2022.06.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35732254&dopt=Abstract
http://dx.doi.org/10.1017/ice.2021.250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34784996&dopt=Abstract
http://dx.doi.org/10.1016/j.idh.2019.12.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31932242&dopt=Abstract
http://dx.doi.org/10.1016/j.ajic.2016.12.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28139265&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Zhang et al

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

Monsalve MN, Pemmaraju SV, Thomas GW, Herman T, Segre AM, Polgreen PM. Do peer effects improve hand hygiene
adherence among healthcare workers? Infect Control Hosp Epidemiol 2014;35(10):1277-1285 [FREE Full text] [doi:
10.1086/678068] [Medline: 25203182]

McMullen K, Diesel G, Gibbs E, Viox A, Dietzler-Otte J, Mclntire J, et al. Implementation of an electronic hand hygiene
monitoring system: learnings on how to maximizetheinvestment. Am Jinfect Control 2022;S0196-6553(22):00879-00873.
[doi: 10.1016/j.8jic.2022.12.008] [Medline: 36584901]

LinTY, LinCT, Chen KM, Hsu HF. Information technology on hand hygiene compliance among health care professionals:
a systematic review and meta-analysis. J Nurs Manag 2021;29(6):1857-1868. [doi: 10.1111/jonm.13316] [Medline:
33772923]

XuN, LiuC, Feng Y, Li F, Meng X, Lv Q, et a. Influence of the internet of things management system on hand hygiene
compliance in an emergency intensive care unit. JHosp Infect 2021;109:101-106 [FREE Full text] [doi:
10.1016/}.jhin.2020.12.009] [Medline: 33346043]

Kato H, TakedaR, Ideno Y, Suzuki T, Sano K, NakamuraK. Physicians compliance for hand hygienein medical outpatient
clinics: automated hand-hygiene monitoring with touch sensor and wirelessinternet. Am JInfect Control 2021;49(1):50-54.
[doi: 10.1016/j.8)ic.2020.05.037] [Medline: 32512079]

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et a. The PRISMA 2020 statement: an updated
guidelinefor reporting systematic reviews. BMJ2021;372:n71 [FREE Full text] [doi: 10.1136/bmj.n71] [Medline: 33782057]
Rethlefsen ML, Kirtley S, Waffenschmidt S, Ayala AP, Moher D, Page MJ, PRISMA-S Group. PRISMA-S: an extension
to the PRISMA statement for reporting literature searchesin systematic reviews. Syst Rev 2021;10(1):39 [FREE Full text]
[doi: 10.1186/s13643-020-01542-7] [Medline: 33499930]

Higgins JPT, Green S, Cochrane Collaboration. Cochrane Handbook for Systematic Reviews of Interventions Version
5.1.0. Oxford: Cochrane Collaboration; 2011.

Sterne JA, Herndn MA, Reeves BC, Savovi¢ J, Berkman ND, Viswanathan M, et al. ROBINS-I: atool for assessing risk
of biasin non-randomised studies of interventions. BM J2016;355:14919 [ FREE Full text] [doi: 10.1136/bmj.i4919] [Medline:
27733354]

Balshem H, Helfand M, Schiinemann HJ, Oxman AD, Kunz R, Brozek J, et al. GRADE guidelines: 3. Rating the quality
of evidence. JClin Epidemiol 2011;64(4):401-406. [doi: 10.1016/j.jclinepi.2010.07.015] [Medline: 21208779]

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ 2003;327(7414):557-560
[FREE Full text] [doi: 10.1136/bmj.327.7414.557] [Medline: 12958120]

Egger M, Davey Smith G, Schneider M, Minder C. Biasin meta-analysis detected by a simple, graphical test. BMJ
1997;315(7109):629-634 [FREE Full text] [doi: 10.1136/bmj.315.7109.629] [Medline: 9310563]

Ara A, Tanabe M, Nakamura A, Yamasaki D, Muraki Y, Kaneko T, et al. Utility of electronic hand hygiene counting
devices for measuring physicians hand hygiene adherence applied to outpatient settings. Am J Infect Control
2016;44(12):1481-1485 [FREE Full text] [doi: 10.1016/j.8jic.2016.08.002] [Medline: 27665030]

Armellino D, Trivedi M, Law I, Singh N, Schilling ME, Hussain E, et a. Replicating changesin hand hygienein a surgical
intensive care unit with remote video auditing and feedback. Am J Infect Control 2013;41(10):925-927. [doi:
10.1016/j.4jic.2012.12.011] [Medline: 23489740]

Ba YL, MaZF, Zheng ZG, Zhang DC, Du MM, Liu BW, et al. Evaluation of application effect of internet of things system
in hand hygiene management in hemodialysis center. Chin J Disinfect 2021;38(1):75-78. [doi:
10.11726/j.issn.1001-7658.2021.01.024]

Boyce JM, Cooper T, Yin J, Li FY, Arbogast JW. Challenges encountered and lessons|learned during atrial of an electronic
hand hygiene monitoring system. Am Jinfect Control 2019;47(12):1443-1448. [doi: 10.1016/j.8jic.2019.05.019] [Medline:
31324492]

Boyce JM, Laughman JA, Ader MH, Wagner PT, Parker AE, Arbogast JW. Impact of an automated hand hygiene monitoring
system and additional promotional activities on hand hygiene performance rates and healthcare-associated infections. Infect
Control Hosp Epidemiol 2019;40(7):741-747. [doi: 10.1017/ice.2019.77] [Medline: 31106714]

Brotfain E, Livshiz-Riven |, Gushansky A, Erblat A, Koyfman L, Ziv T, et a. Monitoring the hand hygiene compliance of
health care workersin ageneral intensive care unit: use of continuous closed circle television versus overt observation. Am
JInfect Control 2017;45(8):849-854. [doi: 10.1016/j.8)ic.2017.03.015] [Medline: 28479008]

Generoso JR, Casaroto E, Neto AS, Prado M, Gagliardi GM, de Menezes FG, et al. Comparison of two electronic hand
hygiene systems using real-time feedback via wireless technology to improve hand hygiene compliancein an intensive
care unit. Antimicrob Steward Healthc Epidemiol 2022;2(1):e127 [FREE Full text] [doi: 10.1017/ash.2022.270] [Medline:
36483415]

Guo Y, Shi XR, Zheng KL, Zhong J. Clinical practice of intelligent hand hygiene management system to improve hand
hygiene compliance in critical care medicine department. Electron J Pract Clin Nurs Sci 2019;4(47):177-178.

Higgins A, Hannan MM. Improved hand hygiene technique and compliance in healthcare workers using gaming technol ogy.
JHosp Infect 2013;84(1):32-37. [doi: 10.1016/j.jhin.2013.02.004] [Medline: 23498360]

Hu SG, Song WJ, Si MM. Application of smart hand hygiene management system in hand hygiene compliance of ICU
medical staff. Chin JMod Nurs 2019;25(25):4. [doi: 10.3760/cma.j.issn.1674-2907.2019.25.004]

https://www.jmir.org/2023/1/e37249 JMed Internet Res 2023 | vol. 25 | €37249 | p. 10

(page number not for citation purposes)


https://europepmc.org/abstract/MED/25203182
http://dx.doi.org/10.1086/678068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25203182&dopt=Abstract
http://dx.doi.org/10.1016/j.ajic.2022.12.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36584901&dopt=Abstract
http://dx.doi.org/10.1111/jonm.13316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33772923&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0195-6701(20)30573-9
http://dx.doi.org/10.1016/j.jhin.2020.12.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33346043&dopt=Abstract
http://dx.doi.org/10.1016/j.ajic.2020.05.037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32512079&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=33782057
http://dx.doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33782057&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-020-01542-z
http://dx.doi.org/10.1186/s13643-020-01542-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33499930&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=27733354
http://dx.doi.org/10.1136/bmj.i4919
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27733354&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2010.07.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21208779&dopt=Abstract
https://europepmc.org/abstract/MED/12958120
http://dx.doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12958120&dopt=Abstract
https://europepmc.org/abstract/MED/9310563
http://dx.doi.org/10.1136/bmj.315.7109.629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9310563&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0196-6553(16)30753-2
http://dx.doi.org/10.1016/j.ajic.2016.08.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27665030&dopt=Abstract
http://dx.doi.org/10.1016/j.ajic.2012.12.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23489740&dopt=Abstract
http://dx.doi.org/10.11726/j.issn.1001-7658.2021.01.024
http://dx.doi.org/10.1016/j.ajic.2019.05.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31324492&dopt=Abstract
http://dx.doi.org/10.1017/ice.2019.77
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31106714&dopt=Abstract
http://dx.doi.org/10.1016/j.ajic.2017.03.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28479008&dopt=Abstract
https://europepmc.org/abstract/MED/36483415
http://dx.doi.org/10.1017/ash.2022.270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36483415&dopt=Abstract
http://dx.doi.org/10.1016/j.jhin.2013.02.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23498360&dopt=Abstract
http://dx.doi.org/10.3760/cma.j.issn.1674-2907.2019.25.004
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Zhang et al

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

Kerbaj J, ToureY, Soto Aladro AS, Boudjema S, Giorgi R, Dufour JC, et al. Smartphone text message service to foster
hand hygiene compliancein health care workers. Am Jinfect Control 2017;45(3):234-239. [doi: 10.1016/j.8]ic.2016.10.018]
[Medline: 27955945]

Khan A, Nausheen S. Compliance of surgical hand washing before surgery: role of remote video surveillance. J Pak Med
Assoc 2017;67(1):92-96 [FREE Full text] [Medline: 28065962]

Knudsen AR, Kolle S, Hansen MB, Mdller K. Effectiveness of an electronic hand hygiene monitoring systeminincreasing
compliance and reducing healthcare-associated infections. JHosp Infect 2021;115:71-74. [doi: 10.1016/j.jhin.2021.05.011]
[Medline: 34058262]

Kwok YLA, Callard M, McLaws ML. An automated hand hygiene training system improves hand hygiene technique but
not compliance. Am J Infect Control 2015;43(8):821-825. [doi: 10.1016/j.ajic.2015.04.201] [Medline: 26059600]

Lacey G, Zhou J, Li X, Craven C, Gush C. The impact of automatic video auditing with real-time feedback on the quality
and quantity of handwash eventsin ahospital setting. Am J Infect Control 2020;48(2):162-166 [FREE Full text] [doi:
10.1016/].4jic.2019.06.015] [Medline: 31358419]

LeisJA, Powis JE, McGeer A, Ricciuto DR, Agnihotri T, Coyle N, et al. Introduction of group electronic monitoring of
hand hygiene on inpatient units: a multicenter cluster randomized quality improvement study. Clin Infect Dis
2020;71(10):e680-e685. [doi: 10.1093/cid/ciaad12] [Medline: 32270865]

Liu LQ. Analysis of the effect of hand hygiene management system on reducing multidrug-resistant bacterial infection in
ICU. Med Forum 2019;23(18):2572-2573. [doi: 10.19435/j.1672-1721.2021.02.075]

Liu JJ, Wu MJ. Influence of intelligent hand hygiene management system on the compliance of hand hygiene of nursesin
clinical departments. Chin Foreign Med Res 2021;19(16):100-102.

MarraAR, D'Arco C, Bravim Bde A, Martino MD, CorrealL, SilvaCV, et a. Controlled trial measuring the effect of a
feedback intervention on hand hygiene compliance in a step-down unit. Infect Control Hosp Epidemiol 2008;29(8):730-735.
[doi: 10.1086/590122] [Medline: 18631114]

MarraAR, Sampaio Camargo TZ, Magnus TP, Blaya RP, Dos Santos GB, Guastelli LR, et al. The use of real-time feedback
viawireless technology to improve hand hygiene compliance. Am J Infect Control 2014;42(6):608-611. [doi:
10.1016/].8jic.2014.02.006] [Medline: 24725515]

McCalla S, Reilly M, Thomas R, McSpedon-Rai D, McMahon LA, Palumbo M. An automated hand hygiene compliance
system is associated with decreased rates of health care-associated infections. Am JInfect Control 2018;46(12):1381-1386.
[doi: 10.1016/j.8)ic.2018.05.017] [Medline: 30509358]

Mgller-Sgrensen H, Korshin A, Mogensen T, Hgiby N. New technology markedly improves hand-hygiene performance
among healthcare workers after restroom visits. JHosp Infect 2016;92(4):337-339. [doi: 10.1016/j.jhin.2015.09.012]
[Medline: 26597634]

Pan XD, Xie WW, Chen MJ, Yu FF. Application of intelligent control hand hygiene internet of things systemin ICU hand
hygiene management. J Tradit Chin Med Manage 2020;28(17):55-56.

PiresD, Gayet-Ageron A, Guitart C, Robert YA, Fankhauser C, Tartari E, et al. Effect of wearing anovel electronic wearable
device on hand hygiene compliance among health care workers: a stepped-wedge cluster randomized clinical trial. AMA
Netw Open 2021;4(2):€2035331 [FREE Full text] [doi: 10.1001/jamanetworkopen.2020.35331] [Medline: 33555332]
Pong S, Holliday P, Fernie G. Effect of electronic real-time prompting on hand hygiene behaviorsin health care workers.
Am JInfect Control 2018;46(7):768-774 [FREE Full text] [doi: 10.1016/].ajic.2017.12.018] [Medline: 29502882]

Shao XP, Mao TH, Jiang ZJ, Yu HH. Effect of hand hygiene management system on reducing multidrug-resistant bacterial
infection in ICU. Chin JNosocomiol 2017;27(17):4053-4055.

Simonet S, Marschall J, Kuhn R, Schlegel M, Kahlert CR. Implementation of an electronic, secure, web-based application
to support routine hand hygiene observation with immediate direct feedback and anonymized benchmarking. Am J Infect
Control 2022;50(11):1263-1265 [FREE Full text] [doi: 10.1016/j.ajic.2022.04.006] [Medline: 35537564]

Sun HP, Fu JF, Yu FF, Dai LW, Liu B, Bai YL. A new technology to increase hand hygiene compliance and improve
infection control indicators. Chin J Mult Organ Dis Elderly 2016;15(09):653-656.

Venkatesh AK, Lankford MG, Rooney DM, Blachford T, Watts CM, Noskin GA. Use of electronic alerts to enhance hand
hygiene compliance and decrease transmission of vancomycin-resistant enterococcus in a hematology unit. Am JInfect
Control 2008;36(3):199-205. [doi: 10.1016/j.8jic.2007.11.005] [Medline: 18371516]

Wei YP. Application and effect of hand hygieneintelligent monitoring system in ICU infection control. Advice For Health
2021;15(2):100-102.

Zhu X. Application of digital video monitoring on surgical hand disinfection in the operation room. Pract J Clin Med
2015;12(05):183-185. [doi: 10.3969/}.issn.1672-6170.2015.05.067]

Srigley JA, Gardam M, Fernie G, Lightfoot D, Lebovic G, Muller MP. Hand hygiene monitoring technology: a systematic
review of efficacy. JHosp Infect 2015;89(1):51-60. [doi: 10.1016/j.jhin.2014.10.005] [Medline: 25480021]

Al Salman JM, Hani S, de MarcellisWarin N, I1sa SF. Effectiveness of an electronic hand hygiene monitoring system on
healthcare workers' compliance to guidelines. J Infect Public Health 2015;8(2):117-126 [FREE Full text] [doi:
10.1016/}.jiph.2014.07.019] [Medline: 25444391]

https://www.jmir.org/2023/1/e37249 JMed Internet Res 2023 | vol. 25 | €37249 | p. 11

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.ajic.2016.10.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27955945&dopt=Abstract
http://jpma.org.pk/full_article-text.php?article_id=8050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28065962&dopt=Abstract
http://dx.doi.org/10.1016/j.jhin.2021.05.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34058262&dopt=Abstract
http://dx.doi.org/10.1016/j.ajic.2015.04.201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26059600&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0196-6553(19)30646-7
http://dx.doi.org/10.1016/j.ajic.2019.06.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31358419&dopt=Abstract
http://dx.doi.org/10.1093/cid/ciaa412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32270865&dopt=Abstract
http://dx.doi.org/10.19435/j.1672-1721.2021.02.075
http://dx.doi.org/10.1086/590122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18631114&dopt=Abstract
http://dx.doi.org/10.1016/j.ajic.2014.02.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24725515&dopt=Abstract
http://dx.doi.org/10.1016/j.ajic.2018.05.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30509358&dopt=Abstract
http://dx.doi.org/10.1016/j.jhin.2015.09.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26597634&dopt=Abstract
https://europepmc.org/abstract/MED/33555332
http://dx.doi.org/10.1001/jamanetworkopen.2020.35331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33555332&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0196-6553(18)30002-6
http://dx.doi.org/10.1016/j.ajic.2017.12.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29502882&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0196-6553(22)00356-X
http://dx.doi.org/10.1016/j.ajic.2022.04.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35537564&dopt=Abstract
http://dx.doi.org/10.1016/j.ajic.2007.11.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18371516&dopt=Abstract
http://dx.doi.org/10.3969/j.issn.1672-6170.2015.05.067
http://dx.doi.org/10.1016/j.jhin.2014.10.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25480021&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1876-0341(14)00119-1
http://dx.doi.org/10.1016/j.jiph.2014.07.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25444391&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Zhang et al

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Boyce JM, Pittet D, Healthcare Infection Control Practices Advisory Committee, Society for Healthcare Epidemiology of
America, Association for Professionalsin Infection Control. Infectious Diseases Society of America, Hand Hygiene Task
Force. Guideline for hand hygiene in health-care settings: recommendations of the Healthcare Infection Control Practices
Advisory Committee and the HICPAC/SHEA/APIC/IDSA Hand Hygiene Task Force. Infect Control Hosp Epidemiol
2002;23(suppl 12):S3-$40. [doi: 10.1086/503164] [Medline: 12515399]

Staats BR, Dai H, Hofmann D, Milkman KL. Motivating process compliance through individual electronic monitoring: an
empirical examination of hand hygiene in healthcare. Manage Sci 2017;63(5):1563-1585. [doi: 10.2139/ssrn.2964542]
Meng M, Sorber M, Herzog A, Igel C, Kugler C. Technological innovations in infection control: arapid review of the
acceptance of behavior monitoring systems and their contribution to the improvement of hand hygiene. Am JInfect Control
2019;47(4):439-447. [doi: 10.1016/j.8]ic.2018.10.012] [Medline: 30527285]

Dyson J, Madeo M. Investigating the use of an electronic hand hygiene monitoring and prompt device: influence and
acceptability. JInfect Prev 2017;18(6):278-287 [FREE Full text] [doi: 10.1177/1757177417714045] [Medline: 29344097]
Baslyman M, Rezaee R, Amyot D, Mouttham A, Chreyh R, Geiger G, et a. Real-time and location-based hand hygiene
monitoring and notification: proof-of-concept system and experimentation. Pers Ubiquit Comput 2015;19(3-4):667-688.
Conway LJ, Riley L, Saiman L, Cohen B, Alper P, Larson EL . Implementation and impact of an automated group monitoring
and feedback system to promote hand hygiene among health care personnel. Jt Comm JQual Patient Saf 2014;40(9):408-417
[FREE Full text] [doi: 10.1016/s1553-7250(14)40053-9] [Medline: 25252389]

Conway LJ. Challengesin implementing electronic hand hygiene monitoring systems. Am J Infect Control 2016;44(suppl
5):e7-e12. [doi: 10.1016/j.4jic.2015.11.031] [Medline; 27131139]

Marimuthu K, Pittet D, Harbarth S. The effect of improved hand hygiene on nosocomial MRSA control. Antimicrob Resist
Infect Control 2014;3:34 [FREE Full text] [doi: 10.1186/2047-2994-3-34] [Medline: 25937922]

Johnson PD, Martin R, Burrell LJ, Grabsch EA, Kirsa SW, O'Keeffe J, et a. Efficacy of an alcohol/chlorhexidine hand
hygiene program in ahospital with high rates of nosocomial methicillin-resistant staphylococcus aureus (MRSA) infection.
Med J Aust 2005;183(10):509-514. [doi: 10.5694/j.1326-5377.2005.tb07151.x] [Medline: 16296963]

Stone SP, Fuller C, Savage J, Cookson B, Hayward A, Cooper B, et a. Evaluation of the national cleanyourhands campaign
to reduce staphylococcus aureus bacteraemia and clostridium difficile infection in hospitalsin England and Wales by
improved hand hygiene: four year, prospective, ecological, interrupted time series study. BMJ 2012;344:€3005 [FREE Full
text] [doi: 10.1136/bmj.e3005] [Medline: 22556101]

LinTY, LinCT, Chen KM, Hsu HF. Information technology on hand hygiene compliance among health care professionals:
a systematic review and meta-analysis. J Nurs Manag 2021;29(6):1857-1868. [doi: 10.1111/jonm.13316] [Medline:
33772923]

Srigley JA, Lightfoot D, Fernie G, Gardam M, Muller MP. Hand hygiene monitoring technology: protocol for a systematic
review. Syst Rev 2013;2:101 [FREE Full text] [doi: 10.1186/2046-4053-2-101] [Medline: 24219817]

Meng M, Seidlein AH, Kugler C. Hand hygiene monitoring technology: a descriptive study of ethics and acceptancein
nursing. Nurs Ethics 2022;29(2):436-447. [doi: 10.1177/09697330211015351] [Medline: 34525855]

Trick WE, Vernon MO, Hayes RA, Nathan C, Rice TW, Peterson BJ, et al. Impact of ring wearing on hand contamination
and comparison of hand hygiene agentsin a hospital. Clin Infect Dis 2003;36(11):1383-1390. [doi: 10.1086/374852]
[Medline: 12766832]

Bassen HI. Radiofrequency interference with medical devices. A technical information statement. |EEE Eng Med Biol
Mag 1998;17(3):111-114. [Medline: 9604711]

Diefenbacher S, Pfattheicher S, Keller J. On the role of habit in self-reported and observed hand hygiene behavior. Appl
Psychol Health Well Being 2020;12(1):125-143. [doi: 10.1111/aphw.12176] [Medline: 31353823]

Diefenbacher S, Sassenrath C, Tatzel J, Keller J. Evaluating healthcare workers' hand hygiene performance using first-person
view video observation in a standardized patient-care scenario. Am J Infect Control 2020;48(5):496-502. [doi:
10.1016/].4jic.2019.11.032] [Medline: 32334725]

Abbreviations

GRADE: Grading of Recommendations, Assessment, Devel opment, and Evaluation
HCAI: health care-associated infection

HCW: health care worker

HH: hand hygiene

HHC: hand hygiene compliance

MDRO: multidrug-resistant organism

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RCT: randomized controlled trial

ROBINS-I: Risk Of Bias In Non-randomised Studies—of Interventions

RR: risk ratio

WHO: World Health Organization

https://www.jmir.org/2023/1/e37249 JMed Internet Res 2023 | vol. 25 | €37249 | p. 12

(page number not for citation purposes)


http://dx.doi.org/10.1086/503164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12515399&dopt=Abstract
http://dx.doi.org/10.2139/ssrn.2964542
http://dx.doi.org/10.1016/j.ajic.2018.10.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30527285&dopt=Abstract
https://europepmc.org/abstract/MED/29344097
http://dx.doi.org/10.1177/1757177417714045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29344097&dopt=Abstract
https://europepmc.org/abstract/MED/25252389
http://dx.doi.org/10.1016/s1553-7250(14)40053-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25252389&dopt=Abstract
http://dx.doi.org/10.1016/j.ajic.2015.11.031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27131139&dopt=Abstract
https://aricjournal.biomedcentral.com/articles/10.1186/2047-2994-3-34
http://dx.doi.org/10.1186/2047-2994-3-34
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25937922&dopt=Abstract
http://dx.doi.org/10.5694/j.1326-5377.2005.tb07151.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16296963&dopt=Abstract
https://europepmc.org/abstract/MED/22556101
https://europepmc.org/abstract/MED/22556101
http://dx.doi.org/10.1136/bmj.e3005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22556101&dopt=Abstract
http://dx.doi.org/10.1111/jonm.13316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33772923&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/2046-4053-2-101
http://dx.doi.org/10.1186/2046-4053-2-101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24219817&dopt=Abstract
http://dx.doi.org/10.1177/09697330211015351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34525855&dopt=Abstract
http://dx.doi.org/10.1086/374852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12766832&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9604711&dopt=Abstract
http://dx.doi.org/10.1111/aphw.12176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31353823&dopt=Abstract
http://dx.doi.org/10.1016/j.ajic.2019.11.032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32334725&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Zhang et al

Edited by A Mavragani; submitted 12.02.22; peer-reviewed by KM Kuo, C Price; comments to author 31.08.22; revised version
received 12.12.22; accepted 19.03.23; published 29.05.23

Please cite as.

Zhang Y, Chen X, Lao Y, Qiu X, Liu K, Zhuang Y, Gong X, Wang P

Effects of the Implementation of Intelligent Technology for Hand Hygiene in Hospitals: Systematic Review and Meta-analysis
J Med Internet Res 2023; 25:e37249

URL: https://www.jmir.org/2023/1/e37249

doi: 10.2196/37249

PMID:

©Yi Zhang, Xiangping Chen, Yuewen Lao, Xiaobin Qiu, Kang Liu, Yiyu Zhuang, Xiaoyan Gong, Ping Wang. Originally published
in the Journal of Medical Internet Research (https.//www.jmir.org), 29.05.2023. Thisis an open-access article distributed under
theterms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet
Research, is properly cited. The complete bibliographic information, alink to the original publication on https.//www.jmir.org/,
aswell asthis copyright and license information must be included.

https://www.jmir.org/2023/1/e37249 JMed Internet Res 2023 | vol. 25 | e37249 | p. 13
(page number not for citation purposes)

RenderX


https://www.jmir.org/2023/1/e37249
http://dx.doi.org/10.2196/37249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

