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Abstract

Background: Antimicrobial resistance (AMR) is an emerging public health crisisin Uganda. The World Health Organization
(WHO) Globa Action Plan recommends that countries should develop and implement National Action Plans for AMR. We
describe the establishment of the national AMR program in Uganda and present the early microbial sensitivity results from the
program.

Objective: The aim of this study is to describe a national surveillance program that was devel oped to perform the systematic
and continuous collection, analysis, and interpretation of AMR data.

Methods: A systematic qualitative description of the process and progress made in the establishment of the national AMR
program is provided, detailing the progress made from 2015 to 2020. This is followed by areport of the findings of the isolates
that were collected from AMR surveillance sites. Identification and antimicrobial susceptibility testing (AST) of the bacterial
isolates were performed using standard methods at both the surveillance sites and the reference |aboratory.

Results:. Remarkable progress has been achieved in the establishment of the national AMR program, which is guided by the
WHO Global Laboratory AMR Surveillance System (GLASS) in Uganda. A functional national coordinating center for AMR
has been established with a supporting designated reference laboratory. WHONET software for AMR data management has been
installed in the surveillance sites and |aboratory staff trained on data quality assurance. Uganda has progressively submitted data
to the WHO GLASS reporting system. Of the 19,216 isolates from WHO GLASS priority specimens collected from October
2015 to June 2020, 22.95% (n=4411) had community-acquired infections, 9.46% (n=1818) had hospital-acquired infections, and
68.57% (n=12,987) had infections of unknown origin. The highest proportion of the specimens was blood (12,398/19,216,
64.52%), followed by urine (5278/19,216, 27.47%) and stool (1266/19,216, 6.59%), whereas the |owest proportion was urogenital
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swabs (274/19,216, 1.4%). Themean agewas 19.1 (SD 19.8 years), whereasthe median agewas 13 years (IQR 28). Approximately
49.13% (9440/19,216) of the participants were female and 50.51% (9706/19,216) were male. Participants with community-acquired
infections were older (mean age 28, SD 18.6 years, median age 26, IQR 20.5 years) than those with hospital-acquired infections
(mean age 17.3, SD 20.9 years; median age 8, IQR 26 years). All gram-negative (Escherichia coli, Klebsiella pneumoniae, and
Neisseria gonorrhoeae) and gram-positive (Staphylococcus aureus and Enterococcus sp) bacteriawith AST showed resistance
to each of the tested antibiotics.

Conclusions: Ugandais the first African country to implement a structured national AMR surveillance program in alignment
with the WHO GLASS. The reported AST dataindicate very high resistance to the recommended and prescribed antibiotics for
treatment of infections. More effort is required regarding quality assurance of laboratory testing methodol ogies to ensure optimal
adherence to WHO GLASS-recommended pathogen-antimicrobial combinations. The current AMR data will inform the

development of treatment algorithms and clinical guidelines.

(JMIR Public Health Surveill 2021;7(10):€29954) doi:10.2196/29954

KEYWORDS

antimicrobial resistance; surveillance; microbiology; laboratory; Uganda; implementation; WHO; collection; analysis, data;
antimicrobial; progress; bacteria; feasibility; resistance; antibiotic

Introduction

Background

Antimicrobia resistance (AMR) is associated with increased
morbidity and mortality and isrecognized as an emerging global
health threat. If left unchecked, by 2050, AMR may contribute
up to 10 million deaths per year [1]. In low- and middle-income
countries (LMICs), particularly in Africa, dataon drug-resistant
infections are extremely scarce [2]. A few available reports
indicate that resistance to commonly prescribed antibiotics is
preval ent, but the methodol ogy for the generation and reporting
of AMR dataissuboptimal [3,4]. A systematic review targeting
policy makersin East Africafound significant knowledge gaps
in AMR and recommended strengthening antimicrobial
stewardship and AMR surveillance in the region [5].

In Uganda, early effortsagainst AMR identified the critical gap
as a lack of routine surveillance systems with limited data,
making it difficult to track the AMR burden [6]. Moreover, a
substantial proportion of methicillin-resistant Saphylococcus
aureus and gram-negative organismsin different sample types
has been reported [7]. Another study at a Ugandan regional
referral hospital (RRH) on antimicrobial-resistant infections
among postpartum mothers recommended increased
microbiological testing [8]. Thisinforms appropriate antibiotic
use, development of antimicrobial stewardship programs, and
strengthening of infection prevention and control practices as
top priorities. Notably, through an ongoing sentinel surveillance
program, microbiology capacity has been enhanced in selected
RRHs that contribute significantly toward bacterial 1D and
antimicrobial susceptibility testing (AST) in Uganda [9]. In
addition, Uganda is among the few African countries that have
adopted and established a quality-assured World Health
Organization (WHO) Enhanced Gonococcal Antimicrobial
Surveillance Program and reported data locally and globally
[10,11].

In 2015, the WHO launched the Global Laboratory AMR
Surveillance System (GLASS) and initiated itsimplementation
in the human health sector [12]. The GLASS program provides
national guidance on AMR, focusing on different surveillance

https://publichealth.jmir.org/2021/10/€29954

methods for adoption and priority specimens, pathogens, and
pathogen-antibacterial combinations for use within national
surveillance programs. GLASS enables monitoring of emerging
AMR profiles a the country level and facilitates the
development of hospital-based antibiograms to inform clinical
treatment decisions.

In line with global calls to enhance support for AMR systems
in LMICs, development partners are currently supporting
Uganda's national laboratory system and, more recently, the
National Action Plan (NAP) for AMR [13] using a
system-strengthening approach [14]. Since 2015, the United
States with the help of the Centers for Disease Control and
Prevention has been supporting the laboratory capacity at
national and regiona referral levels to enhance sample
transportation systems for microbiology samples. In 2018, the
Fleming Fund of the United Kingdom initiated support to the
Government of Uganda to strengthen national coordination
efforts for AMR using the One Health approach. The efforts
aretargeting to expand the microbiol ogy testing capacity at the
national level and selected RRHs and generate quality-assured
AMR data. With the support of these and other partners, Uganda
is implementing its NAP for AMR, which was formally
launched in 2019.

Objective

In this paper, we highlight the progress on the implementation
of GLASS in Uganda from October 2015 to June 2020 and
describelaboratory-based AMR surveillance data obtained from
selected surveillance sites in the same period. The datainclude
corresponding participant characteristics (sex and age), source
of bacterial infection for surveillance hospital-acquired
infections (HAIS), bacterial recovery rates, and resistance
profiles.

Methods

Overview

A mixed methodology was used to obtain data presented in this
study. Qualitative methods were used for the program setup,
whereas quantitative methods were used to generate the AMR
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surveillance isolate data. A situational analysis report by the
Uganda National Academy of Sciences was reviewed to
understand the existing national AMR capacity and provide
important information to guide program development [15]. To
develop a sustainable national AMR surveillance program, the
Ministry of Health (MoH) benchmarked on international
guidance, using the approach first described in the WHO
GLASS manua for the early implementation [12] and later
interpreted according to the road map for participation in
GLASS by Sedle et a [16]. These recommendations were
implemented under the cognizance of the local context of
Uganda’'s hedth systems. A systematic stepwise
capacity-building approach [17] was used to set up and
implement the program. The approach focused on setting up
structures, systems, and roles at national and subnational levels;
addressing staffing and infrastructure needs; and providing skills
and tools to health workers. Stakeholders engagement was
undertaken to ensure a supportive environment for the
implementation of AMR surveillance. The partners supporting
the national AMR surveillance program include the Centersfor
Disease Control and Prevention, the Fleming Fund, the World
Bank, and academic ingtitutions, including Makerere University
and Mbarara University of Science and Technology. Using the
outline by Seale et al [16], we describe the steps taken and the
achievements of developing the national AMR surveillance
program and later present the AMR data obtained from the
program under the Results section.

Key Achievements

Enrollment of Uganda in GLASS

In 2015, Uganda responded to the WHO call for countries to
enroll in the GLASS program. By enrolling in the GLASS
program, Uganda committed to collecting and sharing national
AMR surveillance data. As part of this process, the country also
acquired the WHONET software [18] used to report AMR
surveillancedata. A WHO GLASSfocal person wasdesignated
by the MoH to support the coordination of AMR datavalidation,
quality assurance, and the reporting process. Uganda now
participates in the annual AMR data submissions to GLASS,
and the country AMR data are part of the WHO global AMR
surveillance reports [19].

Establishment of the AMR National Coordinating Center

The National Coordinating Center (NCC) at the MoH has been
set up to oversee the national AMR surveillance program in
human health, including the collection and aggregation of data
from surveillance sites. The NCC works in collaboration with
the Uganda National AMR Sub-Committee (UNAMRSC) of
the One Health approach to provide strategic oversights of the
national AMR program. The UNAMRSC has aso been
established as part of the governance structure for AMR in the
country. The membership of the UNAMRSC also includes
representation from other rel evant line ministries, such asanimal
health, wildlife, and the environment. The mandate of the
UNAMRSC includes defining the national AMR surveillance
objectives; devel oping and disseminating protocols; coordinating
data collection, analysis, and reporting; and reviewing data
before reporting to GLASS. To date, the NCC has supported
the devel opment of key AMR surveillance documents, including
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national AMR surveillance plans, protocols, guidelines,
curricula, and microbiology standard operating procedures.

Finalization of the NAP for AMR

The WHO requested all member countries to develop
multisectoral-wide NAPsthat are aligned with the Global Action
Plan for AMR to support the implementation of the national
AMR programs. Working with partners, the UNAMRSC
completed the development of the Uganda AMR NAP [13],
which was launched in November 2018 and now supports the
implementation of priority activitiesin the NAP for AMR.

Designation of the National Microbiology Reference
Laboratory

Initially, the Department of Medical Microbiology Laboratory
at Makerere University was designated asthe AMR Surveillance
Laboratory. However, the capacity of the Central Public Health
Laboratories has been built gradually, and it is now the
designated national microbiology referencelaboratory for AMR
surveillance. The capacity built at Central Public Health
Laboratories includes human resource development, quality
management systemstoward accreditation, isol ate transportation,
enhanced biorepository, and enrollment of laboratories in an
External Quality Assurance scheme. In addition, the
state-of -the-art Becton and Dickson—manufactured equipment,
including matrix assisted laser desorption/ionization time of
flight [20] and Phoenix M50 [21], has been installed at the
reference laboratories and BACTEC blood culture systems,
including FX 200 and FX40[22], at selected RRH laboratories.
These results support bacterial ID and AST.

Selection and Capacity Building for AMR Surveillance
Sites

In 2016, the AMR NCC designated different facilitiesasAMR
surveillance sites. The sites were selected to ensure a balanced
geographic, demographic, and socioeconomic distribution. They
offer both outpatient and inpatient services, as per GLASS
recommendations. However, the capacity of health facilitiesto
conduct AMR surveillance varied between the different health
facilities. As a result, selected sites have reported AMR
surveillance data to the WHO and the capacity of the
surveillance sites has been gradually developed. The Medicines
and Therapeutics Committees oversee the implementation of
the AMR surveillance program at the surveillance sites, which
have been trained in collecting, analyzing, and reporting
epidemiological, clinical, and laboratory data. The Medicines
and Therapeutics Committee is usualy headed by a senior
consultant (Internal medicine, Gynecology, Surgery, and
Pediatrics) who leads the stewardship of the AMR program at
the site. On the basis of the clinician’s request for bacteria 1D
and AST aspart of patient care, samplesare collected according
totheclinical protocols appropriate for the clinical presentation
of patientsand sent to the microbiol ogy |aboratory. The samples
mainly include blood, urine, stool, and urogenital swabs and
are accompanied by a microbiology laboratory request form
that captures epidemiological information such as patient
demographics and clinical presentation. The bacterial ID and
AST datain thisreport were collected from 10 surveillance site
microbiology laboratories between October 2015 and June 2020.
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The surveillance sites included Department of Medica
Microbiology, Mbarara University of Science and Technology,
AruaRRH, Kabale RRH, Mbarara RRH, Mubende RRH, Fort
Portal RRH, Hoima RRH, JinjaRRH, Mbale RRH, and Soroti

Nabadda et &l

RRH (Figure 1). The surveillance sites have microbiology
laboratories with the capacity to isolate, identify, and conduct
microbial sensitivity testing for GLASS priority pathogens.

Figure 1. Geographic locations of the sentinel sites participating in the National Antimicrobial Resistance surveillance program.

Bacterial ID and AST

Inthelaboratory, bacterial ID and AST for the different samples
were collected, and subsequently isolates were performed in
accordance with the standardized microbiology protocols and
standard operating procedures. Blood culture vialswere placed
in a BACTEC 9050 or FX40 blood -culture system
(Becton-Dickinson) according to the manufacturer’ sinstructions.
Samples from flagged positive vials were subjected to Gram
staining and then cultured on blood agar, chocolate agar, and
MacConkey agar culture plates. The culture plates were
incubated for 18 to 24 hours at 35°C to 37°C, with recovered
colonies undergoing conventional biochemical testing to confirm
ID. For stool samples, a loop full of emulsified sample was
inoculated on deoxycholate citrate agar, or Xylose Lysine
Deoxycholate agar, and MacConkey agar and incubated at 35°C
to 37°C in ambient air for 18 to 24 hours. Isolation and ID of
growth was performed using conventional methods. Urine
sampleswere gently mixed and inoculated on MacConkey agar
and blood agar using an appropriate calibrated loop and
incubated in ambient air overnight for 18 to 24 hours at 35°C
to 37°C. Isolation, conventional ID, and colony counting were
performed where applicable. Both urine and stool were
examined macroscopically and microscopically (Gram staining).
All urogenital swabs were inoculated on selective modified

https://publichealth.jmir.org/2021/10/€29954
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Thayer Martin and nonselective chocolate agar culture plates
and then incubated at 35°C to 37°C in 5% CO,-enriched humid
conditions. ID of gonococci colonies was based on the growth
of the colonieswith typical morphology inthe modified Thayer
Martin medium with a positive oxidase test [23]. AST was
performed using the Kirby-Bauer disk diffusion method
according to the Clinical and Laboratory Standards Institute
[24]. We followed the WHO GLASS pathogen-antimicrobial
combinationsto set the antibioticsfor susceptibility testing [12].
Preliminary cultureresultswereimmediately sent to the hospital
wardsto help clinicians optimize patient management, whereas
thefinal results were shared later.

Submission of AMR Datafor National and WHO GLASS
Reporting

All laboratory results (bacterial ID and AST), patient
demographics, and clinical data were entered into the
microbiology register. These data were then entered into the
WHONET software program [18] on a weekly basis for data
analysis to generate facility-based AMR surveillance reports.
The AMR surveillance subcommittee technical working
committee representatives conducted data quality assessments
on a quarterly basis to inform key performance indicators and
reports submitted to NCCs. Uganda has been consistently
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submitting data to GLASS reporting since its enrollment in
2016 [19].

Statistical Analysis

Summary statistics were calculated for key demographic
characteristics of participants from whom samples were
collected and stratified by the origin of the samples. Age was
summarized as a continuous variable and categorized with age
groups defined. P values based on chi-square tests were
calculated for each variable to provide a sense of differencesin
demographic characteristics among different origins. For each
specimen type, the percentage recovery for all bacterial
pathogens and GLASS priority pathogens was expressed asthe
proportion of samples with a positive culture result out of the
total samples cultured. Similarly, for each pathogen, resistance
was expressed as the proportion of isolates with resistant or
intermediate results out of the total number of isolates tested
for susceptihility to aspecific antibiotic. The binomial 95% Cls
for the proportions of recovery and resistance were calculated
using the Wilson method. The frequency of infection with
resistant pathogens could not be cal culated because data on the
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population at risk were unavailable. In addition, because of
potential sampling bias, no statistical analysis was performed
to identify any associations or risk factors for the occurrence of
resistant pathogens. The analysis was performed using Excel
(Microsoft), R version 3.6 (R Foundation for Statistical
Computing), and WHONET.

Results

Demographics of Participants

Of the 19,216 participantsinvolved in the surveillance program,
22.95% (4411/19,216) had community-acquired infections,
9.46% (1818/19,216) had HAIs, and 68.57% (12,987/19,216)
had infections of unknown origin (Table 1). The mean age was
19.1 years (SD 19.8 years), whereas the median was 13 years
(IQR 28 years). Approximately 49.13% (9440/19,216) of the
participantswerefemale, and 50.51% (9706/19,216) were male.
Participants with community-acquired infection were older
(mean age 28 years, SD 18.6 years, median age 26 years, IQR
20.5 years) than those with HAls (mean age 17.3 years, SD 20.9
years, median age 8 years, IQR 26 years).
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Table 1. Characteristicsof participantsin the antimicrobial resistance surveillance program from 10 surveillance sites from October 2015 to June 2020.

Characteristics Origin Total P value
(N=19,216)
Community acquired (n=4411) Hospital acquired (n=1818)  Unknown (n=12,987)
Value, mean (SD) 28.0(18.6) 17.3(20.9) 15.9 (19.0) 19.1 (19.8) N/A2
Value, median (IQR) 26 (20.5) 8(26) 6(27) 13 (28) N/A
Age (years), n (%) <.001
<1 230 (5.21) 192 (10.56) 1753 (13.49) 2175 (11.32)
1-4 365 (8.27) 485 (26.68) 3003 (23.12) 3853 (20.05)
05-14 372(8.43) 459 (25.25) 1600 (12.32) 2431 (12.65)
15-24 909 (20.61) 149 (8.19) 1042 (8.02) 2100 (10.92)
25-34 1083 (24.55) 168 (9.24) 1267 (9.76) 2518 (13.1)
35-44 572 (12.97) 120 (6.6) 748 (5.76) 1440 (7.49)
45-54 350 (7.93) 88 (4.84) 463 (3.56) 901 (4.69)
55-64 170 (3.85) 37 (2.04) 268 (2.06) 475 (2.47)
65-80 149 (3.38) 60 (3.3) 229 (1.76) 438 (2.28)
>81 52 (1.18) 30 (1.65) 51 (0.39) 133 (0.69)
Unknown 159 (3.6) 30 (1.65) 2563 (19.74) 2752 (14.32)
Sex, N (%) <.001
Female 2413 (54.72) 836 (45.98) 6191 (47.67) 9440 (49.13)
Male 1974 (44.75) 980 (53.91) 6752 (51.99) 9706 (50.51)
Unknown 24(0.54) 2(0.11) 44.(0.34) 70 (0.36)
Facility, n (%) <.001
Arua RRHP 1026 (23.26) 384 (21.12) 1049 (8.08) 2459 (12.79)
DMM MUST® 480 (10.88) 35(1.92) 2351 (18.13) 2866 (14.91)
Fort Portal RRH 390 (8.84) 270 (14.85) 99 (0.76) 759 (3.95)
Hoima RRH 7(0.16) 2(0.11) 164 (1.26) 173 (0.9)
JinjaRRH 88(1.99) 336 (18.48) 4398 (33.86) 4822 (25.09)
Kabale RRH 699 (15.84) 106 (5.83) 2191 (16.87) 2996 (15.59)
Mbale RRH 653 (14.8) 163 (8.97) 692 (5.33) 1508 (7.85)
Mbarara RRH 392 (8.89) 277 (15.24) 132 (1.02) 801 (4.17)
Mubende RRH 312(7.07) 153 (8.42) 1464 (11.27) 1929 (10.04)
Soroti RRH 364 (8.25) 92 (5.06) 447 (3.44) 903 (4.69)
Department, n (%) <.001
Inpatient 1186 (26.89) 1509 (83) 4527 (34.86) 7222 (37.58)
Outpatient 2850 (64.61) 181 (9.96) 3289 (25.32) 6320 (32.89)
Unknown 375(8.5) 128 (7.04) 5171 (39.82) 5674 (29.53)

3N/A: not applicable.
bRRH: regional referral hospital.
°DMM MUST: Department of Medical Microbiology, Mbarara University of Science and Technology.

A total of 19,216 WHO GLASS priority specimens were 27.47%) and stool (1266/19,216, 6.59%), whereas the lowest
collected for microbiological testing from 10 surveillance sites  proportion was that of urogenital swabs (274/19,216, 1.43%).
over a period of 4 years and 6 months, from October 2015 to
June 2020. The highest proportion of the specimens was blood
(12,398/19,216, 64.52%), followed by urine (5278/19,216,
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Recovery Rates and Distribution of Pathogens

Theoverall recovery rate of the GLASS priority pathogensfrom
the GLASS priority specimens was 7.4% (1429/19,216; Table
2). The recovery rates from the different samples were as
follows: urogenital swabs 17.9% (49/274), urine 12.1%

Nabadda et &l

(637/5278), stool 7.74% (98/1266), and blood 5.2%
(645/12,398). The highest percentage of GLASS priority
pathogensidentified were Escherichia coli (652/1429, 45.62%),
followed by Saureus(337/1429, 23.58%), with the lowest being
Acinetobacter baumannii (6/1429, 0.42%).

Table 2. Bacterial recovery rates from priority specimens collected from 10 surveillance sites, October 2015 to June 2020.

Variable Value, n (%) Oddsratio (95% Cl)

Samples cultured (n=19,216) N/AR
Blood 12,398 (64.52)

Urogenital swabs 274 (1.43)
Stool 1266 (6.59)
Urine 5278 (27.47)

Sampleswith bacterial growth (n=4471) 23.3(22.7-23.9)
Blood 1520 (33.99) 12.3(11.7-12.9)
Urogenital swabs 174 (3.89) 63.5 (57.7-69.0)
Stool 491 (10.98) 38.8(36.1-41.5)
Urine 2286 (51.13) 43.3 (42.0-44.6)

Samplesyielding the GLASS® priority pathogens (n=1429) 74(7-1.8)
Blood 645 (45.14) 5.2 (4.8-5.6)
Urogenital swabs 49 (3.43) 17.9(13.8-22.9)
Stool 98 (6.86) 7.7 (6.3-9.3)
Urine 637 (44.58) 12.1(11.3-13.0)

GLASS priority pathogens recovered (n=1429) N/A
Escherichia coli 652 (45.62)

Saphylococcus aureus 337 (23.58)
Salmonella spp 237 (16.58)
Klebsiella pneumoniae 109 (7.63)
Neisseria gonorrhoeae 49 (3.43)
Shigella spp 21(1.47)
Spneumoniae 18 (1.26)
Acinetobacter baumannii 6 (0.42)

8N/A: not applicable.

bGLASS: Global Laboratory Antimicrobial Resistance Surveillance System.

Pathogen Resistance

Resistance patterns for the most commonly isolated
gram-negative bacteria, that is, E coli, Neisseria gonorrhoeae,
Shigella sp, and Salmonella sp are shown in Table 3, with all
gram-negative bacteria showing resistance to each of the tested
antibiotics. High resistance of E coli was noted among
commonly used antibiotics, with 52.7% (95% CI 46.8%-58.5%)
resistance to ceftriaxone, 18.8% (95% ClI 14.9%-23.4%)
resistance to imipenem, and 52% (95% ClI 47.5%-56.6%)
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resistance to ciprofloxacin. High resistance of Klebsiella
pneumoniae was noted among the commonly used antibiotics.
High resistance of N gonorrhoeae was noted among the
commonly used antibiotics, with 10% (95% CI 1.8%-40.4%)
resistance to ceftriaxone and 71.4% (95% CI 45.4%-88.3%)
resistance to ciprofloxacin. High resistance of Salmonella and
Shigella was noted among the commonly used antibiotics,
including resistance to meropenem, ceftriaxone, and
ciprofloxacin.
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Table 3. Antimicrobial resistance profiles of selected gram-negative bacteriafrom 10 surveillance sites from October 2015 to June 2020.

Bacteria name Antibiotic name Number R+12(95% ClI; %)
Escherichia coli
Amikacin 52 7.7(3-18.2)
Amoxicillin 25 88 (70-95.8)
Amoxicillin and clavulanic acid 232 75 (69.1-80.1)
Ampicillin 359 91.6 (88.3-94.1)
Cefoxitin 27 25.9 (13.2-44.7)
Ceftazidime 77 455 (34.8-56.5)
Ceftriaxone 277 52.7 (46.8-58.5)
Cefuroxime 334 63.8 (58.5-68.7)
Chloramphenicol 366 42.1 (37.1-47.2)
Ciprofloxacin 455 52.1 (47.5-56.6)
Clindamycin 54 88.9 (77.8-94.8)
Erythromycin 100 92 (85-95.9)
Gentamicin 403 38.2(33.4-42.8)
Imipenem 324 18.8 (14.9-23.4)
Levofloxacin 35 5.7 (1.6-18.6)
Meropenem 42 19 (10-33.3)
Nalidixic acid 181 76.8 (70.1-82.3)
Nitrofurantoin 266 30.8 (25.6-36.6)
Penicillin G 71 97.2(90.3-99.2)
Piperacillin or tazobactam 33 36.4 (22.2-53.4)
Tetracycline 226 78.8 (73-83.6)
Trimethoprim-sulfamethoxazole 327 83.8 (79.4-87.4)
Vancomycin 94 76.6 (67.1-84)
Klebsiella pneumoniae
Amoxicillin 50 86 (73.8-93)
Ampicillin 79 97.5(91.2-99.3)
Ceftazidime 20 65 (43.3-81.9)
Ceftriaxone 79 79.7 (69.6-87.1)
Cefuroxime 63 77.8 (66.1-86.3)
Chloramphenicol 78 53.8 (42.9-64.5)
Ciprofloxacin 86 53.5(43-63.7)
Gentamicin 78 71.8 (61-80.6)
Imipenem 63 1.6(0.3-8.5)
Meropenem 21 23.8(10.6-45.1)
Tetracycline 42 54.8 (39.9-68.8)
Trimethoprim-sulfamethoxazole 67 82.1(71.3-89.4)
Neisseria gonorrhoeae
Ceftriaxone 10 10 (1.8-40.4)
Cefuroxime 13 46.2 (23.2-70.9)
Ciprofloxacin 14 71.4 (45.4-88.3)
Tetracycline 16 100 (80.6-100)
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Bacteria name Antibiotic name Number R+12(95% CI; %)

Salmonella sp
Amikacin 37 5.4 (1.5-17.7)
Amoxicillin 33 100 (89.6-100)
Ampicillin 131 81.7 (74.2-87.4)
Ceftazidime 66 13.6(7.3-23.9)
Ceftriaxone 98 17.3(11.1-26)
Cefuroxime 108 20.4 (13.9-28.9)
Chloramphenicol 138 66.7 (58.4-74)
Ciprofloxacin 116 241 (17.3-32.7)
Gentamicin 52 17.3(9.4-29.7)
Imipenem 83 3.6(1.2-10.1)
Levofloxacin 60 1.7 (0.3-8.9)
Nalidixic acid 127 15.7 (10.4-23.1)
Tetracycline 96 87.5 (79.4-92.7)
Trimethoprim-sulfamethoxazole 114 69.3 (60.3-77)

Shigella sp
Amikacin 15 93.3 (70.2-98.8)
Ceftriaxone 19 15.8 (5.5-37.6)
Cefuroxime 10 50 (23.7-76.3)
Chloramphenicol 11 545 (28-78.7)
Ciprofloxacin 20 30 (14.5-51.9)
Gentamicin 13 23.1(8.2-50.3)
Nalidixic acid 12 33.3(13.8-60.9)
Tetracycline 12 50 (25.4-74.6)
Trimethoprim-sulfamethoxazole 13 38.5(17.7-64.5)

3R+|: Resistance + Intermediate.

Among gram-positive bacteria, high resistance of Saureuswas
noted among the commonly used antibiotics, with 42.9% (95%
Cl 28%-59.1%) resistance to cefoxitin, 30.9% (95% CI
21.2%-42.6%) resistance to oxacillin, 76.9% (95% CI
69%-83.2%) resistance to TMP-SMX, and 15.5% (95% ClI
9.6%-24%) resi stance to vancomycin (Table 4). High resistance
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of Enterococcus sp was noted among the commonly used
antibiotics, with 81.8% (95% Cl 61.5%-92.7%) resistance to
ciprofloxacin and 50% (95% CI 33.6%-66.4%) resistance to
vancomycin. A high resistance of Streptococcus sp was noted
between vancomycin and ceftriaxone.
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Table4. Antimicrobial resistance profiles of selected gram-positive bacteriafrom 10 surveillance sites, from October 2015 to June 2020.

Bacteria name Antibiotic name Number R+12(95% ClI; %)
Saphylococcus aureus
Amoxicillin and clavulanic acid 47 51.1 (37.2-64.7)
Ampicillin 54 81.5 (69.2-89.6)
Cefoxitin 35 42.9 (28-59.1)
Ceftazidime 57 12.3(6.1-23.2)
Ceftriaxone 74 41.9 (31.3-53.3)
Cefuroxime 93 20.4 (13.5-29.7)
Chloramphenicol 176 56.2 (48.9-63.4)
Ciprofloxacin 161 41 (33.7-48.7)
Clindamycin 120 16.7 (11.1-24.3)
Erythromycin 181 68 (60.8-74.3)
Gentamicin 158 31(24.3-38.6)
Imipenem 101 13.9(8.4-21.9)
Levofloxacin 61 0(0-5.9)
Moxifloxacin 43 0(0-8.2)
Ofloxacin 61 0(0-5.9)
Oxacillin 68 30.9 (21.2-42.6)
Penicillin G 106 86.8 (79-92)
Tetracycline 162 72.2 (64.9-78.5)
Trimethoprim-sulfamethoxazole 134 76.9 (69-83.2)
Vancomycin 97 15.5(9.6-24)
Enterococcus sp
Ampicillin 32 87.5(71.9-95)
Chloramphenicol 21 61.9 (40.9-79.2)
Ciprofloxacin 22 81.8 (61.5-92.7)
Erythromycin 35 91.4 (77.6-97)
Gentamicin 14 57.1(32.6-78.6)
Tetracycline 15 73.3 (48-89.1)
Vancomycin 32 50 (33.6-66.4)
Gentamicin-high 14 64.3 (38.8-83.7)
Streptococcus sp
Ceftriaxone 14 64.3 (38.8-83.7)
Chloramphenicol 45 35.6 (23.2-50.2)
Clindamycin 49 32.7 (21.2-46.6)
Erythromycin 52 59.6 (46.1-71.8)
Penicillin G 15 66.6 (41.7-84.8)
Tetracycline 29 51.7 (34.4-68.6)
Trimethoprim-sulfamethoxazole 20 75 (53.1-88.8)
Vancomycin 24 25 (12-44.9)

3R+|; Resistance + Intermediate.
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Discussion

Principal Findings

The findings of our surveillance program show the feasibility
of setting up a national AMR surveillance program based on
the WHO GLASS manua recommendation while building
systems for quality assurance, data sharing, linking results to
patient care, and building partnerships. AMR isaglobal health
threat, and the establishment of national surveillance systems
is necessary to identify the emerging drug-resistant infections
[2]. The African region still has suboptimal microbiology
laboratory capacity and surveillance systems for AMR [3].
However, in Africa and Uganda in particular, resistance to
recommended antibiotics has been reported for the WHO
GLASS priority pathogens [12]. This paper presents the
processes undertaken to set up a national AMR surveillance
system according to WHO GLASS standardsin Uganda, which
could be benchmarked for other LMICs. The surveillance sites
were RRHs and an academic institution. The RRHsrepresented
the majority of the geographical distribution as they received
referrals from district hospitals and health centersI1Vsand 11s.

The success of establishing the national AMR surveillance
program in Uganda highlights the feasibility of implementing
the WHO GLASS program in LMICs. AMR surveillance
programs are fundamental in Sub-Saharan African countries
such as Ugandafor generating antibiogramsthat caninformthe
devel opment of treatment guidelines and antibiotic procurement
plans and contribute toward standardized reporting [25,26].
Clinicians at surveillance sites can a so access bacterial ID and
AST results to inform patient care because of the availability
of strengthened quality microbiology services.

In Uganda, the AMR surveillance system has been established
using a systematic capacity-building pyramid model [17] and
in alignment with the London School of Hygiene and Tropical
Medicine stepwise road map for participating in GLASS[16].
Therolling out of the NAP for AMR [13], AMR national and
subnational structureswith Termsof Reference, and supporting
surveillance plansand protocols has strengthened antimicrobial
stewardship. In addition, the establishment of data-sharing
platforms, including software programs such asWHONET [19],
has supported data collation, analysis, reporting, and electronic
archival, supplementing the existing paper-based methods.

The Uganda surveillance program identified selected resistant
priority pathogens, including E coli, Saureus, K pneumoniae,
and N gonorrhoeae, which present ahigh diversity of pathogens
seenin Central Africa, Gabon [27]. E coli and Saureusisolates
were the most prevalent WHO priority pathogens isolated in
Uganda. This is fundamental baseline information that could
be used for pretesting the novel WHO protocol [28] for
estimating mortality attributableto AMR bloodstream infections.
Monitoring priority pathogens and analyzing their antimicrobial
susceptibilities together with epidemiologica information on
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sex, age, and surveillance site can inform early hospital-level
interventions [29].

There was a high rate of resistance of E coli to ampicillin and
cotrimoxazole, as recently reported [3]. However, proportion
of ceftriaxone- and ciprofloxacin-resistant E coli was dlightly
lower than that observed in Equatorial Guinea [30]. More
worryingly, there was a significant proportion 18.8% (61/324)
of E coli resistance to imipenem, which is considerably higher
than 3%, recently reported in other parts of the African continent
[3]. For K pneumoniae, there was notable resistance to
ceftriaxone at 79% (63/79) and cotrimoxazole at 82% (55/67)
in the surveillance program, similar to findings in Uganda’'s
neighboring country Kenya[31].

To our knowledge, this is the first documentation of the
implementation of anational AMR surveillance program on the
African continent using the WHO-recommended methodol ogy.
Although all components of the WHO GLASS manual are
implemented, the approaches were not sequential and were
contextualized to Uganda cognizance of existing national
policies and programs.

Themain limitationsincluded suboptimal recovery of the AMR
GLASS priority pathogens and inconsistent setting of the
recommended antibi oti cs against the pathogen in the laboratory.
This was attributed to the fact that staff members were still
undergoing comprehensive training on microbiology skills,
stock-outs, and acquiring extensive knowledge on AMR
surveillance [32]. The number of samples sent to the
microbiology laboratory was relatively low, coupled with low
rates of completion of the microbiology laboratory request
forms. This was partially attributed to the lack of a
laboratory-clinician interface to bridge these anomalies.

Conclusions

Using the WHO guidance, Uganda has successfully completed
key foundational building activities for the successful
implementation of a national AMR surveillance program. The
emerging antibiotic resistance data can be refined, appraised,
and used for further improvement of the current methodol ogical
approaches being used to implement AMR programsin Uganda
and other LMICs. Uganda successfully enrolled in the WHO
GLASS system and has consistently reported annual program
progress to the WHO since 2016. There is an extremely high
prevalence of AMR to the most commonly used antibiotics,
similar to what has been found in other studies conducted in
the research context.

Recommendations

The current Uganda Clinical Guidelines need to bereviewed in
response to the AMR burden in Uganda. In addition,
strengthening the capacity of the microbiology laboratory is
fundamental for the successful implementation of surveillance
protocolsin hospital wardsto further profilethe emerging global
health threat of AMR.

JMIR Public Health Surveill 2021 | vol. 7 | iss. 10 |€29954 | p.13
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE Nabadda et al

Acknowledgments

The authors would like to thank the members of the National Antimicrobial Resistance subcommittee of One Health Platform,
staff at the National Microbiology Reference Laboratory at the Central Public Health Laboratories, Regional Referral Hospitals,
and the Ministry of Health Senior Management L eadership. Funding obtained from the Global Health Security Partner Engagement
Project (LU2GGHO001744) through the US Centers for Disease Control and Prevention and the Fleming Fund Country Grant
(RFP/CG1/Uganda-FF5/53) UK Aid through Mott Mac Donald management agent.

Authors Contributions

HM and SN provided strategic national leadership for the surveillance program. FK and RK wrotethefirst draft of the manuscript.
AK, ML, RW, and HK provided technical oversights on the implementation of surveillance activities. RK, JM, and JB developed
the surveillance documents. MS and IM coordinated the operational requirements for implementation. All authors reviewed the
final manuscript.

Conflictsof Interest
None declared.

References

1.  O'Neill J Tackling drug-resistant infections globally: final report and recommendations. Review on Antimicrobia Resistance.
2016. URL: https://amr-review.org/sites/default/files/160518 Final %20paper_with%20cover.pdf [accessed 2021-10-06]

2. World Health Organization. Global Action Plan on Antimicrobia Resistance. Geneva: World Health Organi zation; 2016:1-45.

3. Tadesse BT, Ashley EA, Ongarello S, Havumaki J, Wijegoonewardena M, Gonzalez |J, et al. Antimicrobial resistancein
Africa: asystematic review. BMC Infect Dis2017 Sep 11;17(616):1-17 [FREE Full text] [doi: 10.1186/s12879-017-2713-1]
[Medline: 28893183]

4.  AmpaireL, Muhindo A, Orikiriza P, Mwanga-Amumpaire J, Bebell L, Boum Y. A review of antimicrobial resistancein
East Africa. Afr JLab Med 2016 Feb 01;5(1):432 [EREE Full text] [doi: 10.4102/ajlm.v5i1.432] [Medline: 28879114]

5.  Wangai FK, MasikaMM, LuleGN, Karari EM, Maritim MC, Jaoko WG, et al. Bridging antimicrobial resistance knowledge
gaps:. the East African perspective on a global problem. PLoS One 2019 Feb 11;14(2):e0212131 [FREE Full text] [doi:
10.1371/journal.pone.0212131] [Medline: 30742669]

6. KaumbulaH, Fujita AW, Mbabazi O, Najjuka C, Izale C, Akampurira A, et a. Antimicrobial drug resistance in blood
culture isolates at atertiary hospital, Uganda. Emerg Infect Dis 2018 Jan;24(1):174-175 [FREE Full text] [doi:
10.3201/€id2401.171112] [Medline: 29260682]

7. Kateete DP, Namazzi S, Okee M, Okeng A, Baluku H, Musisi NL, et al. High prevalence of methicillin resistant
Staphylococcus aureusin the surgical units of Mulago hospital in Kampala, Uganda. BMC Res Notes 2011 Sep 07;4(1):326
[FREE Full text] [doi: 10.1186/1756-0500-4-326] [Medline: 21899769]

8. Bebdl LM, Ngonzi J, BaziraJ, Fgardo Y, Boatin AA, Siedner MJ, et al. Antimicrobial-resistant infections among postpartum
women at a Ugandan referral hospital. PLoS One 2017 Apr 13;12(4):e0175456-e0175469 [FREE Full text] [doi:
10.1371/journal.pone.0175456] [Medline: 28406949]

9. Lamorde M, Mpimbaza A, WalwemaR, KamyaM, Kapisi J, KajumbulaH, et al. A cross-cutting approach to surveillance
and laboratory capacity as a platform to improve health security in Uganda. Health Secur 2018 Dec 01;16(S1):76-86. [doi:
10.1089/hs.2018.0051] [Medline: 30480504]

10. Workneh M, Hamill MM, KakoozaF, Mande E, Wagner J, Mbabazi O, et a. Antimicrobial resistance of neisseriagonorrhoeae
in a newly implemented surveillance program in Uganda: surveillance report. IMIR Public Health Surveill 2020 Jun
10;6(2):€17009 [FREE Full text] [doi: 10.2196/17009] [Medline: 32519969]

11. KakoozaF, Musinguzi P, Workneh M, Walwema R, Kyambadde P, Mande E, et al. Implementation of a standardised and
quality-assured enhanced gonococcal antimicrobial surveillance programmein accordance with WHO protocolsin Kampala,
Uganda. Sex Transm Infect 2021 Jun 20;97(4):312-316. [doi: 10.1136/sextrans-2020-054581] [Medline: 33082237]

12.  World Health Organization. Global Antimicrobial Resistance Surveillance System: Manual for Early Implementation.
Geneva: World Health Organization; 2015:1-36.

13. Antimicrobial resistance: national action plan. Government of Uganda. 2018. URL : http://cphl.go.ug/sites/default/files/
2020-02/Uganda%20Nati onal %620A ction%20P an%620f or%20A nti mi crobi al %620Resi stance%6202018-%202023-compressed 0.
pdf [accessed 2021-10-06]

14. Seale A, Hutchison C, Fernandes S, Stoesser N, Kelly H, Lowe B, et al. Supporting surveillance capacity for antimicrobial
resistance: laboratory capacity strengthening for drug resistant infectionsin low and middle income countries. Wellcome
Open Res 2017;2:91-92 [FREE Full text] [doi: 10.12688/wellcomeopenres.12523.1] [Medline: 29181453]

15. MpairweY, Wamala S, UNAS, CDDEP, and GARP-Uganda. Antibiotic Resistance in Uganda: Situation Analysis and
Recommendations. Kampala, Uganda: Uganda National Academy of Sciences; Center for Disease Dynamics, Economics
and Palicy; 2015:107.

https://publichealth.jmir.org/2021/10/e29954 JMIR Public Health Surveill 2021 | vol. 7 |iss. 10 |€29954 | p.14
(page number not for citation purposes)


https://amr-review.org/sites/default/files/160518_Final%20paper_with%20cover.pdf
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-017-2713-1
http://dx.doi.org/10.1186/s12879-017-2713-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28893183&dopt=Abstract
http://europepmc.org/abstract/MED/28879114
http://dx.doi.org/10.4102/ajlm.v5i1.432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28879114&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0212131
http://dx.doi.org/10.1371/journal.pone.0212131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30742669&dopt=Abstract
https://doi.org/10.3201/eid2401.171112
http://dx.doi.org/10.3201/eid2401.171112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29260682&dopt=Abstract
https://bmcresnotes.biomedcentral.com/articles/10.1186/1756-0500-4-326
http://dx.doi.org/10.1186/1756-0500-4-326
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21899769&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0175456
http://dx.doi.org/10.1371/journal.pone.0175456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28406949&dopt=Abstract
http://dx.doi.org/10.1089/hs.2018.0051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30480504&dopt=Abstract
https://publichealth.jmir.org/2020/2/e17009/
http://dx.doi.org/10.2196/17009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32519969&dopt=Abstract
http://dx.doi.org/10.1136/sextrans-2020-054581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33082237&dopt=Abstract
http://cphl.go.ug/sites/default/files/2020-02/Uganda%20National%20Action%20Plan%20for%20Antimicrobial%20Resistance%202018-%202023-compressed_0.pdf
http://cphl.go.ug/sites/default/files/2020-02/Uganda%20National%20Action%20Plan%20for%20Antimicrobial%20Resistance%202018-%202023-compressed_0.pdf
http://cphl.go.ug/sites/default/files/2020-02/Uganda%20National%20Action%20Plan%20for%20Antimicrobial%20Resistance%202018-%202023-compressed_0.pdf
http://europepmc.org/abstract/MED/29181453
http://dx.doi.org/10.12688/wellcomeopenres.12523.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29181453&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Nabadda et al

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Seadle AC, Gordon NC, Islam J, Peacock SJ, Scott JA. AMR Surveillance in low and middle-income settings - A roadmap
for participation in the Global Antimicrobial Surveillance System (GLASS). Wellcome Open Res 2017 Sep 26;2:92 [FREE
Full text] [doi: 10.12688/wellcomeopenres.12527.1] [Medline: 29062918]

Potter C, Brough R. Systemic capacity building: ahierarchy of needs. Health Policy Plan 2004 Sep 01;19(5):336-345. [doi:
10.1093/heapal/czh038] [Medline: 15310668]

Ghosh A. Application of WHONET in the antimicrobial resistance surveillance of uropathogens: afirst user experience
from Nepal. J Clin Diagnostic Res 2013 May 01:3-6. [doi: 10.7860/jcdr/2013/5193.2955]

Global Antimicrobial Resistance Use Surveillance System (GLASS). World Health Organi zation. 2020. URL : https://www.
who.int/initiatives/glass [accessed 2021-10-06]

Singhal N, Kumar M, Kanaujia PK, Virdi JS. MALDI-TOF mass spectrometry: an emerging technology for microbial
identification and diagnosis. Front Microbiol 2015 Aug 05;6:791-793 [FREE Full text] [doi: 10.3389/fmicb.2015.00791]
[Medline: 26300860]

BD Phoenix™ M50 System by BD Life Sciences:. diagnostics. Selectscience. URL : https://www.sel ectscience.net/products/
bd-phoenix-m50-system/?prodl D=208749 [accessed 2021-01-01]

BD BACTECTM FX blood culture system. BD. URL: https.//www.bd.com/en-us/offerings/capabilities/

mi crobi ol ogy-sol utions/bl ood-cul ture/bl ood-cul ture-instrumentati on/bd-bactec-fx-blood-cul ture-system [accessed 2021-07-10]
Weston EJ, Wi T, Papp J. Strengthening global surveillance for antimicrobial drug-resistant neisseria gonorrhoeae through
the enhanced gonococcal antimicrobial surveillance program. Emerg Infect Dis 2017 Oct;23(13):4-5 [FREE Full text] [doi:
10.3201/eid2313.170443] [Medline: 29155673]

Dolinsky AL. M100-S11, Performance standards for antimicrobial susceptibility testing. Clin Microbiol Newslett 2001
Mar;23(6):49. [doi: 10.1016/50196-4399(01)88009-0]

Leopold S, van Leth F, Tarekegn H, Schultsz C. Antimicrobial drug resistance among clinically relevant bacterial isolates
in sub-Saharan Africa: asystematic review. JAntimicrob Chemother 2014 Sep 01;69(9):2337-2353. [doi: 10.1093/jac/dkul76]
[Medline: 24879668]

Mboowa G, Aruhomukama D, Sserwadda |, Kitutu FE, Davtyan H, Owiti P, et al. Increasing antimicrobial resistance in
surgical wards at Mulago National Referral Hospital, Uganda, from 2014 to 2018-cause for concern? Trop Med Infect Dis
2021 May 19;6(2):82-86 [FREE Full text] [doi: 10.3390/tropicalmed6020082] [Medline: 34069345]

Alabi AS, FrielinghausL, KabaH, KdstersK, Huson MA, Kahl BC, et al. Retrospective analysis of antimicrobial resistance
and bacterial spectrum of infection in Gabon, Central Africa. BMC Infect Dis 2013 Oct 02;13(1):455 [FREE Full text]
[doi: 10.1186/1471-2334-13-455] [Medline: 24083375]

World Health Organization. Glass Method for Estimating Attributable Mortality of Antimicrobial Resistant Bloodstream
Infections. Geneva: World Health Organization; 2020:1-65.

AberaB, Kibret M, Mulu W. Knowledge and beliefs on antimicrobial resistance among physicians and nurses in hospitals
in Amhara Region, Ethiopia. BMC Pharmacol Toxicol 2014 May 19;15(1):26 [FREE Full text] [doi:
10.1186/2050-6511-15-26] [Medline: 24887310]

Shatalov A. Prevalence and antibiotic resistance pattern of Escherichia coli and Klebsiella pneumoniae in urine tract
infections at the La Paz Medical Center, Malabo, Equatorial Guinea. Open JMed Microbiol 2015;5(4):177-183. [doi:
10.4236/0jmm.2015.54022]

Maina D, Makau P, Nyerere A, Revathi G. Antimicrabial resistance patterns in extended-spectrum (3-lactamase producing
Escherichia coli and Klebsiella pneumoniae isolates in a private tertiary hospital, Kenya. Microbiol Discov 2013 Jan
01;1(1):5-7. [doi: 10.7243/2052-6180-1-5]

Holloway K, Matha E, Gray A, Community-Based Surveillance of Antimicrobial Use and Resistancein Resource-Constrained
Settings Project Group. Surveillance of antimicrobial resistance in resource-constrained settings - experience from five
pilot projects. Trop Med Int Health 2011 Mar;16(3):368-374 [FREE Full text] [doi: 10.1111/j.1365-3156.2010.02696.x]
[Medline: 21138508]

Abbreviations

AMR: antimicrobial resistance

AST: antimicrobial susceptibility testing

GLASS: Glabal Laboratory Antimicrobial Resistance Surveillance System
HAI: hospital-acquired infection

LMIC: low- and middle-income country

MoH: Ministry of Health

NAP: National Action Plan

NCC: National Coordinating Center

RRH: regional referral hospital

UNAMRSC: Uganda National Antimicrobial Resistance Sub-Committee
WHO: World Health Organization

https://publichealth.jmir.org/2021/10/e29954 JMIR Public Health Surveill 2021 | vol. 7 |iss. 10 |€29954 | p.15

(page number not for citation purposes)


http://europepmc.org/abstract/MED/29062918
http://europepmc.org/abstract/MED/29062918
http://dx.doi.org/10.12688/wellcomeopenres.12527.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29062918&dopt=Abstract
http://dx.doi.org/10.1093/heapol/czh038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15310668&dopt=Abstract
http://dx.doi.org/10.7860/jcdr/2013/5193.2955
https://www.who.int/initiatives/glass
https://www.who.int/initiatives/glass
https://doi.org/10.3389/fmicb.2015.00791
http://dx.doi.org/10.3389/fmicb.2015.00791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26300860&dopt=Abstract
https://www.selectscience.net/products/bd-phoenix-m50-system/?prodID=208749
https://www.selectscience.net/products/bd-phoenix-m50-system/?prodID=208749
https://www.bd.com/en-us/offerings/capabilities/microbiology-solutions/blood-culture/blood-culture-instrumentation/bd-bactec-fx-blood-culture-system
https://www.bd.com/en-us/offerings/capabilities/microbiology-solutions/blood-culture/blood-culture-instrumentation/bd-bactec-fx-blood-culture-system
https://doi.org/10.3201/eid2313.170443
http://dx.doi.org/10.3201/eid2313.170443
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29155673&dopt=Abstract
http://dx.doi.org/10.1016/s0196-4399(01)88009-0
http://dx.doi.org/10.1093/jac/dku176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24879668&dopt=Abstract
https://www.mdpi.com/resolver?pii=tropicalmed6020082
http://dx.doi.org/10.3390/tropicalmed6020082
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34069345&dopt=Abstract
https://bmcinfectdis.biomedcentral.com/articles/10.1186/1471-2334-13-455
http://dx.doi.org/10.1186/1471-2334-13-455
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24083375&dopt=Abstract
https://bmcpharmacoltoxicol.biomedcentral.com/articles/10.1186/2050-6511-15-26
http://dx.doi.org/10.1186/2050-6511-15-26
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24887310&dopt=Abstract
http://dx.doi.org/10.4236/ojmm.2015.54022
http://dx.doi.org/10.7243/2052-6180-1-5
https://doi.org/10.1111/j.1365-3156.2010.02696.x
http://dx.doi.org/10.1111/j.1365-3156.2010.02696.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21138508&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Nabadda et al

Edited by T Sanchez, G Eysenbach; submitted 11.05.21; peer-reviewed by G Mboowa; comments to author 11.06.21; revised version
received 04.08.21; accepted 04.08.21; published 21.10.21.

Please cite as:

Nabadda S, Kakooza F, Kiggundu R, Walwema R, Bazira J, Mayito J, Mugerwa |, Sekamatte M, Kambugu A, Lamorde M, Kajumbula
H, Mwebasa H

Implementation of the World Health Organization Global Antimicrobial Resistance Surveillance System in Uganda, 2015-2020:
Mixed-Methods Sudy Using National Surveillance Data

JMIR Public Health Surveill 2021;7(10): 29954

URL: https://publichealth.jmir.org/2021/10/e29954

doi: 10.2196/29954

PMID: 34673531

©Susan Nabadda, Francis Kakooza, Reuben Kiggundu, Richard Walwema, Joel Bazira, Jonathan Mayito, Ibrahimm Mugerwa,
Musa Sekamatte, Andrew Kambugu, Mohammed Lamorde, Henry Kgumbula, Henry Mwebasa. Originally published in IMIR
Public Health and Surveillance (https://publichealth.jmir.org), 21.10.2021. This is an open-access article distributed under the
terms 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 IMIR Public Health and
Surveillance, is properly cited. The complete bibliographic information, a link to the origina publication on
https://publichealth.jmir.org, as well as this copyright and license information must be included.

https://publichealth.jmir.org/2021/10/e29954 JMIR Public Health Surveill 2021 | vol. 7 | iss. 10 |€29954 | p.16
(page number not for citation purposes)

RenderX


https://publichealth.jmir.org/2021/10/e29954
http://dx.doi.org/10.2196/29954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34673531&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Livetd

Original Paper

Health Communication About Hospice Care in Chinese Media:
Digital Topic Modeling Study

Qian Liu**', MSc, PhD; Zequan Zheng® , MBBS; Jingsen Chen®, MBBS; Winghei Tsang®, MBBS; Shan Jin®*, BSc;
Yimin Zhang®, MBBS; Babatunde Akinwunmi®>®, MPH, MM Sc, MD; Casper JP Zhang’, PhD; Wai-kit Ming®®, MPH,
MMSc, MD, PhD

1school of Journalism and Communication, National Media Experimental Teaching Demonstration Center, Jinan University, Guangzhou, China
2Department of Communication, University of Albany, State University of New York, New York, NY, United States

3Department of Public Health and Preventive Medicine, School of Medicine, Jinan University, Guangzhou, China

4School of Materials and Energy, University of Electronic Science and Technology of China, Chengdu, China

SMaternal-Fetal Medicine Unit, Department of Obstetrics and Gynecology, Brigham and Women's Hospital, Boston, MA, United States
SCenter for Genomic Medicine, Massachusetts General Hospital, Harvard Medica School, Harvard University, Boston, MA, United States
School of Public Heslth, The University of Hong Kong, Hong Kong, China

8Department of Infectious Diseases and Public Health, Jockey Club College of Veterinary Medicine and Life Sciences, City University of Hong Kong,
Hong Kong, China

"these authors contributed equally

Corresponding Author:

Wai-kit Ming, MPH, MM Sc, MD, PhD

Department of Infectious Diseases and Public Health
Jockey Club College of Veterinary Medicine and Life Sciences
City University of Hong Kong

5/F, Block 1, To Yuen Building, 31 To Yuen Street
Tat Chee Avenue, Kowloon

Hong Kong

China

Phone: 852 3442 6956

Email: wkming@connect.hku.hk

Abstract

Background: Hospice care, atype of end-of-life care provided for dying patients and their families, has been rooted in China
since the 1980s. It can improve receivers quality of life as well as ease their economic burden. The Chinese mass media have
continued to actively dispel misconceptions surrounding hospice care and deliver the latest information to citizens.

Objective: This study aims to retrieve and analyze news reports on hospice care in order to gain insight into whether any
differences existed in heath information delivered over time and to evaluate the role of mass mediain health communication in
recent years.

Methods: We searched the Huike (WiseSearch) news database for relevant news reports from Chinese mass media released
between 2014 and 2019. We defined two time periods for this study: (1) January 1, 2014, to December 31, 2016, and (2) January
1, 2017, to December 31, 2019. The data cleaning process was completed using Python. We determined appropriate topic numbers
for these two periods based on the coherence score and applied latent Dirichlet allocation topic modeling. Keywords for each
topic and corresponding topics names were then generated. The topics were plotted into different circles, and their distances on
the 2D plane was represented by multidimensional scaling.

Results. After removing duplicated and irrelevant news articles, we obtained atotal of 2227 articles. We chose 8 as the suitable
topic number for both study periods and generated topic hames and associated keywords. The top 3 most reported topicsin the
first period were patient treatment, hospice care stories, and devel opment of health care services and health insurance, accounting
for 18.68% (178/953), 16.58% (158/953), and 14.17% (135/953) of the collected reports, respectively. The top 3 most reported
topicsin the second period were hospice care stories, patient treatment, and devel opment of health care services, accounting for
15.62% (199/953), 15.38% (15.38/953), and 14.27% (182/953), respectively.
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Conclusions: Topic modeling of news reports gives us a better understanding of the patterns of health communication about
hospice care by mass media. Chinese mass media frequently reported on hospice care in April of every year on account of a
traditional Chinese festival. Moreover, an increase in coverage was observed in the second period. The two periods shared 6
similar topics, of which patient treatment outstrips hospice care storieswas the most reported topic in the second period, implying
the humanistic spirit behind the reports. Based on the findings of this study, we suggest stakeholders cooperate with the mass

media when planning to update policies.

(JMIR Public Health Surveill 2021;7(10):€29375) doi:10.2196/29375

KEYWORDS

health communication; hospice care; mass media; China; topic modeling; communication; media; model; hospice; end-of-life;

misconception; health information; news

Introduction

Hospice care is the end-of-life care for patients with aterminal
illnessor critical condition and limited life expectancy, provided
usualy in their last 6 months of life or less. It aso involves
support and education about desth provided for the patients
families [1]. Hospice care aims to help these patients die
peacefully, comfortably, and with dignity by controlling various
types of pain and other symptoms|[2]. In most situations, hospice
careis offered at home, but it can aso be offered in private or
public health facilities, such as hospitals, specialized hospice
facilities, or nursing homes. It is usualy provided by a
comprehensive unit consisting of nurses, social workers, home
health aides, chaplains, volunteers, physicians, and hospice
medical management or directors[3]. Thefirst modern hospice
was founded by Cicely Saunders, a British nurse, in 1967. Her
experience of care for a dying refugee motivated her to build
up a caring environment where patients could spend their last
days [4]. In mainland China, the establishment of the first
mainland China hospice hospital, Songtang Care Hospital,
founded in 1987 in Beijing, marks the milestone of hospice care
[5]. Sincethen, many policies have been established to promote
hospice care in China. Several other hospice facilities were
built, and various research studies on hospice care have aso
been conducted.

Hospice care is essential as it has been proven to improve the
quality of life for patients [6]; ensure lower medical cost [7];
and possibly reducetherisk of death among surviving bereaved
spouses, close relatives, or loved ones [8]. There is a huge
demand for hospice care in China. Approximately 4.3 million
new cancer cases and 2.9 million new cancer deaths were
reported in 2018 in China [9]. These patients experience pain,
anorexia, fatigue, myalgia, and labored breathing, among other
issues [10]. Moreover, the number of patients with chronic
diseases is also rising as the proportion of the elderly is
increasing. According to the National Bureau of Statistics of
Ching, it is estimated that over 250 million people are aged 60
years and above, accounting for 18.1% of the entire population
[11]. Most patients also suffer from ongoing diseases and fear
of death, and their families need psychological and spiritual
encouragement. However, hospice care lacks adequate public
awareness and social acceptance in China. A cross-sectional
investigation conducted in two hospitals in Beijing among
outpatients and family members revealed that |ess than 20% of
them know or have even heard of hospice care [12]. Not just

https://publichealth.jmir.org/2021/10/€29375

the patients and their families, but the medical staff alike, have
little acquaintance with hospice care. Another cross-sectional
study found that only about half of the health care providers
know about hospice care, and they consider their overall
knowledge of end-of-life care as inadequate [13]. In addition,
the society—influenced by the traditional Chinese
culture—prioritizes life-prolonging measures rather than
improvement of life quality even in cases where the diseaseis
impossible to cure, and death cannot be avoided [5]. Owing to
this flawed notion, the family members refuse hospice care
because they are afraid of being accused of not being a good
son or daughter, as according to the Chinese culture and
traditions, they are required to remain devoted to their parents
until the end of their lives. Furthermore, many people
misunderstand the system and believe that they will be
abandoned if they received hospice care [5]. Therefore, the
policymakers and health providers have an obligation to break
the impediments to providing quality hospice care and further
improve the public's knowledge of hospice care.

The Chinese mass media channels have constantly published
news reports rel ated to hospi ce care, which aroused widespread
discussion in China. These reports break the taboo of talking
about death and dying, and actively engage in public advocacy
and education on thistopic. However, few studies have focused
on therolethat mass media playsin communicating the concept
of hospice care. Therefore, in this study, we aim to collect the
news reports pertaining to hospice care from major Chinese
media portals and analyze them to determine the patterns of
health communication through mass media. Multimodal data
modeling can aggregate numerous information from different
resources. To deal with multimodal data, topic modeling, a
machine learning method that arranges unstructured data
structurally in conformity with latent themes[14], was applied.
By this means, we could investigate what health information
about hospice care has been conveyed by the mass mediato the
public and whether it has changed over time.

Methods

Data Collection

“Hospice care” has different references in Chinese, including
“gu xi huli,” “an ning hu li,” “lin zhong guan huai,” and “an
ning liao hu” These terminologies are used interchangeably,
and their corresponding Chinese characters are shown in
Multimedia Appendix 1. We searched the Huike (WiseSearch)
new database with these keywords. Founded in 1998, the Huike
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database is the leading expert Chinese media content database
for integrating amassive number of authentic newsreportsfrom
the Greater China region. It provides exclusive access to
comprehensive Chinese news articles, with an average of over
96 million newsitems added daily from about 1600 print media
sources and more than 50,000 internet media sources [15]. We
restricted our collected sample to articles published by
newspapers of mainland China. To identify whether any
information changed over time, we collected Chinese news
articles published in two different periods: (1) January 1, 2014,
to December 31, 2016, and (2) January 1, 2017, to December
31, 2019. We specifically set 3-year periods because if we
collect reports over long periods, latent Dirichlet alocation
(LDA) may extract very broad topics, whereas we may not see
the health information change if we check reports published in
two adjacent short periods. We started our study in late 2020;
therefore, we did not include the reports published in 2020 in
our sample.

After collecting data, we used topic modeling to obtain useful
information from the collected news reports. Topic modeling
has been applied in various fields, such as text mining [16],
psychology [17], and medicine [18], for data mining. In this
study, we used LDA, one of the most well-known topic
modeling forms to perform text analysis. LDA is a 3-level

Liuetd

hierarchical Bayesian model for modeling text corpora. It
assumes that documents, a sequence of random words, can be
reflected as random mixtures over latent topics. Each of these
topics is also represented by a probabilistic distribution over
words[19]. By using Gibbs sampling, a method to estimate the
marginal distributions of interested variables, the LDA model
can determine the topics among the data pool [20].

Processing

A tota of 2227 articles were included, of which 953 articles
were published between January 1, 2014, and December 31,
2016. The remaining 1274 reports were published between
January 1, 2017, and December 31, 2019.

Data preparation was conducted before we applied the LDA.
The process of datapreparationisillustrated in Figure 1. Python
3.0 (Python Software Foundation) was used to perform data
cleaning, and Python package Jieba was used to conduct word
segmentation [21,22]. Redundant and null data were removed,
and irrelative data were also excluded from our study. Next,
common Chinese stop characters, such as “a,” “of,” and “ten”
wereremoved (see MultimediaAppendix 1). A document-term
matrix was established, and term frequency-inverse document
frequency, a numerical statistic to show the significance of a
word to an articlein a corpus, was applied for data processing
[23].

Figure 1. Dataprocessing chart. LDA: latent Dirichlet alocation; TF-1DFs: term frequency-inverse document frequencies.

Huike 2014-2016

News (N=953)
word segmentation o
python (Jieba) collect data
Huike 2017-2019
News (N=1274)
remove the
redundant
+ — data preparation
remove null
Enoue e Latl description
irrelative
Y — data analysis —
remove stop = LDA topic
w;rds modeling
TF-IDFs
transformation @ L comparison

The selection of the LDA topic number issignificant. Inclusion
of too many topics will cause difficulty in interpretation and
subjective validation, whereas too few topics can make the
selected topicstoo broad [14]. To seek the optimum number of
topicsthat LDA needsto extract from the collected news, severa
evaluation metrics were considered. Topic coherence is a
gualitative method to score atopic’s coherence[24]. It measures

https://publichealth.jmir.org/2021/10/€29375

the degree of semantic similarity between the top words
associated with this topic. The generated topic is regarded as
coherent if all or most of these keywords support each other,
making it easier to interpret the outcomes. In the process of
mathematical modeling, each top keyword of a single topic is
converted into a context vector using word co-occurrence. The
value of topic coherence is computed as the average of cosine
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values between every two context vectors [25]. In this study,
the coherence model from Gensim (RARE Technologies
L td)—the Python package for natural language processing—was
used to cal culate the coherence value [26]. Figures 2 and 3 show

Figure 2. Coherence score for different topic numbers (2014-2016).

Liuetd

that the coherence value reached the highest score when the
number of topics reached approximately 8. Thus, we chose 8
as our number of topics and set A=1 to employ the L DAvistool
[19].
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Figure 3. Coherence score for different topic numbers (2017-2019).
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Each topic content was generated based on its associated set of
keywords. However, no matter how advanced the statistical
measures are, the output is not guaranteed to be interpretable
because of the complexity of the language [27]. Therefore, we
added manual interpretation to analyze the topics. Topics were
also named according to the corresponding keywordsto illustrate

https://publichealth.jmir.org/2021/10/€29375

RenderX

the topics. Tables 1 and 2 show the names of the topics and
their keywords across the two periods evaluated.

We also plotted our topics as circles on a 2D plane (Figures 4
and 5) to determine their relationship. The centers of thecircles
were determined by the cal cul ated distance between topics[19].
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Table 1. Topic classification and keywords for 2014-2016.

Topic order Topic name and keywords News reports
(N=953), n (%)?
Topic 1 o  Patient treatment 178 (18.68)

«  Keywords: hospice care, patient, the sick, hospital, treatment, life, relative, end of life, death, care, in-
patient ward, need, pain, medical treatment, mentality, finally, dignity, doctor, cancer, relieve, terminal
stage, tumor, accept, nursing, proceed, provide, disease, quality, palliative, at present

Topic 2 «  Hospice care stories 158 (16.58)
«  Keywords: theelderly, one, last, job, life, children, already, hope, mother, doctor, know, people, accom-
pany, at present, think, nurse, everyday, father, always, leave, look after, see, once, time, pass away,
inpatient ward, tell, son, face

Topic 3 «  Development of health care services and health insurance 135 (14.17)
«  Keywords: service, development, society, medical care, peaceful, health, medical institution, institution,
job, medical, establish, government, carry out, policy, construct, promote, health insurance, hygiene,
community health, include, support, system, encourage, correlation, management, medical care and
health, service center, improve, perfect, increase

Topic 4 «  Retirement and nursing home 129 (13.54)
. Keywords: pension, the elderly, service, nursing, institution, the aged, agedness, medical, center, medical
trestment and aged care, rehabilitation, combination, hospital, community, provide, household, retirement
home, mode, bed, life, journalist, look after, long-term, above, at present, disability, health, demand,
profession, construction

Topic 5 «  Community services and socia welfare activities 98 (10.28)
« Keywords: service, hospice care, volunteer, social worker, program, community, activity, carry out,
care, social welfare, volunteerism, journalist, organization, profession, spirit, team, mentality, provide,
social work, concern, job, family, participate, proceed, compassion, service center, establish, help,
China

Topic 6 o Huike platform statement 95 (9.97)
. Keywords: content, need, represent, integrity, author, website, in charge of, snapshot, check, only for,
statement, connect, search, irrelevant, webpage, click, information, page, original text, instant, linkage,
index, free of charge, Huike (WiseSearch), life, offspring, vacation for caring parents, China, society,
culture

Topic 7 «  Hospiceward in the hospital 86 (9.02)
«  Keywords: hospital, hospice care, death, journaist, citizen, express, one, enterprise, housing state, edu-
cation, aready, at present, enter, correlation, think, company, America, Hong Kong, around, family,
proceed, objection, plan, construction, discover, this year, problem, brilliant, economy, consider

Topic 8 « Voluntary service 74 (7.78)
«  Keywords: service, volunteer, patient, cancer, terminal stage, hospice care, hospice, hospital, provide,
establish, journalist, free of charge, poverty, family, president, life, the, visit, tailor, corpse, nationwide

#Thetotal percentageis not 100% because of automatic rounding when exporting the results.
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Table 2. Topic classification and keywords for 2017-2019.

Topic order Topic name and keywords News reports
(N=953), n (%)?

Topic 9 «  Hospice care stories 199 (15.62)
« Keywords: the elderly, life, hospice care, one, death, final, volunteer, job, accompany, inpatient ward,
living, hope, relatives, tell, see, leave, face, child, nurse, aready, everyday, dying, journalist, livelihood,
volunteer, always, know, time, family member

Topic 10 o  Patient treatment 196 (15.38)
«  Keywords: patient, treatment, the sick, relative, cancer, inpatient ward, doctor, terminal stage, suffering,
tumor, medical staff, mentality, life, final, nursing, pain, nurse, palliative, dignity, medical, disease,
proceed, condition of disease, hospice, relieve, team, look after, provide, admission

Topic 11 «  Development of health care services 182 (14.27)
«  Keywords: health, service, nursing, development, construction, medical, promote, nurse, job, management,
establish, society, increase, primary, strengthen, medical institution, complete, implement, carry out,
regime, family doctor, industry, encourage, hygiene, push forward, capacity, emphasis, increase, diag-
nosis and treatment, system

Topic 12 «  Retirement home 171 (13.42)
«  Keywords: pension, service, institution, the elderly, nursing, combination of medical treatment and aged
care, the aged, combination, medical, community, rehabilitation, provide, agedness, hospital, household,
mode, center, family, disability, look after, bed, life, retirement home, management, above, carry out,
journalist, construction, health, countryside

Topic 13 « Linzhong guan huai service (hospice care service in Chinese) 164 (12.95)
«  Keywords: hospice care, service, hospital, society, demand, end of life, medical, problem, death, life,
China, at present, development, profession, our country, education, suggestion, think, express, some,
one, social worker, government, correlation, enterprise, care, need, important, provide, support

Topic 14 « Anning liao hu service (hospice care service in Chinese) 136 (10.68)
«  Keywords: peaceful, care, service, patient, center, pilot program, hospital, job, carry out, provide,
country, nationwide, service center, look after, dignity, life, hygiene, terminal stage, care, community
health, impatient ward, mentality, agedness, humanistic, medical institution, pilot work, institution,
disease, journalist, establish

Topic 15 o  Socia welfare activities 113 (8.95)
. Keywords: activity, society, volunteer, social welfare, family, compassion, job, community, program,
volunteerism, culture, concern and love, Ching, life, learn, child, help, one, spirit, organization, become,
student, charity, participate, Shanghai, team, people, entrepreneurship programs, join, world

Topic 16 e Huike platform statement 111 (8.71)
. Keywords: content, represent, in charge of, integrity, author, website, snapshot, statement, check, con-
nection, instant, only for, click, search, free of charge, irrelevant, original text, link, information, page,
index, Huike (WiseSearch), webpage, need, profession, journalist, hospital, the newspaper, center, cor-
respondent

8The total percentage is not 100% because of automatic rounding when exporting the results.
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Figure4. Intertopic distance map (via multidimensional scaling) for 2014-2016. PC: principal component.
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Figure5. Intertopic distance map (via multidimensional scaling) for 2017-2019. PC: principal component.

Marginal topic distribution

2%
5%

10%

Results

We categorized our collected sample of news articles into 8
topics for each period (ie, January 1, 2014, to December 31,
2016, and January 1, 2017, to December 31, 2019) by applying
LDA topic modeling (Tables 1 and 2). These two periods share
several similar topics, among which patient treatment and
hospice care stories emerged as the two most popular topics.
Topic 3 (development of health care services and health
insurance, n=135) and topic 11 (ie, development of health care
services, n=182), ranked as the third most popular topic, both
accounting for approximately 14%. Topic 4 (retirement and
nursing home, n=129) and topic 12 (retirement home, n=171)
accounted for over 13%.

Figures 4 and 5 present the overall view of our topic model.
Each figure shows 8 circles that represent various topics. We
can calculate the overall prevalence by computing areas of all
circles. Intertopic distances are represented by multidimensional
scaling on a2D plane[28]. The principal components PC1 and
PC2 represent the transverse axis and longitudinal axis,
respectively.

https://publichealth.jmir.org/2021/10/€29375

Figures 6 and 7 present the top 30 relevant terms for topics 1
and 9, respectively. These two topics had the highest proportion
of news articles in their respective time periods; therefore, we
present them as an example for demonstration. The word
frequency distributionisrelative to thefull corpusby the system.
The blue bar presents the overall term frequency, and the red
bar presents the estimated frequency of a specific topic. With
regard to topic 1, Chinese mass media preferred to talk about
what treatment the patients can receive at the end of life. Using
this approach, asillustrated in the literature, we could interpret
the content of atopic [29,30].

Figure 8 shows the number of hospice care news reports
published over time. The number of news articles peaks and
wanes across different months. In the first period, the total
coverage reached 953, and the highest monthly coverage was
85 news reports. In the second period, the number of total
relevant news reports was 1274, and the monthly coverage
peaked in June 2019. Table 3 shows Chinese laws and policies
about hospice care and their release dates.
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Figure 6. Top 30 most relevant terms for topic 1 (18.68% of all news reports). Saliency (term w) = frequency (w) * [sum_t p(t | w)/p(t)] for topicst;
see [29]. Relevance (termw | topict) = A * p(w | t)/p(w); see [30].
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Figure 7. Top 30 most relevant terms for topic 9 (15.62% of all news reports). Saliency (term w) = frequency (w) * [sum_t p(t | w)/p(t)] for topicst;

see [29]. Relevance (termw | topict) = A * p(w | t)/p(w); see [30].
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Figure8. Timeseriesof news streamswith corresponding laws and polices during 2014-2019. NHFPC: National Health and Family Planning Commission
of the People’s Republic of China
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Table 3. Chinese laws and policies about hospice care.

Date

Laws and policies

April 7, 2016

April 21, 2016

October 25, 2016

February 9, 2017

August 28, 2018

June 10, 2019

The National Health and Family Planning Commission of the People’s Republic of China (NHFPC, the predecessor of Na-
tional Health Commission) promulgated the Project of Division of Tasks in Combination of Medical Treatment and Aged
Care to integrate hospice care into the elderly care system [31].

Chinese People's Consultative Conference (a political advisory body of the People’s Republic of Chinaand a central part
of the Chinese Communist Party’s United Front system) held biweekly consultation meeting to promote hospice care [32].

“Healthy China2030” blueprint was released by the Central Committee of the Communist Party of China (a political body
that comprises the top leaders of the Chinese Communist Party) and the State Council to strengthen the construction of
hospice care institutions [33].

Hospice Care Center Basic Standards (trial), Hospice Care Center Management Standardization (tria), and Hospice Care
Practice Guideline (trial) were issued by the NHFPC [34,35].

General Office of the State Council released Major Projectsfor Deepening Medical and Health System Reform in the Second
Half of 2018, including the hospice care pilot program [36].

The National Health Commission proclaimed its plan to expand pilot hospice care program in 71 cities [37].

Tables 4 and 5 show the top 10 productive media sources with
regard to publication of news reports on hospice care. Local
and national newspapers were all engaged. Table 4 shows that
Xin an Evening News (Digital News) had the highest coverage
during 2014-2016, with 21 (11.67%) newsreports, followed by
Xinmin Evening News and China News service (11/953,
11.11%). As shown in Table 5, the People’s Palitical
Consultative Daily (Digital News) was the most active mass

https://publichealth.jmir.org/2021/10/€29375
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RenderX

media in the second study period, with 39 (23.07%) relevant
articles published. It was during the press window of policies
and viewpoints of the Chinese Peopl€'s Political Consultative
Conference wherein there was considerabl e reporting about the
biweekly consultation meetings held by the Chinese People’s
Political Consultative Conferenceto promote hospice care[32].
In addition, 18 (10.65%) news reports were published in the
Middle-Aged Times.
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Table 4. The most represented media sources for news reports collected during 2014-2016 (N=953).

Media sources

News reports, n (%)

Xin'an Evening News (Digital News)
Xinmin Evening News

China News Service

Qilu Evening News (Digital News)
Shanxi Evening News

Sanjin Metropolis Daily

Youth Daily

Shaanxi Daily

Workers' daily

Shanxi Daily (Digital News)

21 (11.67)
20 (11.11)
20 (11.11)
19 (10.56)
18 (10.00)
18 (10.00)
17 (9.44)
16 (8.89)
16 (8.89)
15 (8.33)

Table 5. The most represented media sources for news reports collected during 2017-2019 (N=1274).

Media sources

News reports, n (%)

People's Political Consultative Daily (Digital News) 39 (23.07)
Middle-aged Times 18 (10.65)
Yanta Daily 17 (10.06)
Qilu Evening News (Digital News) 17 (10.06)
Shanxi Daily (Digital News) 17 (10.06)
Wuhan Evening News 16 (9.47)
China News Service 12 (7.10)
Xinmin Evening News 12 (7.10)
Zhongshan Commercial Daily 11 (6.51)
Workers' daily 10(5.92)
Discussion contemporary view of life and death, potentially making this

Principal Findings

Hospice care has received much attention in Chinain the context
of aging of the Chinese population. Topic modeling is a new
method that helps to shed light on what health information has
been delivered by the mass media. In this study, we observed
that the number of reports about hospice care in the second
study period dlightly increased compared to the first period,
indicating Chinese mass media had paid more attention to this
topic. Wea so found that mass mediatended to focus on hospice
carein April of every year (Figure 8). Of al the monthly news
about hospice care published between January 1, 2014, and
December 31, 2016, coverage peaked in April (168 reports
published). Although the proportion of news reports in April
decreased in the second study period, it till accounted for
10.11% of the collected reports, ranking as the second month
with the highest number of reports. Thisis likely because the
Tomb-Sweeping Day, a traditional Chinese festival, falls on
April 4 to 6 every year. On this day, people in China usualy
clean up the graves of their ancestors and deceased relatives to
show their grief. Asaresult, mass media channels strategically
chose this timeline to focus on hospice care and discuss the

https://publichealth.jmir.org/2021/10/€29375

concept more acceptable for the general public.

Supportive laws and policies are indispensable for the optimal
devel opment of hospice care services[38], and the promulgation
of lawsand policies often contribute to an increase of coverage.
For example, relevant laws and policies were released in
February 2017 [34,35] and June 2019 [37], and a considerable
increase in articles about hospice care was witnessed in these
2 months (Figure 8). In some cases, however, mass media did
not leverage the opportunity to broadcast new policies. For
instance, in October 2016, the “Healthy China 2030” blueprint
was issued [33], while there were few news reports about
hospice care in October. Therefore, if the government wantsto
ensurethe citizens are aware of thelatest policies about hospice
care, the mass media should be utilized to disseminate these
policies.

In the second period, topic 9 (hospice care stories) overtook
topic 10 (patient treatment) as the top news topic. Although
both news topics focused on what happened after hospice care
was provided to patients, reports pertaining to the topic patient
treatment tended to follow awell-established pattern of reporting
on the care patients received. Mass media channels conveyed
health information by elucidating the role of the hospital,
hospice, doctor, and family membersin the process of treatment.
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The news articles addressing hospice care tended toward
personal experience. These stories were narrated in akind and
vivid tone, which reflected the humanistic caring spirit in the
reports. Mass media should continueto report hospice care with
a humanistic caring spirit to make this topic more acceptable
and promote health education well.

Thedevelopment of health care servicesisalso amajor concern
of the media. In the first period, the mass media linked the
development of health care services with the development of
health insurance, proclaimed the benefitsto patients and medical
institutions of the government’s promotion, and related system
devel opment, which stressed theimportance of health insurance.
However, most of the hospice care servicesare still not included
in the national health insurance [39]. The high cost of hospice
careisabarrier for most patients. In addition to describing the
development of health care services, many articles related to
topic 11 aso introduced the concept of the family doctor, which
was a new highlight of the development.

Retirement homes and nursing homes are important places to
facilitate hospice care [40]. Coverage of topic 12 focused on
the significance of these institutions. Furthermore, topic 4
covered multi-modeled cooperation between hospitals and
retirement homes. In April 2016, the NHFPC enacted the Project
of Division of Tasksin Combination of Medical Treatment and
Aged Care to encourage this multi-modeled cooperation [31].
In the process of cooperation, an integral elderly care system
consisting of daily life care, medical treatment, rehabilitation
nursing, and hospice care, is expected to be built. It can address
the imbalance between the huge need for hospice care and the
lack of hospice institutions, as well as maximize the benefits of
hospice care in the elderly care system.

In these two defined periods, social welfare activities also
received wide coverage in the Chinese mass media. Topic 5
(community services and social welfare activities) emphasized
that volunteers working in hospice care were significant to
society, whereastopic 15 (social welfare activities) in the second
period also referred to the participation of other social forces,
such as student teams and entrepreneurship programs. Since
theinitial stage, the modern hospi ce care movement hasreceived
sustained support from volunteers who were devoted to
eliminating the stigma of hospice care, raising funds, attracting
seldom-heard communities, and caring for the patients and their
families directly [41]. In China, there are plenty of nonprofit
organi zations engaged in hospice care promotion, including the
Hospice Palliative Care Alliance of China Foundation [42] and
the Chinese Association for Life Care [43]. The coverage of
welfare activities can hel p readers get acquainted with the work
of volunteers in hospice care and appeal to the public to take
part in it, which contributes to the social moral. It is worth
mentioning that topic 8 (voluntary service) also reported the
involvement of volunteers in hospice care.
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Two topics from the second period vary from the first period.
These are topic 13 (lin zhong guan huai service) and topic 14
(anning liao hu service). Although both “lin Zhong guan huai”
and “an ning liao hu” both mean hospice care in Chinese, news
articles on these two topics attached significance to different
contexts. For example, the news reports on topic 13 underlined
therole of the hospital and community. The effect of community
engagement activities on hospice care development is
recognized, and these activitieswere apriority for most hospices
in the United Kingdom [44]. The Chinese government also
called on the community to shoul der the responsibility for caring
theelderly inits5-year plan (2016-2020) on carefor older adults
[45]. Reporting community significance on hospice care can
appeal to community membersto join in these activities. Topic
14, however, raised the necessity to pay more attention to the
psychological problems of patients.

Limitations

Our study is one of the first to reveal the role of Chinese mass
mediain communicating health information about hospice care.
Our study has some limitations. We searched the Huike
(WiseSearch) news database for data collection. This database
only includes text news articles. Therefore, we might have
missed news content in the form of images and short videos
through some new media platforms such as WeChat (the most
popular instant messaging app in China) and TikTok (apopular
video social media platform among the young generation).
Moreover, the inherent limitations of LDA restricted some part
of our study, as LDA is limited to the analysis of few articles
or overly short articles [46]. Sentiment analysis is a helpful
method to eval uate positive or negative attitudesin thetext [47];
it would befavorableif we could adopt it to hel p us obtain more
information about the Chinese mass medid's attitude toward
hospice care.

Conclusions

Weinvestigated the information about hospice care disseminated
through Chinese mass media during two specific periods by
analyzing collected news reports using topic modeling. We
conclude that the coverage of hospice care generally increases
in April of every year, which is related to a special traditional
Chinese festival. We propose that authorities and policymakers
in China should cooperate with the mass media to propagate
the latest hospice care policies. Two of the most popular topics
surrounding hospice care are patient treatment and hospice care
stories, of which hospice care stories have accounted for a
greater proportion of reportsin recent years, demonstrating the
humanistic caring spirit adopted by the mass media while
reporting on this public health issue. Development of health
care services and retirement homes are al so reported, while the
emphasis of each topic changes with time.
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Abstract

Background: Men who have sex with men (MSM) are a key group for HIV interventions in Malawi considering their high
HIV prevalence (17.5% compared to 8.4% among men in the general population). The use of oral preexposure prophylaxis (PrEP)
presents a new opportunity for MSM to be protected. We present the findings from a qualitative assessment designed to assess
awareness of and willingness and barriers to using PrEP among MSM in Malawi.

Objective: The 3 main objectives of this assessment were to determine: (1) awareness of PrEP, (2) factors that influence
willingness to use PrEP, and (3) potential barriers to PrEP use and adherence among MSM in order to guide the design and
implementation of a PrEP program in Malawi.

Methods: Ahead of the introduction of PrEP in Malawi, a qualitative study using in-depth interviews (IDIs) and focus group
discussions (FGDs) was conducted in October 2018 in Blantyre, Lilongwe, and rural districts of Mzimba North and Mangochi.
With support of members of the population, study participants were purposively recruited from 4 MSM-friendly drop-in centers
where MSM receive a range of health services to ensure representativeness across sites and age. Participants were asked what
they had heard about PrEP, their willingness to use PrER, their barriers to PrEP use, and their preferences for service delivery.
The data were analyzed using athematic content analysis framework that was predetermined in line with objectives.

Results: A total of 109 MSM were interviewed—13 through IDIs and 96 through FGDs. Most participants were aware of PrEP
as anew HIV intervention but had limited knowledge related to its use. However, the majority were willing to use it and were
looking forward to having accesstoit. I DI participantsindicated that they will be morewilling to take PrEPif the dosing frequency
were appropriate and MSM were involved in information giving and distribution of the drug. FGD participants emphasized that
places of distribution and characteristics of the service provider are the key factors that will affect use. Knowing the benefits of
PrEP emerged as a key theme in both the IDIs and FGDs. Participants highlighted barriers that would hinder them from taking
PrEP such as side effects which were cited in IDIs and FGDs. Key factors from FGDs include cost, fear of being outed, drug
stockouts, fear of being known asM SMs by wives, and lack of relevant information. FGDs cited stigmafrom health care workers,
forgetfulness, and community associated factors.
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Conclusions: Despite having inadequate knowledge about PrEP, study participants were largely willing to use PrEP if available.
Programs should include an effective information, education, and communication component around their preferences and provide

PrEP in MSM-friendly sites.

(JMIR Public Health Surveill 2021;7(10):€26177) doi:10.2196/26177
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Introduction

Men who have sex with men (MSM) bear a disproportionate
burden of the HIV epidemic [1]. In 2019, the Joint United
Nations Programme on HIV and AIDS reported that gay men
and other MSM accounted for 17% of all new HIV infections
globally [2] and that their risk of HIV acquisition was 22 times
higher than for heterosexual men. Similarly, in East and
Southern Africa, MSM were reported to contribute to 17% of
new HIV infections [2]. Data from studies conducted between
2011 and 2014 among MSM in Malawi found HIV prevalence
ranging from 18.2% to 21.4% [3,4]. Thisis more than 3 times
the national average of 6.4% among men ages 15 to 49 years
in the general population [5].

In September 2015, the World Health Organization (WHO)
recommended oral preexposure prophylaxis (PrEP) as part of
a combination HIV prevention approach [6] for people at
substantial risk of HIV infection. PrEPisthe use of antiretroviral
medication to prevent HIV-negative individual s from acquiring
HIV. PrEP complements condom and lubricant use, behavioral
counseling, treatment for sexually transmitted infections, HIV
testing and counseling, voluntary male medical circumcision,
and antiretroviral therapy (ART) for partners living with HIV
[7-9]. A proportion of MSM do not use condoms consistently
for various reasons; therefore, using PrEP during periods of
higher risk of HIV responds to this reality and strengthens
comprehensive HIV prevention [10]. Despite the evidence of
its effectiveness in preventing HIV, access to PrEP has been
limited in many countries. In Malawi, PrEP wasincluded in the
Malawi Guidelinesfor Clinical Management of HIV in Children
and Adults 2016 and National HIV Prevention Strategy
2015-2020; however, at the time of this assessment, PrEP was
not yet readily available in the country. This study was
conducted ahead of theintroduction of PrEP servicesin Mal awi
to inform national scale-up of PrEP services, especialy for
MSM. This assessment was conducted to support the design of
the PrEP program in Malawi.

Numerous individual, familial, institutional, and structural
factors affect MSM’s access to health care in Malawi. These
include stigmafrom community membersdueto cultural beliefs
[3]; hesitancy of MSM to reveal their sexual practices when
accessing health care [4], which limits their ability to access
appropriate services, information, education, and counseling;
inadequate capacity of service providers to provide
MSM-friendly health services[1-4]; and unfavorable social and
legal environments created by the Malawi penal code that
criminalizes same-sex relationships and  encourages
discrimination against MSM [11]. While MSM have a high
turnover of sexual partners, low condom use, and multiple
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concurrent partnerships, they have reported low levels of
individual risk perception [12,13]. However, it is important to
note that these studies were conducted severa years ago, and
thereisaneed to conduct similar studiesto obtain updated data
on these risk factors. This discrepancy between actual and
perceived risk requires programsto innovate and provide awide
choice of services to MSM to reduce the incidence of HIV
among them [1].

Although the legal environment for MSM, transgender people,
and other sexual minorities remains constrained in Malawi,
significant progress has been made in the provision of health
services. For instance, the current national (Ministry of Health)
Clinica Guiddinesfor the Management of Sexually Transmitted
Infections [14] and the Malawi National HIV Prevention
Strategy 2015-2020 [15] have incorporated MSM-specific
interventions. Civil society organizations, legal and advocacy
partners, and national and international nongovernmental
organizations, such as FHI1360’s Linkages acrossthe Continuum
of HIV Services for Key Populations Affected by HIV
(LINKAGES) project, arealso providing amix of human rights,
legal, and HIV prevention services. LINKAGES was launched
in June 2014 as the US President’s Emergency Plan for AIDS
Relief (PEPFAR)/US Agency for International Development
(USAID)’s largest global HIV project dedicated to providing
holistic HIV prevention, care, and trestment programming for
key populations. In Malawi, through community outreach
services and drop-in centers (DICs), the project has been
providing prevention, care, and treatment services to key
populations, including MSM and transgender individuals.

The primary aim of this study was to assess MSM'’s awareness
of PrEPR, their willingness to use it, and barriers they face to
PrEP use in order to guide the design and implementation of a
PrEP program in Malawi. Specifically, the study aimed to
determine awareness and attitudes about PrEP, factors that will
likely facilitate PrEP uptake and adherence, and potential
barriers to PrEP uptake and adherence.

Methods

Study Design and Population

A qudlitative study consisting of in-depth interviews (1Dls) and
focus group discussions (FGDs) was conducted to ascertain
MSM knowledge of and perceptions about PrEP uptake and
adherence in Lilongwe and Blantyre cities and the two rural
districts of Mangochi and Mzimba North. These districts were
targeted as the project leveraged on the infrastructure of the
LINKAGES project. Study participants were identified in
October 2018 from MSM accessing HIV services from peer
educators at various sites, including DICs supported by the
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LINKAGES project, as well through other projects run by the
local civil society organization Center for Development of
People (CEDEP). Prior to the study, MSM were engaged
through CEDEP to provide input to the design and
implementation of the study. Some of the input was on the
guestionnaire and language, who to include as data collectors,
and where to conduct the IDIs and FGDs among others.
Subsequently data collectors were picked from the group of
MSM who participated in the consultation process. The
LINKAGES-supported DICsare key population—friendly service
delivery points where MSM access condoms, lubricants, HIV
testing, and counseling; servicesfor gender-based violence; and
recreational activities. Men were eligible to participate in the
study if they were aged 18 years or older, accessed services
from LINKAGES-supported DICs or CEDEP projects,
self-identified as MSM or were identified as such by peer
educators, and tested negative for HIV within the past 3 months.

Sampling

Study participants for FGDs were purposively recruited from
men who accessed services at DICs to ensure representation
from all sites and different age groups. Lists of €igible study
participants were drawn both from LINKAGES DIC records
and records of other CEDEP projects and were classified by
geographical location, social networks, and age group.
Participants were randomly selected within each subgroup.
Clinical staff at the DICs were involved in the identification
while ensuring that the participants met the eligibility criteria
for the study.

A total of 8 FGDswith 12 participants per group were conducted
making atotal of 96 M SM participating in the FGDs. Two FGDs
were conducted per district, including one for younger MSM
ages 18 to 34 years and another for older MSM ages 35 years
and older. A total of 13 IDIs were conducted, comprising 3
people from each of the 4 districts and one man who has sex
with other men who was involved in advocacy. The IDI
participants were purposively selected from LINKAGES
projects and other social projects to include MSM who are
highly hidden from society as well as the MSM community
because of their social position. The 3 participants from each
district had at least one of the following characteristics: married
individuals, educated at a tertiary level or working, and older
than 35 years.

Data Collection

Datawere collected in October 2018 following study approval.
Data were collected by trained study assistants using
semistructured interview guides. The study assistantswere fluent
in both English and Chichewa, a local language, and they
conducted IDIs and facilitated FGDs in the language of each
participant’s choice. Data collected from participants included
information about their knowledge, perceptions, and concerns
about PrEP; factorsthat would potentially motivate them to use
it; barriersto PrEP use; and service delivery preferencesrelated
to infrastructure, knowledge needs, and providers. FGDs were
donewith 6 to 12 participants per group and conducted at DICs.
Each FGD lasted for approximately 70 minutes, and 6 of the 8
FGDs were audiorecorded, as participants of 2 FGDs declined
permission for the FGDs to be recorded. IDIs were conducted
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at a place convenient for the participant. On average, the
interviews lasted 50 minutes, and 8 out of 13 interviews were
audiorecorded, as 5 people declined to be audiorecorded. IDIs
and FGDs used the same questions because the data collected
in the IDIs supported the opinions collected in the FGDs from
individuals that are highly hidden and could not participate in
FGDs.

The 8 IDIs and 6 FGDs that were audiorecorded were
transcribed into Chichewa or English by an independent
transcriber, and all interviews conducted in Chichewawerethen
translated to English. Transcripts were proofread and checked
for accuracy by listening to the recordings multiple times to
ensure that the translation conveyed the participants’ answers
and descriptions. The aim was to produce the best possible
trand ation and preserve the content and meaning of the original
text. For the 5 IDIs and 2 FGDs that were not audiorecorded,
study research assistants took notes, including direct quotes.

Data Analysis

Data were analyzed using a thematic content analysis
framework, where deductive and inductive approaches were
used to code the data. The former was guided by the literature
and study objectivesinidentifying thethemes under which data
were grouped. Inductive analysis was then conducted by
listening to the audiorecording, reading through the transcripts,
and identifying emergent themes. The data analysis followed 6
stages [16]: becoming familiar with the data, generating initial
codes, searching for themes, refining themes, naming themes,
and producing the report [17]. The findings presented include
guotes without identifiers to protect confidentiality.

Ethics

The study protocol was reviewed by the University of Malawi,
College of Medicine' s Research Ethics Committee and FHI360's
Protection of Human Subjects Committee. All study steff,
including the study assistants, were trained in ethics for
conducting research with human subjects, with a focus on
ensuring informed consent, privacy, and confidentiality. They
were also trained on data collection tools to standardize the
information to be collected and the process of data collection.
The data collectors were identified from the cohort of peer
educators under the LINKAGES project who are part of the
MSM community. Potential participants were informed that
participation inthe FGD and I DI was voluntary and that refusal
will not affect continued access to services. Written informed
consent was obtained from everyone who agreed to participate.
Parti cipants were not compensated for participating in the study
but were reimbursed for the cost of travel from their home to
thestudy site. No personal identifying information was collected
during the FGD and IDI. Study participants were assigned
IDS/uniqueidentifiers, and no nameswere used. IDIsand FGDs
were conducted in places that assured privacy where
conversation between interviewer and interviewees and FGD
facilitators and participants could not be heard by athird party.
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Results

Sociodemogr aphic Characteristics
Table 1 below summarizes the characteristics of the study
Table 1. Characteristics of study participants (n=109).

Mpunga et al

participants. Most of the study participants were aged 35 to 40
years (30/109, 27.5%) and the least were aged 30 to 34 years
(14/109, 12.8%). There was a uniform number of participants
from the 4 participating districts.

Characteristics

Value, n (%)

Agegroup (years)
18-24
25-29
30-34
35-40
41+

Education
None
Primary
Secondary
Tertiary

Marital status
Never married
Married
Separated

District
Lilongwe
Blantyre
Mangochi
Mzuzu

On salary
Yes

No

21(19.3)
17 (15.6)
14 (12.8)
30 (27.5)
27 (24.8)

8(7.3)

37(33.9)
50 (45.8)
14 (12.8)

44 (40.3)
44 (40.3)
18 (16.5)

28(25.7)
27 (24.8)
27 (24.8)
27 (24.8)

30 (27.5)
79 (82.5)

Awareness and Attitudes Regarding PrEP

Of the 96 FGD participants, 40 indicated that they heard about
PrEP before the study while 20 indicated that they heard about
the drug during the survey. Of the IDI participants, 69% (9/13)
had heard about PrEP prior the study and 4 learned about it
during the study.

I hear it a drug you take before having sex to protect
yourself from catching HIV. [FGD participant]

Itisadrug for HIV prevention which you take before
you have sex with you partner. [IDI participant]

When asked what they knew about PrEP, 35% (34/96) of the
FGD participants and 67% (6/9) of the IDI participants said
they did not know much. Of the FGD participants, 45% (18/40)
who heard about PrEP confused PrEP with postexposure
prophylaxis (PEP). Awareness was better among younger MSM
participants than older MSM participants, as they were ableto
describe PrEP as prevention before acquiring HIV.

https://publichealth.jmir.org/2021/10/e26177

| have heard about PrEP of which | can’t describe
well. | heard that these are drugs to be provided to
HIV-negative people to protect them from HIV. [IDI
participant]

You useit to kill the virus within 72 hours of sleeping
with someone without a condom. [FGD participant]

When asked about the main source of their information on PrEP,
the majority reported friends while othersreported civil society
organizations (CSOs) and social media. Family was not
mentioned as one of the sources of information. There were
some mixed ideas about the awareness and importance of using
condoms while taking PrEP.

| heard about it this other day when | was drinking

at a hottle store. | heard that when you do not have

HIV you can take these drugsto protect yourself from

HIV. [IDI participant]
Participants from both IDIs and FGDs acknowledged the
importance of using condoms when one is on PrEP to have

JMIR Public Health Surveill 2021 | val. 7 | iss. 10 |e26177 | p.36
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

double protection for HIV and prevent sexually transmitted
infections. However, others pointed out that using condoms
combined with PrEP defeats the purpose of using PrEP for HIV
prevention as condoms similarly protect against HIV and other
STls.

Why should we use two things? | wish we could be
choosing between the two. [FGD participant]

Some participants were male sex workers and reported that
condom use with clients was sometimes challenging due to
client preferences. One participant described the appeal of PrEP
in cases where he did not know clients' HIV status.

| prefer having sex with a partner without using a
condom. Sometimes we meet clients and we don't
havetimeto go for HIV test before sex. Soif PrEP is
availablefor use, | will betaking PrEP before having
sex with someone whose HIV status | don’t know.
PrEP will help me protect myself from HIV. [IDI
participant]

| wish the service could start immediately for usMSM
like the female sex workers [FSAS] because PrEP
will help me save my life as| don’t use condoms all
the time because some clients prefer sex without a
condom. [FGD participant]

Attitude

Despite the limited awareness of PrEP, there was overal a
positive attitude toward PrEP. Study participantsfrom both IDIs
and FGDs noted that since PrEP will reduce their chances of
being infected with HIV, the intervention was welcome within
the MSM community. Of the FGD study participants, 67%
(64/96) also indicated that they would not wait for along time
or for someone they knew to use PrEP before using it
themselves, and they said they would use it right away. Some
asked for the intervention to come to Malawi soon. From the
IDIs, 38% (5/13) indicated that they would not wait to take
PrEP but take it immediately asit isrolled out. A total of 62%
(8/13) of FGD study participants indicated that they have
multiple sexual partners and stated that they were more willing
touse PrEP asan additional HIV prevention because sometimes
they indulged in unprotected sexua intercourse with their
partners.

Every time | am worried about getting infected with
HIV. | want to have a long life. This initiative will
make me healthy. [IDI participant]

Let the drugs come, we arewaiting. [FGD participant]

Why would we wait for a year, were you trying us?
[FGD participant]

Oncethedrugisinwewill useimmediately, we can’t
wait because the drug has already beentried in other
countries. [IDI participants]

Benefits From PrEP

All 131Dl participantsindicated that if PrEP were available for
them to use, they would want to use it to benefit from the
protection from HIV. They mentioned preventing acquisition
of HIV, enjoying a long life, and avoiding long-term ART if
they otherwise get infected as benefits they would get from
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using PrEP. Another benefit was that PrEP would be able to
prevent HIV transmission to sexual partners, including one’'s
wife. Likewise, 61% (52/96) of FGD participants both young
and old indicated that HIV prevention will be their primary
motivation.

| don’t know what | can do if | test HIV positive. It
means | have to be on [antiretrovirals] daily. With
PrEP maybe | would not be taking ART drugs daily.
[IDI participant]

If | protect myself from HIV | will not have to take
ART for therest of my life. [FGD participant]

Formulation and Dosing Preferences

Study participants were asked which of the different frequencies
of dosing they were comfortable with and in what formulation
(tablet or injection). Study participants were concerned about
the dosing frequency and reported that they would be more
likely to use PrEP if the dosage is not daily.

If wewill beusing daily tablets, it meanswewill have

to go to the facility to collect medications so often.

We do not have that kind of cash to be traveling all

the time. [IDI participant]

Weekly isgood, because taking drugs brings bad taste

in the mouth, so taking the drug daily for a long time

isnot good. [FGD participant]
Preferences for oral or injectable PrEP were mixed. Some
indicated that they would prefer an injectable form, while others
wanted pills because they feared injections. However, some
who were married indicated that they would like PrEP use to
be disguised so that their spouses or parents would not suspect
anything. Specifically, some participants expressed that they
would prefer small pills, which would be less noticeable and
easier to swallow.

| am married also to a woman. She may suspect
something if | am using pills every day at home. [IDI
participant]

Once a month injection, because a daily pill is too
difficult to be taken. And for it to be attractive, it must
not have more side effects. [IDI participant]

MSM I nvolvement for PREP Demand Creation and
Distribution

Participants also indicated the need to involve members of the
MSM community to promote awareness of the product, aswell
as distribution of the drug. They pointed out the need to build
the capacity of MSM representativesto share information about
PrEP within the MSM community.

Choose MSM representatives from the MSM
community to be like peer educators. [IDI and FGD
participants]

FGD Participants Spelled Out Where It IsProvided
and Who Provides It

Study participants were asked about their health services
preferencesthat would contribute to PrEP uptake and adherence.
DICs were the most preferred service delivery point, followed
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by outreach services. These settings were most often reported
as venues where PrEP could be provided and accessed without
concerns about stigma and discrimination. Many (30/96)
participants from FGDs said they would prefer PrEP to be
available in DICs and outreach sites, where there was minimal
to no stigma and discrimination.

If you want MSM to take PrEP, then make sure that
you provide services in places where we are already
comfortable, like drop-in centers. [FGD participant]

They also proposed changes such as improved attitudes for
service providers, reduced waiting time, and provision of clear
information about PrEP. Participants felt it was important for
facilities to offer the following to accompany PrEP services:
condoms and lubricants, HIV testing and counseling, and
education on PrEP. Participants also said they would be more
likely to adhere to PrEP if it was provided by nonjudgmental
MSM-friendly service providers.

Use the friendly providers who do not take their
personal beliefs to stop us from being MSM, those
who understand that we are al so human beings. [FGD
participant]
Two participantsin IDIs reported a mission (church-affiliated)
hospital in northern Maawi as especially well-placed to provide
care for the MSM community, and private pharmacies were
reported as potential sites by one personin an IDI.

Potential Barriersfor MSM to PrEP Uptake and
Adherence

Despite the positive attitude and their willingnessto take PrEP,
the participants had several concernsthat would stop them from
taking PrEP which need to be considered during implementation
of the services.

The potential side effects of PrEP were the most commonly
mentioned concern in both IDIs and FGDs. When asked about
the factors that will prevent them from accessing PrEP, 54%
(7/13) of DI participants and 23% (22/96) of participantsfrom
FGDs mentioned side effects.

They are medicinesjust like any other medicines, and
inevitably there will be side effects. What are these
sideeffects? ... There could be smell or bad taste that
one may have to deal with. [IDI participant]

Medicines are medicines. Perhaps one may vomit
after taking the medicines. That is why | think
injections are better. | do not like the taste of
medicines. [IDI participant]

| have some fears. For example, what are the side
effects of PrEP being a drug? [FGD participant]

The costs (financial and time), fear of being identified as an
MSM, insufficient information, dosage, and stockouts were
identified in the IDIs as potential factors that can limit uptake
of PrEP. Issues related to cost included transport costs to the
point of care that could make it expensive to access PrEP
through private community pharmacies. A total of 77% (10/13)
of IDI participants indicated that it is important to use MSM
peers as PrEP distributors, use male-only facilities, and target
al men and not just MSM. Participants from IDIs aso
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recommended the system should ensure that stock is consistently
available.

The private pharmacies can be a good source of
PrEP.... But nothing from these pharmacies is
provided for free. e may not afford the cost of PrEP.
[IDI participant]

In public health facilities, PrEP should be provided
toall menand not just MSM. For contraceptives, they
give contraceptivesto all women and not just female
sex workers. In that case, there is no stigmatization.
[IDI participant]

If I go to facility and am sent back because drugs are
out of stock, | will not go again because| amnot sick.
[IDI participant]

You should package the drug in a way that people
should not realize that it is a drug otherwise like for
me | can't take pills asiit is difficult for me to keep
them in the house because my wife can wonder and
discover that | aman MSM. [IDI participant]

The good thing that | seeis best to take the pill once

a month because it’s not easy to take drugs daily as

people can be forgetful. ...and if you take once a

month life will not be tough because when you take

once a month you will take along time before thinking

of taking again which leaves you free. [IDI

participant]

If | don’t know how the drug works, its side effects

and all other relevant information to help me make

a decision, | wouldn't bother to take it because it is

drug | can’t be sure whether it will help me or harm

me. [IDI participant]
Common potential barriersthat we identified among the FGDs
included stigmatization of MSM by health care workers and
community perception of persons on PrEP. Over 63% (60/96)
of FGD participants reported experiencing stigma from health
providers when they accessed sexual and reproductive health
services, which could be similar when accessing PrEP services.
They observed that when they want to access servicesin public
health facilities, they are sometimes labeled by the providers
asindividualswho like sex “too much.” Three participantsfrom
the FGDs pointed out that it defeats the purpose of using PrEP
if it cannot offer dual protectionfor STI and HIV like condoms.

If we go to get lubricants and condoms, the health
providers think that you like sex too much. [FGD
participant]
Although some of the participants did not seem to care what
the community would think, 22% (21/96) of FGDs participants
reported concerns about how the drug is being advertised.

If the drug is for MSM and FSWs only and people
know it, they will know that once you take it you are
an MSM. [FGD participant]

Why should we use two things? | wish we could be
choosing between the two. [FGD participant]
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Discussion

Principal Findings

This study demonstrated that the mgjority of MSM in Malawi
knew about the existence of PrEP and were enthusiastic about
being able to access it. However, a significant number did not
have many details about PrEP and only learned of it during the
study. The overall level of understanding of PrEP seemed to be
very limited. Formulation, frequency of dosing, place of
distribution, and side effects were identified as key factors that
can affect the uptake and continued use of PrEP. Participants
of both the FGDs and IDIs indicated that MSM should be
involved in the design of any education program promoting the
use of PrEP.

A tota of 42% (40/96) of persons from the FGDs and 69%
(9/13) of participants of the IDIs indicated they had previously
heard of PrEP. Common sources of information on PrEP
included peers and the CSOs where they accessed services.
Participants reported not having heard of PrEP from health care
providersin public health facilities. This could be because PrEP
was not yet available in public health services in Malawi. In
addition, MSM normally access sexual and reproductive health
services from MSM-friendly DICs owned by CSOs, whereas
they attend public health facilities for services not related to
sexual and reproductive health services. A total of 35% (34/96)
of FGD participants and 46% (6/13) of I DI participants reported
they had alimited knowledge of PrEP. Study participants were
not aware that the WHO-approved PrEP regimen was oral
dosing, and they questioned how or whether PrEP would work
after unprotected sex with an HIV-infected partner. Thisfinding
suggests the need for adequate information for the MSM to
understand the benefits of the drug and enhance uptake.

The MSM in this study demonstrated a positive attitude toward
PrEP from both IDIs and FGDs despite the limited awareness
and were enthusiastic about having another option for HIV
prevention. A total of 67% (64/96) of FGD participantsindicated
that they would not wait to take the drug if it becomes available
in Maawi. One FGD participant stated the following:

Let the drugs come, we arewaiting. [FGD participant]

The study identified factors that would enhance willingness for
MSM to take PrEP. All participantsfrom IDIs and 58% (56/96)
of the FGD participants expressed that the benefits of PrEP will
motivate them to take the drug. One IDI participant stated the
following:

| don’t know what | can do if | test HIV positive. It
means | have to be on [antiretrovirals] daily. With
PrEP maybe | would not be taking ART drugs daily.
[IDI participant]
A quantitative study from the United States identified that not
believing that it hel ps was one of the barriers that hinder MSM
from being willing to take the drug [18]; therefore, thisfinding
emphasizes the need for promoting awareness of the benefits
of PrEP.

Other factors that promote willingness to take the drug include
formulation and dosing of the medication with mixed expression
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with someliking the pillsand othersinjection. Interms of dose,
somedid not care about daily dose while others preferred weekly
dose. The responses could have been mixed because the
participants were asked leading question between oral and
injectable and among daily, weekly, and monthly doses, which
could be different to reality where there are not many options.
However, proper counseling will be needed to help MSM make
theright choices and devel op positive attitudestoward available
formulation and dosage. M SM involvement in demand creation
for the drug was another motivating factor as it will enhance
peer motivation. Where the drug is provided and who provides
it was another factor to enhance willingness. Considering that
the medication is taken by people who are not sick, they may
be easily put off if the environment of providing the serviceis
not favorable. This is one of the key areas to address as many
MSM face stigma and discrimination within the health care
system and from the community [1-4]. Participants also
expressed barriers to potential use of PrEP with the highest
concern being about potential side effects expressed in both
IDIsand FGDs. Thismay not appear to be amajor issuefor the
program, since areview of the combination antiretroviral PrEP
regimen TDF/emtricitabine taken as a single pill once daily
showed that only 2 out of 15,678 participants discontinued
therapy because of side effects [19]. However, it will be
important to educate MSM about the potential side effects and
how to manage them, and to address this perception regarding
the side effects of the drug. Participants also discussed other
barriersto potential use of PrEP: (1) lack of relevant information
on PrEP, (2) the need to take PrEP daily, (3) potentia stigma
from public health facility providers, (4) stigmafrom the greater
community if PrEP is thought to be used by MSM only, (5)
forgetfulness, and (6) the costs (time and financial) required to
access the drug. Study participants were also concerned that
even if they themselves used PrEP, their partners may be
exposed through their other partners, therefore thereis need for
universal partner education about PrEP. However, these
concerns are not unique to MSM in Malawi, as these similar
issueswere noted in areview of 18 randomized controlledtrials
on PrEP: stigma, an unacceptable dosing regimen, side effects,
low risk perception, low decision-making power, and the
logistics of daily life [20]. In another PrEP-related study from
Kenya, there were concerns around the competency of service
providers to understand the multifaceted issues that key
populations face [21]. This relates to the finding in our study
that it is important to understand the needs of MSM before
implementing PrEP services to promote uptake of services.
These concerns may result in nondaily use of PrEP [22], thereby
providing less-than-optimal protection. PrEP programs will
need to devel op and implement strong information and education
interventions to ensure that high levels of knowledge among
PrEP users are achieved.

The new PrEP program in Malawi needs to use a multifaceted
approach to educating MSM about PrEP and ensuring access
to PrEP. Thismay include dissemination of information through
MSM-friendly service providers who understand their needs,
use of MSM peers as educators and distributors of PrEP, and
use of DICs to deliver services as well as male-only facilities
such as barber shops for information sharing—when using
public facilities they should target all men and not just MSM.
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Therewill need to be various modes of delivering the messages
such as face to face interaction, printed materials like leaflets,
and online platforms among others.

Whilewe expected that M SM would mention the M SM-friendly
CSO where some of the participants were recruited as a
preferred setting to receive PrEP without stigma and
discrimination, outreach settings were also reported as
alternatives, especially for the highly hidden populations who
do not go to DICs. Nevertheless, distance to the dedicated sites
was identified as a bottleneck, suggesting that a combination
of DICsand outreach facilitiesmay beideal. Hidden participants
who do not go to DICs were most likely to mention public and
private static health services, including community pharmacies,
as settingswhere PrEP could be offered by M SM-friendly staff.
However, it isimportant to note that a mission hospital in one
of the districts was mentioned as a preferred site. This
observation is somewhat counterintuitive because of the
common narrative that religious facilities exhibit homophobic
tendencies. This serves as a reminder that while it is possible
to broadly categorize potential service providers as supportive
or not supportive, individual preferences may also come into

play.

Our study pointed out the need to minimize stigmaand its effects
in the environment where PrEP will be provided as a way of
ensuring accessibility. The stigmaisusually from other members
of the community and MSM themselves. PrEP services will
therefore need to be offered in settings that are stigma-free to
accommodate this initiative. Community readiness is often
defined as the various attributes of a community’s context that
congtitute a prerequisite to the implementation of effective
change. Thus, the affected community’s knowledge and attitudes
and its capacity to implement change strategies before an
intervention is implemented should be reviewed [22,23]. It is
important to take into consideration the readiness of community
members other than MSM to accommodate the provision of
PrEP services to avoid the fear of stigma underscored in this
assessment.

Limitations

Since the study was qualitative with nonprobability sampling,
it was not designed to quantify the proportion of MSM in the
study area who find PrEP acceptable. The findings may not be
generaizable beyond the study setting and study groups because
the study largely included MSM who accessed health services
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through the LINKAGES project or other projects within the
same coverage and did not include MSM who are not obvious
and regular health and socia service users. However, IDIs
included M SM who are more hidden and access health and other
social servicesthrough other projectswithin CEDEP. Datawere
collected through self-report and so may beinfluenced by social
desirability bias (where study participants respond to questions
inamanner they believe the researcherswant to hear). However,
therisk of this biaswas mitigated by the research assistants not
being health professionals and by the fact that they, too, were
members of the MSM community; therefore, there was less
likely to be a power differential between the study participants
and the study assistants. While afew key quotes may have been
missed from the 2 FGDs and 5 I DIs that were not recorded, we
do not believe that this significantly affected the overall
conclusion from the study.

Conclusion

The study provided insights on areas to pay attention to when
designing a PrEP program for MSM in resource-constrained
settings where MSM are criminalized like Maawi. It iscritical
to engage the MSM community to develop M SM-appropriate
and relevant educationa and informational materials on PrEP
to address most of the concernsraised in this study and possibly
promote both uptake and adherence. PrEP counseling should
include, but not be limited to, information on side effects and
how to manage them and the expected duration of side effects.
Awareness-rai sing (information, education, and communication)
activities should involve MSM as champions and provide clear
information on the importance and value of taking PrEP in
relation to the perceived risk of contracting HIV to promote
adherence, regardless of PrEP formulation. Making
community-based distribution of PrEP more prominent could
avoid potential accessibility barriers, but it is critical to aso
consider how to target PrEP within the general population to
reduce stigma and the perception that PrEP is only for MSM
and other key populations. Furthermore, implementers should
consider development of innovative public-private partnerships
and explore how MSM-friendly health workers in the public
and private health system may be mobilized and trained for the
provision of PrEPin addition to usual safe spacessuchasDICs.
Other suggested factors necessary to improve access through
health facilities should al so be addressed (eg, drug stock, waiting
time, and key population—friendly services).
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Abstract

Background: Expanding access to the internet has resulted in more and earlier consumption of online pornography. At the
same time, ahigher prevalence of erectile dysfunction (ED) among young men is seen. Increased pornography consumption has
been suggested as a possible explanation for thisrise.

Objective: The aim of this study was to better understand associations between problematic pornography consumption (PPC)
and ED.

Methods: A 118-item survey was published online, and data collection took place between April 2019 and May 2020. Of the
5770 men who responded, the responses from 3419 men between 18 years old and 35 years old were analyzed. The survey used
validated questionnaires such as the Cyber Pornography Addiction Test (CYPAT), International Index of Erectile Function
(INEF-5), and Alcohol Use Disorders Identification Test-Concise (AUDIT-C). The estimated amount of porn watching was
calculated. Univariable and multivariable analyses were performed. For the multivariable analysis, a logistic regression model
using adirected acyclic graph was used.

Results: According to their IIEF-5 scores, 21.48% (444/2067) of our sexually active participants (ie, those who attempted
penetrative sex in the previous 4 weeks) had some degree of ED. Higher CY PAT scoresindicating problematic online pornography
consumption resulted in a higher probability of ED, while controlling for covariates. Masturbation frequency seemed not to be
a significant factor when assessing ED.

Conclusions: Thisprevalenceof ED inyoung menisaarmingly high, and the results of this study suggest asignificant association
with PPC.

Trial Registration: Research Registry researchregistry5111; https://tinyurl.com/m45mcaa2

(JMIR Public Health Surveill 2021;7(10):e32542) doi:10.2196/32542
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Introduction

Aswe cannot ignore the presence of the internet (and therefore
also the presence of explicit sexual materials) in the lives of
young people, the effects of pornography consumption on mental
and sexual well-being are often questioned.

Several reports have underlined positive effects of pornography
consumption (more sexual comfort and self-acceptance, lower
levels of shame and anxiety towards personal sexual orientation,
increased interest in sex and sexual experimentation, relational
happiness, more acceptance towards different sexual activities)
[1-4]. Others express concern about the negative effects of
pornography on sexual desire and sexual functions. However,
studieslooking into theimpact of the frequency of pornography
use on sexual functioning have not come up with consistent
associations [4,5]. Still, personal and media reports (eg, [6,7])
and even TED taks (eg, [8]) clam that pornography
consumption has an important effect on erectile dysfunction
(ED). Even a specific term, porn-induced erectile dysfunction
(PIED), was introduced [1,9,10]. Given that pornography is
often accompanied by masturbation, PIED is questioned and
criticized by some sexologists stating that the frequency and
duration of masturbation are the key factors contributing to
these negative effects and not the pornography consumption
itself [11,12].

What cannot be denied is that expanding access to the internet
has resulted in more and earlier consumption of online
pornography. Between 50% and 70% of adult men use
pornography on aregular basis, and for adolescent lifetime use,
the numbers are even higher than 80% [13,14]. Simultaneously,
the reported prevalence of ED in young men has increased
enormously over the last decades, from 2%-5% in 1999 and
2002 to 20%-30% in more recent reports [15-18].

Getting an erection is, of course, a process that requires the
neurological, hormonal, and circulatory systems to work
together. Inability to get or maintain an erection can be due to
penile (vascular or neurological) problems or to more centralized
issues (eg, depression, lack of desire, anxiety), but these
conventional components cannot entirely explain the higher
prevalence of ED in young men [1]. While men aged over 50
years are more prone to have a physica cause for their ED,
younger men are more likely to have apsychological cause such
as performance anxiety, depression, anxiety, or relational
problems [19]. There is no obvious explanation for the high
prevalence of ED in younger men these days, and additionally,
some patients are resistant to traditional therapy [9]. Some
patients actively consult health care professionals convinced
they are experiencing sexua difficulties due to their
pornography consumption [20].

Certain scholars attribute these self-perceived difficulties to
moral incongruence towards pornography consumption, and
some link it to addiction, while others are more critical and
guestion whether addiction models are applicable based on
findings from neuroscientific studies[21-23]. Furthermore, sex
addiction, porn addiction, and porn-induced sexual dysfunctions
are not recognized as diagnosable entities in the 5th edition of
the Diagnostic and Statistical Manual of Mental disorders

https://publichealth.jmir.org/2021/10/e32542
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(DSM-5). Patients with self-perceived porn-induced sexual
problems often find themselves in a vicious circle and may
struggle to find appropriate help. Individuals with problematic
pornography consumption (PPC) may use pornography
frequently but frequency of pornography consumption may not
always be problematic [4]. Aslong as atheoretical framework
is missing, diagnosing this entity and developing a treatment
algorithm are difficult. The new International Classification of
Diseases, 11th Revision (ICD-11) may bring some change for
these patients as it has added compulsive sexual behavior
disorder (CSBD) as a diagnosable entity. However, including
CSBD in the ICD-11 did not happen without controversy
[24,25]. There are many potentially dysregulated sexual
behaviors that may lead to this diagnosis, but one may argue
that online pornography use will be one of the most encountered
in clinical settings [26]. Rather than approaching it via an
addiction framework, PPC is seen as an impul se control disorder
and as such might have an impact on a person’s sexual pleasure
[4]. Although not completely fitting with the CSBD criteria,
several screening instrumentsfor problematic pornography use
were developed and validated, making it possibleto assess PPC
in amore structured way [27].

A better understanding of the associations between PPC and
ED might add new insights in the prevention and treatment of
ED, especially in young men. These associations are complex
and can only be fully understood in amultidisciplinary setting,
as they require knowledge from different research fields (eg,
psychology, sexology, sociology, urology) [28,29]. The aim of
this study was to evaluate the frequency of pornography
consumption and PPC in young men and to better understand
their connection with ED.

Methods

We organized 4 brainstorming meetings between a urologist
and 2 medical practitioners with an interest in sexual health.
First, aframework was designed identifying variables (including
pornography consumption) that could possibly contribute to
ED in young men. After a literature review by the team
members, several indicatorslinked to pornography consumption
(eg, frequency of use, age at start of use, problematic use) were
listed in another brainstorming meeting. A literature review was
performed identifying validated scalesto measure our outcome
and exposure variables, and based on scientific evidence
available at that time, certain questionnaireswere chosen. Then,
a 118-item questionnaire was developed including questions
on demography, medical history, alcohol and drug usage, sexual
preferences, ED, masturbation, pornography consumption, and
partner satisfaction using validated scales such as the Cyber
Pornography Addiction Test (CYPAT), International Index of
Erectile Function (IIEF-5), and Alcohol Use Disorders
| dentification Test-Concise (AUDIT-C) [30-35].

We used the definition of pornography as defined by Kraus et
al [30], as “any material designed to cause or enhance sexual
arousal or sexual excitement in the viewer. Such materials show
clear and explicit sexual acts such as vaginal intercourse, anal
intercourse, oral sex, group sex etc. Pornography does not
include materials such as underwear catalogs or materials
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containing men and women posing naked unless these images
portray clear and explicit sexual acts.”

CYPAT was included to measure the exposure, PPC. It is
composed of 11 items scored on a 5-point Likert scale. Higher
sum scores (minimum=11, maximum=55) indicate more
problematic behavior [33]. While initially devel oped to screen
for pornography “addiction,” it is conceived as a reliable
instrument with robust psychometric properties to screen for
PPC. Strong correlations with other instruments were
documented, providing evidence for criterion-related validity
and convergent validity [36]. CY PAT deeply measures conflict
parameters and includes a use despite harm component, which
isaCBSD criterion.

Outcome (ED) was measured using the I1EF-5 questionnaire,
composed of 5 questions scored on a Likert scale focusing on
erectile function and intercourse satisfaction. The possible sum
scoresfor the Il EF-5 range from 5 to 25, and ED was classified
into 2 categories based on the sum scores: ED (5-21) versus no
ED (22-25) [31,37,38]. The Il EF-5 meets psychometric criteria
for structural validity, test-retest reliability, construct validity,
and criterion validity [39]. It can also be assessed online [40].
Scores on the IIEF-5 in this study were only reported for those
who were sexually activein the last 4 weeks.

After a thorough review by the authors, an online, English,
web-based survey was created using the Qualtrics platform and
tested several times by the team members. One of the drawbacks
of a web-based survey is that due to the possible
nonrepresentative nature of the internet-based study sample, it
can be difficult to draw population-based conclusions [41].
However, our aim was not to study the incidence of
(problematic) pornography consumption or erectile dysfunction.
We wanted to pilot test if and how pornography consumption
correlates with sexual functioning in young men. Due to the
personal and sensitive questions, the huge variation in
pornography consumption and masturbation frequency in young
men, and the possible small percentage of young men
experiencing problematic consumption, a large sample of
participants was necessary. This motivated our choice for a
web-based survey as those surveys are more inclusive than
postal or phone surveysallowing usto find areasonable number
of respondents with different pornography consumption habits
and willing to answer these sensitive personal questions.
Furthermore, once set up, a web-based survey is easy to carry
out, is cheap, and creates an easy way to reach many
respondents. The dataare captured directly in electronic format
making analysis faster and easier [42]. In the 18-35-year-old
age group, it can be expected that almost everyone has access
to the internet, so that the risk of selection bias by having no
internet access is insignificant. We further tried to reduce
selection bias by announcing the questionnaire as a survey to
study current sexual health in young men without specifically
mentioning this questionnaire was surveying pornography
consumption.

Thelink to the questionnaire [43] was spread mainly in Belgium
and Denmark through (social) media, posters, and flyers. Data
were collected between May 2019 and March 2020. No specific
sample size was calculated as we tried to reach as many
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participants as possible. All participants signed informed consent
before participating. The Qualtrics settings allowed usto avoid
duplicate entries. This research adhered to the latest version of
the Declaration of Helsinki and was approved by the ethics
committee for the Social Sciences and Humanities of the
University of Antwerp. All data were anonymized and
nonidentifiable.

To evaluate the association between PPC and ED in those who
had penetrative sex in the previous 4 weeks, theinitial research
group teamed up with a psychologist, a sociologist, and an
epidemiol ogist to participate in multidisciplinary brainstorming
sessions to conceptualize the exposure-outcome relationship
between PPC and ED. A directed acyclic graph (DAG) was
used to visualize the associations between the covariates and
CYPAT and ED and to classify the covariates as confounders
(common causes of CY PAT and ED), mediators (covariates on
the causal pathway from CY PAT to ED), and colliders (CY PAT
and ED independently cause a third variable). DAGs have
become an established framework for the analysis of causal
inference in epidemiology and are used to show how
associations trandate into causa relations [44,45]. For this
study, a DAG was used a posteriori to examine potential
causality of PPC on ED and to guide the multivariable data
analysis.

Descriptive  statistics summarizing and describing the
characteristics of the data (eg, demographics, sexua interests,
masturbation frequency, PPC) were performed both for those
men who had penetrative sex during the preceding 4 weeks and
those who had not. The pornography consumption time (PCT)
in minutes per week was cal cul ated post hoc based on frequency
of masturbation, the number of times pornography was used
for masturbation, and the average length of 1 pornography
Session.

Nonparametric tests (chi-square, Kruska Wallis, and
Mann-Whitney-U) were used for the univariate analyses. A
significance level of .05 was used to determine statistical
significance.

Theminimal sufficient adjustment setsfor estimating the direct
effect of PPC on ED were identified using the DAGitty v3.0
web application and included in a multivariable regression
analysis [45]. The following 12 covariates were identified as
potential confounders, mediators, or colliders: masturbation
frequency, relationship status, partner satisfaction, substance
abuse, somatic causes, libido, depression, use of antidepressants,
exercise, sexual identity, real sex vs pornography preference,
and performance pressure. Statistical analyses must account for
confounding factors, without introducing bias when controlling
for variablesthat are not on the causal path between the exposure
and the outcome. DAGgity software was used to identify the
minimal sufficient adjustment set. Assuming this DAG is
plausible, aminimal sufficient adjustment set for estimating the
direct effect of PPC on ED consisted of 8 covariates: identity,
libido, masturbation frequency, relationship status, use of
antidepressants, arousal (real sex vs pornography), partner
satisfaction, and performance pressure. These covariates were
included in alogistic regression model.
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This multivariable logistic regression model was constructed
to estimate the effect of the selected covariates. Odds ratios
(OR) and corresponding 95% Cls were calculated to evaluate
the strength of the associations. All statistical analyses were
performed using R software v4.02, RStudio v 1.3.959, and
Jamovi v1.8.

Results

Sample Characteristics
A total of 5770 men responded to our questionnaire spread

Jacobs et al

41.99%), socia media(1789/5770, 31.00%), and student mailing
(577/5770, 10.00%); 2351 participants (2351/5770, 40.75%)
were excluded because they were over 35 years of age. Median
time to compl ete the questionnaire was 20 minutes. Eventually,
the results of 3419 participants were analyzed. As IIEF-5 asks
questions specifically about problems during penetrative sexual
intercourse, the participants were divided in 2 categories: those
who had penetrative sex in the previous 4 weeks and those who
did not. See Figure 1 for aflowchart of our participant selection.

Demographicsbased on these 2 categories can befound in Table
1

mainly but not exclusively via newspaper or radio (2423/5770,

Figure 1. Flowchart for participant selection. ED: erectile dysfunction; || EF-5: International Index of Erectile Function, Short version.

Total group of
participants
(n=5770)

Age 18-35years
(n=3419)
|
| | ]
NO penetrative Penetrative sex
sex in preceding in preceding 4
4 weeks (n=933) weeks (n=2067)

Missing data
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Table 1. Demographics.

Characteristics Penetration attempt in the past 4 weeks?  Overall (n=3419)
No (n=933) Yes (n=2067)

Age (years), median (minimum-maximum) 22.0(2.00-35.0) 25.0 (0.340-35.0) 24.0 (0.340-35.0)

Educational level, n (%)
Less than high school diploma 34.0(3.6) 57.0(2.8) 112 (3.3)
High school diploma or equivalent degree 387 (41.5) 545 (26.4) 1093 (32.0)
Bachelor's degree 320 (34.3) 808 (39.1) 1278 (37.4)
Master's degree 183 (19.6) 606 (29.3) 865 (25.3)
Doctorate 9(1.0 51(2.5) 71(2.1)

Relationship status, n (%)
Single 814 (87.2) 368 (17.8) 1340 (39.2)
Ina“new” relationship (<6 months) 28 (3.0) 201 (9.7) 277 (8.1)
In alongstanding relationship (>6 months) 74(7.9) 1107 (53.6) 1327 (38.8)
Engaged or married 15(1.6) 387 (18.7) 435 (12.7)
Divorced or widowed 2(0.2) 4(0.2) 9(0.3)
Missing 0(0) 0(0) 31(0.9)

“Do you smoke?”, n (%)
No, | never smoked 644 (69.0) 1162 (56.2) 1981 (57.9)
No, but I did smoke in the past 94 (10.1) 356 (17.2) 502 (14.7)
Yes, but only occasionally 108 (11.6) 321 (15.5) 477 (14.0)
Yes 87 (9.3) 228 (11.0) 349 (10.2)
Missing 0(0) 0(0) 110(3.2)

AUDIT-C? score, median (minimum-maximum) 5.00 (1.00-12.0) 5.00 (1.00-12.0) 5.00 (1.00-12.0)

Missing AUDIT-C values, n (%) 133 (14.3) 117 (5.7) 442 (12.9)

“In the past 2 weeks, have you frequently been hindered by depressive feelings or feelings of helplessness?”, n (%)
No 573 (61.4) 1661 (80.4) 2393 (70.0)
Yes 360 (38.6) 406 (19.6) 822 (24.0)
Missing 0(0) 0(0) 204 (6.0)

“I identify myself as’, n (%)
Heterosexual only 631 (67.6) 1477 (71.5) 2235 (65.4)
Heterosexual mostly 122 (13.1) 302 (14.6) 446 (13.0)
Heterosexual, somewhat more bisexua 36 (3.9) 83 (4.0) 126 (3.7)
As equally heterosexual as homosexual 16 (1.7) 25(1.2) 46 (1.3
Homosexual, somewhat more bisexual 18 (1.9) 14 (0.7) 32(0.9)
Homosexua mostly 33(3.5) 47 (2.3) 80 (2.3
Homosexual only 64 (6.9) 112 (5.4) 184 (5.4)
Asexual 8(0.9) 2(0.2) 10(0.3)
Missing 0(0) 0(0) 247 (7.2)

“| am attracted to”, n (%)
Women only 653 (70.0) 1536 (74.3) 2322 (67.9)
Women mostly 112 (12.0) 266 (12.9) 396 (11.6)
Women somewhat more than men 25(2.7) 51 (2.5) 80 (2.3
Men and women equally 12 (1.3) 20(1.0) 37(1.1)
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Characteristics

Penetration attempt in the past 4 weeks?

Overall (n=3419)

No (n=933) Yes (n=2067)
Men somewhat more than women 21(2.3) 18(0.9) 40 (1.2)
Men mostly 38 (4.1) 46 (2.2) 85 (2.5)
Men only 70 (7.5) 123 (6.0) 202 (5.9)
Missing 0(0) 0(0) 247 (7.2)
“My sexual fantasies are about”, n (%)
Women only 614 (65.8) 1439 (69.6) 2182 (63.8)
Women mostly 118 (12.6) 303 (14.7) 437 (12.8)
Women somewhat more than men 33(3.5) 67 (3.2) 107 (3.1)
Men and women equally 24 (2.6) 45 (2.2) 70 (2.0)
Men somewhat more than women 23(2.5) 26 (1.3) 54 (1.6)
Men mostly 40 (4.3) 56 (2.7) 101 (3.0)
Men only 74.(7.9) 119 (5.8) 200 (5.8)
Missing 0(0) 0(0) 247 (7.2)

CYPAT? score, median (mininum-maximum)
CYPAT categories
11-13
13-16
16-21
21-55
Missing
I1EF® score, mean (SD)
I1EF score, median (minimum-maximum)

I1EF categories

No ED®

Mild ED
Mild-moderate ED
Moderate ED
Severe ED

Missing

“How nervous are you to have any kind of sexual contact?’, median (minimum-

maximum)

Missing values for “How nervous are you to have any kind of sexual contact?”,

n (%)

“Do you sometimes feel enormous pressureto performin bed or to keep an erection

while having sex?’, median (minimum-maximum)

Missing valuesfor “Do you sometimes feel enormous pressure to performin bed

or to keep an erection while having sex?’, n (%)

“ At which age did you first start masturbating?” (years), n (%)

<10

10-12
13-14
15-17

18.0 (11.0-52.0) 16.0 (11.0-55.0)

17.0 (11.0-55.0)

151 (16.2) 464 (22.4) 617 (18.0)
134 (14.4) 360 (17.4) 494 (14.4)
175 (18.8) 390 (18.9) 565 (16.5)
208 (22.3) 381 (18.4) 589 (17.2)
265 (28.4) 472 (22.8) 1154 (33.8)
N/AC 22.8(2.79) 22.7 (2.97)
N/A 24.0 (6.00-25.0) 24.0 (5.00-25.0)
N/A 1474 (71.3) 1523 (44.5)
N/A 327 (15.8) 349 (10.2)
N/A 63 (3.0) 74.(2.2)

N/A 11 (0.5) 14 (0.4)

N/A 3(0.1) 6(0.2)

N/A 189 (9.1) 1453 (42.5)
6.20 (0-10.0) 1.10 (0-10.0) 2.00 (0-10.0)
330 (35.4) 295 (14.3) 1043 (30.5)
6.00 (0-10.0) 2.00 (0-10.0) 3.00 (0-10.0)
443 (47.5) 285 (13.9) 1146 (33.5)
38.0(4.1) 131 (6.3) 169 (4.9)
323 (34.6) 773 (37.4) 1098 (32.1)
314 (33.7) 748 (36.2) 1062 (31.1)
57 (6.1) 137 (6.6) 194 (5.7)
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Characteristics

Penetration attempt in the past 4 weeks? ~ Overall (n=3419)

No (n=933) Yes (n=2067)
218 12 (1.3) 9(0.4) 21(0.6)
Missing 189 (20.3) 269 (13.0) 875 (25.6)
“ At which age did you start masturbating to porn?” (years), n (%)
<10 7(0.8) 20 (1.0) 27(0.8)
10-12 126 (13.5) 303 (14.7) 429 (12.5)
13-14 350 (37.5) 851 (41.2) 1202 (35.2)
15-17 218 (23.4) 536 (25.9) 755 (22.1)
>18 32(3.4) 74 (3.6) 106 (3.1)
Missing 200 (21.4) 283 (13.7) 900 (26.3)
“How often do you normally masturbate?”, n (%)
Regularly more than once a day 104 (11.1) 138 (6.7) 242 (7.1)
(Almost) every day 282(30.2) 516 (25.0) 798 (23.3)
A few times aweek, not every day 280 (30.0) 756 (36.6) 1038 (30.4)
A few times amonth 26 (2.8) 143 (6.9) 169 (4.9)
Once aweek 43 (4.6) 173 (8.4) 216 (6.3)
Once amonth 2(0.2) 32(15) 34 (1.0
L ess than once a month 4(0.4) 27 (1.3) 31(0.9)
Never 3(0.3) 13 (0.6) 16 (0.5)
Missing 189 (20.3) 269 (13.0) 875 (25.6)

PCTf, median (minimum-maximum)
Missing PCT values, n (%)
PCT categories (minutes), n (%)
0-12
12-35
35-73
73-1575
Missing

47.3 (0-1580) 35.0 (0-1560) 39.4 (0-1580)

220 (23.6) 361 (17.5) 998 (29.2)
106 (11.4) 438 (21.2) 545 (15.9)
148 (15.9) 433(20.9) 582 (17.0)
196 (21.0) 408 (19.7) 604 (17.7)
263 (28.2) 427 (20.7) 690 (20.2)
220 (23.6) 361 (17.5) 998 (29.2)

8AUDIT-C: Alcohol Use Disorders | dentification Test-Concise.
bCyYpAT: Cyber Pornography Addiction Test.

ClIEF: International Index of Erectile Function.

IN/A: not applicable.

®ED: erectile dysfunction.

pcT: pornography consumption time.

Descriptive and Univariate Analyses

Masturbation

With 84.91% (2160/2544) of the participants starting
masturbating between the ages of 10 years and 14 years,
masturbation was a common practice in our study population.
Most of our participants masturbated multiple times per week,
with more than 70% (1836/2544, 72.17%) masturbating between
afew timesaweek to daily and 9.51% (242/2544) masturbating
even regularly, a more than once a day. Those who were not
sexually activein the past 4 weeks seemed to masturbate more
often (P<.001). While 89.5% (666/744) of single men

https://publichealth.jmir.org/2021/10/e32542

RenderX

masturbated multipletimesaweek or more, 78.42% (1410/1798)
of single men in the sexually active group masturbated at the
same level (P<.001). People in new relationships (<6 months
of duration) seemed to masturbate the least (P<.001).

Pornography Consumption

Of our study participants, 98.98% (2518/2544) had consumed
pornography during masturbation. Pornography was consumed
during amedian 8.4 of 10 masturbation sessions. Infact, 17.70%
(441/2492) of our study population never masturbated without
pornography consumption, and 91.40% (2222/2431) of viewers
skipped to the best parts of the videos they watched. Table 2

JMIR Public Health Surveill 2021 | vol. 7 | iss. 10 |[e32542 | p.49
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

shows the reasons for watching, where they watched, and with
whom they watched.

The median age at which the participants started masturbating
to porn was 13-14 years in our population. The average porn
session lasted between 5 minutes and 30 minutes in 81.50%
(1973/2421) of our population. For 11.03% (267/2421), when

Jacobs et al

they masturbated to pornography, it lasted, on average, more
than 30 minutes. The median calculated PCT was 39.4 minutes
per week. There was a dtatisticaly significant difference
(P<.001) between those that had penetrative sex in the past 4
weeks (median 35 minutes per week) and those who had not
(median 47.3 minutes per week). The starting age correlated
with PCT (P<.001; Figure 2).

Table 2. Reasons for watching sexually explicit material, where they watched, and with whom they watched.

Responses n (%)
Reasons for watching pornography (n=3729)
Because I'm horny 3145 (84.33)
Stressrelieve 1994 (53.47)
To produce arousal for masturbating 1932 (51.81)
Lack of real sexual contact 1597 (42.82)
Out of boredom 1548 (41.51)
Out of habit 1253 (33.60)
To be able to experience fantasies or things not done/forbidden in real life 1229 (32.96)
Sexua development/learning how to... 819 (21.96)
Because masturbating without porn isn’'t arousing enough 757 (20.30)
To spice things up with sexual partner(s) (watching together) 740 (19.84)
Other 108 (2.90)
With whom they watched pornography (n=3739)
Alone 3662 (97.94)
With sexual patner(s) 1601 (42.81)
With friend(s) 1022 (27.33)
With stranger, online date, webcam 358 (9.57)
Wherethey watched pornography (n=3741)
At home/apartment/bedroom 3726 (99.60)
Public places/toilets 1137 (30.39)
Work 1034 (27.64)
Friend's house/apartment 859 (22.96)
Romantic partner’s home 857 (22.91)
Others (eg, stranger’s house) 591 (15.80)
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Figure 2. Correlations between pornography consumption time (PCT; minutes/week) and age at which masturbation to pornography started.
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Problematic Pornography Consumption (PPC)

Asthereis no defined cutoff score for CY PAT, we divided the
scores of our participants into quartiles, according to the
distribution of the CY PAT scores [46]: 27.18% (615/2263) had
a CYPAT score in Q1 (11-13 points), 27.31% (618/2263) in
Q2 (14-17 points), 23.16% (524/2263) in Q3 (18-22 poaints),
and 22.36% (506/2263) in Q4 (23-55 points). The median

CYPAT score in the total sample was 17 points (of a total
possible of 55 points). There was a statistically significant
(P<.001) difference between the median CY PAT scorefor those
who attempted penetrative sex in the past 4 weeks (median 16)
versus those who did not (median 18). Higher CY PAT scores
were correlated with higher weekly exposure to pornography
(P<.001; Figure 3).

Figure 3. Correlation between Cyber Pornography Addiction Test (CY PAT) scores and pornography consumption time (PCT; minutes).
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An earlier starting age was correl ated with higher CY PAT scores
(P<.001; Figure 4). In the group that started watching
pornography below the age of 10 yearsold, >50% (12/22, 55%)
had a CYPAT score in the 4th percentile of our population
scoring range.

Of our participants, 21.61% (525/2429) indicated a need to
watch an increasing amount of or increasingly extreme
pornography to achieve the same level of arousal, and 10.39%
(252/2425) needed to do this to get the same rigidity of their
penis.

Jacobs et al

Of the sexually active participants, 72.74% (1238/1702) said
they never had erectile, arousal, or climaxing difficultiesin the
previous 4 weekswhen masturbating with porn, compared with
64.8% (456/704) of the sexualy inactive men. Only 43.03%
(756/1757) of the sexually active men had never had erectile,
arousal, or climaxing difficulties when masturbating without
porn, compared with 39.43% (289/733) of the sexually inactive
men.

Of the sexually active men who were classified as having ED,
61.4% (213/347) admitted to never having erectile, arousal, or
climaxing difficulties when masturbating with porn, versus
32.5% (115/354) when masturbating without porn.

Figure 4. Correlation between Cyber Pornography Addiction Test (CY PAT) score and age at which masturbation to pornography started.
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Erectile Dysfunction

The following results are based on the participants who
attempted sexual intercourse during the past 4 weeks
(2067/3419).

According to their 1IEF-5 scores, 21.48% (444/2067) of our
sexually active participants (ie, those who attempted penetrative
sex in the previous 4 weeks) had some degree of ED (mild:
771444, 17.4%; mild-moderate: 15/444, 3.4%; moderate: 3/444,
0.6%; severe: 1/444, 0.2%). Most ED was mild (I1EF-5 score:
17-21). However, this mild ED bothered 61.2% (272/444) of
affected individuals.

Regarding the correlation between PPC and ED, as shown in
Figure5, therewas a statistically significant correlation between
ED and CYPAT (P<.001). Higher CYPAT categories were
associated with ahigher prevalence of ED. Categorical analysis
between the absence or presence of ED and CYPAT score
showed a significantly higher median CY PAT score in the ED
group (ED: median 19; no ED: median 16; P<.001). In men
with the lowest CYPAT scores (Q1), only 12.9% (59/459)

https://publichealth.jmir.org/2021/10/e32542

suffered from ED, increasing to 34.5% (127/368) in Q4. Inthe
group who was sexualy active and had a CYPAT score >28
(9th percentile), 49.6% (58/117) had some form of ED. When
looking at the different ED categories based on the IIEF-5
scoring, there was a highly significant difference in CYPAT
score (P<.001). Post hoc analysis showed adifferencein median
CY PAT scores between mild to moderate ED (median CY PAT:
24), mild ED (median CYPAT: 19), and no ED (median
CYPAT: 16).

Of the participants classified as having ED, 27.7% (123/444)
needed to watch more or more extreme pornography to achieve
the same level of arousal, compared with 18.9% (84/444) in
those participants who did not experience this need.

Of the participants who had started masturbating to porn at a
very early age (<10 years), 58% (11/19) had some form of ED
(P=.01), compared with 20.7% (61/295) in the group who started
at 10-12 years old, 20.8% (173/831) in the group who started
at 13-14 yearsold, 18.6% (97/521) in the group who started at
15-17 years old, and 24% (17/70) in the group who started at
an age of 18 years or older.
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Regarding the correlation between PCT and ED, we could not
find a statistically significant correlation between ED and PCT
when divided in quartiles (P=.17; Figure 6). However, in the
group of participants with ED, the median time spent

Jacobs et d

masturbating to porn was 39.81 minutes versus 31.50 minutes
inthe non-ED group, which was statistically significant (Kruskal
Wallis 4.74; P=.029).

Figure5. Correlation between Cyber Pornography Addiction Test (CY PAT) scores and erectile dysfunction (ED). 0=No, 1=Yes.
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Figure 6. Correlation between pornography consumption time (PCT; minutes) and erectile dysfunction (ED). 0=No, 1=Yes.
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Therewas astatistically significant differencein the percentage
of ED between people that frequently watched porn for more
than 30 consecutive minutes (84/341, 24.6%) and those who
did not (261/1330, 19.62%; P=.041). We did not find any
correlation between ED and the number of opened videos per
session

https://publichealth.jmir.org/2021/10/e32542
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Regarding the correl ation between masturbation frequency and
ED, there was no dsatistically significant difference in
masturbation frequency between the ED and no ED groups
(P=.28; Figure 7), even when 3 categories of self-reported
masturbation frequency were defined: low frequency: never to
once aweek, 388/1798, 21.58%; medium frequency: few times
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aweek to every day, 1272/1798, 70.75%; and high frequency:
regularly morethan once aday, 138/1798, 7.68%. ED wasfound
in 16.9% (65/384) of the low-frequency, 21.59% (266/1232) of
the medium-frequency, and 23.9% (32/134) of the
high-frequency groups. However, this difference was not
statistically significant (P=.09). The median IIEF-5 scores in
the low-frequency, medium-frequency, and high-frequency
group were the same (ie, 24).

Regarding other possible confounders and ED, we observed a
differencein self-reported presence of morning and spontaneous
erections between those affected by ED (spontaneous: 344/404,
85.1%; morning: 375/404, 92.8%) and those not affected by
ED (spontaneous: 1321/1474, 89.62%; morning: 1408/1474,
95.52%; P=.02).

There was a small but statistically significant (P<.001)
difference in median self-reported libido score on a scale from
1 to 10 between those affected by ED and those who were not
(7.4 vs7.8).

Jacobs et d

In our study population, we could not find acorrel ation between
AUDIT-C score and ED (median score was 5 in both groups).
However, smoking was correl ated with worse erectile function
(active: 517/1966, 26.3%; occasionally: 497/1966, 25.3%; never:
411/1966, 20.9%; past: 332/1966, 16.9%; P=.020).

In the ED group, 17.4% (77/443) and 4.5% (20/443) said that
most or a lot of their sexua contact happened under the
influence of alcohol or drugs, respectively, versus 6.50%
(99/1523) and 1.97% (30/1523) of those without ED (P<.001
[acohol] and P=.003 [drugs]). For those who frequently had
sex under theinfluence, >40% (77/176, 43.8%) were classified
as having ED.

There was no significant correlation between the use of
antidepressants and ED in our study population (P=.08).

Relationship satisfaction also seemed to be correlated with ED
(P<.001): 10.8% (55/508) of people that were extremely
satisfied with their relationship had ED versus 33% (10/30) of
peoplethat were extremely unsatisfied. However, thiscorrelation
did not seem to be linear.

Figure 7. Correlations between masturbation frequency and erectile dysfunction (ED). 0=No, 1=Yes.
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Prablematic Pornography Consumption and ED in
the Multivariate Analysis

A multivariable logistic regression model was built using the
presence or absence of ED as a dichotomous outcome variable,
taking exposure and other selected variables into account.
CY PAT, performance pressure, and libido were considered as
continuous variables (not normally distributed). Sexual identity,
masturbation frequency, relationship status, real sex versus
pornography preference, use of antidepressants, and partner
satisfaction were considered as categorical variables. Table 3
contains an overview of the logistic regression model results.

There were 8 factors that were statistically significant (P<.05).
The OR for CYPAT was 1.06 (95% CI 1.03-1.08; P<.001),
which means that for each unit increase in CY PAT score, the
odds of ED increase by 6%. Participants who answered having
sexual fantasies about men only resulted in an OR of 2.66 (95%
Cl 1.52-4.66; P<.001) as compared with men having fantasies
about women only. The OR for libido (“How would you rate
your libido on a scale from 1 to 10?7") was 0.79 (95% CI

https://publichealth.jmir.org/2021/10/e32542
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0.71-0.89; P<.001), which means that the odds of ED decrease
by 21% for every unit increase in libido. Experiencing
performance pressure (“ Pressureto performin bed or to maintain
an erection while having sex on a scale from 1 to 10”) resulted
inan OR of 1.30 (95% CI 1.24-1.38; P<.001). Being single or
having a new relationship was found to raise the odds of ED
(OR 2.12, 95% CI 1.34-3.36; P=.001 and OR 2.27, 95% Cl
1.40-3.66, P<.001, respectively) as compared with men in a
longstanding (>6 months) relationship. The OR for arousal (real
sex vs pornography) was aso found to be statistically
significant, comparing men who reported that real sex gave
them a lower level of arousa than pornography with men
reporting the same level of arousal with real sex and
pornography (OR 2.34, 95% CI 1.29-4.25; P=.005). There was
also asignificant difference between men who were extremely
satisfied with their overall sexual relationship and men who
weremoderately satisfied (OR 0.58, 95% Cl 0.39-0.86; P=.007).
Masturbation frequency and the use of antidepressants were not
statistically significant in this model.
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Table 3. Logistic regression model coefficients and odds ratios for erectile dysfunction.

Jacobs et al

Predictor Estimate® SE Z P Oddsratio  Lower95%Cl Upper 95%Cl
Intercept -160.857 0.4993 —322.144 .001 0.200 0.0752 0.533
CYPAT® score 0.05586 0.0122 456.757 <001 1057 1.0324 1.083
Performance pressure 0.26506 0.0271 977.692 <.001 1.304 1.2361 1.375
Libido (“How would you rateyour libido?" —0.23398 0.0579 —403.809 <.001 0.791 0.7064 0.887
[scale 1-10])
Masturbation frequency (Ref=a few times a week, not every day)
Never 134.592 0.8864 151.842 ] 3.842 0.6761 21.829
Less than once amonth —0.88466 0.9204 -0.96113 0.34 0.413 0.0680 2.508
Once a month -0.14011 0.6079 —0.23046 0.82 0.869 0.2640 2.862
A few times amonth —0.41440 0.3257 -127.235 0.20 0.661 0.3490 1.251
Once aweek 0.13267 0.2592 0.51177 0.61 1.142 0.6870 1.898
(Almost) every day -0.22186 0.1846 -120.164 0.23 0.801 0.5578 1.150
Regularly more than once aday —0.06230 0.2866 -0.21741 0.83 0.940 0.5358 1.648
Use of antidepressants (Ref=No)
Yes 0.71061 0.4453 159.573 011 2.035 0.8503 4.872

Partner satisfaction (“ How satisfied areyou with the overall sexual relationship you havewith your main partner ?”; Ref=moder ately satisfied)

Extremely satisfied —0.55291 0.2038 —271.344 0.007 0.575 0.3859 0.858
Extremely unsatisfied 0.00388 0.5325 0.00729 0.99 1.004 0.3536 2.850
Moderately unsatisfied -0.24571 0.2816 -0.87252 0.38 0.782 0.4504 1.358
Neither satisfied nor unsatisfied —0.30223 0.2834 -106.627 0.29 0.739 0.4241 1.288
Sexual orientation (Ref=women only)
Men and women equally —0.85470 0.5628 -151.873 0.13 0.425 0.1412 1.282
Men mostly 0.58608 0.4662 125.715 021 1.797 0.7206 4.481
Men only 0.97824 0.2858 342.253 <.001 2.660 1.5190 4.657
Men somewhat more than women 0.29131 0.6834 0.42628 0.67 1.338 0.3506 5.107
Women mostly —0.18640 0.2140 —0.87090 0.38 0.830 0.5456 1.262
Women somewhat more than men 0.57143 0.4021 142.123 0.16 1771 0.8052 3.894
Relationship status (Ref=in a longstanding relationship [>6 months])
Divorced/widowed 159.908 13.664 117.029 0.24 4.949 0.3399 72.036
Engaged/married —0.13043 0.2211 —0.58989 0.56 0.878 0.5690 1.354
Ina“new” relationship (<6 months)  0.81798 0.2448 334.148 <.001 2.266 1.4024 3.661
Single 0.75201 0.2346 320.566 .001 2.121* 1.339%4 3.360
Arousal (Ref=real sex gives me the same level of arousal as pornography)
Real sex gives me a higher level of —0.18049 0.1902 —0.94916 0.34 0.835 0.5751 1.212
arousal than pornography
Real sex gives me alower level of 0.84936 0.3043 279.130 0.005 2.338 1.2878 4.245

arousal than pornography

3Estimates represent the log odds of “ED” vs“No ED.”
bCyYpAT: Cyber Pornography Addiction Test.
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Discussion

Principal Findings

Since 2006, with the rise of so-called “porn tube sites,”
pornography has become widely available and easily accessed
on the internet. With just aclick, the consumer can indulge his
fantasies in ways that would never be possible in real life.
Although our study was not intended to examine pornography
consumption habits in the general population, the high
pornography consumption rates in our study were similar to
those in several population studies [47,48] and in line with
Pornhubs 2019 statistics [49]. While pornography-assisted
masturbation is more frequent nowadays, thisis not necessarily
a sign of pathology [50]. Masturbation with pornography is
even a source of sexual health for many young men.

However, since many men start using pornography at a very
early age and masturbate more with the help of pornography
than without, it isimportant to study its possible consegquences
on erectile function.

Frequency of pornography use did not seem to have animportant
impact on the occurrence of ED. Only when consuming
pornography for more than 30 minutes in a row was the
frequency of ED dlightly higher, but most participants (89%)
do not consume pornography for more than 30 minutes.

For the multivariate analysis, a DAG was used to guide the
multivariable data analysis to avoid inappropriate adjustment
for variables on a causal path between exposure and outcome.
Our DAG might be biased since the associations between the
covariates are not well known. We hypothesize that the DAG
is in proximity of the truth since it was based on the best
available evidence and multidisciplinary subject matter expertise
when evidence was not available. Age, awell-known covariate
for ED, was not included in the DAG because the effect of age
was not considered important in our target population (<35 years
of age). Alternative logistic regression models including other
variables such as “duration of one pornography session,”
“masturbation ratio with and without pornography,” and
“whether pornography is needed to climax” were examined but
had lower performance and resulted in a poor model fit
compared with the model based on the DAG. Among the
model’s covariates, there was little multicollinearity, and no
extreme influential observations were detected, thus meeting
the assumptions for logistic regression.

More PPC, as measured by CY PAT in our study, resulted in a
higher probability of ED, while controlling for covariates. While
an OR of 1.06 seemslow, it isimportant to remember that for
each increase in CY PAT score, the chance of ED increased by
6%. As the CYPAT consists of 11 questions and for each
guestion, ascore of 1-5isgiven, it meansthat when 3 questions
are scored 1 point higher, the odds for ED increase by 18%,
which is high. While alongitudinal study will be necessary to
draw conclusions, it is striking how many young men who are
not having sexual intercourse (yet) have high CY PAT scores.

There was a wide variety of PCT for different CYPAT
categories, meaning that the time of pornography consumption
is not necessarily predicting CY PAT scores and vice versa.

https://publichealth.jmir.org/2021/10/e32542
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Two other instruments are recommended to assess PPC [36]:
the Problematic Pornography Use Scale and Problematic
Pornography Consumption Scale (PPCS). However, they were
published after we developed our survey. The PPCS should be
considered in future studies as it has a clear cut-off for
problematic versus nonproblematic use and furthermore
tolerance. However, CYPAT includes a use despite harm
component, which isarelevant CBSD criterium. A correlation
study between both scores would be relevant.

Masturbation frequency is often seen as a confounding factor
when examining pornography consumption and relational
happiness [3], as pornography consumption is mostly
accompanied by masturbation. However, in our study, we found
no evidence to support that masturbation frequency has an effect
on ED. Masturbation frequency was not statistically significantly
different between the ED versus no ED groups. Although men
with ED watch more pornography per week, when examining
the effect of CYPAT on ED, there was no significant effect of
masturbation frequency.

ED wasreported more frequently by men identifying themselves
ashomosexual and by men who had sexual fantasies about other
men, but not necessarily identifying themselves as homo- or
bisexual. Janssen and Bancroft [10] also documented a higher
prevalence of ED among homosexual men in 2007. Sexual
orientation, identity, and sexual fantasies towards other men
seem to be important covariates when assessing the effect of
PPC on ED. We also noticed that there are discrepancies
between how men identify themselves and who their fantasies
are about. Men who are sexually oriented to other men watch
more pornography, have higher CY PAT scores, and report more
ED. A follow-up study is being planned to understand the role
of sexual identity, sexual orientation, and sexual fantasies on
PPC and ED and how these covariates relate with each other.

Single men and men in a new relationship reported more ED
than men in alongstanding rel ationship. Performance pressure,
anxiety, and insecurity are important factors to assess when a
young man consultsfor ED. Finding pornography more arousing
than real sex also contributes to this situational ED (56% ED
in our study sample versus 17% for those who found real sex
more arousing). This was also seen in a study by Berger et al
[51]. In his study, 79% of participants who preferred
pornography over partnered sex were classified as having ED.
Whether thisis dueto theincongruence between the participants
who preferred pornography category or sexua preference and
the partnered performance or if certain pornography categories
are more prone to be more arousing needs to be studied further.
However, it seemsinteresting to question pornography watching
habits, including which pornography categories men find more
arousing and how these relate to their own sexual practices.

One of the strengths of our study is that we assessed ED with
a validated and broadly used scale with well-defined cut-off
valuesto evaluate ED inaclinical urological context. However,
many participantswho did not have intercoursein the preceding
4 weekswere excluded from the analysis, asthe I EF questions
were related to sexual intercourse during this period. In that
sense, aquestionnaire evaluating (situational) ED in young men
based on questions not relating to sexual intercourse would be
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of great value. The ED part of the Male Sexual Health
Questionnaire seems promising; however, no cut-off valuesare
available as of yet. Also, the newly developed Masturbation
Erection Index could be of great value [52].

On the other hand, it is clear that the ED seen in our study is
situational, as many participants experiencing some ED during
partnered sex did not experience ED nor climaxing difficulties
while masturbating with pornography. In aclinical setting, while
guestioning a young patient presenting with ED, it can be
interesting to question erectile function while masturbating with
and without pornography consumption separately.

It should be said that our results are based on a survey sample.
As is seen with the association between frequency of
pornography use and problematic pornography use, it ispossible
that the associ ation between PPC and ED could even be stronger
inaclinical sample of treatment-seeking individuals [4].

Therefore, we should not wait to assess PPC in young males
consulting for ED. Earlier studies showed only 3%-4.4% of
men will consider themselves addicted to pornography [48].

However, most men experiencing ED possibly due to PPC
cannot be considered as “addicted.” The prevalence of ED
already significantly increases with moderate CY PAT scores.
Isit possible this situational ED is an early warning signal for
the impact pornography has on their sexual functioning?

As pornography consumption is common nowadays (and is
even growing, with 11% increased global traffic during the
COVID-19 pandemic [53]), most young men will not bring up
the topic themselves, and if health care professionals treating
ED do not assess pornography consumption in astructured way,
the impact in the clinical setting will not be known. Aslong as
thisimpact isnot known, even if it isonly self-perceived, it will
be impossible to agree on diagnostic criteria and possible
treatment algorithms, keeping many individuals in a vicious
circleaffecting quality of life, possibly having an adverse effect
on a man’s psychosocial well-being, and placing a burden on
relationships [15].

Whilethe existence of “porn addiction” isdisputed, there seems
astrong correlation between CY PAT and ED. We found an OR
of 1.06 for every point increase in CYPAT scores and ED.
Indeed, to this day, “PIED,” “porn addiction,” and “sex
addiction” do not exist as diagnosable entities in the DSM-5.
Onthe other hand, very recently, the World Health Organization
included anew related diagnosisto their ICD-11, CSBD, under
which compulsive use of pornography could be classified. It
was categorized as an impulse control disorder and not as a
behavioral addiction because there is insufficient evidence to
do so [36].

Of course, further neuroscientific and psychophysiological
studieswill be necessary to explain why PPC can have an effect
on ED. To achieve tumescence, a man needs sexua arousal,
and this may come from visual stimulation. With sufficient
arousal, nitric oxide is released in the penile cavernous tissue
and the GTP-cGMP-5GMP cascade is started. This is the
physiological target for PDE-5 inhibitors that are commonly
used to treat ED. In the absence of arousal, there will be no
erection. A hypothesis is that pornography may give such an
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extreme visual stimulusthat it overactivates the reward system
inour brains[21,22]. Aswith other addictions, the brain rewires
itself and accommodates this overstimulation; thus, more and
more extreme porn is required to achieve the same level of
arousal (tolerance), to the point where normal sex with apartner
isno longer sufficient for arousal. Although not validated, this
hypothesiswill implicate that PDE-5 inhibitors commonly used
totreat ED will belesseffectivein patients suffering from PIED.

As our study shows a higher ED rate in those who started
consuming pornography at an earlier age, we need to learn more
about adolescents' pornography use in a larger socia and
cultural development context [54] and consider media effects
[55]. Also, we need to focus on longitudinal studiesto examine
the effects of early exposure, as a Croatian study already found
that higher baseline levels of pornography use aswell as higher
levels of negative emotions and impulsivity predicted higher
levels of PPC 3 years|ater [56]. This should also trigger more
interdisciplinary work on this topic with medical specialists,
sexologists, (developmental) psychologists, sociologists, and
specialists in media literacy. Next, we should focus on porn
literacy programs. A recently devel oped digital prototype seems
promising to address the pornography literacy needs of young
people [57].

Strengths and Limitations

We consider the large number of observations, the use of
validated scales, the multidisciplinary approach, and the
multivariable analyses based on a DAG as the major strengths
of this study. Although the study was conducted with great care,
possible biases might have been introduced. The study sample
might not be fully representative of the population intended to
be analyzed. Men with sexual health problems might have been
more prone to participate in the study, resulting in a higher
prevalence of ED in the study sample. Measurement bias due
to using CYPAT as a (initially unintended) measure for PPC
may also be present. It is also possible that recall bias was
present caused by differencesin the accuracy of therecollections
retrieved by study participants regarding past behavior,
especialy when estimating the PCT per week. Also, one of the
big problems in this field of research is that there is basically
no control group, since nearly al young men seem to watch
pornography during masturbation.

The association we found between PPC and ED does not
necessarily mean that PPC causes ED. It is perfectly possible
that ED leads to higher levels of pornography consumption.
However, our multivariable analysiswas based on aDAG model
that included ED as outcome parameter, not the other way
around. This suggests a possible causal association, although
more research is needed to investigate causality in depth. Also,
DAGs are usually used to encode a priori assumptions about
relationships between variables to express causal assumptions
and to guide the data collection and analysis[58]. Here, aDAG
was used a posteriori.

Conclusions

The prevalence of ED in young menisalarmingly high, and the
results of this study suggest a significant association with PPC.
Higher CYPAT scores result in a higher probability of ED,
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when controlling for covariates. Masturbation frequency isnot  and relationship status asimportant factorswhen eval uating the
a significant factor when assessing ED. Multivariable analysis  effect of PPC on ED in young men.
identified sexual orientation, experiencing performance pressure,
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Abstract

Background: The COVID-19 outbreak had a severe impact on health care workers psychological hedlth. It is important to
establish a process for psychological assessment and intervention for health care workers during epidemics.

Objective: Weinvestigated risk factors associated with psychological impactsfor each health care worker group, to help optimize
psychological interventions for health care workersin countries affected by the COVID-19 pandemic.

Methods: Respondents (n=1787) from 2 hospitals in Korea completed a web-based survey during the period from April 14 to
30, 2020. The web-based survey collected demographic information, psychiatric history, and responses to the 9-item Stress and
Anxiety to Viral Epidemics (SAVE-9), 9-item Patient Health Questionnaire (PHQ-9), and 7-item Generalized Anxiety Disorder-7
(GAD-7) scales. We performed logistic regression to assess contributing factors as predictor variables, using health care workers
depression as outcome variables.

Results: Among 1783 health care workers, nursing professionals had significantly higher levels of depression (PHQ-9 score:
meannurse 5.5, SD 4.6; meanother 3.8, SD 4.2; P<.001), general anxiety (GAD-7 score: meannurse 4.0, SD 4.1; meanother 2.7,
SD 3.6; P<.001), and virus-related anxiety symptoms (SAV E-9 score: meannurse 21.6, SD 5.9; meancther 18.6, SD 6.3; P<.001).
Among nursing professionals, single workers reported more severe depressive symptoms than married workers (PHQ-9 score
>10; meannurse 20.3%; meanother 14.1%; P=.02), and junior (<40 years) workers reported more anxiety about the viral epidemic
(SAVE-9 anxiety score; meannurse 15.6, SD 4.1; meanother 14.7, SD 4.4; P=.002). Logistic regression revealed that hospital
(adjusted odds ratio [OR] 1.45, 95% CI 1.06-1.99), nursing professionals (adjusted OR 1.37, 95% CI 1.02-1.98), single workers
(adjusted OR 1.51, 95% CI 1.05-2.16), higher stress and anxiety to the viral infection (high SAVE-9 score, adjusted OR 1.20,
95% Cl 1.17-1.24), and past psychiatric history (adjusted OR 3.26, 95% CI 2.15-4.96) were positively associated with depression.

Conclusions:  Psychological support and interventions should be considered for health care workers, especialy nursing
professional s, those who are single, and those with high SAV E-9 scores.

(JMIR Public Health Surveill 2021;7(10):e25489) doi:10.2196/25489
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Introduction

COVID-19 is a highly contagious respiratory disease first
reported in December 2019 in Wuhan, Hubel Province, China
[1]. In Korea, the first patient was diagnosed on January 20,
2020, and the number of infectionsincreased rapidly, exceeding
5000 infections within 6 weeks as people who participated in
religious events were infected [2]. The Korean government
raised the country’s infectious disease alert level to the highest
level on February 23, 2020 [3], set up and operated 638
screening clinics to quickly examine individuals with fever or
respiratory symptoms, expanded specialized infectious disease
hospitals nationwide to treat patients with severe symptoms,
and allocated 10,000 beds for the treatment of patients with
mild symptoms. People were obligated to follow strong social
distancing measures, such as voluntarily refraining from going
out and restricting movement set by the Korean government for
at least 2 weeks. Two months after the government raised the
alert to the highest level, the average daily number of new
infections gradually decreased and remained under 20 from
April 18, 2020, until July 2021, when the number of confirmed
infections increased again, exceeding 1000 per day. As of July
9, 2021, Korea reported a total of 165,344 individuals with
confirmed infections, of whom 15,462 were quarantined
(152,498 completed quarantine; 10,810 quarantined) and 2036
were deceased [3].

Health care workers on the frontlines play a mgor role in
preventing the spread of COVID-19 by implementing the
government’s strong countermeasures. Despite their heroic
efforts during the early phase of the pandemic, their mental
health faces aconsiderablethreat. In other disasters, health care
workers take care of patients who have been hurt, but they are
not themselves affected directly by the disaster. In contrast,
health care workers can be directly affected during epidemics.
For health care workers who are in close contact with patients
with confirmed or suspected COVID-19, lack of persona
protective equipment, work overload, poor infection control,
and pre-existing medical conditions were identified as risk
factors for the disease [4]. Previous studies conducted during
severe acute respiratory syndrome (SARS), influenza A/HIN1,
and the Middle East Respiratory Syndrome (MERS) outbreaks
showed that health care workersface thefear of infecting family,
friends, and colleagues [5-7]; had increased workloads and
reluctance to work; perceived stigmatization, coping by avoiding
crowds and colleagues;, and felt scrutinized [7-9]. Many
experienced severe emotional stress, such as anxiety, worrying,
burnout, insomnia, and depressive symptoms, and were
diagnosed with acute stress disorder or posttraumatic stress
disorder [6,7,10-13]. The rate of distress among health care
workers is higher than that in the general population [14].
Similarly, recent studies have shown that asignificant proportion
of health care workers experienced psychological impactsduring
the COVID-19 outbreak, such asdepression, anxiety, and stress
[15-21]. These studies reported that the psychological impact

https://publichealth.jmir.org/2021/10/e25489

of COVID-19 on hedlth care workers was highly associated
with their sociodemographic characteristics and was related to
stressvulnerability or socia support. Occupation and workplace
differences are also important factors. Female health care
workers, nurses, and frontline workers directly engaged in the
diagnosis, treatment, and care of patients with COVID-19 are
particularly vulnerable to mental health symptoms[15,20].

As of July 2021, the COVID-19 pandemic has been ongoing
for more than a year and a half. Psychological problems and
exhaustion are not only a burden on health care workers but
could aso affect society as a whole, by threatening essential
health care services or resulting in severe staff shortages. It is,
therefore, important to establish a process for psychological
assessment and intervention for health care workers affected
by epidemics. Studies have assessed psychological symptoms
using well-known scal es such asthe 7-item Generalized Anxiety
Disorder scale (GAD-7), 9-item Patient Health Questionnaire
(PHQ-9) [15,16,18], 6-item version of State-Trait Anxiety
Inventory, and Center for Epidemiologic Studies Depression
Scale [19]. However, these scales are not specific to viral
epidemics but apply to general situations. Few have used
speciaized rating scales for health care workers in epidemics.
One such study [13], in which 150 health care workers
participated, developed aquestionnaire for health care workers
during the MERS outbreak and the 6-month period after the
outbreak ended. However, the questionnaire lacks qualitative
validity and comparison with other scales, rendering it
impractical for use. Therefore, arating scalethat isbrief, specific
to a viral epidemic, and tailored to heath care workers is
necessary to assess their work-related stress in response to a
viral epidemic.

In this study, we aimed to assessthe stress and anxiety response
of health care workers specific to the COVID-19 pandemic, by
using the Stress and Anxiety to Viral Epidemics-9 (SAVE-9)
scale [22], which we developed to measure specific anxiety
responses of health care workers to the viral epidemic, along
with other well-known scales to assess general anxiety and
depression. In addition, we investigated which demographic
risk factors, such astype of health carejob, age, sex, and marital
status, affected stress, anxiety, and depression symptoms during
the pandemic, and we screened health care workers who were
having an anxiety response to the viral epidemic but who had
been identified by preexisting rating scales (not specific to the
viral epidemic) as not having general anxiety, in order to
highlight the need for establishing psychosocia support services
for evidence-based rapid evaluations and psychological crisis
interventions for vulnerable health care workers during any
future infectious disease outbreak.

Methods

Study Site

This study was conducted among health care workers at the
Asan Medica Center, atertiary hospital (2705 beds; 7970 health
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care workers) in Seoul, and the Uijeongbu St. Mary’s Hospital,
a secondary hospital (716 beds; 1800 health care workers) in
Uijeongbu, Gyeonggi province, South Korea. During the
outbreak, due to the rapid increase in the number of confirmed
COVID-19 cases in Uijeongbu St. Mary’s Hospital, the entire
hospital was placed inisolation for 3 weeks starting from March
1, 2020. During cohort isolation, outpatient departments were
closed, and the discharge of in-patients was withheld. Wards
exposed to patientswith confirmed COV1D-19 were quarantined
and only essential medical staff were allowed to enter thewards.
Quarantined individuals were regularly tested for COVID-19,
and those who tested negative remained in quarantine, whereas
those who tested positive were transferred to a designated
COVID-19treatment institution. On May 11, 2020, the hospital
was restored to full functionality.

A patient who had visited Uijeongbu St. Mary’s Hospital on
March 25, 2020, was admitted to the emergency room of Asan
Medical Center on March 26, 2020, and was confirmed to have
COVID-19 onMarch 31, 2020. Afterward, 4 wards were placed
in cohort isolation and 57 health care workers were quarantined.
Cohort isolation in the wards was lifted on April 15, 2020, and
Asan Medical Center the COVID-19 intensive care medical
institution status was removed on April 19, 2020.

Participants and Procedure

The survey was conducted from April 14 to 18, 2020, at
Uijeongbu St. Mary’s Hospital and from April 20 to 30, 2020,
at Asan Medical Center. We used a cross-sectional, anonymous
survey design to assess the psychological impact on health care
workers. We advertised this study through notice boards at the
2 hospitals, and 1787 health care workers responded voluntarily.
To avoid face-to-face contact, respondents completed the
guestionnaires through a web-based survey platform.
Respondentswere not compensated for their participation. This
study was approved by the Asan Medical Center institutional
review board (2020-0580, UC20RADI0090). Written informed
consent was waived, as the respondents could declare, while
answering the web-based survey, whether or not they agreed to
the use of their information for the study.

Health care workers were classified into 5 groups based on the
International Standard Classification of Occupations 2008
revision (ISCO) [23]: medical doctors (ISCO codes. 2211 and
2212); nursing professionals (1SCO code: 2221); health associate
professionals (ISCO codes: 2240, 2261, 2262, 2264, 2265, 2266,
2267, 3211, 3212, 3213, 3214, 3221, 3252, and 3253); hedlth
management and support personnel (ISCO codes: 1342, 2131,
2133, 3141, and 3344); and clerical support workers, service
and sales workers, trade workers, and plant and machine
operators; and health service provided not classified el sewhere.

Assessment M easures

SAVE-9 scale

The SAVE-9 scale was devel oped to assess work-related stress
and anxiety response of health care workers to the COVID-19
pandemic [22]. Respondents rated agreement with each item
on a5-point scale from O (never) to 4 (always). In the previous
validation study [22], satisfactory internal consistency (Cronbach
0=.795) was observed, and a 2-factor structure was adopted:
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(1) anxiety about viral epidemics and (2) work-related stress
associated with viral epidemics. A SAVE-9 score of =22 (or
total anxiety subcategory score>15) was comparableto at least
a mild degree with GAD-7 total score. We used the Korean
version of the SAVE-9 scale, sinceit was originally developed
in the Korean language.

PHQ-9

PHQ-9 is a sdf-administered, 9-item questionnaire used to
assess depression. Each item is scored on a 3-point scale from
0 (not at al) to 3 (nearly every day). Scores can range from 0
to 27, with higher scores reflecting greater symptom severity.
A PHQ-9 score >10 indicates depression [24]. In this study, we
used the Korean version of the PHQ-9 scale [25].

GAD-7

GAD-7 isasdf-administered, 7-item questionnaire specific to
general anxiety. Each item is scored on a 3-point scale from 0
(not at all) to 3 (nearly every day). Scores can range from 0 to
21, with higher scores reflecting greater symptom severity. In
this study, a score =5 was used for mild anxiety [26], as we
wished to screen health care workers with at |east mild degrees
of anxiety. In this study, we used the Korean version of the
GAD-7 scale [25].

Sociodemographic data

Sex, age, marital status, type of health care job, and years of
employment were collected. Additionally, respondents were
asked whether they had a current or previous diagnosis of
depression, anxiety, or insomnia.

Analysis

Statistical analyses were performed using SPSS software
(verson 21.0 for Windows, IBM Corp). The clinical
characteristics were summarized as mean (SD) values. To
calculate frequency, the number of each sample was divided by
the total number of samplesin each health care worker group.
The student t test (2-tailed) was used for continuous variables,
and the chi-square test (2-tailed) was used for categorical
variablesfor between-group analyses. Thelevel of significance
for al analyses was P<.01. Logistic regression analysis was
conducted to explore risk factors for health care worker
depression. Finally, the additional value (ie, detection of those
who were not screened through GAD-7) of the SAVE-9 was
estimated using the McNemar test. To obtain robust odds ratios
(OR), considering previoudly (or clinically) important factors,
variables with P<.10 in univariate analysis were included.

Results

A total of 1023 Asan Medical Center health care workers and
764 Uijeongbu St. Mary’s Hospita health care workers
participated in the web-based survey. We analyzed data from
1783 health care workers (Table 1) after excluding 4 responses
of health care workers who did not agree to the use of their
responses in this study. Of 1783 respondents, 76.1% (1356)
were female, 52.7% (939) were single. The proportion of
participants was high among those in their 20s and 30s. Asan
Medical Center had more nursing professional s as respondents,
more health care workers with psychiatric histories, and higher
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PHQ-9, GAD-7, and SAVE-9 work-related stress subcategory
scores than Uijeongbu St. Mary’s Hospital.

Among the 5 categories of health care workers, nursing
professionals were younger (75.1% of juniors in nursing
professionals, 60.2% in all workers excluding nursing
professionals, P<.001), more depressed (PHQ-9 score: 5.5, SD
4.7,vs 3.8, SD 4.2; P<.001), and more anxious (GAD-7 score:
4.0, SD 4.1, vs 2.7, SD 3.6; P<.001) than workersin all other
groups (Tables 2 and 3). The SAVE-9 scale score was
significantly correlated with PHQ-9 score for all health care
worker groups (all P<.001). In nursing professionals, single
workersreported more depressive symptoms (higher proportion
of workers whose PHQ-9 score >10) compared with married
workers (P=.008). Excluding nursing professionals, other
groups PHQ-9 scores did not differ significantly with respect

Table 1. Demographic characteristics of the respondents.
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to sex, age, or marital status; however, female hedth care
workers reported higher anxiety (higher proportions of GAD-7
score =5) than male health care workers (P<.001), and married
health care workers reported more anxiety than single health
care workers (P=.010). Especialy among all married health
care workers, nursing professionals had significantly higher
SAVE-9 (21.3, SD 5.7,vs 19.3, SD 6.1; P<.001), GAD-7 (3.9,
SD 3.8, vs 2.9, SD 3.5; P<.001), and PHQ-9 scores (4.9, SD
4.5, vs 3.9, SD 4.1; P<.001) than those of other health care
workers. In nursing professionals, junior workers (<40 years)
were more anxious about the viral epidemic situation (P=.002);
junior (P<.001) and singleworkers (P=.001) were more stressed
about their work. Female workersamong all workers, excluding
nursing professionals, were more anxious about the viral
epidemic (P<.001) and felt more stressed (P<.001).

ASAN medical cen-

Uijeongbu St. Mary’s

Variables ter (n=1019), n (%) Hospital (n=764), n (%) Pvaue  All (n=1783), n (%)
Gender <.001
Male 211 (20.7) 216 (28.3) 427 (23.9)
Female 808 (79.3) 548 (71.7) 1356 (76.1)
Age <.001
20-29 years 309 (30.3) 287 (38.5) 596 (33.4)
30-39 years 387 (38.0) 222 (29.8) 609 (34.2)
40-49 years 253 (24.8) 161 (21.6) 414 (23.2)
50-59 years 70 (6.9) 74(9.9) 144 (8.1)
60-65 years 0(0.0) 1(0.1) 1(0.1)
Marital status .304
Single 529 (52.3) 410 (53.7) 939 (52.7)
Married 482 (47.7) 354 (46.3) 836 (46.9)
Categories of health care workers <.001
Medical doctors 192 (18.8) 100 (13.1) 292 (16.4)
Nursing professionals 596 (58.7) 369 (48.3) 967 (54.2)
Health associate professionas 126 (12.4) 120 (15.7) 246 (13.8)
Health management and support personnel 83(8.1) 85 (11.1) 168 (9.4)
Health service provided not elsewhere classified 20(2.0) 90 (11.8) 110 (6.2)
Past psychiatric history (yes) 129 (12.7) 49 (6.4) <.001 178 (10.0)
Years of employment (year) 9.9(9.0) 9.5(9.3) .369 9.7(9.1)
Assessment measures
Patient Health Questionnaire-9 4.9 (4.6) 4.4 (4.4) .006 4.7 (4.5)
Generalized Anxiety Disorder—7 3.7 (4.0 3.0(3.7) <.001 34(39)
SAVE-9? 20.3(5.7) 20.2 (7.0) 642 20.3(6.3)
Anxiety subcategory of SAVE-9 14.2 (4.2) 14.7 (4.9 .046 14.4 (4.5)
Work-related stress subcategory of SAVE-9 6.1(2.3) 55(2.7) <.001 5.8(2.5)

8SAVE-9: Stress and Anxiety to Viral Epidemics-9.
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Table 2. Clinical characteristics of respondents by health care worker category.

Healthassociate Health manage- Health service provid-  All workersexclud-
Nursing profes- Medical doctors professionals ment and support  ed not elsewhereclas-  ing nursing profes-

Variables sionals (n=967) (n=292) (n=246) personnel (n=168) sified (n=110) sionals (n=816)
Age

Junior 718 (75.1) 215 (73.9) 152 (62.3) 77 (46.7) 43 (39.8) 487 (60.2)

Senior 238 (24.9) 76(26.1) 92 (37.7)2 88 (53.4)2 65 (60.2) 321 (31.8)
Sex (female) 933 (96.5) 122 (41.8)2 114 (46.3)2 103 (61.3)2 84 (76.4)2 423 (51.8)
Past psychiatric history 90 (9.3) 33(11.3) 18(7.3) 27 (16.2)b 10(9.2) 88 (10.8)
Marital status (married) 3% (41.1) 140 (48.1)° 143 (58.6)2 94 (56.3)2 63 (57.3)¢ 440 (54.2)2
Years of employment 10.1 (8.6) 6.6 (7.4 10.3 (11.0) 11.5 (10.4) 10.4 (9.4) 9.2(9.7)

8p<.001 compared to the nursing professionals group.
bp=007 compared to the nursing professionals group.
P=.035 compared to the nursing professionals group.
dp=.001 compared to the nursing professionals group.
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Table 3. Clinical symptom assessment of the participants by category of health care worker (n=1783)

Headthmanage- Headth service  All workers ex-
Hedlthassociate ment and sup-  provided not cluding nursing
Nursing profes- Medical doctors professionals ~ port personnel  dsewhereclass-  professionals

sionals (n=967) (n=292) (n=246) (n=168) fied (n=110) (n=816)
PHQ-9% score 55(4.6) 2.9 (3.4 38(4.2)P° 4.6 (4.7) 4.4 (4.5 38(4.2)°
Score=10, n (%)
Junior 138 (19.2) 11 (5.1) 15 (9.8) 11 (14.3) 5(11.6) 42 (8.6)
Senior 33(13.9) 4(5.3) 10 (10.9) 8(9.1) 9(13.8) 31(9.7)
Score =10, n (%)
Male 4(11.8) 9(5.3) 9(6.8) 9(13.8) 0(0.0) 27 (6.9)
Female 168 (18.0) 6 (4.9) 16 (14.0) 10(9.7) 14(16.7)° 46 (10.9)
Score>10, n (%)
Married 56 (14.1) 7(5.0) 14(9.8) 9(9.6) 9(14.3) 39(8.9)
Single 115 (20.3)° 8(5.3) 10 (9.9) 10 (13.7) 5 (10.6) 33(8.9)
GAD-7° score 40(4.1) 2.0(3.0)° 3039 34(40) 2.7(3.1)9 2.7(3.6)°
Score =5, n (%)
Junior 257 (35.8) 34(16.3) 37 (24.3) 30 (39.0) 8 (18.6) 109 (22.7)
Senior 85 (35.7) 11 (14.5) 23(25.0) 26 (30.2) 18 (27.7) 78 (24.5)
Score =5, n (%)
Male 12 (35.3) 23(14.1) 25(18.9) 18 (27.7) 1(3.8) 67 (17.4)
Female 333(35.7) 22 (18.0) 36 (31.6) 39 (38.6) 25 (208)" 122 (200)"
Score =5, n (%)
Married 142 (35.9) 27 (19.3) 39(27.3) 33(35.1) 17 (27.0) 116 (26.4)
Single 202 (35.6) 18 (12.5) 22(21.8) 24.(33.8) 9(19.1) 73(201)"
SAVE-9' score 216(5.9) 17.2 (6.1)° 20.2 (5.9)° 18.9 (6.3)° 18.2 (6.8)° 18.6 (6.3)°
SAVE-9 anxiety score 154(4.2) 12,0 (4.6)° 147 (4.3) 134 (4.5)° 133 (4.8)° 133 (4.6)°
Age
Junior 15.6 (4.1) 11.6 (4.7) 14.8 (4.1) 138 (4.9) 136 (5.2) 131 (4.8)
Senior 147 (4.4) 13.0 (4.3) 14,5 (4.7) 13.1 (4.0) 12.9 (4.6) 135 (4.5)
Gender
Male 14.1 (5.8) 11.3 (4.6) 14.2 (4.4) 12.8 (4.8) 11.1(3.9) 125 (4.7)
Female 15.4 (4.1) 12.9 (4.4)¢ 15.3 (4.1) 13.7 (4.2) 139 (4.9) 13.9 (45)"
Marital status
Married 15.4 (4.0) 12.8 (4.4) 14.6 (4.6) 13.7 (4.2) 13.9 (45) 13.7 (45)
Single 15.4 (4.3) 11.3(4.6) 14.9 (3.9) 130 (4.7) 12.3(5.2) 127@7)"
SAVE-9work-related siressscore 6.3(2.5) 53(22)° 55 (2.4)° 5524 50 (26)° 5.4 (2.4)°
Age
Junior 6.4 (2.5) 5.4(2.2) 55 (2.4) 5.7 (2.6) 50(27) 5.4(2.4)
Senior 57 (2.4)" 5.0(2.3) 55 (2.5) 5.4(2.3) 49(26) 5.2 (2.4)
Gender
Male 5.8(3.0) 4.9 (2.4) 52(2.3) 51(27) 35(2.0) 49 (2.4)
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Healthmanage- Health service  All workers ex-
Hedthassociate ment and sup-  provided not cluding nursing

Nursing profes- Medica doctors professionals port personnel  elsawhereclass- professionas
sionals (n=967) (n=292) (n=246) (n=168) fied (n=110) (n=816)

Female 6.3(2.5) 58 (l.9)h 5.9(25) 58(2.2) 5.4 (2.7) h 5.8 (2.3)h

Marital status
Married 5.9 (2.4) 5.3(2.2) 5.8 (2.4) 5.5(2.7) 5.4 (2.7) 5.5 (2.4)
Single 65 (2.6)h 53(2.3) 5.2 (2.4) 43(24) 42(24) 5.2 (2.4)

3PHQ-9: Patient Health Questionnaire-9.

bp< 001 compared to nursing professionals group.
®P=.026 among each health care worker group.
dp=014 among each health care worker group.
€GAD-7: Generalized Anxiety Disorder-7.
fP=.017 compared to nursing professionals group.
9P=.031 compared to nursing professional's group.
Pp<.001 among each health care worker group.
ISAVE-9: Stress and Anxiety to Vira Epidemics-9.
Ip=.002 among each health care worker group.
Kp=.00 among each health care worker group3.
'p=.008 among each health care worker group.
Mp=,030 compared to nursing professionals group.

Compared with those of medical doctors and other groups,
nursing professionals SAV E-9 scores were higher (Figure 1).

Hospital (Asan Medical Center: adjusted OR 1.45, 95% ClI
1.06-1.99), nursing professionals (adjusted OR 1.37, 95% ClI
1.02-1.98), single workers (adjusted OR 1.51, 95% ClI
1.05-2.16), higher stressand anxiety to theviral infection (high
SAVE-9 score: adjusted OR 1.20, 95% Cl 1.17-1.24), and past
psychiatric history (adjusted OR 3.26, 95% CI 2.15-4.96) were
positively associated with depression (Table 4).

https://publichealth.jmir.org/2021/10/e25489
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Among respondents, 534 (29.9%) health care workers were
classified as having high anxiety using the GAD-7 total score
(GAD-7 score >5). Among hedth care workers who were
classified as not having high anxiety (n=1240), 400 (22.4%)
health care workers were newly screened as having stress and
anxiety due to the viral epidemic based on SAVE-9 scores
(k=0.351, P<.001).
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Figurel. Stressand Anxiety to Viral Epidemics—9 score distributions for health care worker groups.
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Table4. Logistic regression analysis to explore predictor variables for depression.
Explanatory variables CrudeOR?(95%Cl) Pvaue  Adjusted OR(95% P value
Cl)
Asan Medical Center (vs Uijeongbu St. Mary’s Hospital) 1.43 (1.08-1.89) .013 1.45 (1.06-1.99) .021
Junior (vs senior) 1.36(1.01-1.84) .049 1.20 (0.81-1.79) .363
Female (vs male) 2.39 (1.62-3.55) <.001 1.11 (0.68-1.80) .684
Single (vs married) 1.46 (1.11-1.92) .007 1.51 (1.05-2.16) .025
Nursing professionals (vs others) 2.20 (1.65-2.95) <.001 1.37 (1.02-1.98) .041
SAVE-9° score 119 (1.16-1.23) <001  120(1.17-1.24) <.001
Past psychiatric history 2.47 (1.71-3.56) <.001 3.26 (2.15-4.96) <.001
80R: odds ratio.

BSAVE-9: Stress and Anxiety to Viral Epidemics-9.

Discussion

The results demonstrated that nursing professionals were more
depressed, anxious, and stressed by the viral epidemic than other
health care workers during the first phase of the COVID-19
pandemic. Marital status (being single) as well as anxiety and
work-related stress associated with the viral epidemic wererisk
factors for depression among health care workers. The mean

https://publichealth.jmir.org/2021/10/e25489

SAVE-9 score among health care workers was 20.3 (SD 6.3).
Given that our previous study [22] defined mild degree
symptoms of virus-related stress and anxiety asa SAVE-9 score
greater than 22, this study showed similar results to those of
previous studies[15,20,27,28] that showed that ahigh proportion
of health care workers experience psychol ogical impacts during
the COVID-19 pandemic. To better fight the COVID-19
outbreak, all health care workers are being employed in activities
related to epidemiological investigations and contact isolation.
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Along with existing health care workers at the infectious
diseases departments, al workers have been recruited at
screening clinics [3]. Nursing professionals directly provide
careto patientswith confirmed or suspected infections and their
caregivers. The other health care workers in occupations that
do not directly face the patients measure the temperature and
sanitizethe hands of al incoming people at the hospital entrance,
explaining that hospital access and medical treatment are
restricted to the contacts identified through epidemiological
correlation. All health care workers must wear personal
protective equipment at screening clinics and cohort isolation
wards.

Consistent with the findings of previous studies, we found that
nursing professionals were more likely to feel stress or anxiety
than other health care workers [15,16,20,29,30]. Nursing
professionals are in crisis as they care for patients with
infections, experience fear of infectious diseases, insufficient
isolation-patient-care-systems, and ethical dilemmas [31]. In
addition, nurses may experience risk in situations where it is
difficult to remove and re-wear a gown in-between treatments
due to lack of time. Furthermore, they may face distressing
situations where uncooperative patients may be exposed to
direct infection [32]. As nurses interact most closely with
patients and face long durations of infection risk exposure, they
reported experiencing physical and emotional difficulties[32].
Feeling burdened by work changes and reacting sensitively to
lack of resources may have influenced the high level of stress
that nursesreport experiencing. Therefore, it has been suggested
that mental health and stress management programs are needed
for nurses who take care of infected patients [32,33]. Through
continuous infection prevention training and protective
equipment training, nurses abilities to cope with crises and
ethical dilemmas must be improved [34].

Compared with health careworkerswho weresingle, al married
workers, excluding nursing professionals, scored higher on
GAD-7. Owing to high medical knowledge regarding the high
infectivity of the virus and the relatively insufficient medical
supplies at the beginning, health care workers had high safety
concerns. Married workers may worry not only about their own
protection but also about the safety of their family members,
including children. This finding is consistent with those of
previous studies that noted that the concern for the health of
oneself and one' sfamily was significantly higher among married
workers[6,35].

However, among nursing professional s, therewas no difference
in GAD-7 scores of =5 according to marital status (single:
35.6%, married: 35.9%), compared to 26.4% of married workers
and 20.1% of single workers in all other health care worker
groups. Nursing professionals had higher overall depression,
anxiety, and virus-related stress and anxiety than other health
care workers. The Korean government’s emphasis on social
distancing made it necessary for participants to submit daily
results of viral symptoms monitoring and to be only at home or
the hospital. Living as health care workers may have exerted a
lot of pressure on them socially to improve the COVID-19
situation. Among single workers, this semicompulsory
sequestration was compelled, and they experienced a greater
changein life than married workers. Asthey could not perform
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daily activities to reduce their stress, their perceived negative
emotions increased, and positive emotions remained relatively
low [13]. In such unforeseen situations, family support is
important to motivate people to continue working [13,36].
Married workers can connect more closely with their families,
share things beyond work, and vent emotions better [37]. This
finding indicates that single nursing professionals may need
more psychological support. We also found that the hospital
factor was significantly associated with depression. Asan
Medical Center is one of the biggest hospitals in Korea, and
there are many more patients with severe illnesses compared
with those at other hospitals [38]. Compared to Uijeongbu St.
Mary’s Hospital, Asan Medical Center had a higher proportion
of nursing professionals, more health care workers with
psychiatric histories, and higher SAVE-9 scores; these factors
may have influenced the association of hospital factors with
depression.

In this study, we measured anxiety symptoms among health
care workers by using the SAVE-9 scale, which is used for
assessing anxiety measures specific to the viral epidemic, and
GAD-7 scale, which isused for measuring nonspecific anxiety.
In previous SARS and MERS outbreaks, health care workers
were exposed to protracted epidemics, and the unfavorable
conditions resulted in a high prevalence rate of burnout and
depression [39]. The COVID-19 pandemic has been ongoing
for more than a year; thus, its impact on the long-term mental
health of health care workers should be considered carefully.
Studies [15,40] have reported the severe psychol ogical impacts
on health care workers during various phases of COVID-19;
however, the rating scales used were not specific to the viral
epidemic, and therefore, results did not reflect psychological
stress specifically in relation to the viral epidemic. We
developed SAVE-9 [22] to assess anxiety and stress of health
care workers specifically in response to the COVID-19. During
a pandemic, a larger number of health care workers need
attention and care for maintaining essential care services. We
expect that the SAV E-9 scal e can be auseful tool for measuring
work-related stress and anxiety response of health care workers
specifically to the viral epidemic. We could identified an
additional 400 (400/1783, 22.4%) health care workers as having
significant stress and anxiety response to the viral epidemic to
the 534 (29.9%) workers who were classified as having high
anxiety using the GAD-7 scale. The GAD-7 iswidely used to
assess participants' generalized anxiety, but it does not reflect
the psychological stress specifically in response to vira
epidemics. The viral epidemic-specific rating scale can assess
the psychological state of health care workers that is specific
to a situation such as the COVID-19 pandemic.

This study has some limitations. First, thiswas a cross-sectional
study; therefore, we can suggest only associations between
mental problemsand COVID-19 in health care workers but not
causal relationships or underlying mechanisms. Second, the
survey was conducted only in 1 hospital in Seoul and 1 in
Uijeongbu. Thus, the sample may have been biased. In addition,
the responses might be biased, asthis study utilized aself-report
web-based questionnaire. Nevertheless, as the job type
distribution of the sample mirrored that of the health care
workers at study sites, it can be considered as substantially
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representative in these hospitals. Third, the questionnaire was
conducted in mid-April 2020, immediately after the end of the
cohort isolation. The psychological status of health care workers
at the onset or peak of Korea's COVID-19 crisiswas, therefore,
not assessed. Future research should focus on specific groups,
incorporating according to the stage of the epidemics. We will
have to collect more comprehensive data on the psychological
status of health care workers in other infectious disease
outbreaks. Fourth, we were unable to classify workers as
parent-facing, contact, frontline health care workers, or those
with a history of COVID-19 positivity or quarantine. Lai et a
[15] reveded that being directly engaged in clinical activities
was an independent risk factor of psychiatric symptoms.
Workerswith COVID-19 exposure or positivity had a2 to 4-fold
increased risk of being anxious and depressed compared with
controls [41]. Moreover, quarantine activity has been shown to
adversely affect mental health both during and after quarantine.
Finally, the coarse categorization of health care roles may lead

Ahnet a

to biased findings. Since one of the objectivesin this study was
to explore which types of workers suffered the severest stress
in this pandemic, we categorized them into 2 (nursing
professionals vs other health care workers) groups in some of
the analyses.

Despite these limitations, our study indicatesthat all health care
workers were at psychological risk of COVID-19 and that they
worried about health problemsfor themselves, their family, and
their colleagues. Especially nursing professionals, who are the
major health care workers in the medical system and work at
the frontline of patient care, can easily be depressed and
frustrated. In addition, their marital status (being single), past
psychiatric history, and higher level of anxiety specifically in
response to the viral epidemic also influence their depressive
symptoms. We were able to measure anxiety response and
work-related stress among health care workers during this
pandemic using SAVE-9, which focuses on vira
epidemic—related stress and anxiety.
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Abstract

Background: Transgender and gender-expansive (TGE) adultsare twice aslikely to smoke cigarettes than cisgender individuals.
Thereis a critical gap in research on effective and culturally sensitive approaches to reduce smoking prevalence among TGE
adults.

Objective: This study aims to qualitatively examine the risk and protective factors of cigarette smoking among TGE adults
through real-world exemplars.

Methods: We conducted adigital photovoice study among a purposeful sample of 47 TGE adults aged =18 years and currently
smoking in the United States (March 2019-April 2020). Participants uploaded photos daily that depicted smoking risk and
protective factors they experienced over 21 days on either private Facebook or Instagram groups. Next, we conducted separate
focus group discussionsto explore the experiences of these factors among a subset of participants from each group. We analyzed
participants’ photos, captions, and focus group transcripts and generated themes associated with smoking risk and protective
factors.

Results: Weidentified 6 major themes of risk and protective factors of smoking among TGE individuals: experience of stress,
gender affirmation, health consciousness, social influences, routine behaviors, and environmental cues. We describe and illustrate
each theme using exemplar photos and quotes.

Conclusions; Thefindings of thisstudy will inform future community-engaged research to devel op culturally tailored interventions
to reduce smoking prevalence among TGE individuals.

(JMIR Public Health Surveill 2021;7(10):e27417) doi:10.2196/27417
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Introduction

Background

Cigarette smoking is the leading cause of preventable cancer,
cardiovascular, respiratory, and other smoking-related illnesses
and deathsin the United States[1]. Despitethedeclinein overall
smoking ratesin the US population over the past 50 years, there
are persistent disparities in the prevalence of smoking among
vulnerable populations [2]. Transgender and gender-expansive
(TGE) adults—individual swho have agender identity, behavior,
or self-expression that is different from their sex assigned at
birth—are twice as likely to smoke cigarettes than cisgender
individuals [3]. Approximately 36% of TGE adults smoke
cigarettes compared with 21% of heterosexual cisgender adults
[3]. Anestimated 1 million TGE adultslivein the United States
[4], which means that approximately 350,000 TGE individuals
are at increased risk of devel oping smoking-related cancers.

The factors associated with increased smoking prevalence
among TGE persons are complex and include TGE-specific
minority stressors, including everyday discrimination (eg,
experiencing denial of equal service, harassment, and physical
assault due to TGE status) [5,6], structural discrimination (eg,
housing, education, and work discrimination dueto TGE status)
[6], social determinants (eg, lower socioeconomic position and
lack of health insurance in part due to employment
discrimination), and acohol and other substance use [6]. In
addition, the tobacco industry targetsits product marketing and
advertising among leshian, gay, bisexual, transgender, and queer
(LGBTQ+) communities[7,8]. Compounding theserisk factors,
TGE individuas lack equitable access to health care and,
therefore, face barriers in receiving smoking cessation
interventions [9]. Research suggests that given the appropriate
resources and opportunities, TGE adult smokers are just as
likely as cisgender smokers to want to quit [9-11]. Despite
experiencing multiple risk factors of smoking, receiving
gender-affirming care earlier on recognition of TGE status and
social support systems may be protective against smoking
among TGE persons[12]. Thereisacritical gap in research on
effective and culturally sensitive approachesto reduce smoking
prevalence among TGE adults. Of 384 Nationa Institutes of
Health—funded sexual and gender minority research studiesin
2018, 20% focused on TGE health and only 1% focused on
tobacco use and health [13]. Furthermore, although there is
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increasing evidence of the effectiveness of using social media
for HIV interventions among LGBTQ+ populations[14], there
is limited research on the use of web-based social media
platforms for tobacco-related research and smoking cessation
interventions among TGE populations [15-17].

Objectives

The objective of Project SPRING is to examine TGE
individuals' experiences of smoking risk and protective factors
in close-to-real time by using a photovoice approach whereby
participants “identify, represent, and enhance their community
through a specific photographic technique” [18,19]. Photovoice
has been used in prior research to examinethe social experiences
of TGE individuals [20]. The rationale for using photovoice
instead of existing approaches such as qualitative interviews or
guantitative surveys are threefold. First, we aimed to obtain
participants’ documentation of their experiences of risks and
protective factors in close to real time to minimize recall bias
associated with interviews and surveys. Second, photovoice
enables the exploration of new or emergent risk or protective
factors that are not limited by close-ended survey questions.
Third, the photovoice approach involves multiple interactions
with participants over time and enablesthe collection of multiple
types of data from the same participants. Focus groups at one
time point and cross-sectional surveysarelimitedinthisregard.
Our approach was guided by a community-based participatory
research approach [21], where TGE persons were included as
cocreators of knowledge in several aspects of the study,
including data collection, analysis, and interpretation, to inform
futureresearch and interventions. Thisstudy approach empowers
TGE persons to work collaboratively with the study team to
understand factorsinfluencing their smoking habits and generate
evidence to inform future TGE-tailored smoking cessation
interventions. This research is informed by an integrated
framework of key concepts from the minority stress model,
resilience framework, and socioecological model [22,23]. We
conceptualized smoking behaviors among TGE persons to be
influenced by both risk and protective factors acrossindividuals,
relationships, community, and societal levels (Figure 1).
Findings from the real-world exemplars, phrases, meanings of
smoking-related triggers, and protective factors from this
research will serve as the foundation for designing culturally
sensitive narrative messages to promote smoking cessation
through social media among the TGE community.
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Figure 1. Conceptual framework.
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Methods

Resear ch Design

We used a qualitative research design using digital photovoice
data collection, focus group discussions, and member checking
among participants. The study was approved by theinstitutional
review board of Harvard TH Chan School.

Participant Eligibility and Enrollment

We enrolled a purposeful sample of participants who identify
as TGE, live in the United States, have smoked at least 100
cigarettes in their lifetime, currently smoke cigarettes on one
or more days in the past 30 days, use either Facebook or
Instagram at least once daily, and were able to participate in
English. Individualswho were currently quitting smoking, only
used e-cigarettes or cannabis, did not smoke cigarettes, and
were not able to participate using the English language were
ineligible. We used Facebook and Instagram because of the
high prevalence of use of these 2 platforms and increased
exposure to tobacco-related messages on social media among
LGBTQ+ populations [24,25]. The study enrollment was
conducted between March 2019 and April 2020. Our initial
recruitment was in a northeast metropolitan city, and we
expanded the recruitment nationally in October 2019. We
recruited most participantsthrough paid Facebook and Instagram
advertisements based on the best practices of engaging TGE
populations on the web for research studies [26,27]. We aso
used Craigslist advertisements, snowball sampling, posting
flyers at LGBTQ+ events and venues, and outreach through
LGBTQ+ community organizations. Two study research
assistants screened interested participants over the phone and
consented participants who were eligible and agreed to
participate in the study. Approximately half of the participants
joined separate Facebook groups and half joined separate

https://publichealth.jmir.org/2021/10/e27417
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Instagram groups. The recruitment proceeded on arolling basis,
and participants within each group completed the photovoice
collection within the same period of 21 daysin their respective
groups. There were between 2 and 9 participants per group
(average of 5 per group). All participants in each group were
given the same start date. Participants received gift cards as
incentives for completing each phase of the study procedures
(US$10-75 per phase; up to US$300 for completing all phases).
We received messages from over 330 interested individualsand
were ableto contact 110 for screening over the phone or through
Facebook messaging. Of the 110 individuals, 47 were eligible
and enrolled in thefirst phase of the study. Of the 47 individuals,
44 completed photovoice data collection. Of the 44 individuals,
29 participated in the focus group discussion. Among these, 9
individual s participated in the member checking discussion.

Study Procedures

Digital Photovoice Data Collection

We used the photovoice technique [18] to obtain participants
close-to-real time personal experiences of risk or protective
factors of smoking. Participants were asked to upload pictures
and abrief caption of either risk or protectivefactorsin relation
to their smoking they experienced to a private study-specific
Facebook group or on an Instagram group chat daily for 21
consecutive days. Participants’ information on the Facebook or
Instagram groups could only be viewed by the participants
within their group and the study team. Participants were
encouraged to post at least 1 picture per day for at least 5 days
per week to ensureaminimum level of participation in the study.
They could provide comments on each other’s posts. To ensure
their privacy and confidentiality, 2 study research assistants
conducted training with each study participant to describe the
study protocol and examples of the types of appropriate pictures,
phrases, and commentsthat can be shared within their respective
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Facebook groups or Instagram group chats. Each participant
was assigned a unique study ID code number not connected to
any personally identifiable information.

Focus Group Discussion

After each group completed the photovoice data collection, we
invited all participants to a focus group discussion with their
respective group members. A PhD-prepared nurse researcher
with extensive experience and training in qualitative research
led the focus groups to research assistants. We conducted
in-person focus groups among participants from a northeast
metropolitan city and conducted web-based focus groups using
the Zoom web conferencing platform (Zoom Video
Communications) among participants who were recruited
nationally. The number of participants across the focus groups
ranged between 2 and 7. The duration of the focus groupsranged
from 70 to 170 minutes. During each focus group, participants
were first shown photos that they contributed within their
Facebook closed private group or Instagram group chat. They
were asked to work as a group to complete an image sorting
task wherethey first categorized theimagesaseither risk (things
that make them want to smoke) or protective factorsfor smoking
(things that help them resist smoking). Following sorting into
risk and protective factors, we asked participants to describe
each photo categorized as arisk factor in their own words. This
was then repeated for each photo, which was categorized as a
protective factor. The moderator provided guidance to the group
and probed for therationalefor certain categorization decisions
using the SHOWED questions as needed (What do you See
here? What is really Happening? How does this relate to Our
lives? Why does this condition Exist? What can we Do about
it?). Participants final categories and names of each category
as decided by the group’s consensus were recorded. The
in-person focus groups were audio recorded, and for the
web-based focus groups, we obtained an audiovisual recording
and immediately deleted the video component. Following
transcription by a professional transcriber, the recordings were
deleted per ingtitutional review board requirement for participant
confidentiality and privacy.

Member Checking

Following the study team’s preliminary analysis of the photos,
captions, and focus group transcripts, we invited participants
from all the Facebook and Instagram groups to attend a
web-based member checking discussion to obtain insights on
their interpretation of the risk and protective factors of smoking
behaviors, identify the most important factors to address in
future interventions, and discuss potential approaches for
culturally tailored interventionsto reduce smoking among TGE
persons. A total of 9 participants were ableto attend the member
checking focus group. The member checking participants were
not all from the same initial Facebook or Instagram group but
were members of 5 different groups. This member checking
discussion was conducted over 67 minutes over Zoom web
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conferencing, and we obtained an audio recording. Following
transcription by a professional transcriber, the audio recording
was deleted.

Analysis

Photos, captions, and focus group transcripts were uploaded to
NVivo 12 (QSR International) by the study team for coding.
Analyses of photos and captionswere conducted in conjunction
with the parti ci pants during the focus groups (photo sorting and
labeling of risk and protective factors using participants' own
words). After completing the focus groups, the study team
synthesized the datainto related categories (eg, weather, climate,
and physical environment were combined into the same
category). Furthermore, 2 research assistants coded the
transcripts from the 2 focus groups to ensure agreement in an
initial coding guide. Each research assistant then coded the
remaining focus group transcriptsindividually. Emerging codes
or questions were resolved by discussion with the study team,
and the codebook was updated following the discussion. The
final codebook is available as Multimedia Appendix 1. We
categorized factors as being risk or protective factors; occurring
at individual, relationship, or community levels; and specific
factors (eg, taste of cigarettes, minority stress, and coping
mechanisms). We then organized theindividual codesinto major
themes of risk and protective factors. This study followed the
Consolidated Criteriafor Reporting Qualitative Health Research.
On the basis of recommendations from the literature [28], we
estimated that 3-6 focus groups would be sufficient for theme
saturation.

Results

Participant Characteristics

Saturation of themes was achieved after conducting 7 focus
groups between March 2019 and April 2020 with atotal of 47
participants. The mean age of the participants was 26 (SD 8.4)
years. Approximately half of the participants (25/47, 53%) were
identified as nonbinary or gender nonconforming, 15% (7/47)
were identified as male, trans male, or trans men, 17% (8/47)
as female, trans female, or trans women, and 15% (7/47)
identified with other gender identities. Most of the participants
identified as nonheterosexual; half of the participants (22/47,
47%) identified with multiple sexual orientations, 17% (8/47)
ashisexual, 13% (6/47) as queer, 11% (5/47) as pansexual, and
9% (4/47) as gay or leshian. Most (40/47, 85%) of the
participants were non-Hispanic, with 55% (26/47) identified as
White, 13% (6/47) Black, and 32% (15/47) other racia or ethnic
identities. Approximately half of the participants (26/47, 55%)
were daily smokers, and half were occasional smokers in the
past 30 days. Additional details of participant characteristics
are summarized in Table 1. We compared the characteristics
(eg, age, sex assigned at birth, gender identity, and sexual
orientation) between participantsin the northeast city and those
recruited nationally, and there was no significant difference.
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Table 1. Participant characteristics (n=47).
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Characteristics Values
Age (years), mean (SD) 26.0 (8.4)
Sex assigned at birth, n (%)
Male 17 (36.2)
Gender identity, n (%)
Male, trans male, or trans man 7(14.9)
Female, trans female, or trans woman 8(17)
Nonbinary or gender nonconforming 25(53.2)
Other 7(14.9)
Sexual orientation, n (%)
Heterosexual 2(4.3
Gay or leshian 4(8.5)
Bisexual 8(17)
Pansexual 5(10.6)
Queer 6(12.8)
Multiple identities 22 (46.8)
Race, n (%)
White only 26 (55.3)
Black only 6(12.8)
Other 15 (31.9)
Ethnicity, n (%)
Hispanic 7(14.9)
Smoking status, n (%)
Occasionally smoke 21 (44.7)
Smoke daily 26 (55.3)
Other tobacco product usein past 30 days, n (%)
Electronic cigarettes 16 (34)
Cigars 10 (21.3)
Pipe 4(8.5)
Hookah 8(17)
Snus 1(21)
Kreteks 6(12.8)
Education, n (%)
High school or below 12 (25.5)
Some college or associates degree 25(53.2)
Bachelor’s degree or higher 10 (21.5)
Employment, n (%)
Employed 25(53.2)
Unemployed 7(14.9
Homemaker 1(2.1)
Student 8(17)
Disabled 4(8.5)
Other 2(4.3)

https://publichealth.jmir.org/2021/10/e27417

RenderX

JMIR Public Health Surveill 2021 | vol. 7 |iss. 10 [€27417 | p.79
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE Tanet d
Characteristics Values
Income (US$), n (%)

<10,000 17 (36.2)
10,000-19,999 14 (29.8)
20,000-39,999 4(8.5)
40,000-59,999 6 (12.8)
60,000-79,999 2(4.3)
80,000-99,999 0(0)
>100,000 4(8.5)
Health insurance, n (%)
Plan purchased through employer 12 (25.5)
Plan purchased on their own 10 (21.3)
Medicare 4(8.5)
Medicaid or another state program 12 (25.5)
Tricare 1(21)
Some other source 2(4.3)
None 6(12.8)

Risk and Protective Factors

Overview

We identified 6 major themes of smoking risk and protective
factors: (1) experiences of stress, (2) gender affirmation, (3)
heslth consciousness, (4) social influences, (5) routine behaviors,
and (6) environmental cues. Risk factors were described more
frequently than the protective factors. In addition, participants
experienced certain factors asrisk factorsin some circumstances
and as protective factorsin other circumstances (eg, friends or
peers [socia influence] were described as risks by some
participants, whereas others described having friends or peers
who encouraged them to quit smoking). Stress was a

https://publichealth.jmir.org/2021/10/e27417

cross-cutting factor that occurs at the individual, relationship,
and community levels. We describe and illustrate each theme,
specific codes within each theme, organized into risk versus
protective factors, and indicated which levels the factors were
coded in Figure 2. We used they/them/their pronouns in the
following section, although individual participants may use
other preferred pronouns to present the results. We reviewed
the data to compare the risk and protective factors from
participants in the northeast city versus national participants,
and there was no discernibl e pattern to distinguish between the
2 setsof participants, with the exception that 2 groups from the
national sample had discussed experiences related to the
COVID-19 pandemic that were not present in the northeast city
participants (because they were recruited before the pandemic).

JMIR Public Health Surveill 2021 | val. 7 | iss. 10 |[e27417 | p.80
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

Figure 2. Smoking risk and protective factors among transgender and gender-expansive individuals.
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Experiences of Stress

Participants described a variety of stressors linked to smoking
behavior. Some participants highlighted their experiences of
minority stress related specifically to their gender identity (eg,
stigma associated with their gender identity and conceal ment)
that were associated with their smoking. For instance, one
participant recounted afellow colleaguewho identified as TGE
being harassed by a customer:

One of my fellow trans coworkers was harassed,
screamed at, and intentionally misgendered as well
asreceived a torrent of slursfroma woman that came
intoday and that definitely made us all want to smoke.

Another participant shared a photo of being in an office with
their colleagues and having to conceal their identity from them
and the following caption:

I work in an office with all men and most of them are
transg/homophobic but almost none of them know that
I’'mgay or transand f* do they test my patience every
day and that’s what makes me want to smoke.

Work, school, commuting, transportation, financial situation,
housing, and relationship conflicts were factors that triggered
increased smoking for some participants. For instance, one
participant shared astock photo of 2 people quarreling to reflect
on aconflict with their partner and this accompanying caption:

We don't fight much, but I’m a very confrontational
person so not getting to finish the argument right
away stressed me out to the point of wanting to smoke.

Participants described societal stressors such as homel essness,
the economy, and lack of access to affordable mental health
care as risk factors for smoking. For example, one participant
posted a drawing depicting homelessness as a source of their
stress and smoking with the following caption:

https://publichealth.jmir.org/2021/10/e27417

Routine behaviors

Environmental cues

Risk Protective
Societal or community
level

*  Weather

* Access to cigarettes
* Being outdoors

* Being at a bar

Societal or community
level
= Weather

Protective * Public places

Individual-level
+ Distractions (eg,

cooking)
+ Taste of cigarettes

This pic represents all the economic issues, personal
and larger, that stresses me out. | know there arelots
of healthier ways to deal with my financial
anxieties...BUT Cigarettes are cheaper than therapy.

Regarding coping behaviors to reduce feelings of stress,
participants described using various strategies including
achieving relaxation or contentment, using humor, or exercising.
For example, one participant shared about using humor to help
avoid smoking:

Anything that makes me laugh that’s like kind of
making fun of anything is like, helpful and not
smoking actually, so it feels protective to me because
humor helps me get through all the horrors of the
world that we're living in.

Gender Affirmation

Parti cipants described smoking as one way to affirm their gender
identity and experience gender euphoria. For instance, one
participant shared a photo where they were smoking in their car
while driving and a caption:

I'm a very good driver | believe, which is a
stereotypically “ masculine” thing, and smoking is
seen by some people as masculing, as well. It's
affirming in a weird way.
Conversely, feelings of self-esteem of one’s appearance were
associated with not wanting to smoke. One participant shared
an occasion of dressing up and not wanting to ruin their
appearance because of smoking:

| sometimes dress up, put on the whol e makeup, wear
some nicetype of deal. And it kind of ruinsthat effect
when you smell predominantly like smoke and not
nice new perfume...
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Health Consciousness

Parti ci pants viewed receiving gender affirmation—related health
care and health care provider advice to stop smoking as a
motivating factor to not smoke. For instance, one participant
shared a picture of having completed top surgery and acaption
stating that they wanted to quit smoking so that the scarswould
heal better. Another participant described being receptive to
their doctor’s advice:

If my doctor told methat | had to stop taking estrogen,
this happened and this happened and | didn't stop
smoking, you know I'd stop smoking.

General health was a factor that participants experienced as
risks for smoking in some situations and as protective in other
situations. General physical healthissues, such asinsomniaand
pain, or mental health issues, such as anxiety and mood, were
identified as potential risk factors for smoking. Having
respiratory symptoms, seeking mental health therapy, and
practicing self-care were also described as protective against
smoking. One participant shared a photo of a cup of tea and
stated in the caption that having a sore throat made them want
to drink tea and avoid smoking. Another participant described
insomnia and anxiety as triggers of smoking:

| feel like sleep and/or lack of deep and anxiety are
pretty close together. | feel like people tend to feel
more anxious when they’ ve maybe not dept very well.
And cigarettes are one way of like coping with that
and sort of addressing that.

Participants were concerned about the health of family members,
pets, or animals around them if they smoked, which motivated
some participants to avoid smoking. One participant posted a
photo of being with young children and wrote;

Being with my kids makes me not want to smoke. Their
health and my own makes me always reconsider my
choices.

Another participant shared how they would not smoke near their
pet to avoid harming their pet because of secondhand smoke:

| remember reading a bunch of articles about how
secondhand smoke affects pets. And | really love my
cat and | don't want him to get any ill effects from
me smoking. So, whenever | do, | try to do it on the
porch and I try to lock him out, which he hates...

Social I nfluences

Socid influenceswere described as risksin some circumstances
and protectivefactorsin others. Being in the company of friends
and peersin socia situationswhere smoking and other substance
usewere present wererisk factorsfor smoking. One participant
explained the following in the focus group:

...there are things that make me want to smoke, and
seeing anyone else with a cigarette or hearing
anybody else talk about having a cigarette is one of
those things.

Positive family pressure and friends or peer normsto not smoke
were associ ated with avoiding smoking. One participant posted

https://publichealth.jmir.org/2021/10/e27417

Tanet a

aphoto outdoorswith their partner and described their partner’s
disapproval of their smoking in the caption:

My best friend/life partner HATESwhen | smoke, so
thinking of her makes me want to quit.

Routine Behaviors

Routine behaviors such as driving or drinking coffee were
viewed asrisk factorsfor smoking. For instance, one participant
shared a photo of sitting in their car and a caption of being
triggered to smoke whenever they drive.

The taste of cigarettes was another factor within the theme of
habit that increased smoking (risks) for some participants but
deterred others from smoking (protective). One participant
shared that the taste of finishing one cigarette prompted lighting
up another cigarette. Another commented on cigarettes being
nasty and that made them not want to smoke.

Substance use, including alcohol and cannabis, was aso
discussed as arisk factor for smoking cigarettes. For example,
one participant shared a picture of a can of beer while playing
adrinking gamethat led to their desire to smoke a cigarette:

Playing a drinking game tonight. Alcohol always
makes me want a cig. Especially since one of my
roommates smokes too and | know he'll go out for
one at some point.

Conversely, having distractions was helpful in keeping
participants’ hands and minds occupied and avoiding smoking.
These distractions included cooking a healthy meal, working
on a school assignment, occupying their hands by playing a
musical instrument, viewing positive images, and watching
entertainment shows.

Environmental Cues

Participants described environmental cues that prompted their
smoking, including being outdoors, experiencing either good
or bad weather, easy access to cigarettes, images related to
smoking, or being in abar. One participant shared a photo of a
rainy day outside their home and a caption:

Cold, wet, boring, and grey day. Nice time for a
cigarette.

Conversely, some participants described environments or
situationsthat discouraged them from smoking, including places
where they were not able to smoke, such asat atransit stop and
bad weather, which prevented them from going outdoors to
smoke. One participant posted a picture of being at apicnicin
apublic park and captioned it as follows:

I love to have a smoke while walking around. but it
was a public park, so | waited until | got home.

Discussion

Principal Findings

This study described acomprehensive set of risk and protective
factors occurring at multiple levels among a sample of TGE
smokers based on their real-world experiences and through an
analysis of acombination of photos, captions, and focus group
discussions. Participantsin this study reported morerisk factors
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for smoking than the protective factors. Thiswas understandable
because they were current smokers and did not attempt to quit
smoking at the time of the study. This information is unique
and essential for understanding the circumstances and reasons
for smoking and for avoiding smoking among TGE individuals.
Most themes of risk and protective factors described by the
participants were consistent with prior literature on the
determinants of smoking among LGBTQ+ populations [5,6].
However, to our knowledge, thisis one of the first few studies
to identify unique factors associated with smoking among TGE
individuals, including gender affirmation and gender
affirmation—related health care.

These study findings help us understand the important factors
that underlie smoking habits among TGE individuals, which
can serve as the foundation for future research and smoking
cessation intervention design. First, there is a need for future
research on the underlying factors linked to smoking or not
smoking that either occur more frequently or are unique among
TGE populations. Although prior literature reported correlations
between receipt of treatment for gender affirmation and smoking
behavior or smoking cessation [29,30], this study addsto earlier
research by documenting participants explaining in their own
words how gender affirmation and gender euphoriawererelated
to their smoking behaviors. This study identifies factors that
focus on preventing smoking initiation and promoting cessation
among TGE populations that have not been previously
described, such as gender affirmation and receiving gender
affirmation—~related health care. Future work to pretest the
relevance and acceptability of health messagesthat also address
the theme of gender affirmation to promote smoking cessation
among TGE populations will be needed. Second, the images,
phrases, and stories from TGE participants’ lived experiences
may inform the design of antismoking messages drawn from
authentic testimonialsthat are salient and culturally responsive
to TGE individuals. For instance, participants described real-life
situations of avoiding smoking by practicing self-carein various
ways, which could be adapted as tips for TGE individuals in
future antismoking messages. Third, participants described
factors that were both risk and protective factors depending on
the circumstances and revealed that certain factors occurred
across individuals, relationships, and societal or community
levels. The findings support the use of a multilevel framework
and systems change approach to examine and address smoking
holistically among TGE populations. Fourth, some participants
affirmed the value of the collaborative research approach and
provided feedback and enthusiasm for contributing to the
research and future intervention design as community advisors.
Wewill use acommunity-based participatory research approach
by meaningfully engaging with TGE individuals as coequal
partners and advisors during the next phase of thisresearch and
in future intervention design.

These findings are corroborated by several factors in the
conceptual framework (Figure 1). However, some of thefactors
that we anticipated would beimportant drivers of smoking were
absent in the data obtained from this research. These include
the tobacco industry’s marketing [7,8] and smoking cessation
campaigns, which we hypothesized as potential influences but
were not mentioned by participants asrisk or protective factors
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of their smoking behaviors, respectively. A few themes that
emerged in the study were not accounted for in the framework.
These included health consciousness for others, such asfamily
members and pets, routine behaviors, and environmental cues.

A few themes reported among TGE individuals resemble, at
the surface, factors that have been previously described in the
general population, including stress, social influences, routines,
and environmental cues. Although these factors are not unique
to TGE individuals, the contexts and frequency of experiencing
these factors may differ meaningfully between the TGE and
non-TGE populations. For instance, the underlying structural
discrimination of TGE populations may mean that they
experience greater economic stressand financial difficulties[6]
than non-TGE populations, which, in turn, widensthe disparity
in smoking behavior among TGE populations. The issue of the
socia determinantsimpacting TGE populationsand their linkage
with their experience of stress was highlighted by some
participants in our study. Future research exploring the
similaritiesor differencesin risk and protective factors between
TGE and non-TGE populations will help to address questions
about the contexts of experiencing these factors.

There were several lessons learned from the use of the digital
photovoi ce approach within closed social media groups. A few
participants reported during the member checking discussion
that being in the study provided peer support and they
appreciated being in a group that understood their experiences
as TGE persons. Some participants described how the action
of uploading a photo daily related to their smoking behavior
hel ped them to keep track of their smoking use, and they became
more aware of the motivations to smoke. Participants reported
that the groups provided a safe space that allowed them to
connect and communicate with other participants who had
similar experiences. For instance, one participant commented
that “with these people | can do anything, including try to quit
smoking.” The study procedures were generally viewed as
acceptable and not overly burdensome. We note that this study
was not designed as a smoking cessation intervention, and
participants did not intend to quit smoking at the outset of the
study. However, feedback from the participants suggested that
the use of social media peer groups may be a promising
component of group-based support and interventions to reduce
smoking among TGE populations. Compared with previous
research that used different approaches (eg, close-ended
cross-sectional surveys [3,5,6,11,30], focus groups among
participants in a single geographic location [9], and electronic
health record data [12,29]), the photovoice approach in this
study has the advantage of obtaining rich and contextua visual
data of experiences of smoking risks and protective factorsin
closeto real time (vsrecall from the past), detailed exploration
of abroad range of factorsimpacting smoking behaviors using
the participants’ own words (vs close-ended survey instruments),
and the ability to combine multiple sources of data collected
from the same participants over time and geographic areas (vs
one-time focus groups from one geographic location).

Limitations

This study has afew limitations. Owing to the limited sample
size of participantsfrom racia and ethnic minority backgrounds,
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wewere unableto fully explore whether experiences of multiple
axes of discrimination by gender identity, race, and ethnicity
intersect in experiences of risk and protective factors among
TGE individuals from multiple minority backgrounds. Efforts
to increase enrollment of TGE individuals from multiple
minority backgroundsin future work will yield datato critically
address research questions related to intersectionality among
theseindividuals. Although this study yielded acomprehensive
set of risk and protective factors, the study data were not
representative of the experiences of the broader TGE population
who smoke. However, thiswork will inform the design of future
survey research among a larger national sample of TGE
participants to assess the frequency of encountering these
smoking risk and protective factors and appropriate strategies
to address these factors in reducing smoking among TGE
individuals. This study relied on participants who were
motivated and comfortable with documenting and sharing their
experiences of smoking risk and protective situations in the
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form of photos to their group. Although we did not receive
feedback from participants that this deterred their sharing of
certain experiences, we acknowledge that this limitation may
mean that certain sensitive topics rel ated to smoking specifically
may have been omitted. Future research may include an
approach in which participants can submit photos individually
instead of within a group.

Conclusions

To summarize, this study identified rea-world risk and
protective factors among TGE individuals who smoke and
collect rich visual representations and participants’ own words
in labeling risk and protective factors. The long-term goal of
thisresearch is to reduce disparities in tobacco use and related
health disparities among the TGE populations. The lessons
learned from this study approach and rich datawill inform future
community-engaged research for designing a culturaly
responsive intervention to address these factors with TGE
community members as coequal partners.
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Abstract

Background: When using machine learning in the real world, the missing value problem is the first problem encountered.
Methodsto impute this missing valueinclude statistical methods such as mean, expectati on-maximization, and multiple imputations
by chained equations (MICE) aswell as machinelearning methods such as multilayer perceptron, k-nearest neighbor, and decision
tree.

Objective: The objective of this study was to impute numeric medical data such as physical dataand laboratory data. We aimed
to effectively impute data using a progressive method called self-training in the medical field where training data are scarce.

Methods: In this paper, we propose a self-training method that gradually increases the available data. Models trained with
complete data predict the missing values in incomplete data. Among the incomplete data, the data in which the missing value is
validly predicted are incorporated into the complete data. Using the predicted value as the actual valueis called pseudolabeling.
This process is repeated until the condition is satisfied. The most important part of this process is how to evaluate the accuracy
of pseudolabels. They can be evaluated by observing the effect of the pseudolabel ed data on the performance of the model.

Results:  In self-training using random forest (RF), mean squared error was up to 12% lower than pure RF, and the Pearson
correlation coefficient was 0.1% higher. This difference was confirmed statistically. In the Friedman test performed on MICE
and RF, self-training showed a P value between .003 and .02. A Wilcoxon signed-rank test performed on the mean imputation
showed the lowest possible P value, 3.05e-5, in al situations.

Conclusions:  Self-training showed significant results in comparing the predicted values and actual values, but it needs to be
verified in an actual machine learning system. And self-training has the potential to improve performance according to the
pseudolabel evaluation method, which will be the main subject of our future research.

(JMIR Public Health Surveill 2021;7(10):€30824) doi:10.2196/30824
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self-training; artificial intelligence; electronic medical records; imputation
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Introduction

Background

When trying to use data in machine learning or statistical
analysis, the missing value problem is one of the most common
challenges. A missing value is caused by situations such as a
malfunction of the inspection machine, incorrect inspection, or
human error. It can aso happen when converting data for
analysis purposes. Missing values reduce the number of data
points available and adversely affect the analysisresults. In the
medical field, inaccurate analysis is fatal as it can lead to a
misdiagnosis. The best way to deal with this problem is to fill
in missing values with the actual values. However, filling up
medical datawith thereal valuesmay require expensive retesting
or assistance from a professional medical practitioner, whichis
extremely cumbersome and costly. Also, it may be impossible
to fill in missing values due to patient privacy issues. For this
reason, many studies on the imputation of missing values have
been conducted.

The most naive way to fill in the missing value isto fill it with
an appropriate value such as zero or the average. Mean
imputation is one of the most frequently used methods because
it issimple. In other cases, the median and mode can be used
as substitutes instead of using the mean. These methods have
the disadvantages of increasing errors and introducing bias in
datasets with a high number of missing data points. In addition
to these simple methods, attempts have been made to resolve
the missing value problem dtatistically, represented by
expectation-maximization (EM) [1] and multiple imputations
by chained equations (MICE) [2]. EM findsthelocal minimum
and does not guarantee that the value found is the global
maximum. Additionally, sinceit isasingleimputation replacing
only onevalue, the accuracy may be degraded when the missing
rate of the data is large. The multiple imputation (MI) [3]
method compensatesfor this shortcoming of singleimputation.
In MI, several imputed values are statistically analyzed and
used. MI worksunder missing at random (MAR) [4] conditions.
MICE is one of the MI agorithms. MICE performs statistical
modeling by creating several imputation sets of missing values
through simulation and derives values by averaging the
generated imputation sets. Like any other M1 algorithm, MICE
operates under the assumption of MAR, and execution under
the assumption that it is not MAR can lead to biased results.

Asresearch on machine learning becomes more active, machine
learning algorithms such as multilayer perceptron (MLP) [5,6],
k-nearest neighbor (KNN) [7,8], and decision tree (DT) [9-11]
have been used for imputation as alternatives to statistical
methods. Recently, generative models such as generative
adversarial networks[12,13] have been applied to missing value
problems asthey have shown significant performancein several
fields. Jerez et a [14] compared statistical programs and
machine learning methods to replace missing values in breast
cancer datasets. In their study, mean, hot deck [15,16], SAS
[17], Amelia [18], and MICE were used as the statistical
methods, and MLP, KNN, and self-organizing map [19] were
used as the machine learning methods.

https://publichealth.jmir.org/2021/10/€30824
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Objective

The objective of this study was to impute numeric data such as
physica data and laboratory data. Laboratory data and
physiological data are valuable data that directly represent the
patient's health condition, and these continuous values are
usually harder to predict than discrete ones, making them worth
studying. On the other hand, discrete data, such asthe diagnosis
reached by the physician, may not be appropriate to impute as
an external factor. Since the patient does not undergo all of the
tests, just the necessary tests, there is always a missing value
in the electronic medical record (EMR) data. Unlike the
universal tests performed on many patients, some tests are
performed on only some patients. Features corresponding to
these special tests are suitable for imputation because there are
many missing parts and they have a high potential advantage.

EMR data have characteristics that distinguish it from other
data, and our objectives are subdivided according to these
characteristics[20-23]. The most distinctive feature of EMR is
that there is a difference in the missing rate between features,
and this differencein missing ratesisan important consideration
for imputation. Therefore, our first detailed objective was to
impute rare features using general features.

Another characteristic of EMR is that there are far more
incomplete (or unlabel ed) data than complete (or labeled) data.
In fact, although most of the data have this property, medical
data are much more lethal because the process of obtaining
labelsis expensive and cumbersome. Existing methods can be
vulnerable in these circumstances, and the second aim of our
progressive method was to ameliorate these vulnerabilities.

To overcome this vulnerability, we adopted self-training, a
progressive method, in which self-training performs 2 processes
repeatedly: sdf-learning and pseudolabeling. Self-training
repeatsthe 2 processes using acomplete dataset called ateacher
and an incomplete dataset called a student. First, the teacher
model learns the teacher dataset, and then the teacher model
predicts the missing values of the student data. This step is
called pseudolabeling. Second, the valid pseudol abel ed student
dataare converted to teacher data. In the next iteration, the same
process is repeated with this new teacher, which is called
self-learning.

The most important part of the self-training process is how to
evaluate the validity of the pseudolabel. However, the actual
valueis unknown, which iswhy we cannot directly evaluateits
validity; thus, a new evaluation method is necessary. In the
classification problem, probability is used as an indicator, and
a simple example can be found through binary classification.
Suppose that amodel trained with labeled data predictsthat the
test set has a 96% probability of being negative and a 4%
probability of being positive. This result can be interpreted as
meaning the model is confident that the predicted class is
negative. Conversely, if the model predicted the test set has a
55% probability of being negative and a 45% probability of
being positive, the interpretation is unclear. In the former case,
it can be said that the test set belongs to the negative class, but
inthelatter case, it isdifficult to determine whether it is positive
or negative. In the case of self-training, the test set in the first
caseislabeled asanegative class and transferred to the teacher.
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Unfortunately, there is no such intuitive judgment factor in the
regression problem. Therefore, most studies related to
self-training are conducted mainly using classifications like
image net challenges[24]. Our final objectivewasto apply this
self-training to the regression problem.

Methods

In this section, we present an approach to semisupervised
learning for continuous EM R imputation. Our approach isbased

Gwon €t a

on a self-training paradigm, and we named it SQMI-R. Figure
1 shows afull overview of the proposed method. The numbers
in Figure 1 represent the sequence of the process, and each
sequence is explained in the following subsections. The
Self-Training Regression Imputation section describes number
1to number 6 of the process, and the Sampling Strategy section
considers number 4 in more detail. The Evaluation Metrics
section analyzes step number 6 in more detail, and the Multiple
Imputation section describes steps 6 through 9.

Figure 1. Architecture of the self-training process. MSE: mean squared error.

train Teacher K p— predict
o e Test
data
» K p— predict
If COUNT>=4 I p
impute
Random
C Samples
0
U Student COUNT +1
N
! o
COUNT -1

Self-Training Regression I mputation

SQMI-R uses 3 models to impute continuous values: 1, K, and
K’. First, we pseudolabel the missing values of the student
dataset with the imputation model | trained with the teacher
dataset. Then, 2 test modelsK and K’, called the tester, train 2
nearly similar datasets. K learns only from the teacher, and K’
learns data from both the teacher and samples of the
pseudol abeled student. In general, in the case of adding datato
an existing machine learning system, it can be said that if the
added data are valid, the performance of the model improves;
otherwise, the performance decreases. We used the properties
shown in Figure 2 to validate the imputed samples.

Thisprocessisbased on the assumption that valid dataimprove
the performance of the model. Based on these assumptions, the
imputed samples are added to the existing data and verified
based on performance improvements. The added amount of data
is too small compared to the existing data and has a minimal
performance impact. Both test models should be able to detect
even these small effects, and we used KNN as atester to satisfy

https://publichealth.jmir.org/2021/10/€30824

thisrequirement. KNN isuseful for detecting small differences
in the data as it always produces the same results for the same
data. The specia behavior of the KNN algorithm makes it
possibleto always derive the same value. KNN estimates|abels
from the average of the surrounding k data without a learning
process, which always produces the same results for the same
data. Algorithms such as MLP and RF require a learning
process, and randomnessintervenes, resulting in different results
for the same data. In this case, it is difficult to define whether
the difference in results is due to differences in the data or
randomness of the learning. Although KNN is not performing
as well as these machine learning models, the purpose of the
test model is to compare and verify the data, not accurately
predict it. Moreover, KNN has few parameters to process and
is intuitive to use. The loss function also has to be chosen
carefully for each purpose. Since there was no specific purpose
in this study, mean squared errors (MSES) that could be used
for al continuous value problems were adopted. If the purpose
isto learn a classifier, the process can be performed by using
cross-entropy as aloss function or by maximizing metrics such
as area under the curve or F1 scores.
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Figure 2. Validation of the imputed samples.
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Sampling Strategy

The most reliable way to examine pseudolabeled data is to
examine them one by one. Nevertheless, the reason for testing
multiple samples instead of testing them one by oneis related
to the characteristics of the KNN. KNN is calculated based on
the k-nearest data. Consider the case of testing only one sample
X. There may be cases where this x is far from al of the test
data. In this case, adding x to K’ does not affect the test result.
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When these cases increase, useless calculations increase, and
self-training does not work smoothly. If enough samples are
used at once, the validity of the pseudolabel will affect the
performance of the model, and accordingly, the validity of the
sample can be verified. In this experiment, we adopted 50
samples. After several tests, we selected the 50 that seemed to
be the most appropriate in terms of the trade-off between the
performance and time. The number of samplesis an important
parameter. In general, as the number of samples increases, the
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speed will increase, whereas the performance decreases.
Contrarily, if the number of samples decreases while the
performance improves, the time efficiency gets worse. Thus,
the number of samples should be chosen appropriately in the
trade-off of the relationship between the time and the
performance.

If the number of samples obtained from a single sampling has
been determined, how many samplings should be performed
during one iteration should be determined. In our strategy, if
the number of studentsis S and the number of samples drawn
at one time is N, sampling is done S/N times during one
iteration. Such a sampling strategy can, on average, examine
all data once during one iteration.

Evaluation Metrics

It isnecessary to think about the eval uation metrics when testing
the sample. Weimputed multiplefeatures, and the effectiveness
of the pseudolabel was evaluated by the M SE of the actual and
predicted values. This MSE is affected by the distribution of
the features. A feature with low density (ie, awide distribution
of data) has a structurally higher MSE in prediction than a
feature with a high density and a narrow distribution. Models
K and K’ test samples using the average MSE of all features.

Gwon €t a

If the density of the data determinesthe M SE, self-training will
work differently than we expected. In other words, self-training
will only work around features with widely distributed data to
reduce the overall error. This is because reducing errors from
data with a low density is more advantageous in reducing the
total errors than reducing the errors from data with a high
density. Due to the high data density, neglected features may
be less improved or worsened during the self-training process.

We can confirm this with practical medical records. The
collection of data and data preparation received Asan Medical
Center and Ulsan University Hospital institutional review board
approval with waived informed consent (AMCCV 2016-26
ver2.1) [25]. Figure 3 shows aboxplot of 2 features— chloride
and PT(INR). Notethat all featuresare min-max scaledin Figure
3. The data from PT(INR) are distributed over a small area.
Consider the case of predicting a value in the box of PT(INR).
Since the box itself is small, the prediction error is small, and
theresult looks accurate. On the contrary, chlorideisdistributed
over alarge area, and even if the predicted value is in the box,
the error will be relatively large. In this case, chloride has a
greater impact on the overall error. Asaresult, the self-training
process works toward improving chloride even further, even if
it worsens PT(INR).

Figure 3. (A) Chloride has alow density, and (B) PT(INR) has a high density. PT(INR): prothrombin time(international normalized ratio).
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Medical data have large differences in the data distributions
between features, and self-training is vulnerable to such
characteristics. The evaluation of the effectiveness of the
pseudolabel is based on the average MSE of the features.
However, evenly reducing the MSE of all featuresis away to
make a better dataset. Therefore, it is necessary to correct the
effect of the distribution. In this study, we presented acorrection
method using quantiles. The distribution of the dataiis estimated
using the interquartile range (IQR). IQR is the difference
between the third and first quartiles. If the data density is high,
the difference between the third and first quartileswill be small.
If the density issmall, the difference between the third and first
quartiles will be large. Let the third quartile of i-th feature be

q:° and the first quartile be g%, then the IQR of thei-th feature
can be defined asfollows:
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IQRi isdivided by MSE, which isinversely proportional to the
distribution of the data. We named it Q-M SE, and the definition

is asfollows:
E

In the case of using Q-M SE, if the Q-MSE of K’ issmaller than
the Q-MSE of K, it isassumed that the imputed value is valid.

Multiple Imputation

The method of evaluating multiple samples at once has a
vulnerability. Assume that data X1 are effectively
pseudolabeled. However, if X1 was sampled with invalid data,
it will degrade the performance of K’ inthetest. If this happens,
even though X1 should be ateacher, it will remain in the student

JMIR Public Health Surveill 2021 | val. 7 | iss. 10 |e30824 | p.91
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

due to bad luck. This time, we can think of a case in which
invalid data X2 are sampled with valid data. X2 and valid
samples will improve the performance of the model. In this
case, X2 is not valid, but it becomes a teacher. Since X2 is
invalid data, if it becomes a teacher, the performance of the
algorithm degrades. We present ways to prevent this
irrationality.

In the proposed method, students get a new imputed value at
eachiteration, and if the test passes, thisimputed valueis stored.
In the next iteration, it gets a new value and is tested again. If
the test passes again, the stored value is updated by averaging
the current value and the stored value. To manage this stored
value, we count the number of passes. If the test passes, we add
1 to the count of the data. If it failsthe test, the count decreases

Figure 4. Detailed steps within step 4.

Gwon €t a

by 1. Data that count as greater than the threshold become
teachers by replacing the missing value with this stored value.
Data with a zero count return the stored value to zero. Groups
containing X1 already have valid data, which is likely to
improve the performance of the model. Thus, X1 hasarelatively
high probability of passing the test while it belongs to several
samples, and it will go to the teacher by filling the count with
athreshold with arelatively high probability. Invalid data have
a high probability of dropping from the test, deducting 1 point
from the counter. In this way, it is possible to avoid making
choices by chance. In addition, the values verified from various
test data are integrated to make the performance stable.
According to this strategy, step 4 from the Self-Training
Regression Imputation section isdivided into the detailed steps
seen in Figure 4.

Require: 2D-array V and 1D-array C and threshold. In V, the validated imputed

values are stored by averaging, and in C, the number of times the validation is passed

is recorded. Arrays V and C are initialized to zero, and V[X] represents the average

value of verified ¥ corresponding to X.

4.1 Validate and update the values.
n

IF Y L0 f66K0) > Y L0 fGs K )

i=t+1
V[&] « (
Cl&] « C[R] +1
ELSE:

C[&] « C[&]-1

i=t+1

VIR]C[X]+¥) / (C[X]+1)

4.2 If C[x] is bigger than threshold, data (x, V[x]) are converted to complete data.
(Subsequent iterations do not use (x, V[x]) for validation sets.)

Setting the threshold of counts is a trade-off between
performance and the time required. If you set the threshold
higher, you will have to perform more tests and filter more
verified data. However, this requires too many iterations to
make it into the labeled data. In some cases, the performance
can become worse by reducing the number of incorporated data.
Onthe other hand, lowering the threshold shortensthetime and
increases the amount of data transferred to the labeled set, but
it does not guarantee the quality of the data. The lower the
threshold, the greater the influence of luck. As a result of
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conducting several tests, we found that approximately 4 counts
could obtain appropriately verified pseudolabeled data with
optimized periods of time. Thus, in this experiment, we use 4
for the threshold of the counts.

Algorithm 1 in Figure 5 shows the pseudocode of the SQMI-R.
Model(data) means that the model is trained with data. For
example, Tester(data) means that a Tester model was trained
using data. |.predict(data) means impute by predicting the
missing value of the datawith theimputing model 1. Data[index]
represents values corresponding to the index of the data.
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Figure5. Pseudocode of the SQMI-R.
Algorithm 1

Gwon €t a

Requirements T: teacher, S : student, iters : number of iterations,

Imp : imputation model, Ns : number of sample, Nt: number of test-set,

Inp : input features, Oup : outputfeatures

SQMI-R(T, §, Imp, Iters,Ns, Nt, Inp, oup):

C « zeros(length(S)), V < zeros(shape(S))

foriter «< 1 to Iters:

N_sampling < length(S)/Ns, I < Imp(T)

Test_T « sample(T,Nt), Train.T « T —Test. T

Imputed_S « I.predict(S)
forj <1 to N_sampling:

samples « sample(Imputed_S,Ns)

idx « S.where(samples)

K « Tester(Train_T), K' < Tester(Train_T + samples)
MSEy <« MSE(Test_T [Oup], K.predict(Test_T [Inp]))
MSEy, <« MSE( Test_T [Oup], K'.predict(Test_T [Inp]))

if MSEy, < MSEy :
Clidx] < Clidx] + 1

V[idx] « (C[idx]V[idx] + samples) /(C[idx] + 1)

else :
Clidx] « Clidx] — 1
END if
END for

zero_count_index = C.where(C <= 0)

full_count_index = C.where(C >=4)

V[zero_count_index] = 0

T = concat(T,V[full_count_index])

S.drop(full_count_index )
C.drop(full_count_index )
V.drop(full_count_index)

END for

S = IL.predict(S)

END Algorithm1

Results

Dataset

We validated our method with data from CardioNet [25], a
real-world EMR. The demographicinformation from CardioNet
appears in Table 1, and we selected 10,000 of the data points
astheteacher dataand 50,000 of the data points as student data.
A teacher dataset with 10,000 data points represents complete
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RenderX

data without missing values, and the 50,000 students contain
missing values. The actual values in the student dataset are
unknown and cannot be evaluated for imputation. For
evaluation, we used some of the known valuesfrom the students
as fake missing. A total of 93 features such as physical
information, laboratory tests, and the results of echocardiography
were used, and 77 of these were used as inputs to impute the
missing values of the remaining 16 targets: chloride, alkaline
phosphatase, protein, total CO,, glucose, uric acid, blood urea
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nitrogen, electronic absolute neutrophil count, phosphorus,
prothrombin time (PT-INR, PT-%, PT-sec), systolic blood
pressure, diastolic blood pressure, pulse rate, respiratory rate.
The missing rate of the features varied from 0.06% to 85.9%.
Table 2 shows the missing rate for each feature. The patterns

Gwon €t a

of missing data include MAR, missing completely at random,
and missing not at random [4]. The decision to perform a
medical test is usually determined by other observed
information. Therefore, the missing laboratory data are related
to the observed values, and the pattern is MAR.

Table 1. Demographic information from the CardioNet electronic medical record.

Variables Asan Medical Center (N=572,811)
Gender, n

Female 257,160

Male 315,651
Age (years), mean (SD) 56.32 (14.72)
Systolic blood pressure? (mm Hg), mean (SD) 123.06 (12.61)
Diastolic blood pressure® (mm Hg), mean (SD) 74.29 (7.94)
BMIP (kg/m?), mean (SD) 24.11 (3.50)
cv/cs™d encounter, n

0 250,160

1 68,037

2 78,406

=23 174,560
Echocardiography, n (%) 428,004 (74.71)
Pulmonary function, n (%) 265,817 (46.40)
Thallium SPECTE, n (%) 156,615 (27.34)
Treadmill, n (%) 68,203 (11.90)
CT' n (%) 79,064 (13.80)
Holter monitoring, n (%) 46,636 (8.14)
6-minute walk test, n (%) 8871 (1.54)
Cardiac rehabilitation, n (%) 1990 (0.34)
Pediatric echocardiography, n (%) 1720 (0.30)

8N=461,693.

PN=457,621.

¢cvICS: Cardiology or Cardiothoracic Surgery Department.
d571,163 total visits.

€SPECT: single photon emission computed tomography.
fer: computed tomography.
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Table 2. Missing rate and ratio of errors (obtained by dividing the result of 20 iterations by that of O iterations).

Feature Missing rate, % Normal-MSE? Q-MSE
Chloride 17.60 0.866 0.867
APP 1.00 0.917 0.910
Protein 0.06 0.839 0.837
Total CO, 2875 0.906 0.902
Glucose 71.38 0.844 0.844
Uric acid 53.11 0.872 0.865
BUNC 59.60 0.713 0.709
E_ANCH 74.80 1.007 0.993
PT(INR)® 0.10 0.962 0.968
PT (%) 17.71 0.988 0.982
Phosphorus 0.19 0.886 0.884
PT (sec) 27.98 0.950 0.954
P 71.38 0.983 0.975
DBPY 77.68 0.977 0.977
PR 59.00 0.994 0.993
RRI 85.86 1.005 0.993

3\ SE: mean squared error.

bAP: alkaline phosphatase.

®BUN: blood urea nitrogen.

dE_A NC: electronic absolute neutrophil count.

®PT(INR): prothrombin time(international normalized ratio).
fsBp: systolic blood pressure.

9DBP: diastolic blood pressure.

PPR: pulserate.

IRR: respiratory rate.

Experimentson the Effects of the Metric

We experimented on the 2 aforementioned metrics
(normal-M SE, Q-M SE) to confirm the change of self-training
according to the metric. All experiments were conducted based
on a situation where the missing rate was 20% and the number
of iterations was 20. Table 2 is the result of dividing the result
of 20 iterations by that of O iterations when each metric is
applied. This ratio indicates how the error decreases when the
process ends as compared to the starting point. The smaller ratio
valuesindicate better performance, with avalue of 1 indicating
that the process has no effect and values greater than 1 indicating
that the process is adversely affected. This ratio can be
influenced by the degree of ease of prediction, datadistribution,
and missing rate. We assumed that performance could be
affected by IQR, and Q-MSE was suggested to compensate.
The results are shown in Table 2. Q-M SE increased the error
rate in 3 features compared with normal-M SE but decreased it
in 11 features. In this experiment, we can confirm that the
assumptions we have set are correct and that the method we
have presented is al so effective. Furthermore, the results of this
experiment suggest that properly setting the evaluation metric

https://publichealth.jmir.org/2021/10/€30824

of the pseudolabel can improve the performance of the
imputation.

Comparison With Existing M ethods

The second experiment compared the performance of the
existing imputation method and SQMI-R by the missing rate.
The self-training iteration was fixed to 20 times, and the metric
was normal-M SE. After setting various missing rate situations,
we evaluated the performance of the methodsin each situation.
Then, some of the actual values of the student data missing in
the experiments were filled in. Finaly, the results of the
imputation were evaluated by M SE and the Pearson correlation
coefficient.

All experimentswere conducted in Python-3.6.9 environments,
and each a gorithm wasimplemented through the Python library.
We utilized sklearn-0.23.2 to implement the machine learning
models, RF and KNN, and MLPwasimplemented in keras-2.24.
The statistical methods, EM and MICE, were implemented
through impyute-0.0.8. All statistical analyses were performed
viascipy-1.5.2.
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Figure 7 presents the number of features best predicted by the
method. Looking at Figure 7, SQMI-R performed better than
other methods for most features in al stages. It showed the
lowest error in at least 9 and at most 11 features depending on
themissing rate. After SQMI-R, MICE had most of the features,
followed by RF and MLP.

Mean Squared Error

Figure 6 presents the MSE performance of the methods
according to the missing rate. As expected, the error increased
asthe missing rates increased. In the graph, the SQMI-R isthe
most robust for the increase in the missing rate. Accordingly,
the higher the missing rate, the more efficient the SQMI-R.

Figure6. Tota errorsfrom the methodsin each missing rate stage. EM: expectation-maximization; KNN: k-nearest neighbor; MICE: multipleimputations
by chained equations, MLP: multilayer perceptron; MSE: mean squared; RF: random forest.
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Figure 7. The number of features that the method predicted best in each missing rate stage: (A) 5%, (B) 10%, (C) 20%, (D) 30%, (E) 40%, (F) 50%.
MICE: multiple imputations by chained equations; MLP: multilayer perceptron; RF: random forest.
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To more accurately evaluate the differences between the
methods, we performed the Friedman test [26] on the most
powerful 3 agorithms: RF, MICE, SQMI-R. The Friedman test
is a nonparametric test that verifies the significance of
differences between N algorithms. The Friedman test is used
to detect differences between agorithms in multiple test
attempts. Columns (repeated tests attempts) rank rows
(algorithms) and analyze these ranks to detect differences

https://publichealth.jmir.org/2021/10/€30824
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between agorithms. If thereisasuperior algorithm, it will rank
high in most columns. The Friedman test requires results for
iterative experiments such as cross-validation. However, in this
study, both student data and teacher data are defined, making
this iterative experiment difficult. Therefore, instead of using
the results from iterative experiments, the rankings of multiple
features were compared. There is no difference between the
agorithmsunder the null hypothesis. Table 3 presentsthe results
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of the Friedman test at each step. The P values from the
Friedman tests were <.05 in al missing rate situations, and the
null hypothesis was rejected, which means that there is a
significant effect on the method in al steps. This result

Gwon €t a

demonstrates that SQMI-R is statistically superior to other
powerful algorithms, referring to other results that will be
presented later.

Table 3. Friedman test P values for self-training, multiple imputations by chained equations (MICE), and random forest.

Missing rate P value
5% .003
10% .005
20% .003
30% .02
40% .007
50% .02

Additionally, we conducted Wilcoxon signed-rank tests[27] to
verify that there are significant differences between mean
imputation and the 6 methods. The Wilcoxon signed rank test
is a nonparametric test method that determines whether the
medians of paired data are the same. The test calculates the
difference between paired data and then the signed rank of the
differenceto obtain the test statistic. In the null hypothesis, the
difference between 2 paired data forms a symmetrical
distribution around zero. In this study, we used the imputation
results for multivariate target features to determine significant
differences between each method and mean imputation. Table
4 presents the results of the Wilcoxon signed-rank test at each
step. For MLP, the P value was larger than .05 at most stages,
which meansthat this method isnot significantly different from
the mean imputation. Whether KNN and MICE reject the null

Table 4. P valuesfrom the Wilcoxon signed-rank test for mean imputation.

hypothesis depends on the missing rate, which means that in
some cases, there may be no difference from the mean
imputation. SQMI-R, RF, and EM showed the smallest possible
P values at al stages. In Figure 6, EM had a higher error
compared to mean imputation, and a small P value means that
EM isinferior to mean imputation for all features. The single
imputation EM isunstable when the missing rateislarge, which
is consistent with the experimental results. Only RF and
SQMI-R are methods superior to mean imputation for all
features in al situations. The comparison between these 2
models is meaningful as RF is used as the impute model in
SQMI-R. At 50%, as seen in Figure 6, SQMI-R improved by
about 12% when compared to RF. These results proved that
self-training could improve the performance of the imputation
model while preserving the statistical significance.

Missing rate MLP? RFP MICE® EMY KNNE SQMI-R
5% 86 <.001 .005 <001 463 <.001
10% 12 <.001 <.001 <.001 668 <.001
20% 07 <.001 375 <.001 013 <.001
30% .001 <.001 <.001 <.001 <.001 <.001
40% 06 <001 252 <001 <.001 <.001
50% 06 <.001 <.001 <.001 <.001 <.001

ML P: multilayer perceptron.

bRF: random forest.

°MICE: multiple imputations by chained equations.
dEm: expectation-maximization.

€K NN: k-nearest neighbor.

Pearson Correlation Coefficient

We calculated the Pearson correlation coefficient to evaluate
the imputation data in another way. We experimented with a
situation where the missing rates were 10%, 20%, 30%, 40%,
and 50%, and 32,302 data points were used. We used 7000 of
these as training data, and randomly created missing data for
the rest of the data and used them as test data. Subsequently,
the Pearson correl ation coefficient between the 25,302 imputed
test data pointsand the original datawas cal culated to represent

https://publichealth.jmir.org/2021/10/€30824

the correlation between 2 vectors. The Pearson correlation
coefficient has a value between +1 and —1, where +1 means a
strong positive linear correlation, 0 meansno linear correlation,
and —1 means a strong negative linear correlation. In this study,
the Pearson correlation coefficient was used as an indicator to
measure the degree of preservation of the data structures in the
imputed data. It ismoreimportant to preserve the datastructure
when replacing the missing values than simply reducing the
integrated error.
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As shown in Figure 8, the mean and variance of the Pearson
correlation coefficients was almost similar to the results of
Figure 6. As the missing rate increases, SQMI-R keeps the
Pearson correl ation coefficient higher than in the other methods.
At each point on the graph, the vertical line represents the

Gwon €t a

variance, whilethe SQMI-R hasthelowest variance. Thisresult
implies that SQMI-R is most strongly correlated with the
origina data, which has great significance in terms of data
utilization.

Figure 8. Pearson correlation efficient in various missing rate situations. KNN: k-nearest neighbor; MICE: multiple imputations by chained equations;

MLP: multilayer perceptron; RF: random forest.
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Discussion

In this study, we proposed multiple self-training regression
imputation methods. The proposed a gorithm used 3 models.
We named the complete data set the teacher and the data set
with missing values the student. The missing value of students
was predicted with imputation model |, and these predicted
values were then evaluated with test models K and K’. If this
prediction is determined to be valid, the student becomes a
teacher. The data remaining as a student until the end were
predicted and imputed by the final imputation model. The first
experimental result showed that the metric we presented,
Q-MSE, works better than norma-MSE. In the second
experimental result, it was confirmed that the self-training
imputation was statistically significantly superior to the existing
statistics and machine learning methods.
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Abstract

Background: The outbreak of COVID-19 in China occurred around the Chinese New Year (January 25, 2020), and infections
decreased continuously afterward. General adoption of preventive measures during the Chinese New Year period was crucia in
driving the decline. It isimperative to investigate preventive behaviors among Chinese university students, who could have spread
COVID-19 when travelling home during the Chinese New Year break.

Objective: In this study, we investigated levels of COVID-19-related personal measures undertaken during the 7-day Chinese
New Year holidays by university studentsin China, and associated COVID-19—elated cognitive factors.
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Methods: A cross-sectional anonymous web-based survey was conducted during the period from February 1 to 10, 2020. Data
from 23,863 students (from 26 universities, 16 cities, 13 provincial-level regions) about personal measures (frequent face-mask
wearing, frequent handwashing, frequent home staying, and an indicator that combined the 3 behaviors) were analyzed (overall
response rate 70%). Multilevel multiple logistic regression analysis was performed.

Results: Only 28.0% of respondents (6684/23,863) had left home for >4 hours, and 49.3% (11,757/23,863) had never left home
during the 7-day Chinese New Year period; 79.7% (19,026/23,863) always used face-masks in public areas. The frequency of
handwashing with soap was relatively low (6424/23,863, 26.9% for >5 times/day); 72.4% (17,282/23,863) had frequently
undertaken >2 of these 3 measures. COV1D-19-related cognitive factors (perceptions on modes of transmission, permanent bodily
damage, efficacy of personal or governmental preventive measures, nonavailability of vaccines and treatments) were significantly
associated with preventive measures. Associations with frequent face-mask wearing were stronger than those with frequent home
staying.

Conclusions:  University students had strong behavioral responses during the very early phase of the COVID-19 outbreak.
Levelsof personal prevention, especially frequent home staying and face-mask wearing, were high. Health promotion may modify
cognitive factors. Some structural factors (eg, socia distancing policy) might explain why the frequency of home staying was
higher than that of handwashing. Other populations might have behaved similarly; however, such data were not available to us.

(JMIR Public Health Surveill 2021;7(10):€26840) doi:10.2196/26840

KEYWORDS

COVID-19; health behavior; prevention; control; cognition; face mask; hand hygiene; interpersonal contacts; China; protection;
public health; behavior; infectious disease; cross-sectional; survey

Introduction

The World Health Organization (WHO) declared the COVID-19
outbreak a Public Health Emergency of International Concern
on January 30, 2020 and declared a pandemic on March 11,
2020 [1,2]. Globally, there were 177.9 million infections and
3.8 million deaths (June 22, 2021), respectively [3]. In China,
the outbreak coincided with the critical 7-day Chinese New
Year holidays (January 25 to February 1), during which billions
of trips were made across the country. On January 20, 2020,
the government announced evidence of human-to-human
transmission. Wuhan (the epicenter) was immediately locked
down, and subsequently, other cities were also locked down
[4]. Comprehensive control measureswere enacted (eg, testing,
guarantining, contact tracing, cancelling public events, closing
of public areas, extending Chinese New Year holidays, and
mandatory face-mask wearing [5,6]), and patients with
COVID-19 weretreated in more than 30 speedily built hospitals
by medical specialistsin different provinces across the country
[7]. Many countries soon used similar standard strategies to
combat COVID-19.

During the 7-day Chinese New Year period (January 25 to
February 1), which began only 5 days after the start of the
Wuhan lockdown (thus, during the very early phase of the
outbreak among university studentsin China), the daily number
of newly detected clinical or suspected COVID-19 infections
in China reached its peak (n=17,959) on February 12, 2020,
and then declined rapidly, to only 100 new infections on March
8 (ie, week 6 sincethe Wuhan lockdown) [8,9]. Thedaily figure
for indigenous confirmed cases reached zero on March 22, 2020
[9] and remained very low afterward [10]. Thus, the first wave
of the COVID-19 outbreak in mainland China had been
effectively controlled within 6 to 8 weeks. The use of preventive
behaviors might have led to the sharp decline. Worldwide,
amost all governments have implemented some testing and
socia distancing measures [11]; their effectiveness, however,

https://publichealth.jmir.org/2021/10/€26840

varied by country. Since March 2020, outbreaks have occurred
in every continent [3,12].

Effective control of severe acute respiratory syndrome (SARS)
outbreaks depended on community-level behavioral responses
(ie, general adoption of protective measures, such as face-mask
use, good hand hygiene, and social distancing [13,14]).
Unfortunately, strong public health messages (eg, theimportance
of urgent uptake of the aforementioned preventive measures)
throughout the COVID-19 pandemic have been blurred by
politics and have not always been well received by governments
and citizens in many countries. The identification of factors
associated with preventive behaviorsfacilitates heal th promotion
to improve preventive behaviors. Cognitive factors related to
SARS and influenza A (H1N1) of preventive measures during
such epidemic periods have been identified (eg, perceived risk
of SARSinfection) [13-19]. Similar factors have been identified
during the COVID-19 pandemic [20-22].

Therationale of this study wasto understand and document the
behavioral responses among university students during the very
early phase of the COVID-19 outbreak in China. During the
Chinese New Year (the peak travel season in China), university
students could have transmitted and spread the virus across the
country because of their travel during that time period. It is
essential to examine Chinese university students' behavioral
responses to understand why their travel movements did not
appear to cause COVID-19 outbreaks countrywide. Thereisa
dearth of such studies. Although generalization to the general
population isimpossible, thefindings are potentially illustrative
of what might have occurred in other populationsin China, and
thus, might to some extent provide some clues about how the
pandemic was controlled within ashort period of timein China.

We aimed to investigate the frequency with which 3 key
preventive  measures—face-mask  wearing,  frequent
handwashing, and frequent home staying—were practiced, as
well as related cognitive factors among university students
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across mainland China during the critical 7-day Chinese New
Year period.

Methods

Study Design

A cross-sectional anonymousweb-based survey was conducted
during the period from February 1 to 10, 2020. At the time of
the study, there were a total of 1272 universities in China.
Convenience sampling was used to select the same faculties
(medicine, arts, science, engineering, social science, and others)
from 26 universities (16 cities in 13 out of 32 provinces,
municipalities, or autonomous regions); altogether, selected
faculties contained 36,560 students, who were invited through
WeChat to complete an anonymous web-based questionnaire,
which included an informed consent statement (invitations per
university: median 1165, IQR 2271). Methodological details
have been previously described in other papers based on the
same data set [23,24].

A total of 25,647 participantsreturned completed questionnaires.
Theoverall responserate was 70.2% (25,647/36,560). The mean
response rate for cities was 70% (SD 17%), with 12 of the 16
cities having response rates >60%, while the average response
rate for the 26 universities was 68.4%. Of 25,647 completed
guestionnaires, 1784 were excluded (due to failure to pass the
built-in consistency checks: n=1197; respondents were
diagnosed with COVD-19: n=47; respondentswere quarantined
due to COVID-19 exposure: n=515; respondents had been
outside mainland China during the 7-day Chinese New Year
period: n=25); therefore, the effective sample size for analysis
was 23,863 (93.0%). Ethics approval was obtained from the
Chinese University of Hong Kong.

M easures

Background Information

Background information about sociodemographic characteristics,
school, where respondents were |ocated at the time of the survey
(ie, staying in their universities' cities or with the family),
self-perceived physical health status, living arrangements during
the 7-day Chinese New Year holidays (ie, whether staying in
their universities cities and whether staying with their family
from January 25 to February 1, 2020), and the lockdown status
of the community where they were located at the time of the
survey.

Dependent Variables

We assessed the frequency of uptake of various preventive
measures during the period from January 25 to February 1, 2020
(ie, the 7-day Chinese New Year holidays). Frequency of
face-mask wearing was assessed with the question: “Have you
worn a mask when going out, no matter whether you have
symptoms or not?’ Respondents answered using a scale from
1 (definitely no) to 5 (definitely yes), which was recoded into
1 (definitely yes) and O (other responses). Daily frequency of
handwashing with water, soap, or disinfectant was assessed,
with 0to 2, 3to 5, 6 to 10, 11 to 15, >15 times as response
options; responses were then categorized as frequent (>10) or
less frequent (0-10). Frequency of home staying was assessed,

https://publichealth.jmir.org/2021/10/€26840
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with 0 to 4 hours or >4 hours at home during the 7-day of the
Chinese New Year asresponse options; responses were recoded
into 1 (frequent) and O (less frequent). In addition, we used a
composite Preventive Measure Indicator—the number of
abovementioned measures that were frequently used—which
was recoded into abinary variable: low (0 or 1 frequently used
preventive measures) or high (2 or 3 frequently used preventive
measures).

I ndependent Variables

We assessed a set of cognitive variables. Perceived Probable
Transmission Mode Indicator (the number of appropriate
answers about transmission by droplets, touching infected
persons, and touching contaminated objects), which ranged
from 0 to 3; perceived asymptomatic transmission knowledge
(yes or no/don’'t know); perceived severity of COVID-19 (ig,
“Whether COVID-19 would easily cause permanent bodily
damage?’), with responses 0 (disagree/don’t know) or 1 (agree);
perceived risk of contracting COVID-19 in the upcoming year
for oneself, family members, and peers, with responses 1
(extremely high/high) or O (other); Perceived Risk Indicator
(the number of responses equal to 1), which ranged from 0 to
3; perceived nonavailability of effective vaccines, with responses
1 (agree) or 0 (else); and perceived nonavailability of effective
vaccine-specific treatment for COVID-19, with responses 1
(agree) or O (else).

An Efficacy of Persona Preventive Measure Indicator was
obtained by summing 5 scores (frequent face-mask wearing in
public areas, frequent handwashing with water, frequent
handwashing with soap or disinfectant, household sterilization,
and avoiding going to crowded places), where scores less than
15 (Oth to 26.4th percentile) were low, scores from 16 to 18
(26.4th to 58.4th percentile) were medium, and scores equal to
19 or 20 (58.4th to 100th percentile) were high. The Efficacy
of Governmental Preventive Measure Indicator was obtained
by summing 6 measures (cancellation of public events,
lockdown of Wuhan, closing public venues such as restaurants
and cinemas, home staying, primary school to university class
suspension, and mandatory face-mask wearing in public areas),
where scores less than 20 (27.4th percentile) were low, scores
from 21 to 23 (27.4th -51.4th percentile) were medium, and a
score of 24 (51.4th to100th percentile) was high.

Statistical Analysis

Pooled proportions were estimated using meta-analysis
techniques that consider random-effects and inverse variance
weighting (universities were the pooling units) [25]. Simple
(univariate) logistic regression was performed to examine the
crude association between background variables and dependent
variables. Significant background variables (P<.05) were
potential confounders of associations between cognitive
variables and dependent variables and were adjusted for in
subsequent multivariablelogistic regression analysis. Multilevel
logistic regression models with random effects, adjusted for
background variables, were fit separately for the 4 preventive
measure—dependent variables (with university asthefirst level).
Summary modelsincluded all independent variables. Adjusted
odds ratios (OR) with 95% confidence intervals are reported.
SPSS dtatistical software (version 25; IBM Corp) and R software
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(version 3.5.2; the R Project) were used. Significance was 93.5% were staying with their family (22,304/23,863), 70.6%

defined as a P value <.05. were in communities under lockdown, and 79.4%
(18,937/23,863) salf-reported good or very good physical health
Results status (Table 1).

Background Characteristics

At the time of the survey, 53.4% of the participants
(12,747/23,863) werelocated in the same city astheir university,

Table 1. Background variable descriptive statistics.
Variables Respondents (n=23,863), n (crude %) Pooled % (95% CI)

Sociodemogr aphics

Gender
Male 7605 (31.9) 29.8(26.2, 33.4)
Female 16,258 (68.1) 70.2 (66.6, 73.8)
Grade
First year 9017 (37.8) 36.8 (23.7, 49.9)
Second year 6425 (26.9) 27.5(21.6, 33.3)
Third year 5061 (21.2) 21.0(13.7, 28.3)
Fourth year 2281 (9.6) 7.3(6.2,8.4)
Fifth year 542 (2.3) 0.8(0.5, 1.1)
Master or above 537 (2.3 1.0(0.6, 1.3
Major
Medicine 10,850 (45.5) 345(27.9,41.2)
Arts 4232 (17.7) 22.3(18.1, 26.4)
Science 3901 (16.4) 15.1 (11.6, 18.6)
Engineering 1809 (7.6) 8.8 (7.0, 10.5)
Social science 846 (3.6) 4.1 (3.2,5.0)
Other 2225 (9.3) 8.5 (6.6, 10.5)

Living arrangement during Chinese New Year

Staying in the same city astheir university

No 11,116 (46.6) 48.1 (42.3,53.8)

Yes 12,747 (53.4) 51.9 (46.2, 57.7)
Staying with family

No 1559 (6.5) 5.6 (4.7, 6.5)

Yes 22,304 (93.5) 94.4 (935, 95.3)

Self-reported physical health status

M oderate/poor/very poor 4926 (20.6) 22.5(20.4, 24.7)

Good/very good 18,937 (79.4) 77.5(75.3, 79.6)
L ocal entry and exit control (ie, lockdown)

No 7081 (29.4) 34.1(27.2, 40.9)

Yes 16,845 (70.6) 65.9 (59.1, 72.8)

Preventive M easures During the Chinese New Year face-mask users); only 7.7% (1842/23,863) had never used face

) masks during the Chinese New Year (744/1842, 40.4% of whom
Period had not left home). Approximately three-quarters (72.0%) went
The majority of respondents (19,026/23,863, 79.7%) always out for <4 hours per day (0 hours: 11,757/23,863, 49.3%; 1-4
used face maskswhen going out without flu symptoms (frequent  hours:  5422/23,863, 22.7%) during the 7-day period.
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Approximately three-quarters (17,439/23,863, 73.1%) washed
their hands with soap or disinfectant for O to 5 times per day,
28.6% (6836/23,863) washed their hands with soap or
disinfectant O to 2 times per day, and 43.7% (10,440/23,863)

Lauetd

washed hands with either water or soap or disinfectant >10
times per day. Of the 23,863 respondents, 44.7%
(10,675/23,863) and 27.7% (6607/23,863) had frequently taken
up 2 and 3 key preventive measures, respectively (Table 2).

Table 2. Descriptive statistics for behavioral variables related to COVID-19 among university students in China.

Variables

Respondents (n=23,863), n (crude %) Pooled % (95% ClI)

Frequent face-mask wearing when went out
Not definitely yes
Definitely yes

Freguent handwashing (frequencies of washing either soap or water)

0-10 times/day
>10 times/day

4837 (20.3) 16.7 (13.7, 19.8)
19,026 (79.7) 83.3(80.2, 86.3)
13,423 (56.3) 55.6 (52.9, 58.2)
10,440 (43.7) 44.4 (41.8, 47.1)

Freguent home staying (total number of hourswent out during the 7-day Chinese New Year period)

>4 hours
1-4 hours
Never went out
Preventive M easure I ndicator?
0-1
2-3

6684 (28.0) 27.5(25.1, 29.8)
5422 (22.7) 25.0(23.4, 26.7)
11,757 (49.3) 46.9 (43.6, 50.2)
6581 (27.6) 25.2(21.8, 28.5)
17,282 (72.4) 74.8 (715, 78.2)

#The Preventive Measure I ndicator counted the number of the frequently used preventive measures (ie, frequent face-mask wearing, frequent handwashing,

and frequent home staying.

COVID-19-Rédated Cognitions

A majority (21,991/23,863, 92.2%) indicated =2 of the 3 key
modes of transmission (dropl ets, touching infected persons, and
touching contaminated surfaces) and perceived possibility of
asymptomatic transmission (19,549/23,863, 81.9%). Less than
20% (3238/23,863, 13.6%) believed that there was a high risk

https://publichealth.jmir.org/2021/10/€26840

of themselves, their family members, or their peers contracting
thevirus; 35.7% (8523/23,863) perceived that COVID-19 would
easily cause permanent bodily damage. Approximately 70.0%
(18,281/23,863 and 15,015/23,863, respectively) perceived
effective vaccines and specific treatments for COVID-19 were
not available, and persona and governmental preventive
measures were perceived to be highly effective (Table 3).

JMIR Public Health Surveill 2021 | vol. 7 | iss. 10 [€26840 | p.105
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

Lauetd

Table 3. Descriptive statistics for cognitive variables related to COVID-19 among university studentsin China.

Variables

Respondents (n=23,863), n (crude %) Pooled % (95% ClI)

Transmission-related variables

Perceived Probable Transmission Mode Indicator (number of appropriate answers)

0
1
2
3
Per ceived asymptomatic transmission
No or don’'t know
Yes
Perceived severity
Permanent bodily damage
Disagree/don’t know
Agree
Perceived risk
Per ceived Risk I ndicator
0
1
2
3
Medical preparedness
Per celved nonavailability of vaccines
Disagree or don't know
Agree
Per ceived nonavailability of specific treatment
Disagree or don't know
Agree
Per ceived efficacy
Efficacy of Personal Preventive Measure I ndicator
<15 (<26.4th percentile)
16-18 (26.4th to 58.4th percentile)
19-20 (>58.4th percentile)
Efficacy of Governmental Preventive Measure I ndicator
< 20 (<27.4th percentile)
21-23 (27.4th to 51.4th percentile)
24 (>51.4th percentile)

292 (1.2) 0.9 (0.6, 1.2)

1580 (6.6) 6.2(5.2,7.1)

6171 (25.9) 26.3(24.1, 28.6)
15,820 (66.3) 66.3 (63.5, 69.1)
4314 (18.1) 16.6 (13.7, 19.6)
19,549 (81.9) 83.4 (80.4, 86.3)
15,340 (64.3) 66.4 (64.6, 68.2)
8523 (35.7) 33.6 (31.8, 35.4)
18,779 (78.7) 77.4(75.2, 79.6)
1846 (7.7) 8.0 (7.0, 8.9)

1707 (7.2) 7.2(6.2,8.2)

1531 (6.4) 6.6 (5.8, 7.4)

5582 (23.4) 19.9 (16.4, 23.4)
18,281 (76.6) 80.1 (76.6, 83.6)
8848 (37.1) 34.5(31.3, 37.9)
15,015 (62.9) 65.5 (62.2, 68.7)
6298 (26.4) 24.4(22.4, 26.4)
7646 (32.0) 33.4 (315, 35.2)
9919 (41.6) 41.8(39.0, 44.5)
6528 (27.4) 25.4(23.1,27.7)
5729 (24.0) 25.2(22.9, 27.4)
11,606 (48.6) 49.2 (45.3, 53.1)

Background Factors

Female university students were more likely than male
university students to have frequently used more preventive
measures (univariate OR 1.40). University year, major, staying
with family, staying in the same city as their university,
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self-reported physical health, and lockdown were associated
with some or al of the 4 dependent variables (Table 4);
subsequent analyses were adjusted for these background
variablesasthey were potential confounders of the associations
between the cognitive factors and preventive behaviors.
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Table 4. Univariate associations (crude odds ratios) between the background variables (sociodemographics, living arrangement during the Chinese

New Year, self-perceived health, and local lockdowns) and preventive measures among university studentsin China (n=23,863).

Independent variables

Dependent variable, univariate odds ratio (95% CI)

Frequent face-mask wearing  Frequent handwashing ~ Frequent home staying ~ Preventive measure indicator
Sociodemographic
Gender
Mae 1.00 1.00 1.00 1.00
Female 1.68 (1.48-1.91)*** 1.15 (1.06-1.26)** 1.10 (1.04-1.15)*** 1.40 (1.31-1.52)***
Grade
First year 1.00 1.00 1.00 1.00
Second year 1.12 (1.00-1.25) 1.07 (0.99-1.15) 0.95 (0.88-1.04) 1.05 (0.97-1.15)
Third year 1.15 (1.04-1.28)** 1.13(1.01-1.26)* 0.97 (0.90-1.05) 1.12 (1.00-1.25)
Fourth year 1.15 (1.01-1.30)* 1.11 (0.97-1.26) 0.94 (0.86-1.04) 1.01 (0.01-1.11)
Fifth year 1.33 (0.96-1.85) 1.19 (1.05-1.34)** 0.77 (0.66-0.91)** 1.10 (0.80-1.51)
Master or above 1.45 (1.03-2.06)* 1.35 (1.26-1.45)*** 0.79 (0.71-0.88)*** 1.19 (0.96-1.47)
Major
Medicine 1.00 1.00 1.00 1.00
Arts 1.00 (0.89-1.13) 1.00 (0.93-1.06) 1.04 (0.94-1.14) 1.04 (0.97-1.12)
Science 0.73 (0.66-0.81)*** 0.96 (0.90-1.02) 0.91 (0.85-0.98)* 0.82 (0.75-0.90)***
Engineering 0.76 (0.69-0.84)*** 0.85 (0.77-0.94)** 0.93(0.83-1.05) 0.80 (0.70-0.92)**
Social science 0.88(0.73-1.05) 0.84 (0.75-0.94)** 0.82 (0.69-0.98)* 0.77 (0.63-0.94)**

Other

0.99 (0.89-1.10)

Living arrangement during the Chinese New Year

Staying in the same city astheir university

0.99 (0.92-1.07)

1.00 (0.88-1.14)

0.97 (0.89-1.06)

No 1.00 1.00 1.00 1.00
Yes 0.93 (0.87-0.98)* 0.93 (0.87-0.99)* 0.77 (0.73-0.83)*** 0.82 (0.76-0.87)***
Staying with the family
No 1.00 1.00 1.00 1.00
Yes 1.26 (1.10-1.45)** 0.72 (0.65-0.81)*** 0.77 (0.65-0.92)** 0.91 (0.77-1.07)
Self-per ceived physical health status
Moderate/poor/very poor  1.00 1.00 1.00 1.00
Good/very good 1.42 (1.33-1.51)*** 1.34 (1.27-1.42)*** 1.30 (1.23-1.38)*** 1.48 (1.36-1.61)***
L ocal lockdown (entry/exit control)
No 1.00 1.00 1.00 1.00
Yes 0.93 (0.81-1.06) 1.00 (0.92-1.09) 1.21 (1.14-1.28)*** 1.06 (0.97-1.15)
*P<.05.
**P<.01.
**%P<,001.

Adjusted Associations Between Cognitive Factorsand
Preventive M easures

face-mask wearing (adjusted OR 1.54, 95% CI 1.34-1.76) and
more frequently used preventive measures (adjusted OR 1.27,
95% Cl 1.18-1.36). Perceived permanent bodily damage was

Perceived knowledge about probable modes of transmissionof  mildly associated with frequent face-mask wearing (adjusted
COVID-19 was significantly associated with the number of OR 1.24, 95% Cl 1.14-1.35), frequent handwashing (adjusted
frequently used preventive measures (adjusted OR ranged from  OR 1.07, 95% Cl 1.02-1.12), and the number of frequently used
2.50 to 3.06) and freguent face-mask wearing (adjusted OR  preventive measures (adjusted OR 1.17, 95% CI 1.11-1.22), but
ranged from 4.32 to 6.25) (Table5). Perceived knowledgeabout  was not associated with frequent home staying (adjusted OR
asymptomatic transmission was associated with frequent 1.02, 95% CI 0.96-1.08). Perceived risks of infection was
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associated with less preventive behaviors (adjusted OR ranged
from 0.76 to 0.83).

Perceived nonavailability of vaccines or specific treatmentswas
significantly and mildly associated with frequent face-mask
wearing (adjusted OR 1.43 and 1.27, respectively) and number
of frequently used preventive measures (adjusted OR 1.18 and
1.15, respectively). Perceived efficacy of the personal measures
was strongly associated with frequent face-mask wearing
(adjusted OR ranged from 1.86 to 3.51) and number of
frequently used preventive measures (adjusted OR ranged from

https://publichealth.jmir.org/2021/10/€26840
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1.44 to 2.08), and mildly with frequent handwashing (adjusted
OR ranged from 1.07 to 1.33) and frequent home staying
(adjusted OR ranged from 1.05 to 1.14). Perceived efficacy of
governmental measures was similarly associated with the 4
dependent variables.

A summary logistic regression model, which contained all the
independent variables and was adjusted for background variables
(potential confounders), exhibited largely similar results
(Multimedia Appendix 1).
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Table 5. Adjusted associations between cognitive factors and preventive measures among university students in China (n=23,863).

Independent variables

Frequent face-mask wearing  Frequent handwashing  Freguent home staying Preventive measure indicator

Dependent variables, adjusted odds ratio? (95% Cl)

Transmission-related variables

Per ceived Probable Transmission M ode Indicator (No. of appropriate answers)

0 1.00
1 4,32 (2.81-6.65)***
2 5.31 (3.31-8.54)***
3 6.25 (3.77-10.36)***

Per ceived asymptomatic transmission
No/don’'t know 1.00
Yes 1.54 (1.34-1.76)***
Per ceived severity

Permanent bodily damage

Disagree/don’t know 1.00
Agree 1.24 (1.14-1.35)***
Perceived risk

Perceived Risk Indicator

0 1.00
1 0.81 (0.74-0.90)***
2 0.78 (0.71-0.85)***
3 0.82 (0.63-1.06)

Medical preparedness
Per ceived nonavailability of vaccines
Disagree/don’t know 1.00
Agree 1.43 (1.32-1.54)***
Per ceived nonavailability of specific treatment
Disagree/don’t know 1.00
Agree 1.27 (1.18-1.36)***
Per ceived efficacy of preventive measures

Efficacy of Personal Preventive Measure Indicator

<15 (26.4 percentile) 1.00
16-18 (58.4 percentile) 1.86 (1.62-2.14)***
19-20 (100 percentile) 3.51 (3.06-4.02)***

Efficacy of Governmental Preventive Measure | ndicator

<20 (27.4 percentile) 1.00
21-23 (514 percentile) ~ 2.07 (1.82-2.36)***
24 (100 percentile) 4.05 (3.58-4.58)***

1.00
0.89 (0.68-1.17)
0.89 (0.74-1.07)
1.01 (0.84-1.21)

1.00
1.03 (0.98-1.09)

1.00
1.07 (1.02-1.12)*

1.00
0.95 (0.91-1.00)*
0.90 (0.78-1.03)
0.94 (0.86-1.03)

1.00
1.05 (1.00-1.10)

1.00
1.00 (0.94-1.05)

1.00
1.07 (1.01-1.14)*
1.33 (1.25-1.43)***

1.00
1.10 (1.03-1.18)**
1.28 (1.22-1.35)***

1.00

1.25 (0.92-1.69)
1.27 (0.91-1.79)
1.33 (0.96-1.83)

1.00
1.08 (1.00-1.18)

1.00
1.02 (0.96-1.08)

1.00

0.84 (0.75-0.95)**
0.80 (0.71-0.92)**
0.76 (0.67-0.87)***

1.00
1.00 (0.92-1.07)

1.00
1.02 (0.97-1.08)

1.00
1.05 (0.99-1.12)
1.14 (1.08-1.21)***

1.00
1.04 (0.97-1.12)
1.17 (1.11-1.22)***

1.00
2.50 (2.00-3.12)***
2.62 (2.03-3.38)***
3.06 (2.35-3.98)***

1.00
1.27 (1.18-1.36)***

1.00
117 (1.12-1.22)***

1.00
0.83 (0.73-0.94)**

0.76 (0.68-0.85)***
0.76 (0.67-0.86)***

1.00
1.18 (1.10-1.28)***

1.00
1.15 (1.09-1.21)***

1.00
1.44 (1.33-1.55)***
2.08 (1.93-2.23)***

1.00
1.15 (1.35-1.65)***
2.23 (2.10-2.36)*++

3adjusted for gender, grade, major, living arrangement during Chinese New Year, self-perceived physical health status, and local entry and exit control.

*P<.05.
**p< 01
***P< 001.
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Discussion

We found that some preventive behaviors, especially socia
distancing (staying at home) and face-mask use, were frequently
practiced by the majority of university student respondents
during the 7-day Chinese New Year holiday week. Cognitive
factors—perceived knowledge about probable modes of
transmission and perceived knowledge about asymptomatic
transmission, perceived permanent bodily damage, perceived
nonavailability of vaccines or specific treatment, perceived
efficacy of the personal measures, and perceived efficacy of
governmental measures—were associated with practicing the
3 preventive behaviors. Unexpectedly, perceived risks of
infection was associated with less preventive behaviors.

One of the key findings was the amount that people remained
home during the 7-day Chinese New Year holiday period. The
time frame for investigating preventive behaviors in the very
early phase of the COVID-19 outbreak in Chinawas set during
the holiday period (which was 2-9 days into the Wuhan
lockdown). This holiday period is typically filled with travel,
celebrations, dining, gatherings, open markets, and mutual
family visits, which would have entailed a very high risk of
COVID-19 transmission and spread across provinces via
university students when they traveled home. Such risks,
however, seem to have been mitigated—the majority of
university students stayed home all or most of the time and
frequently wore face masks in public areas. As the responses
from quarantined individual swere excluded from the study and
there was, then, no penalty for going out, most home staying
was likely to be voluntary, although possibly based on
governmental advice. Frequent home staying was not used to
control SARS and H1N1,; the massive scale of voluntary home
staying is unprecedented. Consistent face-mask wearing was
much higher than the 61.2% to 64.3% recorded during the SARS
period in Hong Kong [26,27]. Neither social norms nor
governmental policy about the use of face masks existed during
the initial period of the COVID-19 outbreak in China, which
suggeststhat, to some extent, spontaneous behavioral responses
to practice COVID-19 preventive measures might have
commonly occurred among university students nationwide, as
31 of the 32 provincial-level regionsin Chinawere represented
by respondents. The potential spontaneity isremarkable asonly
alow number of 381 newly confirmed infections were detected
outside Hubei province (where Wuhan is located) on February
10 [28]. It is notable that good knowledge about the key
transmission modes and high perceived efficacies of personal
and governmental measures in preventing COVID-19 were
significantly associated with the number of frequently used
preventive measures (all P<.001), indicating that it is potentially
important to disseminate information to increase
COVID-19elated knowledge to promote positive behavioral
responses.

The findings further suggest that health education about
transmission via fomites is required, as the level of washing
hands with soap or disinfectants was much lower than that of
mask-wearing. The frequency of handwashing could be
improved, as 73.1% (17,439/23,863) had only washed their
hands with soap or disinfectant for O to 5 times per day,
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compared to 91.4% of the Hong Kong general public had
washed hands for >6 times per day to prevent HIN1 [15].
Handwashing was widely publicized during the SARS period
in Hong Kong [29]. Interestingly, handwashing was less
practiced than home staying and face-mask wearing, possibly
because handwashing is a privately performed behavior while
home staying and face-mask wearing are visible behaviors that
protect both the doer and other people. Handwashing might be
less subjected to social norms and controls.

Corroborating literature with respect to knowledge about
COVID-19, perceived permanent bodily damages (severity)
[30], perceived nonavailability of vaccines or specific treatments
[31], perceived efficacy of personal measures, and perceived
efficacy of governmental measures [32] were associated with
practicing preventive measures frequently. Unexpectedly, high
perceived risk of infection was mildly associated with fewer
preventive behaviors. As the use of preventive measures may
reduce perceived risk, cross-sectional studies have often reported
similar negative associations (eg, association between condom
use and lower perceived risk of contracting HIV [33]). It is
interesting that cognitive factors exhibited stronger associations
with frequent face-mask wearing than frequent home staying.
Itisplausiblethat because some governmental social distancing
measures (eg, lockdown, extended holidays, suspending events,
and closing venues) had removed reasons to go out and the
government encouraged staying at home (eg, for personal safety,
to beagood citizen, and to contribute to controlling the national
pandemic), home staying may hence be influenced less by
individual-level cognitive factors than face-mask wearing and
more so by structural policy factors and interpersonal norm
factors. Such a contention needs to be confirmed in the future.
If true, global public health workers may need to pay more
attention to the structural and interpersonal factorsin controlling
the COVID-19 pandemic.

It is noteworthy that 70% of the respondents (16,845/23,863)
reported some entry and exit restrictions in their communities.
It is possible that social distancing policies had aready been
implemented in many parts of China very soon after the
COVID-19 outbreak. Other studies [34-36] have also reported
high levels of preventive behaviors in different populations in
China (eg, general population, factory workers, and teachers)
from February to May 2020. We specul ate that the nation started
responding to COVID-19 shortly after theinitial outbreak. This
study hasthus documented active positive behavioral responses
to COVID-19in oneimportant population of university students
in China, while socia distancing and face-mask use remain
controversial even now, due to potential infringement on
personal freedoms, in many countries [37-40].

The study has some limitations. Although it included
respondents from universitiesin 16 cities in 13 provinces, this
still did represent truly national coverage. Selection bias may
exist, as classes and departments were not randomly selected.
We were unable to include universities in Hubei Province, the
epicenter. The sample only included university students and
cannot be generalized to other populations. The subsample sizes
of the participating universities varied; the weighted data were
very similar to the observed frequencies. The uptake of
preventive measures was sel f-reported and refined measurement
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was not allowed (eg, the exact amount of time spent outside the
home). We did not cover important interpersonal factors (eg,
subjective norms and social support), which are associated with
many health-related behaviors [41]. The cross-sectional study
design does not alow for causal inferences. In addition,
information bias might exist dueto recall and social desirability.

The sample of university students in China demonstrated very
strong behavioral prevention responses, especially home staying
(social distancing) and face mask use, during the initial phase
of the COVID-19 outbreak in China. Such preventive behaviors
may have averted subsequent outbreaks that could have arisen
from alarge volume of nationwide travel by university students
during Chinese New Year holidays. Potential determinants of

Lauetd

education, given the findings of this study, should be provided
to university students through social media in the very early
phase of outbreaks of future pandemics. The strong behavioral
responses that were observed might be, to some extent,
spontaneous and may indicate the importance of structural
factors (eg, strong governmental policies, mobilization, and
social capital). Although there were substantial hardshipsduring
the early phase of the pandemic, the entire country remained
supportive, united, orderly, and harmonious—altruism and
patriotism appeared to be wide-spread [42]. Good social capital
(eg, trust in the government and mutual help) might have played
an important role in initiating the positive responses among
university students. Further studies are warranted to understand
therolesof social capital in controlling the spread of COVID-19

the preventive behaviors were identified. Prompt health infections in and outside China.
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Abstract

Background: Basic studies suggest that statins as add-on therapy may benefit patients with COVID-19; however, real-world
evidence of such abeneficial association is lacking.

Objective: Weinvestigated differencesin SARS-CoV-2 test positivity and clinical outcomes of COVID-19 (composite endpoint:
admission to intensive care unit, invasive ventilation, or death) between statin users and nonusers.

Methods: Two independent population-based cohorts were analyzed, and we investigated the differences in SARS-CoV-2 test
positivity and severe clinical outcomes of COVID-19, such as admission to the intensive care unit, invasive ventilation, or death,
between statin users and nonusers. One group comprised an unmatched cohort of 214,207 patients who underwent SARS-CoV-2
testing from the Global Research Collaboration Project (GRCP)-COVID cohort, and the other group comprised an unmatched
cohort of 74,866 patients who underwent SARS-CoV-2 testing from the National Health Insurance Service (NHIS)-COVID
cohort.

Results: The GRCP-COVID cohort with propensity score matching had 29,701 statin users and 29,701 matched nonusers. The
SARS-CoV-2 test positivity rate was not associated with statin use (statin users, 2.82% [837/29,701]; nonusers, 2.65% [787/29,701];
adjusted relative risk [aRR] 0.97; 95% CI 0.88-1.07). Among patients with confirmed COVID-19 in the GRCP-COV D cohort,
804 were statin users and 1573 were matched nonusers. Statin users were associated with a decreased likelihood of severeclinical
outcomes (statin users, 3.98% [32/804]; nonusers, 5.40% [85/1573]; aRR 0.62; 95% Cl 0.41-0.91) and length of hospital stay
(statin users, 23.8 days; nonusers, 26.3 days, adjusted mean difference —2.87; 95% CI —5.68 to —0.93) than nonusers. The results
of the NHIS-COVID cohort were similar to the primary results of the GRCP-COVID cohort.
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Conclusions: Our findingsindicatethat prior statin useisrelated to a decreased risk of worsening clinical outcomes of COVID-19
and length of hospital stay but not to that of SARS-CoV-2 infection.

(JMIR Public Health Surveill 2021;7(10):€29379) doi:10.2196/29379

KEYWORDS

COVID-19; statin; susceptibility; severe clinical outcomes; length of hospital stay

Introduction

COVID-19 is caused by SARS-CoV-2, and started in Wuhan,
China. The World Health Organization (WHO) declared
COVID-19 a pandemic on March 12, 2020 [1,2]. In Korea, the
first COVID-19 patient was diagnosed on January 20, 2020.
During the period from January 1, 2020, to May 31, 2020, the
number of daily confirmed COVID-19 caseswas|essthan 2000
and the cumulative number of COVID-19 cases was 11,468
with 270 deaths [3,4]. During this pandemic phase, efficient
strategies for triage and therapeutics are crucial dueto the high
number of patients with SARS-CoV-2 infection, and the
relatively limited facilities and medical resources [1,2]. The
effective treatment of patientswith COVID-19 has still not been
established. Previous studies have suggested potential
therapeutic candidates, including antimalarial drugs [5],
antivirals such as lopinavir and ritonavir in combination [6],
remdesivir [7], previous bacillus Camette-Guérin (BCG)
vaccination [8], famotidine[9], and immunogl obulin-containing
serafrom convalescent patientswith COVID-19[10]. However,
antimalarial drugs and the lopinavir—ritonavir combination
proved ineffective in clinical trias [5,6], and previous studies
on BCG vaccination, famotidine, and
immunoglobulin-containing sera had small sample sizes and
preliminary study designs[8-10]. Remdesivir improved clinical
outcomes in patients with COVID-19, but it is not readily
available [7].

In this context, statins are inexpensive and easily available
therapeutic agents, and their multiple pharmacologic
mechanismsinclude anti-inflammation, antioxidation, inhibition
of the angiotensin-converting enzyme 2 (ACE2) pathway, and
lowering bodily lipid levels [11]. Statins are recommended for
the primary prevention of cardiovascular diseases according to
the American College of Cardiology/American Heart
Association guidelines [12], and a recent retrospective cohort
study has reported on their protective roles in preventing both
all-cause mortality and cardiovascul ar-related mortality in the
elderly [13]. The pleiotropic effects of statin on
anti-inflammation and immune modulation, in addition to their
inhibition of viral entry via ACE2, indicate the potential
beneficial effectsof statinson patientswith COVID-19[11,14].
In line with this, a recent study on patients with COVID-19
presented a negative association between statin use and risks
of all-cause mortality [15]; however, the study was limited by
therelatively small study population and the potential selection
bias due to the unconcerned variablesincluding lifestyle factors
such as obesity, smoking, and alcohol consumption.

We hypothesized that prior statin use could either decrease the
risksof COVID-19 or of severeclinical outcomesof COVID-19
(ie, death, admission to the intensive care unit, and invasive

https://publichealth.jmir.org/2021/10/€29379

ventilation). Through 2 independent nationwide cohort studies
on Korean patients, with propensity score matching, we
investigated the potential association of previous statin use with
the likelihood of a positive SARS-CoV-2 test result (viral
infectivity) in all patientswho underwent the test. Furthermore,
we aimed to clarify the difference in clinical outcomes of
patientswith laboratory-confirmed SARS-CoV-2 infection who
were and who were not administered statins.

Methods

Study Design

Two independent cohorts were analyzed: the Global Research
Collaboration Project on COVID-19 (GRCP-COVID) cohort
[16,17] and the National Health Insurance Service-COVID-19
(NHIS-COVID) cohort. The study protocol was approved by
the Institutional Review Board of Seong University
(SJU-HR-E-2020-003). The requirement for written informed
consent was waived by the ethics committee due to the urgent
medical needs during the COVID-19 pandemic.

GRCP-COVID Cohort (Claims-Based Cohort)

During the COVID-19 pandemic, the Korean Government
shared thefirst nationwide claims-based database consisting of
all people who were tested for SARS-CoV-2 in South Korea.
This high-quality, large-scale nationwide cohort included all
peoplewho tested through medical or Korea Centersfor Disease
Control referrals (excluding self-referral) in South Korea via
services facilitated by the Health Insurance Review and
Assessment Service of Korea, the Korea Centers for Disease
Control and Prevention, and the Ministry of Health and Welfare,
Republic of Korea [16,18,19]. This cohort study has the
following characteristics: (1) The Korean Government provided
obligatory and complimentary medical health insurance for all
patientswith COVID-19; (2) therefore, this database hasrecords
of personal data, health care records of inpatients and outpatients
for 3 years before the first SARS-CoV-2 test (including health
care visits, prescriptions, diagnoses, and procedures),
pharmaceutical visits, COVID-19-associated outcomes, and
death records; and (3) all claim-based data were anonymousto
maintain patient confidentiality with the Ministry of Health and
Welfare and the Korean Government.

We identified all patients older than 20 years who underwent
testsfor SARS-CoV-2 infection in South Korea between January
1, 2020, and May 15, 2020 (n=214,207). Asthe pathophysiology
of COVID-19 differs between children and adults, we excluded
pediatric patients from the analysis [20]. The positive
SARS-CoV-2 test results were based on rea-time reverse
transcriptase-polymerase chain reaction assays of nasal or
pharyngeal swabs, following the WHO guidelines[8]. For each
identified patient who was tested for SARS-CoV-2 infection,
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the cohort entry data (individual index data) included the date
of the first SARS-CoV-2 test. Health care records of inpatients
and outpatients between January 1, 2017, and May 15, 2020,
were combined, and personal data on the age, sex, and region
of residence were extracted from the insurance eligibility data.

A history of diabetes mellitus, cardiovascular disease,
cerebrovascular disease, chronic obstructive pulmonary disease
(COPD), hypertension, or chronic kidney disease wasidentified
in at least two claims of inpatients or outpatients, or both, within
1 year using the appropriate International Classification of
Disease 10th revision (ICD-10) codes [16,18]. The Charlson
Comorbidity Index score was calculated using |CD-10 codes,
as reported previously [21]. Use of medication (aspirin,
metformin, and systemic glucocorticoids) was defined astaking
any of these medications at 1-30 days before the index data.
Demographics such as age, sex, and region of residence were
obtained from the insurance eligibility data. The region of
residence was classified as either urban (Seoul, Sejong, Busan,
Incheon, Daegu, Gwangju, Daegjeon, and Ulsan) or rura
(Gyeonggi, Gangwon, Gyeongsangbuk, Gyeongsangnam,
Chungcheongbuk, Chungcheongnam, Jeollabuk, Jeollanam,
and Jgju) [22].

NHIS-COVID-19 Cohort (I nterview-Based Cohort)

Data were from individuals aged 20 years or older who
underwent a SARS-CoV-2 test through a medical or Korea
Centers for Disease Control referral (excluding self-referral)
between January 1, 2020, and May 31, 2020, or through a
general health examination between January 1, 2019, and
December 31, 2019, as registered by the National Heath
Insurance Service of Korea (n=74,866).

Baseline information was obtained for each individual at the
time of the general health examination. A history of diabetes
mellitus, stroke, or cardiovascular disease; previous use of
medication for hypertension, diabetes mellitus, or cardiovascular
disease; smoking habit; physical activity; and frequency of
alcohol consumption were obtained via self-reported
guestionnaires [21]. Body massindex and blood pressure were
measured; data on serum glucose, creatinine, total cholesterol,
low-density  lipoprotein-cholesterol, and  high-density
lipoprotein-cholesterol were obtained from fasting blood
samples[21].

Exposure

Weidentified al lipophilic (atorvastatin, smvastatin, fluvastatin,
lovastatin, and cerivastatin) and hydrophilic (rosuvastatin and
pravastatin) statins, prescribed within 1 year before the index
data[23]. Statin userswere defined as patientswho took statins
1-30 days before the index data. Patients who received statins
31-365 days before theindex datawere excluded [24]. Nonusers
were defined as patients who did not take statins 1-365 days
before the index data.

Outcomes

The primary outcomewas alaboratory-confirmed SARS-CoV-2
positivity, among all patients who were tested. The secondary
outcomes were severe outcomes of COVID-19 [25], consisting
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of intensive care unit admission, invasive ventilation, or death,
among patients who tested positive for SARS-CoV-2.

Statistical Analysis

In the GRCP-COVID cohort, we performed each propensity
score matching twice to compare SARS-CoV-2 test positivity
(primary outcome) with severe clinical outcomes of patients
with COVID-19 (secondary outcome), to minimize potential
confounding factors and balance the baseline covariates of the
2 groups. First, we assessed the predicted probability of statin
users versus nonusers among patients who underwent the
SARS-CoV-2 test (n=214,207) using al ogistic regression model
with adjustment for potential confounding factors by age; sex;
region of residence (rural or urban); a history of diabetes
mellitus, cardiovascular disease, cerebrovascular disease, COPD,
hypertension, or chronic kidney disease; Charlson Comorbidity
Index (0, 1, or =2); use of aspirin, metformin, or systemic
glucocorticoids. Second, we assessed the predicted probability
of statin users versus nonusers among patients who tested
positive for SARS-CoV-2 (n=7566) with the aforementioned
adjustments for potential confounding factors. We performed
thematchinginthe2 groupsinal:1or 1:2 ratio using a“greedy
nearest-neighbor” agorithm among all individuals who
underwent the SARS-CoV-2 test and among those who tested
positivefor SARS-CoV-2, respectively, using random selection
without replacement within caliper widths of 0.01 SDs.

In the NHIS-COVID cohort, we performed each propensity
score matching twice, using the same methods as those used
for the GRCP-COVID cohort, with adjustment for potential
confounding factors by age (20-59, 60-69, and =70 years); sex;
region of residence; a history of diabetes mellitus, stroke,
cardiovascular disease; Charl son Comorbidity Index; body mass
index (<25, 25-30, and =30 kg/m?); systolic blood pressure
(continuous); diastolic blood pressure (continuous); fasting
blood glucose (continuous); serumtotal cholesterol (continuous);
serum low-density lipoprotein-cholesterol (continuous); serum
high-density lipoprotein-cholesterol (continuous); estimated
glomerular filtration rate (normal, mildly decreased, and
moderately to severely decreased); household income (low,
middle, and high); smoking status (never smoker, ex-smoker,
and current smoker); frequency of alcohol consumption (<1,
1-2, 3-4, 5-6, and 7 times per week); physical activity (0, 1-2,
34, 56, and 7 sessions per week); and medication for
hypertension, diabetes mellitus, or cardiovascular disease.

Adequate propensity score matching was confirmed by
comparing propensity score densities (Multimedia Appendix
1) and standardized mean differences (SMDs) [23]. This
approach assessed by SMDsis more meaningful than assessing
P valuesfromt tests[21,23]. Statistical analyseswere performed
using SAS version 9.4 (SAS Ingtitute Inc.) and R software
version 3.1.1 (R Foundation). Two-sided P values <.05 were
considered statistically significant.

Main Analysis

The “exposure” considered the current use of statin, and the
“primary endpoint” was the positive test results for

SARS-CoV-2 among al patients who were tested for
SARS-CoV-2. The*" secondary endpoint” wasthe severeclinical
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outcomes and the length of hospital stay among patients with
laboratory-confirmed COVID-19. Data were analyzed using
modified Poisson regression models, and adjusted relative risks
(aRRs) with 95% Cls for the 2 groups in each propensity
score-matched cohort were estimated after adjusting for
potential covariates.

Leeetd

Results

Unmatched GRCP-COVID Cohort

Among patients who underwent SARS-CoV-2 testing
(n=214,207), weidentified 178,897 nonusers and 35,310 statin
users in the full unmatched cohort (Table 1 and Figure 1 and
Multimedia Appendix 1). Among patients with
laboratory-confirmed COVID-19 (n=7566), weidentified 6547

nonusers and 1019 statin usersin the full unmatched cohort.

Table 1. Baseline characteristics of al patients who were tested for SARS-CoV-2 infection and of those with laboratory-confirmed SARS-CoV-2
infection in the GRCP-COVID cohort (South Korea; January 1 to May 15, 2020).

Characteristic Patients tested for SARS-CoV-2 infection Patients with laboratory-confirmed SARS-CoV-
(n=214,207) 2 infection (n=7566)
Nonusers of statin Usersof statin Nonusers of statin Users of statin

Total, n (%) 178,897 (83.52) 35,310 (16.48) 6547 (86.53) 1019 (13.47)
Agein years, mean (SD) 46.0 (19.0) 67.6 (13.6) 43,5 (17.8) 65.5 (13.7)
Sex, n (%)

Male 84,477 (47.22) 17,004 (48.16) 2996 (45.76) 490 (48.09)

Female 94,420 (52.78) 18,306 (51.84) 3551 (54.24) 529 (51.91)
Region of residence, n (%)

Rural 79,786 (44.60) 14,216 (40.26) 2492 (38.06) 423 (41.51)

Urban 99,111 (55.40) 21,094 (59.74) 4055 (61.94) 506 (58.49)
History of cardiovascular disease, n (%) 15,969 (8.93) 14,339 (40.61) 448 (6.84) 343 (33.66)
History of cerebrovascular disease, n (%) 10,745 (6.01) 9582 (27.14) 304 (4.64) 250 (24.53)
History of diabetes mellitus, n (%) 17,949 (10.03) 17,293 (48.97) 559 (8.54) 472 (46.32)
History of chronic obstructive pulmonary disease, 12,106 (6.77) 5511 (15.61) 368 (5.62) 137 (13.44)
n (%)
History of hypertension, n (%) 35,166 (19.66) 26,694 (75.60) 1083 (16.54) 729 (71.54)
History of chronic kidney disease, n (%) 7856 (4.39) 6190 (17.53) 372 (5.68) 172 (16.88)
Charlson Comor bidity Index, n (%)

0 116,359 (65.04) 3915 (11.09) 4557 (69.60) 129 (12.66)

1 20,728 (11.59) 4418 (12.51) 717 (10.95) 157 (15.41)

22 41,810 (23.37) 26,977 (76.40) 1273 (19.44) 733 (71.93)
Use of medication, n (%)

Aspirin 5502 (3.08) 9066 (25.68) 112 (1.71) 243 (23.85)

Metformin 7090 (3.96) 10,664 (30.20) 210(3.21) 322 (31.60)

Systemic glucocorticoids 64,441 (36.02) 14,149 (40.07) 2085 (31.85) 390 (38.27)

3GRCP: Globa Research Collaboration Project.
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Figure 1. Graphical depiction of patient enrollment in the GRCP-COVID cohort (South Korea; January 1 to May 15, 2020). GRCP: Global Research

Collaboration Project.
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After propensity score matching among patients who underwent
SARS-CoV-2 testing, we found there were no major imbalances
in the baseline covariates between the 2 groups assessed by
SMD (Table2; SMD all <0.1). Among all patients, weidentified
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29,701 statin users (mean age 67.5 [SD 15.0] years; men,
50.39% [14,966/29,701]) and matched nonusers (mean age,
66.1 [SD 13.8] years, men, 48.89% [14,522/29,701]) in the
propensity score-matched cohort. The SARS-CoV-2 test
positivity rate was 2.82% (837/29,701) and 2.65% (787/29,701;
fully aRR 0.97; 95% Cl 0.88-1.07) for statin usersand nonusers,
respectively (Figure 2).
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Table 2. Propensity score-matched baseline characteristics, positive SARS-CoV-2 infection test results, and statin usein all patients who were tested

for SARS-CoV-2 infection in the GRCPA-COVID cohort (n=59,402; South Korea; January 1 to May 15, 2020).

b

Characteristic Nonusers of statin (n=29,701) Users of statin (n=29,701)  Standardized mean difference
Age, years (SD) 67.5 (15.0) 66.1 (13.8) 0.094
Sex, n (%) 0.030
Male 14,966 (50.39) 14,522 (48.89)
Female 14,735 (49.61) 15,179 (51.11)
Region of residence, n (%) 0.005
Rura 12,095 (40.72) 12,031 (40.51)
Urban 17,606 (59.28) 17,670 (59.49)
History of cardiovascular disease, n (%) 10,079 (33.93) 10,660 (35.89) 0.049
History of cerebrovascular disease, n (%) 6988 (23.53) 7210 (24.28) 0.021
History of diabetes mellitus, n (%) 12,176 (41.00) 12,597 (42.41) 0.034
History of chronic obstructive pulmonary disease, 4733 (15.94) 4557 (15.34) 0.019
n (%)
History of hypertension, n (%) 22,250 (74.91) 21,180 (71.31) 0.087
History of chronic kidney disease, n (%) 4613 (15.53) 4705 (15.84) 0.010
Charlson Comor bidity Index, n (%) 0.015
0 4664 (15.70) 3859 (12.99)
1 4526 (15.24) 4322 (14.55)
>2 20,511 (69.06) 21,520 (72.46)
Use of medication, n (%)
Aspirin 4865 (16.38) 5738 (19.32) 0.076
Metformin 5835 (19.65) 6938 (23.36) 0.090
Systemic glucocorticoids 11,923 (40.14) 11,923 (40.14) <0.001
COVID-19, n (%)% 787 (2.65) 837 (2.82)

3GRCP: Globa Research Collaboration Project.

bA standardized mean difference (SMD) below 0.1 indicates no major imbalance. All SMD values were less than 0.1 in the propensity score-matched

cohort.

“Minimally adjusted relative risk (95% Cl): 1.04 (0.94-1.14), P=.43; risk factors were adjusted for age and sex.

dFuIIy adjusted relative risk (95% CI): 0.97 (0.88-1.07), P=.55; risk factors were adjusted for age; sex; region of residence (rural or urban); history of
diabetes mellitus, cardiovascular disease, cerebrovascular disease, chronic obstructive pulmonary disease, hypertension, or chronic kidney disease;
Charlson Comorbidity Index (0, 1, or =2); and use of aspirin, metformin, or systemic glucocorticoid.
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Figure 2. Propensity score-matched association of statin use with (1) positive SARS-CoV-2 test result among patients who underwent SARS-CoV-2
testing (primary outcome), and (2) severe clinical outcomes of COVID-19 among patients who tested positive for SARS-CoV-2 (secondary outcome)
in the GPCR-COVID cohort and in the NHIS-COVID cohort (South Korea). Significant values are in bold. GRCP: Global Research Collaboration

Project; NHIS: National Health Insurance Service.
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Use of statin (fully adjusted) = GPCR-COVID 59402  0.97 (0.88 to 1.07)
Use of statin (minimally adjusted) N NHIS-COVID 28,888 1.00 (0.88 to 1.14)
Use of statin (fully adjusted) —®—  NHIS-COVID 28,888  1.01(0.891to 1.15)
Severe clinical outcomes of COVID-19
Use of statin (minimally adjusted) GPCR-COVID 2377 0.64 (0.39 to 0.99)
Use of statin (fully adjusted) GPCR-COVID 2377  0.62 (0.41 to 0.91)
Use of statin (minimally adjusted) —~ NHIS-COVID 6015 0.44 (0.22 to 0.87)
Use of statin (fully adjusted) - NHIS-COVID 615 0.44 (0.21 to 0.89)
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GRCP-COVID Cohort

After propensity score matching among patients who tested
positive for SARS-CoV-2, we found there were no major
imbalances in the baseline covariates between the 2 groups
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assessed by SMD (Table 3; SMD all <0.1). Among the patients
with laboratory-confirmed COVID-19, the severe clinical
outcomes were 3.98% (32/804) and 5.40% (85/1573) for statin
usersand nonusers, respectively (Figure 2; fully aRR 0.62; 95%
Cl 0.41-0.91). Moreover, statin users were hospitalized for an
average of 23.8 days compared with 26.3 days for nonusers
(adjusted mean difference —2.87; 95% CI —5.68 to —0.93).
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Table 3. Propensity score-matched baseline characteristics and the composite endpoint with statin use among patients with laboratory-confirmed
SARS-CoV-2 infection in the GRCPACOVID cohort (n=2377; South Korea; January 1 to May 15, 2020).

b

Characteristic Nonusers of statin (n=1573)  Users of statin (n=804) Standardized mean difference
Age, years (SD) 63.6 (15.7) 63.7 (13.9) 0.003
Sex, n (%) 0.009
Male 745 (47.4) 377 (46.9)
Female 828 (52.6) 427 (53.1)
Region of residence, n (%) 0.006
Rural 647 (41.1) 333 (41.4)
Urban 926 (58.9) 471 (58.6)
History of cardiovascular disease, n (%) 410 (26.1) 229 (28.5) 0.054
History of cerebrovascular disease, n (%) 259 (16.5) 163 (20.3) 0.098
History of diabetes mellitus, n (%) 501 (31.8) 294 (36.6) 0.100
History of chronic obstructive pulmonary disease, n 198 (12.6) 103 (12.8) 0.008
(%)
History of hypertension, n (%) 957 (60.8) 525 (65.3) 0.093
History of chronic kidney disease, n (%) 263 (16.7) 133 (16.5) 0.006
Charlson Comor bidity Index, n (%) 0.099
0 489 (31.1) 122 (15.2)
1 203 (12.9) 142 (17.7)
>2 881 (56.0) 540 (67.2)
Use of medication, n (%)
Aspirin 105 (6.7) 75(9.3) 0.099
Metformin 194 (12.3) 123 (15.3) 0.087
Systemic glucocorticoids 622 (39.5) 305 (37.9) 0.034
Severe outcomes of COVID-19%%€, n (%) 85 (5.4)9 32(4.0)9
Length of stay for patientsin hospital (days), mean 26 3 (15,7)9 23.8(14.2)9

(sD)f

8GRCP: Globa Research Collaboration Project.

bA standardized mean difference (SMD) below 0.1 indicates no major imbalance. All SMD values were less than 0.1 in the propensity score-matched

cohort.

CSevere outcomes of COVID-19 consisted of admission to the intensive care unit, invasive ventilation, or death.
dMinimal ly adjusted relative risk (95% Cl): 0.64 (0.40 to 0.96), P=.04; risk factors were adjusted for age and sex.

€Fully adjusted relative risk (95% Cl): 0.62 (0.41 to 0.91), P=.02; risk factors were adjusted for age; sex; region of residence (rural or urban); histories
of diabetes mellitus, cardiovascular disease, cerebrovascular disease, chronic obstructive pulmonary disease, hypertension, or chronic kidney disease;
and Charlson Comorbidity Index (0, 1, or =2); and use of aspirin, metformin, or systemic glucocorticoid.

MThe fully adjusted mean difference (95% Cl) was —2.87 (-5.68 to —0.93). Risk factors were adjusted for age and sex.

Istatistically significant differences (P<.05).

Unmatched NHIS-COVID Cohort

Among patients who underwent SARS-CoV-2 testing
(n=74,866), we identified 57,416 nonusers and 17,450 statin
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users in the full unmatched cohort (Table 4 and Figure 3 and
Multimedia Appendix 1). Among patients with
|aboratory-confirmed COVID-19 (n=2666), weidentified 2105
nonusers and 561 statin usersin the full unmatched cohort.
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Table 4. Baseline characteristics of all patients who were tested for SARS-CoV-2 infection and of those with laboratory-confirmed SARS-CoV-2
infection in the NHIS:COV D cohort (South Korea; January 1 to May 31, 2020).

Characteristics

Patients tested for SARS-CoV-2 infection

Patients with laboratory-confirmed SARS-CoV-

(n=74,866) 2 infection (n=2666)
Users of statin Nonusers of statin Users of statin Nonusers of statin

Total, n (%) 57,416 (76.69) 17,450 (23.3) 2105 (79.0) 561 (21.0)
Age (years), n (%)

20-59 38,120 (66.39) 4443 (25.46) 1401 (66.56) 169 (30.12)

60-69 7987 (13.91) 4721 (27.05) 422 (20.05) 187 (33.33)

=70 11,309 (19.70) 8286 (47.48) 282 (13.40) 205 (36.54)
Sex, n (%)

Male 28,092 (48.93) 8289 (47.50) 770 (36.58) 202 (36.01)

Female 29,324 (51.07) 9161 (52.50) 1335 (63.42) 359 (63.99)
Region of residence, n (%)

Rural 20,892 (36.39) 6385 (36.59) 216 (10.26) 39 (6.95)

Urban 36,524 (63.61) 11,065 (63.41) 1889 (89.74) 522 (93.05)
History of diabetes mellitus, n (%) 3603 (6.28) 5227 (29.95) 103 (4.89) 169 (30.12)
History of stroke, n (%) 694 (1.21) 881 (5.05) 13 (0.62) 22(3.92)
History of cardiovascular disease, n (%) 1215 (2.12) 2531 (14.50) 25(1.19) 52 (9.27)
Charlson Comor bidity Index, n (%)

0 37,320 (65.00) 1939 (11.11) 1201 (57.05) 56 (9.98)

1 6660 (11.60) 2181 (12.50) 362 (17.20) 100 (17.83)

=2 13,436 (23.40) 13,330 (76.39) 542 (25.75) 405 (72.19)
BMI (kg/m?), n (%)

<25 38,976 (67.88) 9467 (54.25) 1427 (67.79) 309 (55.08)

25-30 15,524 (27.04) 6652 (38.12) 587 (27.89) 223 (39.75)

>30 2916 (5.08) 1331 (7.63) 91 (4.32) 29 (5.17)
Systolic blood pressure (mmHg), mean (SD) 121.4 (15.2) 128.2 (15.5) 120.4 (15.2) 127.6 (15.4)
Diastolic blood pressure (mmHg), mean (SD) 74.9 (10.1) 76.8 (10.2) 74.4(10.1) 77.0(10.1)
Fasting blood glucose (mg/dL), mean (SD) 98.6 (24.7) 112.8 (37.4) 98.5 (25.6) 112.7 (33.5)
Serum total cholesterol (mg/dL), mean (SD) 191.5(37.1) 182.4 (50.0) 195.3 (35.7) 188.3 (46.5)
Serum low-density lipoprotein cholesterol 110.8 (33.0) 101.5 (45.5) 115.3(31.5) 106.6 (42.0)
(mg/dL), mean (SD)
Serum high-density lipoprotein cholesterol 56.9 (18.8) 53.5(16.5) 57.9 (27.3) 56.5 (38.4)
(mg/dL), mean (SD)
Estimated glomerular filtration rate
(mL/min/1.73m), n (%)

Normal (=90) 29,258 (51.96) 5693 (32.62) 1066 (50.64) 216 (38.50)

Mildly decreased (60-89) 24,714 (43.04) 8962 (51.36) 958 (45.51) 289 (51.52)

Moderately to severely decreased (<59) 3444 (6.00) 2795 (16.02) 81 (3.85) 56 (9.98)
Household income, n (%)

Low (Oth-39th percentile) 15,480 (27.96) 4771 (27.34) 784 (37.24) 185 (32.98)

Middle (40th-79th percentile) 21,313 (37.12) 5227 (29.95) 685 (32.54) 178 (31.73)

High (80th-100th percentile) 20,623 (35.92) 7452 (42.70) 636 (30.21) 198 (35.29)

Smoking, n (%)
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Characteristics Patients tested for SARS-CoV-2 infection Patients with laboratory-confirmed SARS-CoV-
(n=74,866) 2 infection (n=2666)
Users of statin Nonusers of statin Users of statin Nonusers of statin
Never smoker 37,145 (64.69) 11,270 (64.58) 1681 (79.86) 419 (74.69)
Ex-smoker 9278 (16.16) 3708 (21.25) 280 (13.30) 101 (18.00)
Current smoker 10,993 (19.15) 2472 (14.17) 144 (6.84) 41 (7.31)
Alcoholic drinks per week, n (%)
<1 32,184 (56.05) 12,667 (72.59) 1472 (69.93) 423 (75.40)
1-2 18,048 (31.43) 3152 (18.06) 489 (23.23) 94 (16.76)
34 4981 (8.68) 1021 (5.85) 103 (4.89) 32 (5.70)
>5 2203 (3.84) 610 (3.50) 41 (1.95) 12 (2.14)

Physical activity sessions per week, n (%)

0 29,958 (52.18) 10,061 (57.66) 1154 (54.82) 331 (59.00)
1-2 14,079 (24.52) 2943 (16.87) 469 (22.28) 86 (15.33)
34 7563 (13.17) 2301 (13.19) 286 (13.59) 73(13.01)
56 3846 (6.70) 1253 (7.18) 141 (6.70) 39 (6.95)

7 1970 (3.43) 892 (5.11) 55 (2.61) 32 (5.70)

Use of medication, n (%)

Medication for hypertension, n (%) 9074 (15.80) 8939 (51.23) 266 (12.64) 263 (46.88)
Medication for diabetes mellitus, n (%) 3328 (5.80) 4989 (28.59) 93 (4.42) 159 (28.34)
Medication for cardiovascular disease, n (%) 1028 (1.79) 2400 (13.75) 18 (0.86) 52 (9.27)

3NHIS: National Health Insurance Service.
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Figure 3. Graphical depiction of patient enrollment in the NHIS-COVID cohort (South Korea; January 1 to May 31, 2020). NHIS: National Health
Insurance Service.
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Table 5. Propensity score-matched baseline characteristics, positive SARS-CoV-2 infection test results, and statin usein all patients who were tested
for SARS-CoV-2 infection in the NHIS:COVID cohort (n=28,888; South Korea; January 1 to May 31, 2020).

b

Characteristic Nonusers of statins Users of statins Standardized mean difference
Total, n 14,444 14,444
Age (years), n (%) 0.099
20-59 4524 (31.32) 4479 (31.01)
60-69 2938 (20.34) 3505 (24.27)
>70 6982 (48.34) 6460 (44.72)
Sex, n (%) 0.019
Male 7107 (49.20) 6967 (48.23)
Female 7337 (50.80) 7477 (51.77)
Region of residence, n (%) 0.009
Rura 5341 (36.98) 5277 (36.53)
Urban 9103 (63.02) 9167 (63.47)
History of diabetes mellitus, n (%) 3002 (20.78) 3434 (23.77) 0.082
History of stroke, n (%) 537 (3.72) 580 (4.02) 0.017
History of cardiovascular disease, n (%) 1013 (7.01) 1367 (9.46) 0.089
Charlson Comor bidity Index, n (%) 0.049
0 2549 (17.65) 1341 (9.28)
1 1524 (10.55) 1879 (13.01)
>2 10,371 (71.80) 11,224 (77.71)
Body massindex (kg/m?), n (%) 0.049
<25 7966 (55.15) 8154 (56.45)
25-30 5167 (35.77) 5331 (36.91)
>30 1311 (9.08) 959 (6.64)
Systolic blood pressure (mmHg), mean (SD) 128.5 (16.0) 127.3 (15.3) 0.082
Diastolic blood pressure (mmHg), mean (SD) 77.4(10.4) 76.6 (10.1) 0.075
Fasting blood glucose (mg/dL), mean (SD) 109.5 (38.2) 109.9 (34.2) 0.013
Serum total cholesterol (mg/dL), mean (SD) 189.7 (38.9) 186.0 (50.9) 0.083
Serum low-density lipoprotein cholesterol (mg/dL), 108.4 (33.5) 105.0 (46.7) 0.088
mean (SD)
Serum high-density lipoprotein cholesterol (mg/dL), 53.5 (15.5) 54.0 (17.0) 0.025
mean (SD)
Estimated glomerular filtration rate 0.018
(ML/min/1.73m?), n (%)
Normal (=90) 5214 (36.10) 5018 (34.74)
Mildly decreased (60-89) 6976 (48.30) 7468 (51.70)
Moderately to severely decreased (<59) 2254 (15.61) 1958 (13.56)
Household income, n (%) 0.005
Low (Oth-39th percentile) 3802 (26.32) 4002 (27.71)
Middle (40th-79th percentile) 4688 (32.46) 4368 (30.24)
High (80th-100th percentile) 5954 (41.22) 6074 (42.05)
Smoking, n (%) 0.007
Never smoker 9319 (64.52) 9250 (64.04)
Ex-smoker 2845 (19.70) 3058 (21.17)
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b

Characteristic Nonusers of statins Users of statins Standardized mean difference
Current smoker 2280 (15.79) 2136 (14.79)
Alcohalic drinks per week, n (%) 0.002
<1 10,174 (70.44) 10,192 (70.56)
1-2 2817 (19.50) 2794 (19.34)
34 909 (6.29) 918 (6.36)
>5 544 (3.77) 540 (3.74)
Physical activity sessions per week, n (%) 0.007
0 8268 (57.24) 8241 (57.05)
1-2 2555 (17.69) 2541 (17.59)
34 1781 (12.33) 1917 (13.27)
5-6 1066 (7.38) 1063 (7.36)
7 774 (5.36) 682 (4.72)
Use of medication, n (%)
Medication for hypertension, n (%) 6758 (46.79) 6515 (45.11) 0.038
Medication for diabetes mellitus, n (%) 2797 (19.36) 3246 (22.47) 0.086
Medication for cardiovascular disease, n (%) 904 (6.26) 1280 (8.86) 0.099
COVID-19, n (%)%° 483 (3.34) 492 (3.41)

3NHIS: National Health Insurance Service.

PA standardized mean difference (SMD) of lessthan 0.1 indicates no major imbalance. All SMD valueswerelessthan 0.1 in each propensity score-matched

cohort.

“Minimally adjusted relative risk (95% CI): 1.00 (0.88-1.13), P=.99; risk factors were adjusted for age and sex.
dFuIIy adjusted relative risk (95% Cl): 1.01 (0.89-1.15), P=.89; risk factors were adjusted for age; sex; region of residence (rural and urban); history of

diabetes mellitus, stroke, cardiovascular disease; Charlson Comorbidity Index (0, 1, or 2); body mass index (<25, 25-30, and =30 kg/mz); systalic
blood pressure (continuous); diastolic blood pressure (continuous); fasting blood glucose (continuous); serum total cholesterol (continuous); serum
low-density lipoprotein (continuous); serum high-density lipoprotein (continuous); estimated glomerular filtration rate (normal, mildly decreased, and
moderately to severely decreased); household income (low, middle, and high); smoking (never smoker, ex-smoker, and current smoker); frequency of
alcohol consumption (<1, 1-2, 3-4, 5-6, and 7 times per week); physical activity (0, 1-2, 3-4, 5-6, and 7 sessions per week); and medication for hypertension,

diabetes mellitus, and cardiovascular disease.

Clinical Outcomesin Patients With

L aboratory-Confirmed SARS-CoV-2 in the Matched
NHIS-COVID Cohort

After propensity score matching among patients who tested
positive for SARS-CoV-2, we found there were no major

imbalances in the baseline covariates between the 2 groups
assessed by SMD (Table 6; SMD all <0.1), except medication

https://publichealth.jmir.org/2021/10/€29379

RenderX

for cardiovascular disease among nonusers versus statin users
(SMD 0.120). Among the patients with laboratory-confirmed
COVID-19, the severe clinical outcomes were 5.4% (11/205)
and 12.2% (50/410) for statin users and nonusers, respectively
(Figure 2; fully aRR 0.44; 95% CI 0.21-0.89). Moreover, statin
users were hospitalized for an average of 23.9 days compared
with 26.3 days for nonusers (adjusted mean difference —2.53;
95% Cl —5.54 t0 —0.37).
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Table 6. Propensity score-matched baseline characteristics and the severe clinical outcomes with statin use among patients with laboratory-confirmed
SARS-CoV-2 infection in the NHIS2-COV D cohort (n=615; South Korea; January 1 to May 31, 2020).

b

Characteristic Nonusers of statins (n=410) Users of statins (n=205) Standardized mean difference
Age (years), n (%) 0.011
20-59 175 (42.7) 88 (42.9)
60-69 121 (29.5) 61 (29.8)
=70 114 (27.8) 56 (27.3)
Sex, N (%) 0.081
Male 132 (32.2) 74(36.1)
Female 278 (67.8) 131 (63.9)
Region of residence, n (%) 0.043
Rural 39 (9.5) 17 (8.3)
Urban 371(90.5) 188 (91.7)
History of diabetes mellitus, n (%) 40 (9.8) 24 (11.7) 0.063
History of stroke, n (%) 4(1.0) 3(15) 0.044
History of cardiovascular disease, n (%) 8(2.0) 7(3.4) 0.091
Charlson Comor bidity Index , n (%) 0.077
0 98 (23.9) 42 (20.5)
1 107 (26.1) 59 (28.8)
>2 208 (50.7) 104 (50.7)
Body massindex (kg/mz), n (%) 0.090
<25 251 (61.2) 128 (62.4)
25-30 140 (34.1) 71(34.6)
>30 19 (4.6) 6 (2.9)
Systolic blood pressure (mmHg), mean (SD) 125.1 (15.6) 123.7 (15.5) 0.090
Diastolic blood pressure (mmHg), mean (SD) 77.2(10.4) 76.3 (10.4) 0.086
Fasting blood glucose (mg/dL), mean (SD) 105.6 (29.4) 102.8 (20.6) 0.093
Serum total cholesterol (mg/dL), mean (SD) 201.0 (37.8) 203.0 (49.5) 0.050
Serum low-density lipoprotein cholesterol (mg/dL), 117.9 (33.3) 121.5(43.7) 0.093
mean (SD)
Serum high-density lipoprotein cholesterol (mg/dL), 58.2 (16.8) 58.2 (52.1) <0.001
mean (SD)
Estimated glomerular filtration rate 0.067
(mL/min/1.73 m?), n (%)
Normal (=90) 171 (41.7) 81 (39.5)
Mildly decreased (60-89) 207 (50.5) 110 (53.7)
Moderately to severely decreased (<59) 32(7.8) 14 (6.8)
Household income, n (%) 0.096
Low (Oth-39th percentile) 141 (34.4) 68 (33.2)
Middle (40th-79th percentile) 141 (34.4) 64 (31.2)
High (80th-100th percentile) 128 (31.2) 73(35.6)
Smoking, n (%) 0.084
Never smoker 318 (77.6) 155 (75.6)
Ex-smoker 66 (16.1) 39(19.0)
Current smoker 26 (6.3) 11 (5.4)
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Characteristic Nonusers of statins (n=410) Users of statins (n=205) Standardized mean difference®
Alcoholic drinks per week, n (%) 0.080
<1 314 (76.6) 153 (74.6)
1-2 70 (17.1) 39(19.0)
34 19 (4.6) 8(3.9)
>5 7(L7) 5(2.4)
Physical activity sessions per week, n (%) 0.085
0 233 (56.8) 118 (57.6)
1-2 85 (20.7) 37(18.0)
34 59 (14.4) 34 (16.6)
56 22 (5.4) 11 (5.4)
7 11(2.7) 5(2.4)
Use of medication, n (%)
Medication for hypertension, n (%) 102 (24.9) 46 (22.4) 0.057
Medication for diabetes mellitus, n (%) 36 (8.8) 22 (10.7) 0.066
Medication for cardiovascular disease, n (%) 5(1.2) 6(2.9) 0.120
Severe clinical outcomes of COVID-19, n (%)¢¢ 50 (12.2) 11 (5.4)¢
Length of stay for patientsin hospital (days), mean 26 3 (15.7) 23.9(14.3)°

(SD)

3NHIS: National Health Insurance Service.

bA standardized mean difference (SMD) below 0.1 indicates no major imbalance. All SMD values were less than 0.1 in the propensity score-matched
cohort, except medication for cardiovascular disease among nonusers versus statin users.

“Minimally adjusted relative risk (95% Cl): 0.44 (0.22-0.87), P=.02; risk factors were adjusted for age and sex.

dFuIIy adjusted relative risk (95% Cl): —2.53 (-5.54 to —0.37); P=.03; risk factors were adjusted for age; sex; region of residence (rura and urban);

history of diabetes mellitus, stroke, cardiovascular disease; Charlson Comorbidity Index (O, 1, or 22); body mass index (<25, 25-30, and =30 kg/mz);
systolic blood pressure (continuous); diastolic blood pressure (continuous); fasting blood glucose (continuous); serum total cholesterol (continuous);
serum low-density lipoprotein (continuous); serum high-density lipoprotein (continuous); estimated glomerular filtration rate (normal, mildly decreased,
and moderately to severely decreased); household income (low, middle, and high); smoking (never smoker, ex-smoker, and current smoker); frequency
of alcohol consumption (<1, 1-2, 3-4, 5-6, and 7 times per week); physical activity (0, 1-2, 3-4, 5-6, and 7 sessions per week); and medication for

hypertension, diabetes mellitus, and cardiovascular disease.
Cstatistically significant differences (P<.05).

Discussion

Principal Findings

Among those in the GRCP-COVID cohort (n=214,207) and
NHIS-COVID cohort (n=74,866) who underwent SARS-CoV-2
testing, 16.5% (35,310/214,207) and 23.3% (17,450/74,866)
were currently taking statins, respectively. We examined the
potential association between positive SARS-CoV-2 test results
with the current use of statinsin the propensity score-matched
cohort (GRCP-COVID, n=59,402; NHIS-COVID, n=28,888)
and clinical outcomes of patientswith COVID-19 taking statins
in the propensity score-matched cohort (GRCP-COVID,
n=2377; NHIS-COVID, n=615). After controlling for various
confounding variables using propensity matching and statistical
adjustment, the use of statins was associated with improved
clinical outcomes of COVID-19 and decreased length of hospital
stay but not with the risk of susceptibility to SARS-CoV-2
infection.

This study demonstrated that statin use was associated with
improved clinical outcomes and decreased length of hospital

https://publichealth.jmir.org/2021/10/€29379

stay in patients with COVID-19. Many plausible
pathophysiology could contribute to the association of statin
use with COVID-19 outcomes.

The entry of SARS-CoV-2 isinitiated by the binding of vira
spike protein to the cellular receptor ACE2 [26]. The
intracellular invasion of SARS-CoV-2 viaACE2 downregul ates
the expression of ACE2, which results in disinhibition of
angiotensin Il [27]. This, in turn, induces vasoconstriction of
lung vascul atures aswell asincreases vascular permeability and
inflammation, thereby leading to lung injury [28]. Statins are
known to upregulate ACE2, and thus are recognized as
promising antiviral agents[11].

Immune modulatory effects of statins may influence recovery
from COVID-19. COVID-19 is accompanied by the activation
of the immune system and the elevation of inflammatory
cytokines, such as C-reactive protein, ferritin, and interleukin-6
(IL-6) [29], and could induce a severe catastrophe response with
hyperinflammation, namely, the “cytokine storm” [30]. Thus,
controlling host response and restoring immune homeostasis
may be crucial to reduce the severity of COVID-19. In this
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context, the control of host response using immune modul ation
is a promising therapeutic option for SARS-CoV-2 infection
[31]. By affecting chemokine secretion and expression of
adhesion molecules, such as lymphocyte function—associated
antigen 1 and intercellular adhesion molecule 1, statins could
modulateimmune cell trafficking to the airways[32]. Moreover,
statins could suppressthe activation of Thl cellsand interferon-y
(a key player of the chronic inflammation) [33], and
downregulate major histocompatibility complex class Il
expression in the airway including B cells [31]. Therefore,
statins were reported to be effective in treating immune
disorders, such asmultiple sclerosis[34] and rheumatoid arthritis
[35]. This evidence of widespread anti-inflammatory effects
implies that long-term use of statins could act as a shield to
protect patients from severe cascades of inflammation
represented by the cytokine storm [11].

Statinsare awell-known class of drugsthat protect the vascul ar
endothelium from reactive oxygen species[36]. A major effect
of statinson endothelial cellsisthe decreased number of reactive
oxygen species due to the downregulation of endothelin-1
expression, and decreased proinflammatory cytokines (eg, IL-1f3,
IL-6) [36]. Additionally, statins are known to suppress the
expression of caveolin-1, a key component of endothelial cell
transcytosis [37], which may ameliorate the vascular
hyperpermeability induced by theinflammatory manifestations
of SARS-CoV-2 infection. These vasoprotective effects of
statins may prevent pulmonary edema and other lung injuries
that may eventually lead to acute respiratory distress syndrome,
amajor cause of death in COVID-19.

Numerous studies have reported the effects of statinson clinical
improvements in viral infections, namely, Ebola (positive
association) [38], influenza (no association) [39], pneumonia
(positive association [40] and no association [41,42]), acute
respiratory distress syndrome (no association in the entire group
[43], but positive association in a subgroup analysis, namely, a
hyperinflammatory subphenotype [44]), hepatitis (positive
association [45]), and hepatocel lular carcinomain patientswith
hepatitis (positive association [23]). However, previous studies
on the association of statins with the clinical outcomes of
pneumoniawere limited by limited sample size[42], restricted
clinical outcomes (mortality in ventilator-associated patients
with pneumonia [41] or elevation of cytokine levels [42]), or
by afocus on specific statin types [41,42].

A recent previous study reported the beneficial association
between in-hospital use of statin and mortality in patients with
COVID-19[15], whichis consistent with our results. However,
unlike our study, this previous study did not analyze statin use
before SARS-CoV-2 infection contraction.

Limitations

Thisstudy has somelimitations. First, the GRCP-COVID cohort
had a maximum follow-up duration less than 3 years, whereas
the history of statin use can span decades. For rapid data
acquisition and real-time analysis in this globa crisis, the
Korean Government provides relatively short-term histories
(maximum 3 years) of patientswith COVID-19. Second, inthe
GRCP-COVID cohort, the serum lipid profiles of patientswere
not accessible. However, the Korean National Health Insurance

https://publichealth.jmir.org/2021/10/€29379
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program has strict regulations regarding reimbursement for the
treatment of hyperlipidemia that count the risk factors and
consider the serum cholesterol levels. This makestheinclusion
of the patients with dyslipidemiavery robust. Third, important
missing covariates included smoking status, blood pressure
levels, biomarkersincluding basal sugar levels, and factors that
could influence the outcomes of COVID-19. To overcome this
issue, we adjusted the statistics by obtaining the histories of
hypertension, diabetes, and COPD, a well-known
smoking-associated disorder, verified by ICD codes. Fourth,
our analysislacked the evaluation of patient adherenceto statins
based on either the medical record or the questionnaire. Further
meticulous review of data including the drug adherence is
necessary to overcome this issue. Fifth, our analysis lacked
personal information of the socioeconomic status (education
level and household income) of the patients, which might affect
the treatment compliance of patientswith COVID-19. However,
all COVID-19—elated costs were provided complimentarily by
the Korean Government; thus, the impact of the socioeconomic
status of the patients on the clinical outcomes of COVID-19
may be minimal. Sixth, we were unable to obtain full
information about all baseline variables on theindex datein the
NHIS-COVID cohort; therefore, the values of time-varying
variables might differ from their values on the index date. To
overcome this issue, we used the data measured on the date
closest to the index date as the baseline data. Besides, we did
not investigate whether statin medication was continued while
the patients were hospitalized. A further study is warranted to
clarify thisissue. Seventh, as our study cohort involves patients
tested for SARS-CoV-2, there was potential for ascertainment
bias wherein those who have pre-existing health conditions
(some necessitating statins) may have greater COVID-19
awareness, and be more likely to undergo screening, and be
referred to care settings. However, the prevalence of patients
with  datin  use (GRCP-COVID  cohort, 16.48%
[35,310/214,207]) is comparable to a nationally representative
cohort of the general US population aged over 20 years (17.23%)
[46]. Furthermore, we performed meticulous adjustment of
systemic factors by using double-propensity score matching
and fully adjusted regression analysis to overcome
prevalence-related bias in the group comparisons. Eighth, the
possibility of selection bias during the propensity matching
process cannot be excluded. Because statins are one of the
popular drugs for chronic diseases, such as cardiovascular
disease, cerebrovascular disease, and diabetes mellitus, matching
on these covariates could select control participants who had
similar medical profiles but were not prescribed statins.
Although similar medical profiles between nonusers and statin
users reveal the direct effect of statin usage, the possibility of
selection bias remains. Lastly, every patient involved in this
study was Asian in ethnicity. Therefore, our results may not be
extrapolatable to different ethnicities. However, the effect of
statin use was reported to be effective regardless of the ethnic
background [47]. Further studies of large cohorts involving
diverse populations are warranted to clarify thisissue.

Another limitation was that although the NHIS-COVID cohort
had more key covariates than the GRCP cohort (ie, serum
glucose, lipid profile, body mass index, household income,
smoking status, physical activity status, and frequency of alcohol
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consumption), the total sample size (n=74,866) was less than
that of the GRCP-COV D cohort (n=214,207). Finally, although
2 organizations (NHIS and Heath Insurance Review and
Assessment Service [HIRA]) independently constructed the
cohorts, there is a possibility that patient data may have been
duplicated.

Conclusions

Leeetd

COVID-19 outcomes; one study used claims-based data
(GRCP-COVID cohort) and the other used interview-based data
(NHIS-COVID cohort), with propensity score matching.
Furthermore, our study included alarge number of patients and
well-designed statistical techniques were implemented. Thus,
our use of 2 independent cohorts increases the generalizability
and reliability of our results, and this makes the results of this
study robust and reliable.

Statins areinexpensive and readily available therapeutic agents.
Despite the aforesaid limitations, our study highlights for the
first time the potential protective effects of previous statin use
ontheclinical outcomes of patientswith COVID-19. Two large
cohort studies provided clinical evidence that previous and
current statin use is associated with decreased risks of severe

Prior statin use was associated with a decreased likelihood of
severe clinical outcomes of COVID-19 and a shorter length of
hospital stay. Our well-designed observational study suggests
that the use of statins may play a potential protective role for
patients with COVID-19 and that randomized controlled trials
of the therapeutic use of statins for COVID-19 are warranted.
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Abstract

Background: Web-based public reporting by means of dashboards has become an essential tool for governments worldwide
to monitor COV1D-19 information and communicate it to the public. The actionability of such dashboardsis determined by their
fitnessfor purpose—meeting a specific information need—and fitness for use—placing the right information into the right hands
at theright time and in amanner that can be understood.

Objective: The aim of this study was to identify specific areas where the actionability of the Dutch government’s COVID-19
dashboard could be improved, with the ultimate goal of enhancing public understanding of the pandemic.

Methods: The study was conducted from February 2020 to April 2021. A mixed methods approach was carried out, using (1)
a descriptive checklist over time to monitor changes made to the dashboard, (2) an actionability scoring of the dashboard to
pinpoint areas for improvement, and (3) areflection meeting with the dashboard devel opment team to contextualize findings and
discuss areas for improvement.

Results: The dashboard predominantly showed epidemiological information on COVID-19. It had been devel oped and adapted
by adding morein-depth indicators, more geographic disaggregation options, and new indicator themes. It also changed in target
audience from policy makers to the general public; thus, a homepage was added with the most important information, using
news-like items to explain the provided indicators and conducting research to enhance public understanding of the dashboard.
However, disaggregation options such as sex, socioeconomic status, and ethnicity and indicators on dual-track health system
management and social and economic impact that have proven to give important insightsin other countries are missing from the
Dutch COVID-19 dashboard, limiting its actionability.

Conclusions: The Dutch COVID-19 dashboard developed over time its fitness for purpose and use in terms of providing
epidemiological information to the general public as atarget audience. However, to strengthen the Dutch health system’s ability
to cope with upcoming phases of the COVID-19 pandemic or future public health emergencies, we advise (1) establishing timely
indicators relating to health system capacity, (2) including relevant data disaggregation options (eg, sex, socioeconomic status),
and (3) enabling interoperability between social, health, and economic data sources.

(JMIR Public Health Surveill 2021;7(10):e31161) doi:10.2196/31161
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Introduction

In responseto the COVID-19 pandemic, caused by theinfection
of the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), that emerged in 2019, governments worldwide
have been forced to take measures that impact the lives of
individualsin order to protect the health of their citizens. Making
the right COVID-19 policy decisions requires a balanced
trade-off between protecting the population from infection and
its consequences, ensuring that non-COVID-19 care needs are
met (dual-track capacity monitoring), and minimizing
socioeconomic impacts [1]. Web-based public reporting by
means of dashboards has become an essentia tool for monitoring
COVID-19 information and communicating it to the public
[2-4]. Moreover, dashboards are used to support individualsin
informed decision making, for instance to educate citizens on
whether they need to adapt their behaviors to minimize
individual and population risk [5]. As such, dashboards are a
powerful communication tool, and they are also frequently used
by media as key information sources. If, however, information
in dashboards is based on suboptimal reporting practices (eg,
incomplete or unreliable reporting of data), it could produce
undesirable effects, such as misleading perceptions, stress, or
anxiety [6-9]. Users of dashboards must therefore be assured
of complete, valid, reliable, and balanced information that can
support them in making informed decisions as they deal with
the pandemic. Information can be actionable only if it isfit for
purpose and fit for use. Important determinations in the
development of dashboards therefore include the selection and
standardization of indicators at national and international levels,
sources of data collection, analysis of data, and visualization
techniques chosen to display the data[9,10]. The World Health
Organization (WHO) advised 4 key types of information needed
to effectively manage transitions and modulate restrictive
measures over the course of the COVID-19 pandemic: (1) public
health and epidemiological, (2) health system management, (3)
behavioral insights, and (4) social and economic impact [11].

In mid-2020, an international network of performance
intelligence researchers[12], to which the authors of this paper
belong, carried out a global study to assess the actionability of
158 COVID-19 dashboards at international, national, and
regional levels in 53 countries worldwide [13]. Actionability
refers to a dashboard’s potential to inform decision making by
way of providing information that is both fit for
purpose—meeting a specific information need—and fit for
use—placing the right information into the right hands at the
right time and in a manner that can be understood [14]. The
study identified 7 features that were common to highly
actionable dashboards: (1) knowing the audience and their
information needs; (2) managing the type, volume, and flow of
displayed information; (3) reporting data sources and methods
clearly; (4) linking timetrendsto policy decisions; (5) providing
“data close to home”; (6) disaggregating the information into
relevant subgroups; (7) using storytelling and visual cues.

The international dashboard study also found that there was
overlap in indicators between the international dashboards,
being that most dashboards portrayed case numbers, hospital
admissions, and deathsdue to COVID-19. Yet, littleis currently
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Boset d

known about how dashboards have improved their content and
actionability over the course of the pandemic and what guided
the decisions that were made in the development of the
dashboards. Thiswill very likely be context-dependent, thus a
closer look at a specific country context can provideinsight into
the “why” of COVID-19 dashboard development. One study
has looked at the development of Canadian COVID-19
dashboards and concluded that data availability and dashboard
technology witnessed the most improvements. However, no
improvements were found in communicative elements [15].
The development of the Dutch government’s COVID-19
dashboard, led by the Ministry of Health, Welfare and Sport,
is continuously evolving in which publicly available feedback
from expert panels [16] and from surveys among the public
[17,18] are used to further devel op the dashboard’s content and
its communication strategy. This makes it an interesting case
study for research. With this study, we set out to evaluate how
the Dutch COVID-19 dashboard devel oped from its launch on
June 5, 2020 through January 31, 2021, to assess its
actionability, and to understand what factors guided decisions
during the dashboard’s devel opment.

Those objectives trandated into the following research
questions: (1) How did the Dutch COV1D-19 dashboard devel op
over the course of the pandemic from itslaunch on June 5, 2020
to January 31, 20217 (2) How actionableisthe Dutch COVID-19
dashboard, based on its December 2020 version, reflecting on
features of highly actionable COV1D-19 dashboards? (3) What
decisions were made in the development of the COVID-19
dashboard by its devel opers and why?

This study aimed to improve the Dutch COV1D-19 dashboard’s
actionability in order to enhance public understanding of the
pandemic.

Methods

Scope and Study Setting

This study focused on the development of the Dutch
government’'s COVID-19 dashboard [19] from June 5, 2020
(launch) to January 31, 2021. The first confirmed COVID-19
patient in the Netherlands was reported on February 27, 2020
to the House of Representatives by the Minister for Medical
Care[20]. Hygiene and saf ety recommendati ons announced on
March 9, 2020 at a press conference by the Dutch prime
minister, accompanied by the director of the National Institute
for Public Health and the Environment (RIVM), were rapidly
followed by a number of policy measures to enforce physical
distancing, impose travel restrictions, and establish case
management and quarantine policies to contain the spread of
the SARS-CoV-2 virus. In the weekly COVID-19 mortality
numbers, a first peak was seen from mid-March to late May
2020, followed by relatively low numbers during the summer
months of June to September, with numbers increasing again
from October 2020 [21]. The COVID-19 measurestaken by the
government reflect these 2 high-burden periods, showing a
pause or partial loosening for most measures in the June to
September period [22,23]. In the management of the pandemic,
the national government is advised by an Outbreak Management
Team coordinated by the RIVM and works closely together

JMIR Public Health Surveill 2021 | vol. 7 | iss. 10 |€31161 | p.136
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

with the 25 safety regionsthat, by law, have aresponsihility for
regional disaster management [24].

In May 2020, in addition to existing Dutch websites providing
information on the pandemic [25-27], the Minister of Health,
Welfare and Sport proposed a dedicated COVID-19 dashboard
with the aim of keeping track of the pandemic and informing
policy decisionsto the House of Representatives [21]. On June
5, 2020, a test version of the official Dutch government
dashboard for COVID-19 (entitled Coronadashboard) was
launched for the general public [21].

Descriptive Assessment of the Development of the
COVID-19 Dashboard by the Nether landsMinistry of
Health, Welfare and Sport Over Time

To examine the development of the Dutch COVID-19
dashboard, 3 points in time were chosen for our descriptive
assessment. The first was conducted on July 16, 2020,
approximately 1 month after the dashboard’s launch, and was
part of our international study of COVID-19 dashboards [28].
The second was on December 23, 2020, amid new containment

Table 1. Seven common features of highly actionable dashboards.
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measures, and the third was on January 31, 2021, just after
vaccinations had commenced. The dashboard website was
archived at these time points (Multimedia Appendix 1). We
used the descriptive checklist developed and validated in the
international dashboard study (see Multimedia Appendix 2 for
the checklist and its measures) [28]. The tool was based on
communication theory (notably on Lasswell’sModel from 1948
[29]), the discipline of performance intelligence in health
[30,31], and existing evidence on performanceindicators, public
reporting, and the use of dashboards[28]. In addition to general
and context aspects, the tool focuses on whether the purpose of
the dashboard and the type of users are noted, what indicators
are presented, whether metadata and the sources are made
available, what disaggregation options are presented, and the
use of visualization techniques.

Actionability Appraisal of the COVID-19 Dashboard

To appraisethe actionability of the Dutch COVID-19 dashboard,
we rated it in terms of the 7 common features of highly
actionable COVID-19 dashboards (Table 1) [28].

Number Feature® Explanation

1 Knowing the audience and their
information needs

2 Managing the type, volume,
and flow of displayed informa-
tion

3 Reporting data sources and

methods clearly

4 Linking time trends to policy
decisions

5 Providing data“ closeto home”

6 Disaggregating theinformation

into relevant subgroups

7 Using storytelling and visual
cues

Dashboards with a known audience and explicit aim had focus and continuity in their content, analysis,
and delivery. Techniques such as guiding key questions or overall composite scores clearly communicated
the decision they intended to support. Multilanguage functionality and exact timing of updating signaled
an awvareness and intent to encourage their regular use by the intended decision maker.

The selection of a concise number of indicators brought focus and importance to the information and the
possibility to view indicators together at a glance. The use of indicators in moderation, athough still
spanning varied types of information, was especially effective. The ordering of information, from general
to specific or in sections based on theme, made the flow of information intuitive.

A clear source of data and explanation of an indicator’s construction, including potential limitations, was
found to be an important component of trust in the dashboard and clarity initsreporting. Thisinformation
can be provided in short narratives that support users to understand what isin fact being presented.

Reporting data over time together with the introduction of key infection control measures facilitated an
understanding of their effect (or lack thereof). Thiswas found to be conducive to generating public support
for infection control measures.

To inform individuals of risksin their immediate surroundings, granular geographic breakdowns are
needed. Data that are highly aggregated are difficult to understand. Maps (over tables and charts) were
most effective to provide geographic information.

Providing data with the possibility to explore varied population characteristics made indicators relatable
toindividual users. It enables understanding of risks and trends based on one’'s own demographics. It can
also facilitate equity-driven decision making by exposing differences among the population.

A concise narrative explaining the significance of atrend supports users to understand the importance of
theinformation. Bare statistics without a narrated analysis |eave the burden of interpretation solely to the
user. Brief explanations on the meaning of trends used in combination with visual techniques, such as
intuitive color schemes and icons, supported ease of interpretation.

@Asidentified by [28].

Two individual researchers (VB and TJ) marked these as either
not present, somewhat present, or clearly present and provided
argumentation for the ratings in free text. The actionability
scoring was performed on December 17, 2020 (see Multimedia
Appendix 2 for links to the archive). After their individua
scorings, they shared and discussed their findings. Discrepancies
in scorings were discussed between the 2 researchers and
resulted in either an agreement for the score or an agreement to

https://publichealth.jmir.org/2021/10/e31161

clarify discrepanciesin the concluding qualitative appraisal for
each of the 7 features.

Appraisal Validation and Expert Reflectionson the
DecisionsMade Throughout the Devel opment Process
of the COVID-19 Dashboard

A reflection meeting with the project team of the Ministry of

Health, Welfare and Sport responsible for the COVID-19
dashboard was organized on April 23, 2021, with thefollowing
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aims: to verify the appraisal of the dashboard's actionability,
to reflect on the devel opment of the COVID-19 dashboard, and
to understand decisionsthat were made towards the devel opment
of the dashboard. The project lead and 2 members of the team
were present at the meeting. First, the study team presented the
previously identified 7 key features of actionable dashboards.
Second, the dashboard team shared their general reflection on
the devel opment of the dashboard from launch to date. Finally,
the actionability appraisal of the 7 features of actionable
dashboards were discussed in-depth. Due to COVID-19

https://publichealth.jmir.org/2021/10/e31161
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restrictions, the meeting was conducted digitally. The meeting
was moderated by NK, and notes were taken by TJ and VB.
The Dutch dashboard scoring and appraisal for the 7 features
were shared with the team in advance.

Results

Development of the COVID-19 Dashboard Over Time

Table 2 shows the findings of the descriptive assessment of the
Dutch COVID-19 dashboard at 3 pointsin time.
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Table 2. Descriptive checklist for the Dutch COVID-19 dashboard at 3 pointsin time.
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Checklist items

Assessment date
1 (July 16, 2020)

2 (December 23, 2020)

3 (January 31, 2021)

Purpose and users
Purpose of dashboard use specified
Intended audience or users specified

Content

Indicator themes: subthemes (in order of
occurrence on dashboard)

Data sources

Analysisand display

Time trends

Geographic levels of analysis

Disaggregation options

Type of visualization

Interpretation

Simplification techniques

Interactive options

Yes
No

2 themes, 10 indicators (80% epi-
demiological)

Intensive care admissions?, hospi-
tal admissions? positive tested
cases per 100,000 inhabitants?, re-

production number R? amount of
infectious people (estimated total

and per 100,000 inhabitants)?,
other data: number of patients for

which GP suspects COVID-19
and sewage measurements of
COVID-19 presence; nursing
homes: amount of infections
among nursing home residents,
amount of nursing homes with at
least one infection, deaths among
nursing home residents

Data sources specified: yes; data
open-source: yes, most data;
metadata specified: yes

Timetrend analysisavailable: yes,
after afew clicks; customizable:
No

National: yes, full; safety regions:
yes, very limited; municipalities:
no

1 disaggregation option: long-term
carefacilities

Maps, graphs, and chartsto visual-
izeindicators

Clarifying the quality of data: yes,
in separate document and occasion-
ally on dashboard itself; clarifying
the meaning: yes, for someindica-
tors; providing contextualization:
no

Color coding: yes; icons: large
icons for themes (eg, a head-and-
test swab icon denoting testing in-
dicators)

More information: yes; change of
information: no; change of display:
no

Yes
No

6 themes, 14 subthemes, and 59
indicators (78% epidemiological)

General: latest developments and
active measures; infections: con-
firmed cases, infectious people,
reproduction number, deaths; hos-
pitals: hospital admissionsand in-
tensive care admissions; vulnera-
ble groups: nursing care, disability
care, people over 70 yearsold liv-
ing at home; early signals: sewage
water testing, GP-reported symp-
toms; behavior: compliance and
behavior

Data sources specified: yes; data
open-source: yes, most data;
metadata specified: yes

Timetrend analysisavailable: yes,
after afew clicks; customizable:
yes

Nationa: yes, full; safety regions:
yes, partial; municipalities: yes,
partial

4 disaggregation options: age,
long-term carefacilities, disability
care facilities, over-70s living at
home

Maps, graphs, and chartsto visual-
izeindicators

Clarifying the quality of data: yes,
in separate document and occasion-
ally on dashboard itself; clarifying
themeaning: yes, for amost every
indicator; providing contextualiza-
tion: no

Color coding: yes; icons: large
icons for themes (eg, a head-and-
test swab icon denoting testing in-
dicators) and small icons (eg, up
and down arrows for changes)

More information: yes; change of
information: yes; change of dis-
play: yes

Yes
No

1 title page, 6 themes, 14 sub-
themes, and 63 indicators (79%
epidemiological)

M easures?; vaccinations; infec-
tions: confirmed cases, infectious
people, reproduction number,
deaths; hospitals: hospital admis-
sions and intensive care admis-
sions; vulnerable groups: nursing
care, disability care, people over
70 yearsold living at home; early
signals: sewagewater testing, GP-
reported symptoms; behavior:
compliance and behavior

Data sources specified: yes; data
open-source: yes, most data;
metadata specified: yes

Timetrend andysisavailable: yes,
directly available; customizable:
yes

National: yes, full; safety regions:
yes, partial; municipalities: yes,
partial

4 disaggregation options: age,
long-term carefacilities, disability
care facilities, over-70sliving at
home

Maps, graphs, and chartsto visual-
izeindicators

Clarifying the quality of data: yes,
in separate document and occasion-
aly on dashboard itself; clarifying
the meaning: yes, for every indica-
tor; providing contextualization:
yes, vianews-like “ stories’

Color coding: yes; icons: large
icons for themes (eg, a head-and-
test swab icon denoting testing in-
dicators) and small icons (eg, up
and down arrows for changes)

More information: yes; change of
information: yes; change of dis-
play: yes

Presented as subthemes.
bGp: general practitioner.
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Purpose and Users

A genera statement of purposewasfound at all 3 pointsintime.
The statement highlighted the severity of the COVID-19
pandemic and explained the need to create adashboard in order
to use information to monitor the virus and to ensure that
measureswould betaken only where appropriate. The statement
also emphasized that a political assessment of al relevant
aspects was to include broader social and economic interests
(see Multimedia Appendix 1 for archives). The target audience
for the dashboard was not explicitly stated.

Content and Data

The number of indicators available on the dashboard increased
over time, from 10 to 63 indicators. Both new themes were
included (such as behavior and vaccinations), and the level of
detail and stratification of previously availableindicator themes
was expanded (such as deaths, with an added indicator of excess
mortality). The dashboard’'s focus was manly on
epidemiological indicators (at different time points: 80%, 78%,
and 79%, respectively), such as infection incidence numbers,
reproduction rate, estimated number of infectious persons, and
deaths. Health system capacity indicators included COVID-19
patients (such as numbers admitted to hospitals) and did not
address non-COVID care needs. During our study, 4 socia and
behavioral indicators were added (added from December 10,
2020), such as percentage supporting wearing masksin public
transport and percentage adhering to wearing a mask in public
transport. These indicators showed self-reported survey
outcomes on the compliance with and support for the COVID-19
measures taken by the government, based on data collected by
the RIVM. No indicators relating to the social and economic
impacts of the pandemic were observed.

https://publichealth.jmir.org/2021/10/e31161
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Data sources were noted at all 3 points in time, and the data
used in the dashboard were largely open-source. M etadatawere
provided in a separate document.

Analysis and Display of Data

The time trend information became more detailed over time.
Customizable time trends and comparisons of indicator
outcomes with outcomes for previous weeks, days, 2-day
periods, or 3-day periodswere provided. Geographic information
became more granular over time. For instance, additional
indicators on municipa and safety region levels alongside the
primarily available national level were provided at the last 2
assessment dates. Disaggregation options were also expanded
over time, as age groups and multiple vulnerable groups (eg,
disability care homes and people over 70 years old living at
home) were added.

Although visualization options were not adapted, during the
second and third descriptive assessments, we observed additional
interactive options providing change of information and display
and more use of simplification techniques through small icons.
For example, absolute numbers of infections and a relative
number per 100,000 inhabitants were used at al 3 time points
of the descriptive assessment. At all 3 time points, a scale was
used to visualize the relative numbers, but at the last 2 time
points, interpretation of these numberswas simplified by adding
anorm value and color coding (red colors for “bad” and green
colors for “good”) to the scale.

Actionability of the COVID-19 Dashboard

Table 3 provides the initia researcher ratings and our
consolidated appraisal of the Dutch government’s COVID-19
dashboard, version December 17, 2020, in terms of the 7
established features of highly actionable COV1D-19 dashboards.
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Table 3. Common features of highly actionable COVID-19 dashboards: appraisal of the Dutch government dashboard, version December 17, 2020.

Feature Assessment Combined qualitative assessment of the researchers
Not present  Somewhat  Clearly
present present

Knowing the audienceandits 0 2 0 The dashboard’s purpose is stated, and, becauseit is a public website, the

information needs general publicisimplicitly the audience. That is not explicitly stated,
however, nor is the dashboard sufficiently adapted to the audience, as
professional jargon limits usability by the general public.

Managing the type, volume, 0 1 1 The volume of information necessitates clicking and scrolling multiple

and flow of information times to view dashboard components. However, 2 types of navigation
options simplify information searches: (1) 3 tabsfor national, safety region,
and municipal geographic disaggregation; (2) aleft-hand menu to click
on indicator themes or subthemes.

Making datasourcesand meth- 0 0 2 Data sources and methods are explicitly noted per indicator, and many

ods clear datasets are open-access.

Linking timetrendsto policy 2 0 0 Timetrendsare displayed, but thereare no linksfrom time trendsto policy

and policy decisions decisions. Solely the current policy measures are specified, together with
the current risk levels by safety region.

Providing data“ closetohome” 0 2 0 The dashboard providesinformation down to municipal levels. Neighbor-
hood-level information or information by postal code is not given.

Breaking down the population 0 2 0 Breakdowns of information are available for (1) age (only for current

into relevant subgroups daily new infections) and (2) 3 vulnerable groups: nursing home residents,
disability facility residents, and people over 70 years old living at home.
Disaggregation of information by gender, socioeconomic status, or ethnic-
ity is not available.

Using storytelling and visuad 0 1 1 Narratives are present and explain why an indicator is presented and how

cues

it should be interpreted. However, interlinkages between indicators are
not available. Visual cues such as color schemes and icons are used to
show an indicator’s outcome severity. Information volumes and wordings
are not adapted for easy navigation by the general public.

Decisions Made in the Development of the COVID-19
Dashboard by its Developer s

Various reflections were made in the meeting with the
COVID-19 dashboard team of the Ministry of Health, Welfare
and Sport in the spring of 2021. The following sectionsinclude
the considerations the dashboard development team made in
their decisions to shape the COVID-19 dashboard, ordered by
the 7 features of actionable dashboards.

Knowing the Audience and Their Information Needs

At the outset of the dashboard, policy makers, notably in the
25 safety regions, were the primary target audience. Even though
much of the same indicators were used over time, there is
currently adifferent medium to provide daily updates to policy
makers. Thus, the dashboard wasfound to be gradually adjusted
to addressing the general public. The dashboard has been
designed for the purpose of high-frequency (daily) updatesin
afocused area, which, from the perspective of the COVID-19
dashboard team, is less fitting for the purpose of more broadly
reporting on (health) systemwide performanceto awider public.
The datainfrastructure of the dashboard can bere-used in future
situationsin which high-frequency daily data updates might be
necessary for reporting on other (health) system performance
aress.

https://publichealth.jmir.org/2021/10/e31161

Managing the Type, Volume, and Flow of the
Information

The letter to the House of Representatives in May 2020 has
been the leading document in guiding choices on type, volume,
and flow of information displayed on the COV1D-19 dashboard.
The information on the dashboard was found to be organized
in chronological order of the infection and successive
COVID-19 disease process (estimate infected persons,
COVID-19 positive test results, hospital admissions, intensive
care unit admission, deaths). To increase quick access to the
most important information, a homepage was added when the
audience of the dashboard changed from policy makers to the
broader public. To facilitate navigation, visits to the different
subtabs of the dashboards were reported to be monitored. When
acertain subtheme had become more popular, the sidebar could
be amended to prioritize that particular subject. For example,
when the vaccination subtab was visited more often, it was
moved to the top of the page.

Making Data Sources and Methods Clear

It was apolitical decision to foster transparency in data sources
and methods. To ensure that the data sources and methods woul d
not yield discussion, transparency of data was maximized by
making it largely available as open source.

Linking Time Trends to Policy Decisions
The dashboard development team was very careful not to link
time trends to policy decisions. A caveat of linking policy
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decisions to time trends is that correlation is suggested. From
the perspective of the dashboard development team, it was a
deliberate choice not to make these assumptions. Instead, formal
interpretations were handled by political decision makers, who
were advised by multidisciplinary experts via the Outbreak
Management Team.

Providing Data “ Close to Home”

The dashboard team explained that, in some phases of the
pandemic, as in the summer 2020 period when case numbers
were low, more disaggregated information should ideally be
provided in order to act locally to prevent the spread of thevirus.
However, the team did not have access to neighborhood-level
datafrom all municipalities. Another consideration wasthat the
more an individual zooms in at the local level, the lower the
numbers become. For the perception of severity of the
transmission and due to privacy issues, disaggregation could
challenge its usefulness. The dashboard team did not think it
was wisein this stage of the pandemic to invest in more locally
available data. The team anticipated that in the future, when
most of the population of the Netherlandsisvaccinated, attention
will turn to investing in information on the international status
of the virus. Doing so may provide insights into possible
mutation effects that can arise from international travel.

Breaking Down Population Data I nto Relevant
Subgroups

Disaggregating the data, for example by sex, has not been high
on the agendafor the dashboard’ s devel opment. The dashboard
team explained that data for socioeconomic status or ethnicity
arenot availablein their database and would requireintegration
of data on a personal identifier level, which was not available
to the dashboard team.

Using Storytelling and Visual Cues

News-likeitemswere added when the audience of the dashboard
changed from policy makersto the broader public. Thisdecision
was made to enhance public understanding of the information
provided, especialy for visitors to the dashboard with less
affinity towards numbers. During the development of the
dashboard, ongoing research on public interpretation and
understanding of different features of the dashboard were
conducted in order to enhance actionability.

Discussion

Principal Findings

We assessed the COVID-19 dashboard provided by the Dutch
government in terms of its development during the pandemic
and itsactionability for conveying information on the pandemic
and supporting data-driven decision making. We found that the
dashboard predominantly showed epidemiological information
on COVID-19. It had been developed and adapted by adding
more in-depth indicators, more geographic disaggregation
options, and new indicator themes. It also changed in target
audience from policy makers to the genera public; thus, a
homepage was added with the most important information,
using news-like items to explain the provided indicators and
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conducting research to enhance public understanding of the
dashboard.

Two of the 4 key components advised by the WHO Regional
Office for Europe for monitoring and managing the pandemic
were still missing from the dashboard 10 months after the first
patient with COVID-19 was reported in the Netherlands: (1)
indicators of available capacity for dual-track health system
management to safeguard non-COVID care and (2) indicators
of social and economic impact. As COVID-19 care heeds draw
on limited health system resources, hon-COVID care needs
must also be taken into account when weighing optionsto take
policy decisions [32,33]. Although information on health care
service utilization for other conditions (dual-track monitoring)
as well as socioeconomic impact is available via a variety of
other government-linked organizations—including the Dutch
Health Authority (NZA), Statistics Netherlands (CBS), and the
Netherlands Institute for Social Research (SCP)—such
information is not provided on the COV1D-19 dashboard, thus
constraining an overall assessment of the situation. As the
pandemic persists, the monitoring of both non-COVID care
access and socioeconomic impact is of growing importance to
adequately inform policy decisions[11]. Several Dutch political
parties have emphasized the need to obtain and discuss such
information in amore “overall” format.

Experiences from other countries have shown the importance
of relevant disaggregation into subgroups, such as
socioeconomic status and ethnicity, in order to highlight
inequalities within populations [ 34-38]. Reported datafrom the
United States on negative changes in life expectancy and the
substantial differences between ethnic groups have underscored
the relevance of transparent, differential data[39,40]. Ethnicity
isnot represented in the established datainfrastructure on health;
thus, the Dutch COVID-19 dashboard does not provide this
disaggregation option. In the Netherlands, cohort studies are
used to gain insights into ethnic inequalities [41], but such
studies carry significant time delays for accessing valuable
information needed at the time of apandemic. Two policy briefs
released in May 2021 on the COVID-19 impact among ethnic
groups underscorethat disaggregating dataon COVID-19 impact
for ethnic groups can lead to valuable insights for policy
decision making [42,43]. The dashboard devel opment team also
noted that disaggregation of data by sex and gender was not
high on their agenda. COVID-19 outcomes have shown to be
affected by sex and gender differences, for exampleinincreased
mortality in men compared with women [44]. Taking into
account data on sex and gender isneeded in order to distinguish
potential sex-based immunological differences or gender-based
differences in behavior that require tailored care or policy
actions [45,46].

The dashboard requires timely data to inform the public of the
constantly evolving context, as was the case with the indicators
on administered vaccinations and percentages of infected
individuals with mutated virus variants. Communicating a
constantly changing message to a wide public is complex.
Dashboards therefore need to promptly adapt and evolve so as
to take the most important considerations of “today” into
account, while also providing “stable” trend indicators to
highlight the changing circumstances. When data reporting or
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datainfrastructure lagged behind, the Dutch government chose
in many instances to show estimated or not yet contextualized
data, for example on estimated numbers of infectious people or
on sawage water testing [47]. By our third assessment of the
dashboard, news-like text items had been added to bridge gaps
in still-unavailable data and to increase public understanding
of the provided indicators, making use of textual explanations
such aswhat impact the new variant might have and why caution
was needed. Experts are divided as to whether it is wise to
publish work-in-progress data for indicators such as sewage
water testing. Some ask why an indicator should be shown if it
does not lead to consequences in policy decisions [48], while
othersargue that it could provide early warnings to the general
public[49,50]. Expertsin health communication emphasize that
information should be presented in a way that assumes that
citizens have a choice in their behavior [51,52]. Then, a
dashboard can not only communicate a general picture of fear
but also acknowledge the freedom of individuals to make a
choice, which appeals to their responsibility for the collective.

Theduration of the COVD-19 pandemic and the pressing need
for immediate action have exposed weaknesses in the health
and socia care data infrastructure of the Netherlands in terms
of its timeliness and accessibility to (and interoperability of)
health and social care data and socioeconomic data for the
benefit of public health. These gaps are evident in the limited
availability of timely dual-track indicators, data on social and
economic impact, and possibilities for relevant population
breakdowns. We advise (1) establishing timely indicators
relating to heath system capacity in the Dutch health
information infrastructure, (2) including relevant data
disaggregation options, and (3) enabling interoperability between
social, health, and economic data sources.
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Strengthsand Limitations

A particular strength of this study is that the checklist and the
features of actionable dashboards that we applied were
developed on the basis of a large sample of international
COVID-19 dashboards (158 dashboards in 53 countries) [28].
A number of limitations has to be taken into account in
interpreting the presented findings. Both the pandemic and the
dashboard are constantly developing. As 3 discrete points in
time were chosen for the descriptive checklist, some
back-and-forth changes to the dashboard between time points
could have been missed. Anocther limitation is that, although
the same researcher (VB) filled out the checklist at all 3 time
points, the archiving of the dashboard during the first checklist
was limited to acopy of its main page, so that the in-depth tabs
could not be revisited and checked by other researchers.

Conclusion

The Dutch COVID-19 dashboard developed over time to be fit
for purpose and fit for usein terms of providing epidemiological
information to the general public as the target audience. This
can help to transform the dashboard from a tool of public
accountability to an instrument for community actionto contain
the pandemic. However, to enhance its actionability for
monitoring COVID-19 and its social and economic impact,
including a broader set of indicators may be considered.
Therefore, gaps in the Dutch health information infrastructure
need to be addressed. To strengthen the Dutch health system’s
ability to cope with upcoming phases of the COVID-19
pandemic or future public health emergencies, we advise (1)
establishing timely indicatorsrelated to health system capacity,
(2) including relevant data disaggregation options (eg, sex,
socioeconomic status), and (3) enabling interoperability between
social, health, and economic data sources.
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Abstract

Background: Contact tracing in association with quarantine and isolation is an important public health tool to control outbreaks
of infectious diseases. This strategy has been widely implemented during the current COVID-19 pandemic. The effectiveness of
this nonpharmaceutical intervention is largely dependent on socia interactions within the population and its combination with
other interventions. Given the high transmissibility of SARS-CoV-2, short seria intervals, and asymptomatic transmission patterns,
the effectiveness of contact tracing for this novel viral agent is largely unknown.

Objective: Thisstudy aimsto identify and synthesize evidence regarding the effectiveness of contact tracing on infectious viral
disease outcomes based on prior scientific literature.

Methods: An evidence-based review was conducted to identify studies from the PubMed database, including preprint medRxiv
server content, related to the effectiveness of contact tracing in viral outbreaks. The search dates were from database inception
to July 24, 2020. Outcomes of interest included measures of incidence, transmission, hospitalization, and mortality.

Results: Out of 159 unique records retrieved, 45 (28.3%) records were reviewed at the full-text level, and 24 (15.1%) records
met all inclusion criteria. The studiesincluded utilized mathematical modeling (n=14), observational (n=8), and systematic review
(n=2) approaches. Only 2 studies considered digital contact tracing. Contact tracing was mostly evaluated in combination with
other nonpharmaceutical interventions and/or pharmaceutical interventions. Although some degree of effectivenessin decreasing
viral diseaseincidence, transmission, and resulting hospitalizations and mortality was observed, these resultswere highly dependent
on epidemic severity (RO value), number of contacts traced (including presymptomatic and asymptomatic cases), timeliness,
duration, and compliance with combined interventions (eg, isolation, quarantine, and treatment). Contact tracing effectiveness
was particularly limited by logistical challenges associated with increased outbreak size and speed of infection spread.

Conclusions: Timely deployment of contact tracing strategically layered with other nonpharmaceutical interventions could be
an effective public health tool for mitigating and suppressing infectious outbreaks by decreasing viral disease incidence,
transmission, and resulting hospitalizations and mortality.

(JMIR Public Health Surveill 2021;7(10):e32468) doi:10.2196/32468
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contact tracing; non-pharmaceutical interventions; pandemic; epidemic; viral disease; COVID-19; isolation; testing; surveillance;
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Introduction

Contact tracing has a long history as an effective tool against
infectious disease outbreaks, such as severe acute respiratory
syndrome (SARS), Ebola, and monkeypox [1-3]. To mitigate
the spread of disease, contact tracing involves interviewing
peoplewho areinfected to identify which other individual sthey
might have exposed to the virus, finding those exposed contacts,
isolating contactswho areinfected, and placing exposed contacts
in quarantine until they are not deemed infectious [4]. Public
health agencies use contact tracing as one strategy among many
to break the chain of vira transmission. As the number of
vaccinated individuals increases and vaccine hesitancy and
access issues persist, contact tracing remains a key strategy in
the COVID-19 response to enable surveillance of the evolving
COVID-19 pandemic [5].

Efforts to identify and support the contacts of those who have
tested positive for COVID-19 and thus pose arisk for infecting
others can be both resource- and labor intensive. Approaches
to contact tracing have traditionally used telephone and
i n-person communication; however, newer approaches examine
the use of mobile apps and leveraging data to track and trace
social connections and potential exposures. Countries such as
South Korea and Taiwan have touted the success of technology
enablement; however, to date, evidence demonstrating a causal
relationship between technology and COVID-19 mitigation is
lacking [6-10]. The COVID-19 pandemic continues to
overwhelm public health capacity due to the sheer numbers of
those infected. Moreover, the pandemic is particularly
challenging because of the large number of asymptomatic
infections [11]. As such, the private sector will play arolein
augmenting the public health response. Universities and
businesses can collaborate with government agenciesto facilitate
contact tracing, and the use of technology can be an important
enabler in this direction but concerns regarding privacy and
effectiveness remain.

Like other nonpharmaceutical interventions (NPIs), the
effectiveness of contact tracing is difficult to measure in real
time owing to the lack of direct access to outcomes data and
the reliance on surrogate data. Epidemiologists will determine

Thomas Craig et a

theimpact on COVID-19 with time, but in the interim, existing
retrospective studies on the effectiveness of contact tracing to
mitigate and suppressviral diseases offer alearning opportunity
and valuableinformation to improve preparedness and response.

The objective of thisstudy isto identify and synthesize evidence
regarding the effectiveness of contact tracing on infectiousviral
disease outcomes. This evidence-based review focuses on
studies describing the implementation and assessment of all
forms of contact tracing with other NPIs and pharmaceutical
interventions (Pls) by using single or multiple interventions
during viral epidemics or pandemics.

Methods

An evidence-based review was conducted using systematic
methodology to identify literature from the PubMed database,
including preprint medRxiv server content, related to the
effectiveness of all forms and combinations of contact tracing
approaches in viral epidemics or pandemics, including the
COVID-19 pandemic. The search query (Table 1) included
termsfor contact tracing (eg, contact tracing, case finding, case
detection) AND COVID-19, as well as other viral pandemics
or epidemics (eg, COVID-19, SARS-COV-2, 2019-nCOV, severe
acute respiratory syndrome coronavirus 2, novel coronavirus,
influenza, flu, viral pandemic, viral epidemic) AND
effectiveness (eg, effective*, efficacy). The search dates were
from database inception to July 24, 2020.

Outcomes of interest were measures of incidence, transmission,
hospitalization, and mortality. Modeling studieswith generalized
statements of effectiveness were also included despite the lack
of quantitative data. Primary and secondary articles were
obtained; however, secondary articles were excluded with the
exception of modeling studies and systematic reviews with
inclusion criteriaidentical to thisstudy. Singlereviewer (KJTC)
screening was conducted using apriori inclusion and exclusion
criteria(Table 2). Data abstraction was completed from primary
sources by one reviewer (KJTC), and quality control was
undertaken by a second reviewer (RR, VCW) by using
standardized forms. The study quality was assessed using Oxford
Levelsof Evidence[12] by adual review (KJTC, RR, or VCW).

Table 1. Strategy used for the search conducted in MEDLINE (via PubMed).

Search Facet Search terms Search results
number (July 24, 2020)
1 Identify articles on NPIs® of contact (contact tracing[title] OR casefinding[title] ORidentify contactg[title] or detect 17,896
tracing used alone or in combination ~ Case*[title] OR early detection(title] OR * contact tracing” [MeSH][title])
with other NPIs OR (non-pharmaceutical intervention®* AND contact tracing)
2 Identify articleson viral epidemicsor  covid19[tiab] OR covid-19[tiab] OR severe acute respiratory syndrome 140,427
pandemics with afocus on COVID-19 coronavirus 2 or SARS-COV-2 OR 2019-nCoV OR novel coronavirus OR
“ COVID-19" [ Supplementary Concept] OR viral epidemic[tiab] OR viral
pandemic[tiab] OR influenza[tiab] or flu[tiab]
3 Identify effectiveness outcomes effective* OR efficacy OR effectiveness 8,348,810
4 Identify contact tracing effectiveness ~ #1 AND #2 AND #3 122

studiesin viral epidemics or pandemics

8NPI: nonpharmaceutical intervention.
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Table 2. Apriori inclusion and exclusion criteria applied.
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PICOST?
component

Inclusion criteria

Exclusion criteria

Population

Intervention

Comparison

QOutcomes

Settings

Study limits

N/AC

The study examinesinfectiousviral diseasein humansduring pandemic or epidemic «
settings.

The study focuses on the contact tracing aspect of NP &. Contact traci ngismeasured °
in terms of the detection of asymptomatic cases and following testing or diagnosis
of aconfirmed case they may have had close contacts with or random testing.

The study may examine single or multiple NPIs, and combinations of contact tracing
interventions. Combination contact tracing interventions can also include other in-
terventions such as diagnostic testing, pharmaceutical interventions, and other NPIs.

The study reports on the following outcomes: .

Disease incidence:

« Incidence proportion or attack rate/risk: The percentage of the population that
contracts the disease in an at-risk population during a specified time interval.
Other included variations will alow cumulative and peak attack rates.

« Infectionrate (or incident rate): Anincidencerateistypically used to measure
the frequency of occurrence of new cases of infection within adefined popula-
tion during a specified time frame.

Disease transmission:

«  Reproduction number (RO): The basic reproduction number that is used to
measure the transmission potential of a disease.

«  Reduction and risk of transmission (primary or secondary) will be abstracted.

Mortality:

« Casefatality proportion: The proportion of deaths within a defined population
of interest.

«  Peak excess death rates. A temporary increase in the mortality rate in agiven
population.

« Mortality rate: The total number of deaths from a particular cause in one year
divided by the number of people alive within the population at mid-year. An
example is cumulative death rate.

o  Total deaths: The number of desths considered all-cause mortality.

Hospitalization:
o  Thisincludes both regular and intensive care unit admissions.

The study may also report qualitative findings of outcomes from modeling studies.

No study limits on geography, global findings.

Study type: primary literature (original studies, case studies) or secondary literature

(including systematic reviewswith the sameinclusion criteria) with or without meta-
analyses and modeling.

The publications are either already printed in peer-reviewed journals, conference
proceedings, or in the prepublication print phase.

N/A

N/A

The study examines bacterial, fungal,
parasitic, protozoan, and prion dis-
eases.

The study does not explicitly stateviral
disease has reached epidemic or pan-
demic status.

The study describes NPIs without
contact tracing included in the combi-
nation intervention.

The study does not report quantitative
or qualitative data on the effectiveness
of contact tracing.

Study types other than aprimary study
or asecondary study (ie, commen-
taries, policy reviews, letters, editori-
als, and reports).

3P| COST: Population, Intervention, Control, Outcomes, Study design and Timeframe.

ENE nonpharmaceutical intervention.
°N/A: not applicable.

Results

Study Characteristics
The search strategy yielded atotal of 159 unique records, and
45 records (28.3%) were reviewed at the full-text level (Figure
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1). A total of 24 (15.1%) studies met the inclusion criteria
[13-36], and their characteristics are provided in Table 3 and
Table S1 of Multimedia Appendix 1.

Most studies (n=14) [13,16,18,19,21-23,26-28,30,31,34,35]
used mathematical modeling, but others were observational
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studies (n=8) [14,15,20,24,29,32,33,36] and systematic reviews
(n=2) [17,25]. These modeling studies used synthetic
populations to provide quantitative analyses primarily of
COVID-19 evolution to query the effectiveness of contact
tracing with other interventions. Identified study settings were
global [16,17,25,28,32], nonspecified [19,22,27,31], or included
thefollowing countries: Canada[30,35], China[36], India[33],
Korea[20,29], Taiwan [14,24], United Kingdom [15,18,21,23],
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and the United States [13,26,34]. Intervention duration varied
across the studies, and both children and adults were targeted.
SARS-CoV-2 (n=18) was the most frequently examined viral
outbreak [13,14,16-19,21-24,26,27,29-32,34,35], but Nipah
virus(n=1) [33] and variousinfluenza A hemagglutinin (H) and
neuraminidase (N) subtypes, including HIN1 (n=4)
[17,25,28,36] and H7N2 (n=1) [15], were al so studied.

Figure 1. Results of the literature search. Summary of all articles identified by systematic search queries and tracking of articles that were included
and excluded across the study screening phases with reasons for exclusion of full texts.
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'
¥
B Records identified through database Additional records identified through
g searching other sources (including pre-prints
~
% (n=122) (n=37)
—
—\
Records after dgplicatcs N Duplicates removed
= remove: n=0
8 (n=159) (n=0)
=
Q
§ |
=
3 Record d
= cco(rnils ;;f;cnc > Records excluded
(n=114)
—
'
'~§‘ 4
_.a Full-text articles assessed for Full-text articles excluded
E eligibility (n=21)
(n=45) These studies were excluded
based on following reasons:
Outcomes (n=20)
— Study type (n=1)
R
v
'g Studies included in the
'g qualitative synthesis
= (n=24)
S
S

JMIR Public Health Surveill 2021 | vol. 7 | iss. 10 |[€32468 | p.150
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

Table 3. Summary of study characteristics.
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Serial Study reference Geography Study design; level of 5 sative virus? Effectiveness out-

number Location Continent evidence® come(s) assessed

1 Aleta, 2020 [13] United States North America  Modeling; 2b SARS-CoV-2 Hospitalization; inci-
dence

2 Cheng, 2020 [14] Taiwan Asia Observational; 4 SARS-CoV-2 Incidence

3 Eames, 2010 [15] United Kingdom Europe Observational; 4 InfluenzaA (H7N2) | pci dence; transmis-
sion

4 Fiore, 2020 [16] Global Global Modeling; 2b SARS-CoV-2 | pci dence; transmis-
sion

5 Fong, 2020 [17] Global Global Systematic review; 2a  Varied (included in-  Incidence; transmis-

fluenza A subtypes) sion

6 Goscé, 2020 [18] United Kingdom Europe Modeling; 2b SARS-CoV-2 M ortality; transmis-
sion

7 Hellewell, 2020 [19] N/RS N/R Modeling; 2b SARS-CoV-2 Transmission

8 Jung, 2020 [20] South Korea Asia Observational; 4 SARS-CoV-2 Transmission

9 Keeling, 2020 [21] United Kingdom Europe Modeling; 2b SARS-CoV-2 Transmission

10 Kretzchmar, 2020 [22] N/R N/R Modeling; 2b SARS-CoV-2 Transmission

11 Kucharski, 2020 [23]  United Kingdom Europe Modeling; 2b SARS-CoV-2 Transmission

12 Liu, 2020 [24] Taiwan Asia Observational; 4 SARS-CoV-2 Incidence; transmis-
sion

13 Mizumoto, 2013 [25]  Global Globa Systematic review; 4 Influenza A (HIN1) Transmission

14 Ngonghala, 2020 [26]  United States North America  Modeling; 2b SARS-CoV-2 Hospitalization;
mortality; transmis-
sion

15 Peak, 2020 [27] N/R N/R Modeling; 2b SARS-CoV-2 Transmission

16 Ross, 2015 [28] Globa Globa Modeling; 2b Influenza A (HIN1) Transmission

17 Son, 2020 [29] South Korea Asia Observational; 4 SARS-CoV-2 Incidence

18 Tang, 2020 [30] Canada North America  Modeling; 2b SARS-CoV-2 Transmission

19 Torneri, 2020 [31] N/R N/R Modeling; 2b SARS-CoV-2 Transmission

20 Wilasang, 2020 [32] Global Global Observational; 4 SARS-CoV-2 Transmission

21 Wilson, 2020 [33] India Asia Observational; 4 Nipah virus (NiV)  Incidence

22 Worden, 2020 [34] United States North America  Modeling; 2b SARS-CoV-2 Transmission

23 Wu, 2020 [35] Canada North America  Modeling; 2b SARS-CoV-2 Transmission

24 Zhang, 2012 [36] China Asia Observational; 4 InfluenzaA (HIN1) Incidence

@Adapted from Oxford Levels of Evidence [12]. Level 2a: systematic review with homogeneity of 2b or better studies; level 2b: retrospective cohort,
simulation, or modeling studies; level 4: case series or systematic review with heterogeneity of studies.

N hemagglutinin subtype number and neuraminidase subtype number

°N/R: not reported.

Types of Contact Tracing I nterventions and its
Combination With Other Interventions

Five studies [15,24,28,36,37] examined contact tracing in a
model as a single intervention. Most studies (n=19)
[13,14,16-23,25,26,29-35] used acombination of interventions
to assess the effectiveness of contact tracing using NPIs with
or without PIs. Isolation (ie, separation of diagnosed individuals)
and quarantine (ie, restricted movement of presumably infectious
individuals) were most frequently combined with contact tracing
asamultipronged approach in public health strategiesto combat
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the outbreak. Case detection by diagnostic testing was an
additional consideration for the effectiveness of contact tracing.
Other interventions with contact tracing included general social
distancing NPIs (eg, school closure, mass gathering bans, travel
restrictions, workplace policiesto limit contact, and nonspecified
socia distancing to limit public contact), personal protective
equipment (eg, mask wearing), increased hygienic practices
(eg, handwashing and sanitization procedures), antiviral
prophylaxis and/or treatment, symptom monitoring by public
health personnel, and screening practicesto identify active cases.
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Only two studies [22,23] considered digital approaches that
included the use of mobile app technology rather than traditional
manual contact tracing interventions. No hybrid approaches of
traditional and mobile app—based strategies were identified;
however, there were comparative analyses between the two
strategies.

Effectiveness of Contact Tracing

Viral disease outcomes associated with the effectiveness of
contact tracing were limited to disease incidence, hospitalization,
mortality, and transmission (Table 1). The most frequently
reported outcomes were transmission (n=19)
[13,15-27,30-32,34,35] and incidence (n=9), [ 13-17,24,28,29,33]
whereas hospitalization and mortality outcomes were described
inonly 3 studies [13,18,26]. All studies reported some degree
of effectiveness for contact tracing examined across mild to
moderate (R0<1.5) and/or moderate to severe (R0=1.5)
epidemics or pandemics based on the provided RO. Number of
contacts traced, timeliness, and compliance with combination
intervention implementation, and RO were found to impact
effectiveness. Combination of NPIs with contact tracing was
deemed the most effective [26]. One study modeled the effects
of contact tracing as a single intervention and it had minimal
effects, but the impact was improved by adding social
distancing, quarantine, and mask-wearing to case identification.
US peak transmission and hospitalizations decreased 10% from
the baseline with contact tracing alone and 92%, with a
combination of NPIs [26]. Moreover, nationwide mortality
changes from baseline improved substantially (US mortality
change from baseline: —3% to —64%) by combining contact
tracing with other interventions [26]. In a scenario where 50%
of symptomatic cases were identified, a 20% effective contact
tracing strategy combined with quarantine, isolation, and general
socia distancing would help reduce the hospital and intensive
care unit (ICU) peak daily admissions per 1000 people from
2.35(95% CI 1.97-2.75) and 1.39 (95% Cl, 1.11-1.68) to 0.44
(95% CI 0.28-0.62) and 0.28 (95% CIl 0.16-0.42), respectively.
With a 40% effective contact tracing strategy, these estimates
would further decrease to 0.29 (95% CI 0.18-0.43) and 0.15
(95% CI 0.08-0.26) [13]. Dueto intervention heterogeneity and
outcome reporting, it was not possible to provide valid
head-to-head effectiveness comparisons across studies.

Transmission

Combinations of NPIs with contact tracing decreased viral
transmissibility. Countries that implemented widespread
diagnostic SARS-CoV-2 testing with active case detection and
prompt isolation were more successful in decreasing the RO
than those that did not use contact tracing (decrease in RO:
0.4-2.2) [32]. A higher decrease in transmission was predicted
if contact tracing were combined with case isolation strategies
rather than with symptom monitoring [17]. Similarly,
transmission would decrease by more than 12% to 64% than
with mass testing or self-isolation strategies used aone [23].
Simulations indicated that policies to mitigate SARS-CoV-2
transmission, including contact tracing, isolation, and testing,
had similar impacts across geographies [16]. As interventions
were added, effectiveness was compounded. Simulations
indicated that contact tracing prevented 44% of transmissions
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from a primary case, and the RO decreased from 1.85 to 1.13,
with shelter in place and public mask-wearing policies coupled
with contact tracing, isolation, and quarantinein USCOVID-19
settings [34]. Similarly, another modeling study conducted in
England observed that SARS-CoV-2 transmission decreased
substantially following weekly universal testing, mask-wearing,
and contact tracing during alockdown (effective RO: lockdown
lifted and no interventions, 2.56; with interventions, 0.27) [18].
Additionally, when antiviral treatments were added to NPIs,
the strategy used resulted in a further decrease in transmission
and increased the probability of suppressing the COVID-19
pandemic [31].

Compliance or achievement of combination NPIs with contact
tracing and severity of the RO affected their success. The
modeling of isolation measures with contact tracing predicted
decreased SARS-CoV-2 transmission (preintervention RO: 1.5;
post-intervention RO: 0.5-0.9 based on 20%-100% contact
tracing achievement) [19]. Moreover, a higher achievement of
contact tracing was required as the RO increased [19]. One
simulation study showed that increased case detection by contact
tracing reduced the RO from 3 to 0.5 when used in combination
with other community-enforced personal protection measures
such as wearing a mask [35]. Additionally, testing efficacy
improved the effectiveness of contact tracing. When both
presymptomatic and asymptomatic infections occurred, contact
tracing was more effective when combined with testing rather
than monitoring, provided the diagnostic test was sensitive
enough to detect infections during the incubation period in a
COVID-19 model [31]. One modeling study identified many
simulated conditionsthat resulted in SARS-CoV-2 suppression
(ie, RO<1) of transmission; the parametersincluded high (=60%)
contact tracing and testing efficacy to accommodate a range of
testing capacities (low to high incidence) [16]. Even with short
serial intervals, if social distancing NPIs could decrease RO to
1.25, then adding active monitoring of about 50% of contacts
predicted suppressed transmission (R0<1) [27].

Moreover, the duration and timing of contact tracing
interventions influenced their effectiveness on limiting
transmission. One modeling study noted that the duration of the
combined interventions, including contact tracing, was a
necessary consideration for itsimplementation. Although these
measures could abate epidemic-level COVID-19 transmission,
it would not prevent resurgence if measures were relaxed or
removed [13]. A model with combined isolation and contact
tracing predicted that the delay between symptom onset and
isolation had the largest role in determining whether a
COVID-19 outbreak (R0=1.5) was controllable [19]. Further,
early detection of asymptomatic cases with high efficiency of
contact tracing and SARS-CoV-2 testing adequately limited the
observed transmission in nosocomial settings [20]. In ideal
scenarios (assuming no testing and tracing delays and 40% of
transmissions occurring before symptom onset), contact tracing
could achieve COVID-19 suppression (ie, RO<1, effective RO:
socia distancing NPIs only, 1.2; add contact tracing to NPIs,
0.8; 95% CI 0.7-1.0). However, if testing delays were greater
than 3 days, the most efficient combinatory strategies could not
suppress transmission (ie, keep R0<1) in COVID-19 models
[22].
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Logistical and economic burdens were identified in traditional
contact tracing interventions, and aternative means of
surveillance and monitoring were considered, including the use
of digital contact tracing. Keeling et a [21] computed the
distribution of epidemiological, social, and contact tracing
characteristics acrossthe population using preliminary estimates
of severe COVID-19 transmission. The model predicted that
with effective contact tracing, lessthan 1 in 6 caseswill generate
any subsequent untraced infections. This approach comeswith
a high logistical burden, given an average of 36 individuals
traced per case[21]. In fact, another US modeling study noted
that a 75% improvement in contact tracing resulted in a 10%
reduction in nationwide pandemic peak, highlighting its
potentially limited ability to scale in a cost-effective manner
[26]. Recall bias was a further limitation in contact tracing
efforts. One COVID-19 modeling study provided comparative
effectiveness to overcome these burdens [22]. Digital contact
tracing demonstrated limited superiority over traditional methods
in simulation. Mobile app—based tracing was more effective
than traditional tracing with limited efficacy (ie, 20% coverage;
change in RO: digital, —17.6%; traditional, —2.5%) [22].

Incidence

Epidemiological studies examining SARS-CoV-2 [14,24,29]
or other viruses [12,15,33,36] described the effectiveness of
contact tracing on viral disease incidence. Multiple studies
provided the effectiveness of contact tracing as part of mitigation
and suppression strategies; some reported the number of cases
identified [24,36] and contained [24,29,33] through contact
tracing, but noted high resource utilization [36]. Four studies
provided secondary attack rates following contact tracing
[12,14,15,29] and described the temporal differences based on
timing of exposure and contact tracing effectiveness [14].
COVID-19 secondary attack rate was higher when the exposure
to an index case started within 5 days of symptom onset (1%,
95% CI 0.6%-1.6%) than when the exposure occurred later (0%,
95% CI 0%-4%). Contact tracing al so effectively delineated the
associated determinants of COVID-19 secondary attack rates.
For example, household and honhousehold family contacts had
higher secondary attack rates than those found in health care or
other settings (4.6%-8.2% vs 0.1%-0.9%) [14,29], and attack
rates were higher among those older than 40 years[14].

Two modeling studies identified that, when used as part of a
combination intervention, contact tracing reduced viral disease
incidence[16,17]. A systematic review by Fong et a [17] found
that contact tracing of influenza A provided modest benefits
when infection rates were high, but it was more effective than
symptom monitoring when combined with aquarantine strategy.
Fioreet a [16] identified the optimal contact tracing capacities
when used in combination with isolation, quarantine, and
diagnostic testing with variable efficacies (20%-100%) to
determine the predicted impact on incidence when compared
to the absence of containment strategies.

Hospitalization and Mortality

The reported effects of contact tracing on COVID-19—related
hospitalization and mortality outcomes were limited to three
modeling studies [13,18,26]. If contact could be decreased by
40%, then predicted hospitalization and mortality could be
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reduced by 88% and 64%, respectively, with NPIs including
contact tracing [26]. Mortality would be decreased with the
addition of contact tracing to suppression and mitigation
strategies (ratio of cumulative deathsto no mitigation: 14.5-fold;
NPIswith contact tracing: 0.48-fold) [18].

On par with other outcomes, the timing and duration of
interventions affected the effectiveness of contact tracing on
hospitalization. Compared to no mitigation strategy, substantial
reductionsin hospitalizations (both normal and ICU admissions)
were expected upon the addition of the contact tracing strategy.
However, if intervention duration is insufficient (ie, measures
are relaxed or removed), then the tracing effort would need to
be raised by approximately 50% for hospitals to accommodate
the increased number of infections [13].

Study Quality

Using Oxford Levels of Evidence [12], most studies provided
level 2b evidence as modding summarizations
[13,16,18,19,21-23,26-28,30,31,34,35]; 1 systematic review
with homogeneous interventions provided level 2a evidence
[17]; 1 systematic review provided level 4 evidence due to
intervention heterogeneity [25]; and the observational studies
provided level 4 evidence [14,15,20,24,29,32,33,36].
Furthermore, 3 studies were preprints [13,16,34] The quality
of the evidence identified was moderate to low, as 8 studies
were classified aslevel 4.

Discussion

Principal Findings

To the best of our knowledge, this is the first evidence-based
review highlighting the impact of contact tracing on the
incidence, transmission, hospitalization, and mortality of aviral
infectious disease in the context of the COVID-19 pandemic.
Contact tracing, in combination with other NPIs or Pls,
decreased disease incidence and transmission. A reduction in
hospitalizations and mortality of the viral infectious disease was
alsofacilitated by contact tracing. Early, sustained, and layered
application of various NPIs, including contact tracing could
mitigate and suppress primary outbreaks and prevent more
severe secondary or tertiary outbresks provided that
decison-makers consider some important limitations.
Retrospective observational and modeling studies suggest the
effectiveness of contact tracing and other NPIs are not only
largely dependent upon on disease severity and its dynamic RO
values but also on intervention timing, duration, compliance,
efficiency, and the number of asymptomatic cases. Thus, an
outbreak could be effectively suppressed through strict and early
implementation of combined interventions, aslong asthey can
be maintained. The higher the infectivity of the disease and/or
the longer the delay in implementation of a measure, the lower
would be the resulting effectiveness of the interventions.
Additionally, the number of contacts traced and tested without
delay and the number of asymptomatic infectious casesare a so
very important considerations in public heath response
planning.

It is important to consider these data alongside the limitations
of contact tracing—the need for adapting programs based on
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the local context, resources, and customs,; implementation
challenges when disease incidence is very high; and limited
scalability. To improve scale, the use of digital surveillance
toolsto track the contacts of people infected with an infectious
disease, such as COVID-19, could be key to reducing the
number of peopleinfected and reducing the spread of the virus.
More countries areimplementing digital toolsfor contact tracing
through mobile apps that allow user data to be shared via the
device's GPS and/or Bluetooth capabilities; however, this
approach rai ses concerns about privacy; confidentiality of data;
and functional or technological limitations, such as dependency
on voluntary adoption, performance-related errors, limited
effectivenessin identifying contacts, and restrictions associated
with operating systems [38-40]. During our screening, we
identified several implementation and theoretical studies
regarding the use of digital contact tracing, but most of them
lacked outcomes data for inclusion [38,41-49]. A gap remains
in understanding the effectiveness of these mobile apps,
particularly sincelimited evidence exists on their effectiveness,
although modeling studies have suggested that contact-tracing
apps could reduce disease transmission [50]. Notably, there are
guidelines set forth by various government agenciesto augment
traditional contact tracing with digital tools [51].

Strengths and Limitations

This review has severa strengths. To our knowledge, thisis a
novel review using a rigorous methodology to provide a
qualitative synthesis of the evidence related to the effects of
contact tracing on viral disease outcomes. Synthesis included
studies examining the COVID-19 pandemic caused by
SARS-CoV-2 (2019-2020), in addition to historic viral
epidemics. This examination provides stakeholders with
evidence-based findings to better understand the importance
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and benefits of timely and strategic implementation of contact
tracing in the current social context of a severe pandemic.

Our results should be interpreted in the context of their
limitations. From a study design perspective, the search was
not comprehensive, as only one database (including its preprint
contents) was searched, and no handsearching of included
studies or conference proceedings was performed to expediently
provide synthesis of the available information. Furthermore,
the findings are of limited generalizability due to the relatively
small number of identified studies, most of which were of
moderate to low quality. Additional considerations need to be
made for the large number of modeling studies that were used
to derive this transmission-based evidence as opposed to
epidemiological findings. Finally, the consideration of contact
tracing alone and in combination with various other
interventions, as observed in the response to the COVID-19
pandemic, limits the interpretation of the causal role of contact
tracing in disease mitigation. However, recent work suggests
that comparisons between different permutations of NPIs may
still be informative [52].

Conclusions

Thisevidence-based review suggeststhat the proper deployment
of strategically layered NPIsthat include contact tracing along
with other interventions, such as testing, could mitigate and
suppress disease burden by decreasing viral disease incidence,
transmission, and resulting hospitalizations and mortality. Strict
and timely implementation of NPIs is necessary to minimize
i nefficiencies associated with their limited ability to scale with
the surge of outbreaks. Future work should focus on the ability
of digital methods to augment traditional contact tracing and
its associated privacy and ethical considerations, the accuracy
and assumptions of contact tracing models, and the specific
effects of vaccines and other Pls on contact tracing.
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Abstract

Background: All-cause mortality and estimates of excess deaths are commonly used in different countriesto estimate the burden
of COVID-19 and assessits direct and indirect effects.

Objective: This study aimed to analyze the excess mortality during the COVID-19 pandemic in Jordan in April-December
2020.

Methods: Official data on deaths in Jordan for 2020 and previous years (2016-2019) were obtained from the Department of
Civil Status. We contrasted mortality ratesin 2020 with those in each year and the pooled period 2016-2020 using a standardized
mortality ratio (SMR) measure. Expected deaths for 2020 were estimated by fitting the overdispersed Poisson generalized linear
models to the monthly death counts for the period of 2016-2019.

Results. Overall, a21% increase in standardized mortality (SMR 1.21, 95% Cl 1.19-1.22) occurred in April-December 2020
compared with the April-December months in the pooled period 2016-2019. The SMR was more pronounced for men than for
women (SMR 1.26, 95% CI 1.24-1.29 vs SMR 1.12, 95% CI 1.10-1.14), and it was statistically significant for both genders
(P<.05). Using overdispersed Poisson generalized linear models, the number of expected deaths in April-December 2020 was
12,845 (7957 for women and 4888 for men). The total number of excess deaths during this period was estimated at 4583 (95%
Cl 4451-4716), with higher excess deathsin men (3112, 95% CI 3003-3221) than in women (1503, 95% CI 1427-1579). Almost
83.66% of excess deaths were attributed to COVID-19 in the Ministry of Health database. The vast mgjority of excess deaths
occurred in people aged 60 years or older.

Conclusions: The reported COVID-19 death counts underestimated mortality attributable to COVID-19. Excess deaths could
reflect the increased deaths secondary to the pandemic and its containment measures. The majority of excess deaths occurred
among old age groups. It is, therefore, important to maintain essential services for the elderly during pandemics.

(JMIR Public Health Surveill 2021;7(10):e32559) doi:10.2196/32559
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COVID-19[1]. In Jordan, the death toll has reached 3834, with
more than 294,000 people diagnosed with COVID-19 at the
Theimpact of COVID-19 and its response measures on health, end of 2020 [1]. The number of officially reported COVID-19

economy, and society has been substantial. By the end of 2020, deaths i'n Jordan [2] does not refilect the true burden Qf the
more than 380 million COVID-19 cases were confirmed Pandemic because some people with COVID-19 died without
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being diagnosed and because of the indirect impact of
COVID-19 and its response measures.

All-cause mortality and estimates of excess deaths are
commonly used in different countries to estimate the burden of
COVID-19 and assess its direct and indirect effects [3,4].
However, the calculation of these measures is challenged by
data gaps in some countries. Excess deaths are calculated by
subtracting the number of expected deaths in a specific period
from the number of observed deaths in the same period. In the
context of COVID-19, the number of excess deaths refers to
deaths that are directly or indirectly attributed to COVID-19.
Theindirect effects of the pandemic and its response measures
result from denied or delayed diagnosis, management, and
prevention of diseases, delayed care for acute emergencies,
economic hardship; health care shortages; overburdened health
care systems; disruption of essentia health services;
psychological distress; and domestic violence [5,6].

Previous studies used different methods to estimate excess
deaths such as Farrington surveillance algorithms [7], the
standardized  mortality  ratio  (SMR) [8], the
difference-in-differences econometric approach [9], generalized
linear models such as Poisson loglinear and negative binomial
with log link models [10], and the relevant excess mortality
calculation method [11]. Many previous studies documented
the excess mortality attributable to COVID-19. One study in
the United States showed that COVID-19 deaths are likely to
be twice as high asreported [12]. In Portugal, a study reported
that excess deaths are 3-5 times higher than what could be
explained by COVID-19 deaths [13]. Studies on the burden of
COVID-19 in the Eastern Mediterranean region as well asin
Jordan are scarce. This study aimed to analyze excess mortality
during the COVID-19 pandemic in Jordan in April-December
2020.

Methods

Official data on deaths in Jordan for 2020 and previous years
(2016-2019) were obtained from the Department of Civil Status
in March 2021. The dataincluded information on age, sex, and
date of death. Data on the number of officially registered

Khader & Al Nsour

COVID-19 deaths in Jordan were obtained from the Ministry
of Health (MoH) [2]. The data on COVID-19 deaths were
validated from different sources.

Mortality information was grouped by month to assess the
temporal trends. Analysis was limited to April-December
becausethefirst COVID-19 desth in Jordan occurred on March
28, 2020. Crude, gender-specific, and age-specific death rates
were calculated. We contrasted mortality rates in 2020 with
thosein each year and the pooled period 2016-2020 using SMR
by calculating the ratio between the observed number of deaths
in Jordan in the year 2020 and the number of deaths that would
be expected, based on the age- and sex-specific ratesin 2016,
2017, 2018, 2019, and a pooled period 2016-2019. A ratio
greater than 1.0 indicates excess deathsin the Jordan population
in 2020. The 95% CI for SMR was calculated. The SMR was
considered statistically significant if the value 1 was not included
intheCl.

Expected deaths for 2020 were estimated by fitting the
overdispersed Poisson generalized linear model sto the monthly
death counts for the period of 2016-2019. The model included
month and year as variables to capture seasonality and adjust
for annual trends. The month was entered in the model as a
categorical variable. The model included age and gender as
independent variables. Expected deathswere estimated for each
gender-age stratum as a difference between observed and
expected deaths. The total excess deaths was calculated by
summing excess deaths across age categories for each gender.
When the excess mortality in some age groups was less than 0
(indicating decreased deaths), the number of excess deathswas
set as 0. Excess deaths are reported by gender, age group, and
month.

Results

A total of 22,429 deaths were registered in the Department of
Civil Registration in April-December 2020. The total humber
of COVID-19 deaths registered by the MoH during the same
period was 3834, accounting for 17.09% of total deaths. The
gender-specific and age-specific death ratesin April-December
2020 are shown in Table 1.

Table 1. The gender and age-specific death ratesin Jordan (April-December 2020).

Age categories Women Men

(years)
Population Observed deaths ~ Age-specificdeath Population Observed deaths  Age-specific death
(n=5,084,000), n (n=9051), n rate (per 100,000 (n=5,722,000), n (n=13,378), n rate (per 100,000

population) population)

<20 2,317,351 567 24 2,468,981 758 31

20-29 904,139 174 19 1,109,952 320 29

30-39 722,044 252 35 848,784 471 55

40-49 534,417 513 96 638,203 996 156

50-59 317,390 996 314 356,629 2034 570

60-69 168,889 1507 892 174,314 2698 1548

=70 119,770 5042 4210 125,137 6101 4875
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The number of observed deaths in April-December 2020
exceeded the average number of deathsin the period 2016-2019
by 28.0% (4902 deaths). To adjust for changes in age
distribution over time and population growth, the SMR was
calculated to compare the mortality in April-December 2020
with that in the same months of the years 2016, 2017, 2018,
and 2019 and in the pooled years 2016-2019. Overall, a 21%
increase in standardized mortality (SMR 1.21, 95% CI

Khader & Al Nsour

1.19-1.22) occurred in April-December 2020 compared to
average mortality in the period 2016-2019. The SMR was more
pronounced for men than for women (SMR 1.26, 95% CI
1.24-1.29 vs SMR 1.12, 95% ClI 1.10-1.14), and it was
dtatistically significant for both genders (P<.05). Figure 1 shows
the comparison of the SMR between April-December 2020 and
April-December of the years 2016, 2017, 2018, and 2019 and
pooled years 2016-2019.

Figure 1. Comparison of the standardized mortality rate (SMR) between April-December 2020 and the same months in the years 2016, 2017, 2018,

2019, and the pooled years 2016-2019.
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Using overdispersed Poisson generalized linear models to
consider seasonal and temporal trends, the number of expected
deaths in April-December 2020 was 12,845 (7957 in women
and 4888 in men). The total number of excess deaths during
this period was estimated at 4583 (95% CI 4451-4716), with
higher excess deaths in men (3112, 95% CI 3003-3221) than
in women (1503, 95% CI 1427-1579). Almost 83.66%
(3834/4583) of excess deaths were attributed to COVID-19 in
the MoH database. Figure 2 shows the number of excess deaths
for men and women according to age group. The vast mgjority
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of excessdeaths occurred in people aged 60 yearsor older (total:
3650/4583, 79.64%; women: 1503/1503, 100%; men:
2147/3112, 69.00%). It is worth mentioning that the numbers
of deaths that occurred in women aged <60 years and in men
aged <30 years in 2020 were less than expected.

Figure 3 shows the number of observed deaths in 2016-2020
and predicted deathsin 2020 according to the month of the year.
The observed deaths mainly exceeded the expected deaths
during the period September-December 2020 (Figure 3).
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Figure 2. The number of excess deaths for men and women according to age group.
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Figure 3. The number of observed deathsin 2016-2020 and predicted deaths in 2020 according to the month of the year.
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Principal Findings

In this study, we compared the mortality experience in 2020
with that in previous years using indirect standardization of
mortality rates and Poisson generalized linear models. We used
standardized death ratios of mortality rates to adjust for the
effects of differencesin population age distributions over years.
Age-specific mortality rates were also reported because only
reporting standardized rates may mask the age differences in

https://publichealth.jmir.org/2021/10/e32559
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underlying annual and seasonal trends.

This study showed a 21% increase in standardized mortality in
April-December 2020 compared with the same months in the
pooled period of 2016-2019. Previous studies had documented
increased mortality in some countries. One study in the United
States [8] reported a 15.9% increase in the SMR in 2020
compared with 2019. In Switzerland, a study [14] showed that
the SMR was 8.8% higher in 2020 than in 2019, returning to
the level observed 5-6 years before around the year 2015. Todd
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et al [10] showed a 32% increase in deaths, which was above
expectations, in Philadel phia during the period from March 22,
2020 to January 2, 2021. The differencesin the estimates among
different studies including ours might be explained by the
differences in the onset of the epidemic in each country, the
time at which each country started restrictive measures, and
compliance rates.

In our study, higher excess deaths occurred among men and in
people aged 60 years or older. The study in the United States
[8] reported a sharp increase in mortality rates with increasing
age, as well as rates that were higher in men than in women.
The Swiss study [12] showed that the increase in deaths was
greater for men than for women and was statistically significant
only for men over 70 years of age and for women over 75 years
of age. Todd et al [10] showed that excess mortality was
disproportionately high among older adults. These findings
highlight the need for separate analysis for gender- and
age-specific strata to determine the groups at risk to be
prioritized for interventions. Men were more affected than
women, and older people were more affected than younger
people.

In Jordan, deaths attributed to COV1D-19 accounted for 83.66%
of all excessdeathsin 2020. In the United States, they accounted
for about 75% of all excess deathsin 2020 [15,16]. Todd et a
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[10] showed that 77% of excess deaths were attributed to
COVID-19 on death certificates.

Another finding in thisstudy isthat therewas agreater reduction
in the number of deaths in women aged <60 years and in men
aged <30 years in 2020 than what would be expected. This
finding might be explained by the reduction in deaths from other
common causes in Jordan such as those caused by traffic
accidents, due to lockdown and movement restrictions.

It is worth mentioning that the methodological approach we
used can be used in other countries that have a strong death
registration system. One should consider the limitation of excess
death statistics when interpreting the study findings. This
measure cannot be used to compare the burden of disease across
countries because it depends on the size of the population [17].
Another point to consider isthat mortality datamight take some
time before they become complete.

Conclusion

Thereported COVID-19 death countsin Jordan underestimated
mortality attributable to COVID-19. The majority of excess
deaths occurred among old age groups. Excess deaths could
reflect increased deaths secondary to the pandemic and its
containment measures. It is, therefore, important to maintain
essential services for the elderly during pandemics.
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Abstract

Background: HIV infectionisasignificant independent risk factor for both severe COVID-19 presentation at hospital admission
and in-hospital mortality. Available information has suggested that people living with HIV and AIDS (PLWHA) could benefit
from COVID-19 vaccination. However, there is a dearth of evidence on willingness to receive COVID-19 vaccination among
PLWHA.

Objective: The aim of this study was to investigate willingness to receive COV1D-19 vaccination among a national sample of
PLWHA in China

Methods: This cross-sectional online survey investigated factors associated with willingness to receive COVID-19 vaccination
among PLWHA aged 18 to 65 years living in eight conveniently selected Chinese metropolitan cities between January and
February 2021. Eight community-based organizations (CBOs) providing servicesto PLWHA facilitated the recruitment. Eligible
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PLWHA completed an online survey developed using a widely used encrypted web-based survey platform in China. We fitted
a single logistic regression model to obtain adjusted odds ratios (aORs), which involved one of the independent variables of
interest and all significant background variables. Path analysis was also used in the data analysis.

Results: Out of 10,845 PLWHA approached by the CBOs, 2740 completed the survey, and 170 had received at |east one dose
of the COVID-19 vaccine. Thisanalysiswas performed among 2570 participants who had never received COV1D-19 vaccination.
Over half of the participants reported willingness to receive COVID-19 vaccination (1470/2570, 57.2%). Perceptions related to
COVID-19 vaccination were significantly associated with willingness to receive COVID-19 vaccination, including positive
attitudes (aOR 1.11, 95% CI 1.09-1.12; P<.001), negative attitudes (aOR 0.96, 95% CI 0.94-0.97; P<.001), perceived support
from significant others (perceived subjective norm; aOR 1.53, 95% Cl 1.46-1.61; P<.001), and perceived behaviora control
(aOR 1.13, 95% CI 1.11-1.14; P<.001). At the interpersonal level, receiving advice supportive of COVID-19 vaccination from
doctors (aOR 1.99, 95% CI 1.65-2.40; P<.001), CBO staff (aOR 1.89, 95% CI 1.51-2.36; P<.001), friendsand/or family members
(aOR 3.22, 95% CI 1.93-5.35; P<.001), and PLWHA peers (aOR 2.38, 95% CI 1.85-3.08; P<.001) was associated with higher
willingnessto receive COV1D-19 vaccination. The overall opinion supporting COV1D-19 vaccination for PLWHA on theinternet
or social mediawas also positively associated with willingness to receive COVID-19 vaccination (aOR 1.59, 95% Cl 1.31-1.94;
P<.001). Path analysisindicated that interpersonal-level variableswereindirectly associated with willingnessto receive COVID-19
vaccination through perceptions (=.43, 95% CI .37-.51; P<.001).

Conclusions: As compared to PLWHA in other countries and the general population in most parts of the world, PLWHA in
Chinareported arelatively low willingnessto receive COVID-19 vaccination. Theinternet and social mediaaswell asinterpersonal
communications may be major sources of influence on PLWHA's perceptions and willingness to receive COVID-19 vaccination.

(JMIR Public Health Surveill 2021;7(10):€31125) doi:10.2196/31125
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Introduction

The World Health Organization (WHO) confirmed that HIV
infection isasignificant independent risk factor for both severe
COVID-19 presentation at hospital admission and in-hospital
mortality [1]. It is essential to take additional measures to
prevent people living with HIV and AIDS (PLWHA) from
contracting COVID-19.

The COVID-19 vaccine offers the best hope for ending
the pandemic. Simulation experiments showed that when
vaccine efficacy was 80%, 75% coverage could end the
COVID-19 pandemic without any other control measures [2].
A relatively small number of PLWHA were involved in phase
1l COVID-19 vaccine triadls. The Pfizer study and the
Oxford/AstraZeneca study recruited 196 and 157 PLWHA,
respectively; however, the data on vaccine efficacy for PLWHA
was not included in the publications that led to their approval
inthe United States and the United Kingdom [3,4]. TheModerna
study included 176 PLWHA [5]. Of the PLWHA inthe Moderna
study, one person who received the placebo and none who
received the vaccine developed COVID-19. The Janssen
(Johnson & Johnson) study included 1218 PLWHA [6]. Two
PLWHA who received the vaccine and four who received the
placebo developed COVID-19. Therewere 201 PLWHA inthe
Novavax study; the overall vaccine efficacy was 49.4%, with
ahigher efficacy when PLWHA were excluded from the analysis
(60%) [7]. A number of studies observed similar immune
responses and adverse events in response to messenger RNA
(mRNA) and adenovirus vector COVID-19 vaccines between
PLWHA and HIV-negative individuals [8-12]. Despite limited
evidence, available information suggests that COVID-19
vaccines recommended by the WHO are safe for PLWHA.

https://publichealth.jmir.org/2021/10/€31125

There is no evidence to support a less robust response to
COVID-19 vaccines among PLWHA. PLWHA could benefit
from COVID-19 vaccination.

The recommendations or guidelines regarding COVID-19
vaccination for PLWHA are inconsistent across countries. The
WHO, the United States Department of Health and Human
Services, the British HIV Association, and health authoritiesin
Australia recommend that PLWHA receive COVID-19
vaccination regardless of their CD4+ T cell counts [1,13-15].
PLWHA comprise one of the priority groups to receive
COVID-19 vaccination in the United Kingdom, the United
States, and Australia [13-15]. Moreover, the United States
Centers for Disease Control and Prevention recommends that
PLWHA who are moderately to severely immunocompromised
should receive an additional dose of mMRNA COVID-19 vaccine
after theinitial doses[16]. Inthe Asia-Pacific region, Singapore
used to recommend COVID-19 vaccination to PLWHA who
arereceiving antiretroviral therapy (ART), with suppressed HIV
viral load, and with CD4+ T cell counts over 200 cells/uL [17].
Their recommendation expanded to all PLWHA regardless of
ART, viral suppression, or CD4+ T cell counts since July 2021
[17]. At the time when this study was conducted,
immunodeficiency, including HIV infection, was listed as a
precaution for COVID-19 vaccination in China; PLWHA were
asked to seek advice from doctors regarding COVID-19
vaccination [18]. The guideline was updated one month after
the completion of this study (March 2021) and recommended
COVID-19 vaccination for PLWHA, regardless of their CD4+
T cell counts [18].

Vaccine hesitancy hindered the successful control of the
COVID-19 pandemic. Therefore, it is helpful for governments
to planinterventionsto improve peopl€ s awareness of the safety
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and benefits of the COVID-19 vaccine and to reduce vaccine
hesitancy. In order to promote the COVID-19 vaccination of
PLWHA, it is necessary to understand their willingness to
receive COVID-19 vaccination and related facilitators and
barriers. However, most studies investigating willingness to
receive COVID-19 vaccination and its associated factors were
conducted among the general population and medical
professionals [19-21]; therefore, the findings might not be
applicable to PLWHA. To our knowledge, only two published
studies investigated COVID-19 vaccine hesitancy among
PLWHA in the United States and France [22,23]. The results
showed that 28.7% of PLWHA in France declared hesitancy to
be vaccinated against COVID-19 [22]. Over 30% of PLWHA
in the United States indicated that if avaccine was available to
prevent COVID-19, they would not trust it (34%) nor want to
get it (32%) [23]. Concerns about their health and the belief
that COVID-19 vaccination should be mandatory and is
important for people with chronic disease were associated with
higher willingness to receive COVID-19 vaccination among
PLWHA, while a previous history of vaccination refusal,
mistrust in public health information, and concerns related to
side effects were shown to be barriers [22,23].

We applied the socioecological model to understand factors
associated with willingness to receive COVID-19 vaccination
among PLWHA at individual, interpersonal, and sociostructural
levels [24]. Interventions addressing influencing factors at
multiple levels are more likely to be successful [24]. The
socioecological model was used successfully to explain
complianceto COVID-19 personal preventive measuresamong
Chinese populations [25]. At the sociostructural level, two
COVID-19 vaccination delivery models were implemented
simultaneoudly in China at the time of this study. Individuals
could make an appointment to receive COVID-19 vaccination
in some cities, while COVID-19 vaccination was mainly
arranged by employers and did not allow individuals to make
appointments in other Chinese cities. People had the right to
refuse such an arrangement. As of the writing of this paper,
since the number of vaccines is inadequate to cover the entire
Chinese population at the initial phase, priority is given to
subgroups with elevated risks of developing COVID-19 (eg,
health care workers, pandemic-control staff, and cold-chain
workers). Some Chinese cities aso reported a shortage of
COVID-19 vaccines. We  expected that  these
sociostructural-level  factors would influence PLWHA's
willingnessto receive COVID-19 vaccination. At theindividual
level, perceived efficacy, concerns about side effects, others
acceptance, and confidence to receive the vaccine influenced
people swillingnessto receive COVID-19 vaccination [26-30].
At theinterpersonal level, people were exposed to information
related to COVID-19 vaccination through interpersonal
communication or the internet and social media. Higher
exposure to positive information related to COVID-19
vaccination on social media was associated with a higher
willingness to receive such vaccination among Chinese factory
workers [27]. Interpersonal communication, such as receiving
advice from doctors and family members, was also positively
associated with willingness to receive COVID-19 vaccination
among the general population in China [28]. Clinical doctors
and staff from community-based organizations (CBOs) are the
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main service providersfor PLWHA [31]. Their adviceregarding
COVID-19 vaccination may have a great impact on PLWHA's
decisions to accept such vaccination. A recent study suggested
that exposure to positive information related to COVID-19
vaccination increased perceptions favoring such vaccination
[27]. Inthis study, we hypothesi zed that exposureto information
supporting PLWHA in receiving COVID-19 vaccination through
the internet and socia media as well as interpersona
communication would influence PLWHA'’s perceptions of such
vaccination and, hence, affect their willingness to receive
COVID-19 vaccination.

To our knowledge, no studies have investigated willingness to
receive COVID-19 vaccination among PLWHA in China. To
address knowledge gaps, this study investigated willingness to
receive COVID-19 vaccination among a national sample of
PLWHA. We examined the effects of the following factors:
sociodemographics, HIV-related characteristics, individual-level
factors (ie, perceptions related to COVID-19 vaccination),
interpersonal-level variables (ie, exposure to COVID-19
vaccination—rel ated information through the internet and social
media as well as interpersona communication), and
sociostructural-level factors (ie, COVID-19 vaccination delivery
model, members of priority groups, and shortage in vaccine
supply). We further tested the hypothesis that perceptions of
COVID-19 vaccination would mediate the association between
interpersonal-level variables and willingness to receive
COVID-19 vaccination.

Methods

Study Design

This study makes use of a multicenter cross-sectional online
survey conducted in eight conveniently selected large Chinese
cities between January and February 2021. These citiesincluded
two in the north (Tianjin and Beijing), two in the northeast
(Shenyang and Hohhot), one in the east (Nanjing), and threein
the south (Nanning, Guangzhou, and Shenzhen). Beijing is the
capital city of China. Shenzhen is a mgjor special economic
zone in Chinabordering Hong Kong in the south. The other six
cities are capital cities of the provinces. Reasons for selecting
these cities included the following: (1) each city has a CBO
providing servicesto PLWHA, (2) each city hasalarge number
of PLWHA, and (3) COVID-19 vaccination was first scaled up
a these sites. At the time of this study, people in Beijing,
Guangzhou, and Shenzhen could make an appointment to
receive COVID-19 vaccination. The procedures of making an
appointment were simple. Peoplefirst downloaded asmartphone
app devel oped by the health bureau. After logging in, they could
choose thetime and location to receive COV I D-19 vaccination.
In the other five cities, vaccination was arranged by employers
and did not allow individuals to make appointments. Only two
types of inactivated COV I D-19 vaccines—Sinovac-Coronavac
and Sinopharm—were available in China during the study
period. They were provided by designated community
vaccination centers and people could only receive them at sites
in these centers. Immunodeficiency, including HIV infection,
was listed as a precaution for COVID-19 vaccination in China
during the study period; it was recommended that PLWHA seek
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advice from doctors regarding COVID-19 vaccination [18]. were asked about their willingness to receive the vaccination.
Participants who had never received COVID-19 vaccination The context of this study isshown in Figures1to 3.

Figure 1. Number of patients living with HIV and AIDS in different study sites.
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Figure 3. Participants ability ("Yes") or inability ("No") to make appointments to receive COVID-19 vaccination in different study sites.
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Study Population

Study participantsincluded individual s aged 18 to 65 yearswho
have been diagnosed with HIV or AIDS and wereliving in one
of the eight cities. We did not include PLWHA older than 65
years, as COVID-19 vaccination was not approved for this age
group in China at the time of the survey. Exclusion criteria
included the following: (1) being illiterate and unable to
complete the questionnaire survey and (2) being ineligible for
COVID-19 vaccination (eg, pregnancy, latency, and severe
allergy to previous vaccination).

Recruitment and Data Collection

The eight CBOs that were mainly providing services to
marginalized populations (eg, PLWHA and HIV high-risk
populations), one in each study site, facilitated recruitment
through their networks. These CBOs have been working closely
with HIV clinical service providers. CBOs in China are the
main providers of HIV outreach services to PLWHA, as these
routine tasks have been transferred from government agencies
to CBOs [31]. A high proportion of PLWHA are followed up
by the CBOs. WeChat is the most common live-chat app used
by CBOs to connect with PLWHA clients. The research team
provided training for CBO staff who were responsible for
communicationswith PLWHA within the scope of their routine
service. Participants were recruited by posting advertisements
in the WeChat groups involving PLWHA clients kept by the
CBOs. The advertisements contained study information and
contacts of project staff (ie, private WeChat account number
and telephone number). Interested participants were asked to
contact CBO staff either using private WeChat messages or
telephone calls. CBO staff screened prospective participants
using the eligibility criteria, introduced the study purpose and
procedures, answered questions, and explained the
confidentiality of study participation. Participation in this study
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was voluntary, and participants could refuse to answer any of
the questions and withdraw from the study at any time without
consequences. Participants signed an electronic consent form
sent via WeChat messages. A link to access an online
self-administered questionnaire was sent to the consented
participants.

The survey was carried out through Golden Data, a commonly
used, encrypted, web-based survey platform in China. Each
individual WeChat account was allowed to access the online
guestionnaire only once to avoid duplicate responses. The
Golden Datatool performed acompleteness check before each
guestionnaire was submitted. Participants could review and
change their responses when they compl eted the questionnaire.
The survey took about 13 to 15 minutes to complete. An
electronic coupon with a vaue of 20 Chinese yuan (US $3.1)
was sent to each participant upon the completion of the survey.
A unique ID was assigned to each participant, which was used
to delink the study database from personal identifying data. All
data collected by the online surveys were stored in the Golden
Data server and protected by a password. Only the designated
research team members had access to the database.

Ethics Approval and Consent to Participate

Signed electronic informed consent forms were obtained from
all subjects involved in the study. These were kept separately
from the empirical data and stored in a password-protected
computer or a locked cabinet in the same locked office. This
study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional
Review Boards of Changzhi Medical College (protocol code
RT2021003).
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Development of the Questionnaire

A panel consisting of public heath researchers, hedlth
psychologists, clinicians, CBO staff, and PLWHA was formed
to devel op the questionnaire used in this study. The panel revised
and finalized the questionnaire based on a pilot test among 10
PLWHA. These 10 PLWHA did not participate in the actual
survey.

Background Characteristics

Partici pants reported sociodemographic characteristics, lifestyles
(ie, smoking and alcohol drinking), height and weight, and
history of other vaccinations in the past 3 years. Participants
were al so asked whether they had any chronic conditions, such
aschronic cardiovascular, respiratory, kidney, and liver diseases,
hypertension; diabetes mellitus and its chronic complications,
cancers, lymphoma; leukemia; autoimmune diseases;
hemorrhagic diseases; and history of severealergy. The survey
also collected some characteristicsrelated to HIV infection (eg,
time since HIV diagnosis, whether they were receiving ART,
HIV viral load and CD4+ T cell count in the most recent episode
of testing, and self-reported severity of AIDS-related symptoms).

Willingness to Receive COVID-19 Vaccination

Participants were asked about their likelihood of receiving free
COVID-19 vaccination in the future; the response categories
were as follows: 1 (very unlikely), 2 (unlikely), 3 (neutral), 4
(likely), and 5 (very likely). This study defined willingness to
receive COVID-19 vaccination as the responses “likely” or
“very likely” [27].

Variables at the Sociostructural, | ndividual, and
I nterpersonal Levels Related to COVID-19 Vaccination

The research team interviewed staff from the Chinese Center
for Disease Control and Prevention who were responsible for
implementing the COVID-19 vaccination program about
whether individuals were alowed to make an appointment to
receive COV1D-19 vaccination and whether there was ashortage
of COVID-19 vaccines during the project period at different
study sites. Participants were asked whether they belonged to
any of the groups who had priority to receive COVID-19
vaccination aslisted by the National Health Commission during
the project period.

At theindividual level, four scaleswere constructed to measure
perceptions related to COVID-19 vaccination. These scales
were as follows: (1) the 5-item Positive Attitude Scale, (2) the
5-item Negative Attitude Scale, (3) the 4-item Perceived
Subjective Norm Scale (ie, whether significant others would
support them to receive COVID-19 vaccination), and (4) the
5-item Perceived Behavioral Control Scale (ie, how much
control PLWHA have for receiving COVID-19 vaccination).
Response categories were as follows: 1 (strongly disagree), 2
(disagree), 3 (neutral), 4 (agree), and 5 (strongly agree). Positive
and negative attitudes, perceived subjective norm, and perceived
behavioral control were significantly associated with willingness
to receive COVID-19 vaccination among Chinese people [27].
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For interpersonal-level variables, participants were asked
whether they received advice given by doctors, CBO steff,
friends and/or family members, and other PLWHA regarding
COVID-19 vaccination. Participants were a so asked about the
overall opinion regarding COVID-19 vaccination that they
found on the internet or social media; response categories were
asfollows: 1 (against taking up COVID-19 vaccination), 2 (no
advice/neutral), and 3 (supportive in taking up COVID-19
vaccination).

Statistical Analysis

Using willingness to receive COVID-19 vaccination as the
dependent variable and background characteristics as
independent variables, crude odds ratios were obtained by
logistic regression models. After adjusting for variables with
P<.05 in the univariate analysis, associations between
independent variables of interest (ie, individual -, interpersonal -,
and sociostructural-level variables) and the dependent variable
were then assessed by adjusted odds ratios (aORs) and 95%
Cls. Each aOR was obtained by fitting a single logistic
regression model, which involved one of the independent
variadbles of interest and al significant background
characteristics.

Path analysis was conducted to test the mediation model. The
mean scores of the Positive Attitude Scale, the Negative Attitude
Scale, the Perceived Subjective Norm Scale, and the Perceived
Behavioral Control Scale were used as indicators to represent
the latent variable of perceptions related to COVID-19
vaccination. The mean scores of advice given by doctors, CBO
staff, friends and/or family members, and other PLWHA, as
well as the overall opinion on the internet and socia media,
were used as indicators to represent the latent variable of
interpersonal-level variables. Confirmatory factor analysiswas
conducted to test goodness of fit of these constructs. The latent
variable representing perceptions was used as the independent
variable, and willingnessto receive COV1D-19 vaccination was
used as the dependent variable. The significant background
characteristics were controlled for the model. Goodness of fit
was tested using chi-square tests, the comparative fit index
(CFI), the Tucker-Lewisindex (TLI), and the root mean square
error of approximation (RMSEA). Standardized path coefficients
(B) and unstandardized path coefficients (B) were reported. The
asymmetric Cls based on the bootstrap method (10,000 times)
that were used for significance testing of mediation hypotheses
with the 95% bootstrap CI did not include zero, indicating a
statistically significant mediation effect. The level of statistical
significance was set at P<.05. SPSS for Windows (version 21.0;
IBM Corp) and Mplus (version 8.3; Muthén and Muthén) were
used for all analyses.

Results

Background Characteristics

The CBOs approached 10,845 PLWHA in their WeChat groups,
8692 accessed the online survey, 2740 completed the survey,
and 170 received at least one dose of COVID-19 vaccination
at the time of the survey. This study was based on 2570 eligible
participants who had never received COVID-19 vaccination;
the flowchart of this study is presented in Figure 4.
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Figure 4. Flowchart of data collection. CBO: community-based organization; PLWHA: people living with HIV and AIDS.

10,845 PLWHA were approached by the CBOs
through WeChat from the eight study sites during
the project period (January to February, 2021)

8692 PLWHA accessed the online questionnaire
during the project period

L

2843 PLWHA provided electronic informed
consent and started the online survey

L J

2740 PLWHA completed the online survey

Data on 2570 participants who had never
received COVID-19 vaccination were analyzed

The mgjority of the 2570 participants were 18 to 39 years of
age (n=1916, 74.6%), identified themselves as male (n=2106,
81.9%), were currently single (n=1750, 68.1%), had afull-time
job (n=1782, 69.3%), and only had basic health insurance
(n=1927, 75.0%). Regarding characteristics related to HIV
infection, 17.2% (n=443) of the 2570 participants received their
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103 invalid questionnaires were excluded

diagnosis within 1 year, 97.3% (n=2501) were receiving ART,
67.9% (n=1746) reported undetectable viral load, and 46.0%
(n=1181) reported their CD4+ T cell count level to be above
500/uL. Less than 5% of the participants self-reported having
severe AIDS-related symptoms (Tables 1 and 2).
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Table 1. Sociodemographic characteristics of 2570 unvaccinated people living with HIV and AIDS in eight Chinese cities.

Characteristic All participants  Participantswilling to receive Participants unwilling to receive  Participantswilling P value
(N=2570), n COVID-19 vaccination COVID-19 vaccination versus unwilling,
(%) (n:1470), n (%) (n:1100), n (%) CORa (95% C|)

Agegroup (years)

18-29 791 (30.8) 456 (31.0) 335 (30.5) 1.0 Ref®

30-39 1125 (43.8) 638 (43.4) 487 (44.3) 0.96 (0.80-1.16) .68

40-49 475 (18.5) 287 (19.5) 188 (17.1) 1.12(0.89-1.41) .33

=50 179 (7.0) 89 (6.1) 90 (8.2) 0.73(0.53-1.01)  .054
Gender at birth

Male 2431 (94.6) 1390 (94.6) 1041 (94.6) 1.0 Ref

Female 139 (5.4) 80 (5.4) 59 (5.4) 1.02(0.72-1.44) .93
Gender identity

Male 2106 (81.9) 1224 (83.3) 882 (80.2) 1.0 Ref

Female 228 (8.9) 127 (8.6) 101 (9.2) 0.91(0.69-1.19) .48

Transgender 228 (8.9) 114(7.8) 114 (10.4) 0.72(0.55-0.95) .02

Others 8(0.3) 5(0.3) 3(0.3) 1.20(0.29-504) .80
Relationship status

Currently single 1750 (68.1) 993 (67.6) 757 (68.8) 1.0 Ref

Cohabitating or married 377 (14.7) 217 (14.8) 160 (14.5) 1.03(0.83-1.30) .77

with a same-sex partner

Cohabitating or married 443 (17.2) 260 (17.7) 183 (16.6) 1.08(0.88-1.34) .46

with an opposite-sex partner

Highest education level attained

Junior high school or below 425 (16.5) 249 (16.9) 176 (16.0) 1.0 Ref

Senior high school or equiv- 574 (22.3) 319 (21.7) 255(23.2) 0.88 (0.69-1.14) .34

alent

College and above 1571 (61.1) 902 (61.4) 669 (60.8) 0.95 (0.77-1.18) .66
Employment status

Full time 1782 (69.3) 1022 (69.5) 760 (69.1) 10 Ref

Part time, unemployed, re- 788 (30.7) 448 (30.5) 340 (30.9) 0.98 (0.83-1.16) .81

tired, student, or others

Monthly personal income (Chinese yuan®)

No fixed income 302 (11.8) 174 (11.8) 128 (11.8) 1.0 Ref
<1000 136 (5.3) 72 (4.9) 64 (5.8) 0.83(0.55-1.24) .36
1000-2999 338(13.2) 199 (13.5) 139 (12.6) 1.05(0.77-1.44) .75
3000-4999 736 (28.6) 413 (28.1) 323 (29.4) 0.94(0.72-1.23) .66
5000-6999 492 (19.1) 285 (19.4) 207 (18.8) 101(0.76-1.35) .93
7000-9999 273 (10.6) 174 (11.8) 99 (9.0) 1.29(0.92-1.81) .13
210,000 293 (11.4) 153 (10.4) 140 (12.7) 0.80(0.58-1.11) .19
Type of health insurance
None 307 (11.9) 166 (11.3) 141 (12.8) 1.0 Ref
Basic health insurance only 1927 (75.0) 1111 (75.6) 816 (74.2) 1.16 (0.91-1.47) .24
Commercial hedthinsur- 69 (2.7) 47 (3.2) 22 (2.0) 1.82(1.04-316) .04
ance only
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Characteristic All participants  Participantswillingtoreceive  Participants unwilling to receive  Participantswilling P value
(N=2570), n COVID-19 vaccination COVID-19 vaccination versus unwilling,
(%) (n=1470), n (%) (n=1100), n (%) CORa (95% C|)
Both basic and commercial 253 (9.8) 140 (9.5) 113 (10.3) 1.05 (0.75-1.47) 77

health insurance

Others 14.(0.5) 6 (0.4) 8(0.7) 0.64(0.22-1.88) .41

8OR: crude odds ratio.
bRef: reference.
CA currency exchange rate of 1 Chinese yuan=US $0.16 is applicable.

https://publichealth.jmir.org/2021/10/€31125 JMIR Public Health Surveill 2021 | vol. 7 | iss. 10 |€31125 | p.172
(page number not for citation purposes)

RenderX


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

JMIR PUBLIC HEALTH AND SURVEILLANCE Huang et al

Table 2. Lifestyle and health conditions of 2570 unvaccinated people living with HIV and AIDS in eight Chinese cities.

Condition All participants Participantswillingto  Participantsunwilling  Participants willing P vaue
(N=2570), n (%) receive COVID-19 toreceive COVID-19  yerqusunwilling, cOR?
vaccination (n=1470),  vaccination (n=1100), (95% Cl)
n (%) n (%)

Current smoker

No 1855 (72.2) 1069 (72.7) 786 (71.5) 1.0 Ref®

Yes 715 (27.8) 401 (27.3) 314 (28.5) 0.94 (0.79-1.12) 48
Current drinker

No 2068 (80.5) 1190 (81.0) 878 (79.8) 1.0 Ref

Yes 502 (19.5) 280 (19.0) 222 (20.2) 0.93(0.77-1.13) 47

Self-reported BM1 (kg/m?)

<185 235(9.1) 125 (8.5) 110 (10.0) 1.0 Ref
18.5-23.9 1649 (64.2) 944 (64.2) 705 (64.1) 1.18 (0.90-1.55) 24
24.0-27.9 558 (21.7) 327 (22.2) 231 (21.0) 1.25 (0.92-1.69) 16
228 127 (4.9) 74 (5.0) 53 (4.8) 1.23 (0.80-1.90) 36
Presence of chronic disease conditions
No 1707 (66.4) 1009 (68.6) 698 (63.5) 1.0 Ref
Yes 863 (33.6) 461 (31.4) 402 (36.5) 0.79 (0.67-0.94) 01

M edication usefor treating chronic diseases

No 2411 (93.8) 1385 (94.2) 1026 (93.3) 1.0 Ref

Yes 159 (6.2) 85 (5.8) 74.(6.7) 0.85 (0.62-1.17) 33
History of other vaccinationsin the past 3 years

No 2002 (77.9) 1110 (75.5) 892 (81.1) 1.0 Ref

Yes 568 (22.1) 360 (24.5) 208 (18.9) 1.39 (1.15-1.69) .001

Timesince HIV diagnosis (years)

<1 443 (17.2) 264 (18.0) 179 (16.3) 1.0 Ref
2-5 1198 (46.6) 685 (46.6) 513 (46.6) 0.91 (0.73-1.13) 38
>5 929 (36.1) 521 (35.4) 408 (37.1) 0.87 (0.69-1.09) 22

Receiving antiretroviral therapy

No 69 (2.7) 40 (2.7) 29 (2.6) 1.0 Ref
Yes 2501 (97.3) 1430 (97.3) 1071 (97.4) 0.97 (0.60-1.57) .90
HIV viral load in the most recent episode of testing (copies/mL)
Undetectable (<50) 1746 (67.9) 988 (67.2) 758 (68.9) 1.0 Ref
50-200 154 (6.0) 79 (5.4) 75 (6.8) 0.81(0.58-1.12) 21
201-400 69 (2.7) 45 (3.1) 24(2.2) 1.44 (0.87-2.38) 16
>400 137 (5.3) 87 (5.9) 50 (4.5) 1.34 (0.93-1.91) 12
Not sure 464 (18.1) 271 (18.4) 193 (17.5) 1.08 (0.88-1.33) 48

CD4+ T cell count in the most recent episode of testing (cells/mmg)

>500 1181 (46.0) 669 (45.5) 512 (46.5) 1.0 Ref

350-499 531 (20.7) 320 (21.8) 211 (19.2) 1.16 (0.94-1.43) 16

200-349 258 (10.0) 150 (10.2) 108 (9.8) 1.06 (0.81-1.40) 66

<200 89 (3.5) 44 (3.0) 45 (4.1) 0.75 (0.49-1.15) 19

Unknown 511 (19.9) 287 (19.5) 224.(20.4) 0.98 (0.80-1.21) 85
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Condition All participants Participantswillingto  Participantsunwilling  Participants willing P vaue
(N=2570), n (%) receive COVID-19 toreceive COVID-19  yergus unwilli ng, cCOR?
vaccination (n=1470),  vaccination (n=1100), (95% CI)
n (%) n (%)
Self-reported severity of AIDS-related symptoms
No symptoms 1306 (50.8) 767 (52.2) 539 (49.0) 1.0 Ref
Mild 839 (32.6) 483 (32.9) 356 (32.4) 0.95(0.80-1.14) .60
Moderate 308 (12.0) 157 (10.7) 151 (13.7) 0.73 (0.57-0.94) .01
Severe 117 (4.6) 63 (4.3 54 (4.9) 0.82 (0.56-1.20) 31

%OR: crude odds ratio.
bRef: reference.

Willingnessto Receive COVID-19 Vaccination and
Variables at the Individual, I nterpersonal, and
Sociostructural Levels

Over half of the participants were willing to receive free
COVID-19 vaccinations in the future (1470/2570, 57.2%). A
shortage of COVD-19 vaccineswas encountered in Shenyang,

https://publichealth.jmir.org/2021/10/€31125

RenderX

Guangzhou, and Shenzhen. Among the participants, 19.0%
(488/2570) identified themselves as belonging to a priority
group that would receive COV1D-19 vaccination. The Cronbach
a of the scalesfor perceptionsrelated to COVID-19 vaccination
ranged from .83 to .92; single factors were identified by
exploratory factor analysis, explaining 61.1% to 76.4% of the
total variance (Table 3 and Multimedia Appendix 1).
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Table3. Willingnessto receive COVID-19 vaccination and variables at the sociostructural, individual, and interpersonal levels among 2570 unvaccinated
people living with HIV and AIDS (PLWHA).

Variable All participants Participantswillingto  Participantsunwilling  Participants willing P value
(N=2570) receive COVID-19 toreceive COVID-19  yerqus unwilling, cOR?
vaccination (n=1470)  vaccination (n=1100) (95% Cl)

Willing to receive free COVID-19 vaccination, n (%)

No (very unlikely, unlikely, 1100 (42.8) 0(0) 1100 (100) N/AP N/A
or neutral)
Yes (likely or very likely) 1470 (57.2) 1470 (100) 0(0) N/A N/A

Sociostructural-level variables, n (%)
Individuals could make an appointment to receive COVID-19 vaccination during the study period
No 1578 (61.4) 887 (60.3) 691 (62.8) 1.0 RefC
Yes 992 (38.6) 583 (39.7) 409 (37.2) 1.11 (0.95-1.30) 20

Therewas a shortage of COVID-19 vaccine in the city where the participantswere living during the study period

No 1729 (67.3) 1009 (68.6) 720 (65.5) 1.0 Ref

Yes 841 (32.7) 461 (31.4) 380 (34.5) 0.87 (0.73-1.02) .09
Participants belonged to priority groupsthat would receive COVID-19 vaccination in their cities during the study period

No 2082 (81.0) 1189 (80.9) 893 (81.2) 1.0 Ref

Yes 488 (19.0) 281 (19.1) 207 (18.8) 1.02 (0.84-1.25) 85

Individual-level variables. perceptions and attitudes toward COVID-19 vaccination, mean (SD)

Positive Attitude Scaled score 184 (4.8) 19.3 (4.6) 17.1(4.7) 1.11 (1.09-1.13) <.001
Negative Attitude Scal€® 18.6 (5.2) 18.1(5.4) 19.3(4.8) 0.96 (0.94-0.97) <.001
score

Perceived Subjective Norm  13.3 (2.4) 14.5(2.5) 12.3(1.8) 1.53(1.46-1.61) <.001
Scale score

Perceived Behavioral Control  12.9 (6.1) 14.7 (6.1) 10.6 (5.4) 1.13(1.11-1.14) <.001
Scale? score

I nter per sonal-level variables, mean (SD)

Advice from doctorsregard- 2.1 (0.5) 2.2(0.5) 2.0(0.9) 2.03 (1.69-2.44) <.001
ing COVID-19 vaccination

Advice from CBO" staff ree 21(0.4) 2.1(0.4) 2.0(0.4) 1.86 (1.49-2.32) <.001
garding COVID-19 vaccina

tion

Advicefrom friendsand/or 2.0 (0.2) 2.0(0.4) 1.9(0.2) 3.18 (1.92-5.26) <.001

family members regarding
COVID-19 vaccination

Advice from other LWHA 2.0 (0.3) 21(0.3) 1.9 (0.4) 2.38(1.85-3.07) <.001
regarding COVID-19 vaccina

tion

Overall opinion regarding 2.0(0.9) 2.1(0.4) 2.0(0.9) 1.63(1.34-1.98) <.001

COVID-19 vaccination for
PLWHA on the internet and
social media

8OR: crude odds ratio.
ON/A: not applicable; cOR was not calculated for thisitem.
CRef: reference.

%The Positive Attitude Scale includes five items and has a maximum score of 25; Cronbach 0=.83; one factor was identified by exploratory factor
analysis, explaining 61.1% of the total variance.

®The Negative Attitude Scale includes five items and has a maximum score of 25; Cronbach 0=.87; one factor was identified by exploratory factor
analysis, explaining 66.3% of the total variance.
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The Perceived Subjective Norm Scale includes four items and has a maximum score of 20; Cronbach a=.84; one factor was identified by exploratory

factor analysis, explaining 63.4% of the total variance.

9The Perceived Behavioral Control Scaleincludesfiveitems and has a maximum score of 25; Cronbach a=.92; one factor was identified by exploratory

factor analysis, explaining 76.4% of the total variance.
hceo: community-based organization.

Factor s Associated With Willingnessto Receive
COVID-19 Vaccination

In the univariate logistic regression analysis, transgender
persons, those with chronic conditions, and those with more
severe AIDS-related symptoms showed lower willingness to
receive COVID-19 vaccination. Having commercial health
insurance only and a history of other vaccinationsin the past 3
years were associated with higher willingness to receive
COVID-19 vaccination (Tables 1 and 2).

After adjusting for significant background characteristics, having
more positive attitudes toward COVID-19 vaccination (aOR
1.11, 95% CI 1.09-1.12; P<.001), stronger perceived support
from significant others (perceived subjective norm; aOR 1.53,
95% CI 1.46-1.61; P<.001), and higher perceived behavioral

control (aOR 1.13, 95% CI 1.11-1.14; P<.001) to take up the
vaccination were associated with higher willingness to receive
COVID-19 vaccination. A negative association was found
between negative attitudes toward COVID-19 vaccination and
the dependent variable (aOR 0.96, 95% Cl 0.94-0.97; P<.001).
At the interpersonal level, receiving advice supportive of
COVID-19 vaccination from doctors (aOR 1.99, 95% CI
1.65-2.40; P<.001), CBO staff (aOR 1.89, 95% CI 1.51-2.36;
P<.001), friends and/or family members (aOR 3.22, 95% ClI
1.93-5.35; P<.001), and other PLWHA (aOR 2.38, 95% CI
1.85-3.08; P<.001) were associated with higher willingness to
receive COV1D-19 vaccination. The overall opinion supporting
COVID-19 vaccination for PLWHA on the internet and social
mediawas also positively associated with the dependent variable
(a0OR 1.59, 95% Cl 1.31-1.94; P<.001; Table 4).

Table4. Factors associated with willingness to receive COV1D-19 vaccination among 2570 unvaccinated people living with HIV and AIDS (PLWHA).

Variable aOR? (95% Cl) P value
Sociostructur al-level variables
Individuals could make an appointment to receive COVID-19 vaccination during the study period
No N/AP N/A
Yes N/A N/A
Therewas a shortage of COVID-19 vaccinesin the city wherethe participants were living during the study period
No N/AD N/A
Yes N/A N/A

Participants belonged to priority groupsthat would receive COVID-19 vaccination in their cities during the study period

No

Yes
Individual-level variables
Positive Attitude Scale score
Negative Attitude Scale score
Perceived Subjective Norm Scale score
Perceived Behavioral Control Scale score
Inter personal-level variables

Advice from doctors regarding COVID-19 vaccination

Advice from CBOC staff regarding COVID-19 vaccination

Advice from friends and/or family members regarding COV1D-19 vaccination

Advice from other PLWHA regarding COVID-19 vaccination

Overall opinion regarding COVID-19 vaccination for PLWHA on the internet and

social media

N/AD N/A

N/A N/A

1.11 (1.09-1.12) <.001
0.96 (0.94-0.97) <.001
1.53 (1.46-1.61) <.001
1.13 (1.11-1.14) <.001
1.99 (1.65-2.40) <.001
1.89 (1.51-2.36) <.001
3.22 (1.93-5.35) <.001
2.38 (1.85-3.08) <.001
1.59 (1.31-1.94) <.001

%0R: adjusted odds ratio; odds ratios were obtained by fitting a single logistic regression model involving an independent variable of interest and all
background variables listed in Tables 1 and 2 with P<.05 in univariate analysis.

bynivariate anal yses of these variables yielded P>.05, so multivariate analyses were not conducted.

¢CBO: community-based organization.

https://publichealth.jmir.org/2021/10/€31125

RenderX

JMIR Public Health Surveill 2021 | vol. 7 | iss. 10 [€31125 | p.176
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

Testing the M ediation Effects of Perceptionson the
Association Between I nterper sonal-L evel Variables
and Willingness to Receive COVID-19 Vaccination

Model Testing

Confirmative factor analysis showed that perceptions fit the
data well (CFI=0.98, TL1=0.90, and RMSEA=0.08). All the
factor loadingswere significant at P<.001, with 3 ranging from
.23 to .73. The interpersonal-level variables also fit the data
well (CFI=0.98, TLI=0.97, and RMSEA=0.02). All the factor
loadings were significant at P<.001, with standardized

Huang et a

coefficientsranging from .27 to .50. The hypothesized mediation
model showed good fit to the data (CFI=0.96, TL1=0.94, and
RMSEA=0.03).

Path Coefficients

Path analysis showed that interpersonal-level variables were
positively associated with perceptions (B=4.72, f=.57, P<.001),
while their association with willingness to receive COVID-19
vaccination was nonsignificant (B=-0.28, =—06, P=.23).
Perceptions were positively associated with willingness to
receive COVID-19 vaccination (B=0.43, 3=.74, P<.001; Figure
5).

Figure5. Mediation model with path coefficients. CBO: community-based organization; PLWHA: people living with HIV and AIDS.

Positive Attitude
Scale

Negative Attitude
Scale

Perceived Behavioral
Control Scale

Perceived Subjective
Norm Scale

=37 (P<.001
Advice given by P ( )

doctors B=48 (P<.001)

Advice given by | B=46 (P<.001)

CBO staff

=.31(P<.001)~
Advice given by p=31(P<.00)

’ Interpersonal variables
family members

Advice given by
other PLWHA

B=.48 (P<.001)

Qverall opinion p=.27 (P<.001)
on the internet

and social media

Mediation Effects

Bootstrap analysis showed that interpersonal-level variables
(B=2.01, 95% CI 1.67-2.53; p=.43, 95% CI .37-.51; P<.001)
wereindirectly associated with willingnessto receive COVID-19
vaccination via perceptions. Perceptions fully mediated the
association between interpersonal-level variablesand willingness
to receive COVID-19 vaccination.

Discussion

Principal Findings

We found that willingness to receive COVID-19 vaccination
among PLWHA is essential in the scae-up of COVID-19
vaccination among this group. The finding representsthe latest
estimate of willingnessto receive COV1D-19 vaccination among
PLWHA in China and can be used to project future vaccine
uptake in this group. We extended the existing literature by
conducting this study in multiple cities in different geographic
regions of China, with a large sample size, and examined the
multiple-level factorsthat correlated with willingnessto receive
the vaccine.
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COVID-19 vaccination

B=74 (P<.001)

Willingness to receive
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We found that the level of willingness among our participants
was relatively low (<60%). This level was lower than that of
PLWHA in France and the United States aswell asthe general
population in most parts of theworld [19] and China (70%-90%)
[26,27]. Since there is a gap between willingness and actual
uptake, COV1D-19 vaccination coverage among PLWHA would
be even lower without effective interventions [32]. The above
findings revealed COVID-19 vaccination hesitancy and
highlighted a strong need to promote COVID-19 vaccination
among PLWHA.

This study examined associated factors at all three levels
suggested by the socioecological model; the findings could
inform tailored interventions promoting COVID-19 vaccination
among PLWHA.. This was the first study to demonstrate that
the individual-level variables (ie, perceptions related to
COVID-19 vaccination) and interpersonal-level variables (ie,
advice from others and information exposure on the internet
and social media) were determinants of willingness among
PLWHA. The findings extended the application of the
socioecological model. More importantly, this study examined
the potential mechanism of the associations between
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interpersonal interactions and willingnessto receive COVID-19
vaccination. The results suggest that exposure to advice and
information supporting PLWHA in receiving COVID-19
vaccination might enhance perceptions favoring COVID-19
vaccination, which, in turn, may increase their willingness to
receive such vaccination. The significant mediation effect
supported the mechanism proposed by the social learning theory
[33].

This study also had numerous practical implications for
developing tailored vaccination strategies for PLWHA. First,
more attention should be given to PLWHA who are transgender
persons, with chronic conditions, and who have severe
AlIDS-related symptoms, as these subgroups reported lower
willingness. Transgender people are often marginalized,
encountering difficulties to access health care services [34].
Future programs targeting PLWHA should consider including
transgender-friendly vaccination services. Having AIDS-related
symptoms was also associated with lower willingness. Since
official opinions in China stated that the effectiveness of
COVID-19 vaccination was lower for people with
immunodeficiency [18], PLWHA might think that they may
not benefit from COV1D-19 vaccination. Health communication
messages should clearly state that it is recommended that
PLWHA receive COVID-19 vaccination if their chronic
conditions are stable, regardless of AIDS-related symptoms.

Second, modifying perceptionsrelated to COVID-19 vaccination
is potentialy useful in health promotion, as they were
significantly associated with willingness in the expected
directions. It is useful to increase positive attitudes toward
COVID-19 vaccination, as this was a facilitator. Health
communication messages should emphasize the physical and
psychological benefits of COVID-19 vaccination. About half
of the participants had concernsrelated to side effects, exposing
PLWHA’s identities, and potential interactions between
COVID-19 vaccinesand HIV and ART. Having more concerns
was associated with lower willingness. Testimonials on positive
experiences shared by vaccinated PLWHA might be useful in
reducing their concerns related to side effects and privacy.
Health communication messages should also emphasize that
there is no evidence showing that ART and COVID-19
vaccination would have negative impacts on each other [35].
Less than 40% of the participants perceived that medical
professionals, CBO staff, family members, and friends would
support them in taking up COVID-19 vaccination. Such
perception was also a facilitator. Future programs should
consider involving the significant others of PLWHA in order
to create a subjective norm favoring COVID-19 vaccination
uptake. It isalso useful to enhance perceived behaviora control,
as this was another facilitator. There is much room for
improvement. Facilitating PLWHA in forming aplan to receive
COVID-19 vaccination may be helpful for improving perceived
behavioral control.

Third, the significant mediation effect of perceptions on the
associ ation between interpersonal-level variablesand willingness
to receive COVD-19 vaccination suggested that future programs

https://publichealth.jmir.org/2021/10/€31125
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should involve clinical doctors, CBO staff, friends and/or family
members, and peers of PLWHA to give supportive advice.
Health authorities should aso disseminate clear
recommendationsfor PLWHA to receive COVID-19 vaccination
through officia online channels, which are considered influential
and credible sources by Chinese people [36]. These strategies
may be useful to modify PLWHA's perceptions and, in turn,
increase their willingness to receive COVID-19 vaccination.

This study aso had some limitations. First, policies and
guidelines related to COVID-19 vaccination are changing
rapidly. Our findings are most applicable to the early phase of
COVID-19 vaccination implementation in China. Second,
participants were recruited in large Chinese cities.
Generalizations to PLWHA living in smaller cities or counties
in China should be made cautiously. Third, we were not able
to collect information from PLWHA who refused to participate
in the study. PLWHA who refused to compl ete the survey may
have different characteristics from the participants. Selection
bias existed. Fourth, most items and scales used in this study
were self-constructed based on those used in the genera
population. Theinternal validity of these scales was acceptable.
However, external validation datawere seldom available. Fifth,
it was a limitation that we did not ask whether participants
anticipated or had experienced chalenges in making an
appointment to receive the COVID-19 vaccine. The procedures
to make an appointment are easy. Most Chinese people did not
encounter difficulties when they were using the appointment
system. We believe that the impact of anticipated and
experienced challengesin making an appointment on PLWHA's
willingnessto receive COV1D-19 vaccination waslimited. Sixth,
we did not study PLWHA's preferences for different types of
COVID-19 vaccines. Although inactivated vaccines were the
only available COVID-19 vaccines in China during the study
period, it is worthwhile to look at their preferences for other
types of vaccines (eg, mMRNA or adenovirus vector vaccines)
[37]. Moreover, the selection of the time frame for the history
of other vaccinations (ie, past 3 years) was arbitrary.
Furthermore, causality could not be established, as thiswas a
cross-sectiona study.

Conclusions

In sum, PLWHA in Chinareported arelatively low willingness
to receive COV1D-19 vaccination compared to PLWHA in other
countries and the general population in most parts of the world.
Perceptions related to COVID-19 vaccination and
interpersonal-level variables, such as receiving advice from
others or information exposure through the internet and social
media, were determinants of willingness. Information exposure
on the internet and socia media and interpersonal
communications with doctors, CBO staff, friends, family
members, and other PLWHA may be major sources of influence
on PLWHA's perceptions and willingnessto receive COVID-19
vaccination. The study findings could be used to design tailored
interventions with the aims of improving vaccination coverage
and reduce risks of COVID-19 among PLWHA.
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