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Abstract

Introduction: Successful strategies are needed to address parental vaccine hesitancy, a
significant public health issue. The study objective was to assess whether an Internet-based
platform with vaccine information and interactive social media components improved parents’
vaccine-related attitudes.

Study design: A three-arm RCT.

Setting/participants: The study was conducted in a large Colorado integrated healthcare
organization. Parents were enrolled during September 2013 through October 2015 and followed
through November 2016; data were analyzed in 2017. Parents, recruited during pregnancy, were
given a survey about vaccine-related attitudes at enrollment (i.e., baseline) and when their child
was aged 3-5 months and 12-15 months (Timepoints 1 and 2, respectively). Parental vaccine
hesitancy was assessed at baseline.

Intervention: Study participants were randomized to the following: a study website with vaccine
information and social media components (VSM arm); a website with vaccine information only
(V1); or usual care.

Main outcome measures: Change in parental vaccine attitudes over time by baseline degree of
vaccine hesitancy.

Results: Among 1,093 study participants, 945 (86.5%) completed all three surveys. Comparing
baseline with Timepoint 1 among vaccine-hesitant parents, the VSM and VI arms were associated
with significant improvements in attitudes regarding vaccination benefits compared to usual care
(VSM mean change 0.23 on a 5-point scale, 95% C1=0.05, 0.40, VI mean change 0.22, 95%
Cl=0.04, 0.40). Comparing baseline with Timepoint 2 among hesitant parents, the VSM and VI
arms were also associated with significant reductions in parental concerns about vaccination risks
compared to usual care (VSM mean change —0.37, 95% Cl= -0.60, —0.14, VI mean change —0.31,
95% Cl= —-0.55, -0.07). Self-efficacy around vaccine decision making also improved among
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vaccine-hesitant parents. No intervention effect was observed among parents not vaccine-hesitant
at baseline.

Conclusions: Among vaccine-hesitant parents, an Internet-based intervention improved parents’
attitudes about vaccines.

INTRODUCTION

Although immunization coverage remains high nationally,12 parental vaccine hesitancy? is a
significant public health concern in the U.S.# and globally.> An estimated 0.8% of children
aged 19-35 months in the U.S. are completely unimmunized,! 10% to 20% of parents

report having refused or delayed one or more vaccines,*%7 and even higher proportions of
parents report concerns about vaccines.”:8 Children whose parents have refused vaccines are
at increased risk of vaccine-preventable diseases®-1! and contribute to community disease
outbreaks.12

Developing strategies to reduce parental vaccine hesitancy is a challenging task, because the
phenomenon is complex and evolving.13:14 Seemingly sensible approaches may even have

a negative effect: Nyhan and colleagues!® found that presenting a dramatic narrative about
measles or showing pictures of children with vaccine-preventable diseases increased parental
misperceptions about the measles, mumps, rubella (MMR) vaccine. Several systematic
reviews of interventions targeting vaccine hesitancy were recently published. The review
authors concluded that although parent-focused educational interventions may improve
parents’ attitudes toward vaccination, the strength of evidence was relatively poor, and
additional well-designed studies of novel interventions were needed.14.16.17

Using Internet-based interventions to address parents’ vaccine concerns may be a
constructive strategy. Parents often seek vaccine information on the Internet.18.19
Additionally, Internet-based interventions can be delivered outside the confines of routine
well-child visits. This may be important because some parents have begun considering
vaccine-related decisions well before the 2-month well-child visit,2921 and providers report
insufficient time during well-child visits to adequately address parents’ vaccine concerns.22
Internet-based decisions aids were shown to improve attitudes about MMR vaccination

in England, Australia, and New Zealand,23-24 but little is known about Internet-based
interventions in the U.S., particularly the use of social media to engage with parents
regarding early childhood vaccination. The objective of the current study is to assess
whether an Internet-based platform with vaccine information and interactive social media
components improved parents’ vaccine-related attitudes.

METHODS

During September 2013 through November 2016, an Internet-based platform of vaccine-
related content was developed and tested in a single-site RCT. Results for the primary

study outcome of vaccination timeliness are presented elsewhere.2> The intervention was
delivered during pregnancy and early childhood, and the study assessed whether parents
exposed to the intervention had a greater change in their vaccine-related attitudes and beliefs
compared to parents receiving usual care. Parental attitudes and beliefs were assessed at
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three timepoints: when recruited during pregnancy, when their child was aged 3-5 months,
and when their child was aged 12-15 months. The human subjects research review board at
Kaiser Permanente Colorado (KPCO) reviewed and approved the study.

Study Population

Measures

The study was conducted at KPCO, a large integrated healthcare organization with 628,000
members. Each year, KPCO provides care to roughly 5,000 pregnant women and 130,000
children aged <18 years. Pediatricians, family physicians, and physician assistants provide
routine pediatric care, with most children seen by pediatricians.

Study participants were recruited during September 2013 through October 2015 and
followed through November 2016. To begin the recruitment process, electronic health record
data were used to identify pregnant women in the third trimester of pregnancy. Women were
considered study-eligible if they were aged =18 years, spoke English, had Internet access,
and had health insurance through KPCO. Women were ineligible if they had a diagnosis

of fetal demise, miscarriage, or congenital anomaly. Study-eligible women were recruited
using a combination of letters, postcards, e-mails, and telephone calls. Informed consent was
obtained online using a secure encrypted program.

Participants were randomized to one of three study arms: a vaccine social media (VSM)

arm that received access to a website with vaccine information as well as interactive social
media components, a vaccine information (V1) arm that had access to a website with
vaccine information but without social media components, and a usual care arm. Participants
were given a baseline survey at the time of study enrollment. As part of the baseline

survey, participants were administered the Parent Attitudes and Childhood Vaccines (PACV)
screener, a validated 15-item questionnaire assessing vaccine hesitancy on a scale from 0 to
100.26:27 Consistent with prior studies, participants with a PACV score =50 were classified
as vaccine hesitant, whereas those with a score <50 were considered non-hesitant.26:27 To
ensure a balance of vaccine hesitancy across study arms, randomization was conducted
independently among hesitant and non-hesitant parents. A randomization allocation ratio of
3:2:1 was used across the VSM:V1:usual care study arms, respectively. Although an unequal
randomization allocation ratio reduces statistical power,28:29 this allocation approach was
taken to ensure that the VSM arm was of sufficient size to generate social media interactions
among participants. SAS/STAT Proc Plan, version 9.2, was used to generate random
allocation sequence lists, with randomization performed by an unblinded statistician. Given
the nature of the intervention, the participants and study team were not blinded to study arm
assignment.

The multidirectional communication model30 served as the theoretic basis for the Internet-
based social media intervention,2%:31 and consisted of three components. Component one
was a top-down process in which the study team developed and presented content to users
on the study website. Component two was a bottom-up process that allowed website users to
create content and interact with the study team. Component three was a side-to-side process
in which website users could interact with each other and share information. This model
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is designed to empower users by allowing them to become active, engaged participants
in the communication process, a process thought to promote positive changes in health
behaviors.32 While the VSM study group received all three components, the VI group
received only component one.

The vaccine content presented on the study website was developed using an adapted mental
models approach.33 As described previously,3! the vaccine content and website design
were extensively pilot-tested and revised using focus groups and individual interviews
with pregnant women and parents of young children. The factual vaccine content was
guided by the Health Belief Model3 and the Theory of Planned Behavior,3° and focused
on encouraging parents to receive recommended vaccines on time. Seeking to accurately
represent vaccination risks and benefits, the study website included content on the immune
system, vaccine development, vaccine ingredients, vaccine safety, and vaccine-preventable
diseases. Guided by best practices in website design and risk communication, content was
clearly labeled and presented in short, easy-to-read sections.3¢:37 To convey credibility
and transparency, the information sources were explicitly referenced and accompanied by
hyperlinks that allowed users to review referenced studies for themselves.38 The vaccine
content on the study website was identical for the VSM and VI groups.

Via the study website, the VSM group also had access to several social media formats
including a blog, discussion forum, and chat room. Each month, the research team created
one to two blog posts covering timely or controversial issues such as new vaccine safety
research, recent vaccine-preventable disease outbreaks, or changes in state or national
immunization policies. An “Ask a Question” portal was available for the VSM group,
through which participants could direct questions to vaccine subject matter experts, who
included a vaccine safety researcher, a pediatric infectious diseases specialist, a general
pediatrician, and a risk communication specialist. For any questions submitted privately
through the portal or by e-mail, personalized responses were provided within 2 business
days. Each month, online chat sessions were held during which VSM participants could
engage in real-time conversations with a team of vaccine experts. Finally, the VSM

group was e-mailed monthly newsletters encouraging website use, highlighting website
updates, and providing additional vaccine content. All interactive website and social media
components were moderated to prevent bullying, abusive language, and disclosure of
personal health information.

To limit access to study participants and prevent contamination across study arms,
participants in the VSM and VI groups were required to create a personal login and
password for the website. To reflect how a web-based tool might be used in routine clinical
practice, individuals in the VSM and VI groups were given access to the website but were
not required to visit it.

Routine pediatric preventive care was available to all participants in the three study arms.
Structured well-child visits are typically scheduled at age 2 weeks, 2 months, 4 months,
6 months, and 12 months, and recommended vaccines are given at these visits according
to national guidelines.3%40 It is standard practice at KPCO to provide parents with pre-
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visit information regarding vaccines due, as well as the applicable Vaccine Information
Statements.*!

The Health Belief Model and the Theory of Planned Behavior formed the conceptual
framework for the survey instrument.34:35 Based on previously published work, survey
items included questions about parents’ attitudes and beliefs regarding vaccine-preventable
diseases, perceived risks of vaccination, and confidence in making vaccination decisions
for their child.2742-46 Survey items regarding attitudes and beliefs were asked on a 5-
point Likert scale, with response options corresponding to a scale of strongly disagree to
strongly agree or not at all confident to absolutely confident. After development, the survey
instrument was tested in a group of 320 pregnant women and parents of young children, and
was revised accordingly. When the survey instrument was administered at baseline, parents
were also given the PACV vaccine-hesitancy screener, and asked standard demographic
questions.

The survey was administered to study participants at three timepoints: at study enroliment
(i.e., at baseline), when their child was aged 3-5 months (Timepoint 1), and when their child
was aged 12-15 months (Timepoint 2). Surveys were administered online using a secure
platform (SurveyGizmo). At Timepoints 1 and 2, participants received staggered e-mail
reminders, up to a maximum of eight e-mails, if they had not yet completed their survey.
Most participants completed their surveys within a short time frame, and consequently
received fewer reminders. Participants also received a reminder if they coincidentally visited
the study website when a survey was due. Participants were given compensation of $20 for
each completed survey.

A confirmatory factor analysis was performed on baseline survey results examining

all vaccine-related attitudes and beliefs. Based upon the factor analysis and resulting
Cronbach’s a, all original survey items were retained and grouped into three vaccine-related
constructs: (1) attitudes regarding the benefits of vaccination; (2) attitudes regarding the
risks of vaccination; and (3) self-efficacy regarding vaccination decision making. The
individual survey items that comprised each construct are shown in Table 1. For each survey
respondent, scores on individual items within each construct were added, then divided by the
number of contributing items, so that each individual had a mean score for each construct on
a 5-point Likert-type scale ranging from 1 to 5. On the baseline survey, the Cronbach’s a for
these constructs were 0.84 for the benefits of vaccination, 0.91 for the risks of vaccination,
and 0.85 for perceived self-efficacy, indicating good internal consistency.4’

The primary study outcomes were changes in the three vaccine-related construct scores
over time across the three study arms by baseline degree of vaccine hesitancy. It was
hypothesized that vaccine-hesitant parents exposed to the VSM and VI interventions would
have a greater increase in pro-vaccination attitudes and beliefs than parents exposed to usual
care. It was also hypothesized that no intervention effect would be seen in parents who were
not vaccine hesitant at baseline.
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Statistical Analysis

The study sample size was determined based on the primary outcome of vaccination status,
as described elsewhere.?® Frequencies and descriptive statistics were used to characterize
study participants at baseline. For each of the three vaccine-related constructs (i.e.,
vaccination benefits, vaccination risks, perceived self-efficacy), mean scores were calculated
for each participant at three timepoints. Linear mixed models for repeated measures*8:49
were used to assess the change in mean scores for the constructs over time across the three
study arms. The use of mixed models accounted for the correlation between observations
made by the same parent across time, and allowed for missing data.#8:4% A separate model
was built for each of the three constructs. The models included the following variables:
baseline hesitancy (hesitant or non-hesitant) assessed by the PACV screening tool2%; study
arm assignment (VSM, VI, or usual care); timepoint (baseline, Timepoint 1, Timepoint

2); and the two- and three-way interactions between these three variables. For hypothesis
testing within each baseline hesitancy group, model contrasts estimated mean differences
and 95% Cls comparing baseline to Timepoint 1, and baseline to Timepoint 2, across study
arms. Several within-parent correlation structures were explored for each model. Akaike’s
information criterion was used to compare the goodness of fit among models with different
covariance structures, and the covariance structure with the smallest Akaike’s information
criterion values was selected as the final model. All analyses were intention to treat because
linear mixed models account for missing data*849; participants who only completed the
baseline survey nonetheless contributed to the baseline mean vaccine construct scores. Data
were analyzed in 2017; analyses were performed using SAS, version 9.4.

RESULTS

As illustrated in Figure 1, a total of 5,302 parents were assessed for study eligibility, among
whom 1,093 were eligible and enrolled in the study. After randomization, 41 parents (3.8%)
were lost to follow-up. Reasons for loss to follow-up included the following: noncompletion
of both Timepoint 1 and 2 surveys (7=30); disenrollment from the KPCO health plan prior to
the Timepoint 1 survey (/7=4); fetal demise (/7=4); request to drop out of the study (/7=2); and
noncompletion of the baseline survey (n7=1).

The baseline characteristics of study participants are presented in Table 2. The
sociodemographic characteristics of participants did not differ significantly across study
arms. As shown, between 45.4% and 50.9% of participants across study arms were pregnant
with their first child, and a majority reported using the Internet for health-related information
at least weekly. On a scale of 0-100, median vaccine hesitancy scores on the PACV
screener?6:27 were 13, 17, and 15 for the VVSM, VI, and usual care study groups, respectively
(1p=0.44). For the study population overall, 14.1% were classified as vaccine hesitant at
baseline (PACV score =50).26:27

Among 1,093 study participants, 945 (86.5%) completed all three surveys, 107 (9.8%) were
missing either the Timepoint 1 or 2 surveys, and 41 (3.8%) were lost to follow-up. The
percentage who completed all three surveys was lower in the VSM study arm (82.7%
completion) than in the VI (90.0%) or usual care (90.6%) arms, p=0.001. Also, the
percentage who completed all three surveys was lower among parents who were vaccine
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hesitant compared with non-hesitant at baseline (81.2% vs 87.3% completion, respectively,
=0.04).

Among 542 participants in the VSM study arm, 189 (34.9%) visited the study website at
least once, with a mean of 1.9 visits (SD = 1.8) and a range of one to 15 visits. A greater
proportion of vaccine-hesitant participants (41.2%) visited the website compared with
non-hesitant participants (34.0%), although the difference was not statistically significant
(p=0.24). Over the study period, the VSM component of the website offered 59 blog
entries and 31 chat sessions, and VSM participants contributed 90 comments and questions.
Website social media interactions were monitored for abusive or otherwise inappropriate
behavior; no interactions required moderation, and no VSM participants were issued
warnings or restricted from website access.

For participants in the VSM arm, topics raised during chat sessions and through the Ask a
Question portal varied widely. For example, several participants expressed concern regarding
the number of vaccines recommended at the 12-month well-child visit and asked why “so
many” vaccines were needed. Others asked why an “alternative” or delayed schedule wasn’t
a reasonable approach to vaccination. Finally, some participants asked detailed safety-related
questions, such as about vaccine ingredients, or whether certain children were particularly
vulnerable to experiencing vaccine adverse events.

Among 371 participants in the VI study arm, 122 (32.9%) visited the study website at

least once, with a mean of 1.7 visits (SD=1.5) and a range of one to ten visits. A greater
proportion of vaccine-hesitant participants (43.4%) visited the website compared with non-
hesitant participants (31.1%, £=0.08 for the comparison).

Mean scores on 5-point Likert-type scales for each of the three vaccine constructs, stratified
by baseline level of vaccine hesitancy, are presented in Table 3. As shown, parents who were
vaccine hesitant at baseline had significantly less confidence in the benefits of vaccination
(baseline scores across study arms ranged from 3.33 to 3.61 among hesitant, compared

with 4.22 to 4.28 among non-hesitant). Vaccine-hesitant parents also had greater concerns
about the risks of vaccination and lower perceived self-efficacy at baseline than non-hesitant
parents.

Also shown in Table 3, mean scores changed over time in the usual care group among
hesitant and non-hesitant parents. For example, vaccination benefits scores in the usual care
group rose from baseline to Timepoint 2 among vaccine-hesitant parents (from 3.61 to 3.88,
respectively, p < 0.001) and among non-hesitant parents (4.22 to 4.46, respectively, p <
0.001).

The intervention effect on the change in parental vaccine-related attitudes over time is
presented in Table 4. There was a significant interaction between study arm, baseline
vaccine hesitancy, and timepoint, and the effect of the intervention was assessed for the

two categories of baseline hesitancy. Comparing baseline with Timepoint 1, the VSM

and VI interventions were associated with significant improvements in attitudes regarding
vaccination benefits compared to usual care among vaccine-hesitant parents. Comparing
baseline with Timepoint 2, the VSM and VI study arms were also associated with significant
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reductions in parental concerns about vaccination risks compared to usual care among
hesitant parents. Perceived self-efficacy also improved, although a significant change was
only observed when comparing VI with usual care. No significant differences were observed
when comparing the VSM versus VI study arms.

Table 4 also presents the change in attitudes over time among parents who were not vaccine
hesitant at baseline. The VSM and VI interventions were not associated with any significant
changes in vaccine-related attitudes compared to usual care.

DISCUSSION

Inan RCT conducted in a large integrated healthcare organization, an Internet-based
intervention delivered during pregnancy and early childhood led to significant improvements
in vaccine-related attitudes among vaccine-hesitant parents. The intervention was effective
among hesitant parents whether interactive social media components were included or not.
Positive attitudes about vaccination benefits and perceived self-efficacy increased, whereas
concerns about vaccination risks decreased compared with parents who received usual

care. No intervention effect was observed among parents who were not vaccine hesitant

at baseline. Interestingly, among parents not exposed to any intervention (i.e., those in

the usual care group), pro-vaccination attitudes increased over the first 15 months of their
child’s life.

As was highlighted in recent reviews of parental vaccine hesitancy, interventions are needed
that change not only vaccine attitudes but vaccination behaviors.1416.17 \iaccination rates
did improve in the current study: as described elsewhere, children whose parents received
the vaccine social media intervention were more likely to be vaccinated on time compared
with parents who received usual care.25> Models of health decision making, including the
Health Belief Model and the Theory of Planned Behavior, postulate that changes in relevant
attitudes and beliefs are often necessary to produce behavior change.343° The finding that
the intervention improved vaccine-related attitudes as well as vaccination behavior may be
viewed as strengthening the likelihood of causality of the observed effects. Additionally,
improving parents’ attitudes about vaccines remains important independent of the direct
effect on vaccination behavior. Through discussing the topic online, and in-person with
family and friends, parents contribute to the broader public discourse and help define social
norms regarding the importance of vaccination for disease prevention.50-52

Several aspects of the vaccine social media intervention were unique compared with other
Internet-based interventions in this field.23:24.53.54 The intervention included interactive
features, such as a discussion forum, chat room, and blog. Parents could ask detailed
questions of the vaccine subject matter experts and receive tailored responses within a few
days. Study website users were required to have a login and password, which may have
created a more civil discourse by preventing staunchly anti-vaccination individuals from
outside the KPCO community from posting highly negative comments. Finally, engagement
with parents began during the third trimester of pregnancy, a time when parents may begin
considering their upcoming vaccination decisions.20:21
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Presenting vaccination information on the study website without social media components
also led to significant improvements in parents’ vaccine-related attitudes. What
distinguished the content and tone of the study website from other public websites (such
as www.cdc.gov/vaccines, www.immunize.org, or www.chop.edu/centers-programs/vaccine-
education-center)? First, the study website was explicitly linked to KPCO, the organization
providing care for study participants’ children, which may have tacitly indicated an
endorsement of the material by their children’s primary care providers. Second, the

study website included relevant local information, such as regarding community disease
outbreaks or changes to Colorado’s school immunization requirements. Third, the study
website, developed in collaboration with a health communications expert, tried to adopt

a collaborative and non-judgmental tone by acknowledging that parental vaccine concerns
were understandable given the ubiquity of vaccine misinformation.

Although the intervention was successful at changing parents’ vaccine-related attitudes,
potential challenges to dissemination exist. Because Internet and social media technology
rapidly evolve, ongoing resources will be needed to update the study website to the newest
operating systems and portable device platforms. Creating new content, moderating the chat
room and discussion forum, and directly responding to participants’ questions was time
intensive, and many medical practices may not have the resources to create and maintain

a vaccine-related social media forum for their own patients. A formal cost-effectiveness
analysis of the trial is under way and should provide additional insight into the resources
required to introduce this intervention elsewhere. Finally, answering participants’ questions
required substantial vaccine subject matter expertise, which may not be available in all
communities. Although this represents an important barrier to widespread dissemination,

it is possible that communities could collaborate with regional immunization coalitions

to identify individuals with the knowledge and willingness to address challenging vaccine-
related questions.

These findings should be interpreted in the context of several study limitations. Although
survey response rates were high, vaccine-hesitant parents were less likely than non-hesitant
parents to complete all three surveys, and response bias could have affected results.
Although the survey questions were based on established models of health decision
making,343% it is possible that important vaccine-related attitudes were left unexamined.
Additionally, the primary study outcomes of changes in scores of three vaccine-related
constructs are not entirely intuitive, and the clinical meaningfulness of a small change in
scores (i.e., a 0.2-point change on a 5-point scale) may be difficult to gauge, notwithstanding
the finding that the study also demonstrated improvements in vaccination timeliness.2> Also,
parents’ attitudes were not assessed after their child was aged 15 months, so it is not
possible to determine how long-lasting the observed changes in attitudes will be. Parents
were required to have a user name and password; although this created a secure online
environment, doing so could have created a barrier to website usage, and only one third of
subjects in the VSM and VI study arms accessed the website one or more times.
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Only 20.6% of those assessed for eligibility enrolled in the study, which could affect
study generalizability. Of the subjects successfully enrolled, 14.1% were vaccine hesitant
at baseline. Although this degree of vaccine hesitancy is similar to rates reported in other
studies,*®7 it suggests that substantial resources were needed to target a relatively small
population. Also, sample size and power calculations were based on the primary study
outcome,2® not the outcomes presented here. Finally, because this study was conducted in
a single organization among an insured population, similar results may not be found in
different settings or among different patient populations, such as the uninsured.

CONCLUSIONS

An Internet-based intervention improved parents’ attitudes about vaccines, among parents
who were vaccine hesitant at baseline. Perceived self-efficacy around vaccination decision
making increased, as did positive attitudes about vaccination benefits, whereas concerns
about vaccination risks decreased. Although these results are promising, several challenges
to widespread dissemination exist.
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|
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= Requested to drop out (n=2)
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Lost to follow-up (n=9)
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}
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!
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Analyzed
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Figure 1.

CONSORT study flow diagram.
Note. All analyses were intention-to-treat; because linear mixed models were used,
participants who did not complete the T1 or T2 surveys nonetheless contributed to analyses

of vaccine-related constructs.

VSM, vaccine social media; VI, vaccine information; KPCO, Kaiser Permanente Colorado;
T1, Timepoint 1 survey; T2, Timepoint 2 survey.

Am J Prev Med. Author manuscript; available in PMC 2021 November 21.




Page 15

Daley et al.

‘Bunjew uoisidap uoneulddeA Buiprehal Aaeaiyse-j1as paniadsad Jaybiy syuasaidal 8109s Jaybiy v

12

“UOITRUIDJBA JO SYSLI 8} IN0ge UIaou0d [ejuaied Jsyealb sjussaidal 8100s Jaybiy v,

“JONJISUOD BLUES U1 UIYMIM SWa)l ASAINS [[e SS0.0. Buluesiu swes ay) pey a109s JayBiy & eyl 0s ‘papoo-asisnal a1am Wwall ASAINS iy} 10} sasuodsay

q

"UOIIBUIDJRA JO SHauaq ay) Buipsebal aduspiyuod [ejuaied Jayealb syuasaidal 8109s Jaybiy <m

ueIoLIIRIPad/URIOIIBISAO AW 0] SBUIDJBA IN0Ce SMAIA AW SSaidxa URD | Tey) JUSPIIU0D We |

S9SBaSIP SN01398)ul IN0ge afpajmoud Aw INOge JUBPIUOD WE |

310M SBUIDIBA MOY IN0ge aBpajmouy AW INOGe JUSPIIUOD W |

PI1Yd AW 1oy UOIBUIIIRA INOJE SUOISIOAP 9l 0} UOITRWLIOfUI A1eSSadau ayl aAey | 1ey) JUSPIIU0D We |

hmc_v_mE uoISId8p uoleu1ddeA Buipsebal Aoeolya-}1es panladiad

aJesun a1e SauIddBA Ul S)UBIPaIBUl 8U) eyl PaUIsoUOD We |

UaJpIYd Ayifeay Ui Wwisine asnes SaulddeA aWoS Jeyl Paulaouod Wwe |
$109)J9 3PIS SNOLI3S BARY S3UIIILA Jey) PaUI3dU0D W |

pasu Ay uey Sau199eA aJow 186 ualp|Iyd

/405 81 SAUIKOEA

S8U199eA Auew 00} AQ pauaxeam aq pjnod wialsAs aunwiwi s,piya AN
S3UID0EA JO A18)es 8 Uo Uyaseasal yBnoua uaaq 10U Sey a1yl ansljaq |

,UOREUIDEA JO SXSH BuipJebai sya1jaq pue sspniny

Jay 10 wiy Bureuidoen Ag aseasip snonoajul Jo sadAl awos woly pliyd Aw 10s304d ued |
paleu1aoeA 10U 219M 3YS 0 3y 41 aseasIp snolas e 186 pinod pliyo AN

Qo__oa 1] ‘aJoWwAuUR UOWWIOD JOU BJe ey} SaSeasIp J0) SBUIDIRA Pasu Jou Saop PIIyd AN

SNOLIBS 8. JUdARId SBUIDIRA SBSSBU||I BY) JO AUBIA
S3SBasIP SNOI108JUI WOY PJIYyd Aw 108104d 01 Aem pooB e si sauloden Buimeso
WalsAs aunwiwi 3y} UayIBuaIIs SBUIDIBA ey} 9A31[a( |

ch_uom> © 196 0] Uey) aseasIp [enyeu sy} 196 01 PJIYd Aw 1oy 181aq SI 3 8Ad11a] |

UOIEUIOOBA JO S)1JUIaq Buipaebai sya1jaq pue sspniny

swiayl AoAung

10NJ1SU0D pare|ay-aulddeA Ag padnol ‘Aoedly3-4|9S PaAIadlad pue ‘sjaljag ‘sapnimy ,Siuated Buissassy swial] Aenins

Author Manuscript

Author Manuscript

‘TalqeL

Author Manuscript

Author Manuscript

PMC 2021 November 21.

in

available

Am J Prev Med. Author manuscript



Page 16

Daley et al.

Author Manuscript

(8'2v) 1L (T'ov) 121 (6'1Y) L22 100ys ayenpel
(oov) 2L (2'9¢) 9¢eT (0'tv) 22z aba|j0o
(9s1) 82 (zen) 6 (een) 2L afa)109 swios
(r1)e (8€) ¥1 (6€) T2 $3] 40 [00Y2S YBIH
Q?\& U ‘uoI1eINPA S,JBYI0N
rv)8 (7's) 0z (z9) 8z Buissiw/1amsue 0} 8uljoeq
(z'ze) ov (Sv2) 16 (8'12) 871 000'02T$<
(L18) L8 (8°22) €0t (L'v€) 88T 000'02T$-000'T8$
(e'€g) 09 (672€) 2zt (T°0g) €91 000'08$-000'07'$
(e'8) 6T (7'6) € (e'8) G 000'07$>
ng: ‘aWwooul pjoyasnoy jenuuy
(0T (€0t (0o BuissIy
(e'€5) 96 (8'8y) 181 (9'vS) 962 UaIPIY2/PIIYd Jaylo eneH
(T'ov) €8 (6°05) 68T (sy) 9ve PI1YO 38413 ynm Jueubaid
Q§¥ ‘UaIPIIYo JO JBqWINN
7e (soz Tno9 Buissin
(T'98) 65T (598) 12 (z06) 68 oluedsiH-UON
(zen)ze (621) 8% (28) v o1uedsiH
Q@ov TSTSITIHERWETI
(90T (soe roe Buissin
(29)ezT (e L2 (29) 1€ Jayo/jervel-nini
(v (T'9) 61 (6€) 1C Iapue|s| d1oed/UeISY
(cav (c2)8 (ca)er oe|g
(¢'88) 65T (6'78) sTE (8'28) 9Lv aNUM
Q@&: ‘aoel s, JayloN
(Tv) 1 (ev)sTE W) 9te (as) W ‘sieak ‘usjoius e abe s, Jaylo N
(08T=U) Wwue a1ed [ensn  (T/E=U) WJe uolrewaojul audden  (zyG=u) WJe eipaw [e100S dUIIIBA gonsHsRIRYD

(12101 €60'T=N) Wy Apnis Aq sjuedionted Apnis Jo sonsueioeleyd auljsseg

‘¢ slqeL

Author Manuscript

Author Manuscript Author Manuscript

Am J Prev Med. Author manuscript; available in PMC 2021 November 21.



Page 17

Daley et al.

"SAUIDOBA POOYP|IYD PUB S3PNIINY usied ‘ADVd ‘abuel ajiuenbiaiul ‘40|

‘Rouensay 4o aaiBep JayBiy e ayedIpul $2109s JayBIy (00T 03 0 WOJ) 8[eIS B U0 AdUrMISaY au1d9eA Buissasse aireuuonsanb Buiussios pareplen e .>o<mu

‘safejuadiad uwin|od Juasaidal mmmﬁcmohmn_e

*(ST°0= sanfen-d [1e) swie Apns SsoIo. SONSIIBIORIRYD Ul S30USIBYIP UL IUBIS ON,,

(s'1€) 0°GT
(901
(901) 6T
(9'55) 0ot
(2'1€) /5
(ne

(CYO)RS

(08T=U) wue a1ed [ensn

©8) 0T (0'92) 06T (401) uetpsw ) )ADVd Aq Aouensay autogen
(ot (0o Bussin
(7'8) 1€ (T'T7) 09 Kep Aieng
(9°€9) 66T (z'09) 2.2 oom Aieng
(r'9¢) g1 (£'9€) 66T $59] 40 LJUOW B 39UQ
(ens (02Tt Ile 12 10N
Q?é: ‘Uieay 404 18ulsiu| 40 asn
(ot (0o Buissin
(T/E€=U) w.re uonew.aojul aulddeA  (ZyG=u) WJe eipaw [e1a0s aulddeA ponsHsioeIRYD

Author Manuscript

Author Manuscript Author Manuscript

Author Manuscript

Am J Prev Med. Author manuscript; available in PMC 2021 November 21.



Page 18

Daley et al.

‘Buijew uoisioap uolyeu1ddeA Buipsebal Aoeolya-4|as pantaalad Jaybiy siuasaldal 2109s Jaybiy <u

"UOITRUIOBA JO SYSII 31 INOQe UJaduod [ejualed Jayeald syuasaidal 8109s Jaybiy v

q

“UOITRUIDBA JO S)Jauaq ay) BuipJefal aauspiyuod [eyuated Jarealh syuasaidas 8103s Jaybiy v,

"au1jaseq 1e Aouelsay aula2en Ag paniiens ‘1onJIsuod paye[al-aulddeA yoes 1oy ajeds adA1-1ay i ulod-G e uo (QS) s2J09s uesw paisnipeun ayp Jussaidas sanjea “ajoN

Author Manuscript

(¥9:0) 16'€ (or0)ese  (LL0)sye  (Tr0)90e  (690)SsTe  (T20)99C aled [ensn
(eL0)e8e (ero)ere (8Lo)1se  (6r0)zee  (160)S0€  (26°0) 65T UOIjeWIOJUI BUIDJEA
(990096  (v90) 8¢ (sL0)vse  (690)e9e  (v80)zee  (280) 187 ©IP3W [2190S dUIDIBA
Qmc_v_ﬁc UoIS193p UoITeu129eA Buipiebal Aoeolya-419s panisdlad
(990)zrz  (690)0cz (v90)62C (WLrO)eve  (zro)lee  (190)ese aJsed [ensn
(tro)ste (tro)9rz  (990)vzz (9r0)cze  (850)62€  (¥S50)S9°€ UOITBWLIOJUI BUIDIBA
(090) 802 (090 etz  (2z9o)sze (6L0)9ze  (990)6€€ (LG50 VL€ BIPaW [B190S SUIIEA
Qco_a:_oug 10 sys11 Buipebas sepniny
(oro)ory (050 ery (ro)ezy (s90)88e  (090)6L€  (S50) 19°€ aled [ensn
oy (rowy (ro)szy (6v'0).8€  (8v'0)88€  (87°0) 8F'E UoIBWIOJUI BUIDJEA
(8e0)esy  (Beo)syy  (wwo)szy  (SLo)vie  (v90)vie  (S90)€€e I3 [BII0S SUIDIEA
pUCIFBUIOOBA JO SHBUBq BuipJebas sspnimy
zwodswiy T ulodswi] auljeseg Zwodawi] T ulodswiy auljeseg 1ONJISU0D PaIe|aI-aUIdIBA
auljaseq Je JuelIsay-aulddeA 10N duljaseq Je JUeLSay-auldoeA

9]B0S 1UI0d-G B U0 8WI] JAQ painses| ‘Aoeolj3-119S PanIaolad pue ‘sjaljag ‘sapniny palejay-aulddeA ,siualed

‘€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2021 November 21.

in

available

Am J Prev Med. Author manuscript



Page 19

Daley et al.

"Buryew uois1oap uoleuIddeA BuipreBal Aoeolya-41as pantaalad Ul awil J9AO asealoul Ue sjuasaldal Jaguinu sanisod v,
"UOITBUIDJBA JO SYSII U} IN0GR 10U [ejuased Ul awI) JBA0 9Se81dap B sjuasaidal Jaquuinu aaehau <Q
"UOIIRUIIBA JO SHJauaq 8y BuipJeBial aduspiyuod [euaised ul awiy JAAO 8sealoul ue sjussaldal Jaquinu annisod v,

*(0°0>¢/) 20uBdYIUBIS [BONSIIRIS SAIRdIPUI 30R4P|0g

"aul]aseq Je painseaw Adur)ISaY dUID9BA JO Sa1I0Ba1ed OM] 8] J0) Passasse ‘1onJISsu0d pare|al-aulddeA Yoea o) ajeas adAl-11a 1 wuiod-G e uo $a109s ul (1D %SG6) abueyd uesw paisnipe jussaidai sanjeA .a1onN

(81°0'€0°0-) 80°0 (#1°0'50°0-) S0°0 (6T°0 ‘5€°0-) 80°0- (210 '8€°0-) €T°0- UOIJeUIOJUI SUIDIBA SA BIPSW [BIO0S BUIIJEA
(500 '¥2°0-) 60°0- (£0°0'6T°0-) 90°0- (69°0 '70°0) 270 (0£'0'82°0-) T0°0 210 [BNSN SA UOITRWIOJUI SUIDJBA
(2T°0'ST°0-) 20°0— (TT°0 'vT°0-) 20°0— (09°0'€0°0-) 62°0 (910 ‘0v'0-) ZT0- 1ed [ensn SA BIPSW |B100S 8UIDIA

umc_v_mE uoISId8p uoleu1ddeA Buipsebal Aoeolya-}1es panladiad

(to'0 'v1°0-) 90°0- (€00 '1T°0-) ¥0'0- (¥1°0 '92°0-) 90°0- (91°0 '81°0-) T0°0- UOILUIOJUI SUIOIA SA BIDSW [€190S BUIDJEA
(870 '€0°0-) 800 (¢T0'200-) €00 (20'0-'55°0-) €0~ (c00 '6€°0-) 8T°0- 818D [BNSN SA UOIEWLIOJUI BUIDIBA
(TT'0'60°0-) T0°0 (200 ‘0T°0-) 200~ (¥1'0-'09°0-) LE'0- (20070 ‘6€°0-) 6T°0— 318D [BNSN SA BIPAW [2190S 3UIDJEA

Qco_umc_oo? 10 sys11 Buipsebas sspniny
(€7°0'T0°0) L0'0 (900 '50°0-) 100 (6170 '€T°0-) €00 (91°0 '¥T°0-) 100 UOIJRLLLIOJUI BUIDJBA SA BIPSLU [BII0S BUIDIBA
(to'0'.1°0-) 80°0- (S0'0'TT°0-) €£0°0- (62°0'11°0-) 60°0 (ov'0 'v0'0) 22°0 9183 [eNSN SA UOIJBWIOJUI BUIDJEA
(20'0'60°0-) T0'0- (90'0 '01°0-) 20°0- (Te'0'20'0-) ¢T'0 (o0 's0°0) €2°0 aJed [eNsN SA BIPSW [e190S BUIIJA

pUOIRUINIEA JO Siijauaq Buipebai sapmimy

Z wiodawi ] T odawi ] Z wiodawi T iodawi ] suosiiedwod wJae Apnis
01 auljaseq woJy abueyd uesin 01 auljaseq woJy abueyd uesin 01 auljaseq woJy abueyd uesiy 0} auljaseq woJy abueyd uesiy
au1[aseq 18 1U.1ISay-aulddeA 10N aU1]aseq 18 1U.1ISay-auIddBA

dn-mojjo4 01 auljaseg Woi- ‘Aoealy3-119S PaAIsolad pue ‘syaljag ‘sapminy pale|ay-aulddeA ,siuated ul abuey) uesiy paisnlpy

‘v alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Prev Med. Author manuscript; available in PMC 2021 November 21.



	Abstract
	INTRODUCTION
	METHODS
	Study Population
	Measures
	Statistical Analysis

	RESULTS
	DISCUSSION
	Limitations

	CONCLUSIONS
	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

