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Abstract

Coordinated Oral health Promotion (CO-OP) Chicago is a two-arm cluster-randomized trial with a
wait-list control. The primary aim is to evaluate the efficacy of an oral health community health
worker (CHW) intervention to improve oral health behaviors in low-income, urban children under
the age of three years. Exploratory aims will determine cost-effectiveness, and if any CHW
intervention impact on child tooth brushing behaviors varies when CHWs are based out of a
medical clinic compared to a community setting. This paper describes progress toward achieving
these aims. Participating families were recruited from community social service centers and
pediatric primary care medical clinics in Cook County, Illinois. Sites were cluster-randomized to
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CHW intervention or usual services (a wait-list control). The intervention is oral health support
from CHWs delivered in four visits to individual families over one year. The trial sample consists
of 420 child/caregiver dyads enrolled at the 20 participating sites over 11 months. Participant
demographics varied across the sites, but primary outcomes values at baseline did not. Data on
brushing frequency, plaque, and other oral health behaviors are collected at three timepoints:
baseline, 6-, and 12-months. The primary analysis will assess differences in caregiver-reported
child brushing frequency and observed plaque score between the two arms at 12-months. The trial
is currently in the active intervention phase. The trial’s cluster-randomized controlled design takes
a real-world approach by integrating into existing health and social service agencies and collecting
data in participant homes. Results will address an important child health disparity.
ClinicalTrials.gov identifier: NCT03397589.

Clinical trial registration—University of Illinois at Chicago Protocol Record 2017-1090

National Institutes of Dental & Craniofacial Research of the National Institutes of Health
(NIDCR) Protocol Number: 17-074-E

NCT03397589

Keywords

Pediatric dentistry; child; tooth brushing; oral health; community health workers; public health

Introduction

Dental caries, the most common chronic disease of childhood, has been documented in
nearly half of United States (US) children two to eleven years old [1]. Fifteen percent of
children aged six to eleven have had untreated caries [1]. The prevalence of both caries and
untreated caries in elementary school children in Illinois and Chicago has surpassed national
figures [2]. Caries and its associated morbidities have been shown to disproportionately
affect low-income and minority children [3-6]. Unhealthy diets, inadequate exposure to
fluoride, and poor oral hygiene all contribute to caries [7-9]. Effective multilevel
interventions to improve oral health and reduce health disparities in low-income children are
needed.

Community health workers (CHWSs) have contributed to disease prevention and health
promotion efforts in US communities for decades[10] and could potentially address oral
health disparities. A growing number of studies support the work of CHWSs to improve a
range of health outcomes [11-17]. CHWSs are non-clinicians that provide health education,
social support, care coordination, navigation, and advocacy services to expand individual
and community capacity for health [10, 18, 19]. CHWs are thought to be effective because
they reside in the same communities (have social proximity) and have faced many of the
same challenges as the target population; thus, they have a comparable knowledge base and
understanding [10, 19]. Previous studies have demonstrated that oral health education
provided to parents had a positive effect on knowledge, intended behavioral change
(including snacking and sugar intake), and caries prevalence for children [20-22]. However,
limited data exist that support CHW intervention efficacy in changing oral health outcomes
in children or associated family behaviors [20, 23-26]. The goal of the COordinated Oral
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health Promotion (CO-OP) Chicago trial is to expand these data. The trial design and
baseline characteristics of participants are described in this paper.

1.1. Trial Objectives

The CO-OP Chicago Trial primary objective is to evaluate the efficacy of an oral health
CHW intervention to improve oral health behaviors in low-income, urban children under the
age of three years. We hypothesize that participants receiving the oral health CHW
intervention, compared to usual care (no direct study intervention), will have improved oral
health behaviors. The difference will be measured using caregiver-reported brushing
frequency and observed plaque score at 12-months. Exploratory aims will determine cost-
effectiveness, and if any CHW intervention impact on child tooth brushing behaviors varies
when CHWs are based out of a medical clinic compared to a community setting. The results
of this trial will inform future programs that include oral health specific CHWs.

2. Methods
2.1. Design

Formative work informed the CO-OP Chicago final design [27] of a two-arm, cluster-
randomized controlled trial with repeated measurements. Child/caregiver dyads recruited
from ten Special Supplemental Nutrition Program for Women, Infants, and Children (WIC)
centers and ten pediatric medical clinics were randomized into two arms: CHW intervention
and usual care. Matched randomization of clusters was employed, site race/ethnicity
characteristics (Black, Hispanic, or White), site size (large, medium, small), and setting
(WIC or clinic) as cluster-level covariates. Research assistants (RAs) collect outcome
measures at baseline, six months, and 12 months.

2.2. Population

CO-OP Chicago targeted healthy, low-income, predominantly minority children under the
age of three years, and their families in Cook County, Illinois. Eligibility criteria included
children ages 6—36 months, with a minimum of two fully erupted central maxillary incisors,
who were active patients/clients in the clinics/WIC centers from where they were recruited.
Eligibility criteria also required that caregivers be age 18 or older, speak English or Spanish,
and be the children’s primary caregivers. We defined “primary caregiver” as the person (or
one of the people) consistently responsible for the child’s daily routines and who is a legal
guardian. For children residing in multiple households, the primary caregiver had to live
with the child at least five days out of the week to qualify. Child/caregiver dyads were
excluded from the trial if the child had a medical condition that would limit his or her ability
to conduct the study activities, such as severe developmental or cognitive delay, ventilator or
oxygen dependence, oral aversion, or severe facial deformities.

2.3. Interventions

2.3.1. CHW training and hiring—Because of limited national and local formal
certification or licensing programs for CHWSs [28], training curriculums are typically
developed for individual programs and are not standardized for any disease area. CHWSs also
require training in building relationships, self-advocacy, teamwork and conflict resolution,
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crisis and emergency management, and home visitation before going into the field [19, 29,
30], CO-OP Chicago built and tested a comprehensive oral health CHW training curriculum
[29], available at https://go.uic.edu/COOPChicago. Applicants for the CO-OP Chicago
CHW positions were recruited through existing UIC programs, community list-serves,
participating medical clinics and WIC sites, and word of mouth. Candidates who had already
worked as CHWSs and had experience with the participating clinics or WIC centers were
given preference.

CHW selection began with a pre-hire oral health specific training session for 23 individuals
who were interested in the position. Pre-hire training served several purposes: 1) it built
community capacity and skills around oral health, 2) it allowed investigators to observe
candidates in group settings and role-plays, and 3) it provided a pool of back-up candidates
for the future. This unpaid five-hour training was conducted by the principal investigator (a
general pediatrician), with support from a dental hygienist. The training included
standardized role-plays to evaluate skill attainment and content delivery. After training
completion, the CHW positions were posted, and the trainees were invited to apply. Three
CHWs with social proximity to the target population were hired based on their performance
in the training, special skills (e.g., Spanish fluency), and subsequent interviews. After the
CHWs were hired, they underwent additional training (Table 1) for which their time was
compensated.

As part of field training, the first few CHW home visits were conducted with the CHW
supervisor. The CHW supervisor scored each visit using the CHW Fidelity Assessment
Form, which was modified from Project MATCH: Training for a Promotora Intervention
[31]. CHWs were assessed for the accuracy and clarity of the content, personalization,
openness to questions, action planning, and interpersonal skills. Each item was scored from
one to five (1=needs review and additional practice, 2=demonstrates basic understanding,
3=demonstrates full understanding but needs more practice, 4=ready to enter the field,
5=ready to be a role model for others). After achieving a score of at least four in each
category on three visits, each CHW was cleared to visit participants alone. Continual
training includes monthly reviews of topics of interest to the CHW and of oral health topics
as needed.

2.3.2. CHW supervision—CHWs report directly to the CHW supervisor (the CO-OP
Chicago project manager). The supervisor is responsible for day-to-day support and
oversight. Additionally, every two weeks, CHWs meet with the CHW supervisor and
available investigators (usually the principal investigator) to discuss self-management skills,
clinical issues, and continuing education. In these meetings, a team approach is used to
facilitate self-discovery and group learning. Every two months, or more frequently, if
needed, a clinical psychologist meets with the CHWs to discuss their mental health in
relation to the CHW job and trial participants. Strategies to resolve mental health concerns
are generated during the meetings. This support is important for CHWs due to the stressful
nature of the job. CHWSs experience challenges with difficult participants, hectic households,
unclean environments, poverty issues, and, sometimes, personal safety issues. Many CHWs
also struggle or have struggled with these same issues themselves. Therefore, the
supervision and support provided to CHWS, as outlined above, is crucial.

Contemp Clin Trials. Author manuscript; available in PMC 2021 May 01.
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2.3.3. CHW intervention pedagogy—CHWs use social cognitive theory to help
families shape and maintain behaviors [32], The CO-OP Chicago Oral Health CHW
intervention applies formal self-management skills, including decision-making, problem-
solving, patient/doctor partnership, resource utilization, and taking action [33-36], The
CHWs introduce a topic after exploring participants’ needs. When education alone is not
sufficient to resolve a deficit or fix a behavior, the CHWSs incorporate relevant self-
management skills and create goals. For example, a CHW may suspect the family is not
brushing the child’s teeth regularly, but rather than confront the family with this suspicion,
the CHW has the family prospectively track how often the child brushes over one week. The
family then “self-discovers” that they do not brush as often as recommended, and the CHW
continues intervention by having the family brainstorm possible reasons for why this is
happening (bathroom organization, parent work schedules, behavioral issues, etc.). Once
they have listed the problems, the family creates an action plan which is a self-identified
goal for which the family feels a high level of efficacy or motivation. Action plans goals are
small goals for a specific change, to be completed over a designated period. The action plan
for this example might be to buy containers at the dollar store that can be used to organize
the bathroom better. On subsequent CHW visits and follow-up telephone calls, CHWSs revisit
past action plans, revise them, and create new ones.

2.3.4. CHW intervention administration—Intervention-arm families are offered four
in-person visits and four phone call follow-ups over 12 months. The expectation is that two
visits occur in the first six months, and two in the second six months. Phone call follow-ups
occur after the in-person visits, usually one to two weeks following the home visit. Visits
can take place at any location of the family’s choosing, such as the home, clinic, WIC, or
anywhere they feel comfortable. All scheduling and contact efforts with families begin on
the telephone. CHWs follow a detailed contact protocol that requires multiple attempts at
different times of the day using telephone, followed by text and email and letters that are
hand delivered to the home address. Then site partners are engaged. Finally, certified letters
are sent. CHWSs do not stop trying to reach families until their intervention windows close.

At in-person visits, which can be held any day of the week (including weekends), CHWs
spend one to two hours with the family. The first several minutes are spent in social
engagement (getting to know the people in the family and their interests, as well as the
family getting to know the CHW, or catching up socially if families are already known).
CHWs try to engage all family members in the visits, if possible. At the first visit, usually,
the CHWSs administer the non-clinical portion of the Caries-risk Assessment Tool [37] for all
family members present. CHWs follow this with tailored education based upon the risk
assessment results using a variety of live demonstrations, pictorial, video, and written
resources. Oral health topics are drawn from the core curriculum [27, 29], All topics are
intended to be addressed by the CHWSs over the one-year intervention, but not all topics are
covered at each individual visit. Visits include 15 minutes of action planning with the
families. At the start of subsequent visits, previous Action Plans are reviewed and discussed.
During the follow-up call or text, the CHW reviews actions and reinforces concepts from the
previous visit.

Contemp Clin Trials. Author manuscript; available in PMC 2021 May 01.
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CHWs apply popular education methods [38], meaning they rarely use written materials.
Instead, they engage families in discussion. These are the same techniques and methods used
in the CHW training. For equipment, CHWSs have computers with Wi-Fi access (via
hotspots) to view videos, and models for demonstrating tooth brushing, which they practice
with families. CHWs have access to online community resources and facilitate family-wide
dental care access by identifying accepting providers, supplying families with provider
contact information, and assisting in making appointments as needed. CHWs document
topics covered and materials used immediately after each visit in the trial’s database,
Research Electronic Data Capture (REDCap, version 9.1.3, Nashville, TN), electronic data
capture tools hosted at the University of California, San Francisco [39,40], REDCap is
secure, web-based software supporting clinical research data capture which includes 1) a
validated data capture interface; 2) audit trails for tracking data edits and exports; 3)
automated export for download to popular statistical packages; and 4) data integration and
external source interoperability tools.).

CHWs also visit the clinics and WIC sites where recruitment occurred to provide education
to non-study participants. Families at the five clinics and five WIC centers that were
randomized to the CHW intervention receive these visits over the year after randomization.
Families at the sites in the usual care arm are offered CHW services after the final 12-month
data collection is complete. During site visits, CHWSs educate patients/clients at the
clinics/WIC offices on oral health and help make oral health referrals. This service is
provided once a week for three to four hours for nine to 11 months. When talking with
families, the CHWSs provide a handout called “A Healthy Mouth for Your Baby” [41] for the
caregiver to read and discuss with the CHW if they choose. The CHWSs can also discuss a
variety of other topics, such as how to obtain medical insurance, and provide many other
health-related handouts that go beyond just oral health. During or immediately after the
encounters, the CHWSs record non-identifiable basic demographics for the individuals with
which they engaged in REDCap.

2.3.5. CHW fidelity monitoring—CHWSs manage caseloads that change as participants
are randomized and as the intervention is completed; CHWs can have a caseload of up to 73
participants. CHW visit documentation is reviewed weekly by the CHW supervisor and
investigators to ensure consistency and fidelity of the intervention content, and to inform the
trial team about areas of focus and challenge. Reports from these data indicate core
curriculum topics covered and pending per participant, resources used, and overall trends in
topics [29]. While the goal is to cover each core curriculum topic throughout the intervention
with each family, CHWs may deviate due to family needs and resources [29]. Deviations are
regularly reviewed; if they are due to CHW issues (lack of comfort with a topic or poor
organization), additional training is provided either to the specific CHW or to the group as
needed. The CHW supervisor accompanies each CHW on a minimum of one visit out of
every 30 (8% of total visits). The CHW supervisor assesses the CHW using the CHW
Fidelity Assessment Form. If a CHW scores less than four on any category, additional
training and support are provided. Depending on the specific issue, training/support could
include extra sessions with the investigators, additional shadowing of more experienced
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CHWs, and time in the dental clinic. Visit supervision and fidelity scoring is implemented
until the CHW consistently scores fours on all categories.

2.4. Measures

Measures (Table 2) are collected via caregiver self-report, clinical assessment, and
observation of tooth brushing behaviors and equipment at baseline, six months, and 12
months. To reduce travel and childcare burdens, and maximize participant comfort, data are
collected in participant homes or other agreed-upon locations. RAs verbally ask questions
(using prompt cards when appropriate) about demographics, brushing, general health, social
support, access to care, and health behaviors. RAs communicate in English, Spanish, or a
mixture depending on the participants’ preferences. Children are then laid on their backs,
their teeth exposed, and a disclosing solution applied to the teeth that temporarily stains
dental plaque red. The RAs photograph the teeth before and after application of the
disclosing solution. Images are later scored by calibrated clinicians at UIC, resulting in an
Oral Hygiene Index - Maxillary Incisor Simplified (OHI-MIS) plaque score [42-44],
Photographs are also screened for severe caries that may pose an acute risk to the child. If
the clinician deems there to be an acute risk to the child, the RA will contact the family to
inform them to seek dental care using the method described in the study protocol. The
process of plaque disclosing, clinician calibration, and image scoring will be described in
detail in other publications.

When the data collection occurs in the home, families are asked to demonstrate how the
child’s teeth are brushed. Parent involvement in the process, the technique and equipment
used, and the length of the activity are documented. Due to the visual, auditory, and hands-
on demands of collecting observational and timed data, RAs perform data collection in pairs.
All data are entered directly into REDCap. If technology is not working, data are
documented on paper forms for later entry.

2.5. Recruitment, randomization, and retention

2.5.1. Recruitment—CO-OP Chicago aimed to recruit 18-23 dyads from each of the 20
sites (clinic or WIC center) for a total of 420 caregiver/child dyads. Sites were organized by
geography, with three to four sites active for recruitment at a time. Because of anticipated
differences in recruitment and enrollment across various sites, the most challenging sites
were scheduled in the middle of the recruitment period. Sites took a median of 8 weeks to
complete recruitment; the fastest site finished in 2 weeks, the slowest in 19 weeks. To
identify participants, RAs approached caregivers of children who seemed to be under the age
of three in the sites’ waiting areas. RAs described the trial verbally and using a short video,
assessed interest, and screened the caregiver for eligibility if interested. If the family met the
inclusion criteria, the RA obtained the caregiver’s contact information and scheduled an
enrollment appointment. From January 20, 2018, to February 23, 2019, 2,225 families were
approached: 653 refused the screening, while 1,572 agreed to be screened. Of those
screened, 725 were eligible, 422 consented, and 420 were randomized after obtaining
baseline data (Figure 1). Baseline data collection lasted an average of 36 minutes per visit,
while overall recruitment required 2,026 RA hours, about 4.8 hours per randomized
participant.

Contemp Clin Trials. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Martin et al.

Page 8

2.5.2. Randomization—Sites were randomized once they reached 90% of their
recruitment goal (18-23 families, depending on site size). Matched randomization of clusters
was employed, using methods described by Ivers et al [62]. Cluster-level covariates
regarding race/ethnicity characteristics of the site population (Black, Hispanic, or White),
site size (large, medium, small), and setting (WIC or clinic) were used as cluster-level
covariates. Cluster-level randomization was done by the NIDCR-appointed external
University of California, San Francisco Dental Coordinating Center (CC) prior to
recruitment with the randomization schedule stored in REDCap for concealment. Once a site
was ready to be randomized, REDCap revealed the randomization arm to the project
manager. She then informed the site leadership of the site assignment. For sites randomized
to the intervention arm, the UIC project manager assigned a CHW to the site and the
individual site participants. Usually, this was the same CHW, but some exceptions were
made to accommodate CHW caseloads and language preferences. The project manager then
informed the CHW of her participants and provided access to their contact information. UIC
sent letters to participants informing them of their site’s assignment and their CHW’s
information if applicable.

To reduce possible bias, RAs are blinded to the study arm, and communications with
partners emphasize equipoise. Additionally, participants are reminded at every contact not to
disclose any intervention they are or are not receiving. The project manager, investigators
and staff working directly with the CHWSs, and the CC are unblinded to treatment arm.

2.5.3. Retention—The retention plan was informed by formative work prior to starting
the trial [27] Various types of contact information, such as phone numbers, e-mail addresses,
home addresses, and alternative contact information, were collected for participants. At each
time point, RAs obtain updated contact information, the caregivers’ preferred contact
method, and when to best reach them. There was also careful vetting of all research
materials through a community advisory board to ensure that participants feel connected to
the trial, strong partnerships are maintained with clinics/WIC centers, and hired field staff
are engaging, respectful, and non threatening. Additionally, participants receive
remuneration for data collection. At the completion of the enrollment visit, participants were
given $40 and a flyer describing basic oral health tips. After enrollment, participants are
contacted again by RAs at six months and 12 months for subsequent data collection.
Payment is the same at those visits ($40). In total, families that complete all data collections
will have received up to $120.

2.6. Human subjects and study monitoring

The trial was approved by Institutional Review Boards at the University of Illinois at
Chicago [2017-1090], the University of California San Francisco [16-19920], and the
Chicago Department of Public Health [16—-6], Informed consent was waived for screening.
Caregivers provided written informed consent at the start of the enrollment visit. Enrolled
children were too young to provide assent.

Trial oversight is provided by a Data Safety Monitoring Board (DSMB), an external monitor
selected by the funder, and a Community Advisory Board (CAB). The DSMB is composed
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of members with appropriate clinical, statistical, scientific, and ethical expertise. Members
were appointed by the National Institute of Dental and Craniofacial Research (NIDCR). The
DSMB is coordinated by the CC. The DSMB met twice a year during the first two years of
the trial and continues annually to assess safety and efficacy data (if applicable), trial
progress, and data integrity. More frequent meetings may be held in the future if concerns
arise. The external monitor, NIDCR’s Clinical Research Operations and Management
Services contractor, visited the trial prior to launch, annually during the trial, and will visit
again at closeout to review the regulatory binder, all informed consent forms, and a subset of
all trial data. The CAB was established during the formative phase of the trial and includes a
CHW, caregivers, and representatives from health, advocacy, and policy organizations. The
CAB meets every three to six months to provide guidance on trial operations and trial
relevance to community stakeholders. They give input regarding the development,
recruitment and retention issues, intervention implementation, and outcomes of the clinical
trial.

The complete approved protocol is available upon request from the authors.

2.7. Analyses

2.7.1. Sample size and power—Daily frequency of brushing as an ordinal variable
and plaque score as a continuous variable were the two primary outcomes used in power
analyses. We powered on detecting an effect size of 0.40 for plague score and an odds ratio
(OR) of 2.0 for the ordinal frequency of brushing. These effect sizes were based on results
from our pilot work [27]. Estimates of OHI-MIS scores from our pilot study (mean=1.2,
SD=0.78) suggested an effect size of 0.40 corresponded to a change of 0.31 units between
arms. For brushing frequency, the percentages of responses in the pilot study was 16%
brushed fewer than once a day, 26% reported brushing once a day, and 58% brushed twice or
more times a day. This effect size (OR=2) translated to the following percentage of
frequency of brushing in the intervention arm: 9% fewer than once a day, 18% once a day,
and 73% twice or more times a day. The analysis accounted for repeated observations and
15% attrition at each follow-up. To achieve a power of 80%, 21 participants were estimated
to be needed in each of the 20 clusters (420 total participants). The sample size calculation
controlled for the multiplicity of having two outcome measures by Bonferroni adjustment
(Type 1 error = 0.025). The proposed sample size was a conservative estimate as the
simulation does not take into account stratification due to clinics and WICs. The analysis
will control for outcome imbalance between clinics and WICs via covariate adjustment and
hence increase the precision of the estimates.

2.7.2. Aims and Analysis plan—The primary aim is to evaluate the efficacy of a one-
year oral health CHW intervention compared to usual care to improve oral health behaviors
in low-income urban children under the age of three years. Oral health behaviors are
assessed as the frequency of brushing and OHI-MIS plaque score. For brushing frequency, a
random-effects ordinal regression model will be employed. The OHI-MIS score will be
analyzed as a continuous variable using a linear random-effect model. For both outcomes,
the between-subjects factors -usual care or CHW arm, within-subjects occasions of
measurement - time, and their interaction will be in the model. The interaction term is the
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focus of the analyses. We will employ Bonferroni-Holm adjustments to control for
multiplicity [63], Fixed effect indicators for clinic and WIC sites, as well as size and race/
ethnicity variables used in restricted randomization, will be included in all models, using
methods specific to cluster-randomized trials [64—66], Each site was a unit of randomization,
hence any imbalance in site characteristics is due to random variation (‘random
confounding’). Random confounding by covariates could influence the treatment effects. We
will not test for imbalance of baseline covariates, as recommended by the CONSORT
statement. Instead, analyses will include subject-level covariates that are determined a priori
based on the current best evidence. The impact of clustering of participants in sites is larger
variability of the estimated treatment (group) variances, which is reflected in the intraclass
correlation coefficient (ICC). Covariate adjustment, when the covariate uncovers meaningful
confounding related to the intervention effect, might increase or decrease the ICC. We will a
priori choose covariates carefully with consideration of their influence on the ICC and the
power of the trial.

The analyses will be carried out under intendon-to-treat principles [67-70], Missing data
will be imputed using methods adapted for cluster-randomized controlled trials. We
anticipate data missing at random, but will be vigilant for data not missing at random as
well.

The first exploratory aim is to determine if the oral health CHW intervention impact on child
tooth brushing behaviors varies when the CHW:s are based out of a medical clinic compared
to a community WIC center. The null hypothesis is that there will be no difference between
clinic and WIC sites. This will extend models described above with a three-way interaction:
time by group by type of site. The analyses will follow standard mixed model approaches
described by Hedeker and Gibbons [71], We will estimate the intervention effect (average
change in the outcomes) at the last follow-up conditional on site type. The 95% confidence
interval (CI) of site difference in the estimated means will be compared to a prespecified
acceptance criterion (scientifically justified maximum difference of no clinical significance).
If the 95% Cl is contained within the acceptance criteria, the equivalence between sites can
be declared (based on two one-sided tests approach) [72].

The second exploratory aim is to determine the cost-effectiveness of the CHW intervention
compared to usual care from the perspective of a service delivery (system-level) entity. Cost
data will first be summed and presented on the system-level (program costs, separate for
clinic and WIC sites). Cost-effectiveness will also be assessed by determining the mean total
cost per participant versus the change in primary outcomes [73]. The incremental cost-
effectiveness ratio (ICER) for the CHW home intervention compared to usual care is found
using the equation /CER;= (C; — Cy)/ (E1: — Epe), where C corresponds to the average cost
and £ corresponds to the average effectiveness. Subscript Z signifies the CHW home
intervention (treatment group), and subscript 0signifies the comparison condition (control
group). The time period (six months and 12 months) is denoted by subscript £ In order to
assess the uncertainty in the results, 95% Cls will be calculated for the ICERSs [74-76], To
determine if the ICERSs are sensitive to conceivable changes in the values of the key
parameters, one-way and multi-way sensitivity analyses on the key parameters influencing
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the ICERs will be completed. Sensitivity analyses will define the strength of the
comparisons and the key parameters affecting the ICERs [74].

2.8. Dissemination

Results will be disseminated through presentations at national scientific meetings and local
grand rounds, faculty workshops, publications in peer-reviewed journals, local data releases
via media, the study website, and advocacy outreach (handouts, videos, and presentations for
partner sites and communities). The investigators, partners, and CAB have influence on
many levels of local, state, and national policy. They will ensure that if indicated, trial results
will be applied towards the development of new research studies, workforce development
protocols, and reimbursement policies.

3. Results

3.1.

Demographics (Table 3)

The mean (SD) child age was 21.5 months (6.9) at the time of baseline data collection, and
50.7% were female. Most caregivers (96.4%) were female. Ethnicity of caregivers and
children were similar, with 53.8% of children reporting Hispanic ethnicity; the primary
subethnicity was Mexican (73.1% of Hispanic participants). Many caregivers (mainly those
who chose Hispanic ethnicity) reported “other” for their and their child’s race, and 41.9% of
caregivers and children identified as Black. Families struggled to answer the household
income question. Those that responded were mostly low-income. The majority of caregivers
were married/living with a partner (61.2%). The mean (SD) household size was 4.8 (1.7)
people, with a mean (SD) of 2.5 (1.3) children per household. Child medical issues were
common for their age range, including diarrhea, constipation, and ear infections. Few
children took prescription medications (13.6%), but many took vitamins, herbal remedies, or
over the counter medicines (41%). Almost all children had health insurance (95.5%), mainly
through Medicaid (89.3% of those with insurance), while 76% of caregivers had health
insurance. Similarly, most children had dental insurance (81.9%), mainly through Medicaid
(90.4% of those with insurance), while only 65.7% of caregivers had dental insurance.

3.2. Child oral health status (Table 4)

For the first primary outcome of child brushing frequency, caregivers reported 5% brushed
more than twice a day, 40% twice a day, 33.8% once a day, 15.2% sometimes but not every
day, and 6% no brushing. The other primary outcome—OHI-MIS plaque score—is
interpreted as 0-0.6=good, 0.7-1.8= fair, and 1.9-3.0=poor [77], Scores range from 0 to 3
with higher scores reflecting higher amounts of plaque. The mean (SD) OHI-MIS score of
our sample was 1.9 (0.6). Thirty-one percent of caregivers reported brushing their child’s
teeth for 0-59 seconds, 32.6% for 60-119 seconds, and 30.5% for 120 seconds or more.
However, RAs measured the mean (SD) brushing time to be 83.6 (59.0) seconds. The
presence of fluoride in the child’s toothpaste was unknown or underreported by many
caregivers. Over 41% reported that they did not know if the child’s toothpaste had fluoride.
While 22.2% of the caregivers reported that the child’s toothpaste had fluoride, 56.0% of all
observed toothpaste had fluoride. Caregivers generally underestimated the quantity of
toothpaste used as well. While 52.4% of the caregivers reported using a smear, only 39.2%
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of all brushing observations showed that caregivers actually used a smear. Sixteen percent of
children did not use any toothpaste at all when demonstrating their regular brushing routine.
Over half of children (59.7%) had never been to the dentist and if the sample is limited to
children one year or older (N=401) to better align with standard recommendations, 55.5%
had never been to the dentist. Child oral health quality of life was measured using the Early
Childhood Oral Health Impact Scale (ECOHIS), which sums the frequency of occurrence
for 13 child oral health-related problems [78], (Response choices are never=0, hardly
ever=1, occasionally=2, often=3, and very often=4) [78], The median ECOHIS score was
2.0 (IQR 5.0).

3.3. Differences by site

Cook County is large, with well-defined geographic areas that differ greatly from each as a
result of segregation. Clinic and WIC sites were located mostly throughout the west and
south sides of Cook County. The specific twenty sites were chosen to facilitate the
recruitment of low-income Hispanic and Black families into the trial. As shown in Table 5,
the participants recruited were primarily Hispanic and Black, but race and ethnicity varied
dramatically by site (p<0.001). For example, participants from one medical clinic were
exclusively of Black race with none endorsing Hispanic ethnicity. At another, all claimed
Hispanic ethnicity and none Black race. Caregiver highest degree served as a proxy for
socioeconomic status due to the high amount of unknown/refused responses on household
income. Here again, we saw tremendous variation by site (p=0.03), with some sites having a
third of participants with less than a high school education while other sites had over 70%
with some college/trade school or more. Child age was not consistent across sites (p=0.01).
The primary outcomes—child brushing frequency and average OHI-MIS plaque scores—did
not vary across sites.

4. Discussion

4.1. Study Design Discussion

CO-OP Chicago is a cluster-randomized controlled trial that aims to determine if receipt of
an oral health CHW intervention improves tooth brushing behaviors for young children in
low-income urban families. Our protocol resulted in successful recruitment, enrollment, and
baseline data collection for 420 child/caregiver dyads from twenty community partner sites.
Participants reflect the population we intended to reach: low-income, minority families with
young children. Their oral health behaviors and quality of life are comparable to other low-
income non-clinical cohorts [79], The study population was chosen to fill gaps in our
understanding of oral health behaviors in young children and low-income minority families.
While caries can be treated, the ultimate goal in pediatrics is primary prevention; restorative
dental care (i.e., fillings, crowns, extractions) typically fails to control the disease trajectory.
Targeting families with children under the age of three years old may help establish healthy
behaviors for a lifetime [80], Additionally, low-income, predominantly minority families
have higher documented rates of caries development than the general population [81, 82],
The primary outcome measures show sufficient rigor and variability to allow for future
determination of intervention efficacy in this high-risk population.
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The trial’s design will also allow for the determination of implementation factors related to
the CHW intervention. CHWs typically work out of either a clinical location or a
community agency. Therefore, CO-OP Chicago places CHWs in both pediatric primary care
clinics and WIC centers. Analyses will determine if intervention effects vary by type of site.
The CHW intervention will be delivered over four in-person visits within one year; this
“dosage” was chosen in order to align with well-child medical checks and WIC center
appointments (typically every three months). Four visits per year have been shown in asthma
to be acceptable to families and associated with cost savings [15]. The necessary amount of
CHW visits to achieve changes in oral health behaviors will be explored in analyses. The
cost to deliver the intervention will also be determined.

Some of the participant characteristics (but not the primary outcome measures) vary by site.
This is a reflection of the segregation inherent to the Chicago area. We anticipate rates of
change in the study measures and efficacy of the intervention will vary in relation to these
site-level differences. Site differences also offer an opportunity to explore factors associated
with better and worse intervention efficacy. Randomization was on the site level, making it
unlikely that site variation is unequal in the two arms. To minimize any impact this could
have on the treatment effect, analyses will adjust for covariates that are determined a priori
based on the current best evidence.

Limitations

Because our trial focuses mainly on low-income urban minority families, the generalizability
of the finding will be limited. Another limitation is that the trial targets behaviors and is not
powered to detect changes in caries. This decision was made because the children were very
young to develop caries and because we felt it more appropriate to first test the impact of the
intervention on the proximal behavior of tooth brushing. Effective tooth brushing is known
to reduce caries risk [83-85]. Future studies will follow families to assess caries incidence
when children are five years old. A common challenge in cluster-randomized trials is
intervention adherence [86]. This trial does not require participants to accept the
intervention; we will carefully measure intervention adherence to determine its influence on
treatment effects.

4.3. Conclusions

The strengths and unique features of CO-OP Chicago position it to address important health
disparity issues in the US. The trial focuses on children under the age of three years. This
age group is frequently excluded from oral health research, even though the process of caries
prevention should start early [87], even before birth [88]. CHW interventions have
demonstrated efficacy in many disease areas, but studies in oral health are limited [20, 23,
24, 89, 90]; this trial will address that gap. Finally, the cluster-randomized controlled design
of the trial takes a real-world approach by integrating CHWs into existing health and social
service agencies and collecting data in participant homes. Site-level influences on participant
measures and intervention uptake will contribute to our understanding of intervention
implementation.
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Assessed for Excluded because screener refused (n=653)
eligibility =  Caregiver not interested (n=483)
(n=2225) =  Caregiver stated cannot participate (n=106)
* Previously approached/screened (n=35)
»  Other caregiver issue (n=24)
»| ® Screening could not be done due to language or
appointment conflict (n=5)
¥ Excluded (n=847)
Consented to be =  Screener not completed (n=15)
screened o Caregiver called into exam room (n=6)
(n=1572) o Caregiver no longer interested half-way (n=1)
o Caregiver asked to be contacted later (n=8)
=  Did not meet inclusion criteria (n=832)
o Not in age range (n=479)
e o Not a patient at site (n=132)
o Does not have teeth (n=85)
o Does not have 2 maxillary incisors (n=69)
o Teeth not fully erupted (n=30)
4 o Does not live with caregiver 5 days/week (n=6)
: o Caregiver does not speak sufficient English or
Q"‘"gﬂyf““” Spanish (n=15)
(0=725) o Caregiver under 18 years old (n=16)
o Excluded (n=303)
*  Declined participation (n=76)
Y = Baseline visit not scheduled (n=227)
Enrolled (n=422)
! Excluded (n=2)
v = Data collection not completed (n=1)
= Caregiver no longer interested in study (n=1)
Randomized
(n=420)
Figure 1:

CO-OP Chicago Recruitment Diagram
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CHW Training Components

Table 1:

CHW Training Hours Training Leader

Oral health training 5 hours PI (general pediatrician)

Human Subjects 3 hours CIRT

Good Clinical Practices 3-4hours | ciT| Program ™

Information Privacy & Security 2-4hours | cIT| Program ™

Mental Health First Aid 8 hours Community social service agency
Motivational Interviewing Training 2 hours Co-I (health psychologist)

Home Visit Training 2 hours P1 (general pediatrician) and Project Manager
Paper Case Report Forms Training 1 hour Project Manager

REDCap Database Training 2-3 hours | Coordinating Center and Study Data Manager
Protocol Training 2-3 hours | Project Manager

Manual of Procedures Training 1-2 hours | Project Manager

CHW Core Curriculum Manual Training | 3 hours Dental Hygienist

Dental Clinic clinician shadowing 3-5hours | Co-I (pediatric dentist)

Pediatric Clinic clinician shadowing 3-5 hours | PI (general pediatrician)

CHW = community health worker, Co-I = co-investigator, Pl = principal investigator

Page 21

*
Anderson EE. CIRTification: Community Involvement in Research Training. Facilitator Manual. Center for Clinical and Translational Science.

University of Illinois at Chicago. 2011.

Aok

CITI Program Human Subjects Research, and Information Privacy & Security. www.citiprogram.org
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Table 2:

Measures Collected at Baseline, 6-months, and 12-months

Page 22

Domain

Question

Collection method

Details, Citations

Demographics

Child and caregiver: Age, sex, race,
ethnicity. Caregiver relationship to child,
highest degree, relationships status.
Household income, size, number and ages
of children.

Caregiver report

Child and caregiver health insurance

Caregiver report

Child weight

Measured

Child medical history

Caregiver report

Child medications

Caregiver report

Child brushing behavior

Child brushing frequency*

Caregiver report

[45,46]

Amount of plaque *

Observed

Oral Hygiene Index-
Maxillary Incisor
Simplified Scale [42-44]

Child age started brushing

Caregiver report

NHANES [47]

Caregiver assistance with brushing

Caregiver report and
observed

[45, 46]

Child duration of brushing

Caregiver report and
observed

Child age started using toothpaste

Caregiver report

Child type of toothpaste

Caregiver report and
observed

Child amount of toothpaste

Caregiver report and
observed

NHANES [47]

Type of toothbrush Observed
Mouth rinsed Observed
Parenting behaviors during brushing Observed Toothbrushing Observation

System [48]

Child oral health other behaviors

Child dental care utilization

Caregiver report

NHANES [47]

Child barriers to dental care

Caregiver report

NHANES [47]

Child type of drinking water Caregiver report [45, 46]

Sugar sweetened beverages Caregiver report [45, 46]

Child type of cup/bottle Caregiver report [45, 46]

Child cup/bottle at night Caregiver report [45, 46]
Child caries history Child caries history Caregiver report

Child history of general anesthesia for Caregiver report

dental
Child oral health quality of life Child oral health quality of life Caregiver report ECOHIS [49]
Caregiver factors related to child oral Caregiver knowledge and attitudes on Caregiver report [45, 46]
health behaviors oral health

Caregiver self-efficacy Caregiver report [45, 46]

Caregiver sources of support for brushing

Caregiver report

Caregiver barriers to brushing

Caregiver report

Contemp Clin Trials. Author manuscript; available in PMC 2021 May 01.
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Domain

Question

Collection method

Details, Citations

Caregiver/family oral health

Caregiver general oral health assessment

Caregiver report

NHIS [50]

Caregiver oral health quality of life

Caregiver report

Oral Health Impact Profile
[51, 52, 53]

Caregiver brushing frequency

Caregiver report

[45, 46]

Caregiver dental care utilization

Caregiver report

NHANES [47]

Caregiver reason for last dental visit

Caregiver report

NHANES [47]

Caregiver barriers to dental care

Caregiver report

NHANES [47]

Sibling history of general anesthesia for
dental

Caregiver report

Caregiver physical and psychosocial

health

Caregiver general health

Caregiver report

NHIS [50]

Caregiver social functioning

Caregiver report

PROMIS Ability to
Participate in Social Roles
and Activities [54-57]

Caregiver depression

Caregiver report

PROMIS Depression [54—
57]

Caregiver anxiety

Caregiver report

PROMIS Anxiety[54-5 7]

Caregiver emotional, instrumental,
informational social support

Caregiver report

PROMIS Social Support
[54-57]

Family functioning

Caregiver report

Confusion, Hubbub and
Order Scale [58-61]

Cost effectiveness

CHW intervention delivery costs

Study process data

*
Primary outcome
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Table 3:

Trial Participant Demographics at Baseline

Caregiver N=420 | Child N=420

Female (%)

405 (96.4) | 213 (50.7)

Age, mean (SD)

29.6 (6.6) years | 21.5 (6.9) months

Contemp Clin Trials. Author manuscript; available in PMC 2021 May 01.

Highest degree earned (%)
Less than high school 68 (16.2)
High school/GED 132 (31.4) NA
More than high school 220 (52.4)
Hispanic (%) 219 (52.1) 226 (53.8)
Mexican (% of Hispanic) 184 (84.0) 166 (73.1)
Race (%)
White 57 (13.6) 54 (12.9)
Black 176 (41.9) 176 (41.9)
Other 187 (44.5) 190 (45.2)
Household income in last year (%)
<30k 98 (23.3)
30k-60k 74 (17.6) A
>60k 28 (6.7)
Unknown 219 (52.1)
Refused 1(0.2)
Caregiver relationship status (%)
Single 142 (33.8) NA
Living with partner/ spouse 257 (61.2)
Separated/ divorced/ widowed 21(5.0)
Household size, mean (SD); [range] | 4.8 (1.7); [2-11] | NA
Children in household, mean (SD); [range] | 2.5(1.3); [1-9] | NA
Child medical problems (%)
Ear infections 135 (32.1)
Nose/eye/mouth/throat problems 88 (21.0)
Diarrhea 215 (51.2)
Constipation NA 191 (45.5)
Skin problems 124 (29.5)
Sleeping problems 31(7.4)
Breathing problems (including asthma) 63 (15.0)
Other 52 (12.4)
Taking prescription medicines (%) NA 57 (13.6)
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Caregiver N=420 Child N=420

Taking over-the-counter medicines (%)

None 187 (44.5)
NA

Vitamins 61 (14.5)
Herbal medicine/Other 172 (41.0)
Has health insurance (%) 319 (76.0) 401 (95.5)
Medicaid (%, N=319/401) 247 (77.4) 358(89.3)
Has dental insurance (%) 276 (65.7) 344 (81.9)
Medicaid (%, N=276/344) 217 (78.6) 311 (90.4)

Contemp Clin Trials. Author manuscript; available in PMC 2021 May 01.
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Oral Health Outcomes at Baseline

Table 4:

Page 26

Total Caregiver Report N=420

Total Observed N=420

Child’s brushing frequency (%)

Contemp Clin Trials. Author manuscript; available in PMC 2021 May 01.

Never/has not started 25 (6.0)
Sometimes, but not everyday 64 (15.2)
Once a day 142 (33.8)
Twice a day 168 (40.0)
More than twice a day 21 (5.0)
OHI-MIS plaque score,l mean (SD) =419 1.9(0.6)
Age child started brushing teeth (months), mean (SD) "=3%4 9.6 (4.9)
Do adults help with brushing (%)2
No, child brushes alone 11 (2.6)
Sometimes 71 (17.0)
Most of the time 80 (19.0)
Always 233 (55.5)
Actual parent involvement (%)"=348
Parent did all brushing 226 (64.9)
Both parent and child participated in brushing 108 (31.0)
Parent wiped, teeth not brushed 12 (3.5)
Child refused brushing 2(0.6)
Length of brushing (% )2 Caregiver reported ggjfrved mean seconds (SD)
0-59 seconds 128 (30.5)
60-119 seconds 137 (32.6)
120 or more seconds 128 (30.5) 83.6 (59.0)
Don’t know 2(0.5)
Age started using toothpaste in months, mean (SD) "=348 12.7 (4.8)
Toothpaste has fluoride (%) Caregiver reported Observed =348
Child does not brush/use toothpaste 72 (17.1) 54 (15.5)
No 80 (19.1) 99 (28.5)
Yes 93 (22.2) 195 (56.0)
Don’t know 175 (41.7) 0 (0.0)
Amount of toothpaste used (%) Observed =342
Does not brush/use toothpaste 72 (17.1) 54 (15.8)
Smear 220 (52.4) 134 (39.2)
Pea sized 94 (22.4) 99 (29.0)
Half load or covers half the brush 24 (5.7) 33(9.7)
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Total Caregiver Report N=420

Total Observed N=420

Full load or covers the full brush 9(2.1) 22 (6.4)
Don’t know 1(0.2) 0.0
Length since child’s last dental visit (%) =419
Never has been 250 (59.7)
< 6 months 139 (33.2)
> 6 months but < 1 year 17 (4.1)
> 1 year but < 2 years 13(3.1)
Child needed dental care but could not get it in the past 12 months (%) 31 (7.4)
Reasons (N=31):
Cost/no insurance coverage 14 (45.2)
Caregiver too busy/no time 6 (19.4)
Another dentist recommended not to 6(19.4)
Afraid/did not think anything was wrong 5(16.1)
Child has had dental cavity or tooth decay (%) | 18 (4.3)
Child put to sleep in clinic or hospital due to cavity or toothache (%) | 3(0.7)
Child oral health quality of life. median (IQR) | 2.0(5.0)

IOraI Hygiene Index - Maxillary Incisor Simplified (OHI-MIS) score for plaque [40-42]

ZChiId does not brush, N=25

3Ear|y Childhood Oral Health Impact Scale (ECOHIS)[59]
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