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Abstract

Background: Exposure to secondhand smoke (SHS) early in life increases the risk of sudden infant death syndrome (SIDS),
asthma, and respiratory illnesses. Since children’s primary exposure to SHS occurs in the home, these most vulnerable members
of our society are not fully protected by recent increases in the adoption of smoking bansin public spaces. Although exposure to
SHS isaquickly reversible cause of excess morbidity, few low-income homes strictly enforce smoking restrictions.

Objective: This study aims to test a novel approach to motivate the adoption of home smoking restrictions and to eliminate
child SHS exposure by providing parents with objective data documenting home SHS exposure and “biomarker feedback” of
child ingestion of tobacco toxins, that is, objective, laboratory-based results of assays performed on child urine, documenting
levels of nicotine; cotinine; and NNAL (4-[methylnitrosamino]-1-[3-pyridyl]-1-butanol), which is a metabolite of the known
tobacco carcinogen NNK (4-[methylnitro-samino]-1-[3-pyridyl]-1-butanone).

Methods: From 2011 to 2013, 195 low-income, female smokers with children aged <10 years residing in their homes were
recruited into a two-arm randomized clinical trial. Participants were assigned to one of two groups: biomarker feedback (n=98)
and health education (n=97). In-home assessments were administered at baseline, week 16, and week 26. Children’s home SHS
exposure and nicotine, cotinine, and NNAL levels from urine samples, measured through a passive nicotine dosimeter and a
surface sample of residual tobacco smoke (ie, thirdhand smoke), were collected at all three time points. Primary outcome was
dosimeter-verified, self-reported complete home smoking restrictions at 6 months after randomization. Secondary outcomes
included parental self-report of smoking behavior change and child urine tobacco toxin (biomarker) change.

Results: Data collection and analyses are complete, and the results are being interpreted.

Conclusions: The study protocol describes the development of a novel community-based controlled trial designed to examine
the efficacy of biomarker feedback documenting home and child exposure to SHS on parental smoking behavior change.

International Registered Report Identifier (IRRID): RR1-10.2196/12654
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Introduction

Secondhand smoke (SHS) isaClass A carcinogen with no safe
level of exposure. It is estimated that approximately 66% of
children aged 3-11 years are exposed to SHS [1]. The human
and economic costs of children’sexposureto SHS are staggering
and result in 400,000-1 million additional asthma attacks [2],
22,000 asthmarrelated hospitalizations, 1-3 million outpatient
visits due to middle ear disease[2,3], and 100,000-165,000 ear
tube operations each year [3,4]. Children exposed to SHS also
have higher rates of behavioral and cognitive effects, including
attention deficit and hyperactivity disorder [5]. Tobacco usein
the home also contributes to 10,000 burn-related outpatient
visits and 600 hospitalizations annually [3]. After including
increased sudden infant death, exposure to SHS annually
contributes to 5000 child deaths and medical costsin excess of
US $10 hillion [3].

Nearly 19.1 million US children younger than 18 yearslive in
households that have a smoker, making them the most exposed
age group [6]. Children are unable to avoid the main source of
exposure—often, their close relatives who smoke at home.
Furthermore, children have the strongest evidence of harm
attributable to SHS [7]. Lower-income children suffer
disproportionately from the consequences of SHS exposure,
with well-documented higher rates of sudden infant death and
asthma [6]. Although the roots of these disparities are complex
(eg, poor housing conditions and environmental allergens),
exposure to SHS is a prominent and quickly reversible cause
of excess morbidity and mortality.

Two reviews detailing the literature on home SHS reduction
[8-10] found mixed results. The majority of the studies
combined s mple salf-help materias(ie, instructiona pamphlets)
with brief intervention (typically one session and as short as 2
minutes) delivered by a nurse or physician. A series of studies
of these limited interventions [11-15] reported similar changes
in home smoking bans and child's exposure in intervention as
compared to non-intervention control. Compared to the uniform
failure of simple self-help or brief SHS reduction interventions,
more comprehensive multicomponent interventions have shown
more positive effects [16-19]. Results of these trials indicate
that multisession, home-based interventions involving
motivational counseling might prove more effective. Although
the findings for multisession counseling interventions are more
promising than self-help or brief interventions, more powerful
interventionsare clearly needed. Only afew studies have utilized
objective laboratory-based assay findings (ie, biomarkers) of
children’s exposure to tobacco toxins to reduce home SHS.
Initial trials provided this feedback in the form of mailed
brochures[20] or brief physicians phone callsto inform parents
[21] about the results of biomarker testing on the child and
reported null findings. Biomarker feedback seems to be more
promising when combined with a more intensive counseling
intervention [22,23].

https://www.researchprotocols.org/2019/10/€12654

The potentia promise of biomarker feedback aimed at reducing
home SHS exposure contrastswith abody of literatureindicating
its limited efficacy on smoking behavior change when used to
provide a smoker with objective assay results documenting
his’/her own exposure to tobacco toxins [24,25]. One possible
explanation for the observed discrepancy is that messages that
convey risk to achild exposed to parental smoking may be more
motivating than messages that convey direct risk to the
individual smoker. In their reviews, McClure and Bize [24-26]
speculate the other reasons why biomarker feedback to the
smoker has not demonstrated a significant impact on behavior
change. Thefirst possibility isthat the biomarker feedback may
not have been sufficiently motivating. This could occur if the
risk is perceived to be immutable (ie, a genetic risk factor) or
theindividual did not understand the meaning of the biomarker
on which the feedback was based (ie, meaning of cotinine).
Another possibility is that the individual may discount the
message because he/she does not trust the source delivering the
feedback. A classic line of research demonstrates that attitude
changeisgreater when the communicator isviewed ascredible,
trustworthy, similar to the recipient, and not trying to change
the recipients’ beliefs [27,28]. Finally, elevating the perceived
risk of future health consequences (the target of biomarker
feedback) alone may be insufficient to bring about behavior
change.

Hecht and colleagues [29] documented high levels of one of
the most potent tobacco-specific carcinogens—NNAL
(4-[methylnitrosamino]-1-[ 3-pyridyl]-1-butanol—in the urine
of children exposed to SHS. This discovery raised substantial
concerns within both the scientific and the public health
communities, but this information has yet to be utilized to
educate parents or caregivers about children’s exposure to
cigarette smokein their homes.

We attended to each of these potential limitationsin the design
of project STARS (Start Taking Action to Restrict Smoking).
STARS is a community-based, randomized trial designed to
assess the efficacy of providing culturally sensitive biomarker
feedback and objective data about the level of SHSin the home
environment to amother or female caregiver in order to motivate
the implementation of home smoking restrictions. Feedback on
their child’s exposure to known carcinogens (“cancer causing
chemicals’) in tobacco may be more intrinsically motivating
than information on other markers of SHS exposure (ie,
cotinine). This information was presented by a trusted source
(ie, community health workers and a counselor from the
participants’ local community) as part of a comprehensive
intervention informed by Motivation and Problem Solving
(MAPS) [30] counseling designed to empower participants to
make positive changes in their own behavior and home
environment. In addition, although not included in feedback to
parents, we collected and analyzed dust from participants homes
to examine whether “thirdhand tobacco smoke” (THS) or the
residue remaining on surfaces after a cigarette is extinguished
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could be detected in measurable quantities. The objective of
this paper is to detail our approach to building and executing
this complex, community-based intervention designed to speed
thetranglation of science from the “bench” to the* community”
in order to reduce tobacco toxin exposure among children.

Methods

Study Design

Figure 1 presents an overview of the study. The primary aim
of this two-group, community-based randomized trial
(Clinical Trials.gov NCT01574560) was to assess the efficacy
of providing mothers with biomarker feedback documenting
their child's tobacco toxin exposure on reduction of home
exposure to tobacco toxins., Once eligibility was determined,
participants were randomized to either the intervention arm
(biomarker feedback) or the control arm (health education). At
baseline, participantsin both groups received a series of health
education brochures designed to provide information on the

Thomas et al

dangers of SHS and THS, strategies for managing parenting
stress, and tips to assist in a quit attempt. Participants
randomized to the active condition were given the results of
their child’s urine analyses of nicotine, cotinine, and NNAL as
well as the results of the home nicotine dosimeter. They also
received five motivational interviewing counseling sessions,
approximately 30 minutes in length, spread over 12 weeks. At
each counseling session, participants were offered nicotine
replacement therapy in the form of gum or lozenge (4 mg). The
primary outcome was reduction in home ambient nicotinelevels,
objectively measured by the passive nicotine dosimeter [31] at
6 months after randomization. Secondary outcomes included
child exposure to tobacco toxins measured by urinary levels
cotinine, nicotine, and NNAL (a metabolite of NNK, which is
a  tobacco-specific carcinogen known as
4-[methylnitro-samino]-1-[ 3-pyridyl]-1-butanone) and aparental
report of cigarettes smoked in the home and home smoking
policies. Additional aims included identifying potential
mediating and moderating effects of demographic variablesand
psychosocial and tobacco use characteristics.

Figure 1. Overview of the study procedures. MAPS: Motivation and Problem Solving.
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Study Setting

The work in this trial was guided by the principles of
community-based participatory research (CBPR). CBPR isan
approach to research and community engagement that recognizes
that the knowledge, expertise, and resources of communities
often determine the success of research projects. Thus, wefully
engaged our community partner in the research process [32].
Fundamental characteristics of CBPR include collaboration,
empowerment, colearning, and community capacity building.
An overarching key to the success of CBPR partnershipsisthe
development of authentic partnerships. In project STARS, we
partnered with a community health center serving a
predominantly lower-income, African American community.

Our selected community health workers were community
members chosen by our community partner agency and hired
to engage the community in efforts to decrease children’s
exposure to tobacco toxins. As liaisons between community
members and the research team, they provided cultural
mediation and peer socia support, advanced culturally
appropriate and accessible health education and information,
and increased participant access to health services when
indicated [33-36]. The approach of using community health
workers who are ethnically, socioeconomicaly, and
experientially indigenous to the community has been used in
prior cessation trialswith success[29,37,38]. Further, evidence
of the effectiveness of using community health workers in
interventions targeting child headlth is strong. According to a
2005 Cochrane Review [39-41], community health workersare
well positioned to reinforce messages and aid in the protection
of children from SHS exposure.

Our community partner provided two full-time community
health workers employed by the organization. The community
health workers were certified health educators trained to work
with individualswho may have difficulty understanding medical

https://www.researchprotocols.org/2019/10/€12654

Thomas et al

providers due to cultural or language barriers. Their role was
to recruit, enroll, and conduct all assessment visits. The
community health workers were female and indigenous to the
target community, adding a source of relatedness and trust for
participants. Our community health workers were also trained
to interact with participants to enhance autonomy, competence,
and relatedness in order to empower self-determined decision
making in response to child biomarker feedback. Community
health workers are thought to increase the relatedness of the
intervention and positively influence message salience and
comprehension, clarifying the perceived benefits of adopting
home smoking bans.

The research team was located in officesin close proximity to
the participant target area. In addition to the two CHWS, the
research team was composed of a project coordinator, one
full-time counsel or from the community, one full-time research
assistant, and multiple student workers, many of whom were
also from the target community.

Recruitment

Participantswere recruited using widespread effortsand multiple
strategies throughout the Twin Cities, Minneapolis and Saint
Paul, Minnesota, United States (Table 1). Targeted
neighborhoods were identified, and canvassing efforts were
carried out in these neighborhoods. Strategies for recruiting
participants included attending local hedth fairs, staff
informational sessions, and flyers posted throughout the
community. Our primary sources of recruitment were word of
mouth (snowball or respondent-driven sampling) and fliers.

The project logo was created by alocal community artist and
was used on promotional materials. In addition, awide variety
of community services were utilized for recruitment efforts. A
partnership wasal so formed with alocal community of churches
to assist in church-based recruitment efforts.

JMIR Res Protoc 2019 | vol. 8 | iss. 10 [€12654 | p.8
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Table 1. Community-based recruitment source.

Thomas et al

Sources of recruitment

Method

Weekly tabloid newspaper, monthly recovery newsletter, papers, African American
community

Friend, family passed along study information
Health care

Local clinics targeted for uninsured and underserved populations

Utilization of community partnership with local clinic (medical, mental, and dental
services)

Apartment buildings, grocery stores, convenience stores, nail salons, office buildings,
bus stations, liquor stores, coffee shops, community hot spots

Community food shelves, Salvation Army

Community centers, women's resource centers, neighborhood organizations, adoption
agency, participation in community events (eg, national night out, health fairs), affiliation
with community organizations, Minneapolis Parks

American Indian Center, Division of Indian Work, American Indian Opportunities Indus-
trialization Center, Minneapolis American Indian Center, Native Community Clinic

Fliers posted in elevators on University of Minnesota campus, campus dental clinic, to-

Posted advertisements

Provided fliers to participants, encouraged to share

Posted fliers, closed circuit television advertisements

Posted fliers, closed circuit television advertisements, ser-
vice presentation to educate staffed facilitators

Posted fliers around the metropolitan area

Placed fliersin bags given to consumers

Posted fliers, tabled at hosted events

Enlisted assistance of member of the community for out-
reach, posted fliers

Posted fliers

bacco research program hotlines
Employment counsel or/agency, workforce centers
Treatment facilities/centers, detox, transitional housing
Education

Child care centers, day care facilities, schools

Head start programs

Media
Facebook, internet, television, Craigslist
Radio

Church, church group

Case worker/manager, child protection worker, public health nurse, nursing agency,

Women, Infants and Children clinics, community facilitators

Posted fliers
Posted fliers

In service presentations for staff, tabled at parent events

Tabled at events, placed fliersin child’s bag for taking
home

Posted advertisements

Participated in two radio interviews and ran apublic service
announcement on alocal channel

Partnered with church organization of 12 local churches,
provided in-service assistance, paid organization to assist
with recruitment

In-service presentations to educate about project to share
with clients, posted fliers at agencies

Participants

Prior to participant enrollment, al study procedures were
approved by the Institutional Review Board. Participantscalled
adesignated study phone line to be screened for eligibility. All
eligibility assessments were conducted over the phone, and
initial eligibility status was determined immediately upon
completion of the assessment.

A total of 195 participants were enrolled in this study (Figure
2). Recruitment occurred over 21 months, from June 2011 to
March 2013. Fina follow-up assessments were completed in
August 2013. Participants were randomized to either biomarker
feedback (active, n=98) or health education (control, n=97)
conditions. Eligible participants were female. Although we
initially allowed for enrollment of male parents/guardians, we
discovered that our counselor did not feel comfortable
conducting home visits with a male participant. Participants
were at least 18 years of age, not planning to move out of the
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state over the next 3 months, willing to complete three
assessmentsin their home over a 26-week study period, and the
legal guardian of a child aged <10 years who livesin the home
on at least 5 days of theweek. In order to increase the likelihood
that the home environment and the child’s urine assay would
contain detectible tobacco toxins, participants were eligible if
they endorsed smoking cigarettes on =20 days in the past 30
days, although they did not have to endorse smoking in the
home. Participants were ineligible if they were pregnant,
currently using any tobacco cessation aid (eg, counseling or
NRT), homeless, living in a shelter or detox facility, living
outside of a 30-mile radius of the university, or enrolled in a
tobacco research study in the preceding 30-day period.

To determine positive smoking status, participants were asked
to provide aurine sample at the baseline visit, which wastested
using aNicAlert (Nymox Pharmaceutical Corporation, Quebec,
Canada) test strip (a semiquantitative determination of cotinine
levelsin urine). Individuals with cotinine levels of >10 ng/mL
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on the NicAlert were verified as active smokers and eligible for
study participation. In addition, the child enrolled needed to
provide a minimum of 17 mL of urine for sample analysis of
nicotine, cotinine, and NNAL. These laboratory assay results
were required to provide biomarker feedback to participantsin
the active condition. If a sufficient amount of urine was not
collected at the baseline visit, multiple attempts were made for
additional collection visits. The participant was marked

Figure 2. Screening and enrolment of study participants.

Thomas et al

ineligible for participation if a sample was not collected from
the child within a 2-week window of the baseline visit.

Further, home smoking was verified using a nicotine dosimeter
placed in the participant’s home at the baseline visit for a total
of 7 days. Upon successful retrieval of the dosimeter, a
participant was considered eligible for study participation if
their dosimeter value was greater than the limit of detection.

The limit of detection for this study was 0.02 ug/m? [42].

Assessed for eligibility (n=1117)

Exclusion Reasons (persons could be ineligible for
multiple reasons)
Child is not 10 years or younger (n=141, 23%)
Does not live with child (n=130, 22%)
Mot female (n=104, 22%)
Mo viable address (n=98, 17%)
Planning to move in next 3 months (n=61, 10%)
Mot parent/legal guardian of child (n=57, 9%2)
moke less than 20 of the past 30 days (n=40, 7%)
regnant (n=33, 6%)
Does not smoke cigarettes (n=27, %)
Cessation methods (past 7 days) (n=12, 2%)
Child not in home at least 5 days/week (n=11, 2%)
Under 18 vears of age (n=3, <1%)
Tobacco research (past 30 days) (n=3, <1%)

i

Eligible (n=513)

J

Eligible, not randomized (n=318)

J

Randomized (n=195)

Reasons
Mot interested (n=129, 41%)
Unreachable {n=99, 31%)
Canceled/no Show (n=40, 12%)
Unable to retrieve dosimeter (n=23, §%)
Unable to randomize (n=19, 6%)
Inadequate child urine sample (n=3, 1%)
Dosimeter result = 0.02 pg/m?® (n=3, 1%)

Active (n=98) Control (n=97)

Randomization Process

After final €eligibility was determined, participants were
randomized into one of two conditions: biomarker feedback or
health education. A block randomization with blocks of size 4
was used to improve balance. The statistician generated the
randomization numbers for the study using R [computer
program] (verson R 2.13.0. Austria, Viennaa R Core
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Development Team), which were imported into and allocated
through the Research Electronic Data Capture (REDCap)
database. After final eigibility was determined, the assessment
staff contacted the project administrator from the participant’s
home to ask for the randomization assignment.
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Outcome Assessment Visits

Assessment visits at baseline, week 16, and week 26 were
scheduled at the convenience of the participant and were
conducted by community health workers at the participant’s
home. Visits lasted between 60 and 90 minutes. Staff
administered all surveysaloud in an interview format.

Study datawere collected viaan iPad using asecure, Web-based
datacollection instrument (REDCap) [43]. At the baselinevisit,
staff reviewed health education brochures with each participant
in a one-time education session. The brochures provided
information to participants about the risks of exposure to both
SHS and THS, strategies for managing parenting stress, and
tips to assist in quitting smoking. A number of additional
activities took place at each assessment visit and are detailed
below.

Urine Collection

Staff collected a urine sample from the youngest potty-trained
child inthe home. If no children in the home were potty-trained,
a urine collection kit was provided to the parent for sample
collection. Thekit included two all-natural cotton pads, gloves,
specimen bags, and an instruction sheet. Participants were
instructed to wear gloves to prevent contaminating the sample
with nicotine on their hands and to place a pad in the child’s
diaper until it was urine soaked. Participants were encouraged
to collect a sample overnight, the night before the scheduled
visit for heavy soaking, and collect an additional sample the
day of the visit. The pad was collected during the visit and
transported to our offices where the urine-soaked pad was cut
into 0.5-inch wide strips using scissors and placed in asyringe.
The syringe was used to extract the urine from the soaked pad.
The urine was expelled into a bio specimen cup and stored in
a—80°C freezer until it was sent to the laboratory for assaying.

If the identified child was potty-trained, parent assistance was
requested to place a specimen commode (aka“ hat”) in thetoil et
for collection and to assist the child in sample collection. Each
urine sample was analyzed for the presence of nicotine, a
nicotine metabolite (cotinine), and NNAL.

Nicotine Dosimeter

At each assessment visit, staff hung a passive air nicotine
dosimeter [31], which is an objective, validated method to
quantify the level of ambient nicotine present in the air. The
dosimeters consist of afilter treated with sodium bisulfate and
contained in a 4-cm polystyrene cassette. Nicotine passively
diffuses to the dosimeter and binds to the filter. The nicotine
dosimeter was hung in the main activity room of each home,
aswell asthe family car, if available. The dosimeter remained
in the home and car for a minimum of 7 days for sample
collection. After 7 days, staff collected and shipped the
dosimeter to the University of California, Berkeley, for analysis
using gas chromatography to quantify the presence of nicotine
intheair.

Residual Tobacco Toxin

Surface dust sampling was collected from two locations—the
home and the dashboard of the car—to assess for the presence
of THS or residua nicotine and NNK remaining on surfaces
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after the cigarette was extinguished. A presoaked all-natural
cotton wipe was used for surface dust collection. The cotton
wipe was soaked with a solution consisting of 1.5 mL of 1%
ascorbic acid mixed in reagent-grade water for sample
preservation [44]. A 10 x 10 cm wire frame was created for
precise marking of the sampling area. The moistened cotton

wipe was swabbed over the 100-cm? area on a porous location
with visible dust. This sample was taken from the same room
that the nicotine dosimeter was placed in as well as another
central location in the home.

I ntervention Components

Participants assigned to both the active and control conditions
were offered four health education brochures at the baseline
assessment. Participants were provided brochures detailing
information about SHS, THS (residual smoke exposure),
strategies for managing parenting stress, and tipsto assist in a
quitting smoking attempt.

Biomarker Feedback Condition

In addition to the brochures detailed above, participants
randomized to the biomarker feedback (active) condition were
provided with basaline results from the child’snicotine, cotinine,
and NNAL urineanaysisand nicotine levelsfound in the home
and car from the nicotine dosimeter. The information was
detailed in a Participant Home Report, and information was
verbaly reviewed by the counselor. The target behavior in
counseling, determined by the participant, was either smoking
cessation or the institution of complete home smoking
restrictions. Counseling was administered using MAPS
counseling techniques[30]. MAPSisaunique approach, derived
from a motivational interviewing framework, which utilizes
motivationally based techniques to enhance commitment and
intrinsic  motivation for change in combination with
cognitive-behavioral techniques to target self-efficacy, coping,
stress, and negative effects. Participants, in collaboration with
their counselor, developed a wellness plan that addresses not
only smoking cessation or eliminating home smoking, but also
other concerns and barriersto changing their smoking behaviors,
such as parenting or relationship stress.

Counselor Training

All counseling was delivered by afemale study counselor who
acted as the sole counselor for all participants randomized to
the active condition. The study counselor received
approximately 40 hours of face-to-face MAPS counseling
training, followed by additional training until performance
criteriafor competence and adherence to the assigned protocol
were reached. The counselor participated in monthly, individual
supervision to maintain performance standards. In order to
monitor protocol fidelity, all counseling sessions were
audiotaped, arandom sample of two of the counselor’'s monthly
sessionswere coded, and detailed feedback was provided using
amodified version of the Mativational Interviewing Treatment
Integrity (3.1.1) [45] coding and feedback system to ensure
adequate competence and adherence to the protocol.

The counselor followed a strict protocol for completion of the
counseling visits and to maximize session adherence/retention.
All five sessions were conducted within a 12-week window.
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The first, second, and fifth sessions were conducted in the
participants home, and the third and fourth sessions were
conducted over the telephone. Thewindow allowed for sessions
to be scheduled every other week until the end of the counseling
window. Visits were scheduled at times negotiated between the
participant and the counsel or. The counselor made daily attempts
to reach participants to schedule or reschedule a visit. In
addition, contact |etters were mailed to the participant’s current
address and attempts were made to reach alternate contacts of
persons listed by the participant, who would always know how
to contact the participant.

Health Education Condition

Participants in the comparison condition received heath
education, which included areview of the aforementioned four
health education brochures at the baseline assessment.
Participants randomized to the control condition also received
the baseline biomarker feedback information but at the
completion of their last follow up session, to avoid influencing
the study outcomes, but as a gesture of good will and gratitude
for participation.

Participant I ncentives

At each of the three assessment visits, participants were given
achoice of recelving a gift card to either alocal grocery chain
or adiscount department store. At baseline, participantsreceived
a US $50 gift card and an additional US $5 gift card as
compensation for any cell phone usage incurred from
study-based calls. Participants were also provided a small gift
bag including a manicure kit, asmall hair towel, a bath pillow,
and a body sponge. Children were given a stuffed bear named
Crystal, which was designed and marked by the American Lung
Association. The bear included a short poem inscribed on the
tag, which read, “ Second hand smokeisnot ajoke! Please keep
clear of smoking my dear.” After completing the 16-week home
visit, participants received a US $25 gift card, and a US $50
gift card was offered for completion of the 26-week visit.

Retention

To maximize retention efforts, reminder postcards were mailed
to participants a week prior to al visits, and reminder phone
callswere made aday before and the day of the scheduled visit.
If avisit window was missed throughout study participation,
the visit was marked as missed and participant contact was
initiated for the next assessment visit. To minimize attrition,
staff made periodic reminder callsto participants to reschedule
missed visits until the window for completing appointments
closed. Participants were asked to provide their home address,
home and cell phone numbers, and two alternate numbers to
usein the situation that they could not be reached. Participants
werealso sent aholiday greeting card, child and mother birthday
cards, and athank you card during their six-month participation
window.

Data M anagement

All data management for this project utilized REDCap [46], a
secure Web app for building and managing online surveys and
databases. REDCap was used for data entry, data cleaning,
identifying any crossovers, and conversion into proper format
for data analysis and recoding using SAS [computer program]
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(Cary, NC: SASInstitute Inc). REDCap was also used to design
and administer all assessment surveys. A REDCap tracking
feature was also used to follow-up each patient and to prompt
staff regarding upcoming data collection points.

Outcomes

Primary and Secondary Outcomes

The primary outcome for this study is change in home SHS
exposure measured by the passive air nicotine dosimeter at 26
weeks poststudy enrollment. The specificity of the nicotine
dosimeter as a marker of SHS is an appropriate marker to
measure a reduction in home air nicotine. Reduction in child’s
cotinine and NNAL levels and parental report of smoking
behavior change (ie, cessation, quit attempts, reduction, and
restrictions) served as secondary outcomes. Specifically, carbon
monoxide-verified, 7-day, self-reported point-prevalence
abstinence assessed 6 months after study enrollment and defined
as no smoking, not even a puff, for 7 consecutive days prior to
the final assessment point at month 6 served as the smoking
cessation measure [47]. Using a conservative approach,
participants who dropped out or were lost to follow-up were
considered to be smoking. Adoption of home smoking
restrictions was assessed by a question modified from the
Current Population Survey Tobacco Use Supplement [48]:
“Which statement best describes the rules about smoking in
your home?’ Participants reported whether there were no bans
(“ Smoking is permitted anywhere”), somerestriction (" Smoking
is alowed in some places or at some times’), or complete
restriction or ban (“No one is alowed to smoke anywhere”).
Smokers were also asked to report the number of cigarettes
smoked per day and the number of quit attemptsin at least 24
hours since enrollment and their use of programs (eg, Helpline)
or pharmacological therapy (eg, nicotine replacement therapy
and other cessation medications) at weeks 8 and 26.

Treatment Effect Moderators/Mediators

In order to examine psychological mediators and moderators
of the proposed intervention (exploratory aims), key factors
related to important determinants of smoking behavior change
were selected for each set of analyses. Theseincluded proposed
moderators of effect including sociodemographic variables for
parent and child, baseline smoking, and socia environmental
variables. Participants were asked to detail the number of days
they smoked in the last 30 days, the number of cigarettes they
smoked on daysthey smoked, use of smokel esstobacco products
and other tobacco used in the last 30 days, whether they used
mentholated cigarettes, the number of 24-hour quit attempts
they made in the past year, the longest time period they had
without smoking a cigarette, and their lifetime nicotine
replacement therapy use. Other tobacco-related variables
included nicotine dependence, measured using “time to first
cigarette” [49] and readinessto quit smoking [50]. Alcohol use
[51] (ie, number of days one drank at least one drink, number
of days onedrank five or more drinks) was al so assessed. Social
environmental variablesincluded the number of smokersliving
in the home, number of adult nonsmokers living in the home,
outdoor smoking options, location where most smoking occurs,
and adoption of home smoking restrictionsin the home and car.
Child exposure to tobacco smoke was aso measured (ie,
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exposure to tobacco smoke in the home and outside the home
in the past week). To assess any potential illnesses or health
conditionsthat might impact theintervention or its effectiveness,
parents were asked the following: “ Has any health care provider
ever told you that your child has any of the following illnesses:
(eg, asthma, alergies, cancer, heart problems)?’ Psychosocial
variables included depressive symptoms (assessed using the
10-item Center for Epidemiological Studies Depression Scale
[52]) and stress (measured using the 4-item Perceived Stress
Scale[53]). Social influence was measured by asking how many
of the participant’s five closest friends smoked cigarettes [54],
and socia support was measured via the Partner Interaction
Questionnaire (Short-Form) [55]. Participants view of their
socia standing in the community and the nation was assessed
using the MacArthur Scale of Subjective Social Status [56].

Key mediators are important behaviors, attitudes, and beliefs
related to both the proposed intervention and the outcomes.
Optimism bias was assessed using a modified version of the
Smoking Hazards Scale [57], a 12-item questionnaire with four
scales designed to assess perceptions of obvious and subtle
health risks due to smoking and other health behaviors. We
modified the existing measure to assess perceptions regarding
the child’'s exposure to SHS. The Passive Smoking Outcomes
Expectations Scale[17] was used to assess parents’ expectations
of the outcomes that may result from their children’s exposure
to SHS. Intrinsic motivation was assessed with the Treatment
Self-Regulation Questionnaire [58-60]. We used this tool to
measure intrinsic and extrinsic motivation in order to adopt
home smoking bans and quit smoking. Smoking abstinence
self-efficacy was assessed using the 12-item Smoking
Self-Efficacy Questionnaire, and self-efficacy to engage in
behaviors to decrease child SHS exposure (eg, adopt home
smoking bans) was measured using the Passive Smoking
Outcomes Expectations scale [17]. To assess whether receipt
of biomarker feedback was associated with changes in
motivation and confidence to quit smoking/adopt home smoking
bans, participants were asked “How motivated are you to quit
smoking/adopt bans?’ and “How confident are you in your
ability to quit smoking/adopt bans?’ In order to assess message
salience and comprehension, at the conclusion of each of the
three counseling sessions, participants were asked a series of
five questionsto assesstheir comprehension and ability to relate
to the material presented during that session. Finally, socia
support for both cessation and adopting home smoking bans
was measured using an abbreviated version of the Partner
Interaction Questionnaire [61], consisting of six itemsdesigned
to assess both positive and negative support behaviors [62].

Sample Size and Power Considerations

The sample size was chosen to ensure adequate power in order
to examinethe efficacy of tobacco-specific biomarker feedback
in terms of the difference of SHS home exposure (primary
outcome) between the two treatment groups at week 26. The
power calculation was based on two-sided, two-sample t test
assuming atype | error of 0.05. A total sample size of 180 (90
per treatment group) was determined to achieve 85% power in
order to detect an expected difference (between 1.15[SD 1.58]

ug/m? for the biomarker feedback group and 1.89 [SD 1.68]
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ug/me for the health education group) in air nicotine levels
measured by dosimeters, which was derived from the assumed
adoption rates of home smoking bans of the two treatment
groups (55% vs 25%).

Statistical Analysis

Primary Analyses

For the continuous end points such as reduction (ie, change
score) in SHS home exposure (primary outcome), child urinary
cotinine levels (secondary outcome), and parental self-report
amount of smoking, the primary analysis will be the two-sided
t testsfor the measurements at week 26. In case the distribution
of nicotine or cotinine level shows nonnormality, the logarithm
transformation on the biomarkers or nonparametric Wilcoxon
rank sum test will be applied. Categorical variables such asthe
adoption of home smoking restriction policies and parental
quitting behaviors will be analyzed using a Chi-square test (or
the Fisher exact test if there are cells with a frequency < 5).

Secondary Analyses

Supportive analyses will include multivariable regressions
accounting for the effect of relevant baseline sociodemographic,
tobacco-related (eg, cigarettes smoked per day), and
psychosocial variables (eg, depression), especialy if significant
effects on the outcomes or imbal ance between the study groups
are discovered. To utilize the repeated measures data more
efficiently, we will aso use linear mixed models for the
continuous endpoints and the generalized linear mixed models
for the binary endpoints. All regression models will include
treatment, time, and possibly interactions between treatment
and time, after adjusting for other aforementioned covariates.
The model-based and empirical estimates of the endpoints for
both treatment arms at each of the three time points will be
generated and displayed with appropriate tabular and graphical
methods.

Missing Data Analyses

We will use the intent-to-treat method to include all subjects
who were randomized in the final data analysis. For subjects
with missing data at week 26, a zero change score will be
imputed. As a supplementary analysis, we will also use the
completers-only method to analyze variables with missing
values.

Moderator and Mediator Analyses

Potential treatment effect moderatorswill betested by including
their main effect and interaction with the treatment group in
multivariable regressions. For the anaysis of potential
mediators, we will employ the four-step logistical process of
testing mediational effects devel oped by Baron and Kenny [63]
and others and summarized by Frazier et al [64]. We will also
use structural equation modeling techniquesto examinethefull
pattern of predicted mediational pathways. We propose to
develop a series of three models to examine how the proposed
interventions influence the process of smoking behavior
change. The first step in the process is to examine if there is
any relationship between the proposed intervention and
behavioral determinants as defined by our theoretical model.
This step will involve the development of models, with each
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key behavioral determinant being the dependent variable (Model
A). The next model will examine how changes in behavioral
determinants are related to interim outcomes, that is, week 16
outcomes (Model B). Thefinal model will examine how changes
in behavioral determinants at theinterim (16 weeks) evaluation
are related to the outcomes at the final evaluation (26 weeks;
Model C).

Results

Ethical approval was received from the University of
Minnesota’s Human Research Protection program (I nstitutional
Review Board code number: 0909M72004). Enrollment and
analyses for the study are complete, and data interpretation is
underway.

Discussion

Project STARS isone of thefirst community-based trialsto use
culturally sensitive biomarker feedback given to the smoking
parent or caregiver on their child’'s exposure to tobacco toxins.
Thegoal of the study was to reduce SHS exposurein the home,
and the intervention was designed to target the smoking mother
or female guardian of the child. However, there could be
multiple smokers in the home (ie, spouse, partner, or
grandparent). Participants were counseled on how to discuss
SHS and negotiate home smoking restrictionswith othersliving
inthe home or visiting the home, but family and social dynamics
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often complicated the execution of the rules. Further, the
majority of our participants lived in areas of high social and
economic disadvantage and had competing priorities and
additional stressorsin their livesthat made smoking restrictions
difficult. Their desire to create a smoke-free environment for
their children was hindered by their physical environment and
their responsibilities to care for their children. For example, it
was not always plausible to smoke outside of their apartment
because the neighborhood was not safe or they could not leave
their child alone in the building without supervision. A series
of focus groups with smoking mothers in disadvantaged areas
found that the need to protect their child’s health was clearly
set against competing demands, such as the need to relax and
maintain social relationshipsand the need to be actively present
to carefor the child and prevent them from harming themselves
[65].

Another potential complication wasthe amount of timethe child
spent outside of the home. To be considered eligible, the child
had to be present in the home 5 days aweek, but the number of
hours spent in the home was not specified. The child may have
spent time in other homes where smoking occurred. Further,
children may haveridden in cars, other than their mother’s car,
where a driver or passenger was smoking. Although this was
assessed in follow-up surveys, it isdifficult to obtain an accurate
picture of the amount of time the child spent with other smokers.
Thiswill be important to keep in mind as we analyze the data
from the nicotine badge and the child’'s urine assays, asthe two
sources of measurements may not correlate with each other.
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Abstract

Background: Fetal alcohol spectrum disorder (FASD) is one of the most common causes of preventable intellectual disability,
and the key associated deficitsarein executive function (EF). Aspects of EF can beimproved using cognitivetraining interventions.
Thehighest prevalence of FASD globally (at arate of 135.1 per 1000) has been found in a South African population in the Western
Cape province. Thereisashortage of specialized health service personnel, and there are limited remedial services. Computer-based
cognitive training, if age and culturally appropriate, could be an effective way to provide the interventions with minimal need
for skilled personnel and other resources. The Foundation for Alcohol Related Research has developed such a program for the
South African context.

Objective: This protocol aimed to evaluate whether it is feasible to use computerized cognitive training in a resource-poor
context to improve cognitive function in children exposed to alcohal in utero.

Methods: We are conducting arandomized controlled trial in the Saldanha Bay Municipal area, evaluating a custom-devel oped
cognitive training program to improve the cognitive function of children aged between 4 and 6 years who were exposed to al cohol
in the prenatal stage. Participants will be recruited from local Early Childhood Development centers. Community workers will
interview biological mothers to identify alcohol-exposed pregnancies. Alcohol-exposed children will be randomized into an
intervention or acontrol group of 40 participants each using block randomization. A group of 40 children not exposed to a cohol
will be included in a normative group using individual randomization. The intervention group will play the game for 6 months
(40 sessions). Normative and control groupswill receive no intervention. Neurodevel opmental assessmentswill be done at baseline
and upon completion of the study with all participants.

Results: Theintervention has started, and all baseline assessments have been done at the time of submission.

Conclusions; Thisstudy will provide insight into whether computerized cognitive training is viable and effective in the South
African context. It has the potential to provide a means of intervention globally and in other resource-poor context and expand
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the knowledge base regarding executive functioning and FASD. This paper presentsthe research protocol and intervention design

of the study.
Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2019;8(10):€14489) doi:10.2196/14489

ISRCTN Registry ISRCTN17244156; http://www.isrctn.com/| SRCTN17244156.
DERR1-10.2196/14489

KEYWORDS

protocol; fetal alcohol spectrum disorders; FA SD; cognitive dysfunction/prevention and control; executive function; experimental

games; brain/drug effects; child development

Introduction

Background

Consuming alcohol during pregnancy is one of the most
common causes of preventable intellectua disability [1]. The
teratogenic effects of acohol can lead to a range of physical
and intellectual difficulties and disabilities, grouped together
under the term fetal alcohol spectrum disorders (FASDs) [2].
To date, the highest prevalence of FASD globally has been
found in selected communities in South Africa, with a
prevalence rate of 135.1 per 1000 in a particular population in
the Western Cape province and 119.4 per 1000 in the Northern
Cape provinces [3-5].

Deficits in both elementary and higher order intellectua
functioning have been found in FASD. It has been established
that some of the key deficits in children are in the domains of
attention, information processing, and executive function (EF)
[6]. The deficits found in attention are associated specifically
with encoding (temporarily holding information in memory to
perform mental operations on it) and shifting (flexibly moving
attention between different stimulus dimensions), along with
deficits in executive control [7,8]. The EF that is found to be
affected includes inhibitory control, cognitive planning, and
working memory [7,9].

Cognitive Training

Dysfunctions in EF can have serious consequences and have
been associated with poor school readiness, addiction, conduct
disorder, and lower educational outcomes [10]. Owing to the
deficitsin EF, individuals with FASD struggle with integrating
knowledge and basic cognitive processes required for complex
tasks [7]. Intervention in these areas is crucial as deficits have
an impact on socia functioning, adaptive functioning, and the
ability to live independently. It has been shown that aspects of
EF can be improved using training and practice [11].
Interventionsinclude physical activities such asmartial artsand
yoga, improved school curricula, and computerized cognitive
training [11,12]. Cognitive training has shown to have an impact
on task performance and on fluid intelligence (Gf) tests[13-15].
Training on specific cognitive tasks induces neuroplasticity,
and although the specific mechanisms are still unclear, it is
generally accepted that training impacts synaptogenesis and
neurogenesis[16]. Evidence that these mechanisms can improve
the brain’s functioning has been found in populationsincluding
individuals with traumatic brain injury [17], individuals with
unspecified mild or moderate mental retardation [18], and
children with FASD between the ages of 6 and 15 years[19].

https://www.researchprotocols.org/2019/10/e14489

The impact of the improvement in specific functionsis not yet
clear, and results of studies examining this have been mixed
[14,20]. The key question in thisregard is whether training can
have an impact on fluid intelligence and therefore global
intellectual functioning. Although the idea that training can
impact Gf has been challenged [15], there is some evidence to
support it [21-23]. The sequela of the cognitive deficits
associated with prenatal alcohol exposure (PAE) arguably have
the most severeimpact on life outcomes[24,25]. Early diagnosis
and intervention can improve expected life outcomes [26]. Yet,
in South Africa, an acknowledged lack of specialized health
services and personnel [27] means that few affected children
will be diagnosed early, and those that are diagnosed will likely
not have accessto any remedial programs or intervention.

Cognitive Training in Resour ce Poor Contexts

Cognitive training interventions do not trandate easily into a
resource-poor context, and even physical activities such as
martial arts and yoga require a trained interventionist.
Computer-based cognitive training, if age and culturaly
appropriate, could be an effective way to provide the
interventionswith minimal need for skilled personnel and other
resources. Unfortunately, existing games such as cognitive
carnival or Caribbean quest [19] and other brain training games
require alevel of computer literacy not routinely found among
low-socioeconomic status (SES) children owing to low levels
of exposure to computers[12]. The game, Caribbean Quest, for
example, requires children to use akeyboard and mouse. These
skills would have to be taught to the children, and in some
settings may serve as a confounder when measuring game
performance. Participants in the Caribbean Quest study also
had one-on-one sessionswhere they were taught meta-cognitive
skills. Although this proved to be effective, in a resource-poor
context, thiswould not be viable on alarge scale [19].

In comparison with the Canadian study [9], children diagnosed
with FASD in South Africalivein socia environmentsdifferent
from those in Canada and the available resources are scarce.
Participants in the cited cognitive training studies were either
already receiving other rehabilitation services [17,18] or the
intervention went further than only providing the cognitive
training game [19]. Therefore, the question remains whether
computerized cognitive training can be adapted for a
resource-poor context and whether it will still have an impact.

One of the main differences between the 2 contextsisthe access
to personal computers and laptops. To develop games for
personal computers and laptops will therefore likely exclude
many participantsin low-SES communities. Therequired skills
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to use these devices would likely also be lacking in these
communities. Moving devel opment to mobile computing devices
mitigates these complications. There may of course be a lack
of familiarity with mobile devicesaswell, but the moreintuitive
touch screen interfaces will be easier to master for young
children. A move to mobile computing can also benefit children
in more developed countries as well, as their first exposure to
technology will likely also be in the form of mobile devices or
tablet computers [28]. There are of course challenges involved
with mobile computing with moreissueswith input lag, latency,
and less memory and processing power. The benefits do
outweigh the complications.

Over the past 3 years, the Foundation for Alcohol Related
Research (FARR) has been developing and piloting such a
cognitivetraining program tail ored to the South African context.
The intervention is designed for eventual use on tablets or
smartphones that are becoming more ubiquitous even in
low-income communities [29]. The FARR game is focused on
exercising EFs, particularly attention, inhibition, and working
memory. From the outset, it was designed to be suitable for
children with little to no computer literacy, to need minimum
support and intervention from professionals, and have the
possibility to be scaled up as an intervention.

Methods

Overview

We are conducting a feasibility randomized controlled trial
(RCT) to evaluate the use of a custom-developed cognitive
training program to improve the cognitive function of children
aged between 4 and 6 yearswho were exposed to alcohol inthe
prenatal stage compared with a control group.

We hypothesize the following:

1. Post intervention, the intervention group will score higher
on psychometric assessments of EFsthan the control group.

2. At baseline, alcohol-exposed children (both intervention
and control groups) will score significantly lower on
psychometric assessments of EFs compared with
nonal cohol-exposed children (normative group).

3. Post intervention, the intervention group will score higher
on psychometric assessments of EFsthan the control group,
but lower than the normative group.

4. Post intervention, the intervention group will show greater
improvement on psychometric assessments of EFsthanthe
control and normative groups.

5. Improvement in game performance will be correlated with
improvement on psychometric assessments of EFs.

6. Improvement in psychometric assessments of EFs will be
positively correlated with total time spent playing the game.

Research Ethics and Approval

Ethical approval for the protocol has been obtained from the
Health Research Ethics Committee at Stellenbosch University
(reference number: N16/05/063). The Standard Protocol Items:
Recommendationsfor Interventional Trials (SPIRIT) were used
in designing the study and writing of the protocol. A checklist
and populated checklist have been provided as per the
recommendations. The trial has been registered with the
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ISRCTN registry (ISRCTN17244156). Should the intervention
prove successful, the game will be made available to all
participants. This would, however, require the participant to
have access to a suitable device as providing participants with
tablet computers would not be feasible.

Setting

The RCT will be conducted in the Saldanha Bay Municipal
(SBM) area in the Western Cape province of South Africa
Saldanha Bay is the largest natural port in Africa, most of the
economic activity in the areais related to fishing, agriculture,
and iron exports. There is, however, significant income
inequality and an unemployment rate of 17% [30]. FARR has
previously conducted a prevalence study in this area, where a
prevalence rate of FASD of 64.2 per 1000 was found [31].
FARR subsequently implemented a comprehensive prevention
and awareness program between 2013 and 2016 and is currently
running an awareness program in the SBM area.

Although the aim of the intervention is to develop cognitive
training for children with FASD, it is not possible to identify
and diagnose a large group of children with FASD within the
study’stimeframe. Theintervention will thus be evaluated using
children who were exposed to acohol during pregnancy
regardless of whether they have received a diagnosis of FASD.
To screen for alcohol exposure, we will conduct in-depth
interviewswith mothers of children who attend Early Childhood
Development (ECD) centersin the SBM area.

Eligibility Criteria
Inclusion Criteria

Children aged between 4 and 6 years will be eligible for
inclusion. Children must reside in the SBM area and attend or
be enrolled in an ECD center.

Exclusion Criteria

Children with a physical disability that will hamper their
interaction with the program will be excluded, for example,
severe eyesight problems.

I ntervention

Theefficacy of cognitivetraining isinfluenced by the time spent
interacting with the program and the difficulty of the tasks
presented, especially in terms of whether skills that are not
directly trained will improve [18]. In thefirst step, the specific
processes to be targeted were identified using the available
literature. In consultation with a software devel oper, the basic
interface and game mechanics were designed, focusing on an
intuitive interface and game mechanicsthat will allow the same
interaction to be used with all tasks. Intheapha(initial) version,
it is possible to select different tasks to ensure data can be
gathered for all stages and tasks. Data that are logged will
include the date and time of the play session, the response time
per item, and whether the correct response was selected for each
item.

The theoretical basis for the game design involves 2 different
definitions of scaffolding in 2 different contexts. Thefirst refers
to work on childhood development and cognitive devel opment.
In this context, scaffolding refers to the support of cognitive
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development by reducing a complex problem to subproblems,
and by solving the subproblems, the ability to solve the complex
problem is gained [32]. The game was developed to
incrementally increase the demands on various cognitive
abilities, with continued successes on one level of difficulty
eventually enabling success on a higher level of difficulty.

The second context of scaffolding refers to neuroplastic
scaffolding. This term is generally used in connection with
age-related cognitive decline [33], but as the target population
of this intervention frequently suffers from structural brain
abnormalities[2], the same concept of neuroplastic scaffolding
should still apply. It refersto compensatory neura activity aimed
at supporting damaged, inefficient, or poorly functioning
cognitive functions. Scaffolding happens through recruitment
of additional prefrontal cortex activity, neurogenesis (formation
of new neurona connections), and distributing cognitive
processing over various brain structures. This theory supports
the hypothesisthat practi ce and training can enhance the process
of scaffolding [34]. This was the driving principle behind the
conceptualization and design of the game.

To try and ensure long-term engagement with the game,
meta-game elements have been added to the game in the form
of aprogressbar and animationsthat only appear once you have
completed a set number of tasks. There will be no external
rewards or incentives for playing. Thisis intentiona as a key
design consideration isthat it should befitting for context where
no external rewards would be available. Tasks were designed
to require effortful use of inhibitory control, cognitive planning,
set shifting, and working memory for completion. The tasks
have been designed in such a way that regardiess of which
function isbeing targeted, the interface and interaction with the
participant does not change. If the interaction remainsthe same,
it is easier to switch seamlessly between stages to maintain
optimum difficulty.

The game we have designed (1) is easy to use regardless of
computer literacy, (2) logs performance on various metrics
(response times and error rates), (3) has continuously adaptive
difficulty levels to maintain a suitable level of challenge, and
(4) will be open access (free to distribute). Before making the
intervention available, it is necessary to test whether it doesin
fact have an impact on cognitive devel opment.

An apha version of the program was piloted on a sample of
normally developing children to ensure that the tasks escalate
in difficulty. This provided an opportunity to ensure that the
timing of visual stimuli is age appropriate for the proposed
sample’s age. The pilot also provided normative data on
participant performance to guide further development of the
program.

Control Condition

Children in the control group will not be receiving any
intervention. They will be assessed at the start of the study and
there will be no further interaction with project staff or
community workers until the intervention hasrun its course and
they receive the follow-up assessment.

https://www.researchprotocols.org/2019/10/e14489
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Recruitment

Trained community workers will contact mothers through the
ECD centers. They will obtain informed consent to conduct a
maternal interview and to include their child in the study in one
of the 3 groups. The interviews will include demographic
guestions and information on acohol use during pregnancy.
The interview questionnaire has been used extensively in
preval ence studies in South Africato identify whether children
were exposed to alcohol during pregnancy [3,31-33]. The
interview will indicate if a mother consumed alcohol during
pregnancy, and it will give an indication of the amount of
alcohol consumed. If a child was exposed to more than 3 units
of acohal in 1 drinking session, they will be classified as
alcohol exposed. Thisisin linewith thelatest FASD diagnostic
guidelines[2].

Asalcohol-exposed children areidentified, they will beallocated
to the intervention or control group using block randomization
with ablock size of 8. The randomization will be done by the
primary investigator using assigned study numbers to blind
them to the participants’ identity. Once ablock has been filled,
the 4 participants allocated to the intervention will start the
intervention. The normative group will be recruited from
children not exposed to alcohol during pregnancy on the basis
of the maternal interviews using random number tables. A list
of study numbers will be created and entries in the list will be
selected based on the tables [35]. The primary investigator will
be blind to participants’ identities during this operation.

Data Collection

The maternal interview will be conducted by community
workers. They have extensive experience in conducting this
particular interview asthey interviewed mothersduring previous
prevalence studies using the same tool. Any additional
community workers required will be trained by the primary
investigator. After the training, they will conduct mock
interviews with their fellow community workers.

The neurodevel opmental assessments will be conducted by a
psychometrist with experience in assessing by using the
NEuroPSY chological Assessment, Second Edition (NEPSY-I1).
The psychometrist will also have extensive experience working
with children exposed to alcohol during pregnancy and have
participated in FASD prevalence studies.

The intervention will be overseen by trained community
workers. They will be trained on how the game should be played
and instructed on how they should interact with the children
after they have mastered playing the game on their own. The
community workers will also be trained on how to copy and
secure the game logs kept on the tablet computers.

Study Procedures

Alcohol-exposed children, as assessed by maternal interviews,
will be randomized into an intervention or a control group with
40 participants in each group, using block randomization. The
maternal interview will contain questionsregarding alcohol use
just before and during pregnancy, including the number of
standard units of a cohol consumed, with 3 standard unitsbeing
the threshold for determining alcohol exposure. A group of 40
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unexposed children will be randomized in a group to provide
normative data using individual randomization. An overview
of the study designisshownin Figure 1. Asthe participantsare
drawn from a low-SES and resource-poor environment, the
performance of the normative group will serve asamore suitable
gauge of cognitive development in the participants specific
contexts. Thiswill enable usto better interpret the results of the
neurodevelopmental assessments.

The SPIRIT schematic is shown in Table 1. Baseline
assessments examining cognitive function will be conducted
with all 3 groups. The intervention group will then play the
FARR game twice a week for 6 months (40 play sessions in
total). Post intervention, all 3 groups will receive follow-up
cognitive assessments. Data gathered by the game will also be
collected from theintervention group. All participantswill start

Figure 1. Overview of study design.
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the intervention at the same level of difficulty. They will be
given the opportunity to play the game during hour-long sessions
facilitated by community workers. Play will, however, be
self-directed; participants will be encouraged to play but will
be allowed to stop at any time during a session. As participants
log into the devices, they will be ableto continue at the difficulty
level they had previously reached.

There are 4 different stagesin the game of increased complexity.
After 10 trialsin a stage, a participant automatically moves on
tothe next for 10 trials. After the fourth stage, participants start
at the first stage again. The difficulty of each stage varies
independently based on a participant’s performance. Getting 8
or more correct increases difficulty, getting fewer than 4 correct
decreases difficulty, and otherwise the difficulty remains the
same.

Assessing for alcohol exposed pregnancy

l

l

Group A — confirmed alcohol exposure (80)

Group B — no alcohol exposure (40)

|

Block randomization

l l

|

Randomization

|

Intervention group (40)

Control group (40)

Normative group (40)

| l

l

Baseline assessment

|

Intervention

l ‘.

Post intervention assessment

https://www.researchprotocols.org/2019/10/e14489

RenderX

JMIR Res Protoc 2019 | vol. 8 | iss. 10 |€14489 | p.23
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Louw et d

Table 1. A tria schedule per the Standard Protocol Items. Recommendations for Interventional Trials schematic.

Timepoint

Enrollment

_tl

Study period

Allocation
0 t ty

Enrollment
Eligibility screen X
Informed consent X
Maternal Interview X
Allocation —
Interventions
FARR® game —
No intervention control group —
No intervention normative group —

Assessments

NEPSY-I1€ psychometric assessment
Datalogged by FARR game —

3Not applicable.
BFARR: Foundation for Alcohol Related Research.
ENEPSY-I1: NEuroPSY chological Assessment, Second Edition.

M easures

The primary outcome is EF, as measured using the NEPSY-I|
psychometric assessment score. The secondary outcomes are
(1) game performance, as measured in the game log files, (2)
reaction time, and (3) increase in the level of difficulty of the
task.

Additional demographic data will be gathered during the
recruitment process. In addition to alcohol use, data will be
gathered on age, gravidity, parity, years of schooling, and
household income.

All participants will be evaluated using a selection of subtests
of the NEPSY-Il that measure executive functioning and
working memory. Cognitive function, focusing on EFs, will be
measured using the NEPSY-II [36]. The NEPSY-Il is a
compendium of tests based on the Luria theoretical approach
to neurological assessment. It isindividually administered and
has been shown to be successful in diagnosing a range of
childhood disorders. The subtests of thistest can also be selected
based on the specific domains to be tested [37].

Scores obtained on the subtests of the NEPSY-I| are compared
with the scores of a normative group based on age. The
normative group of the NEPSY-11 was sel ected to closely match
the US population between 3 and 16 years of age [38]. This
group will differ significantly from the populations of interest
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in this study; however, the NEPSY-II is relatively insensitive
to language and culture differences. Although the results need
to be interpreted cautiously, the test remains clinically useful
[39]. Insensitivity to language is an important feature as the
study sample will be drawn from a predominantly
Afrikaans-speaking community, which could affect test
performance [40].

In the standardization of the NEPSY-II, subtests showed
adequate-to-high interna validity. There was no significant
practice effect with re-administration of thetest in ashort space
of time (around 3 weeks), supporting its use for both the pre-
and postintervention assessments in this study [41]. Inter-rater
agreement was high on both the objectively and more
subjectively scored test, and the reliability of subtestsremained
stable [38]. The inclusion of the third group of children not
exposed to alcohol in pregnancy will help guide the
interpretation of results.

The NEPSY-1I uses separate batteries for children aged 3to 5
years and children aged 6 to 16 years. Between the ages of 3
and 5 years, not all subtests can be administered. We will be
focusing on the subtests that are the same for all participants
from 4 to 6 years. Participantswho are aged 6 years at baseline
and/or at the postintervention assessment will be tested on 4
additional subtests to provide a broader base for comparing
game tasks and EFs (see Table 2).
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Domain Attention and executive function Language Memory and learning
All ages Statue Comprehension of instructions Memory for designs
All ages _a — Narrative memory
All ages — — Sentence repetition
6-year-olds only Auditory attention — —

6-year-olds only Design fluency — —

6-year-olds only Inhibition — —

6-year-olds only Inhibition naming

@ot applicable.

Game Log Files

Additional data will be obtained from the log files generated
by the game. The filewill record error rates and response times
for al tasks. Each child will be allocated a numbered tablet or
aprofile on aspecific tablet, depending on what provesthe most
practical, and thelog file will then be associated with their study
number.

Sample Size

A total of 120 participants will be recruited and randomized to
one of 3 study arms. This is in line with the sample sizes of
previous studies looking at FASD and cognitive functioning
[9,19,39]. Previous studies of this nature showed a medium
effect size[42-45]; however, owing to the differencesin method
and there not being interventionists involved in the training
sample, size calculations were done for a small (d=0.2) effect
size. With a significance level of .05, 120 participants in 3
groups would yield a statistical power of 0.79 for the repeated
measures multivariate analysis of variance (MANOVA)
comparing the performance between the 3 groups.

There are approximately 46 ECD centers, and in SBM area,
1593 children aged between 3 and 5 years have enrolled at these
centers and 1635 6-year-olds have enrolled in Grade R [46].
Assuming aprevalencerate of 24% of consuming acohol during
pregnancy on the basis of apreval ence study conducted in SBM
area[31], it should be possible to reach the desired sample size
through 400 interviews.

Data Analysis

For the primary hypothesis, the postintervention scaled scores
of the intervention group will be compared with those of the
control group. Thiswill be done using aMANOVA with group
membership as the predictor variable and the scaled scores of
the 5 NEPSY-II domains (see Table 1) as outcome variables.
Discriminant analysis will be done on the outcome of the
MANOVA with the domain scores as predictor variables and
group membership as outcome variables.

During further analysis, the baseline NEPSY-II scaled scores
of the intervention and control groups will be pooled and
compared with the scores of the normative group. Thiswill also
be done using a MANOVA with group membership as the
predictor variable and the scaled scores of the 5 NEPSY-I|
domains (see Table 1) as outcome variables. Discriminant
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analysis will again be done on the outcome of the MANOVA
with the domain scores as outcome and group membership as
predictor variables.

Postintervention NEPSY-II scaled scores (see Table 1) of the
intervention, control, and normative groups will be compared
using a MANOVA. Group membership will be the predictor
variable, and domain scores will be the outcome variables.
Discriminant analysiswill be conducted with the domain scores
as outcome variables and group membership as predictor
variables.

Difference scores between baseline and postintervention
assessmentswill be calculated for all participants. These scores
will be compared using a MANOVA with group membership
as the predictor variable and changes in domain scores (see
Table 1) as outcome variables. Discriminant analysis will be
done on the results with changes in domain scores as outcome
and group membership as predictor variables.

For the secondary hypothesis, the improvement in game
performance will be quantified as how many difficulty levels
a participant has successfully completed in each of the 3
different stages of the game. This will then be correlated with
performance in the NEPSY-1I domain scores in a covariance
matrix using the Pearson correlation coefficient. A separate
analysis will be done including only 6-year-old children using
the additional domains tested (see Table 1).

Additional exploratory analyses will be done comparing the
demographic information of the 3 groups. These data will be
drawn from the materna interview. Demographic data on the
mothers of the al cohol-exposed children (both intervention and
control groups) will be pooled and compared with
nonalcohol-exposed children to ascertain if there were
significant differences between the 2 groups. Thiswill be done
using 2 tailed t tests for independent samples. To account for
family-wise errors, Bonferroni-adjusted values will also be
calculated. The variables to be analyzed are age, gravidity,
parity, years of schooling, and income. Tobacco and drug use
will aso be compared among the alcohol-exposed and
nonal cohol-exposed groups using a chi-square test.

Further exploratory analysis will be done on the game logs.
Reaction time in the various stages of the game will be used to
conduct an exploratory factor analysis. Looking for common
variations among the various game metrics may unearth
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underlying variablesthat better explain which EFsare associated
with which game tasks. For each participant, their reaction times
for the highest level they successfully complete will be used.
Using regularized exploratory factor analysis owing to the small
sample size, we can examine whether the conceptually different
tasks do in fact target different EFs.

Results

At the time of submission, the majority of recruitment was
completed, and the intervention phase had already started for
some participants.

Discussion

To the best of our knowledge, this study is the first of itskind
in the South African context. Although thereis evidencefor the
use of cognitivetraining gamesto improve executive functioning
in children with FASD, the feasibility of such an approachin a
resource-poor context has not been evaluated. This study will
provide data on both the general approach of cognitivetraining
games in the South African context and the feasibility of our
custom-devel oped game. These datawill guide decision making
on whether the current program is suitable for the purpose of
remediation, whether it needs redesign, whether the method
holds promise but requires a different game or program, and
finally whether computer-based cognitive training is afeasible
strategy at all.
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Abstract

Background: Gait disturbance often occurs in stroke survivors. Recovery of walking function is challenging, as some gait
disturbance due to hemiparesis often remains even after rehabilitation therapy, presenting a major obstacle towards regaining
activities-of-daily-living performance and achieving social reintegration.

Objective: This study aims to clarify the effectiveness of a walking program involving the wearable Hybrid Assistive Limb
(HAL-TS01) robotic exoskel eton for improving walking ability in stroke patients with hemiparesis and stagnant recovery despite
ongoing rehabilitation.

Methods: Thisis a multicenter, randomized, parallel-group, controlled study (HAL group, n=27; control group, n=27). The
study period includes preintervention observation (until stagnant recovery), intervention (HAL-based walking therapy or
conventional rehabilitation; 5 weeks), and postintervention observation (2 weeks). Following provision of informed consent and
primary registration, the patients undergo conventional rehabilitation for preintervention observation, during which the recovery
of walking ability is monitored to identify patients with stagnant recovery (based on weekly assessments using the 10-meter
maximum walking speed [MWS] test). Patients with an MWS of 30-60 m/minute and insufficient weekly improvement in MWS
undergo secondary registration and are randomly assigned to undergo HAL -based walking therapy (HAL group) or conventional
rehabilitation (control group). The primary outcome is the change in MWS from baseline to the end of the 5-week intervention.

Results: This study began in November 2016 and is being conducted at 15 participating facilities in Japan.

Conclusions:  Assessments of walking ability vary greatly and it is difficult to define the threshold for significant differences.
To reduce such variahility, our study involves conducting conventional rehabilitation to the point of saturation before starting
the intervention. Stagnation in the recovery of walking ability despite conventional rehabilitation highlights the limits of current
medical care. The present study may bring evidence that HAL -based therapy can overcome such limitations and induce added
recovery of walking ability, which would promote the use of HAL technology in the clinical setting.

Trial Registration: UMIN Clinical Trials Registry UMINO000024805;
https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi ?recptno=R000028545

(JMIR Res Protoc 2019;8(10):€14001) doi:10.2196/14001
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Introduction

At stroke onset, more than 60% of patients have gait disturbance
and about 50% are unable to walk [1,2]. Recovery of walking
functionisgenerally along and arduous process|[1,3,4]. Current
rehabilitation strategiesfor poststroke gait disturbance are quite
effective, but patientswith severe gait disturbance may not fully
recover their walking ability. Furthermore, such gait disturbance
isamajor obstacletowards recovering activities-of -daily-living
(ADL) performance and achieving social reintegration.

TheHybrid Assistive Limb (HAL) manufactured by Cyberdyne
Inc. (Tsukuba, Japan) is a robotic exoskeleton that aids body
movements by detecting and enhancing bioelectric signals to
the muscles. When a person tries to move amuscle, asignal is
transmitted from the brain through the spinal cord and motor
neurons to said muscle, causing the musculoskel etal system to
move. This processis accompanied by weak bioelectric signals
detectable at the surface of the skin. The HAL was devel oped
to read such bioel ectric signals and hel p with movement per the
person’s intentions [5,6]. Different hypotheses have been
proposed about the effects of HAL therapy, including the
interactive bio-feedback hypothesis and neural plasticity [7],
but these remain unproven. Clinical studies conducted in Japan
confirmed the clinical effectsof HAL therapy and, in November
2015, aleg-type bipedal HAL was approved as a hew medical
devicefor managing spinal muscular atrophy, spinal and bulbar
muscular  atrophy,  amyotrophic  lateral  sclerosis,
Charcot-Marie-Tooth disease, distal myopathy, inclusion body
myositis, congenital myopathy, and muscular dystrophy, apart
from thisclinical trial.

Whereas the mechanisms underlying the therapeutic action of
the HAL have not been completely clarified, some researchers
believed that HAL therapy is superior to standard robot-assi sted
training becauseit supplies better feedback and supports natural
motions. Several earlier studies have examined the effectiveness
of HAL-based walking exercisesfor aleviating gait disturbance
in stroke patients. In a study on the stages of recovery after
stroke, Kawamoto et a [8] showed that 16 sessions of
HAL-based walking exercise increased walking speed and
improved balance ability. In arandomized pilot trial, Watanabe
et a [9] aso found that 12 sessions of HAL-based walking
exercise were more effective than conventional walking
rehabilitation in terms of improving the functional ambulation
category. Thus, these papers have confirmed the feasibility of
HAL for clinical application.

Unlike prior studies, the present tria is designed to examine
the effectiveness of HAL-based walking exercise in stroke
patients with stagnant recovery under conventional
rehabilitation. This is necessary because there is considerable
variability on how recovery is assessed and what constitutes a
meaningful rate of improvement. Therefore, the present study
includes a preintervention observation period during which

https://www.researchprotocols.org/2019/10/€14001
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conventional rehabilitation for walking ability is performed
until stagnation of recovery isnoted. The fact that some patients
no longer experience an improvement in walking ability despite
continuing rehabilitation therapy highlights the current limits
of conventional rehabilitation programs. The present study may
bring evidence that HAL-based intervention can induce added
recovery of walking ability in such patients, which would
promote the use of HAL-based walking therapy in the clinical
Setting.

Methods

Study Objectives

The present study aims to clarify the efficacy of a HAL-based
walking program versus conventional rehabilitation focused on
restoring walking ability in patients with hemiparesis due to
stroke.

Study Design

The present study is designed as a multicenter, randomized,
parallel-group, controlled trial. Our aim is to enroll 54
participants (27 in the HAL group and 27 in the control group)
by December 2019. The patients have been recruited since
November 2016, and the intervention is being conducted at 15
participating facilities.

The study has three phases (preintervention observation,
intervention, and postintervention observation, asseenin Figure
1). Because of the evaluation of treatmentsthat improve walking
ability, this clinical trial focuses on walking ability rather than
the severity of stroke to evaluate the patients.

The primary outcome of the study is the change in maximum
walking speed (MWS) on the 10-m walk test from baseline to
the end of the 5-week intervention. However, patients ADL or
social reintegration are the true outcome, with walking ability
selected as the surrogate outcome that was strongly associated
with ADL or social reintegration [10]. In order to clarify whether
the HA L -based walking program can boost walking ability once
recovery has become stagnant despite ongoing conventional
rehabilitation, theintervention isindicated only for patientswho
exhibit stagnant recovery of MWS, which is defined as
insufficient weekly improvement in the MWS during the
preintervention observation period. In additionto MWS, walking
ability is also evaluated based on a patient’s ability to walk
independently, but in this clinical trial the patients were only
assessed with MWS because of its quantitative nature. The
MWS values are measured every week and then smoothed over
the current and previous two weeks (Standalone Equation 1)
(Figure 2). The weekly rate of change in the smoothed MWS
isobtained to determine the recovery rate (Standal one Equation
2). Stagnant recovery of MWS is then defined as <10%
improvement compared to the previous week. Patients with an
MWS of 30-60 m/minute and stagnant recovery of MWS are
randomly assigned to either the control group or the HAL group.
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Figurel. Study design. This multicenter, randomized, parallel-group, controlled study has three phases (preintervention observation, intervention, and
postintervention observation). Following primary registration, the patients undergo conventional rehabilitation and are monitored to detect stagnant
recovery. Upon secondary registration prior to the intervention, the patients are randomized to undergo conventional rehabilitation aimed at regaining
walking ability (control group), or awalking program involving the use of the Hybrid Assistive Limb (HAL) robotic exoskeleton (HAL group).

Patients with unilateral motor paralysis (hemiplegia) due to cerebrovascular disease
(intracranial hemorrhage or cerebral infarction)

Obtaining consent [1) Aty to geve written Informed consent

() Age 218 years at the time of consent If younger than 20, & parent's or guardian's signature is also required in addition
1o the patient's cwn signature

(3} Time from disease onset, 25 months

(4} Ability to wear the HAL exoskeleton, per the size chart for thigh length, calf length, walst width. and other bady size
measurements

Primary registration (5) Anility to come in for Inpatient wialts during the study period

(1) Subarachnold hemomrhage
[Z) Anility to walk ouldoors unasssbaed

Pre-intervention (3} Any of the follawing findings identified by an nveatigator or sublnvestigator
observation 1} saware akinesia, ngidity, or schizophrenia
{until stagnant recovery) 2) difficulty performing rehabilitation in the trainng room

) mphasia or ancther condiion other than the culprit cerabrovascular deeass that makes it dfficult for the patient 1o
underztand instructions or dascribe thelr own condition

4) severe spasticty, deformation, or contractune in the legs; dificulty when performing walking exercises
(4} Impaired walking functien due to disease of the spinal cord, peripheral nerves, or sheletal musces, or due to reuma,
gawara impalrmeant of deep sensibility, or sevare lower bmb (schemia
(%) Severa bver disease, renal disease, cardiovascular daeassa, or respiratory disease (comasponding 1o grade 3 in the
‘Savyerity Criterla for Drug Adverse Reactions® clasaification kstad in Notice No. 80 from the Safety Officer of the
Pharmaceutical Affars Bureau in Japan's Ministry of Health, Labour, and Welfare)
(&) Untreatad malignant tumaor
(7} Skin disease or another condibon preventing adeguate attachment of the HAL blo-electrades
. [#) Ingatient treatment for Bane fraciure, brusing, trauma, or ancther musculoskeletal complication within 3 months prior 1o
Group allocation the pre-intesvention obaenation period
(9} Complications such a3 bleeding dathesls or esteoporosis, which may Impede gait training
(1) Previous participation in another study within 3 months bafore primary registration, or scheduled participation in
anather study during the HAL trial period
(11) Previous expenence with bopotential-driven devices
Intervention (12) Ineligibiliy to participate in e sludy, as judged by an investigator or subinvestgatord

(up to 5 weeks) 1

Secondary registration: inclusion criteria

(1) Maximurm walking speed of 3060 mimin {10-m walk test) at the final measurement during pre-infervention obserdation
(2) Rate of improvement n maximum walking speed on the 10-m walk test (obtained &z the average of the current and bvo
preay WEEI(!] af <1079 relative ta the pnwlnus waak.

Secondary registration

HAL Control

Post-intervention Secondary registration: sxclusion criteria
observation tz weeksj (1) Inability 1o operate the HAL device n the Cybemnic Voluntary Control mode with both hips and knees at the end of the
erlen.-ent-M obaaration pEI“IDﬂ
(2} Ineligibdlity to participate in the study, as judged by an investigator or sulbnvestigator
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Figure 2. Method for smoothing the value of the maximum walking speed on the weekly 10-m walk test. MWS: maximum walking speed. (X i ):
MWS value measured for week i. (d i ): Smoothed MWS value for week i, obtained as a moving average of the MWS values measured for weeksii,

i-1, and i-2.

Maximum walking speed [m/min]

Time from disease onset [days]

This protocol has been approved by the Central Institutional
Review Board of the Ibaraki Clinical Trial & Research Network.
Theresearch leader has notified the regulatory authorities with
respect to the design and schedule of the clinical trial and has
registered the study with the University Hospital Medical
Information Network (UMIN trial registration number:
UMINO000024805) prior to starting patient registration.
Candidate patients are enrolled only upon supplying written
informed consent for participation.

Registration and Randomization

Upon supplying written informed consent, the patients were
evaluated for digibility according to theinclusion and exclusion
criteria for primary registration. Registered patients who had
completed the preintervention observation were evaluated for
eligibility according to the inclusion and exclusion criteria for
secondary registration. Stratified randomization was conducted,
with MWS at all ocation (<45 or =245 m/minute), age at thetime
of consent (<60 or =60 years), and the intervention center as
the dtratification factors. Data program and randomization
program were served by CIMIC Co., Ltd. (Tokyo, Japan).

Inclusion and Exclusion Criteria

Two sets of inclusion and exclusion criteria were employed in
this study, namely at the time of primary and secondary
registration. The inclusion criteria for primary registration
included: (1) hemiparesis due to stroke; (2) age =18 years; (3)
<5 months from stroke onset; and (4) ability to give written
informed consent. Furthermore, patients had to be able to come
in for inpatient evaluations during the study period and had to
be able to wear and use the HAL robotic exoskeleton. Patients
with subarachnoid hemorrhage, which involves bleeding in the

https://www.researchprotocols.org/2019/10/€14001

subarachnoid space and is thus distinct from brain hemorrhage
or cerebral ischemia, were excluded. Patients who achieved
enough improvement in walking ability and become able to
walk outdoors unassisted were also excluded, asthey might not
have benefitted as much from HAL therapy. For safety reasons
and dueto the specific nature of the device and training program,
patientswith any of the following conditionswere also excluded:
(1) severe akinesia, rigidity, or schizophrenia; (2) difficulty
performing rehabilitation in the training room; (3) a condition
other than the culprit cerebrovascular disease that makes it
difficult for the patient to understand instructions; (4) impaired
walking function due to a disease of the spinal cord, periphera
nerves, or skeletal muscles, or dueto trauma, severeimpairment
of deep sensibility, or severe lower limb ischemia; or (5) other
severe uncontrollable diseases.

The inclusion criteria for secondary registration were: (1)
insufficient rate of weekly improvement in MWS (smoothed
value) during preintervention observation (<10% improvement
relativeto the previousweek); and (2) MWS of 30-60 m/minute
at the final measurement during preintervention observation.
Among patients who are able to wear the HAL robotic suit, we
excluded those unable to operate it in the Cybernic Voluntary
Control mode with both hips and knees, in which it can assist
with movement in accordance with the person’s intentions.

Discontinuation From the Study

Investigators and other persons involved are permitted to
discontinuethe study if consent iswithdrawn, if it isdiscovered
that an exclusion criteria is satisfied, if an adverse event or
another circumstance renders the patient unable to participate
in the intervention for =1 week at a time, or if it is deemed
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difficult to continue the study and valid to discontinue it for
efficacy or safety reasons.

Intervention

Following primary registration, the patients underwent
conventional rehabilitation and were monitored to detect
stagnant recovery (preintervention observation). Upon secondary
registration prior to the intervention, the patients were
randomized into two groups (intervention). Patients assigned
to the control group underwent conventional rehabilitation aimed
at restoring walking ability for 5 weeks, which did not involve
the use of the HAL. Patients assigned to the HAL group
underwent arehabilitation program involving walking exercises
performed while wearing the HAL robotic exoskeleton suit for
5 weeks. All patients underwent a 60-minute session of
conventional rehabilitation followed by 20 minutes of
rehabilitation over ground, which aimed to improve walking

Textbox 1. Conventional rehabilitation program.

Tsurushimaet al

ability. This was conducted while wearing the HAL robotized
suit (in the HAL group) or without wearing the HAL suit (in
the control group), depending on group allocation. The HAL
walking program took place for anet 20 minutes, except for the
timeinvolved with attaching and detaching the HAL . Following
an intervention period, the patients continued conventional
rehabilitation for another two weeks (postintervention
observation). Postintervention observation is meant to evaluate
whether the patient can maintain their improved walking ability,
though it is short.

Conventional rehabilitation consists of 80-minute sessions of
exercises designed to improve muscle tone in the paralyzed
limbs, as well as muscle strength and coordination, thus
enhancing basic motor skills, balance, and walking ability in
preintervention observation and postintervention observation
(Textbox 1). Conventional rehabilitation is conducted, in
principle, 5 days per week.

« Rehabilitation aimed at restoring walking ability:

«  Treadmill walking exercise (with body weight support)

«  Endurance training (cycle ergometer exercise)

o Other rehabilitation therapy

«  Walking exercise (adaptive walking, outdoor walking, stair climbing/descending)

Assessment and Study Endpoints

The primary outcome is the change in MWS from baseline (ie,
right before the intervention) to the end of the 5-week
intervention. The secondary outcomes include: (1) the change
in mean step length and the changein average step rate at MWS;
(2) the change in single-leg support time expressed as a
percentage of the gait cycle aa MWS; (3) the change in
maximum distance walked over the course of 6 minutes; (4) the
change in functional ambulation category; (5) the change in
Berg Balance Scale score; and (6) the changein leg score upon
Fugl-Meyer Assessment. Multimedia Appendix 1 provides an
overview of the assessment schedule.

Preintervention observation during conventional rehabilitation
is conducted until stagnant recovery. Intervention with
HAL-based walking therapy or conventional rehabilitation is
conducted for up to 5 weeks.

Safety was assessed in terms of the nature and frequency of
adverse events occurring between the start of the intervention
until the end of the postintervention observation period. The
circumstances and frequency of HAL malfunction are aso
recorded.

A physical therapist (PT) group operating HAL and aPT group
evaluating patients were created at each facility, and these two
groups did not share patient information. A four-hour briefing
session on protocols and measurement methods was held at all
centers to equalize the quality of measurement methods.
Attendance of this briefing session was a requirement for the
staff to take part in this clinical trial.

https://www.researchprotocols.org/2019/10/€14001

Sample Size

The main purpose of this study isto confirm the superiority of
the HAL -based walking exercise (HAL group) over conventional
rehabilitation focused on improving walking ability (control
group), and the main outcomeis MWS improvement. Based on
aprevious clinical study [10] that compared aHAL group and
anon-HAL group, and taking into consideration the fact that
this is a multicenter study, the clinically meaningful
between-group differences in mean MWS and associated
standard deviation were conservatively estimated at 9 m/minute
and 11 m/minute, respectively. A minimum sample size of 50
participants (25 patients per group) is expected to provide a
power of 0.8 for detecting such differences, with two-sided
significance of 0.05. Assuming a dropout rate of around 5%,
we aim to include 54 participants (27 per group).

Statistical Analysis

The efficacy of HAL-based therapy will be analyzed using the
full set of data based on the intention-to-treat principle, and
using the per-protocol set. The change in MWS from baseline
(right before intervention) to week 5 of theintervention, which
is the primary outcome, will be compared between the HAL
group and the control group using a mixed model,
repeated-measures analysisthat includes group and intervention
period (weeks 1-5) as factors, and group x period interaction,
baseline MWS, and age as covariates. The change in mean step
length and the change in average step rate at MWS will be
similarly analyzed. Other secondary endpoints at 5 weeks will
be analyzed using analysis of covariance, which will include
group as a factor, and relevant baseline values and age as
covariates. The number and percentage of patientswho develop
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adverse eventswill be summarized for each group and compared
between the two groups using Fisher’s exact test. The level of
significance is set at 0.05 for all analyses.

Results

This study began in November 2016 and is being conducted at
15 participating facilitiesin Japan. The study isin progress and
the patient enrollment period is scheduled to end in December
2019.

Discussion

This study is being conducted in Japan as a doctor-initiated
clinical study to verify the effectiveness of robot-assisted therapy
inthewider context of facilitating effective social reintegration
of patients with stroke. Therefore, if the study can provide
evidence of the superiority of the HAL-based walking exercise
over conventional rehabilitation therapy, this would promote
the use of HAL -based therapy in clinical practice.

The use of HAL-based exercise to restore motor ability after
hemiparesis caused by stroke is likely to have the following
medical and social effects: (1) improved motor ability due to
recovery of central nervous function through HAL-assisted
feedback of active, repeated motion; (2) reduced duration of
hospitalization and rehabilitation; (3) fewer sequelae and
reduced load on care givers, (4) amelioration of muscle
weakness, muscle atrophy, and reduced joint range of motion
caused by disuse, as well as better maintenance of ADL
performance; and (5) compared to conventional assistancetools,
HAL would provide more functionality to reduce residual
sequelae such asimpaired motor functioninthelimbs. To clarify
these matters, it is necessary to design new study protocolsthat
account for differences in underlying pathology, including
symptoms and disease stage. It is also important to prove the
effectiveness of the HAL-walking programinthisclinical trial.

Rehahilitation is often provided for gait disturbance due to
hemiparesisin patientswith stroke. However, depending on the
severity of such a disturbance, the patients may experience
stagnation in their recovery of walking ability and fail to become
capable of unassisted walking. A previous clinical study [11]
reported that the HAL-based walking program helped increase
walking ability in patients with stagnant recovery, suggesting
that HA L -based walking exercise can overcome the limitations
of conventional rehabilitation and boost walking ability even
in patients with stagnant recovery. Considering that walking
ability is amgjor factor in ADL function [10,12-15], benefits
conferred by the HA L -based walking program woul d contribute
greatly to enhancing ADL function.

In our present study, stagnant recovery of walking ability was
assessed during a preintervention observation period, and only
patientswho showed i nsufficient weekly improvement continued
to the intervention. This approach will alow us to determine
whether the HAL-based walking program can boost walking
ability in patients with stagnant recovery despite ongoing
rehabilitation.

https://www.researchprotocols.org/2019/10/€14001
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Becauseit isasimple and accessible indicator of motor ability
during gait, MWS is the most commonly used indicator for
assessing walking ability. MWS is also used as an indicator of
therapeutic effect, which is helpful for formulating a treatment
plan and predicting the prognosis of rehabilitation for impaired
motor function in elderly patients or patients with stroke. The
minimal differencein MWSthat isclinically significant during
recovery after stroke has been reported at 8.4 m/minute by
Pereraet a [16] and at 9.6 m/minuteby Tilson et al [17]. While
stagnant recovery was often described in studies assessing
walking ability or ADL function in patientswith stroke[1,2,18],
no consensus has been reached on a method for defining the
threshold for recovery stagnation. An earlier study defined
recovery stagnation in terms of the weekly rate of improvement
in MWS; leading to the formulation of guidelines. Moreover,
MWSisauseful parameter in the context of social reintegration,
which is facilitated through improvement of walking function
in patients who are capable of unassisted walking in the home
but not outside. Therefore, we set two MWS-based inclusion
criteria for the secondary registration. Prior research suggests
that the cut-off value for walking speed allowing restricted
community walking is 0.4 m/second (24 m/minute), while the
cut-off alowing unrestricted community waking is 0.8
m/second (48 m/minute) [2,10,19]. Schmid et a also reported
that the mean walking speed of individual s capabl e of restricted
community walking was 25.8-47.4 m/minute, compared to 48-72
m/minute for those capable of unrestricted community walking
[10]; however, the above values refer to walking at a
comfortable speed. An earlier report indicated that MWS is
approximately 1.32 times higher than the comfortable walking
speed, irrespective of walking speed [2]. Therefore, the MWS
cut-offs for restricted and unrestricted community walking
would be 31.7 and 63.4 m/minute, respectively. These values
are close to those reported by a study from Japan, which found
that the mean MWSfor individual srestricted to indoor walking
is33.6 m/minute, compared to 61.8 m/minute for those capable
of unassisted community walking [13]. Therefore, one of the
inclusion criteriafor secondary registration was MWS of 30-60
m/minute. We believe that one of the goals of HAL treatment
is to improve the walking ability of patients with community
walking and to restore them to society. Furthermore, weincluded
the 6-minute walking distance as a secondary outcome, because
this parameter was recently reported to be more suitable than
MWS for evaluating walking ability and ADL function [20].

The duration and number of interventions are key factors
affecting the effectiveness of the device. A review [21] of
clinical research on conventional robot-assisted training revealed
that many studies included at least 20 training sessions
conducted over 4 weeks, of the studies that showed no
effectiveness of robot-assisted intervention (versus a control
group), two-thirds employed only 10-12 sessions. To date, the
best training duration and frequency of robot-assisted training
sessions remains unclear. A before-after study by Kawamoto
et al [8] revealed that 16 sessions produced an improvement in
walking speed. Meanwhile, the study by Watanabe et a [9]
employed a 4-week program with 3 sessions per week and 20
minutes per session, for atotal of 12 sessions, reporting limited
effectiveness (only in terms of improving the functional
ambulation category). Taken together, these earlier observations

JMIR Res Protoc 2019 | val. 8 | iss. 10 |e14001 | p.35
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

suggest an impact of reducing the length of training or the
number of training sessions. Indeed, apilot study [11] involving
5 sessions per week for 5 weeks, for a total of 25 sessions,
reported an effectiveimprovement in walking speed. Therefore,
the present study uses an intervention protocol like that
employed in the pilot study [11].

Tsurushimaet al

of sensory impairment, the patient’s motivation, assistance from
family members, and the structure of the rehabilitation plan.
Another limitation is the inability to blind patients or
investigators to the intervention after group allocation. The
nature of rehabilitation research precludes the implementation
of shaminterventions, and it isthusimpossibleto eliminate bias

The present study has several limitations. Factorsthat affect the cauised by the placebo effect

prognosis of stroke patientswith hemiparesisinclude the extent
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Abstract

Background: The early life gut microbiota are an important regulator of the biological pathways contributing toward the
pathogenesis of noncommunicable disease. It is unclear whether improvementsto perinatal diet quality could alter the infant gut
microbiota

Objective: The aim of this study is to assess the efficacy of a perinatal educational dietary intervention in influencing gut
microbiotain mothers and infants 4 weeks after birth.

Methods: The Healthy Parents, Healthy Kids randomized controlled trial aimed to recruit 90 pregnant women from Melbourne,
Victoria, Australia. At week 26 of gestation, women were randomized to receive dietary advice from their doctor (n=45), or
additionally receive adietary intervention (n=45). Theintervention included an educational workshop and 2 support calls aiming
to align participants' diets with the Australian Dietary Guidelines and increase intakes of prebiotic and probiotic foods. The
educational design focused on active learning and self-assessment. Behavior change techniques were used to support dietary
adherence, and the target behavior was eating for the gut microbiota. Exclusion criteriawere age under 18 years, diagnosed mental
illnesses, obesity, diabetes mellitus, diagnosed bowel conditions, exclusion diets, illicit drug use, antibiotic use, prebiotic or
probiotic supplementation, and those lacking dietary autonomy. The primary outcome measure is a between-group differencein
alphadiversity ininfant stool collected 4 weeks after birth. Secondary outcomesinclude eval uating the efficacy of theintervention
in influencing infant and maternal stool microbial composition and short chain fatty acid concentrations, epigenetic profile, and
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markers of inflammation and stress, as well as changes in maternal dietary intake and well-being. The study and intervention
feasibility and acceptance will also be evaluated as secondary outcomes.

Results. The study results are yet to be written. The first participant was enrolled on July 28, 2016, and the final follow-up

assessment was completed on October 11, 2017.
Conclusions:

Data from this study will provide new insights regarding the ability of interventions targeting the perinatal diet

to ater the maternal and infant gut microbiota. If this intervention is proven, our findings will support larger studies aiming to

guide the assembly of gut microbiotain early life.
Trial Registration: Austraian Clinical

Trids

Registration Number  ACTRN12616000936426;

https.//www.anzctr.org.au/Trial /Regi stration/Trial Review.aspx 7d=370939

International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2019;8(10):€14771) doi:10.2196/14771

DERR1-10.2196/14771

KEYWORDS
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Introduction

Background

The diversity and composition of the neonatal gut microbiota
is garnering interest as a target for the prevention of
noncommunicable diseases. The disappearing microbiome
hypothesis contends that reduced bacterial diversity over
generations results in increased allergic and metabolic disease
risk in children [1]. In 1-month old infants, low microbia
diversity is associated with an increased risk of later atopic
eczema [2], alergic sensitization, alergic rhinitis, peripheral
blood eosinophilia[3], and asthma[4]. In addition, differential
microbial composition is associated with an increased risk of
noncommunicabl e diseases, including allergic sensitization [3],
eczema|2], asthmarisk [5], neurodevel opmental outcomes|[6],
and later adiposity in infants [7]. Hence, novel methods of
atering the neonatal gut microbiome are of interest. The
influence of poor maternal diet (high fat or low fiber) on
offspring gut microbiota has been studied in animals,
demonstrating that poor maternal diets disturb offspring gut
microbiota [8,9]. To our knowledge, there are no human
randomized controlled trials (RCTs) with the primary aim of
testing whether the maternal diet can modify the diversity and
composition of the infant gut microbiota. Dietary
supplementation trials of perinatal prebiotic or probiotic
supplements provide a premise for testing this aim, with some
studiesindicating that these supplements modify the composition
of gut microbiota in mothers [10] and infants [11,12].
Importantly, though, asupplementation approach failsto address
the quality of the underlying diet. In humans, the prenatal diet
has been associated with the composition of the infant gut
microbiota[13,14], but it isstill unclear whether thisrelationship
is modifiable. Human studies are needed to determine whether
infant gut microbiota can be modified through perinatal dietary
change.

In murine [8] and primate [9] models, poor-quality prenatal
diets disturb vertical transmission of microbiota (from mother
to offspring). For example, a prenatal diet devoid of dietary
fiber reduced microbia diversity and the abundance of
fiber-degrading taxain mothers and offspring [8]. Low diversity
compounded over 4 generations and could not be corrected via

http://www.researchprotocols.org/2019/10/e14771/

a high-fiber diet. Similarly, compared with a low-fat prenatal
diet (13% of energy from soyabean ail), ahigh-fat prenatal diet
altered the microbiota of vaginaly born primates [9]. This
alteration was persistent at 1 year and could not be corrected
by weaning offspring onto a low-fat diet [9]. In humans,
compared with a low-fat prenatal diet (24% of daily energy
from fat), ahigh-fat (43%) diet during pregnancy was associated
with an altered infant gut microbiome, including a depl etion of
Bacteroides persisting to 4 to 6 weeks of age [13]. Taken
together, these results suggest that poor-quality diets (such as
low fiber, high saturated fatty acid, and high sugar content)
during pregnancy and lactation disturb vertical transmission.
However, a causal relationship between the maternal diet and
neonatal microbial acquisitionisyet to be established in humans.

Healthy dietary patternsthat are highin fiber and low in fat are
associated with higher microbial alpha diversity in adults [15].
Popul ation-based metagenomic analysisindicates that the dietary
features that are associated with higher alpha diversity (as
mesasured by the Shannon Index) are frequent fruit and vegetable
consumption along with polyphenol-containing tea, coffee, and
red wine [16]. Conversely, dietary features associated with low
alphadiversity are sugar-sweetened soda, wholefat milk, savory
snacking, and a high total energy intake. Across the devel oped
countries, the mean daily intake of fiber for pregnant womenis
18 (SD 4.4) g, thisis below the recommended ranges (21-28 g
depending on country) [17]. Similarly, mean saturated fat intakes
of 322 (SD 9.1) g/day were 85% to 16.5% above the
recommended ranges (depending on country) [17]. In Australia,
pregnant women have poor diet quality; they neither know nor
meet the Dietary Guidelines for al 5 food groups [18-20], but
they are motivated and would like further nutritional education
[18].

Objectives

The Hedthy Parents, Headthy Kids (HPHK) study (Tria
registration: Australian New Zealand Clinical Trials Registry,
ACTRN12616000936426) is a prospectively registered
open-label, parallel group, RCT of an educationa perinatal
dietary intervention targeting gut microbiota from the third
trimester of preghancy until 4 weeks after birth. The primary
aim is to evaluate whether the dietary intervention alters alpha
diversity of the infant gut microbiota 4 weeks after birth.
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Secondary aims are to evaluate the efficacy of the intervention
in altering microbiota, inflammatory and stress profiles,
epigenetic regulation, and maternal diet and well-being. The
feasibility and acceptability of the study intervention will also
be evaluated. The HPHK study intervention design couples
pedagogical theory and educationa design (focused on
self-assessment and self-efficacy) with Behavior Change
Techniques (BCTs) [21] to support efficacy and dietary
adherence. A sound educational design is an important, yet

Dawson €t al

seemingly overlooked consideration; first, it ensures that
participants are able to do the target behavior, second, it helps
to mitigate against confusing atrue null effect with insufficient
learning, and third, it safeguards the literature against spurious
findings from poorly designed interventions.

Methods

This protocol was written according to the SPIRIT 2013
statement [22]. See Figure 1 for the study flow diagram.

Figure 1. Study flow diagram. Displays the timing for each activity of the randomized controlled trial.
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[ Follow-up

v

4 weeks after birth
Lost to follow-up

Withdrawal reasons

Lost to follow-up
Discontinue intervention
Withdrawal reasons

N

e

Complete follow-up questionnaire

Receive home visit to collect maternal and infant biological samples

http://www.researchprotocols.org/2019/10/e14771/

RenderX

JMIR Res Protoc 2019 | vol. 8| iss. 10 |e14771 | p.40
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Primary Hypothesis
The dietary intervention will result in increased microbial

diversity (Shannon index) in infants measured 4 weeks after
birth, compared with the control group.

Secondary Hypotheses

Microbiota

Using stool samples collected at follow-up, compared with the
control group, theintervention group will have (1) dissimilarity
in infant stool operational taxonomic units (OTU); (2) higher
alpha diversity in maternal stool; (3) dissimilarity in maternal
stool OTU; (4) increased relative abundances of genus
Prevotella in maternal stool.

Diet

Women in the intervention group will (1) improve their diet in
accordance with the Australian dietary guidelines; (2) consume
awider variety of foods; and increase intakes of (3) fiber, (4)
prebiotic foods, and (5) probiotic foods compared with the
control group, and these changes will be sustained throughout
pregnancy. The intervention group will reduce intakes of (6)

refined processed foods, (7) saturated fat, and (8) total energy
compared with the control group.

Further secondary hypothesesfor other biological outcomes (ie,
short chain fatty acid [SCFA] concentration, inflammation,
stress, and epigenetic regulation) and study feasibility arelisted
in Multimedia Appendix 1.

Primary Outcome M easure

A between-group difference in microbial apha diversity,
measured using the Shannon Diversity Index (which accounts
for species richness and evenness) at follow-up (4 weeks after
birth) in the infant stool samples.

Secondary Outcome M easures

Infant Microbiota

Between-group differencesin other diversity measuresincluding
inverse Simpson index (ameasure of richnessand evennessthat
is less affected by rare species compared with the Shannon
index) and Chaol (measure of species richness); observed
species and phylogenic diversity (measure of diversity including
phylogenetic distance); the relative abundance of OTU; beta
diversity using measures of between-sample dissimilarity.

Maternal Microbiota

Between-group differences in the relative abundance of OTU;
beta diversity using measures of between-sample dissimilarity
in response to dietary intake. Baseline-adjusted between-group
differences in alpha diversity indices (Shannon Diversity,
Inverse Simpson, and Chaol); observed species and phylogenic
diversity.

Dietary | ntake

Long-term (3-month) maternal dietary quality and variety are
evaluated by applying the Dietary Guideline Index 2013
(DGI-13 scores) [ 23] to the validated Dietary Questionnaire for
Epidemiological Studiesv2 (DQES) [24], measured at baseline
and 4 weeks after birth. DGI-13 scores include a total diet

http://www.researchprotocols.org/2019/10/e14771/
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quality score and 13 subscoresto evaluate each dietary guideline
[25]. Daily macronutrients from the DQES are energy
(kilojoules; kJ), protein (kJ), carbohydrate (kJ), fat (kJ),
saturated fat (kJ) and fiber (grams). Time-related trends in
short-term (2-week) diet quality and intakes of prebiotic and
probiotic foods are evaluated using a version of the Simplified
Dietary Questionnaire (SDQ) [26] modified to include prebiotic
and probiotic foods. SDQ scores include a total diet quality
score and comprises a dietary variety score and 9 subscores
evaluating each guideline [25], along with 2 additional scores
for prebiotic and probiotic food intake.

Further secondary outcome measures for other biological
outcomes and study feasibility are listed in Multimedia
Appendix 2.

Study Setting
The study isbased at the Murdoch Children’s Research I nstitute

(MCRI) at the Royal Children's Hospital in Parkville,
Melbourne, VIC.

Eligibility Criteria
Participants were eligible if they did not meet the exclusion

criteria and could attend a Saturday workshop at the Royal
Children’s Hospital between weeks 26 and 29 of gestation.

Exclusion Criteria

To ensure practicality, participants were excluded if they were
aged under 18 years, not in control of their diet (including choice
of foods purchased and meals eaten), were uncomfortable
communicating in English, or resided further than 1 hour’'s
travel from the Hospital. To ensure suitability of the dietary
intervention, participants were excluded if they had aclinically
diagnosed bowel condition or were on a medically advised
exclusion or restriction diet. To assess intervention efficacy,
participants needed to be free of conditions that may alter their
gut microbiota. Hence, participants must not have had any of
the following: a body mass index of 30 or greater; diabetes
mellitus (type 1, 2, or gestational diabetes); aclinical diagnosis
of a current mental illness (including major depression,
dysthymia, anxiety disorder, social phobia, posttraumatic stress
disorder, obsessive compulsive disorder, panic disorder, an
eating disorder [anorexia, bulimia, and binge-eating disorder]),
psychotic disorder (schizophrenia), substance use disorder,
autism disorder, attention deficit hyperactivity disorder, attention
deficit disorder; or used antibiotics or probiotic supplementsin
the previous month; or regularly useillicit drugs.

Sample Size and Power

The study was powered to detect a between-group difference
in aphadiversity (Shannon index) ininfants. At designtimein
2015, very few studiesreported infant al phadiversity measured
at 4 weeks, and no studies that we are aware of have ever
reported differences in infant alpha diversity as afunction of a
maternal dietary intervention; thus, it was difficult to estimate
an expected change. Instead, a clinically relevant differencein
Shannon index was determined based upon the small humber
of case-control studies reporting differences between the
Shannon index of healthy 4-week old infantsto those with health
problems (such as alergy) [2,4,27]. Across these studies, the
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mean between-group difference in Shannon index ranged
between 0.2 and 0.3. Standard deviations were derived for each
group ranging between 0.2 and 0.5, with 0.4 being most
common. On the basis of these data, the sample size was
calculated using the power.t test function of the R stats package
(R Core Team, version 3.2.0). A sample of 80 mothers would
provide 80% power to detect a difference in Shannon index of
at least 0.25, assuming astandard deviation of 0.4 and a2-sided
type | error of 0.05. Therefore, 90 pregnant women would be
recruited to participate, this permitted aloss to follow-up of 10
participants (12.5%).

Recruitment

Melbourne-based women were recruited online or within the
community (obstetric clinics, doctor’s surgeries, maternal and
child health centers, childcare, playgroups, toy libraries,
shopping centers, physiotherapy centers, sports centers, and
radio). Onlinerecruitment strategiesincluded pregnancy forums,
twitter, and paid Facebook advertisements that targeted
Melbourne-based women aged between 18 and 40 years who
met Facebook pregnancy-related demographic characteristics.

Randomization

The randomization process used a concealed 1:1 group
allocation ratio with randomly permuted block sizes to ensure
allocation was unpredictable. External personnel prepared the
randomization schedule and applied it to the Research Electronic
Data Capture (REDCap) randomization module[28]. The study
administrator used REDCap to randomly allocate each
participant. After alocation, blinding was no longer possible
because the team had to book study visits or a workshop.

Participation

As a gesture of appreciation, participants received an Aus $20
grocery store gift voucher at theinitial study visit. In recognition
of effort, completed participants entered araffletowin an Apple
iPad, this was drawn at the end of the study. When the study
results are known, participantswill receive asummary of results
and an invitation to attend a presentation.

Intervention

The objectives of the dietary intervention werethat participants
become educated, motivated, empowered, and equipped with
the skills and self-efficacy to make long-term dietary change
targeting the gut microbiota. The gut microbiota were targeted
astheintervention’s change mechanism, and the target behavior
was eating for the gut microbiota. We expected that the
intervention would be feasible and accepted because when asked
about support preferences, pregnant women wanted nutrition
education, preferably in person and individually tailored [18,29].

I ntervention Procedures

Participants attended a dietary workshop between gestation
weeks 26 and 29. Participants devised and agreed upon 3
personalized dietary goals, and they received 2 support callsto
encourage adherence. Intervention procedures are detailed in
Multimedia Appendix 3. For intervention fidelity, each
workshop and support call followed a predefined facilitator
script to ensure that all participants received the same
information.
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Dietary Recommendations

The intervention aimed to align participants' diets to the
Australian Dietary Guidelines [25], and increase intakes of
fibrous plant-based foods, while reducing intakes of highly
refined and processed foods. Common probiotic species
(Lactobacillus and Bifidobacterium) are reported to be safe
during pregnancy [30], and perinatal probiotic supplementation
may increase Bifidobacterial species in infants [11]. The
intervention took a sustainable, whole of diet approach where
prebiotic- and probiotic-containing food sources were
recommended to participantsinstead of using supplements. This
synbiotic combination of prebiotic and probiotic foods may help
to promote the growth of probiotic species[31].

Educational Design

The educationa design used thetheory of constructive alignment
[32], which argues that alignment among intended learning
outcomes, learning activities, and assessment is crucial for
learning. Clear learning outcomes were developed for the
workshop (Multimedia Appendix 4) using the Structure of
Observed Learning Outcomes taxonomy [33], which alows
targeting particular levels of functioning with respect to
knowledge. Learning activities were designed to provide
opportunities for learners to practice the particular learning
outcomes; this aligns with constructive alignment’s focus on
what |earners do rather than on what educators do. Participants
engaged in active learning tasks like problem solving, which
have been shown to be more effective for learning than
transmissive or lecture style teaching [34]. At an educational
psychology level, learning activities were designed with
consideration of cognitive load theory [35] to manage the
demands on participants working memory; this was deployed
through chunking content, provision of reference materials, and
careful use of different media. The workshop focused on
developing participants’ ability to make judgments about their
diet quality. The ability to self-assess is crucial for long-term
retention and application of knowledge beyond the workshop
[36], as participants need to be able to judge the quality of their
diet toimproveit. An expert in educational design and pedagogy
reviewed the workshop materials. The logic model in
Multimedia Appendix 4 details how the educational design,
monitoring, feedback activities, and BCTs were used in the
intervention.

Behavior Change Techniques

To support adherence, the intervention used BCTs [21].
Behavior change is an effective method for supporting dietary
adherence in community-based interventions[37-39], including
among pregnant populations [40]. Successful dietary BCTs
include socia support [37,38], information [40], instruction
[39,40], self-monitoring [39,40], self-efficacy [38], goal-setting
[37,39], goal review [39], relapse prevention techniques [39],
motivational interviewing [39,40], feedback provision[39], and
rewards (if goalsare met) [40]. Descriptions of theintervention’s
use of Michie et al’s BCTs [21] are available in Multimedia
Appendices 3 and 4.
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Control Group

Treatment as usual was used as an active control condition.
Participants continued receiving dietary advice from a health
care provider who was managing their pregnancy. Therationale
for using treatment as usual was to be able to compare the
intervention against standard treatment [41]. In addition,
provision of adifferent treatment as an active control may have
introduced factorsthat could have altered the gut microbiota or
bias the results.

Participants from both groups reported on the dietary advice
that they received from their health care provider. Both groups
also reported on their dietary intake, including prebiotic and
probiotic foods, and dietary supplements. All nonwithdrawn
participants received the intervention materials in written form
upon study closure after sample and data collection closed.

Data and Sample Callection

Datawere collected at 4 time points: gestation week 26, 31, 36,
and 4 weeks after birth (follow-up), asdetailed in Table 1. Data
collection included demographic, physica heath and
medications, mental health and social support, diet, lifestyle,
and evaluative feedback. A probiotic food and drink
guestionnaire was administered at all time points for the
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intervention group, but only at baseline and follow-up for the
control group to prevent the control group from becoming aware
or prompted to increase intake of probiotic foods.

The study team were trained to collect baseline and follow-up
anthropometrics and biological samples. Biologica samples
were collected as outlined in Table 2. Participants collected a
baseline stool sample during gestation week 26, and afollow-up
sample from themselves and 