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Abstract

Background: Spina bifida (SB) is monitored through birth defects surveillance across the United States and in most developed
countries. Although much is known about the management of SB and its many comorbid conditions in affected individuals, there
are few systematic, longitudinal studies on population-based cohorts of children or adults. The natural history of SB across the
life course of persons with this condition is not well documented. Earlier identification of comorbidities and secondary conditions
could allow for earlier intervention that might enhance the developmental trajectory for children with SB.

Objective: The purpose of this project was to assess the development, health, and condition progression by prospectively
studying children who were born with SB in Arizona and Utah. In addition, the methodology used to collect the data would be
evaluated and revised as appropriate.

Methods: Parents of children with SB aged 3-6 years were eligible to participate in the study, in English or Spanish. The actual
recruitment process was closely documented. Data on medical history were collected from medical records; family functioning,
child behaviors, self-care, mobility and functioning, and health and well-being from parent reports; and neuropsychological data
from testing of the child.

Results: In total, 152 individuals with SB were identified as eligible and their parents were contacted by site personnel for
enrollment in the study. Of those, 45 (29.6%) declined to participate and 6 (3.9%) consented but did not follow through. Among
101 parents willing to participate, 81 (80.2%) completed the full protocol and 20 (19.8%) completed the partial protocol. Utah
enrolled 72.3% (73/101) of participants, predominately non-Hispanic (60/73, 82%) and male (47/73, 64%). Arizona enrolled
56% (28/50) of participants they had permission to contact, predominately Hispanic (18/28, 64%) and male (16/28, 57%).

Conclusions: We observed variance by site for recruitment, due to differences in identification and ascertainment of eligible
cases and the required institutional review board processes. Restriction in recruitment and the proportion of minorities likely
impacted participation rates in Arizona more than Utah.

(JMIR Res Protoc 2017;6(9):e180) doi: 10.2196/resprot.7739
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Introduction

Spina bifida (SB) is a neural tube defect that occurs in the first
month after conception and involves a defect of variable severity
in the developing spinal cord [1-3]. The term SB is an umbrella
term and includes different types of spinal cord defects, of which
myelomeningocele is the most frequent and the most involved.
SB is monitored through birth defects surveillance across the
United States and in most developed countries. A concerted
public health emphasis on primary and secondary prevention
has been associated with a decreased birth prevalence and
improved health outcomes in individuals with SB [4]. In the
United States, the estimated prevalence is 2-3 per 10,000 live
births [5,6]. Although much is known about the management
of SB and its many comorbid conditions in affected individuals,
there are few systematic, longitudinal studies on
population-based cohorts of children or adults. The natural
history of SB across the life course of persons with this condition
is not well documented [7,8].

Health, developmental, and school problems occur on a
continuum for children with SB. Comorbidities (eg,
hydrocephalus) are frequent [9] and because many body systems
(eg, muscular/skeletal, renal/urinary) are affected
simultaneously, SB is a complex condition to manage and treat.
This complexity can be further compounded by the development
of secondary conditions such as frequent urinary tract infections,
pain, and depression [10,11]. Although more significant
cognitive deficits may be apparent before the age of 3 years,
the subtle learning and language problems common in children
with SB [12] may not be identified by public school systems
until children are 8-10 years old [13]. Assessment of learning
and language problems may not occur until children are
significantly behind their peers academically. Given that
children with SB have such a high rate of school problems
[14,15], the possibility of earlier identification (ie, ages 3-6
years) may allow for earlier academic and language
interventions that enhance the academic performance and
improve the developmental trajectory of the condition for these
children.

In adulthood, individuals with SB have markedly wide ranges
of outcomes in terms of physical function, social participation,
and quality of life. Outcomes vary from full employment,
successful relationships, and independent living (the typical
goals of adulthood) to social isolation, depression, and under-
or unemployment [16-18]. These outcomes, while partially
determined by underlying health-related and cognitive issues
(eg, shunt revisions, incontinence, mobility, challenges with
executive function), are greatly influenced by the lived
experience of the individual and by the environmental responses
to the condition.

In 2010, the Centers for Disease Control and Prevention (CDC)
announced a funding opportunity for a cooperative agreement
entitled A Prospective Assessment of the Development, Health,
and Condition Progression in Young Children with Spina Bifida.
The purpose of this announcement was to assess the
development, health, and condition progression by prospectively
studying children who were born with SB. In addition, the

methodology used to collect the data would be evaluated and
revised as appropriate. The approach and methodology to be
used in this project was informed by a pilot project that was
conducted in Georgia [7]. The funded applicants, Arizona
(university) and Utah (health department) worked in
collaboration with CDC to refine and finalize the research
protocol. In this first publication since the project’s conclusion,
we describe and evaluate the methodology and recruitment
process of the study.

Methods

Study Protocol
Prior to this study, CDC researchers and collaborators completed
a pilot project to inform the current larger study [7]. The
protocol used in the CDC pilot study served as a framework for
the funding announcement. Because Utah and Arizona submitted
separate applications in response to the funding announcement,
a unified protocol was developed by both sites in the first year
of the study. The two sites were tasked with identification,
location, and recruitment of English- or Spanish-speaking
parents with children with SB (International Classification of
Diseases, Ninth Revision, Clinical Modification, codes 741.0,
spina bifida with hydrocephalus and 741.9, spina bifida without
hydrocephalus) born between September 1, 2004, and August
31, 2009, residing in one of the two catchment areas. Individuals
living in nearby states were also recruited, but only if they
attended an SB clinic at the participating sites. The birth date
range was selected to ensure children were between 3 and 6
years at the time of enrollment in the study, which allowed the
collection of extensive baseline data on health status, social,
and cognitive development, of the children prior to entering
school. Each child’s parent was required to be over 18 years
old and able and willing to sign the consent forms. Institutional
review board (IRB) approvals were obtained separately at the
two sites. Recruitment began in May 2011 and ended in
September 2013.

Identification of Eligible Participants and the
Recruitment Process
Children with birth defects were first identified from
surveillance systems from both sites. IRBs at each site differed
in how they allowed potential participants to be identified,
contacted, and recruited; therefore, the recruitment processes
varied between the two sites. In Utah, children with SB were
identified using population-based statewide surveillance data
from the Utah Birth Defect Network. Surveillance data included
demographic and diagnostic information to determine case
eligibility. All parents of eligible children were sent a
recruitment letter from the Utah Department of Health
introducing them to the study and inviting them to participate.
Follow-up phone calls were made by the study coordinator
approximately 7 days after the recruitment letter was sent to
assess the parents’ interest in participating in the study. Parents
of eligible children with SB who were attending the SB clinic
during the study period were also invited by the SB clinic staff
to participate. Occasionally, eligible children with SB and their
parents traveling from Utah’s surrounding states (eg, Idaho,
Wyoming, and Nevada) to attend the SB clinic in Salt Lake
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City were invited to participate. Staff in Utah were not restricted
in contact attempts or recruitment by their local IRB.

In Arizona, eligible children with SB were identified through
the birth defects monitoring program, hospital discharge
databases, SB multispecialty clinics, and the primary children’s
hospitals in Tucson and Phoenix to assemble the eligible
population, including health and demographic characteristics
of the children. The IRB for this site did not permit research
staff to contact any patients without expressed consent;
therefore, recruitment letters, emails, and Web announcements
were sent advertising the study and providing contact
information for self-enrollment through the Arizona Spina Bifida
Association and from the Children’s Rehabilitation Services
program (Medicaid-funded program for children with physical
disabilities). Staff at the Phoenix and Tucson multispecialty SB
clinics were allowed to make phone calls to parents of active
patients informing them about the study and requesting
permission for research staff to contact them. Active recruitment
was also performed during scheduled visits to clinics at the
Tucson location. However, the IRB at the Phoenix location with
the largest SB population only permitted making flyers available
to potential participants and did not permit any direct
recruitment. The primary IRB approval limited the contact with
any family to three phone calls at each stage in the recruitment
process.

Procedures and Measures Included
Parents were given two options to participate: (1) an in-person
clinic visit with the child and family to complete
neuropsychological assessments and parent surveys (ie, Full
Protocol), or (2) a phone survey with mailed questionnaires to
the parents (ie, Partial Protocol). Parents also had the option of
a mailed questionnaire that could be completed and returned
instead of either the in-person assessment or the phone
interview. In all options, parents were asked consent to release
their child’s medical records for medical record abstraction.
Medical record abstraction was performed at both sites to obtain
detailed data on clinic visits and hospitalizations, surgeries,
growth, and comorbid conditions. Medical record data at each
site were stripped of personal identifiers and transmitted to the
CDC for pooling into a central dataset.

The in-person visits to the clinics were conducted in either
English or Spanish and took 2-3 hours to complete; the phone
survey lasted approximately 30 minutes. Because of the length
of time associated with the in-person clinic visit, study
appointments had to be scheduled on a day other than the child’s
regular SB clinic visit. Gift cards of US $50 were given to
parents who participated in the full protocol as compensation
for travel and time, and US $25 gift cards were given to those
who participated in the phone survey.

The survey included 120 items and covered topics regarding
the child’s medical issues, development and learning, nutrition
and physical growth, mobility and functioning, general health,

and family demographic information. Although most of the
survey items were created in the pilot project completed prior
to the current study (with modifications for this specific study),
many of the more generic items in the survey have previously
been used in large national surveys, such as the Youth Risk
Behavior Survey and the National Early Intervention
Longitudinal Study. Parents who chose a phone interview were
mailed the consent forms and medical records release form as
well as five of the six self-administered questionnaires and were
asked to complete them at home and send them back in the
postage-paid envelope provided. One of the parent surveys (the
Pediatric Evaluation Disability Index [PEDI]) was not mailed
to the participants because the investigators considered it too
difficult for parents to complete on their own. After the consent
forms and surveys were completed and returned to the study
coordinator, parents were contacted to schedule a time to
participate in the phone survey.

At the beginning of each in-person study visit, the consent and
parental permission forms and a medical record release form
were presented to the parent and any questions or concerns were
addressed. After the parent reviewed and signed these
documents, the pediatric psychologist escorted the child into a
separate room for neuropsychological testing. Parents were
typically not in the exam room unless parental attendance was
warranted according to the professional judgement of the
clinician. The psychologist administered five assessments: the
Bracken Basic Concept Scale Receptive (BBCS-R) [19], the

Differential Abilities Scale 2nd Edition (DAS-2) [20], the
NEuroPSYchological Assessment (NEPSY) II [21], the Peabody

Picture Vocabulary Test, 4th Edition [22], and the Wide Range
Assessment of Visual Motor Abilities (WRAVMA) [23]. For
Spanish-speaking participants, all documents, including the
consent, parental permission, and medical records release forms,
parent interview, parent surveys, and three of the five child
assessments (DAS-2, BBCS-R, and WRAVMA) were conducted
in Spanish. In Utah, a translator was available for appointments
with Spanish speakers to assist in the completion of the study
documents, the parent interview, and the parent surveys and
administering the battery of neuropsychological assessments
used in the study. In Arizona, which has a large Hispanic
population, all appointments were conducted by bilingual
professionals. While the child was completing testing, the study
coordinator administered the study survey to the parents, which
was the same questionnaire used in the phone survey. Parents
were asked to complete six self-administered questionnaires
addressing family functioning, child behaviors and personality,
self-care, mobility, and functioning, and health and well-being:

the Adaptive Behavior Assessment System, 2nd Edition [24]; the

Behavior Assessment System for Children, 2nd Edition [25]; the
Behavior Rating Inventory [26]; the Child Health Questionnaire
[27]; McMaster Family Assessment [28]; and PEDI [29]. The
battery of assessments and questionnaires is provided in Table
1.
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Table 1. Key characteristics of the instruments used in the prospective study of spina bifida in children, 2011-2013.

LanguageAdministrationDomains testedItems/
subtests

Age rangeInstrument

Parent reported

English,
Spanish

In-person, MailDaily living skills 10 skill areas; Domains (1) social,
(2) practical, & (3) conceptual

241 items0-89 yrsAdaptive Behavior Assess-

ment System 2nd Edition

English,
Spanish

In-person, MailBehavior and self-perceptions of children and young
adults ages 2-25 years. Only the Parent Rating Scales
were included in this project, which measures adap-
tive and problem behaviors in the community and
home setting.

134 items2-5 yrsBehavior Assessment System

for Children 2nd Edition Par-
ent Rating Scales-Preschool

160 items6-11 yrsBehavior Assessment System

for Children 2nd Edition Par-
ent Rating Scales-Child

English,
Spanish

In-person, MailExecutive Function Subscales: (1) emotional control,
(2) shift, (3) inhibit, (4) working memory, & (5)
plan/organize

Indices: (1) inhibitory self-control, (2) flexibility, &
(3) emergent metacognition

63 items2-5 yrsBehavior Rating Inventory of
Executive Function -
Preschool Version

86 items5-18 yrsBehavior Rating Inventory of
Executive Function

English,
Spanish

In-person, MailQuality of life instrument measuring 14 unique
physical and psychosocial concepts. The parent form
(50 items) was used for this project

50 items5-18 yrsChild Health Questionnaire

English,
Spanish

In-person, MailThe 12-item general functioning scale of the FAD
was used for this study. Both unhealthy family
functioning (negative) and healthy family functioning
(positive) items are included

12 itemsMcMaster Family Assessment
Device (FAD)

English,
Spanish

In-personFunctional abilities. Subdomains: (1) self-care, (2)
mobility, & (3) social function. Parts: (1) functional
skills, (2) caregiver assistance, & (3) modifications

217 items0.5-7.5 yrsPediatric Evaluation of Dis-
ability Inventory

English,
Spanish

In-person, Tele-
phone, Mail

Project-specific questionnaire containing items in six
domains: (1) medical concerns, (2) development &
learning, (3) nutrition & physical growth, (4) mobil-
ity & functioning, (5) general health, & (6) family
demographics

120 itemsStudy Survey

Psychologist administered

English,
Spanish

In-personThe School Readiness Composite was the only assess-
ment from the BBCS-3:R used to assess children’s
knowledge of those readiness concepts that parents
and preschool and kindergarten teachers traditionally
teach children in preparation for formal education.
The subtests included the following: colors, letters,
numbers/counting, sizes/comparisons, and shapes.

5 subtests2:6-7:11 yrsBBCS-3:R

English,
Spanish

In-personCognitive abilities, 7 core subtests from early years
battery: (1) verbal comprehension, (2) picture simi-
larities, (3) naming vocabulary, (4) recall of objects,
(5) pattern construction, (6) matrices, & (7) copying

7 subtests2:5-17:11 yrsDAS-2

EnglishIn-personThe Comprehension of Instructions and the Word
Generation subtests from the Language domain and
the Sentence Repetition from the Memory and
Learning domain were the only subtests administered

3 subtests3-16:11 yrsNEPSY II

EnglishIn-personMeasure of receptive vocabulary; included 228 test
items each consisting of 4 full-color pictures as re-
sponse options on a page

228 items2-6+Peabody Picture Vocabulary

Test 4th Edition

English,
Spanish

In-personVisual-motor integration; WRAVMA matching visu-
al-spatial subtest; WRAVMA pegboard fine-motor
subtest

2 subtests3-17 yrsWRAVMA

The Arizona IRB did not require consent for medical record
abstraction of eligible cases, whereas the Utah IRB did. The
medical records of consented children in Utah, and eligible

children in Arizona with or without consent, were abstracted at
each site. Prior to the start of the project, the two sites and CDC
agreed on a number of data elements to collect from the medical
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records. This included birth and mortality data (if applicable),
as well as demographic information (ie, insurance status at birth,
maternal and paternal ages at birth, race/ethnicity, education,
gravidity, plurality, marital status, and occupation status),
newborn hearing evaluation results, SB level of lesion and type,
visual acuity measurements, conditions secondary to SB, and
growth parameters. Additionally, information was collected
regarding clinic visits (ie, clinic type, provider, and visit reason),
hospitalizations (ie, admit/discharge dates, hospitalization
reason, and discharge diagnosis codes/text), and surgical history
(ie, dates, surgery type, reason, and procedural and diagnosis
codes). Medical record data from both sites were entered into
an Access database created by the Arizona team specifically
for the project. An abstraction manual was created to ensure
uniformity and consistency among abstractors at both sites.

Results

The distributions of gender, race/ethnicity, type of primary
insurance, and year of birth among children who participated
and those who did not at each site are presented in Table 2. In

Utah, there were no differences between participants and
nonparticipants on these variables. In Arizona, participants were
more likely to be Hispanic (P=.011, Fisher’s Exact Test). They
were also more likely to have Medicaid as their primary
insurance (P<.013, Fisher’s Exact Test).

In Utah, recruitment letters were sent to all 92 parents of eligible
children identified in the birth defects surveillance system. An
additional 27 recruitment letters were re-sent either because the
initial letter came back as undeliverable or the parent stated that
they did not receive it when the study coordinator called to
follow up. Of the 92 parents, 52 participated in the full protocol,
13 in the partial protocol, and 27 declined. Of the 10 eligible
children who were identified from the SB clinic but not born
in Utah and who were invited by the SB clinic director, 7
participated in the full protocol, 1 in the partial protocol, and 2
did not respond. Medical records of 70 of the 73 who
participated in either the partial or full protocol were abstracted.
For Utah, participants who completed the full protocol did not
differ from those who completed only the partial protocol on
gender, race/ethnicity, insurance type, and year of birth.

Table 2. Descriptive information for participants and nonparticipants, by site, in the prospective study of spina bifida in children, 2011-2013a.

Utah, n (%)Arizona, n (%)

No participation

(n=29)

Complete

(n=59)

Partial

(n=14)

No participation

(n=140)

Complete

(n=22)

Partial

(n=6)

Gender

16 (55)39 (53)8 (11)71 (51)5 (83)11 (50)Male

11 (38)20 (27)6 (8)68 (49)1 (17)11 (50)Female

——1 (1)Ambiguous

2 (7)———Missing

Race/Ethnicity

17 (59)46 (63)14 (19)59 (42)1 (17)7 (32)White

9 (31)10 (14)—57 (41)5 (83)13 (59)Hispanic

1 (3)3 (4)—24 (17)—2 (10)Other

2 (7)————Missing

Primary insurance

—12 (16)2 (3)14 (10)0 (0)2 (9)Private insurance

—12 (16)2 (3)32 (23)3 (50)11 (50)Medicaid/ Federal

——94 (67)—1 (5)Other

29 (100)35 (48)10 (14)3 (50)8 (37)Missing

Year of birth

2 (7)1 (1)—8 (6)——2004

5 (17)12 (16)5 (7)33 (24)—3 (11)2005

6 (21)10 (14)2 (3)27 (19)4 (14)1 (4)2006

4 (14)19 (26)1 (1)30 (21)7 (25)1 (4)2007

6 (21)10 (14)4 (5)24 (17)7 (25)1 (4)2008

6 (21)7 (10)2 (3)18 (13)4 (4)—2009

aPercentages may not add to 100% due to rounding.
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Of the 264 eligible children identified in Arizona, permission
was granted by 50 families for the research staff to contact them
directly. Of these, 23 participated in the full protocol and 5 in
the partial protocol. Six consented to participate but did not
participate in the study, and 16 declined. Because letters were
sent through partners and not directly by the research team, the
Arizona site staff could not collect information on the
nonenrollees. It is assumed that the remaining 214 cases did not
want to respond or the research staff had the wrong addresses.
Medical records were abstracted for surveillance for the 214
cases, 96 of which had little or no medical record information
and were assumed to live outside the catchment area. A flow
chart of the results of the recruitment process is presented in

Figure 1. For Arizona, there were no differences between full
and partial protocol participants on gender, insurance type, and
race/ethnicity. However, the two groups differed on year of
birth in that all of the participants born in 2005 completed partial
protocol and all of the participants born in 2009 completed full
protocol (P=.022, Fisher’s Exact Test).

In total, 152 parents of eligible children were directly contacted
by the research staff for enrollment in the study. Of those, 45
(29.6%) declined to participate, and 6 (3.9) consented but did
not follow through with the study. Of the 101 parents who
agreed to participate, 82 (81.1%) participated in the full protocol
and 19 (18.8%) participated in the partial protocol.

Figure 1. Recruitment flow chart.
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Discussion

Principal Findings
The aim of this project was to explore methods piloted by CDC
to collect health, cognitive, and social development information
for children with spina bifida by identifying eligible children
in Arizona and Utah, and collecting similar data as in the pilot.
In total, 814 children with SB, aged 3-6 years, were identified,
of whom 366 (44.9%) were eligible to participate instead of
368 (45.2%). Medical records were abstracted on 188 (51.4%)
of eligible participants. There were unexpected methodological
challenges that arose due to differences in the sampling plan
between sites, primarily due to differences in IRB permissions
for study selection and to some participants’ perception of the
potential for adverse outcomes as a result of participation.

Differences in the approved sampling design between Utah and
Arizona sites presented variation in study methodology. First,
the sampling frame in Utah was a more comprehensive list of
the eligible families than that of Arizona. Eligible participants
in Utah were derived from a population-based state surveillance
system, whereas those in Arizona were identified through
varying sources that included a birth defects monitoring
program, multispecialty clinics, and hospital databases.
Therefore, Utah had greater target population representation in
their sample and findings from their site may have greater
generalizability and relevance to the interested Utah population.
Second, Arizona was not allowed to actively recruit from their
list of eligible participants. Although a common study
methodology was agreed on between sites to evaluate parents
and their children with SB, the difference in the processes
permitted by the IRBs for the identification, ascertainment, and
recruitment of eligible children with SB impacted Arizona’s
participation rate. Utah’s population-based surveillance program
within the Utah Department of Health was approved by the IRB
to identify eligible children with SB and invite the parents
directly to participate in this study. The IRB in Arizona
permitted access to medical records of children whose parents
were not contacted to participate; however, a challenge for the
Arizona site was the inability to mail letters or directly recruit
parents and their children from the SB specialty clinic. Thus,
one lesson learned from this multisite study was that variance
in sampling frame can impact study methodology and participant
selection. In this research, the difference in permissible methods
of contacting eligible participants affected the response rate in
Arizona. The external validity of findings from Arizona is
limited since the proportion of eligible participants who
participated was low.

There are unique challenges to participating in research for
individuals who have complex conditions. SB requires
multidisciplinary care and services, which can be
time-consuming and cumbersome for parents. Parents must
devote significant time and resources to finding and utilizing
health and educational services needed by their children. These
demanding tasks may reduce the opportunities for participation
in research, which could be seen as having no immediate or
long-term benefit for their child. Yet having a child with a severe
impairment—or the time constraint that might result—does not

explain the differential recruitment in the current study because
this factor is not likely to differ between sites or states. In
addition, those who found the in-person assessment to be too
time-consuming had the option of participating by phone survey,
which required less time commitment, and this option was
offered at both sites. Given that the study was designed to be
population-based, the different outcomes in recruitment in the
two states may be the result of both the contrasting
interpretations by the local IRBs of rules created to protect
human subjects and the differences in the racial/ethnic
composition and geographic distribution of the population
between the two states.

Utah’s population is relatively homogeneous, with non-Hispanic
whites representing 79% and Hispanics 13% of the population
[30]. Geographically, 75.5% of Utah’s population lives within
50 miles north and south of Salt Lake City (known as the
Wasatch Front) where the tertiary and subspecialty pediatric
clinical services are located [31]. With medical care for children
and adolescents centrally located within the state and the
majority of residents living along the Wasatch Front, parents
may be more likely to participate in studies that are based where
this care is provided.

In Arizona, 90% of the population lives in urban areas, primarily
in and around Phoenix and Tucson. Arizona has a unique
racial/ethnic distribution of 57% non-Hispanic white, 31%
Hispanic, and 4% Native American. Most pediatric specialty
services can be accessed only at facilities in the Phoenix and
Tucson metro areas. Since the population in Arizona lives
primarily in the urban areas where the specialty clinics are
located, it is more likely that there may be a cultural explanation
to the low participation rate in Arizona. The principal
investigator in Arizona observed that some Hispanic parents,
when approached to participate by study recruiters, were
reluctant to test their children because they felt that their children
did not need another medical or cognitive label (author SR,
personal communication, September 20, 2012). The fear of a
stigmatizing label that could arise from poor performance on
cognitive testing was likely a deterrent for these families.
Additionally, if the principal investigator, a person trusted and
known by the patients, explained the benefits and risks of the
study, they were more likely to agree to participate. Feelings
of discomfort and fear of loss of privacy have been recognized
in other studies as reasons for low participation [32]. Some of
these issues may apply to the population in this study.

Recruiting participants to engage in research can be demanding
and some of the challenges are highlighted here. Difficulties
recruiting and retaining individuals with specific conditions or
diseases to participate, for example, in clinical trials and
behavioral interventions have been discussed elsewhere [32-36].
For a study that is dependent on the successful recruitment of
representative samples, considering the challenges of recruitment
at participating sites early in the planning stage may have a
positive impact. The researchers may be aware of the specific
factors and contexts that may challenge their recruitment efforts
and address what can be done to counteract these. Considering
the potential for variation in project interpretation by local IRBs
early in the development phase may also contribute to a
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representative picture of the populations in the sites that
participate.

Conclusion
A total of 101 children aged 3-6 years and their families
participated in this project in Arizona and Utah. Parents
completed a survey that inquired about their child’s medical
status, development and learning, nutrition and physical activity,
mobility, general health, and family functioning. Medical
records were abstracted for demographics, clinical
characteristics, inpatient and outpatient encounters, and surgical

history. Children were assessed in the areas of social and
cognitive development and visual/motor skills. Additionally,
families were assessed in the areas of family functioning, child
behavior and personality, self-care, mobility and functioning,
and health and well-being. It is expected that findings from
these assessments will highlight areas of deficit that may impact
the development of the child and their success in school.
Knowledge of these deficits and development of plans to address
them may support a more developmentally appropriate trajectory
for the population of children affected by SB.

Acknowledgments
Utah data were provided by the Utah Birth Defect Network, a program within the Utah Department of Health. This project is
supported by the Health Resources and Services Administration (HRSA) of the US Department of Health and Human Services
under grant number B04MC25374 with a title of Maternal and Child Health Services for the amount of US $3,046,261. This
information or content and conclusions are those of the authors and should not be construed as the official position or policy of,
nor should any endorsements be inferred by HRSA, the US Government, or the Utah Department of Health.

This project is supported by collaborative agreements with the CDC (FOA-DD-10-004). The findings and conclusions in this
report are those of the authors and do not necessarily represent the official position of the CDC.

Conflicts of Interest
None declared.

References

1. Colas JF, Schoenwolf GC. Towards a cellular and molecular understanding of neurulation. Dev Dyn 2001 Jun;221(2):117-145
[FREE Full text] [doi: 10.1002/dvdy.1144] [Medline: 11376482]

2. Schoenwolf GC, Smith JL. Mechanisms of neurulation. Methods Mol Biol 2000;136:125-134. [doi:
10.1385/1-59259-065-9:125] [Medline: 10840705]

3. Mitchell L, Aszick N, Melchionne J, Pasquarielle P, Sutton L, Whitehead A. Spina bifida. The Lancet
2004;364(9448):1885-1895. [doi: 10.1016/S0140-6736(04)17445-X]

4. Collins JS, Kirby RS. Birth defects surveillance, epidemiology, and significance in public health. Birth Defects Res A Clin
Mol Teratol 2009 Nov;85(11):873. [doi: 10.1002/bdra.20636] [Medline: 19824058]

5. Agopian AJ, Canfield MA, Olney RS, Lupo PJ, Ramadhani T, Mitchell LE, National Birth Defects Prevention Study. Spina
bifida subtypes and sub-phenotypes by maternal race/ethnicity in the National Birth Defects Prevention Study. Am J Med
Genet A 2012 Jan;158A(1):109-115. [doi: 10.1002/ajmg.a.34383] [Medline: 22140002]

6. Shin M, Besser LM, Siffel C, Kucik JE, Shaw GM, Lu C, Congenital Anomaly Multistate Prevalence and Survival
Collaborative. Prevalence of spina bifida among children and adolescents in 10 regions in the United States. Pediatrics
2010 Aug;126(2):274-279. [doi: 10.1542/peds.2009-2084] [Medline: 20624803]

7. Alriksson-Schmidt AI, Thibadeau JK, Swanson ME, Marcus D, Carris KL, Siffel C, et al. The natural history of spina bifida
in children pilot project: research protocol. JMIR Res Protoc 2013 Jan 25;2(1):e2 [FREE Full text] [doi: 10.2196/resprot.2209]
[Medline: 23612276]

8. Simeonsson RJ, McMillen JS, Huntington GS. Secondary conditions in children with disabilities: spina bifida as a case
example. Ment Retard Dev Disabil Res Rev 2002;8(3):198-205. [doi: 10.1002/mrdd.10038] [Medline: 12216064]

9. Burmeister R, Hannay HJ, Copeland K, Fletcher JM, Boudousquie A, Dennis M. Attention problems and executive functions
in children with spina bifida and hydrocephalus. Child Neuropsychol 2005 Jun;11(3):265-283. [doi:
10.1080/092970490911324] [Medline: 16036451]

10. Oddson BE, Clancy CA, McGrath PJ. The role of pain in reduced quality of life and depressive symptomology in children
with spina bifida. Clin J Pain 2006;22(9):784-789. [doi: 10.1097/01.ajp.0000210929.43192.5d] [Medline: 17057560]

11. Wagner R, Linroth R, Gangl C, Mitchell N, Hall M, Cady R, et al. Perception of secondary conditions in adults with spina
bifida and impact on daily life. Disabil Health J 2015 Oct;8(4):492-498. [doi: 10.1016/j.dhjo.2015.03.012] [Medline:
25958105]

12. Lomax-Bream LE, Barnes M, Copeland K, Taylor HB, Landry SH. The impact of spina bifida on development across the
first 3 years. Dev Neuropsychol 2007;31(1):1-20. [doi: 10.1080/87565640709336884] [Medline: 17305435]

13. Heffelfinger AK, Koop JI. A description of preschool neuropsychological assessment in the P.I.N.T. Clinic after the first
5 years. Clin Neuropsychol 2009 Jan;23(1):51-76. [doi: 10.1080/13854040801945052] [Medline: 18609330]

JMIR Res Protoc 2017 | vol. 6 | iss. 9 | e180 | p. 8http://www.researchprotocols.org/2017/9/e180/
(page number not for citation purposes)

Thibadeau et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1002/dvdy.1144
http://dx.doi.org/10.1002/dvdy.1144
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11376482&dopt=Abstract
http://dx.doi.org/10.1385/1-59259-065-9:125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10840705&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(04)17445-X
http://dx.doi.org/10.1002/bdra.20636
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19824058&dopt=Abstract
http://dx.doi.org/10.1002/ajmg.a.34383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22140002&dopt=Abstract
http://dx.doi.org/10.1542/peds.2009-2084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20624803&dopt=Abstract
http://www.researchprotocols.org/2013/1/e2/
http://dx.doi.org/10.2196/resprot.2209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23612276&dopt=Abstract
http://dx.doi.org/10.1002/mrdd.10038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12216064&dopt=Abstract
http://dx.doi.org/10.1080/092970490911324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16036451&dopt=Abstract
http://dx.doi.org/10.1097/01.ajp.0000210929.43192.5d
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17057560&dopt=Abstract
http://dx.doi.org/10.1016/j.dhjo.2015.03.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25958105&dopt=Abstract
http://dx.doi.org/10.1080/87565640709336884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17305435&dopt=Abstract
http://dx.doi.org/10.1080/13854040801945052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18609330&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


14. Barnes M, Dennis M, Hetherington R. Reading and writing skills in young adults with spina bifida and hydrocephalus. J
Int Neuropsychol Soc 2004 Sep;10(5):655-663. [doi: 10.1017/S1355617704105055] [Medline: 15327713]

15. Barnes MA, Faulkner H, Wilkinson M, Dennis M. Meaning construction and integration in children with hydrocephalus.
Brain Lang 2004 Apr;89(1):47-56. [doi: 10.1016/S0093-934X(03)00295-5] [Medline: 15010236]

16. Valtonen K, Karlsson A, Alaranta H, Viikari-Juntura E. Work participation among persons with traumatic spinal cord injury
and meningomyelocele1. J Rehabil Med 2006 May;38(3):192-200 [FREE Full text] [doi: 10.1080/16501970500522739]
[Medline: 16702087]

17. Barf HA, Post MWM, Verhoef M, Jennekens-Schinkel A, Gooskens RHJM, Prevo AJH. Restrictions in social participation
of young adults with spina bifida. Disabil Rehabil 2009;31(11):921-927. [doi: 10.1080/09638280802358282] [Medline:
19116807]

18. Veenboer PW, Procee AI, Verheijden JMA, Bosch JLHR, van AFWA, de KLMO. Medical and psychosocial problems in
middle-aged spina bifida patients: survey among members of the Dutch patients' association. Disabil Rehabil
2014;36(7):539-545. [doi: 10.3109/09638288.2013.801522] [Medline: 23763470]

19. Bracken B. Bracken Basic Concept Scale 3rd Edition Receptive Manual. San Antonio, TX: Harcourt Assessment Inc; 2006.
20. Elliott C. Administration and Scoring Manual Differential Abilities Scale 2nd Edition. San Antonio, TX: PsychCorp; 2007.
21. Korkman M, Kirk V, Kemp S. Clinical and Interpretive Manual. San Antonio, TX: PsychCorp; 2007.
22. Dunn L, Dunn D. Peabody Picture Vocabulary Test 4th Edition Manual. Minneapolis, MN: NCS Pearson Inc; 2007.
23. Adams W, Sheslow D. Wide Range Assessment of Visual Motor Abilities. Wilmington, DE: Wide Range Inc; 1995.
24. Harrison P, Oakland T. Adaptive Behavior Assessment System 2nd Edition Manual. San Antonio, TX: Harcourt Assessment

Inc; 2003.
25. Reynolds C, Kamphouse R. Behavior Assessment System for Children 2nd Edition Manual. Circle Pines, MN: AGS

Publishing; 2004.
26. Gioia G, Andrews EK, Isquith P. Behavior Rating Inventory of Executive Function-Preschool Version Professional Manual.

Lutz, FL: Psychological Assessment Resources Inc; 2003.
27. Langraf J, Abertz L, Ware J. Child Health Questionnaire (CHQ): A User's Manual. Second Ed. Boston, MA: Health Act

CHQ; 1999.
28. Ryan C, Epstein N, Keitner G. Evaluating and treating families: the McMaster approach. UK: Taylor & Francis; 2005.
29. Haley S, Coster W, Ludlow L, Haltiwanger J, Andrellos P. Pediatric Evaluation of Disability Inventory. Development,

Standardization, and Administration Manual. Boston, MA: PEDI Research Group; 1992.
30. U.S. Census Bureau. Utah Population 2017 (Demographics, Maps, Graphs). 2017. URL: http://worldpopulationreview.

com/states/utah-population/ [accessed 2017-08-30] [WebCite Cache ID 6t6c9fRDx]
31. U.S. Census Bureau. Quick Facts: Weber County, Utah (V2015). 2015. URL: http://www.census.gov/quickfacts/table/

PST045215/49057,49011,49035,49049 [accessed 2017-08-30] [WebCite Cache ID 6t6eNjBBL]
32. Donovan JL, Paramasivan S, de Salis I, Toerien M. Clear obstacles and hidden challenges: understanding recruiter perspectives

in six pragmatic randomised controlled trials. Trials 2014 Jan 06;15:5 [FREE Full text] [doi: 10.1186/1745-6215-15-5]
[Medline: 24393291]

33. Miller WR, Bakas T, Buelow JM, Habermann B. Research involving participants with chronic diseases: overcoming
recruitment obstacles. Clin Nurse Spec 2013;27(6):307-313. [doi: 10.1097/NUR.0b013e3182a8725a] [Medline: 24107754]

34. Krusche A, Rudolf VRI, Muse K, Duggan D, Crane C, Williams J. An evaluation of the effectiveness of recruitment
methods: the staying well after depression randomized controlled trial. Clin Trials 2014 Apr;11(2):141-149 [FREE Full
text] [doi: 10.1177/1740774514521905] [Medline: 24686105]

35. Viswanathan U, Putnam TC. Therapeutic intravenous alimentation for traumatic chylous ascites in a child. J Pediatr Surg
1974 Jun;9(3):405-406. [Medline: 4210622]

36. Smith K, Macias K, Bui K, Betz C. Brief report: Adolescents' reasons for participating in a health care transition intervention
study. J Pediatr Nurs 2010;30. [doi: 10.1016/j.pedn.2015.05.007]

Abbreviations
BBCS-R: Bracken Basic Concept Scale   Receptive
CDC: Centers for Disease Control and Prevention
DAS-2: Differential Abilities Scale 2nd Edition
FAD: McMaster Family Assessment Device
IRB: institutional review board
NEPSY: NEuroPSYchological Assessment
PEDI: Pediatric Evaluation Disability Index
SB: spina bifida
WRAVMA: Wide Range Assessment of Visual Motor Abilities

JMIR Res Protoc 2017 | vol. 6 | iss. 9 | e180 | p. 9http://www.researchprotocols.org/2017/9/e180/
(page number not for citation purposes)

Thibadeau et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1017/S1355617704105055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15327713&dopt=Abstract
http://dx.doi.org/10.1016/S0093-934X(03)00295-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15010236&dopt=Abstract
https://www.medicaljournals.se/jrm/content/abstract/10.1080/16501970500522739
http://dx.doi.org/10.1080/16501970500522739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16702087&dopt=Abstract
http://dx.doi.org/10.1080/09638280802358282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19116807&dopt=Abstract
http://dx.doi.org/10.3109/09638288.2013.801522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23763470&dopt=Abstract
http://worldpopulationreview.com/states/utah-population/
http://worldpopulationreview.com/states/utah-population/
http://www.webcitation.org/

                                            6t6c9fRDx
http://www.census.gov/quickfacts/table/PST045215/49057,49011,49035,49049
http://www.census.gov/quickfacts/table/PST045215/49057,49011,49035,49049
http://www.webcitation.org/

                                            6t6eNjBBL
https://trialsjournal.biomedcentral.com/articles/10.1186/1745-6215-15-5
http://dx.doi.org/10.1186/1745-6215-15-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24393291&dopt=Abstract
http://dx.doi.org/10.1097/NUR.0b013e3182a8725a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24107754&dopt=Abstract
http://europepmc.org/abstract/MED/24686105
http://europepmc.org/abstract/MED/24686105
http://dx.doi.org/10.1177/1740774514521905
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24686105&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4210622&dopt=Abstract
http://dx.doi.org/10.1016/j.pedn.2015.05.007
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by G Eysenbach; submitted 22.03.17; peer-reviewed by E Ward, F Routhier, V Kancherla; comments to author 14.06.17;
revised version received 11.07.17; accepted 11.07.17; published 14.09.17

Please cite as:
Thibadeau J, Reeder MR, Andrews J, Ong K, Feldkamp ML, Rice S, Alriksson-Schmidt A
Understanding the Natural Progression of Spina Bifida: Prospective Study
JMIR Res Protoc 2017;6(9):e180
URL: http://www.researchprotocols.org/2017/9/e180/
doi: 10.2196/resprot.7739
PMID: 28912114

©Judy Thibadeau, Matthew R Reeder, Jennifer Andrews, Katherine Ong, Marcia L Feldkamp, Sydney Rice, Ann Alriksson-Schmidt.
Originally published in JMIR Research Protocols (http://www.researchprotocols.org), 14.09.2017. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR
Research Protocols, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.researchprotocols.org, as well as this copyright and license information must be included.

JMIR Res Protoc 2017 | vol. 6 | iss. 9 | e180 | p. 10http://www.researchprotocols.org/2017/9/e180/
(page number not for citation purposes)

Thibadeau et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.researchprotocols.org/2017/9/e180/
http://dx.doi.org/10.2196/resprot.7739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28912114&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

