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Abstract.
PURPOSE: This pilot study aimed to determine the parent/caregiver’s role in nutrition/eating habits, physical activity
behaviors, and food access among children diagnosed with spina bifida (SB).
METHODS: Parents/caregivers of children with SB were asked to participate at a single, outpatient SB clinic. Demographic,
biomedical data, parent/caregiver nutrition knowledge, family nutrition and physical activity (FNPA), and food security survey
scores were compared. Descriptive, regression, and correlational statistics were conducted for analysis via SPSS 29.
RESULTS: Of the 117 parents/caregivers surveyed, completed data suggested most were overweight/obese (average body
mass index [BMI] of 30.63 kg/m2 ± 8.40; n = 99) with an average nutrition knowledge score of 71% (17.83 ± 3.33). As FNPA
scores decreased, the patient/child’s maximum BMI z scores increased (β = –0.043; confidence interval –0.079, –0.007;
p = 0.020), suggesting the less active and/or less healthy eating habits, the higher body mass was noted for the child. Forty
four percent of children (n = 99) were in the overweight/obese weight range based on maximum BMI z score.
CONCLUSION: These findings suggest there is a need for parental/caregiver nutrition education to assist children with SB
with meal and activity planning to achieve optimal health.
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1. Introduction

Obesity is a significant issue affecting children
in the United States (US). Children with disabil-
ities, including spina bifida (SB), have an even
higher incidence of obesity at some point in their
developmental process and into adulthood [1]. The
negative consequences of obesity are extensive and
include cardiovascular disease, diabetes mellitus,
mental health disease, weight stigmas, and more [2].
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SB, a neural tube defect (NTD), occurs when there is
lack of closure of the neural tube during embryonic
development [3]. It is a general term that includes
open and closed defects of myelomeningoceles and
can occur from the sacrum to cervical regions of the
spine [4]. As a result, individuals often have limited
mobility and may experience alterations in lean body
mass, thereby exacerbating the risk of obesity [5, 6].

Approximately 1 in 1200 live births are impacted
by NTDs in the US, with the second most predomi-
nant form being spina bifida [3]. The International
Myelodysplasia Study Group (IMSG) has labeled
levels of lesions among the functional neuro-
segmental groups including sacral, low lumbar, mid
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lumbar, and above (thoracic and cervical) [6, 7]. The
classification of levels tends to correlate with ambu-
lation and muscle function, with a higher level of
the lesion portending a lower degree of mobility [5].
Some studies support the observation that children
with SB are more likely to have excessive amounts
of total body fat in lower extremities compared to
typically developing children; however these results
vary depending on ambulation or non-ambulation in
other studies [6, 8, 9].

Obesity is diagnosed using the percentile level of
body mass index (BMI) according to data collected
by the Centers for Disease Control and Prevention
(CDC) and the World Health Organization for chil-
dren, with equal to or greater than the 85th percentile
signifying overweight and at the 95th percentile and
above as obese [10]. Additionally, BMI z-scores are
calculated to account for the child’s age, gender,
and deviation from the mean or average weight for
age at the 50th percentile [11–13]. Classification of
weight status correlates with BMI z scores of <–1.644
as underweight, –1.6449–1.034 as normal/healthy
weight, 1.0364–1.6449 as overweight, and ≥1.6449
as obese [14–16].

Accuracy of measuring weight and height and
assessment of BMI present many challenges in chil-
dren with SB due to their varying ability to outstretch
fully and other compounding factors [17]. For exam-
ple, children with SB are more likely to have shorter
stature, orthopedic complexities, and altered muscle
mass that makes it necessary to use measurements
such as arm span, recumbent length, or knee-height
in clinic settings [18]. However, clinics may not be
able to obtain measurements due to staff limitations
and instead often use standing or recumbent tape
measured lengths [19].

Treatment of obesity for children, regardless of
measurement accuracy, is complicated as well due to
a myriad of factors, including food choices, parental
role in meal planning, overall physical activity, and
SB-related side effects including treatment of uro-
logical, neurological, and musculoskeletal conditions
[4]. Furthermore, psychosocial aspects of weight
management are important to consider as disordered
eating, depression, anxiety, self-esteem, and quality
of life are typically affected [20].

Caregivers and families of children with disabil-
ities are at higher risks for added stressors that
might complicate care implementation, especially
related to weight management [21]. Researchers
have observed that direct parental concern for their
child’s weight, increased pressure to eat/avoid cer-

tain foods, and concerns with physical ability have
negatively impacted the rates of overweight and obe-
sity in children with disabilities [22, 23]. In typically
developing peers, it is widely established in the liter-
ature that the higher the parent’s weight, the more
likely the child is also to be overweight or obese
[24]. Therefore, the issues of poor weight manage-
ment remain a significant concern for the health
care team. Nonetheless, several questions includ-
ing parental self-feeding behaviors and knowledge
related to healthy eating have not been fully explored,
especially among pediatric populations with known
disabilities.

The primary aim of this pilot cohort study was
to determine the parent/caregiver nutrition knowl-
edge (PCNK), family nutrition and physical activity
(FNPA), and food security (FS) averages to under-
stand the relationship between parental BMI and the
child with SB. The secondary aim was to observe
any relationships with parental/caregiver demograph-
ics and impact on the BMI level of the child with and
without considering the ambulation status of the child
diagnosed with SB.

2. Methods

A convenience sample of parents/caregivers of
patients from a single Midwest SB clinic were
asked to participate if they were over the age of 18
years, able to read/write in English, and cared for
a child diagnosed with SB. Inclusion eligibility was
confirmed by an institutional staff member with spe-
cific access to privileged information in the medical
record. Parent/caregiver exclusion criteria included
caregivers below the age of 18 or if they did not
read/write in English. The SB clinic provides care
for approximately 300 pediatric patients and families
from birth to the age of 21 years that have a diagnosis
of SB with a range of ambulation statuses. Par-
ent/caregiver informed consent was obtained through
an online Qualtrics (Qualtrics Version 1.0.0, Provo,
UT) survey approved by the Institutional Review
Board (IRB #10559) [25]. Parental/caregiver permis-
sion was also obtained to review HIPAA protected
medical data from the child’s chart for nutritional
measures, including anthropometric and SB diagnos-
tic parameters.

Validated, modified surveys were used to mea-
sure demographic information, PCNK, FNPA,
and FS. Demographic information included par-
ent/caregiver’s self-reported gender, height, weight,
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health self-assessment, marital status, ethnicity, high-
est level of education, nutrition qualifications (to
substantiate level of nutrition knowledge), and con-
firmation of visit to the SB clinic.

The PCNK was pared down to 23 questions
from the original General Nutrition Knowledge
Questionnaire developed in the 1990 s [26]. The
questionnaire presented knowledge questions under
the sub-headings of dietary recommendations (four
questions), food group identification (two questions),
overall healthy food choices, nutrition and diseases
including weight management (five questions), and
demographics (10 questions). Questions were not
altered for this study, only reduced in number in each
section to ease the burden of time on respondents.
Two questions were added to ask for open ended
information on nutrition qualifications and the rea-
son why the child was brought to the health clinic.
The PCNK was graded for accuracy. Percentages
were compared and a letter grade was assigned to
the score based on a tiered academic grading scale of
90–100 = A, 80–89 = B, 70–79 = C, 60–69 = D, and
50–59 = F [27]. The mean and standard deviation
(SD) were compared.

The FNPA screening tool was included for this
study. It contains two Likert-style questions for each
of the 10 sub-topics: family meals, family eating
practices, food choices, beverage choices, restric-
tions/rewards, screen time, healthy environment,
family activity, child activity, and family sched-
ule/sleep routine [28]. Items were scored according
to the highest level of response compared to the
lowest level, except for a reverse score for six con-
structs that were negative in nature due to the question
design (reverse scoring for questions: two family eat-
ing practices, one food choices, one beverage choices,
one restriction/reward, and one healthy environment)
[29].

The adapted US Department of Agriculture house-
hold FS questionnaire contains questions that ask
about availability of foods wanted and/or needed,
sufficient funds to obtain these foods, and ability to
obtain balanced meals throughout a 12-month time
period (19 questions) [30]. The questions were altered
from verbal to written form for this study, as they
were originally created to be asked in a face-to-face
interview format. The context remained the same.
Questions were scored with a number value based
on responses of highest FS down to the lowest level
for each question within the questionnaire. The maxi-
mum score possible was 56, indicating a high level of
FS. Of note, this study took place during the nation-

wide COVID-19 pandemic and some foods were hard
to obtain as a result.

One open-ended question was asked to iden-
tify how often the nationwide COVID-19 pandemic
impacted the families’ eating in the past year.
Results were tallied for frequency and percentages
of responses based on: (1) No impact; (2) Increased
eating at home; (3) Increased consumption of food;
(4) Consumed foods outside of the home more often;
(5) Not able to find foods desired; or (6) Some impact;
non-specified.

Demographic information completed by the par-
ent/caregiver was used to assess the population that
cared for children with SB. The parent/caregiver’s
BMI was calculated from the self-reported height
and weight and assigned a level according to the
CDC classification of underweight (BMI 18.5 or
less), normal weight (BMI 18.5–24.9), overweight
(BMI 25–29.9), or obese (BMI 30 or above) [31].
The percentage, mean, and SD were determined for
parent/caregiver’s gender, BMI level, marital sta-
tus, self-reported health status (1 = poor; 2 = fair;
3 = good; 4 = excellent), ethnicity, and the highest
level of education completed.

Demographic information of the child with SB was
obtained from the child’s Cerner electronic medi-
cal record (EMR) and included gender, age, height,
weight, ambulatory status (ambulatory as defined as
primarily walking or assisted walking with crutches
or impaired ambulation as defined by primarily using
a wheelchair), and BMI over a three-year period. The
maximum BMI z score was also included [32] to
adjust for differences in measurements across sep-
arate clinics and clinic visits within a similar time
frame. If wide variability existed in BMI z scores
(greater than two SDs), the number was investi-
gated and only included if it was supported by
height and weight measures in the health record.
This occurred in eight (8.08%) cases. The higher
BMI z score was included compared to the lower
level when the child was in the underweight cate-
gory and had a recorded BMI z score in the normal
category; this was the case for four patients. The
higher BMI z score was included when measures
were in both the overweight and normal categories
(one patient); and the obese category was included
when BMI z scores were both in the overweight
and obese categories (three patients). The inclu-
sion/exclusion of outlier BMIs for these small number
of cases did not significantly impact the overall cate-
gorization of the overweight/obese population (44%
maximum BMI z score vs 40.4% actual SB clinic
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visit). Height or length measurement obtainment pro-
cedures were not recorded in the EMR. However,
the typical clinic procedure is to measure a stand-
ing height if the child/patient can stand unassisted
against a wall-mounted stadiometer or measured with
a tape measure in a supine position if unable to stand
erect. The child’s functional neuro-segmental lev-
els according to the IMSG criteria were evaluated
and noted. Since some crossover in the diagnosis
of distinct categories existed, ambulation status was
evaluated post-study to capture the impact of mobility
on weight status.

Multivariable linear regression was performed to
estimate the association between survey results and
child/patient maximum BMI z scores when account-
ing for child/patient gender, age, PCNK, FNPA, and
FS on maximum BMI z scores. Significance was set
at p < 0.05. All statistical analyses were performed
with IBM SPSS 29 software [33] and reviewed with
a biostatistician.

3. Results

3.1. Parent/caregiver demographic results

The study participants comprised of par-
ents/caregivers (n = 117) of children (n = 118) aged
2–18 years with SB (one parent cared for two chil-
dren with SB). Only complete data for all variables
were used in the analysis (n = 99; 77.8% White,
10.1% African American, 9.1% Latino, 3.0% other).
Self-reported height and weight indicated 68.7%
of the parent/caregivers were overweight/obese.
The mean BMI was 30.63 kg/m2 ± 8.40. Most
parents/caregivers were married or living with a
partner (67.6%) compared to those that were single,
widowed, separated, or divorced (35.3%). For the
highest education level completed, almost a third
of the respondents had some high school credits
or completed high school (30.3%), a third had
completed some college credits or associate degree
(33.3%), and just over a third completed a bachelor’s
degree or higher (36.4%). Most parents/caregivers
reported their health to be “Good” or “Very Good”
(∼68%) versus “Fair” (∼26%) or “Poor” (5%). See
Table 1.

3.2. Patient demographic results

All patients were between the ages of two and
18 years (mean 8.74 years ± 4.741 SD) with 50.5%

Table 1
Parent/caregiver (n = 99) reported demographic information for
gender, calculated body mass index (BMI) level, marital status,

self-reported health status, ethnicity, and highest educational
level completed

Parent/Caregiver Descriptive Statistics (n = 99)

Frequency Percent (%)

Gender
Male 15 15.2
Female 84 84.8

Calculated BMI Level
Underweight 3 3.0
Normal Weight 28 28.3
Overweight 20 20.2
Obese 48 48.5

Marital Status
Married/Living as Married 67 67.6
Single 22 22.2
Separated 1 1.0
Divorced 7 7.1
Widowed 2 2.0

Self-Reported Health Status
Poor 5 5.1
Fair 26 26.3
Good 49 49.5
Very Good 19 19.2

Ethnicity
White 77 77.8
African American 10 10.1
Latino 9 9.1
Other 3 3.0

Highest Education Level Completed
Some High School/High School 30 30.3
Some College/Associate Degree 33 33.3
Bachelor’s Degree 19 19.2
Some Graduate/Master’s Degree 14 14.2
Advanced Degree 3 3.0

males and 49.5% females. The maximum BMI z
scores recorded during the three-year chart review
were included for analysis mean (0.073 ± 1.23 SD),
and 44.4% of children had a BMI z score in the
overweight/obese range. Comparatively, 51% of the
children included had normal BMI levels and 5%
were underweight. Impaired mobility was docu-
mented for 41.4% of the children while 58.6% were
able to ambulate. See Table 2.

3.3. Parent/caregiver results

PCNK results showed a mean score of
17.83 ± 3.326 SD out of 25 questions. This
equated to a 70% average, or “C” grade when
converted to an academic grading scale. The median
score was 18 with a range of 8–24 (maximum 25).
See Fig. 1.

The FNPA scores indicated a mean of 58.91 ± 7.53
SD. The range was 40–77 with a median score of
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Table 2
Patient/child (n = 99) demographic results for gender, age, maximum body mass index (BMI)

z score and corresponding classification, and ambulation status

Patient/Child Descriptive Statistics (n = 99)

Frequency Percentage Mean ±
(%) Standard

Deviation

Gender
Male 50 50.5
Female 49 49.5

Patient Age (years)
2–4 25 25
5–8 24 24
9–12 24 24
13–15 15 15
16–18 11 11

Patient Maximum BMI Z Score
<–1.6449 (Underweight) 5 5
–1.6449 – 1.034 (Normal Weight) 50 51 0.73 ± 1.23
1.0364 – 1.6449 (Overweight) 23 23
≥1.6449 (Obese) 21 21

Ambulation Status
Impaired Mobility 41 41.4
Ambulatory 58 58.6

Fig. 1. Frequency and tabulated parental/caregiver nutrition
knowledge (PCNK) survey scores. The mean PCNK score was
17.83 ± 3.326 (n = 99) within this population.

59, suggesting an average of about 76% adequacy of
healthy family habits for eating and activity for the
entire group. FS scores ranged from 36 to 56 with an
overall mean of 54.64 ± 3.196 SD (median 56), sug-
gesting there was rarely an issue with FS among this
population; most families identified as food secure.

FNPA scores were compared to the child’s max-
imum BMI z scores when accounting for PCNK,
FS, child’s gender, and child’s age and a signifi-
cant negative relationship was identified (β = –0.043,
confidence interval [CI] –0.079, –0.007; p = .020).
See Fig. 2. As FNPA scores decreased, BMI levels
increased in children, suggesting there was less activ-
ity or fewer positive eating habits within the family.

Fig. 2. Family nutrition and physical activity (FNPA) scores
reported and demonstrated a significant negative trend with the
child’s maximum body mass index (BMI) z score when accounting
for parent/caregiver nutrition knowledge (PCNK), food security
(FS), patient age, and patient gender within families with children
diagnosed with spina bifida in this population (p ≤ 0.05).

The relationship between FS and FNPA was explored,
and a significant trend was noted with FNPA scores in
this population; however, a limited range of FS scores
may have affected this finding (β = 0.534, CI 0.126,
0.941; p = .011). See Fig. 3.

When assessing self-reported parent/caregiver
BMI and health status, average BMI levels were in the
obese category (mean 30.63 ± 8.398) and the aver-
age perception of overall health status was fair-good
(mean 2.83 ± 0.796). This suggests there may be fac-
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Fig. 3. Food security (FS) scores and family nutrition and physical
activity (FNPA) scores demonstrated a positive relationship trend
in families with children with spina bifida, suggesting few low
security scores were present, while FNPA scores trended upward
within this population; however, a limited range of FS scores may
have affected this finding (p ≤ 0.05).

tors parents/caregivers consider other than weight
that equate to generalized health in this group, but
more information is needed.

3.4. Impact of COVID-19

One open-ended question related to COVID-19
asked how often eating was impacted. Most respon-
dents (69%) reported COVID-19 had no impact on
eating during the one year the study was conducted.
Of those that reported an impact, most were not spec-
ified (10%), while others suggested not being able to
find desired foods (9%), along with increased food
consumption (7%), transition to eating more foods
at home (3%), and eating more outside of the home
(1%). See Fig. 4.

4. Discussion

Caring for children with special needs presents
many challenges. Other researchers have found there
are significant stressors that exist more often for par-
ents/caregivers caring for children with disabilities
compared to typically developing peers [34]. Sig-
nificant data support that children with disabilities,
including SB, are at greater risk of obesity long term,
and the confounding factors coincide with higher
weight levels for stature [35]. When considering the
risks associated with obesity, it is evident the care
team must provide adequate treatment focused on
reducing incidences of overweight and obesity in this
pediatric population.

Fig. 4. Descriptions and responses of the impact the nationwide
COVID-19 pandemic presented for families with children with
spina bifida, including percentages of responses from one open-
ended question regarding how often eating was impacted during
the past year in this population.

It is largely unknown how the parent/caregiver’s
knowledge of nutrition, family activity and eating
behaviors, and access to food impact the BMI lev-
els of children with SB. Based on the results of this
study, approximately 30% of parents/caregivers had a
good understanding of nutrition while approximately
70% scored at a “C” level or below. Therefore, it
seems apparent there is room for improvement in
nutrition education access and delivery for the par-
ent/caregivers.

The family activity and eating behavior scores sug-
gested a wide range of positive to negative behaviors.
As the FNPA scores decreased in this group, BMI
levels increased in children. This suggests obesity
may be reduced in this population if higher levels
of physical activity could be achieved and posi-
tive eating behaviors incorporated. Since 40% of the
patients/children were noted to have impaired mobil-
ity, considering adaptive movement goals would be
more inclusive. Additionally, the parental/caregiver
perception of their own health status suggested they
may not be considering weight status as a health risk
factor since the majority were obese and viewed their
health as fair-good. However, only one measurement
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was included in this study, and more validated vari-
ables and tools need to be considered in order to
further investigate this relationship.

Many studies suggest that poor food access,
poverty, or living in food deserts may significantly
relate to obesity [36, 37]. However, FS was not
reported as a significant factor in this study. FS
did not appear to contribute to the obesity levels
noted in parent/caregivers or children, although the
results suggested that the more FS a parent/caregiver
reported, the higher the likelihood that the FNPA
would be higher and therefore more positive. How-
ever, more information is needed.

The knowledge of healthy nutrition practices
combined with positive activity and family eating
behaviors appear to be key components of control-
ling obesity, potentially among parents/caregivers
and children alike [38]. Education in the form
of prescriptive dietary intake and physical activity
implementation within the family unit may ultimately
help reduce levels of obesity on a significant level [39,
40]. Creating targeted education materials (paper,
digital, etc.) may be the next step in encouraging
health practices that include both adaptive movement
goals and food intake recommendations that are more
tailored to the SB pediatric population.

Several limitations existed in this study. Approx-
imately 16% of the data was not used in the
analysis due to incomplete variables, primarily par-
ent/caregiver’s not reporting their weight and highest
educational level completed. The remaining subjects
(parents/caregivers and children) represented roughly
a third of the patient population treated at this specific
clinic. More inquiries could have been made in the
data collection phase; however, survey data collec-
tion can disrupt clinic procedures. Only participants
that could read/write in English were incorporated
for this preliminary data collection as alternative lan-
guage translational surveys were not feasible for the
research team due to time constraints. This may have
inadvertently contributed to selection bias but was not
intended to exclude any participants. Approximately
5% of the clinic families require an interpreter for a
language other than English, a relatively low subset
of this population.

The surveys used in this pilot study were adjusted
for ease of use and to be in written format. The
PCNK questionnaire was shortened in length to allow
for more total surveys to be included in the overall
data collection. The FNPA survey was not changed
from the validated format and scoring completion was
noted. The FS tool was changed to be in a written

format instead of verbal questions completed by an
interviewer; this was done to allow for completion in a
manner that was less intrusive for the family member
and that could be recorded in the online survey. This
may have altered the validation but was not intended
to skew the findings or deter from previously vali-
dated questionnaires. Further, the FS survey included
questions about “well-balanced” meals. No definition
of a “well-balanced” meal was given and this may
have prevented the responder from understanding this
question.

The maximum BMI and BMI z scores found in the
EMR were included over a three-year period, which
may not necessarily represent the current BMI level
nor account for improvements with weight manage-
ment that could have occurred during that time. If
a discrepancy of greater than two SDs was listed, a
health care professional reviewed the numbers more
thoroughly and verified the height and weight for
inclusion in the analysis. Since this population of
patients often had multiple providers, it was possi-
ble for different weights and heights to be recorded
on different scales in different clinics. An effort was
made to include the measurements from the SB clinic
visit to assure the accuracy of measurement. This
method impacted 8% of cases presented and this
was adjusted to capture the scope of growth changes.
However, the SB clinic obtains standing heights if
patients are able to stand and segmented lengths in
a supine position if patients are not able to stand
unassisted.

Use of parent/caregiver self-reported BMI was
another limitation in this study. Actual measurements
collected in the clinic would have been more accurate,
but self-reported data can be helpful for descriptive
inquiry of the population. Several parents/caregivers
did not report this information which resulted in loss
of data collection for analysis. However, some rela-
tionships could be noted from this preliminary study
and may serve as evidence to support the need to
obtain families/caregivers’ actual biomedical data in
future studies. Furthermore, use of only one Likert-
style question for assessment of health status was
not enough to determine a full assessment of par-
ent/caregiver’s health perceptions. More information
is needed to determine these relationships.

5. Conclusions

Obesity risk in the pediatric SB population is very
real and was apparent within this subset of patients.
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The connection between parent/caregiver and child
BMI levels suggests a relationship that occurs pos-
sibly genetically or environmentally. Despite a wide
range of functional and physical mobility, there is still
room for more nutrition and diet education to promote
healthy eating and weight management to prevent
long-term health complications (e.g., cardiovascu-
lar disease, psychosocial difficulties) even though all
families included in this study met with a registered
dietitian nutritionist in this clinic for various reasons.

The next step is to explore the development
of nutrition materials that would further support
the entire family’s educational needs while clearly
emphasizing the risks and benefits of obesity as well
as knowledge of eating and activity practices within
families with a child with SB. Consideration of a
specified protocol for nutrition education initiation
related to substantial risk of obesity in this popula-
tion may be necessary, beginning at the age of four
years, since nutrition macro- and micronutrient needs
change during this time of development. Providing
education that supports inclusion of healthy meals
for patients/children that are at considerable risk of
obesity would be most beneficial, along with guid-
ance on physical movement goals adapted for this
population.
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