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Abstract

Background—A National Spina Bifida Patient Registry (NSBPR) was begun in 2009 to help
understand the natural history of spina bifida (SB) and the effects of treatments provided by SB
clinics. We used the NSBPR to explore the relationship of sociodemographic characteristics with
SB outcomes.

Methods—Using NSBPR data collected in 2009 to 2012, we examined the unadjusted
association between demographic characteristics and 4 SB outcomes: bowel continence, bladder
continence, mobility, and presence of pressure sores. We then developed multivariable logistic
models to explore these relationships while controlling for SB clinic, SB type, and level of lesion.

Results—Data were available on 2054 patients <22 years of age from 10 SB clinics. In the
multivariable models, older age groups were more likely to have continence and pressure sores
and less likely to be community ambulatory. Males and patients without private insurance were
less likely to be continent and community ambulatory. Non-Hispanic blacks were less likely to be
continent. Level of lesion was associated with all outcomes; SB type was associated with all but
pressure sores; and all outcomes except community ambulation showed significant variation
across clinic sites.
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Conclusions—Sociodemographic attributes are associated with SB outcomes. In particular,
males, non-Hispanic blacks, and patients without private insurance have less favorable outcomes,
and age has an impact as well. These characteristics need to be considered by clinicians who care
for this patient population and factored into case-mix adjustment when evaluating variation in
clinical and functional outcomes among different SB clinics.

Methods

Advances in medical care and technology have resulted in greater expected longevity for
infants born with spina bifida (SB).1 However, knowledge regarding the health status and
long-term health outcomes of people with SB is limited. In 2005, the Spina Bifida
Association collaborated with the Agency for Healthcare Research and Quality and the
Centers for Disease Control and Prevention (CDC) to survey US SB programs regarding
clinic operations and services, care processes, and disease outcomes of their patients. Based
on this assessment and the experiences of other organizations (such as the Cystic Fibrosis
Foundation?), a National SB Patient Registry (NSBPR) was established in 2009 to
systematically gather data regarding the natural history of SB in patients attending SB
clinics to support SB clinical research and to better understand the effects of treatments
provided in SB programs across the United States.3

Clinicians participating in the development of the NSBPR have identified bowel and bladder
continence, ambulation, and the occurrence of pressure sores as key clinical outcomes for
patients with SB. The manifestations and consequences of SB depend to a great degree on
intrinsic characteristics of the congenital defect, particularly lesion type and spinal cord
level,! but initial analyses of the NSBPR have shown significant variation in outcomes
among patients even when stratifying by these intrinsic disease features. Socioeconomic and
demographic characteristics are significant determinants of health outcomes in a number of
chronic medical conditions and are therefore important components of case-mix adjustment
when attempting to understand variations in disease outcomes.*=® We used the NSBPR to
determine the impact of sociodemographic and intrinsic lesion characteristics on functional
outcomes for SB.

The NSBPR is a clinic-based registry designed to describe the patient population attending
SB clinics and ascertain variations in processes of care that are associated with better health
outcomes. Although this approach excludes individuals who do not seek care from
multidisciplinary SB clinics, it does offer an opportunity to understand disease
characteristics and perform credible analyses of clinical practices and outcomes in the large
sample of patients who do attend these clinics. The assumption is that data provided from
the clinics are reliable and that, by using the clinic as the unit of analysis, it will eventually
be possible to obtain an accurate report of the variety of treatments typically provided to
patients by specialized clinics and a clear picture of the relationship between these
treatments and health outcomes.

In 2008, the CDC solicited applications from multidisciplinary SB clinics that had
participated in earlier exploratory efforts to examine the feasibility of using a standardized
tool to collect information on patients with SB attending these clinics.® Between September
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2008 and August 2009, 9 SB clinic sites (1 site included 2 clinics, for a total of 10 clinics),
each being multidisciplinary and serving a minimum of 250 patients, were funded to
participate in the registry and report longitudinal data on patients having 1 of 4 diagnoses
(myelomeningocele, meningocele, lipomyelomeningocele, or fatty filum). Approval was
obtained from local institutional review boards, and informed consent (and/or assent, as
indicated by age) was obtained from parents and patients. Sites were encouraged but not
required to enroll all SB patients; aggregate demographic data on patients not enrolled are
collected for comparison with the enrollees. An initial encounter form is used at the patient's
enrollment into the registry to collect baseline demographic and diagnostic information as
well as a history of selected surgical procedures; an annual visit form, completed at
enrollment and at each subsequent visit, collects updated information on time-varying
demographic and clinical characteristics and treatments. Data entry uses a web-based
electronic medical record that provides a reliable, standardized method for data collection
and management for the clinics participating in the registry. Patient data are obtained
through medical record abstraction and patient interview, deidentified, and transmitted to the
CDC for data management and analysis. A number of systematic procedures are
implemented at clinic sites and the CDC Data Management Center to ensure data quality.3

We accessed NSBPR data collected in 2009 to 2012, using information collected at the
initial registry visit on each individual patient. We restricted the analysis to patients <22
years of age because the participating SB clinics were primarily pediatric, and only a few
followed adult patients.

SB Lesion Characteristics

Registry enrollment forms query the patient's SB type and allow 1 of 4 categories to be
chosen: myelomeningocele, meningocele, lipomyelomeningocele, or fatty filum. After an
initial examination of the individual diagnostic categories, we grouped patients as having
myelomeningocele or nonmyelomeningocele for this analysis. Level of lesion is queried on
each annual visit form, and is based on functional neurologic exam rather than the reported
anatomic location of the lesion. Five categories are provided in the registry: thoracic (flaccid
lower extremities); high-lumbar (hip flexion present); midlumbar (knee extension present);
low-lumbar (foot dorsiflexion present); sacral (foot plantar flexion present).

Sociodemographic Characteristics

Patient age was calculated from the birthday and the date of the annual visit from which
clinical data were derived. Gender, race, and ethnicity were reported by clinicians; patients
were classified by race on the data collection forms as white, black or African American,
Asian, American Indian or Alaska Native, Native Hawaiian, or other, and by ethnicity as
“Hispanic or Latino” or “not Hispanic or Latino.” These were consolidated for our analysis
into 3 categories: Hispanic (of any race), non-Hispanic black, and other (combined owing to
the small number of Asians, Native Americans, and Hawaiians and their similarity to whites
in the characteristics of interest in this analysis). We were interested in the potential impact
of socioeconomic status (SES) on outcomes; the registry contains no information on family
income, zip code of residence, or parental education or occupation. Therefore, we used
insurance status as a proxy measure of SES. Patients who reported having health insurance

Pediatrics. Author manuscript; available in PMC 2016 April 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schechter et al.

Page 4

for which they or their employer contributed premiums (specifically described as straight
commercial insurance, commercial insurance health maintenance organization [HMO],
commercial insurance preferred provider organization, or tricare other military) were
classified as having private insurance, even if they were also reported to have public
assistance (described as straight Medicaid, Medicaid HMO, straight Medicare, Medicare
HMO, or insurance related to local/specialty/charity care, financial assistance), and
compared with those who were reported as not having any form of private health insurance.

Clinical Outcomes

Analysis

The registry defines patients as continent of urine if they were reported to be dry, with or
without interventions, during the day, and continent of stool if they reported no involuntary
stool leakage, with or without interventions, during the day. Our analysis of continence was
restricted to patients =5 years of age and included patients who achieved continence without
intervention (ie, those for whom SB did not affect continence). Four categories of
ambulation were reported: community ambulatory (CA) (describing individuals who are
ambulatory in the community ie, the individual walks indoors and outdoors for most
activities and may need crutches or braces or both and uses a wheelchair only for long trips
out of the community); household ambulatory (the individual walks only indoors and with
apparatus; is able to get in and out of the chair and bed with little if any assistance; and may
use a wheelchair for some indoor activities at home and school and for all activities in the
community); therapeutic ambulatory (the individual walks only for therapy sessions, in
school or in the hospital, and uses a wheelchair to get from place to place and to satisfy all
needs for transportation); and nonambulatory (the individual uses a wheelchair exclusively
for mobility but usually can transfer from chair to bed and other surfaces). For purposes of
our analysis, a dichotomous classification of ambulation was used, comparing patients who
were reported to be CA versus others, and patients <2 years of age were excluded. Pressure
sores were reported if any had been present over the previous 12 months or since the last SB
clinic visit.

Statistical analyses were performed by using SAS version 9.3. Associations in cross
tabulations were tested for statistical significance using x2 tests. Separate multiple logistic
regression models were developed to estimate the association of sociodemographic variables
with each clinical outcome, controlling for SB type, level of lesion, and SB care center as
fixed effects. All reported models incorporated all of these variables to allow us to evaluate
their significance in relation to each outcome (and to maintain consistency). Statistical tests
were all 2-sided, and P values <.05 were considered significant; 95% confidence intervals
(Cls) were calculated for all point estimates.

To assess for the presence of selection bias, we compared the distribution of
sociodemographic and clinical characteristics between eligible but unenrolled patients and
those enrolled at all sites. When we found that some clinics showed differences between
those enrolled and those not, we attempted to assess the sensitivity of our findings to
selection bias. First, we replicated our analysis excluding the 2 sites that enrolled the
smallest proportion of patients they followed, and then we repeated the analysis with just the
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5 participating sites that showed no differences in any of the characteristics between the
enrolled and the eligible but unenrolled patients.

The registry contained data on 2172 patients from 10 SB centers, of whom 2054 were <22
years old (median age 8.3 years, mean 8.9 years, range from newborn to 21.9 years). Table 1
displays the characteristics of this population. Figure 1 shows a flow diagram of the subjects
included in each analysis.

Table 2 shows simple associations between outcomes and demographic and clinical
variables. As expected, all outcomes had a statistically significant association with SB type
and level of lesion.

Our cross-sectional comparison of patients in different age groups showed a stepwise
increase in continence and the prevalence of pressure sores with age, leveling off to be
similar in adolescents and young adults. In contrast, the prevalence of community
ambulation was similar in younger compared with older children in the first decade of life,
but then progressively decreased in the later childhood, adolescent, and young adult age
groups.

Females were more likely to have bowel and urinary continence and were borderline more
likely to be CA, but were no different from males in the prevalence of pressure sores. Non-
Hispanic black patients with SB were least likely to have bladder and bowel continence, and
Hispanics were less likely than non-Hispanics. There was no association of race/ethnicity
with mobility status or prevalence of pressure sores. Patients with private insurance were
more likely to be continent and to be CA and less likely to have reported any pressure sores.

In the multivariable logistic models (Fig 2 A-D), most of the bivariate associations remained
statistically significant. Age showed a statistically significant relationship with continence
and pressure sores and with CA, which peaked in middle childhood. Females were more
likely than males to have bowel continence (adjusted odds ratio [aOR] 1.34, 95% CI 1.08-
1.67) or urinary continence (aOR 1.29, 95% CI 1.03-1.61) and be CA (aOR 1.54, 95% ClI
1.14-2.08). Patients without private insurance were less likely than those with private
insurance to have bowel continence (aOR 0.49, 95% CI 0.39-0.61) or urinary continence
(aOR 0.56, 95% CI 0.45-0.70), less likely to be CA (aOR 0.68, 95% CI 0.49-0.95), and
borderline more likely to have pressure sores (aOR 1.27, 95% CI 0.95-1.71). Non-Hispanic
blacks were less likely than others to have bowel continence (aOR 0.37, 95% CI 0.22-0.60)
and urinary continence (aOR 0.50, 95% CI 0.31-0.78). Level of lesion was significantly
associated with all outcomes; SB type was significantly associated with all outcomes except
pressure sores; and all outcomes except community ambulation showed significant variation
across clinic sites (data not shown).

The overall percentage of eligible individuals enrolled in the 2012 NSBPR was 83.7% and
ranged, by site, from 63.2% to 99.1%. When the 2 sites with the lowest percentages of
enrollment were excluded from the analysis, 1541 eligible individuals remained. When the
analysis was limited to the 5 sites that showed no statistically significant differences
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between enrolled and eligible but unenrolled for any of the characteristics we analyzed, 945
eligible individuals remained. There was no substantive difference in the results of any of
the analyses using either restricted group rather than the entire group. The results of these
sensitivity analyses are shown in Supplemental Table 3.

Discussion

It is well appreciated that functional outcomes of SB depend in large part on intrinsic
characteristics of the congenital defect, specifically the type and spinal level of the lesion.1
This analysis of the NSBPR confirms the preeminent importance of these characteristics, but
also shows that after controlling for them, there is still variation in outcomes that is
associated with demographic characteristics (age, gender, race, and ethnicity) and health
insurance status. Females with SB are more likely than males to be continent and
ambulatory; patients with private insurance are also more likely to be continent and
ambulatory; and (after controlling for insurance status as a proxy measure of SES) patients
with SB who are non-Hispanic black appear less likely to be continent. The incidence of
pressure sores is primarily dependent on age and level of lesion, although there is a
borderline increased propensity to develop pressure sores in patients without private
insurance. There also appears to be significant variation in these outcomes by SB care site,
but because of differences in enrollment that may be a source of bias, we are not currently
confident in our ability to accurately quantify that variation.

People with SB experience a host of potentially modifiable condition-specific medical
complications and functional abnormalities, but current knowledge regarding the health
status and long-term health outcomes of people with SB is limited. Prior attempts to collect
SB-related patient information have used small convenience or clinic samples, which limit
generalizability. The NSBPR was created to describe the patient population attending SB
clinics, to help understand the natural history of the condition and risk factors associated
with adverse outcomes, and to seek out variations in health outcomes and the processes of
care that are associated with these outcomes.3 Our analysis represents an initial attempt to
understand the causes of variation in outcomes that are seen in people with SB. The role and
relative impact of these risk factors on health outcomes are important to counsel patients
regarding expectations and treatment, and also to make the proper case-mix adjustments
when comparing outcomes across care sites and evaluating the effect of new treatments
before introducing them into practice.

There are important potential limitations to our analysis. The NSBPR is relatively new, and
although a host of safeguards have been incorporated into its data collection process, it
continues to undergo improvements and modifications to ensure the validity of its data.3
Whereas clear definitions are provided for the functional outcomes that we have analyzed,
these are still potentially subject to variation in their interpretation and reporting by different
individuals at different care sites. This raises particular caveats when attempting to compare
outcomes from different centers. Furthermore, selection bias may be a threat to external
validity: our registry is clinic based, so it may not be representative of SB patients who do
not attend SB clinics. It is likely, for example, that more severely involved SB patients
continue to be followed at regional SB centers on a more regular basis than those with
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milder involvement. It is also possible that the clinics participating in the registry are not
representative of SB clinics in general. We made no attempt to ensure representativeness in
choosing centers for participation in the registry, and in fact our insistence that they be
multidisciplinary in structure and function and show a history of interest in this effort may
limit the generalizability of our findings beyond clinics based at a university medical center
with an active interest in spina bifida. However, we believe that this probably characterizes
the majority of spina bifida clinics in the United States.

In addition, selection bias may be a threat to internal validity: participating clinics enrolled
most but not all of their eligible patients, raising concerns that those who are eligible but not
contributing data may be somehow different from those who are.” In an attempt to evaluate
the possible impact of this bias, we reran our analysis omitting the 2 sites that had the lowest
proportion of enrolled eligible patients, and again reran it to include only the 5 sites that
showed no suggestion of any selection bias in patient enroliment, and we found no
substantive difference in the results. Our concerns about differential information and
selection bias among the different sites led to a decision to delay direct quantitative
comparisons across care sites until we have more information regarding consistency of data
reporting and the reasons for variation in recruitment of patients into the registry.

SES of the parents has been reported in a number of studies to be associated with the
likelihood of having a child with SB;8 there is one report of an association of ethnicity and
SES on postnatal cognitive achievement in children with SB.10 We used insurance status as
a proxy measure of SES, as no direct measures of SES such as family income are available
in the NSBPR. Specifically, we believe that the disparities we found between patients with
and without private insurance were a reflection of income, resources, or employment that
distinguished families holding private insurance from those who did not, rather than
differences in services, equipment, or medication made available by payers. The most
appropriate measure of SES has not been settled and is dependent on context,1 but public
versus private insurance status has been successfully used as a proxy measure to determine
the health impact of SES in other chronic health conditions.1213 The impact of SES on
health is well established; an understanding of the mechanism of this relationship has
developed gradually,® but does appear to be specific to particular populations. For example,
the linkage of SES and ethnicity to maternal dietary folate is an important explanation of
disparities in the incidence of SB14 but is likely not an important explanation for differences
in continence and ambulation in SB. Compromised access to care is an important
explanation for health disparities in patients with asthmal® but not in those with cystic
fibrosis; 16 the relative importance of access to care needs to be explored in the SB
population. Most importantly, SES-related gradients in health behaviors'’ and disease self-
management skills due to differences in health literacy!® exposure to and experience of
stress, 19 availability of community and family resources,2? and other “social determinants of
health”2! contribute to and are likely influential as a cause of health disparities in the SB
population.22 The apparent racial/ethnic disparities we found in our analysis need further
investigation; they may be due to residual confounding from SES, given that our insurance
variable is probably an incomplete proxy for SES.®
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The explanation for our finding that females are more likely than males to be continent and
ambulatory is unclear. It may be explained by biology (eg, hormonal and/or anatomic
differences), by differing cultural norms and social expectations of girls versus boys in
regard to these functions, or by a combination of the two.23.24

Finally, the variation in outcomes that appears to exist among SB care centers is an expected
but critically important finding, mirroring what has been found across the health care
spectrum.2> The causes of this variation need to be explored in more detail, which is one of
the motivations for this work. There is heterogeneity in the distribution of risk factors, and
this analysis will allow us to begin to develop a reliable case-mix adjustment. As previously
noted, selection bias, imprecision in data collection, and any center-related differences in
data reporting need to be minimized to ensure that our comparisons will be valid. Once that
is accomplished, we believe that analysis of the NBSPR will allow the ascertainment of
better outcomes at some SB care centers that will lead to the suggestion of preferred
approaches to care.

Conclusions

Sociodemographic attributes are associated with SB functional outcomes. In particular,
males and non-Hispanic blacks have less favorable outcomes, and those with any private
insurance appear to have better outcomes. The association with insurance status is likely a
reflection of socioeconomic disparities overall, and the potential explanations for this, such
as barriers in access to care or deficiencies in health literacy and disease self-management,
need further investigation. Sociodemographic factors need to be considered by clinicians
who care for this patient population and by researchers who consider new interventions to
improve outcomes. In addition, they need to be factored into case-mix adjustment when
evaluating variation in disease outcomes among different SB clinics.
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Total number of patients in registry, 2009-2012°

N=2172
|

Excluded 118 patients 222 years of age

!

n=2054 T
Excluded 390 patients <2 years of age
l Excluded 837 patients <5 years of age
Pressure sore analysis l
n=2054 Mobility analysis
n=1664 Continence analysis
n=1335

Figure 1.
Participant flow diagram. @The total number of patients followed at the participating SB

clinics during the time period covered by this report is unknown. In 2012, the total number
of patients seen by the clinics was 1913, and the total number reported in the registry was
1602 (84.2%).
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Figure 2.
Odds ratio (with Cls) of outcomes associated with sociodemographic and SB characteristics

from the multivariable logistic model. For purposes of clarity in the figures, the age
reference group for the continence and pressure sore models was 5 to <10 years, and for the
community ambulation model, 2-<5 years. The level of lesion reference group for the
continence and pressure sores models was thoracic, and for the community ambulation
model, low lumbar. For all models, the reference group for gender was male; for race/
ethnicity, other; for insurance, any private; and for SB type, myelomeningocele. Hisp,
Hispanic; Ins, insurance; MM, myelomeningocele; N-MM, nonmyelomeningocele.
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Table 1
Distribution of Selected Demographic, Clinical, and Insurance Characteristics Among

Participants (N = 2054), Ages Newborn to <22 Years: NSBPR, 2009-2012

Characteristic n (%)
Age group, y
<2 373(18.2)
210 <5 346 (16.8)
5o <10 454 (22.1)
10 to <13 252 (12.3)
13 to <18 419 (20.4)
18 to <22 210 (10.2)
Gender
Male 979 (47.7)
Female 1075 (52.3)

Race/ethnicity@

Hispanic 509 (24.8)
Non-Hispanic black 159 (7.7)
Other 1384 (67.4)

Health insuranceP

Any private 963 (46.9)

No private 1090 (53.1)
Functional level of lesion

Thoracic 289 (14.1)

High-lumbar 201 (9.8)

Midlumbar 550 (26.8)

Low-lumbar 379 (18.5)

Sacral 635 (30.9)
Spina bifida type

Myelomeningocele 1657 (80.7)

Nonmyelomeningocele 397 (19.3)

Bowel continence, age 5+C 569 (42.6)
Bladder continence, age 5+¢ 507 (38.0)

Mobility status, age 2+d

CA 920 (55.3)
Household ambulatory 137 (8.2)
Nonfunctional ambulatory 139 (8.4)
Nonambulatory 468 (28.1)
Pressure sore 283 (13.8)

Care center
Alabama 381 (18.5)
California 271 (13.2)
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Characteristic n (%)
Colorado 228 (11.1)
Connecticut 74 (3.6)
Indiana 242 (11.8)
Massachusetts 72 (3.5)
Ohio 246 (12.0)
Oregon 172 (8.4)
Washington 196 (9.5)
Wisconsin 172 (8.4)

8N = 2052.
bN =2053.
N =1335.
dN =1664.
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