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Introduction
Spina bifida is a developmental disability that has been described as the most complex birth
defect compatible with life. Individuals who have spina bifida have impairments of the spine and
spinal cord with associated conditions like scoliosis, kyphosis, paralysis, loss of sensation,
orthopaedic deformities, neurogenic bowel and bladder, and tethered spinal cord. In addition,
they have abnormalities of the brain including hydrocephalus, Chiari II malformation,
abnormalities of white matter such as dysgenesis of the corpus callosum, and abnormal migration
of neurons; these lead to conditions like learning disabilities, problems with memory, strabismus,
disordered breathing and sudden death. Some people with spina bifida also have an intellectual
disability. Because increasing numbers of individuals with spina bifida are surviving to
adulthood, a life-span perspective is important in understanding the natural history of this
condition.
Only a few series have been published that examine aging and health outcomes in people with
spina bifida. Fewer still have examined utilization of health services in adults. In a study of
young Dutch adults with spina bifida, for example, Verhoef and colleagues [2004] found that
49% of individuals with spina bifida and hydrocephalus were non-ambulatory, 25% had pain,
while 20% had an IQ <=70 and 3% had hypertension. Young and colleagues [2006] found that
adolescents with spina bifida were more likely to receive services from a greater number of
health professionals than adults. Most adolescents saw five different types of health professionals
in comparison to adults, who most commonly saw two. Kinsman and Doehring [1996] reported
that a cohort of 98 adults with spina bifida had a mean of 3.6 hospital admissions per person
(range1 to 25) over the 11 year period of study. In a Swedish study, Valtonen and colleagues.
[2006] found that only 38% of young adults with spina bifida were employed. Roach and
colleagues [2010] reported that only 30% of adults with spina bifida lived independently.
The aim of this study was to examine the impact of spina bifida on health status and access to
care in a cohort of teenagers, adults and older adults who have spina bifida and have received
care at Upstate Medical University in Syracuse, NY. Information derived from this study could
allow health practitioners to identify, treat and alter health outcomes in older individuals with
SB. It could also benefit policy makers to plan for services for this population.

Methods
Subjects and Setting
Data were collected from medical charts of all consecutive individual adolescents and adults who
were seen between January 2007 and December 2008 at the Spina Bifida Center of Central New
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York. This center is a state-funded, hospital-based clinic located in an urban setting that serves a
24-county catchment area that includes several small cities and an extensive rural population.
The Center has provided comprehensive care to people with spina bifida for more than 30 years.
It is staffed by a neurodevelopmental pediatrician, a nurse specialist, a physical therapist, an
occupational therapist and a social worker. Consultations with specialists in urology,
neurosurgery, wound care, and physiatry are coordinated by the Center. The clinic staffing
pattern, services and supports are similar to many other clinics in the US that focus on children
and adolescents. The focus of the clinic on adults and older adults makes it more unique.
Instrument and Procedures
Data on past medical history and demographic data were obtained from the paper and electronic
charts of study participants by a medical student and a doctoral student in information studies.
Data on current health status was entered by the medical director of the Spina Bifida Center.
Data collection for this cohort began in June 2009 and was completed in October 2009. The data
collection form was completed for 122 people with spina bifida 16 years of age and over. The
Rochester Health Status Survey (RHSS-IV) [Janicki et al. 2002; Davidson et al. 2008] was used
to determine outcomes. The RHSS-IV is designed to collect data on demographics, severity of
intellectual and developmental disabilities, prevalence of diseases or health disorders, level of
functional independence and health care utilization in adults. The six major sections of the
survey are demographics, physical health, health conditions, functional abilities, health services
utilization, and health promotion. The RHSS-IV does not capture disease severity or chronicity.
Statistical Analysis
Data were analyzed using SAS 9.1.3 Software for Windows. Chi-square analyses were used to
compare the prevalence of selected health disorders. Multiple logistic regression analyses were
performed for continuous outcomes like BMI while logistic regression was utilized for
dichotomous outcomes like frequency of hospitalizations. All tests were two-tailed with
significance considered <= 0.05.

Results
Data were obtained on 122 people with spina bifida aged 16 to 59 years with an overall mean of
28.5 years. Table 1 shows the demographics of the sample by gender; 74% were White, 25%
lived independently while 34% were employed. Females were more likely (37%) than males
(14%) to live independently [χ2=8.7, df=1, p= 0.003]. No other differences between males and
females of factors shown in Table 1 were statistically significant.
Overall physical health at the time of the survey was rate Poor by 10 (8%), Fair by 40 (33%)
Good by 64 (52%) and Excellent by 8 (7%). Table 2 shows health and cognitive features of the
sample by gender; 72% had shunted hydrocephalus and 62% had an IQ 85 or above. Males were
more likely to have an IQ below 55 [χ2=4.6, df=1, p=0.032]. Females had a higher BMI than
males (28.5 v. 25.6, p=0.02). No other differences between males and females of factors shown
in Table 2 were statistically significant.
The survey indicated that members of the cohort had at least on disease or disorder in each of a
mean of 6.8 different organ systems, which are enumerated in Table 3. Not surprisingly, the
leading organ systems affected included renal disease, infectious diseases (including urinary tract
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infections), musculoskeletal conditions (e.g., joint contractures), and skin conditions (like
decubitus ulcers). Gastrointestinal disorders were the second most common. Five females (9%)
had had at least one pregnancy by the time of the survey. Eighteen percent of those with a
disease or disorder associated with five or fewer organ systems reported excellent health (none
had poor health), compared with 2% of those with diseases or disorders of six or more organ
systems (11% had poor health) [χ2=13.4, df=3, p=0.004]. Thirty-six people (29%) had a Body
Mass Index (BMI) between 25 and 29.9 and were classified as overweight while 37 (30%) had a
BMI of 30 and higher and were classified as obese. Being underweight (BMI < 18.5) and obese
(BMI ≥ 30) were both more common in those who did not live independently, occurring in 70%
and 62% of those individuals [χ2=9.86, df=3, p=0.02].Those who lived in a rural area were less
likely to be underweight (30%) or obese (11%) [χ2=15.9, df=3, p=0.001]; 57% of those who
lived with their family were obese compared with 43% who lived independently [χ2=7.6, df=3,
p=0.05]. Seventy-seven percent of those who were overweight or obese had hypertension
compared with 26% who were not [χ2= 4.0, df=1, p=0.04].
Table 4 shows level of independence in activities of daily living (ADLs). Cohort members were
most independent in Eating and least independent in Bathing /Washing. Sixty-nine percent
reported using a wheelchair while 25% reported using braces for the lower extremity. Overall
70% reported some type of equipment to help with activities of daily living (ADLs).
Table 5 shows primary health insurance status and health care utilization. Five individuals (4%)
had no health insurance; 50% had Medicaid and 6% had Medicare; 90% had at least one visit to
their primary care physician (PCP) during two years prior to their participation in the study. The
group averaged 3.8 visits (median = 4) to a specialty health care provider in that period; 71%
reported having difficulty accessing health care; 41% experienced difficulties accessing health
care due to lack of available medical resources, while 64% experienced difficulties accessing
health care due to other reasons, like transportation. Of individuals who had no difficulty
accessing care 14% reported excellent current health, while only 3% of those who had difficulty
accessing care reported excellent health [χ2=7.03, df=2, p=0.03]. A similar association was made
when health status in the previous year was used [χ2=8.75, df=3, p= 0.03]. Residence (urban,
rural), and living independently were not associated with difficulty accessing care.
A logistic regression analysis was conducted with Any acute visits to the PCP as the dependent
variable. Independent variables included Age, BMI, Hydrocephalus, Intellectual Disability,
Living independently, and Rural residence, Those with hydrocephalus were more likely to have
these visits (Odds Ratio= 4.1 [1.2 < CI95 < 13.9], p=0.02). Younger adults were slightly more
likely to have an acute visit than older adults (Odds Ratio= 1.05 [1.00 < CI95 < 1.1], p=0.03). A
logistic regression analysis was conducted with Ever been hospitalized as the dependent variable.
Independent variables included Age, BMI, Hydrocephalus, Intellectual Disability, Living
independently, and Rural residence. The only factor significantly associated was Age [χ2=3.9,
df=1, p=0.05]. The odds ratio for age was 1.052, suggesting that for every one-year increase in
age, the odds of being hospitalized increase by 5%. A similar logistic regression was run for Any
visits to the emergency department. None of the variables was significantly associated with this
outcome. A second logistic regression was run for Ever been hospitalized. Independent variables
included Decubitus ulcers, ADLs, Having a shunt, Intellectual disability, Gender, Age,
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Independence and Insurance. The only factor significantly associated with hospitalizations was
having a shunt. (Odds ratio = 4.74 [1.25 < CI95 < 18.05], p=0.04).
Another logistic regression was run for Any visits to the emergency department. Independent
variables included Current health status, Number of medications, Number of organ systems
involved, and Type of insurance. None of these factors was significantly associated with
emergency department visits. A second logistic regression was run for Any visits to the
emergency department. Independent variables included Decubitus ulcers, ADLs, Having a shunt,
Intellectual disability, Gender, Age, Independence and Insurance. The only factor significantly
associated with emergency department visits was having had a decubitus ulcer (Odds ratio = 2.68
[1.18 < CI95 < 6.04], p=0.04).

Discussion
The percent of individuals who have spina bifida reaching adulthood in the past several decades
has increased dramatically. Yet most programs that provide interdisciplinary or multidisciplinary care for people with spina bifida treat children and teens but not adults. Adults with
spina bifida continue having complex medical needs as confirmed in this survey. Individuals in
this sample had a significant burden of care with diseases or disorders in a mean of almost seven
different affected organ systems; only 59% reported having good or excellent health. Not
surprisingly, having more organ systems involved, the poorer the overall health status. In the 24month period preceding the study cohort members averaged 3.8 visits (median = 4) to a specialty
health care provider. Our results extend earlier studies of largely younger groups of people with
spina bifida, showing that health compromises that begin in childhood persist into later
adulthood and require a similar level of service and support as adults with spina bifida needed
when they were children.
Adults with spina bifida are less likely to be employed than individuals without spina bifida. In
this study only 34% were employed. This is comparable to the study in Sweden, where the
employment rate for young adults with spina bifida was 38%. [Valtonen et al., 2006] Only 25%
live independently. In a somewhat younger sample where the mean age was 21 years, only 16%
were living independently [Barf et al., 2008]. In our sample, only 25% lived independently,
while 75% lived with a family member or in a supervised setting. These findings are similar to
those reported by others [Johnson et al., 2007].
Our sample averaged 0.3 acute hospitalizations over a two-year period. In 1996 Kinsman et al.
[1996] reported that in their sample adults with spina bifida were admitted an average of 3.6
times over 11 years. Our sample would be projected to average 2.2 admissions per 11 year
period. Hospital admission was associated with having shunted hydrocephalus–those with shunts
were 4.7 times more likely to be admitted than those without a shunt. As in children, shunt
complications requiring hospitalization continue to occur in adults [Tomlinson and Sugarman,
1995], and need to be monitored; it is uncertain if they can be prevented. Having a prior
decubitus ulcer increased the risk of having a visit to the emergency department. We could not
tell from this survey if the visits were related to the ulcers. It is possible that this group of
individuals is at increased risk for more acute problems. Or they may not be receiving as many
preventive services and do not intervene in a timely fashion to prevent medical conditions from
worsening.
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Even though study participants were part of a multi-disciplinary program, 41% experienced
difficulties accessing health care due to lack of available medical resources while 64%
experienced difficulties accessing health care for other reasons. Not surprisingly, better access to
care was associated with better perceived overall health. Like children with spina bifida, adults
with spina bifida not only have the physical conditions associated with a spinal cord lesion (like
paralysis and bowel and bladder conditions), but also the neurological conditions that affect
cognition, memory and other skills required for independence. Yet, most subjects do not have an
intellectual disability. As a result they do not have access to resources that provide support for
individuals with ID. Adequately addressing the complex needs of this medically fragile group
will require resources for both physical and intellectual domains.

Conclusions
People with spina bifida are medically complex and will require assistance with a range of selfcare and independent living skills across the lifespan. The results of this study support previous
work in identifying epidemiologic health and health service trends in the young adult and adult
populations with spina bifida. While previous studies examined either disease prevalence or
health services utilization, both were examined in this paper.
The need for more supports and preventive services for adults with spina bifida are highlighted
by a higher number of primary care visits, specialists, hospitalizations and emergency room
visits; difficulties in accessing care; insurance barriers, and multiple health conditions
contributing to lower health status. These factors affect activities and social participation; they
also diminish the opportunity for these individuals to have long, healthy, independent and
productive lives. The continued expansion of knowledge about health status, disease/disorder
prevalence, and health care utilization can help health care practitioners, family caregivers, and
disability service systems understand the current and potential needs of this diverse and
vulnerable population.
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