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Aim: To describe the education and employment transition experience of young adults with spina 

bifida (YASB) and investigate factors associated with employment.

Method: We queried education and employment data from the US National Spina Bifida Patient 

Registry from 2009 to 2019. We applied generalized estimating equations models to analyze 

sociodemographic and disease-related factors associated with employment.

Results: A total of 1909 participants (850 males, 1059 females) aged 18 to 26 years contributed 

4379 annual visits. Nearly 84% had myelomeningocele and, at last visit, the median age was 

21 years (mean 21 years 5 months, SD 2 years 10 months). A total of 41.8% had at least 

some post-high school education, and 23.9% were employed. In a multivariable regression model, 

employment was significantly associated with education level, lower extremity functional level, 

bowel continence, insurance, and history of non-shunt surgery. This large, national sample of 

YASB demonstrated low rates of post-secondary education attainment and employment and 

several potentially modifiable factors associated with employment.

Interpretation: Specific sociodemographic, medical, and functional factors associated with 

employment are important for clinicians to consider when facilitating transition for YASB into 

adulthood. Additional research is needed to understand the impact of cognitive functioning and 

social determinants of health on transition success in YASB.

Most individuals with spina bifida now reach adulthood.1 Achieving developmental 

milestones of late adolescence and young adulthood is important for all young people, 

including those with chronic conditions, such as spina bifida. As a complex chronic 

condition permanently affecting multiple organ systems, spina bifida adds further challenges 

for individuals as they navigate the increasingly complex roles and responsibilities needed 

to attain autonomy and interdependence and achieve optimal health as adults. There 

is growing evidence supporting a planned, structured transition to adult healthcare for 

adolescents and young adults with chronic conditions, including support for achievement 

of typical adult milestones.2-4 Although several consensus recommendations for healthcare 

transition services for young adults with chronic conditions exist,5,6 transition planning for 

individuals with spina bifida is implemented inconsistently.7 Current healthcare transition 

services, including formal transition care programs at spina bifida clinics in the USA, show 

wide variances in their offerings to patients and families.7,8 Educational and employment 

achievement are important components and outcomes of the process of transition to 

adulthood and are influenced by clinical, sociocultural, and socioeconomic factors. The 

Individuals with Disabilities Education Act9 mandates a post-secondary transition process 

and specific services to support further education, employment, and independent living 

for all young people who have an individualized education program; however, compared 

with healthcare transition, less attention has been paid to the steps and processes necessary 

to promote educational attainment and employment status for young adults with spina 

bifida (YASB). Post-secondary educational transitions are typically not coordinated with 

healthcare transition planning, and the impact of specific healthcare transition care programs 

or services on educational or employment outcomes is unknown.

To better understand the factors that affect the health and quality of life of individuals 

with spina bifida across the lifespan and inform healthcare transition interventions, it is 
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important to better characterize social, educational, and employment outcomes for young 

people with spina bifida as they transition from late adolescence into young adulthood.10,11 

Previous studies have shown that YASB experience multiple challenges in achieving typical 

adult milestones,12-15 and are less likely to attend college or to be employed than young 

adults without spina bifida. However, these conclusions are limited by small sample sizes 

and limited information on other potentially relevant clinical variables. One study found 

that employment was not delayed, compared with peers without spina bifida, for those 

adults with spina bifida who had completed high school by age 19 years.14 Clinical and 

sociodemographic factors may also affect educational and employment milestones. Previous 

analyses of adults over 25 years of age enrolled in the National Spina Bifida Patient Registry 

(NSBPR) found that only employment status, and not educational attainment, was associated 

with bladder and bowel continence.16,17 Sociodemographic factors, such as race/ethnicity 

and insurance status, have also been associated with various outcomes tracked in the 

NSBPR.18

This study of YASB had two aims: (1) to describe educational and employment profiles 

among individuals aged 18 to 26 years with spina bifida; and (2) to determine how 

sociodemographic factors, factors related to spina bifida, and specific health outcomes 

are associated with employment status. We hypothesized that YASB with more severe 

spina bifida-related factors and less optimal health outcomes would have lower levels of 

educational attainment and rates of employment.

METHOD

NSBPR

The NSBPR, a large multicenter spina bifida registry funded by the Centers for Disease 

Control and Prevention, started in 2009 at 10 centers in the USA.19 A total of 37 

multidisciplinary spina bifida clinics enrolled patients of all ages between 2009 and 2019. 

The NSBPR includes a centralized data collection center to facilitate data entry and analysis 

with established data quality measures including routine monthly data quality checks and 

interrater reliability reporting. Standardized, de-identified patient data on sociodemographic 

information, clinical characteristics, and treatment history are collected at enrollment and, 

thereafter, updated at annual clinic visits. Collection and use of NSBPR data has been 

approved by each site's Institutional Review Board. For our analyses, we extracted data from 

NSBPR participants whose ages were 18 to 26 years at time of their visit between 2009 and 

2019.

Sociodemographic characteristics

Self-reported sex and race/ethnicity data were collected at the initial encounter. The 

terms 'race' and 'ethnicity' were used when data were collected/submitted and recorded in 

NSBPR, so have been retained here. Participants were classified as non-Hispanic White, 

non-Hispanic Black, Hispanic or Latino, or other (combined Asian, Native Hawaiian or 

other Pacific Islander, American Indian or Alaskan Native, and multiracial). Educational 

level at each clinic visit was assigned to one of four categories: less than high school 

graduates, high school graduates, technical school/some college, and college/advanced 
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degree. Health insurance was reported at each clinic visit as any private (commercial, 

military, regional, etc.) and non-private (Medicaid, Medicare, charity, etc.). Employment 

status was characterized as not employed, employed part time, or employed full time.

Clinical characteristics

In this study, spina bifida type was subcategorized into two groups: myelomeningocele 

and non-myelomeningocele (lipomyelomeningocele, meningocele, fatty filum, terminal 

myelocystocele, or split cord malformation). Lower extremity functional level was defined 

as thoracic (no spontaneous movement of legs), lumbar (hip flexion, knee extension, 

and/or ankle dorsiflexion present), or sacral (ankle plantar flexion present). When the 

motor function differed between legs, the more severely impaired leg determined the 

functional level. Ambulation status was documented at each visit as community, household, 

therapeutic, and non-ambulator.20

Throughout the course of the NSBPR, variable definitions have been refined. For data 

collected between January 2009 and September 2013, bladder continence was defined as 

‘daytime dryness’ and bowel continence as ‘lack of involuntary, daytime stool leakage’. 

Starting in October 2013, the bladder and bowel continence definitions changed to ‘having 

episodes of incontinence less than once a month or never’. For this study, individuals with 

bladder management by urostomy bag, vesicostomy, indwelling catheter, or condom catheter 

were considered incontinent regardless of their response to the incontinence question. 

Individuals with bowel management by pouched fecal diversion, ileostomy, or colostomy 

were considered incontinent regardless of their response as well. Answers with ‘cannot 

assess’ were treated as missing data.

The placement of shunt, with revisions, replacement, and removal, was documented for each 

patient upon entry into the registry and updated annually. Non-shunt surgeries occurring 

since last visit, including other neurological, urological, gastrointestinal, ear/nose/throat, 

orthopedic, and skin surgeries were documented at each visit. These surgeries are listed in 

Table S1. Episodes of skin breakdown occurring since the last visit were also recorded at 

each visit.

Statistical analysis

We examined the association of employment outcomes with covariates using all visits 

excluding those reported as being a current student with ‘Not employed – child or student’ 

status. Time-independent variables included sex, race/ ethnicity, and spina bifida type. 

Time-dependent variables included age, lower extremity functional level, health insurance, 

educational level, ambulatory status, continence status, history of shunt, non-shunt surgeries 

since last visit, and episodes of skin breakdown since the last visit. Associations between 

spina bifida type and all other variables shown in Table 1 were examined using a χ2 test or 

Fisher's exact test.

To account for the effect of repeated observations of employment status and other time-

dependent variables from the same person, we used generalized estimating equations 

(GEE) models with logit link function.21 The outcome of the main analysis was any 

employment. An outcome of sub-analysis was full-time employment among all visits at 
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which participants reported being employed. GEE regression models estimated the odds 

ratios of these outcomes. The GEE regression models also accounted for correlated data 

from participants clustered by clinic. Multiple GEE regression models were conducted to 

test the independent association between outcome and covariates; an independent correlation 

structure was specified. Multiple collinearity was checked for both multiple regression 

models by examining the estimated correlation matrix. Any p-values less than 0.05 were 

considered significant; 95% confidence intervals (CIs) were calculated for odds ratio point 

estimates. Association between medical characteristics and health outcomes was also tested 

and is presented in Table S2. Statistical analyses were performed using SAS version 9.4 

(SAS Institute, Cary, NC, USA). All analyses were replicated by a second analyst.

RESULTS

From 2009 to 2019, 1909 NSBPR participants between 18 years and 26 years of age 

contributed 4379 annual clinic visit records. Sociodemographic and clinic characteristics 

at the last visit are summarized in Table 1. At last visit, the participants' median age was 

21 years. Most study participants were female (55.5%), non-Hispanic White (66.8%), and 

covered by non-private insurance (52.6%). At their most recent visit, 41.9% of participants 

were non-ambulatory, 50.1% were continent of bladder and 62.4% were continent of bowel, 

41.8% had at least some post-high school education, and 23.9% were employed. Except 

for sex, all characteristics were significantly different between myelomeningocele and non-

myelomeningocele spina bifida type.

Education and employment transition patterns

The summarized age-specific education and employment status data are presented for 

both myelomeningocele and non-myelomeningocele spina bifida type in Figure 1. During 

the transitional period, a larger proportion of participants pursued higher education 

and were employed as age increased. Participants with non-myelomeningocele showed 

higher education attainment and increased rate of employment than participants with 

myelomeningocele.

Among all participants in this study, 7.6% of less than high school graduates, 18.6% of high 

school graduates, 25.7% of technical school/some college, and 66.9% of college/advanced 

degree were employed. About two-thirds of 18-year-olds and half of 19- to 26-year-olds 

were high school graduates only. About 40% of those aged 18 to 24 years and 49% aged 25 

years and 26 years had at least some post-high school education. Only 1% to 2% of YASB 

aged 20 years and 21 years both received a college or advanced degree and were employed; 

this number was about 6% for those aged 22 years and 23 years, 13% for aged 24 years, and 

15% for 25- and 26-year-olds.

Characteristics associated with employment status

Among 1182 participants with 2440 visits, excluding reports of being a current student with 

‘Not employed – child or student’ status, factors associated with any employment versus 

none were assessed in a multivariable regression model (Table 2). In this main analysis, 

any employment was independently and significantly associated with higher education level, 
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sacral lower extremity functional level, being continent of bowel, a history of non-shunt 

surgery since last visit, and having private health insurance. In the subsample of visits with 

any employment (949 visits in 545 participants), the multivariable regression model showed 

full-time employment was independently and significantly associated with older age, higher 

education level, non-myelomeningocele spina bifida type, being a community ambulator, 

and without skin breakdown since last visit. Multiple collinearity check for both models 

showed no significant findings (all estimated correlation coefficients were less than 0.8).

To address concerns about defining all patients as incontinent, regardless of their self-

reported continence, if they had management strategies commonly considered incontinent as 

described in the Method section, we performed a secondary analysis on the main outcome 

using multiple regression modelling after excluding 37 patients using these management 

techniques. The association of employment with bladder and bowel continence and the other 

covariates did not change (data not shown).

DISCUSSION

Our analysis of data from 1182 YASB enrolled in the NSBPR between 2009 and 2019 and a 

subsample of 545 YASB reported being employed found that both sociodemographic factors 

and clinical factors were associated with employment status during their transition period 

from late adolescence to early adulthood. In multivariable regression, education level, lower 

extremity functional level, bowel continence, non-shunt surgery since last visit, and health 

insurance were significantly associated with any employment; age, education level, spina 

bifida type, and skin breakdown since last visit were significantly associated with full-time 

employment. Some of these factors are modifiable and may be instructive to guide care 

before and during transition to adulthood in patients with spina bifida.

About 40% of our cohort aged 18 to 24 years pursued post-high school education compared 

with 54.3% of the general US population in the same age range in 2019.22 The estimated 

employment rate among people aged 20 to 24 years in the US population was 68.2% in 

2019,23 compared with 36.8% in the YASB of the same ages in our cohort (data not shown). 

These findings are consistent with previous studies showing that individuals with spina 

bifida face transition challenges.14,15

YASB and their caregivers have identified multiple barriers in the transition from school to 

work,13 and the presence of chronic physical illness related to spina bifida in adolescence 

has been associated with lower rates of employment in adulthood.12 Among YASB, our 

findings demonstrated that thoracic lower extremity functional level and bowel incontinence 

were negatively associated with employment. Among employed YASB, myelomeningocele 

type, non-community ambulatory status, and skin breakdown were negatively associated 

with full-time employment. These findings are consistent with a previous study that 

identified higher lesion level with lower odds of employment in spina bifida.24 These results 

support the importance of addressing school to work concerns previously identified by 

YASB, including lack of accessibility and accommodation, difficulty with management of 

their condition at school or work, unreliable transportation, and stigma and discrimination 

based on disability.13
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Bladder and bowel management, with a goal of independent performance of necessary 

tasks to achieve continence, is potentially attainable in this population with appropriate 

family, medical, and, in some cases, surgical support. Consistent with previous studies,16 our 

findings indicated a positive association of bowel continence with employment in YASB. 

This highlights the importance of encouraging bowel management throughout childhood, 

not just in late adolescence, to ease the transition toward independence and promote better 

continence outcomes for adults. Self-management is considered an essential component of 

successful transition to adulthood for adolescents and young adults with complex conditions 

such as spina bifida,16,17,25 and supports for developing independence with bladder and 

bowel management are an important component in a healthcare transition program.15,26,27 

The impact of incontinence on employment and potential interventions to promote 

continence should be an area of future study. This could include identifying opportunities 

for collaboration between healthcare professionals and educational and/or vocational 

professionals during transition planning to better address goals such as independence with 

bowel self-management and improve outcomes such as bowel continence and employment.

Recent non-shunt surgery was also associated with employment. This finding is contrary to 

our expectation that greater recent surgical burden would negatively affect employment. 

Most of the non-shunt surgeries that occurred between 18 years and 26 years of age 

were performed to optimize patient functional independence in areas such as continence 

or ambulation, which could make it easier for YASB to gain or retain employment. Further 

investigation of the association between recent surgeries and employment is warranted.

Because studies have shown controversial results on the association between shunting and 

cognitive/neurocognitive function,28,29 we included history of shunt surgery in the analysis. 

Our final models did not show significant association between history of shunt surgery and 

employment outcome.

The size of the NSBPR and repeated measures allowed longitudinal analysis in a large 

sample of YASB. Longitudinal analysis of data from multiple clinic visits offers a 

more complete assessment of employment status and its association with covariates. The 

use of GEE models enabled us to examine the associations between covariates and 

employment status while simultaneously capturing the influence of between- and within-

subject variation. Another strength of our study was using prospective data collection, which 

systematically captured sociodemographic, condition-related, and management data in a 

more extensive and consistent manner than comparable retrospective studies.

In the USA, employers are the major payers of private insurance. Using last clinic 

visit records, our data found that 71.3% of full-time employed NSBPR participants had 

private insurance, compared with 55.4% and 42.8% for part-time employees and those 

not employed respectively (data not shown). Our final multiple regression model showed 

that, as expected, the odds of having higher employment status was 1.62 times greater for 

participants with private health insurance than those without. However, the NSBPR does not 

capture whether participants have private insurance through their employers or through close 

relatives (i.e. parents) and the large majority of the included YASB population was younger 

than 26 years, the age at which they might no longer be on their parents' insurance.
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There were several limitations to this study. First, more than 40% of the individuals in it had 

only one visit, and although the GEE model is designed to accommodate single and multiple 

visits, the model was not able to examine the within-subject trajectory of employment over 

time for participants with a single visit. Second, the participants in this study received care 

at NSBPR clinic sites and may not be representative of the larger YASB population in the 

USA. Third, the definitions used in the NSBPR for bladder and bowel continence and other 

functional outcomes changed over time, and functional outcomes studied are dependent 

on patient (or proxy) report, which can be missing, subjective, and vary over time. The 

definition of employment may also be subjective depending on consistency of hours worked 

and remuneration, and our analysis does not address type of employment, which limits our 

understanding of employment as an outcome in this study. An individual's decisions about 

employment status may also be affected by the restrictive eligibility requirements of other 

support programs and a potential loss of those benefits. Also, the NSBPR did not collect 

cognitive function data, such as IQ and executive functioning, and other factors including 

social skills, mental health indicators, quality of life, and family functioning, which may 

be important predictors of education and employment status. Lastly, employment is only 

one factor that may influence health-related and overall quality of life. The NSBPR started 

collecting cognitive and IQ data in 2020, and quality of life data in 2021, which will allow 

a better understanding of the relationships between education, employment, and quality of 

life, and enable future study of targeted interventions in spina bifida transition.

In conclusion, our study showed low rates of post-secondary educational attainment and 

employment in YASB within a large, national sample as they transitioned from adolescence 

to young adulthood in comparison with the US general population in the same age range. 

Specific sociodemographic, medical, and functional factors were associated with a higher 

likelihood of attaining employment in early adult life. By considering the educational and 

employment goals of their patients with spina bifida, clinicians could focus their care 

interventions on factors that facilitate the transition process of YASB. The use of already 

available resources and new strategies to modify the impact of these factors on transition 

patterns are necessary to maximize the potential of YASB. Additional research could help 

us understand how cognitive functioning and social determinants of health such as health 

insurance, access to health services, family supports, and health status influence YASB's 

employment, quality of life, and transition into adulthood.
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What this paper adds

• There were low education attainment and employment rates in a large sample 

of young adults with spina bifida.

• Specific sociodemographic, medical, and functional factors are associated 

with employment.

• Some employment-associated factors, such as continence and self-

management skills, are modifiable.
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FIGURE 1. 
Age-specific education and employment status for myelomeningocele (MMC) and non-

myelomeningocele (NMMC) spina bifida type
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