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Objec/ve This study inves4gated the associa4on between neighborhood-level resources and 

ambulatory func4on among children enrolled in the Cerebral Palsy Research Network Registry at 

Sea2le Children’s Hospital. 

Methods: A total of 1,242 children enrolled in the Cerebral Palsy Research Network (CPRN) clinical 

registry at Sea2le Children’s Hospital were included in the analysis.  The exposure of interest was the 

Area Depriva4on Index (ADI) associated with the pa4ent’s home address.  The outcome was 

ambulatory func4on as determined by Gross Motor Func4onal System Classifica4on (GMFCS): I-III 

ambulatory and IV-V non-ambulatory.  Robust Poisson regression was used to calculate Rela4ve Risks 

(RR) and corresponding 95% confidence intervals. 

Results: Of the study popula4on, 47% were female and 53% were iden4fied as white. The regression 

analysis found that for each increase in ADI decile, the RR of not being ambulatory was 1.04 [1.01, 



 

 

1.07], indica4ng a 40% increased risk between the most and least disadvantaged neighborhoods. The 

RR remained unchanged ader adjus4ng for travel to care and preterm birth. In a sensi4vity analysis 

limited to enrollees living in King County, WA, the RR was 1.07 [1.02, 1.12], indica4ng that this 

associa4on is not likely related to distance to care or urbanicity.  

Conclusion: Our findings demonstrate that ADI is associated with func4onal outcomes for persons with 

cerebral palsy. It highlights the need for further research on the influence of home community 

resources on func4onal outcomes in persons with cerebral palsy. 

  



 

 

INTRODUCTION 

Cerebral Palsy (CP) is the most common motor disability in childhood across the United States, with a 

reported prevalence ranging between 1.5 and 4 per 1,000 live births in the United States1–3. This 

disability is characterized by non-progressing brain injury that affects motor func4on, occurring early 

enough in childhood that it impacts typical development of motor skills (e.g., walking and siing). The 

spectrum of physical independence experienced by persons with CP varies widely, from independently 

engaging in most ac4vi4es to completely relying on others for their ac4vi4es of daily living (ADL).  

Although the extent of physical independence oden correlates with the severity and loca4on of the 

ini4al brain injury in early life, there is varia4on in func4onal outcomes presumably due to brain 

neuroplas4city throughout childhood development 4.  

 

Previous studies in popula4ons outside of the United States (US) have iden4fied associa4ons of socio-

economic factors with prevalence and func4onal outcomes for persons with CP. Studies conducted by 

Sung-Hui et al5, Woolfenden et al6, and Dolk et al7 found associa4ons between measures of socio-

economic status (SES) and CP incidence as well as degree of motor impairment among children in 

Taiwan, Australia, and the United Kingdom, respec4vely. Notably, a meta-analysis by Solaski et al8 found 

that associa4ons between measures of SES and CP remained ader adjus4ng for pre-term birth, low 

birth weight and postnatal trauma. Moreover, Solaski’s analysis highlighted that community SES 

measures exhibited stronger associa4ons with CP than individual SES measures. These findings suggest 

that the resources available within a person’s home community can significantly shape a child’s risk of 

developing CP, and their func4onal outcomes, beyond other risk factors.  However, these observed 

associa4ons remain unconfirmed for popula4ons of children with CP in the US. 



 

 

 

Area Depriva4on Index (ADI) is a well-validated composite measure of socioeconomic disadvantage in 

the United States at the census block level.  It is determined from 17 variables derived from census and 

American Community Survey (ACS) 5-year data. These variables address income, educa4on, 

employment, and housing quality 9.  This measure has been used to iden4fy associa4ons between 

neighborhood disadvantage and several health outcomes and as a result, is now used for research to 

support policy and health interven4on planning 10. 

 

The Gross Motor Func4on Classifica4on System (GMFCS) score is a 5-scale metric related to how 

independently a child moves within home and community seings adjusted for each developmental 

stage11.  This scale is frequently referenced for clinical decisions and corresponds closely with the 

specific needs of caregivers and persons with CP. 

 

In this study, we sought to inves4gate the associa4on between neighborhood-level resources, as 

assessed by ADI, and ambulatory func4on among a cohort of children with CP who received care at a 

specialty care hospital in Washington state.  Addi4onally, we sought to explore whether any such 

associa4on remains sta4s4cally significant ader considering gesta4onal age at birth and known barriers 

(e.g., distance) to reaching healthcare services. 

 

  



 

 

METHODS 

Study SeJng, Data Source, and Study Popula/on 

We u4lized a local subset of the Sea2le Children’s Hospital (SCH) por4on of the Cerebral Palsy Research 

Network’s (CPRN) clinical registry 12. SCH provides comprehensive specialty care across various medical 

sub-special4es to children throughout Washington State. CPRN is the largest CP-specific registry in the 

United States, capturing informa4on about persons with CP as a part of their regular care across 32 

medical centers. The inclusion of clinical data, such as the GMFCS score, makes this registry par4cularly 

helpful for addressing ques4ons related to daily life impacts for persons with CP.  SCH is the second 

largest enrolling site of the medical centers and data from the en4re popula4on of CP pa4ents at SCH is 

included in the CPRN’s registry. 

 

The focus on a local subset was necessary because the CPRN did not include measures of loca4on or 

SES at the 4me of data abstrac4on, making a whole registry analysis unfeasible.  Enrollment in the 

registry is open to pa4ents receiving any CP-related care, not limited to specific specialists, ensuring a 

more representa4ve cohort of the CP popula4on in Washington State. Addi4onally, SCH was able to 

calculate ADI for registry par4cipants and facilitate data linkage. 

 

At the 4me of data abstrac4on, 1,492 pa4ents were enrolled in the Sea2le CPRN clinical registry.  Thirty 

were missing GMFCS levels, 221 were missing loca4on informa4on or lived outside of Washington 

State. Thus, our analy4c popula4on included 1,242 persons (83% of registry enrollees).   

 

This project received approval from the University of Washington IRB with a waiver of consent. 



 

 

 

Exposure 

ADI was determined using the home mailing address on file in the medical record and ranked by the 

2022 state deciles provided by Neighborhood Atlas. 

Outcome 

Ambulatory status was a dichotomous variable determined using the GMFCS level (range from I-V)11. 

Those with scores I – III, coded as ambulatory, can navigate much of their community without their 

wheelchair, though possibly with assis4ve devices such as walkers or crutches.  On the other hand, 

those assigned IV or V were coded as non-ambulatory as they navigated their home and community in 

a wheelchair.  

Other Covariates 

Distance-to-care variables were created to categorize the travel-for-care challenges families experience 

when accessing CP specific care at SCH.  This variable was defined based on the pa4ent’s home address 

and iden4fied as one of three categories: within of the same county as the medical center (King 

County), outside of King County on the same side of the Cascade Mountains (Travel) or outside of King 

County and across the Cascade Mountains (Mountain Travel). 

 

Preterm birth categories were calculated from gesta4onal age at birth in weeks; term (37+ weeks), near 

term (35-36 weeks), moderately preterm (32-34 weeks), very preterm (28-32 weeks) and extremely 

preterm (<28 weeks). 

 



 

 

Sta/s/cal Analyses 

We described selected characteris4cs of study par4cipants, stra4fied by ambulatory status, using 

numbers (and percentages) for categorical variables and means (and standard devia4ons) for 

con4nuous variables. To measure associa4on between ADI and ambulatory func4on in this popula4on, 

we employed Poisson linear regression models to es4mate the Rela4ve Risk (RR) (and corresponding 

95% confidence intervals, CIs) rela4ng ADI to ambulatory status. We chose Poisson models over logis4c 

regression due to the outcome not being rare in this popula4on, making odds ra4os an unreliable 

approxima4on of the associa4on. We fi2ed both unadjusted and adjusted (adjusted for distance 

traveled to care and preterm birth) models. In addi4on, in sensi4vity analyses to assess the impact of 

urbanicity on the rela4onships, we repeated the analyses only among par4cipants residing in King 

County.  

 

All models were fit using R version 3.11.0 13 and p-values less than .05 were considered significant.    

  



 

 

RESULTS 

The analy4c cohort had a mean enrolment age of 8.45 years (SD 5.34). About 47% were not 

ambulatory, 53% were white, 20% were Hispanic and 42% were female (Table 1). These demographic 

distribu4ons aligned closely with the characteris4cs of all pa4ents seen at SCH: 47% female, 18% 

Hispanic, 51% white. Children in strata of func4onal status (ambulatory vs. non-ambulatory) differed 

significantly in ethnicity and current age.   

 

The number (%) of par4cipants in ADI decile groups stra4fied by ambulatory func4on are shown in 

Table 2. Overall, percentages of ambulatory par4cipants in the lower ADI deciles were higher compared 

with similar percentages for par4cipants who were non-ambulatory (e.g., 16.1% vs 11.6% of 

ambulatory and non-ambulatory par4cipants, respec4vely, were in the first ADI decile group).  

 

The unadjusted RR of being non-ambulatory per decile increase of ADI was 1.04 (95%CI: 1.01 - 1.07) 

(Table 3).  The RR did not change when adjus4ng for distance or mountain travel for care (RR: 1.04; 

95%CI: 1.01 - 1.07) or preterm birth (RR:1.04; 95%CI: 1.01 -1.07).  In sensi4vity analyses, a model fit to 

the subset of data from King County, where SCH is located, iden4fied a RR of 1.07 (95%CI: 1.02 - 1.12; 

p-value=0.009).  There was no change in RR when adjus4ng for preterm birth (RR: 1.07; 95%CI: 1.01 - 

1.13). Since all par4cipants of this subset were in the same county as the medical center, the travel to 

care adjustment was not applicable.   

 

  



 

 

DISCUSSION 

Our results suggest that children with CP residing in the most disadvantaged neighborhoods (highest 

ADI decile) in Washington have a significantly (40%) increased risk of being non-ambulatory compared 

to those in the least disadvantaged areas (lowest ADI decile).  This associa4on remained ader 

adjustment for prematurity or distance traveled to care.  A sensi4vity analysis, looking only at those 

living within King County, found a RR consistent with the main analysis, sugges4ng that this associa4on 

between neighborhood disadvantage and non-ambulatory status is not different between living in 

urban and rural areas. 

Our findings are similar to previous studies in popula4ons outside of the US that have demonstrated 

associa4ons between socio-economic factors and func4onal outcomes for persons with CP.  Par4cularly 

Woolfenden et al6 who conducted a very similar analysis in Australia finding that children with CP in the 

lowest quin4le of neighborhood SES were at a higher risk of being GMFCS level IV or V (RR: 1.2; 95%CI: 

1.1 - 1.4) when compared to those living in neighborhoods in the highest quin4le of SES.   

These findings highlight the importance of understanding the pa4ent's neighborhood context when 

making recommenda4ons and iden4fying interven4on and/or support needs for CP pa4ents. 

Understanding this dispropor4onate risk is essen4al for public health and policy decisions, as well as 

informing health services planning.  Our study underscores the need for further analysis of na4onwide 

cohorts and the value of including non-iden4fying measures of SES in registry data to explore 

contextual associa4ons of neighborhood or SES factors with health outcomes. 



 

 

Future research should inves4gate whether the higher risk of being non-ambulatory in lower resource 

neighborhoods persists in other popula4ons and iden4fy which elements of area depriva4on might be 

most impactul on ambula4on for children with CP. For instance, exploring the influence of specific 

neighborhood factors on walking func4on could lead to targeted environmental and contextual 

interven4ons and poten4ally drive  beneficial structural improvements. 

Sampling from the largest regional specialty care pediatric hospital increased the likelihood that our 

study sample is representa4ve of the Washington state popula4on of children with CP.  The use of a 

validated func4onal mobility metric (GMFCS) and updated census-based SES variable are addi4onal 

strengths of the current study.  

Although there are no indicators sugges4ng that this sample is not representa4ve of children with CP 

in Washington State, it did not include all children with CP in the state.  Addi4onally, the individual 

elements of ADI are not standardized in rela4on to each other, with scores poten4ally more influenced 

by median home values and income.  The ADI may therefore be less mul4-dimensional than previously 

understood, poten4ally leading to poor differen4a4on of area resource levels, par4cularly in 

metropolitan areas. Despite this, the rela4onship remained consistent throughout the popula4on, 

especially in metropolitan areas around the medical center. 

CP affects nearly one million people in the United States, with an incidence of ranging between 1.5 and 

4 per 1,000 children. Iden4fying communi4es at higher risk of significant func4onal difficul4es can 

inform public policy on social safety nets and public services and improve the implementa4on of public 

health programs and interven4ons. These findings can also aid clinical ins4tu4ons in resource 



 

 

alloca4on, par4cularly for early childhood support.  These findings highlight the notable effect that 

community resource has on the func4onal levels of children with CP.  It is impera4ve that this 

informa4on be considered in both clinical and public health prac4ce as well as in future research.   

 

  



 

 

Table 1 Characteris/cs of Par/cipants Stra/fied by ambulatory Status 
 

Characteris/c 
 

Ambulatory 
n = 658 
n (%) 

Non - Ambulatory 
n = 584 
n (%) 

Female 270 (41.0%) 250 (42.8%) 
Race   

Hispanic * 121 (18.4%) 131 (22.4%) 
Race   

American Indian or Alaska 
Na4ve 8 (1.2%) 7 (1.2%) 

Asian 48 (7.3%) 41 (7.0%) 
Black or African American 40 (6.1%) 43 (7.4%) 
Na4ve Hawaiian or Other 

Pacific Islander 6 (0.9%) 20 (3.4%) 

White 380(57.8%) 283 (48.5%) 
Mul4-Racial 32 (4.9%) 36 (6.2%) 

Unknown 144 (21.9%) 154 (26.4%) 
Preterm Status   

Term 
(37+= weeks) 327 (49.7%) 304 (52.1%) 

Near term 
(35-36 weeks) 59 (9.0%) 45 (7.7%) 

Moderately Preterm 
(28-32 week) 68 (10.3%) 54 (9.2%) 

Very Preterm 
(28-32 weeks) 77 (11.7%) 55 (9.4%) 

Extremely preterm 
(<28 weeks) 90 (13.7%) 90 (15.4%) 

Missing 37 (5.6%) 36 (6.2%) 
Travel Barrier to Care   

King County 271 (41.2%) 229 (39.2%) 
Distance only 214 (32.5%) 180 (30.8%) 

Mountains and Distance 173 (26.3% 175 (30.0%) 
Age* (Mean(SD)) 7.86 (4.95) 9.35 (5.56) 

* indicates significant difference between groups (p-value<0.05)  



 

 

Table 2: ADI deciles stra/fied by ambulatory Func/on 

 

State ADI Decile 
P test = 0.007 

Ambulatory 
(n = 658) 

Non Ambulatory 
(n = 584) 

1 106 (16.1%) 75 (11.6%) 
2 69 (10.6%) 58 (9.9%) 
3 93 (12.5%) 68 (11.6%) 
4 80 (11.1%) 59 (10.1%) 
5 64 (8.8%) 65 (11.1%) 
6 57 (7.9%) 66 (11.3%) 
7 59 (8.4%) 57 (9.8%) 
8 47 (7.1%) 53 (9.1%) 
9 51 (7.8%) 35 (6.0%) 

10 31 (4.7%) 54 (9.2%) 
NA 1(0.2%) 1(0.2%) 

 

  



 

 

Table 3: Rela/ve Risk Es/mates from Regression Models for Non-Ambula/on per ADI decile 

 

 

Poisson Regression Model 
ADI ~ Ambulatory Status 

Rela/ve Risk 
Es/mate 

95% Confidence 
Interval 

Unadjusted 1.036 1.008 - 1.065 
Adjusted for Travel for Care 1.040 1.005 - 1.077 
Adjusted for Preterm Status 1.038 1.009 - 1.068 

King County Unadjusted 1.070 1.015 - 1.123 
King County adjusted for preterm status 1.066 1.008  - 1.125 
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