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ABBREVIATION

ADRD Alzheimer disease and related dementia

AIM To examine the risk of Alzheimer disease and related dementia (ADRD) among adults 

with cerebral palsy (CP).

METHOD Using administrative insurance claims data for 2007 to 2017 in the USA, we 

identified adults (45y or older) with a diagnosis of CP (n=5176). Adults without a diagnosis 

of CP were included as a typically developing comparison group (n=1 119 131). Using age, 

sex, ethnicity, other demographic variables, and a set of chronic morbidities, we propensity-

matched individuals with and without CP (n=5038). Cox survival models were used to 

estimate ADRD risk within a 3-year follow up.

RESULTS The unadjusted incidence of ADRD was 9 and 2.4 times higher among cohorts of 

adults 45 to 64 years (1.8%) and 65 years and older (4.8%) with CP than the respective 

unmatched individuals without CP (0.2% and 2.0% among 45–64y and 65y or older 

respectively). Fully adjusted survival models indicated that adults with CP had a greater 

hazard for ADRD (among 45–64y: unmatched hazard ratio 7.48 [95% confidence interval 

{CI} 6.05–9.25], matched hazard ratio 4.73 [95% CI 2.72–8.29]; among 65y or older: 

unmatched hazard ratio 2.21 [95% CI 1.95–2.51], matched hazard ratio 1.73 [1.39–2.15]).
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INTERPRETATION Clinical guidelines for early screening of cognitive function among 

individuals with CP need updating, and preventative and/or therapeutic services should be 

used to reduce the risk of ADRD.
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[Boxed text on page 2]

What this paper adds

 Early-onset Alzheimer disease and related dementia (ADRD) was significantly higher 

among adults with cerebral palsy (CP) than controls.

 CP increases the risk of early-onset ADRD more than it increases the ADRD risk at an 

older age.

 There was a higher prevalence of preventable chronic conditions and sedentary lifestyle 

among this patient cohort.

[Main text]

Despite improvements in obstetric and neonatal care, the prevalence of cerebral palsy (CP) 

has been consistent over the past 50 years, remaining at an incidence of 2 to 2.5 per 1000 

births.1–4 Advancements in medicine have allowed most individuals with CP to live into late 

adulthood. However, there is limited evidence on potential long-term complications 

associated with CP.1,5 Although CP is known to negatively affect coordination and 

contributes to muscle stiffness and tremors,6 emerging evidence suggests that people with CP 

may undergo accelerated brain aging.1,7–9 CP pathology involves injury to or defects of the 

central nervous system including the frontal and prefrontal cortex, cerebellum, and other 

sections of the brain that control executive function, working memory, and movement.10–12 A
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The association of infection and inflammation with CP may put adults with CP at a 

heightened risk of Alzheimer disease and related dementia (ADRD) later in life.2,3,13,14

ADRD is an umbrella term for a progressive cognitive spectrum disorder and is the 

sixth leading cause of death in the USA.15 Approximately 5 million adults aged 65 years and 

older were diagnosed with ADRD in 2014. This number is expected to grow to 14 million by 

2060.15 Clinical descriptions of ADRD include cognitive degeneration, particularly severe 

memory deterioration; struggles with time, place, and personhood; changes in behavioral 

patterns; decline in language; and regression in daily living.16 Although age is considered the 

main risk factor for ADRD, research has shown that certain medical conditions may also 

increase risk.17

Through inflammatory responses following infection at birth or shortly after, CP may 

lead to large increases in cytokine production, which could put an infant’s immature brain at 

risk of damage.2,3 Furthermore, injury to cerebral white matter is a common issue in children 

with CP. Cerebral white matter regulates neuron transmission and cognition among the 

regions and hemispheres of the brain.18 The cingulum is a bundle of cerebral white matter 

fibers that are interconnected with multiple parts of the brain, controlling motor and cognitive 

functions.6,18 Injury to cerebral white matter has been linked with cognitive decline and may 

increase the risk of ADRD among adults with CP.1 To date, no large-scale study in the USA 

has examined the hazard of early- and late-onset ADRD in adults with CP.

In this study, we examine a private national claims database to examine time to 

diagnosis and adjusted hazard ratio of incident ADRD, comparing adults with and without 

CP. Our study highlights a gap in understanding ADRD risk among adults with CP. Such 

information is needed to develop more comprehensive and patient-centered clinical 

guidelines for this population.19 Our main hypothesis is that adults with CP are at greater risk 

of ADRD and have shorter ADRD-free survival than adults without CP.

METHOD

Data source

We used national, private administrative claims from the Clinformatics Data Mart 

(OptumInsight, Eden Prairie, MN, USA). OptumInsight is a deidentified claims database 

capturing all healthcare encounters and reimbursement for over 80 million privately insured 

people throughout their enrollment. Although clinical evaluation is a criterion standard for 

assessing ADRD risk, claims data are used extensively in epidemiological analyses.15,20 A 

medical provider allocates a diagnosis code after a clinical encounter, which is consequently 
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recorded in insurance claims for billing purposes. Although challenges exist in 

underdiagnosis and misdiagnosis of certain types of dementia,21 sensitivity and specificity of 

Medicare claims data for diagnosis of ADRD have been reasonable, ranging between 0.85 to 

0.89 and 0.64 to 0.95 respectively.20

Sample selection

This study aimed to examine early- and late-onset ADRD.22 All adults aged 45 years or older 

at the time of enrollment starting from 2007 to 2017 were deemed potentially eligible for 

analysis. We excluded individuals with less than 12 months of continuous enrollment so that 

there was a sufficient history of service utilization for comorbidity history. All medical 

claims, excluding laboratory and outpatient pharmacy, were considered to identify required 

diagnosis codes for conditions of interest. A schematic flow diagram is presented in Figure 

S1 (online supporting information).

Identification of patients with CP 

Since CP is a congenital disorder, all enrolled members with CP were considered to have the 

condition at the time of enrollment. To allow sufficient follow-up for individuals with CP, we 

retained those with 4 or more continuous years of enrollment following their starting date of 

enrollment on the plan (starting from 2007), with 1 year of enrollment as the lookback period 

and 3 years as the follow-up. All enrolled members with a diagnosis of CP were identified 

using the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-

9-CM) (Table S1, online supporting information). The USA switched to ICD-10 codes in 

October 2015.23 To ensure enough follow-up years for analysis of ADRD risk, we only used 

ICD-9 codes for diagnosis of CP.

We identified a comparison group without CP using the same inclusion criteria. The 

additional exclusion criteria for identifying this group included removal of individuals with 

disabling neurological disorders such as multiple sclerosis and spinal cord injury during their 

enrollment. We removed these conditions because research indicates they may also increase 

ADRD risk.24 Furthermore, our aim was to compare the risk of ADRD between adults with 

CP and the non-neurologically complex group (typically developing comparison group). 

Among the remaining individuals without CP, a 20% simple random sample (representative 

of enrolled members)25 was selected to represent the comparison group. Post hoc analyses of 

demographic and baseline characteristics were compared between the 20% random sample 
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and all comparison individuals to ensure no unintentional sampling bias was introduced by 

random selection.

Outcome

The primary outcome was days to incident ADRD after 12 months of enrollment on the 

patient’s plan. ADRD was identified in the follow-up period using ICD-9-CM or ICD-10-CM 

diagnosis codes on any single claim (Table S2, online supporting information). If multiple 

claims on different service dates were identified, the first claim service date after CP was 

considered the incident date of ADRD.

Covariates and comorbidities

Basic demographic and socioeconomic variables included age, sex, ethnicity, Elixhauser 

comorbidity index,26 US Census Division, educational attainment, and net worth. We divided 

age into two categories (45–64y and 65y+) to assess the risk of both early- and late-onset 

ADRD. Additionally, we identified psychological, cardiometabolic, and musculoskeletal 

conditions that were prevalent in the 1-year lookback period before index CP to adjust risk 

for relevant health conditions. Psychological, cardiometabolic, and musculoskeletal 

conditions were identified using a single claim with appropriate ICD-9 codes (Table S3, 

online supporting information).

Statistical analysis

Bivariate analyses of baseline characteristics between patients with CP and the typically 

developing comparison group were examined for meaningful differences. For categorical 

variables, column percentages were compared between both groups using Cohen’s h effect 

size calculations.27 For large sample studies, such as those using administrative claims, the 

Cohen’s h effect size calculation is used since these studies are typically statistically 

overpowered. For continuous variables, means and standard deviations (SDs) were 

calculated, and Cohen’s d standardized mean differences were used to ascertain clinically 

meaningful differences between groups.

For individuals with CP, we captured a history of all documented comorbid 

conditions in the year of enrollment on their insurance plan before the index inclusion date. 

For randomly sampled comparison individuals, all patients with sufficient continuous 

enrollment within the study period of 4 years were randomly assigned a time zero to begin 

follow-up. The selection of the randomly assigned date required 1 year of enrollment to 
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collect information about comorbid conditions, and 3 years of post-index date follow-up to 

measure incident ADRD. The random assignment of the dates was determined assuming a 

uniform distribution across a specified interval of candidate dates that met pre- and post-

index dates. This approach was used to address potential bias of selecting patients who were 

systematically younger during their enrollment on the plan for the sampled comparison 

group.

To compare disease-free ADRD survival of patients with CP and the comparison 

group, patients with no evidence of ADRD during the 1-year lookback period were graphed 

with Kaplan–Meier product-limit survival curves for a 3-year period post-index diagnosis of 

CP. To establish incidence in claims, we used a 1-year lookback period from the index date to 

obtain evidence of any service utilization with a diagnosis of ADRD. Patients with ADRD in 

the 1-year lookback period were excluded from the product-limit survival curves and other 

subsequent analyses.

To estimate the risk of incident ADRD, we constructed parametric Weibull survival 

models to estimate hazard ratio for ADRD, comparing patients with CP and the typically 

developing group. The rationale for using these models is explained in Table S4 and Figure 

S3 (online supporting information). First, we used a bivariate regression to estimate the 

unadjusted hazard ratio for ADRD comparing the two groups. Second, to estimate the 

adjusted hazard ratio, we performed multivariable regression to adjust for demographics, 

socioeconomics, and Elixhauser comorbidity index. To assess the association of CP and age 

on incident ADRD, we also interacted CP (binary variable) with our categorical age variables 

(45–64y and 65y+) (Table S5 and Fig. S4, online supporting information; area under curve 

0.81; C-statistic [standard error, SE] 0.80 [0.00]).

Finally, to account for selection bias attributable to patients with CP, we performed 

propensity-score matching. Specifically, we estimated the propensity to be in the CP group 

using multivariable logistic regression adjusting for demographics, individual comorbidities, 

and socioeconomic variables. We used a one-to-one caliper matching algorithm with a caliper 

size of 0.0001 without replacement. To assess covariate balance, post-matched analyses of 

effect sizes were compared between those with CP and the typically developing group. All 

patients were right censored if they did not experience ADRD in the follow-up period or 

disenrolled from the plan (Table S6 and Fig. S5, online supporting information; area under 

curve 0.81; C-statistic [SE] 0.80 [0.01]).

This study was deemed exempt by the Institutional Review Board at the University of 

Michigan. All analyses were conducted using SAS 9.4 (SAS Institute, Cary, NC, USA). All A
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hazard ratios included a calculation of the 95% confidence interval (CI). Statistical testing 

was two-tailed with a significance level of 0.05. Effect sizes used a 0.2 meaningful difference 

cutoff.

RESULTS

Table 1 presents unadjusted characteristics of individuals with and without CP within our 

unmatched and matched cohorts during the 1-year lookback period. The average amount of 

enrollment time for those with and without CP was 8 years (SD 3y 6mo) and 7 years 8 

months (SD 3y 5mo) respectively. Most individuals were in the 45- to 64-year-old age group 

(with CP 62.9% [n=3256]; without CP 55.0% [n=615 964]). Females represented 50.4% 

(n=2608) and 53.6% (n=599 699) of adults with and without CP respectively. There were no 

substantial differences in ethnicity between adults with and without CP, the majority were 

white in both groups (individuals with CP 60.9% [n=3151]; comparison group 63.4% 

[n=709 899]). There were no large differences between the CP and comparison groups in 

their education. For example, about 53.4% (n=2763) of people with CP versus 52.7% 

(n=589 285) of people without had less than a college degree. People without CP had a 

higher net worth. For example, 16.9% (n=851) of people with CP versus 26.5% (n=296 541) 

of those without had a net worth of more than US$500 000. There were no effect size 

differences between the post-matched CP and comparison groups.

In Table S7 (online supporting information), adults with and without CP were 

compared on prevalence of certain psychological, cardiometabolic, and musculoskeletal 

conditions. In the unmatched cohorts, the prevalences of all conditions, including any that 

were psychological (27.0% vs 15.9%), cardiometabolic (58.9% vs 51.8%), and 

musculoskeletal (46.7% vs 32.5%), were higher among people with CP than those without. 

No significant difference in chronic conditions remained between post-matched CP and 

comparison groups.

Figure 1 presents the incident ADRD among the 45- to 64-year-old and 65 year and 

older unmatched and matched cohorts of adults with and without CP. Among the unmatched 

cohort, the incidence rate of ADRD was nine times higher among those 45 to 64 years old 

with CP (1.8%) than those without (0.2%). Among the 65 year and older group, 4.8% of 

people with CP versus 2.0% of those without had incident ADRD. The results among the 

matched cohorts were similar.

Kaplan–Meier curves in Figure 2 display the ratios of differences in ADRD-free 

survival probabilities between adults with and without CP. On average, within a 3-year A
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follow-up, ADRD-free survival probability was about nine times higher among the 45- to 64-

year-old comparison cohort than the corresponding group with CP (Fig. 2a); and it was about 

two times higher among the 65 year and older comparison cohort than in the same age-range 

of those with CP (Fig. 2b). The results for matched cohorts were similar (Fig. S2, online 

supporting information).

Table 2 presents hazard ratios for incident ADRD among our two age groups. Within 

the younger cohorts (45–64y), adjusted unmatched and matched hazard ratios for cases were 

7.48 (95% CI 6.05–9.25) and 4.73 (95% CI 2.72–8.29) respectively. Among the older cohorts 

(65y+), adjusted unmatched and matched hazard ratios were 2.21 (95% CI 1.95–2.51) and 

1.73 (95% CI 1.39–2.15) respectively. Regression results are presented in Tables S5 and S6.

DISCUSSION

In this study, we compared the relative risk of incident ADRD in adults with CP and adults 

without CP. Three major findings developed. First, the risk of incident ADRD is substantially 

higher among adults with CP than their counterparts without. Second, CP increases the risk of 

early-onset ADRD more than it increases the ADRD risk at an older age (65y+). Finally, the 

difference in risk of incident ADRD between our unmatched and matched cohorts revealed 

that it is plausible that ADRD risk might be due to a higher prevalence of secondary chronic 

conditions among the population with CP. Our findings revealed a critical need for updating 

clinical guidelines for adults with CP to preserve cognitive function.

Despite advances that have improved longevity among people with CP, most research 

and clinical care has focused on the pediatric period and/or challenges related to limits in 

range of motion and pain.28 Research shows that adults with CP have poor muscle 

development, may experience gradual functional decline, and are at increased risk of 

secondary chronic conditions.29 Our results were indicative that, without intervention, adults 

living with CP may also be at a heightened risk of cognitive decline and incident ADRD. 

Consequently, the scope of care for people with CP needs to expand beyond the pediatric 

period and include monitoring for additional complications such as secondary chronic 

conditions and cognitive decline.

Furthermore, CP poses a substantially higher ADRD risk among middle-aged adults 

(early onset) than it does among older people (65y+). The risk of incident ADRD increases 

with age for everyone. Thus, although people with CP are still at a greater risk of ADRD as 

they age, compared with other older adults, the late-onset ADRD risk is plausibly lower than 

early-onset ADRD because the probability increases with age for everyone.
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Moreover, the greater risk of ADRD in our unmatched versus matched cohorts might 

be explained by a higher prevalence of secondary comorbid conditions among adults with 

CP. Chronic psychological, cardiometabolic, or musculoskeletal conditions are associated 

with a diagnosis of ADRD.30,31 Compared with the general adult population, people with CP 

have a more sedentary lifestyle with inadequate levels of physical and/or social activities.29 

Our own results and the work of others have shown a substantially higher prevalence of a 

broad range of preventable chronic conditions among adults with CP than typically 

developing comparison individuals.32,33 Enabling a more active living environment (through 

physical or occupational therapy) and using preventative strategies in healthcare (such as 

early screening for preventable chronic illnesses) may not only reduce the risk of secondary 

chronic conditions but may also preserve cognitive function. More research on the 

association between high prevalence of certain chronic conditions and ADRD risk among 

adults with CP is warranted.

ADRD is a neurodegenerative condition, mainly defined by gradual cognitive decline 

and frailty causing extensive burden to patients, caregivers, and the healthcare system.34 Our 

findings call for a careful examination of the types of care that may reduce the risk of 

cognitive decline among people with CP. Physical and therapeutic rehabilitative services may 

provide some neurological preservation.28 More research on how to lessen the risk of 

cognitive decline among people with CP is merited. For example, future research may focus 

on examining the efficacy of early cognitive screening, development of evidence-based 

preventative care, or greater use of physical or occupational therapy.

This study had several limitations. First, owing to errors in administrative claims’ 

diagnostic codes, confirmatory identification of CP may not always have been accurate. 

Although our estimates of CP and reported chronic conditions may not be 100% accurate, 

previous research indicates that claims-based estimates have high sensitivity and specificity. 

However, it is well known that certain conditions such as ADRD are underdiagnosed.35,36 It is 

therefore conceivable that our measures for incident ADRD diagnosis were underestimated. 

Second, without availability of the Gross Motor Function Classification System in claims 

data, it is hard to define CP severity. Development of a longitudinal national registry for this 

patient population will enable researchers and clinicians to conduct more granular 

examination of this topic. Finally, although we matched and risk-adjusted our models for a 

limited set of socioeconomic variables, we had no data on levels of physical activity, lifestyle 

choices, or degree and type of social and cognitive engagements, all of which have been 

shown to be associated with ADRD risk.15 Finally, OptumInsight is not a nationally A
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representative sample of the US adult population, and thus the results of this study may not 

be generalizable.

Our study had several strengths. To our knowledge, this study was the first large-

scale, longitudinal analysis of national claims data examining the risk of developing early- 

and late-onset ADRD among privately insured individuals with CP in the USA. Conducting 

large observational studies has proved to be a feasible and efficient research approach, 

providing access to a large patient population data over time.15,37

In short, we found that adults with CP are at greater risk of incident ADRD, 

particularly its early onset. Some of this increased risk might be explained by a sedentary 

lifestyle and a higher prevalence of preventable chronic conditions among this patient cohort. 

Future biomarker-based research may shed some light on potential etiological connections 

between CP and ADRD. To conclude, more research is necessary to develop clinical 

guidelines and recommendations for healthy brain aging in adults with CP.
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SUPPORTING INFORMATION

The following additional material may be found online:

Figure S1: Schematic flow diagram.

Figure S2: Kaplan–Meier ADRD-free survival curves among matched cohorts of adults 

with and without CP (cases and controls).

Figure S3: Log-negative-log of the estimated survival function.

Figure S4: Time-dependent area under the curve for the fully adjusted unmatched 

regression model.

Figure S5: Time-dependent area under the curve for the fully adjusted matched 

regression model.

Table S1: Diagnostic codes for cerebral palsy.

Table S2: Diagnostic codes for Alzheimer’s disease and related dementia.

Table S3: Diagnostic codes for comorbid conditions.

Table S4: Rationale for using the parametric Weibull regression.A
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Table S5: Regression results for unmatched cohorts of adults with and without cerebral 

palsy.

Table S6: Regression results for matched cohorts of adults with and without cerebral 

palsy.

Table S7: Incident of chronic conditions among adults with (case) and without (control) 

cerebral palsy.
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Table 1: Descriptive characteristics of adults with (case) and without (comparison) cerebral palsy

Unmatched Matched

Cerebral palsy
Shows Comparison

Effect

sizea
Case Comparison

Effect 

sizea

Overall 5176 1 119 131 5038 5038

Full enrollment length (y:mo)

Mean (SD) 8:0 (3:6) 7:8 (3:5) 8:1 (3:6) 7:7 (3:5)

Median (Q1–Q3) 7:0 (5:2–10:0) 6:11 (5:0–9:8) 7:0 (5:2–10:0) 6:8 (5:0–9:2)

Time after eligibility start date 

(y:mo)    

Mean (SD) 6:0 (2:4) 5:7 (2:4) 6:0 (2:4) 5:6 (2:2)

Median (Q1–Q3) 5:8 (4:0–7:10) 5:0 (3:10–7:0) 5:8 (4:0–7:10) 5:0 (3:10–6:11)

Age group    

45–64y 3256 (62.9) 615 964 (55.0) 0.16 3154 (62.6) 3116 (61.8) 0.02

65y+ 1920 (37.1) 503 167 (45.0) –0.16 1884 (37.4) 1922 (38.2) –0.02

Sex    

Female 2608 (50.4) 599 699 (53.6) –0.06 2529 (50.2) 2579 (51.2) –0.02

Male 2568 (49.6) 519 432 (46.4) 0.06 2509 (49.8) 2459 (48.8) 0.02

Ethnicity    

Asian 97 (1.9) 33 800 (3.0) –0.07 96 (1.9) 94 (1.9) 0.00

Black 539 (10.4) 91 274 (8.2) 0.08 517 (10.3) 497 (9.9) 0.01

Hispanic 390 (7.5) 91 832 (8.2) –0.03 383 (7.6) 371 (7.4) 0.01

Unknown 999 (19.3) 192 326 (17.2) 0.05 953 (18.9) 949 (18.8) 0.00

White 3151 (60.9) 709 899 (63.4) –0.05 3089 (61.3) 3127 (62.1) –0.02

Education    

Less than 12th grade 37 (0.7) 6380 (0.6) 0.01 37 (0.7) 39 (0.8) –0.01

High school diploma 1616 (31.2) 286 990 (25.6) 0.12 1568 (31.1) 1557 (30.9) 0.00

Less than bachelor’s 2763 (53.4) 589 285 (52.7) 0.01 2681 (53.2) 2703 (53.7) –0.01

Bachelor’s degree plus 603 (11.6) 184 220 (16.5) –0.14 595 (11.8) 576 (11.4) 0.01

Unknown 157 (3.0) 52 256 (4.7) –0.09 157 (3.1) 163 (3.2) –0.01

Net worth    

Unknown 1254 (24.2) 173784 (15.5) 0.22 1162 (23.1) 1144 (22.7) 0.01

<US$25 000 1057 (20.4) 149626 (13.4) 0.19 1033 (20.5) 1055 (20.9) –0.01

US$25 000–149 000 841 (16.2) 179914 (16.1) 0.00 831 (16.5) 817 (16.2) 0.01

US$150 000–249 000 476 (9.2) 116851 (10.4) –0.04 471 (9.3) 487 (9.7) –0.01

US$250 000–499 000 697 (13.5) 202415 (18.1) –0.13 694 (13.8) 690 (13.7) 0.00

US$500 000+ 851 (16.4) 296541 (26.5) –0.25 847 (16.8) 845 (16.8) 0.00
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Source: the 2007–2017 OptumInsight. Data are n (%) unless otherwise stated. aEffect size 

equal to or greater than 0.20 considered significant. Q1–Q3, quartile 1 and quartile 3; SD, 

standard deviation.

Table 2: Hazard ratios of early- and late-onset ADRD among adults with CP

Unmatched cohort Matched cohort

Unadjusted Adjusted Unadjusted Adjusted

Among those 45–64y 

of age (early onset)

10.22 (8.26–12.64) 7.48 (6.05–9.25) 5.18 (2.97–9.02) 4.73 (2.72–8.29)

Among those 65y or 

older (late onset)

2.99 (2.64–3.40) 2.21 (1.95–2.51) 1.88 (1.51–2.34) 1.73 (1.39–2.15)

As with incidence estimates, all survival models used cerebral palsy (CP) and comparison cohorts, 

which required a 1-year clean period with no evidence of Alzheimer disease and related dementia 

(ADRD). To estimate the hazard ratio of CP among each age group, we examined the categorical 

age group (45–64y and 65y+) with CP. Regression models for fully adjusted unmatched and 

matched cohorts are reported in Tables S5 and S6 (online supporting information). p<0.001 for all 

values.
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[Figure legends]

Figure 1: Unmatched and matched average incidences of Alzheimer disease and related 

dementia (ADRD) among individuals with and without cerebral palsy (CP).

Figure 2: Unmatched Kaplan–Meier product-limit survival curves (3y) for adults with and 

without cerebral palsy (CP).
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