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Cerebral Palsy

• CP is caused by a malformation or insult to the 
developing brain which affects motor control 
centers, and causes alterations in growth, 
development, and overall health

• Many individuals with CP can expect normal life 
expectancies, and yet there is a lack of clinical 
follow-up and coordination for patients after they 
transition from pediatric to adult primary care
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Lifespan Expectations in CP

• What happens to children, adolescents, 
and young adults with CP as they transition 
throughout adulthood?

• Currently there are more adults with CP 
living in the US than children with CP

• Contemporary jargon:
• Accelerated aging
• Premature frailty phenotype
• Normal weight obesity
• Exaggerated sedentariness



Natural History of Cerebral Palsy
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Muscle and Bone Quality in CP

a b

CT image at L4, depicting trunk adiposity distribution and muscle size in: (a) a 
53 year old, typically-developed male (65 kg body mass), and (b) a 54 year old 
male with CP (66 kg body mass).



Given the loss/absence of lean body mass (muscle and bone), and increased 
storage of visceral and muscular adipose tissue, is there an increased risk for 
chronic diseases in CP?

Peterson, M.D., et al. JAMA. 314(21): 2303-05, 2015.

0.0%

5.0%

10.0%

15.0%

20.0%

25.0%

30.0%

35.0%

40.0%

45.0%

Diabetes Asthma Hypertension Other Heart
Problems

Stroke Emphysema Joint Pain Arthritis

Typically Developed 6.3% 9.4% 22.1% 9.1% 2.3% 1.4% 28.0% 17.4%

Cerebral Palsy 9.2% 20.7% 30.0% 15.1% 4.6% 3.8% 43.6% 31.4%

P
e

rc
e

n
t 

(%
)

Prevalence of Various Chronic Diseases in CP

*

*

*

*

*
*

*

*



Is there evidence 
of “Early Aging”?



Is there evidence of “Early Aging”?



We have studied the physical health in virtually 
every organ system





Information Base is Growing
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When we combine the findings from several 
studies:



What is the Difference between Sedentary 
Vs. Inactive?



“If exercise could be packed in a pill, it would be the single most 
widely prescribed and beneficial medicine in the nation.”

Robert N. Butler, M.D. 
                                                                                                                               Former Director, 

National Institute on Aging



• Time spent sitting correlates with an elevated risk of 
mortality for all causes and for cardiovascular disease
• Dose-response pattern

• Sitting seems to have be associated with mortality 
independent of leisure time physical activity levels

*van der Ploeg HP, Chey T, Korda RJ, Banks E, Bauman A. Sitting time and all-

cause mortality risk in 222,497 Australian adults. Arch Intern Med. 2012; 172(6): 

494-500.

Dangers of Sedentary Behavior



A Packaging Problem 





Research Question 
and Clinical Vignette 

• Many patients and parents have 
raised concerns about mental 
health, especially from the 
context of lifespan health 
development.

• Is there increased risk for mental 
health disorders among adults 
with CP?

• How does chronic pain contribute 
to the burden of mental health 
concerns?



Psychological Morbidity in the UK



• 1,705 adults with CP and 5,115 matched adults from the UK

• Objective: Determine the incidence of depression and anxiety in 
adults with CP compared with an age-, sex-, and practice-matched 
reference group of adults without CP, using primary care data 



Main Findings



Secondary Findings

• People with CP and no co-morbid ID had a higher risk of incident 
depression (HR 1.44: 95% CI 1.20-1.72) and anxiety (HR 1.55: 95%CI 
1.28-1.87) than matched controls.



Prevalence of mental health disorders in the US

• Data were from a de-identified nationwide claims database of 
beneficiaries from a single private payer in the U.S. 

• ICD-10 codes were used to identify beneficiaries with CP, other 
neurodevelopmental comorbid conditions: 
• Intellectual disabilities

• Autism spectrum disorders

• Epilepsy 

• The prevalence of 37 mental health disorders was compared 
between adults with (n=7,348) and without (n=8.7+ million) CP-
after adjusting for sociodemographics and neurodevelopmental 
comorbid conditions



Methods: Outcomes

1.  “Schizophrenia, schizotypal disorder, delusional, and other non-
mood psychotic disorders”

2. “Mood affective disorders”

3.  “Anxiety, dissociative, stress-related, somatoform and other 
nonpsychotic mental disorders”

4. “Behavioral syndromes associated with physiological disturbances 
and physical factors”

5.  “Disorders of adults personality and behavior”

6.  “Alcohol or opioid related disorders”
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Pain phenotypes in CP and SB
Pain Taxonomy

• Nociceptive Pain: [or peripheral pain] pain that originates from physical 
damage or overuse/injury

• Neuropathic Pain: pain caused by damage or disease affecting the 
somatosensory nervous system. 

• Nociplastic (Centralized) Pain: [newer designation] central nervous system 
augmented pain processing that manifests as an unpleasant sensory and 
emotional experience associated with actual or potential tissue damage, or 
described in terms of such damage
•  International Association for the Study of Pain (IASP) task Force



• Methods: Privately-insured beneficiaries were included if they had an 
ICD-9-CM diagnostic code for CP or SB (n= 24,497). Adults without CP or 
SB were also included (n= 931,528).

• Results: Adults living with CP or SB had a higher prevalence of any pain 
disorders (55.9% vs. 35.2%) and pain multimorbidity (21.8% vs 8.4%), as 
compared to adults without CP or SB, and differences were to a clinically 
meaningful extent. 



•Crude Pain Prevalence (CP/SB vs controls):
• Nociceptive Pain: 44.0% vs. 26.7%
• Nociplastic Pain: 26.1% vs. 11.9%
• Neuropathic Pain: 9.6% vs. 5.6% 

•Adjusted logit models (reference: controls):
• Nociceptive Pain: OR = 2.20 (95%CI: 2.15, 2.24)
• Nociplastic Pain: OR = 2.47 (95%CI: 2.41, 2.53)
• Neuropathic Pain: OR = 2.71 (95%CI: 2.54, 2.89)

Peterson MD, Haapala HJ, Lin P, Kamdar N, Hurvitz EA. Pain phenotypes among 
adults living with cerebral palsy and spina bifida. Pain. 2021;162(10):2532-2538. 



Pain phenotypes in adults living with CP: A 
deeper dive at UM

• Aim: To identify pain phenotypes among adults with CP based on 
putative mechanisms. 

• Methods: Data were collected from n=71 adults with CP who 
presented to the University of Michigan Medicine (mean age = 
39.3±16.2; 43 females, 28 males). 





Secondary Analyses

• Scoring positive for nociplastic pain predicted significantly worse self-
reported (PROMIS) depression and perceived stress above and beyond 
the effects of pain intensity 

• Findings suggest that type of pain is highly variable among adults with 
CP, and may arise through multiple mechanisms. 

• Although nociceptive pain is common in CP, pain arising from 
neuropathic and/or nociplastic mechanisms correlates with poorer 
HRQOL outcomes compared to pain that arises from purely nociceptive 
mechanisms. 

Peterson MD, Haapala HJ, Kratz A. Pain phenotypes in adults with cerebral palsy. 
Neurology Clin Prac. In Press. 





Results
• A total of 21 767 patients (89.0%) had 1 or more documented pain 

diagnoses, 2697 (11.0%) had no pain diagnosis, 3708 (15.2%) had a 
single pain condition throughout the study period, 18 059 (73.8%) 
exhibited pain multimorbidity (ie, ≥2 diagnoses), and 7259 (29.7%) 
had pain extreme multimorbidity (ie, ≥5 diagnoses).

• The distribution of patients by pain phenotype was 21 101 (86.3%) 
with any evidence of nociceptive pain, 11 213 (45.8%) with any 
evidence of nociplastic pain, and 4139 (16.9%) with any evidence of 
neuropathic pain.





No Pain 
Neuropathic 

Pain/Nociceptive Pain

Neuropathic 

Pain/Nociceptive 

Pain/Nociplastic Pain

Nociceptive Pain
Nociceptive 

Pain/Nociplastic Pain

(N=5,529, 13.3%) (N=1,856, 4.5%) (N=5,229, 12.6%) (N=15,973, 38.4%) (N=11,887, 28.6%)

Botulinum toxin A injections, n (%) 41 (0.7%) 153 (8.2%) 661 (12.6%) 958 (6.0%) 912 (7.7%)

Non-perioperative opioids, n (%) 872 (15.8%) 1046 (56.4%) 4175 (79.8%) 5149 (32.2%) 6054 (50.9%)

PT/OT, n (%) 423 (7.7%) 1086 (58.5%) 3517 (67.3%) 6180 (38.7%) 5871 (49.4%)

Anti-depressants, n (%) 1630 (29.5%) 1051 (56.6%) 3940 (75.3%) 6302 (39.5%) 6786 (57.1%)

Anti-epileptics, n (%) 2395 (43.3%) 1245 (67.1%) 4172 (79.8%) 8857 (55.4%) 7010 (59.0%)

Anticholinergics, n (%) 411 (7.4%) 190 (10.2%) 508 (9.7%) 1876 (11.7%) 1506 (12.7%)

Antihistamines, n (%) 55 (1.0%) 23 (1.2%) 66 (1.3%) 255 (1.6%) 143 (1.2%)

Antipsychotics, n (%) 1328 (24.0%) 584 (31.5%) 2209 (42.2%) 4725 (29.6%) 4675 (39.3%)

Benzodiazepines, n (%) 1549 (28.0%) 816 (44.0%) 2896 (55.4%) 6806 (42.6%) 5387 (45.3%)

CNS Stimulants, n (%) 131 (2.4%) 58 (3.1%) 274 (5.2%) 255 (1.6%) 316 (2.7%)

Clonidine, n (%) 301 (5.4%) 329 (17.7%) 1602 (30.6%) 1339 (8.4%) 1571 (13.2%)

IBS medications, n (%) 372 (6.7%) 407 (21.9%) 2037 (39.0%) 2320 (14.5%) 3145 (26.5%)

Metoclopramide, n (%) 95 (1.7%) 112 (6.0%) 486 (9.3%) 948 (5.9%) 856 (7.2%)

Migraine medications, n (%) 19 (0.3%) 24 (1.3%) 483 (9.2%) 68 (0.4%) 517 (4.3%)

Muscle Relaxants, n (%) 557 (10.1%) 790 (42.6%) 3117 (59.6%) 3873 (24.2%) 4211 (35.4%)

NSAIDs, n (%) 972 (17.6%) 907 (48.9%) 3647 (69.7%) 5418 (33.9%) 6422 (54.0%)

Parkinson's Tremors, n (%) 47 (0.9%) 106 (5.7%) 501 (9.6%) 374 (2.3%) 468 (3.9%)





• Must extend work into understanding:
• Long term consequences of opioid use in CP, as well as the 

effectiveness of alternative therapies (e.g., cbd/thc, behavioral 
interventions [sleep interventions, cbt, exercise], others.)

• Preventive screening to reduce preventable morbidity and 
mortality

• Reduce healthcare disparities across the lifespan by improving  
care coordination and continuity through transition

• Develop clinical practice guidelines for adults with CP
• What are the biological/physiological/epigenetic mechanisms of 

premature aging in CP
• Change the definition of CP to acknowledge lifespan… 



Reframing Cerebral Palsy as a 
Lifelong Physical Disability

“My doctor told me that I couldn’t have 
cerebral palsy because I am no longer a 
child.”

“Things I took for granted as a kid — 
physical therapy consistently covered by 
insurance, an understanding of how CP 
would affect my life, and an assumption 
that all of my CP-related questions had 
answers— were totally upended in my 
30s." 

“A medical support structure carefully built 
over decades, gone in a minute."







Landscape of Published Literature pertaining to 
“Adults with Cerebral Palsy”

*

*As of 11/25/20242
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• 80% of all work published in the last 15 years

• U.S., Australia, Canada, U.K., Netherlands, Sweden, 
France, Japan, Spain, Germany, Ireland, Norway, 
Denmark, South Korea, and Brazil represent the vast 
majority of this work





1 Causes, Mechanisms and Risk Factors of CP (animal or human)

2  Screening and early detection/diagnosis

3 Treatments and Early Interventions

4 Services or Implementation Research for pediatric care

5 Infrastructure and Surveillance

6 Lifespan Issues (anything related to adults with CP)
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• NICHD (NIH)

• National Institute on Disability, Independent Living, and Rehabilitation Research 
(NIDILRR)

• Craig H. Neilsen Foundation

• Cerebral Palsy Foundation

• Cerebral Palsy Research Network
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Thank you! 

Any Suggestions While in Western Sweden: 
mdpeterz@med.umich.edu
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