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Abstract

Background—Individuals with cerebral palsy have less lean body mass, greater relative 

adiposity, and lower fitness and physical activity participation; and yet, the prevalence of age-

related multimorbidity in this population has yet to be established.

Purpose—To examine the prevalence of lifestyle-related chronic conditions and multimorbidity 

in a sample of middle-aged adults with cerebral palsy.

Methods—A clinic-based sample of middle-aged adults with cerebral palsy was examined using 

Electronic Medical Records Search Engine (EMERSE) software. Our cohort included n= 435 

individuals aged 40–60 years old, with an ICD-9/10-CM Diagnosis Code for cerebral palsy. 

Prevalence of 12 chronic conditions were evaluated, including existing diagnoses or historical 

record of: osteopenia/osteoporosis, myocardial infarction, stroke, coronary artery disease, 

impaired glucose tolerance/type 2 diabetes, other cardiovascular conditions, rheumatoid arthritis, 

osteoarthritis, asthma, emphysema, pre-hypertension/hypertension, and hyperlipidemia. 

Multivariate logistic models were used to estimate adjusted mulitmorbidity (i.e., ≥2 chronic 

conditions), adjusting for age, sex, smoking status, obesity, and Gross Motor Function 

Classification System (GMFCS).

Results—There were 137 unique multimorbidity combinations. Multimorbidity was significantly 

more prevalent among obese versus non-obese individuals for both GMFCS I–III (75.8% vs. 

53.6%) and GMFCS IV–V (79.0% vs 64.2%), but was also significantly higher in non-obese 

individuals with GMFCS IV–V (64.2%) compared to individuals with non-obese individuals with 

GMFCS I–III (53.6%). Both obesity status (OR: 2.20; 95% CI 1.32–2.79) and the GMFCS IV–V 

category (OR: 1.81; 95% CI 1.32–3.68) were independently associated with multimorbidity.
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Conclusion—Middle-aged adults with cerebral palsy have high estimates of multimorbidity, and 

both obesity and higher GMFCS levels are independently associated with greater risk.
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Introduction

Cerebral Palsy is the most common pediatric-onset physical disability, with an incidence 

between 2–3 cases per 1,000 births.1,2 Cerebral palsy is caused by an insult to or 

malformation of the developing brain that affects motor control centers and leads to 

alterations in growth and development.3 Although by definition, cerebral palsy is a non-

progressive disorder, it affects overall health and especially mobility throughout the lifespan. 

Despite the fact that many individuals with mild to moderate cerebral palsy may experience 

near-normal life expectancies,4 no standard of follow-up exists for individuals after the age 

of 18 years, and there is very little clinical focus on individuals with cerebral palsy who live 

into middle and later adulthood.5 The vast majority of research focuses on interventions for 

children and adolescents with cerebral palsy, and little is known about long-term health 

trajectories among adults in this population.

However, as more individuals with cerebral palsy live longer lives, it is becoming 

increasingly evident that they may be subject to secondary health risks due to exaggerated 

sedentary behavior and excess adipose tissue.5,6 Indeed, there is mounting evidence that 

individuals with cerebral palsy have lower fitness, less muscle mass, diminished bone 

density, neuromuscular inefficiency and reduced functional reserve throughout 

adulthood.7–13 These factors place middle-aged adults with cerebral palsy at a heightened 

risk for numerous secondary health concerns such as frailty and obesity-related 

cardiometabolic diseases.14 Mortality records demonstrate a 2- to 3- fold increase of 

coronary artery disease among aging adults with cerebral palsy as compared with typically-

developed adults.15 In order to facilitate the development of appropriate prevention 

strategies and allotment of treatment resources, it is critical to elucidate the extent to which 

chronic diseases are elevated among aging adults with cerebral palsy, as well as to identify 

which factors are associated with heightened risk for multimorbidity (i.e., presence of 

multiple chronic diseases).

A recent report of the Medical Expenditure Panel Survey demonstrated a higher risk for 

various lifestyle-related chronic diseases in adults with cerebral palsy of all ages.16 Despite 

the novelty of those findings, the data were derived from primarily high-functioning adults 

with cerebral palsy, and obtained via self-report from a household member. Thus, what 

remains to be determined is the extent to which multiple chronic conditions are present in a 

heterogeneous clinical sample of middle-aged adults with cerebral palsy. The objectives of 

this study were to build upon previous findings by analyzing correlates and types of 

multimorbidity in an established clinical registry of middle-aged adults with cerebral palsy. 

We hypothesized that adults with cerebral palsy with greater mobility restrictions would 

have a high prevalence of multiple chronic diseases such as diabetes, asthma, hypertension, 
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stroke, emphysema, joint pain, and arthritis, as well as increased risk factors, such as obesity, 

and lipid profiles.

Methods

Subject Identification

A cohort query tool (Data Direct: https://datadirect.med.umich.edu) was used to identify 

adults with cerebral palsy that had clinical appointments at the University of Michigan 

Health System. Inclusion criteria included a diagnosis of cerebral palsy using ICD 9 code 

343.x or ICD 10 codes G80, age 18 and older, and having an encounter with the medical 

system (inpatient or outpatient) during a 5 year period of 01/01/2011 to 12/31/2015. Patients 

were excluded if they did not have a definitive diagnosis of cerebral palsy. Out of the 1,883 

eligible adults with cerebral palsy aged ≥18 years, a subgroup of n=435 subjects aged 40–60 

years was extracted for this study. Approval to conduct this study was received by the 

Institutional Review Board, and all analyses were performed in 2016.

Electronic Medical Record Search Engine

We annotated the dataset using the Electronic Medical Records Search Engine (EMERSE) 

software. This internally developed web application provides an interface for searching the 

electronic medical record with a bundle of word iterations and phrases for variables of 

interest.17 Specifically, information for each variable was collected by developing a bundle 

of key words (including synonyms, abbreviations, and common misspellings) and then using 

the search functions of EMERSE to identify patient charts for those key words. When a key 

word was discovered in a patient chart using EMERSE, the chart was manually examined in 

order to confirm that the word was used to describe a diagnosis or information pertaining to 

the subject (i.e. not a family member).

Demographic Data

Demographic data included race, age, and gender. Data for these variables were collected 

directly from the subject list in EMERSE.

Cerebral Palsy Phenotype Data

Cerebral palsy phenotype data included distribution and Gross Motor Function 

Classification System (GMFCS).18 Distribution refers to the degree of paralysis (i.e. 

quadriplegic, hemiplegic, diplegic). For many subjects, distribution data were collected 

directly from patient charts. For other subjects, distribution was determined by examining 

history and physical exam information in patient charts. GMFCS refers to the 5-level 

grading scale that assesses gross motor function activity limitations in individuals with 

cerebral palsy. Distinctions between levels are based on functional abilities, the need for 

assistive technology, and, to a lesser extent, quality of movement. Individuals with GMFCS 

level I generally walk without restrictions but may have more limited advanced motor skills. 

GMFCS level V describes individuals who require extensive assistive technology and 

physical assistance.19 For some subjects, GMFCS was collected directly from patient charts. 

For many subjects, GMFCS was determined by examining history and physical exam 

information in patient charts. GMFCS scores I–V are listed in Table 1. We stratified GMFCS 

Cremer et al. Page 3

Am J Med. Author manuscript; available in PMC 2017 July 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://datadirect.med.umich.edu


into 2 categories for our data collection and analysis, in order to reflect higher versus lower 

functional status: (1) GMFCS I–III and (2) GMFCS IV–V.

Chronic Conditions

Clinical data were included for existing diagnosis or historical record of: (1) osteopenia/

osteoporosis, (2) myocardial infarction, (3) stroke, (4) coronary artery disease, (5) impaired 

glucose tolerance/type 2 diabetes, (6) various other cardiovascular conditions (e.g., heart 

valve disorders, peripheral artery disease, aortic aneurysm, heart failure, etc.), (7) 

rheumatoid arthritis, (8) osteoarthritis, (9) asthma, (10) emphysema, (11) pre-hypertension/

hypertension, and (12) hyperlipidemia. In addition to using the EMERSE search functions, 

certain variables required additional data collection. For blood pressure, the most recent 

measurement was used. The blood pressure data were then organized into categories: normal 

(SBP ≥90 mmHg but <120 mmHg, or DBP ≥60 mmHg but < 80 mmHg), pre-hypertension 

(SBP ≥120 mmHg but <140 mmHg, or DBP ≥80 mmHg but <90 mmHg), or hypertension 

(SBP ≥140 mmHg or DBP ≥90 mmHg). For hyperlipidemia, in addition to using the 

EMERSE search function, data were collected by searching for total cholesterol 

measurements and/or triglyceride measurements above 240 mg/dL or 200 mg/dL, 

respectively. Lastly, since perinatal strokes can cause cerebral palsy, and our goal was to 

analyze chronic conditions in adults with cerebral palsy, a clinical history of stroke was only 

included in the analyses if it occurred at age 18 or older.

Body mass index (BMI) was recorded from the most recent measurement, and calculated as 

weight divided by height in meters squared (kg/m2). BMI measurements were then 

organized into categories: underweight (BMI <18.5), normal (BMI 18.5–24.9), overweight 

(BMI 25.0–29.9), and obese (BMI ≥30.0).

Multimorbidity

Multimorbidity was defined as the presence of at least 2 chronic conditions among a list of 

the 12 aforementioned chronic conditions. These conditions were selected in accordance 

with guidance from the literature pertaining to older adults and adults with disabilities,20,21 

as well as based on potential burden to physical functioning, and availability and reliability 

of the diagnosis within our clinical data.

Statistical Analyses

Descriptive characteristics are provided as means, standard errors, and percentages. 

Differences in these characteristics were tested using two samples t-tests and chi-squared 

tests for continuous and categorical variables, respectively. A similar strategy was used to 

test differences for outcomes across GMFCS categories. To assess the odds of 

multimorbidity in the sample, a multivariate logistic regression modeling approach was 

used. All models were adjusted for age, gender, smoking status, obesity, and GMFCS 

category (reference: GMFCS I–III). All statistical analyses were performed using SAS 

software version 9.3 (SAS Institute, Cary, NC) with 2-sided 95% confidence intervals to 

determine significance.
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Results

Descriptive characteristics are presented as means, standard deviations, and percentages by 

gender in Table 1. Women with cerebral palsy were older, had higher BMIs, and a greater 

prevalence of obesity (all p=0.01). There were no significant differences in GMFCS 

distribution or cerebral palsy subtype distribution between women and men.

Differences by Gender and GMFCS

For the full sample, the mean number of chronic condition was 1.9 (SD = 1.5), with pre-

hypertension/hypertension as the most prevalent individual condition (50%), followed by 

osteopenia/osteoporosis (40%), osteoarthritis (27%), and hyperlipidemia (19%). Women 

with cerebral palsy had higher BMIs and prevalences of obesity within both GMFCS 

categories (GMFCS I–III and GMFCS IV–V), compared to men with cerebral palsy. Women 

with GMFCS I–III had higher prevalences of osteopenia/osteoporosis (40.2% vs 22.3%) and 

asthma (26.8% vs 16%) than men with GMFCS I–III. Men with GMFCS IV–V had a higher 

prevalence of stroke (5.2% vs 0%) than women with GMFCS IV–V; however, women with 

GMFCS IV–V had higher prevalences of diabetes (14.7% vs 1.3%), pre-hypertension/

hypertension (58.1% vs 36%), rheumatoid arthritis (6.2% vs 1.3%), and osteoarthritis 

(30.9% vs 20.8%) than men with GMFCS IV–V (Table 2).

Men with GMFCS I–III had higher prevalences of diabetes (10.8% vs 1.3%), pre-

hypertension/hypertension (53.3% vs 36.0%), osteoarthritis (30.9% vs 20.8%), and 

hyperlipidemia (24.5% vs 15.6%) than men with GMFCS IV–V; however, men with 

GMFCS IV–V had a higher prevalence of osteopenia/osteoporosis (55.8%) than men with 

GMFCS I–III (22.3%). Women with GMFCS I–III had a higher prevalence of stroke (5.4%) 

than women with GMFCS IV–V (0%); however, women with GMFCS IV–V had higher 

prevalences of osteopenia/osteoporosis (58.8% vs 40.2%) and rheumatoid arthritis (6.2% vs 

1.8%) than women with GMFCS I–III (Table 2).

Multimorbidity

Prevalent multimorbidity was found in 252 patients (57.8%). Moreover, we found 137 

unique multimorbidity combinations, and the most prevalent combinations comprising 

multimorbidity were: (a) pre-hypertension/hypertension and osteopenia/osteoporosis (n = 

84); (b) osteoarthritis and osteopenia/osteoporosis (n = 73); (c) pre-hypertension/

hypertension and osteoarthritis (n = 54); and (d) pre-hypertension/hypertension and asthma 

(n = 36). The prevalence of multimorbidity was significantly higher among obese versus 

non-obese individuals for both GMFCS I–III (75.8% vs. 53.6%) and GMFCS IV–V (79.0% 

vs 64.2%), but was also significantly higher in non-obese individuals with GMFCS IV–V 

(64.2%) compared to individuals with GMFCS I–III (53.6%), respectively (Figure 1) (all 

p<0.05).

Of the 435 adults with cerebral palsy in the cohort, n=381 had complete data for the 

multivariate analysis. After adjusting for gender, age, and smoking status, both obesity status 

(OR: 2.20; 95% CI 1.32–2.79) and the GMFCS IV–V category (OR: 1.81; 95% CI 1.32–

3.68) were significantly associated with multimorbidity (Table 3). Age (OR: 1.05; 95% CI 

Cremer et al. Page 5

Am J Med. Author manuscript; available in PMC 2017 July 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



1.01–1.10) and smoking status (OR: 1.18; 95% CI 1.42–7.5) were also significantly 

associated with multimorbidity.

Discussion

The principal findings of the current study were that middle-aged (40–60 years old) 

individuals with cerebral palsy that had worse functional impairments or were obese had a 

significantly higher prevalence of multimorbidity than those with better functional 

impairements or were not obese. Multimorbidity, the coexistence of 2 or more chronic 

conditions, has become increasingly burdensome through the third phase of the 

epidemiologic transition, which is characterized by a compression of mortality rates 

combined with an expansion of the older-adult population.

Indeed, the overall prevalence of multimorbidity in our cohort was nearly 60%, which is 

only slightly lower than that recently reported for adults 65 years old and older (67%) 

without cerebral palsy,22 and significantly higher than that reported for middle-aged men 

(40–49 years: 20.4%; 50–59 years: 38.1%) and women (40–49 years: 19.7%; 50–59 years: 

35.8%) without cerebral palsy.23 However, we caution the comparability between studies, 

because there is no current consensus on the number and type of conditions to be 

considered, the source of diagnoses, and the window of capture for chronic disease 

clustering. The results showing substantially increased adjusted odds of multimorbidity 

among obese individuals raise critical questions about preventable health complications in 

cerebral palsy through the lifespan. Previous reports have demonstrated higher rates of 

lifestyle-related chronic conditions in adults with cerebral palsy;16,24 however, this is the 

first study to examine the predictors of multimorbidity in a heterogeneous, clinic-based 

sample of middle-aged adults with cerebral palsy. The three most prevalent combinations of 

multimorbidity were pre-hypertension/hypertension and osteopenia/osteoporosis; 

osteoarthritis and osteopenia/osteoporosis; pre-hypertension/hypertension and osteoarthritis; 

and pre-hypertension/hypertension and asthma. We and others have proposed rationale for 

population surveillance to better understand age- and lifestyle-related chronic disease risk in 

the cerebral palsy population.5,11,14 Thus, future efforts are needed not only to better 

understand the healthcare utilization associated with these coexisting conditions, but more 

importantly, to identify early-onset, modifiable factors that potentiate chronic health risks in 

this population.

Increased sedentary behavior, decreased muscle volumes, and weakness have been identified 

even in ambulatory children with cerebral palsy25–27 which may track into adulthood, and 

thus result in an accumulation for chronic disease risk over a lifetime. Despite the 

widespread support of activity participation as an instrumental therapeutic tool for children 

with cerebral palsy to prevent secondary conditions,28 to date there is little evidence to 

explicate the value of health-related physical activity to confer benefits for cardiometabolic 

health, musculoskeletal integrity, mental health, or functional preservation through the 

lifespan.

As with all cross-sectional investigations, a limitation of this study is the inability to unravel 

the cause-effect relationship between exposures and outcomes. Whether having worse 
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functional limitations in cerebral palsy “causes” an increased risk for multimorbidity, or if 

secondary conditions such as pulmonary dysfunction and joint pain are drivers of greater 

sedentary lifestyles and higher risk of chronic diseases, is an interesting and complex topic. 

Secondly, these results were derived from a single hospital/clinic-based sample, which may 

have excluded healthy, symptom-free individuals. Lastly, we did not include a matched 

control group for comparison of prevalence estimates, as this was not the primary aim of the 

study; and yet, formal statistical comparison with an age-, gender- and BMI-matched cohort 

of typically developed adults would provide subsequent support for increased risk in this 

population. Subsequent research is also needed using longitudinal data sources such as 

claims data to examine the patterns of healthcare utilization, chronic disease risk, and 

survival among individuals with cerebral palsy, with a priority focus on how these outcomes 

fluctuate during transition into and throughout adulthood.

Although previous research has discounted the use of BMI as an indicator of chronic disease 

in cerebral palsy,29 these current findings revealed that obese adults (i.e., as determined by 

BMI ≥ 30) with cerebral palsy had significantly higher prevalence of multimorbidity. BMI 

cutoffs are known to have excellent specificity (i.e. accurately classify individuals who are 

not obese, as not obese), and yet sensitivity is very poor, especially among adults with 

physical disabilities.30 Therefore, many individuals with cerebral palsy who are normal or 

overweight according to BMI may actually be at increased risk for cardiometabolic 

abnormalities and multimorbidity. Thus, it is important to gain greater understanding of the 

drivers of weight gain and obesity in cerebral palsy, in order to improve early clinical 

screening, provide better information to patients and their caregivers, and for future design 

of targeted, preventive medicine interventions. Recognizing the burden of multiple chronic 

conditions for health through the lifespan should provide rationale for primary care 

practitioners to adopt a patient-centered focus on multimorbidity treatment and prevention in 

cerebral palsy care.

Conclusions

Middle-aged adults with cerebral palsy have a high prevalence of multimorbidity, and these 

estimates are greater for individuals with GMFCS IV-V, as well as for obese individuals. 

Future translational research and surveillance efforts are absolutely vital to better 

characterize the etiology and temporal sequence of these multi-morbid conditions in cerebral 

palsy, and more importantly, to inform the development of early health-related physical 

activity and nutrition interventions that may lessen the burden of preventable diseases 

through the lifespan.
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Figure 1. 
Prevalence of multimorbidity for the entire cohort stratified by obesity and GMFCS 

category.
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Table 1

Descriptive characteristics of the study population by gender.

Men Women
p-value

n=201 n=234

Age, years 48.46 (5.75) 49.83 (5.64) 0.01

Body Mass Index (BMI), kg/m2 25.61 (7.38) 28.71 (9.30) <0.001

 Obesity (BMI >30), % 15.2 34.8 <0.001

Smoker, % 11.0 12.0 0.74

GMFCS Level

 Level I, % 13.5 12.4 0.91

 Level II, % 18.1 16.8 0.89

 Level III, % 23.4 24.4 0.63

 Level IV, % 23.9 21.1 0.22

 Level V, % 21.1 25.3 0.88

CP Subtype

 Quadriplegia, % 58.9 51.1 0.22

 Hemiplegia, % 26.8 24.8 0.73

 Diplegia, % 14.3 24.1 0.04
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