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Abstract

Objective—To report the frequency, severity, and types of comorbidities in people with 

Parkinson’s disease (PD) using a validated self-report comorbidity-screening tool and to determine 

the relationship between comorbidity and functional mobility.

Design—A secondary analysis and cross-sectional observational study design.

Setting—University hospital; outpatient Balance Disorders Laboratory.

Participants—Seventy-six persons with mild to moderate idiopathic PD.

Intervention—Not Applicable.

Main outcome measures—The Cumulative Illness Rating Scale-Geriatric (CIRS-G) and a 

comprehensive mobility assessment including gait (distance walked in 3 minutes), balance (Mini-

BESTest), and physical function (Physical Performance Test).

Results—All participants reported comorbidities in addition to their diagnosed PD. The average 

number of comorbidities was 6.96 ± 2.0 (range 2–11) and total CIRS-G score was 12.7 (±4.8). The 

most commonly reported organ systems with comorbidity were Eyes & Ears (89%), Psychiatric 

(68%), Musculoskeletal (64%), Lower GI (62%), Respiratory (60.5%), Upper GI (59.2%), and 

Genitourinary (53.9%). The total CIRS-G score was significantly related to functional mobility: 

Corresponding Author: Laurie King, PhD, PT, Parkinson Center of Oregon: OP32, 3181 S.W. Sam Jackson Park Rd., Portland, 
Oregon 97239-3098, kingla@ohsu.edu. 

This material has been presented in poster format at the American Physical Therapy Association; Combined Sections Meeting 2013.

OHSU and Dr. Horak have a significant financial interest in APDM, a company that may have a commercial interest in the results of 
this research and technology. This potential institutional and individual conflict has been reviewed and managed by OHSU.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered 
which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Arch Phys Med Rehabil. Author manuscript; available in PMC 2015 February 10.

Published in final edited form as:
Arch Phys Med Rehabil. 2014 November ; 95(11): 2152–2157. doi:10.1016/j.apmr.2014.07.396.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



gait (r=−0.53; p=0.0001), balance (r=−0.43; p=0.0003) and Physical Performance (r=−0.36; 

p=0.0041). Of the original 14 organ systems measured, there were 7 systems that, when combined, 

best predicted gait performance; 6 systems combined best-predicted balance performance and 4 

systems combined that predicted functional performance.

Conclusion—This study reports high frequency of multiple medical system comorbidity in 

people with mild to moderate PD. Furthermore, comorbidity scores were associated with mobility 

disability: gait, balance and physical function. Early intervention is important to delay mobility 

disability in PD and we recommend that people with PD found to have comorbidities should be 

screened for balance and gait deficits.
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An estimated 1 million Americans and 10 million people worldwide are currently living 

with Parkinson’s disease (PD)1. It is expected that this number will double worldwide by 

2030 2. PD is a progressive neurological disease that increases in prevalence with age. 

Elderly persons are susceptible to other chronic and debilitating conditions associated with 

aging, such as age-related changes in brain,, musculoskeletal, visual, auditory, digestive, and 

urogenital function. An estimated 80% of older Americans are living with at least one 

chronic condition and 50% are living with at least two comorbidities 3. Many common 

conditions of aging have been tied to population risk factors for falls, including muscle 

weakness, visual impairment, psychiatric illness, neurocardiovascular instability, and 

polypharmacy4. Persons with PD, regardless of comorbidity status, are at a higher risk than 

the general population for balance impairment, falls, hip fractures, and increased hospital 

admission5–8. Some commonly reported comorbidities for persons with PD, such as 

decreased cognition, depression, peripheral neuropathy, and weakness may further increase 

fall risk and mobility decline.

While PD is primarily characterized by motor symptoms, non-motor symptoms such as 

constipation, sleep disorders, orthostatic hypertension, urinary incontinence, apathy, 

depression, and fatigue may also impair mobility. A recent study concluded that non-motor 

symptom development in persons with PD is associated with a significant negative impact 

on quality-of-life and does not follow motor deterioration9. Furthermore, age-related chronic 

conditions may be exacerbated when occurring concurrently with PD. For example, age-

related muscle strength decline may be even more problematic for a person with PD who 

may also have centrally-impaired muscle activation and reduced activity levels 10,11.

While high rates of individual comorbidities in people with PD have been reported, few 

studies have systematically examined the overall presence of multiple-system comorbidity 

in relation to mobility. In other populations, comorbidity has been predictive of negative 

outcomes after hip fracture and acute myocardial infarction and is predictive of mortality in 

the elderly12–14. Studies suggest that comorbidities contribute to increased mortality in 

persons with PD but the relationship between type and severity of comorbidities and 

mobility disability in persons with PD has not been reported. The purpose of this study was 

to report the frequency, severity, and types of comorbidity reported by people with PD and 
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to determine the relationship of comorbidity with important measures of functional mobility. 

This study was a secondary analysis of a larger exercise intervention study not reported here.

Methods

Ethical Review

Oregon Health & Science University (OHSU) Institutional Review Board approved this 

study. All work was conducted in accordance with the declaration of Helsinki (1964). 

Informed consent was obtained from all of the participants in the study.

Participant Recruitment

In a convenience sample, participants of either gender with idiopathic PD were recruited for 

an exercise study from OHSU’s Movement Disorders Clinic and the community. To be 

included, participants had to: 1) be between the ages of 40–80; 2) have PD as diagnosed by a 

movement disorder neurologist; 3) walk unassisted (use of assistive device allowed); and 4) 

give informed consent to participate in an exercise program (part of another study not 

reported in this paper). Participants were excluded if they: 1) needed assistance with 

activities of daily living; 2) did not speak or read English; 3) engaged in more than 10 hours 

of exercise per week; 4) were enrolled in an exercise study in the last year; 5) had cognitive 

impairment that would prevent informed consent or cooperation with the study; and 6) 

lacked transportation to come to OHSU for testing.

One-hundred persons were screened over the phone and 24 were ineligible based on 

inclusion/exclusion criteria. Seventy-six people participated in the comorbidity phone 

interview to obtain frequency of comorbidity measures. However, 12 participants dropped 

out after completing the phone interview and before mobility testing leaving sixty-four 

participants for all correlation and measures of gait, balance and functional performance. 

Subject characteristics are presented in Table 1.

Study Design

This cross-sectional study presents data from the Cumulative Illness Rating Scale-Geriatric 

(CIRS-G) and an in-person mobility assessment15. The CIRS-G screening, a self-report 

based screening tool, consisted of a telephone interview regarding current and past history of 

pathologies for each of the 14 organ systems covered in the scale. After the CIRS-G 

assessment, participants came in to OHSU’s Oregon Clinical Translational Research 

Institute for a performance-based assessment of their, gait, balance, functional mobility and 

disease severity. Testing was performed in the same order and rest breaks were given, as 

needed, to avoid fatigue. All participants took their anti-Parkinson medication as normally 

indicated and each person was tested approximately 1 hour later. The testing was 

administered by a trained examiner and overseen by a physical therapist.

Measures

Comorbidity Assessment—Comorbidities were assessed using the CIRS-G. This test 

was developed for measuring disease burden in the geriatric population and has good inter-

rater reliability, face validity, and validation for use over the phone 16. The CIRS-G, via 
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self-report, evaluates 14 organ systems: 1) Heart, 2) Vascular, 3) Hematopoietic, 4) 

Respiratory, 5) Eyes, Ears, Nose, Throat, Larynx, 6) Upper Gastrointestinal Tract, 7) Lower 

Gastrointestinal Tract, 8) Liver, 9) Renal, 10) Genitourinary, 11) Musculoskeletal and 

Integument, 12) Neurological, 13) Endocrine, Metabolic, Breast, and 14) Psychiatric Illness. 

The severity of comorbidity in each organ system is based on a scale from 0–4 (0: No 

problem; 1:Current mild problem or past significant problem; 2:Moderate disability, 

requiring “first line” therapy; 3:Severe, constant, or significant disability, or 

“uncontrollable” chronic problems; 4:Extremely severe, immediate treatment required, end 

organ failure). We followed the scoring manual published by the authors of the scale and 

each category score is based on self-report 15. The total score is calculated by adding 

together all of the categories. The severity index is calculated by the total score divided by 

the number of categories endorsed. In this study, we report both frequency and severity of 

organ-specific comorbidities, as the number of organ-specific categories endorsed and total 

score (sum) of all organ systems and each organ-specific category.

Functional Mobility

Physical Performance was assessed using the Physical Performance Test (PPT) 17. The PPT 

simulates tasks encountered in daily life (e.g., donning a jacket). The 7-item version of the 

test was used and scoring is from 0–4 for each item. Gait was assessed using a 3-minute 

walk test. This test measures the distance covered in 3 minutes as an indicator of endurance. 

Balance was assessed using the Mini-BESTest18. This test is a 14-item test of dynamic 

balance, measured on a scale of 0–2 (2 = normal) with a maximum score of 28. The Mini-

BESTest is a sensitive measure for discerning balance deficits in the PD population19.

Cognition was assessed using the Montreal Cognitive Assessment (MoCA)20. This 

cognitive test measures several cognitive domains and has good sensitivity for persons with 

PD21.

Severity of PD was measured using the commonly reported gold-standards: The Unified 

Parkinson’s Disease Rating Scale (UPDRS) Part III (motor) and the Hoehn & Yahr (H&Y) 

Scale22,23.

Data Analysis

Data from the CIRS-G is reported as the number of organ-specific categories endorsed, the 

total score (sum) of all organ systems and each organ-specific category (percentages). 

Organ-specific endorsement along with severity was used for reporting frequency scores 

while the total comorbidity score was used for correlations with function. Spearman 

correlations were used to determine the relationship among comorbidities and the balance, 

gait and physical performance measures. STATA (12.0) was used for summary statistics, 

correlations, and correlation plots and Microsoft Excel was used to create the frequency 

graph. To explore which combinations of comorbidities best predicted mobility, we fitted 3 

separate predictive linear regression models for the 3 mobility endpoints: gait, balance and 

functional performance. Stepwise variable selection was used to pick the systems that jointly 

were most predictive for each of the 3 endpoints. Spearman and Pearson correlations were 
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used to assess the association between the total scores (both total 14-item scale and 

subsections) and the mobility endpoints.

Results

Frequency, severity and types of comorbidities in patients with PD

Participant characteristics are detailed in Table 1. Every participant reported comorbidities 

in addition to PD. The average number of comorbidities was 6.96 ± 2.0 (range 2–11). The 

most commonly reported organ systems with comorbidities, with at least half of participants 

reporting complaints were Eyes & Ears (89%), Psychiatric (68%), Musculoskeletal (64%), 

Lower GI (62%), Respiratory (60.5%), Upper GI (59.2%), and Genitourinary (53.9%).

Table 2 details the frequency of each organ-system’s comorbidity and breaks the reporting 

by severity. While Eyes & Ears was the most commonly reported organ system, we found 

that close to 60% of the complaints were mild; primarily vision impairment with corrected 

vision (98%), mild hearing loss (34%), and vertigo, lightheadedness, dizziness (34%). Over 

half of the participants (54.4%) reported more than 1 condition in this category.

Psychiatric comorbidity was rated as much more severe than eye and ear function with 43% 

of complaints being severe. Most commonly, people reported depression (77%), anxiety 

(55%), cognitive impairment (15%) and substance abuse (13%). Approximately half had 

multiple psychiatric conditions (49%). Of the participants reporting depression, 53% 

reported current use of a pharmacological intervention. Pharmacological intervention for 

anxiety (11%) was much lower than for depression.

For participants with Musculoskeletal comorbidities, most (31%) reported moderate 

severity. The most commonly reported conditions were arthritis (54%), neuropathy (32%), 

joint replacement (28%), osteoporosis (16%), and low back pain (24%). Approximately half 

of the participants (46%) had more than 1 musculoskeletal condition.

Most Lower and Upper GI complaints were mild to moderate (35.5 % and 23.7% Lower 

GI; 42.1% and 14.5% Upper GI). The most common Lower GI comorbidities were 

constipation (81%), inguinal hernias (26%), and diverticulosis (15%). Twenty-three percent 

of participants had more than 1 condition in this organ system. The most common Upper GI 

complaints were heartburn (67%), dysphagia (44%), and hiatal hernia (31%). Almost half of 

the participants, 44%, had more than 1 condition in this organ system.

People with Respiratory comorbidities reported mild (27.6%) and moderate (23.7%) 

severity. The most commonly reported conditions were past smoking (65.2%), pneumonia 

(34.8%), sleep apnea (26.1%), and chronic bronchitis, asthma, emphysema (21.7%). Almost 

half of the participants (43.5%) reported more than one condition in this organ system. 

Similarly Genitourinary complaints were of mild (18.4%) or moderate severity (22.4%). 

The most common genitourinary conditions were urinary complaints regarding incontinence 

and urgency (53.7%), and prostate problems (36.6%).

The least commonly reported comorbidities were Metabolic & Breast (40.8%), Vascular 
(36.8%), Heart (30.3%), Liver (15.8%), Hematopoetic (7.9%), and Renal (6.6%). In 
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addition to their PD, 24% of participants reported other Neurological conditions such as 

headaches, seizure disorders, sleep issues, pituitary tumor, TIAs, CVA, Bell’s palsy, and 

polio.

The total CIRS-G score for our sample was 12.7 (±4.8). Previously reported healthy 

normative values (aged 71.1) scored 4.5 (±2.5); close to 3 times less than the observed PD 

score15. The average number of comorbidity categories endorsed for our sample was 7.0 

(±2.0) verses 3.7 (±1.9) for the previously reported control subjects15. Figure 1 shows that 

every organ-specific severity score from our PD cohort exceeds previously conducted scores 

from health adults15. It should be noted that the published normative values exclude the 

psychiatric category since that category was added after the cited study.

Relationship between Comorbidities and Mobility

The total CIRS-G score was significantly related to functional mobility based on gait 

(distanced walked in 3 minutes; r=−0.53; p=0.0001), balance (Mini-BESTest; r=−0.43; 

p=0.0003), and the Physical Performance Test; (r=−0.36; p=0.0041). The Comorbidity 

Score also correlated with age (r=0.27; p=0.03) but not with PD severity, (UPDRS; r=0.13; 

p=0.31), disease duration (r= −0.11; p=0.39) or cognition (MOCA; r = −0.17; p=0.18). The 

total number of comorbidity categories reported per person also correlated with measures of 

functional mobility; gait (r=−0.44; p=0.0001), balance (−0.34; p=0.006), and physical 

performance(r=−0.28; p=0.006). The severity index had weaker correlations; gait: (r= −0.3; 

p = 0.018), balance: (r =−0.26; p = 0.037) and functional performance: (r=−0.20 ; p = 

0.121).

Of the original 14 organ systems measured, there were 7 systems that, when combined, best 

predicted gait performance; 6 systems combined best-predicted balance performance and 4 

systems combined that predicted functional performance (Table 3). We confirmed that the 

correlations with the subset of items included were consistent with the correlations with the 

total 14-item test and found them to be comparable: gait (r = −0.46; p = 0.0001); balance (r 

= −0.42; p = 0.0006) and functional performance (r = −0.34; p = 0.0052).

Discussion

Our sample of persons with PD had a significantly higher frequency and severity of 

comorbidity than previously reported for persons with PD and higher frequency and severity 

of comorbidity than the data published for people without PD15,16. Furthermore, 

comorbidity was associated with gait, balance and physical function.

The presence of comorbidities is an important factor in rising healthcare costs and presents a 

challenge to our system of care. In fact, the National Institute on Aging and the Clinical 

Gerontology Program recently established the National Institute of Aging Task Force, 

focused on developing clinical and research initiatives surrounding comorbidity24. The 

elderly population will double from 43.1 million in 2012 to 92 million by 2060, indicating 

that 1 in 5 U.S. residents will be 65 or older (currently 1 in 7). Similarly, the number of 

people living with PD is expected to double worldwide by 20302. This rise in the numbers 

of people with chronic, degenerative disease has serious implications as increasing 
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comorbidities are associated with increased hospitalizations and is predictive of 

mortality25,26. Consequently, recognizing and treating comorbidities may significantly 

improve quality of life and reduce health care utilization for persons with PD.

While many of the comorbidities reported in this study were mild, the accumulation of even 

mild comorbidities may affect overall wellbeing and mobility4. In our study, 89% reported 

at least a mild impairment in Eyes & Ear function. In a recent study surveying US Medicare 

beneficiaries, those with corrected cataracts had lower odds of hip fracture during a 1-year 

time period compared to those without cataract surgery, suggesting that uncorrected vision 

impairment was related to balance and falls27. More than half of the participants had 

complaints in Upper and Lower GI and Genitourinary function, further supporting previous 

evidence that even mild constipation or urinary incontinence may significantly impact 

lifestyle and/or mobility 28.

Our study corroborates the notion that depression is a significant problem for people with 

PD; 77% of our cohort reported depression. This number is higher than other reports in the 

literature for PD and one explanation may be that we were recruiting people with at least 

one other comorbidity, which could have included depression. A systematic review 

conducted by Reijnders reported that the average prevalence of major depressive disorder in 

PD is 17%, dysthymia is 13%, and minor depression is 22%29. In contrast, major depression 

is reported in only 4.4% in women and 2.7% in men in the general elderly population30. The 

high incidence of depression and other psychiatric conditions in PD is an important 

consideration for fall risk as depressive symptoms are associated with falls in the elderly and 

PD populations31.

While much of PD clinical management for mobility disability targets dopaminergic/motor-

based symptoms, our results suggest that non-motor and other comorbidities may be 

important to address as well. Screening for the overall number of comorbidities, however 

mild, could serve as an indicator of declining mobility and fall risk in a person with PD, 

even via phone interview in the case of rural locations. Changes in mobility due to age-

related biomechanical changes can lead to an increased risk for falling in the elderly and 

early intervention may slow or break the vicious cycle of immobility for those with PD.

Multidisciplinary care is strongly recommended for the medical management of chronic 

illness and the findings from this study provide further support for collaboration among 

health care providers. In the US, the current model of health care delivery is often 

fragmented and focused on provider specialization. A neurologist, focused on clinical 

management of a patient with PD, may be unaware of other conditions affecting the patient, 

previously or currently, in other organ systems. In this case, a provider may have an 

incomplete perspective regarding the overall health of his or her patient. Addressing 

comorbidities directly could help reduce mobility problems that are not entirely resolved 

through medication management.

Study Limitations

This study was advertised as an exercise study and most participants went on to participate 

in that study also. This recruitment method may have attracted people who were relatively 
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active, so this study sample may represent a less-impaired population. Furthermore, people 

unable to walk independently were excluded and the average age of our subjects was 

younger than reported in other comorbidity studies in PD15,16. A second possible limitation 

is that a phone interview may have caused an underreporting of symptoms that may be 

viewed as socially sensitive (e.g. Genitourinary, Psychiatric). However, the phone interview 

protocol of the CIRS-G has been validated16. Even if these limitations are significant, we are 

confident of our findings since our data represent a conservative estimation of comorbidities 

and mobility deficits.

Conclusions

This study reports high frequency of multiple medical system comorbidity in people with 

mild to moderate PD. Furthermore, comorbidity scores were associated with mobility 

disability: gait, balance and physical function suggesting that people with PD should be 

screened for comorbidities and referred for a fall-risk and mobility assessment. The presence 

of comorbidities in people with PD should be identified and treated, if possible, to reduce 

mobility disability.
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Figure 1. 
Average severity score (0–4) of each individual organ system. The dotted vertical line 

represents means for previously reported healthy normal subjects [10].
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Table III

Categories most predictive of gait, balance and physical performance measures.

Gait (3 Min Walk Test) Balance (MiniBES Test) Functional performance (Physical Performance Test)

Neurological * * *

Psychiatric Illness * * *

Musculoskeletal * *

Respiratory * *

Lower Gi * *

Upper Gi * *

Liver * *

Renal *
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