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Abstract 

Purpose: To identify the demographic factors, impairments and activity 

limitations that contribute to health-related quality of life (HRQOL) in people 

with idiopathic Parkinson’s disease (PD).  

Method: 210 individual with idiopathic PD who participated in the baseline 

assessment of a randomized clinical trial were included.  The Parkinson’s Disease 

Questionnaire-39 summary index (PDQ-39 SI) was used to quantify HRQOL.  In 

order to provide greater clarity regarding the determinants of HRQOL, path 

analysis was used to explore the relationships between the various predictors in 

relation to the functioning and disability framework of the International 

Classification of Functioning (ICF) model. 

Results: The two models of HRQOL that were examined in this study had a 

reasonable fit with the data.  Activity limitations were found to be the strongest 

predictor of HRQOL.  Limitations in performing self-care activities contributed 

the most to HRQOL in Model 1 (  = 0.38; p<0.05), while limitations in functional 

mobility had the largest contribution in Model 2 (  = -0.31; p<0.0005).  Self-

reported history of falls was also found to have a significant and direct 

relationship with HRQOL in both models (Model 1  = -0.11; p<0.05; Model 2  

= -0.21; p<0.05). 

Conclusions: Health-related quality of life in PD is associated with self-care 

limitations, mobility limitations, self-reported history of falls and disease duration.  

Understanding how these factors are inter-related may assist clinicians focus their 

assessments and develop strategies that aim to minimize the negative functional 

and social sequelae of this debilitating disease.   

 

Keywords: Quality of life, Parkinson’s disease, PDQ-39, Determinants, Path 

analysis 
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Abbreviations 

ADL Activities of daily living 

AIC Akaike Information Criteria 

CFI Comparative fit index 

FOG-Q Freezing of Gait Questionnaire 

HRQOL Health-related quality of life 

HY Hoehn and Yahr 

ICD-9-CM International Classification of Diseases, 9
th

 

Revision, Clinical Modification  

ICF International Classification of Functioning 

MDRS Modified Dyskinesia Rating Scale 

MMSE Mini-Mental State Examination 

PD Parkinson’s disease 

PDQ-39 Parkinson’s Disease Questionnaire 

PDQ-39 SI Parkinson’s Disease Questionnaire-39 

Summary Index 

RCT Randomized controlled trial 

RMSEA Root mean square error of approximation 

SCOPA Scales for Outcomes in Parkinson’s Disease 

SEM Structural equation modeling 

SRMR Standardized root mean square residual 

TUGT Timed “Up and Go Test” 

UPDRS Unified Parkinson’s Disease Rating Scale 
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Introduction 

Parkinson’s disease (PD) is a chronic and progressive neurodegenerative 

condition with no known cure.  The estimated prevalence of PD ranges from 125 

to 550 in 100,000 people [1,2].  Its incidence increases with age, affecting 

approximately 1-2% of people over the age of 60 years and about 3-5% of those 

80 years and older [1,3].  The variety of motor and non-motor symptoms 

associated with the disease may limit the ability of individuals to perform their 

daily activities and participate in life situations [4,5].  This may have a negative 

impact on their health-related quality of life (HRQOL), which takes into account 

aspects of their physical health, social function, emotional wellbeing and 

cognitive ability [6,7].  Health-related quality of life refers to the health dimension 

of quality of life, and is the dimension that is of most interest to clinicians because 

it provides an insight into how individuals perceive a disease, such as PD, to 

impact on their lives [8]. 

 

Despite an increase in the number of studies examining the HRQOL of people 

with PD, little is known about the factors that predict life quality.  Most studies 

have used multiple regression analysis to identify the key predictors of HRQOL 

[9].  Although informative, multiple regression models do not take into account 

the potential complex inter-relationships between various predictor variables.  

Alternative statistical techniques such as path analysis provide greater insights, as 

they can identify the direct and indirect pathways through which the set of 

predictor variables influences the outcome variable [10].  For example, when the 

contribution of education, occupation and income on psychosocial health was 

examined using multiple regression analysis, higher educational level was not 

found to be predictive of good psychosocial health [11].  When potential causal 

relationships between the predictor variables (education, occupation and income) 

were considered using path analysis, however, the relationship between education 

and psychosocial health became clear.  The contribution of education towards 

psychosocial health was found to be mediated by occupation and income [11].  

This finding illustrates the theoretical importance of accounting for inter-

relationships between predictor variables using path analysis.   
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Previous studies examining the predictors of HRQOL in PD have also not 

considered or conceptualized the pathways that link demographic factors, 

impairments, activity limitations and participation to life quality. Visser et al [12] 

illustrated the complex relationships between HRQOL, motor and non-motor 

impairments and the functional consequences of PD but did not consider the 

contribution of factors such as age, sex, disease duration and disease severity.  

This can make it difficult to draw conclusions about how demographic factors and 

various PD symptoms contribute to HRQOL.  

 

The structural components and relationships proposed by the International 

Classification of Functioning, Disability and Health (ICF) [13] will be used in this 

study to explore the relationships between the determinants of HRQOL in people 

with PD.  The ICF model was selected as a theoretical framework because it 

provides a standard and unified framework to describe the components of health 

and health-related domains for all peoples, including individuals with chronic 

disease [13].  The domains of the ICF are described from the perspective of the 

body, the individual and society according to body functions and structures, 

activities and participation [13].  The multi-perspective approach adopted by the 

ICF is a useful way to describe the complex relationships between the motor and 

non-motor symptoms of PD (Figure 1) [14,15].  The domains of the model also 

provide a framework to classify the potential predictors of HRQOL into clearly 

defined categories.  This allows models to be developed in which HRQOL can be 

assumed to be dependent on personal and environmental factors, impairments in 

body structure or function and activity limitations (Figure 2) [13].  

 

This study aims to identify the factors that contribute to HRQOL in people with 

PD and explore the direct and indirect relationships that exist between the 

identified variables using path analysis.  The ICF framework will be analyzed and 

compared to an alternative exploratory model identified through causal search 

strategies.  The two competing models will be examined in order to find the 

model of best fit that is consistent with a theoretical approach to HRQOL in PD.   

 

Methods 
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Study design and participants 

A cross-sectional analysis was conducted using data derived from an existing 

randomized controlled trial (RCT) [16].  Two hundred and ten individuals with 

idiopathic PD who undertook a baseline assessment for the RCT were included in 

this analysis.  All participants had a diagnosis of idiopathic PD confirmed by a 

neurologist, were able to provide informed consent and were able to walk and 

safely participate in an exercise program [16].  Individuals below the threshold of 

cognitive decline, indicated by a Mini-Mental State Examination (MMSE) [17] 

score of less than 24 (age adjusted), were excluded to ensure that participants 

were able to provide informed consent and accurately report whether they had 

fallen in the last 12 months.  Individuals with a disease severity of Stage 5 

according to the modified Hoehn and Yahr (HY) [18] scale were also excluded as 

they were unable to complete the study protocol. The study was approved by The 

University of Melbourne Health Sciences Human Ethics Sub-Committee (HREC 

0828579.3).  

 

Outcome measures 

Health-related quality of life 

The Parkinson’s Disease Questionnaire-39 (PDQ-39) [19] was used to assess 

HRQOL because it is a widely-used disease-specific instrument and is a 

recommended tool for measuring HRQOL in this population [9,20].  The 

summary score computed for the total scale (PDQ-39 SI) was used to provide an 

indication of overall HRQOL.  The PDQ-39 SI has been shown to provide a valid 

and reliable indication of the overall impact of PD on functioning and wellbeing 

[21]. 

 

Personal and environmental factors 

Personal factors examined included demographic characteristics such as age, sex, 

disease severity, disease duration, co-morbidities and self-reported history of falls 

(Figure 2).  Disease severity and disease duration were categorized as personal 

factors because these variables describe the natural course of PD and contribute to 
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the extent of the impairment in body structures and function, activity limitations 

and participation restrictions.  Disease severity was measured using the modified 

HY scale, which is a widely used instrument that describes the progression of 

disease [18].  Given the ordinal nature of this scale, participants were considered 

to have mild disease severity if they had a modified HY stage of 2 or less and 

moderate disease severity if they were rated as Stages 2.5, 3 or 4 [22].   

 

Participants reported the absence or presence of co-morbid health conditions using 

a standard questionnaire.  Co-morbid conditions were coded using the 

International Classification of Diseases, Ninth Revision, Clinical Modification 

(ICD-9-CM) [23].  Participants were also asked to report if they had any falls in 

the last 12 months.  Social support was defined as whether participants lived alone 

or with others.  Participants were categorized as having adequate social support if 

they were living with other people.  This included individuals living in supported 

residential facilities.   

 

Impairments in body structure or function 

The motor component (Part III) of the Unified Parkinson’s Disease Rating Scale 

(UPDRS) was used to quantify the severity of impairments in motor function in 

this sample [24].  The UPDRS-III has been used extensively in clinical and 

research settings to detail the motor impairments associated with PD [25,26].  The 

more affected side was assessed during the motor examination to avoid data 

redundancy [27].  The maximum score for this section is 56, with higher scores 

indicating greater symptom severity.  The UPDRS-III was also divided into four 

subscales (bradykinesia or hypokinesia, tremor, rigidity, and postural instability 

and gait disorders) to gain further insight into how individual motor symptoms 

contribute to HRQOL [28].   

 

Impairments in mental function and memory were assessed using UPDRS-I, while 

other motor and non-motor impairments such as dyskinesia, dystonia, clinical 

fluctuations and sleep disturbances were examined using UPDRS-IV [24].  Both 

these sections have high internal consistency and good inter and intra-rater 

reliability [27,29].  The Modified Dyskinesia Rating Scale (MDRS), which has 
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been shown to have good clinical utility and reliability, was also included as an 

additional measure of dyskinesia [30].  In order to measure the severity of 

freezing episodes, the Freezing of Gait Questionnaire (FOG-Q) was used [31].  

This is a patient-reported scale with good validity and reliability [31,32]. 

 

Activity limitations 

As shown in Figure 2, limitations in performing self-care activities and mobility 

were examined in relation to HRQOL.  Self-care activities refer to the 

performance of daily tasks such as dressing and washing and were evaluated using 

the activities of daily living (ADL) component of the UPDRS (Part II).  The scale 

ranges from 0-16, with a higher score indicating greater disability [24].  Mobility 

limitations include difficulties with the performance of transfers and walking such 

as rising from a chair, turning and walking in public places [33].  The Timed “Up 

and Go” test (TUGT) [34] was used to quantify mobility limitations as it has been 

shown to be a reliable and sensitive measure of functional mobility in people with 

PD [35].   

 

Procedures 

Participants were interviewed and examined by trained assessors once informed 

consent was obtained.  Structured face-to-face interviews were used to standardize 

the collection of demographic details such as age, disease duration and the 

presence of co-morbidities.  The clinical examination involved assessment of PD 

severity and disability using the UPDRS, modified HY scale and MDRS.  Gait 

function was measured using the TUGT.  The trained assessors also administered 

the FOG-Q and PDQ-39 during the session to standardize the way in which the 

questionnaires were completed.   

 

Statistical analysis 

Descriptive statistics were obtained for each predictor variable based on the ICF 

framework [13,33] shown in Figure 2.  Path analysis was used to estimate and 

quantify the hypothesized causal relationships between demographic factors, PD 



9 

impairments, activity limitations and HRQOL.  As illustrated in Figure 2, these 

relationships were assumed to be unidirectional and the error terms were not 

correlated based on prior knowledge from the literature [36,37].  A preliminary 

examination of the assumptions of path analysis led to a powered transformation 

of the predictor variables to reduce skewness and improve the normality and 

linearity of the residuals.  Square root transformations were applied to disease 

duration and the PDQ-39 SI, UPDRS-I, UPDRS-II and UPDRS-IV scores, whilst 

an inverse transformation was applied to the time taken to complete the TUGT.  

 

Structural equation modeling (SEM) was used to evaluate the fit of the final 

model by examining a number of statistics. To examine the magnitude of the 

discrepancy between the sample and fitted covariance matrices, the 
2
 statistic 

was used where a non-significant test
 
indicates that the model and data were 

consistent [10].  Three additional measures of fit were also used to evaluate the 

model because the 
2
 test is sensitive to the number of variables included in a 

model and the sample size available [10].  The root mean square error of 

approximation (RMSEA) assess the approximate fit of the model, with values less 

than 0.05 indicating a reasonable goodness-of-fit.  An advantage of the RMSEA is 

that confidence intervals can be calculated around the RMSEA value [10].  The 

comparative fit index (CFI) examines the difference between the overall fit of the 

two models; values greater than 0.95 suggest a good model fit, while the 

standardized root mean square residual (SRMR) is a descriptive fit statistic in 

which values below 0.08 indicate a good model fit [38,39].  It is important to note, 

however, that approximate fit indices such as the CFI, RMSEA and SRMR may 

be limited as measures of fit of a single model as they may be affected by large 

model misspecification [40].   

 

The Tetrad program [41] was also used to search for causal relations between the 

predictor variables and find an alternative model of HRQOL in people with PD 

[42].  The Heuristic Best Significant Model Search (HBSMS) algorithm was used 

to find an alternative model of HRQOL.  The HBSMS algorithm is a causal 

discovery algorithm that finds the best-fitting model by adding, reversing and 

deleting pathways of an ‘empty’ graph and examining the global 
2 

each time a 

change is made to the model [43].  PASW v17.0 (PASW Inc, Chicago, Illinois, 
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2009), AMOS 18.0 (Small Waters Corporation, 2009) and Tetrad IV (Tetrad 

project, 2012) were used to perform the statistical analyses required for this study.   

 

Results 

Participant characteristics 

Table 1 outlines the participant characteristics.  The sample consisted 

predominantly of men (67%) with a mean age of 67.9 years (SD 9.6) and a mean 

PD duration of 6.7 years (SD 5.6).  Participants had mild to moderate impairments 

in motor function with UPDRS-III scores ranging from 3-33 and UPDRS-IV 

scores ranging from 0-14.  They also had mild memory, mood and behavioural 

impairments (UPDRS-I range 0-8).  About 51% of participants experienced 

freezing episodes.  Chorea was the most frequent form of dyskinesia that was 

present (25%) and was also the most disabling form of dyskinesia (21%).   

 

Relationship between HRQOL, personal and environmental factors  

A path analysis model based on the ICF framework (Model 1) was developed to 

examine the relationship between personal and environmental factors, PD 

impairments and activity limitations with HRQOL.  This model explained 54% of 

the variance in HRQOL and showed that self-reported history of falls was the 

only personal factor that contributed directly to HRQOL (β=-0.11; p<0.05) 

(Figure 3a).  Disease duration and disease severity did not have a significant direct 

relationship with HRQOL.  However, disease duration indirectly contributed to 

HRQOL through impairments in motor and non-motor function (β=0.21; 

p<0.005), mental impairments (β=0.18; p<0.05), and self-care limitations (β=0.22; 

p<0.0005).  Similarly, disease severity was indirectly related to HRQOL via 

motor impairments (β=0.49; p<0.0005) and self-care limitations (β=0.12; p<0.05).  

 

Relationship between HRQOL, PD impairments and activity limitations 

The relationship between PD impairments, activity limitations and HRQOL was 

further examined in Model 1 (Figure 3b).  In this model, limitations in performing 

activities of daily living (ADL) and functional mobility were the strongest 
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contributing factors of HRQOL.  Self-care (β=0.38; p<0.0005) and mobility 

limitations (β=-0.14; p<0.05) had significant and direct relationships with 

HRQOL.  Mental impairments (UPDRS-I) and impairments in motor and non-

motor function (UPDRS-IV) were also significant contributing factors.  The 

contribution of mental impairments was established both through a direct 

relationship with HRQOL (β=0.30; p<0.0005) and indirectly via self-care 

limitations (β=0.16; p<0.05).  Likewise, impairments in motor and non-motor 

function contributed both directly to HRQOL (β=0.19; p<0.005) and indirectly 

through self-care limitations (β=0.10; p<0.05).  The standardised direct, indirect 

and total contributions of the personal and environmental factors, PD impairments 

and activity limitations on HRQOL are shown in Table 2.  

 

A model of HRQOL in people with PD 

The overall fit of Model 1 was assessed using a number of fit statistics.  As shown 

in Table 3, the SRMR value (0.04) was less than 0.08 indicating that this model 

was a good fit to the data.  This was supported by a CFI value of greater than 

0.95.  In contrast, the 
2
 test of absolute fit was significant (p<0.001) and the 

RMSEA value was greater than 0.1, suggesting that the model and data were not 

consistent.  It must be noted, however, that the 
2 

test may be sensitive to the 

sample size available and the underlying distribution of the various predictor 

variables examined in the model [38].  Similarly, the RMSEA index may be 

misleading when the degrees of freedom (df) and sample size are small [44,38]. 

 

Given the conflicting results obtained from the different fit statistics, an 

alternative model of HRQOL (Model 2) in people with PD was examined (Figure 

4).  Model 2 was obtained using the HBSMS algorithm in the Tetrad program, and 

it explained 27% of the variance in HRQOL.  In contrast to Model 1, limitations 

in functional mobility (β=-0.31; p<0.05) was the strongest predictor while self-

care limitations did not contribute directly or indirectly to HRQOL.  Disease 

duration also had a significant and direct relationship with HRQOL (β=0.27; 

p<0.05).  Other significant contributing factors in this model were self-reported 

history of falls, age, disease severity, mental impairments and impairments in 

motor function.  Self-reported history of falls contributed directly to HRQOL (β=-
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0.21; p<0.05) and indirectly via disease duration (β=-0.16; p<0.05) and disease 

severity (β=-0.20; p<0.05).  Age also had a direct (β=-0.15; p<0.05) and indirect 

relationship with HRQOL through mobility limitations (β=-0.25; p<0.05) and 

disease duration (β=-0.25; p<0.05).  Disease severity, impairments in motor 

function and mental impairments, however, did not contribute directly to 

HRQOL.  The contribution of these factors was mediated by mobility limitations 

and disease duration, which was similar to the findings obtained from Model 1.   

 

The overall fit of Model 2 was examined with the same fit statistics used to 

evaluate Model 1.  The results indicate that Model 2 provides a reasonable 

explanation of the relationship between demographic factors, PD impairments, 

activity limitations and HRQOL (Table 3).  The 
2 

test of absolute fit was not 

significant (p=0.062), indicating that this model was a good fit to the data.  This 

was further supported by an RMSEA value that was less than 0.05 (90% CI 0.00, 

0.06), an SRMR value that was less than 0.08 and a CFI value that was greater 

than 0.95.  Model 2 also had a smaller Akaike Information Criteria (AIC) value 

(145.7), which suggests that this simpler model may provide a better explanation 

of the relationship between HRQOL and demographic factors, PD impairments 

and activity limitations.   

 

Discussion 

The models of HROQL that were examined in this study had a reasonable fit with 

the data, indicating that it is possible to identify the key determinants of HRQOL 

in individuals with idiopathic PD using path analysis.  The model coefficients and 

pathways showed that a complex interaction between limitations in self-care 

activities and functional mobility, impairments in motor and mental function and 

personal factors such as disease duration and disease severity explained 54% 

(Model 1) and 27% (Model 2) of the variance in HRQOL in people with PD.  

Whilst the models identified strong associations between HRQOL and 

demographic factors, PD impairments and activity limitations, the findings of this 

study need to be interpreted with caution as the direction of the relationships 

between the variables was selected based on previous literature [36,37]. 
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The theoretically-based model of HRQOL (Model 1) that was examined provided 

a reasonable explanation of the HRQOL of people with PD, even though the 
2 

test and RMSEA index suggested that the model and the data were not consistent.  

One of the strengths of this model is that it was based on the ICF framework.  It 

takes into account the complexity of PD and uses a psychosocial and 

pathophysiological basis to describe the determinants of PD [13].  In contrast, the 

automated search routine in Tetrad returned an exact-fitting model of HRQOL 

(Model 2) that had a good fit with the data.  This model, however, was derived 

primarily from this particular sample of PD participants and therefore may not 

reflect the HRQOL of the broader population of people with PD [10].  Given 

these findings with limited data from a single sample, there is a need to validate 

the findings of this study.  In particular, it may be worth testing Model 2 on other 

PD population samples to verify the conclusions arising from the current sample.  

 

In this sample of people with PD, self-reported history of falls was identified as a 

significant predictor of HRQOL in both models.  It contributed both directly to 

HRQOL as well as indirectly through other factors such as self-care limitations, 

disease duration and disease severity.  This suggests that participants who had a 

fall in the last 12 months were more likely to experience poor life quality.  This is 

in agreement with previous literature that has shown falls to be negatively 

associated with HRQOL [45,46].  Nevertheless, further prospective research is 

warranted to investigate the relationship between people with PD who fall and 

their HRQOL.  Specifically, it may be useful to examine whether the number of 

falls predicts HRQOL or whether injurious falls and/or fall-related injuries are a 

better predictor of HRQOL in people with PD.  

 

Activity limitations were also a stronger predictor of HRQOL than impairments in 

body structure or function.  In Model 1, limitations in performing self-care 

activities as measured by the UPDRS-II had the largest contribution, explaining 

38% of the variance.  In Model 2, however it was limitations in functional 

mobility that were identified as the strongest predictor of HRQOL, explaining 

31% of the variance.  These findings replicate previous literature that shows that 

people with greater disease disability and/or who experience difficulties with 

balance and walking were more likely to have poor HRQOL [46-49].  It also 
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corroborates findings by Ellis et al [49] who found that mobility limitations were 

stronger predictors of HRQOL than motor impairments.  Thus, in order to 

optimize the HRQOL of people with PD, there is a need to take into consideration 

their ability to perform daily activities, particularly those activities limited by 

mobility.  

 

Impairments in motor function did not contribute directly to HRQOL in people 

with PD in either models.  The contribution of motor symptoms was mediated 

through other factors, which included limitations in functional mobility and self-

care activities.  This was in agreement with Visser et al [12] who found that motor 

symptoms, in particular axial symptoms had an indirect relationship with 

HRQOL.  Similarly, the finding that memory, mood and behavioural impairments 

predicted HRQOL was consistent with previous literature.  Non-motor symptoms 

such as depression, anxiety and hallucinations have been shown to be strong 

predictors of HRQOL [9,48]. 

 

The results of this analysis also suggest that the contribution of disease severity 

may be mediated by other factors.  When other predictor variables were included 

in the structural model, disease severity did not contribute directly to HROQL.  

Instead, it contributed indirectly to HRQOL through other factors including motor 

and mental impairments, disease duration, mobility limitations and self-care 

limitations.  These findings highlight the benefit of using path analysis to examine 

the complex way in which PD impairments, personal factors and activity 

limitations inter-relate with HRQOL. 

 

A limitation of this study was that participants were residents of metropolitan 

Melbourne with mild to moderate disease and reasonable cognition.  As 

individuals with advanced disease (HY Stage 5) were not included in the sample, 

these findings may not necessarily be generalized to this subgroup.  Similarly, the 

generalizability of findings to people with PD with cognitive impairment may be 

limited.  Further work is required to investigate the factors that predict HRQOL in 

a broader sample of people with PD.  Quality of life is also a complex multi-

dimensional concept which encompasses all aspects of life including health, 

socio-economic status, global issues, social relationships and personal 
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characteristics [50].  Consequently, the limitations associated with focusing only 

on HRQOL need to be considered when interpreting the findings from this 

research to overall life satisfaction.   

 

A further limitation was that definitive causal inferences cannot necessarily be 

drawn from the results because the sample size was small relative to the number 

of model parameters that were included and the models examined were largely 

exploratory in nature [51].  Powered transformations were also applied to the 

predictor variables making the model more difficult to interpret [52].  Thus, the 

conclusions that can be drawn about the relationship between the transformed 

variables and HRQOL have to be interpreted with caution.  Potential moderating 

effects between the predictor variables were also not examined in the path model.  

Further investigations examining the mediation and moderation effects among the 

determinants of HRQOL using larger sample sizes are therefore required in order 

to develop a better understanding of how people with PD perceive their life 

quality. 

 

This study has shown that factors such as limitations in performing self-care 

activities and functional mobility, self-reported history of falls and disease 

duration may contribute directly to the HRQOL of people with PD.  It also 

demonstrated that a model that includes personal and environmental factors, PD-

specific impairments and activity limitations can be used to characterize the 

HRQOL of people with PD.  Understanding the inter-relationships between these 

factors may assist clinicians to focus their assessments and clinical decision-

making processes.   

 

Acknowledgements 

This project has been funded by a Michael J Fox Foundation (US) Clinical 

Discovery Grant 2006.  SS was provided with financial support by the Australian 

Postgraduate Award and The University of Melbourne Faculty of Medicine, 

Dentistry and Health Sciences Scholarship.  The authors would also like to 

acknowledge the contribution of Dr Sue Finch for her statistical advice.   



 

References 

 

1. Lees, A. J., Hardy, J., & Revesz, T. (2009). Parkinson's disease. Lancet, 373, 2055-

2066. 

2. Willis, A. W., Evanoff, B. A., Lian, M., Criswell, S. R., & Racette, B. A. (2010). 

Geographic and ethnic variation in Parkinson disease: A population-based study of 

US Medicare beneficiaries. Neuroepidemiology, 34, 143-151. 

3. Van Den Eeden, S. K., Tanner, C. M., Bernstein, A. L., Fross, R. D., Leimpeter, A., 

Bloch, D. A., et al. (2003). Incidence of Parkinson's disease: Variation by age, 

gender, and race/ethnicity. American Journal of Epidemiology, 157, 1015-1022. 

4. Gomez-Esteban, J. C., Zarranz, J. J., Lezcano, E., Tijero, B., Luna, A., Velasco, F., 

et al. (2007). Influence of motor symptoms upon the quality of life of patients with 

Parkinson's disease. European Neurology, 57, 161-165. 

5. GPDSC (2002). Factors impacting on quality of life in Parkinson's disease: Results 

from an international survey. Movement Disorders, 17, 60-67. 

6. Wood-Dauphinee, S. (1999). Assessing quality of life in clinical research: From 

where have we come and where are we going? Journal of Clinical Epidemiology, 

52, 355-363. 

7. McKenna, S. P., & Doward, L. C. (2004). The needs-based approach to quality of 

life assessment. Value in Health, 7, S1-S3. 

8. Soh, S.-E., McGinley, J. L., & Morris, M. E. (2011). Measuring quality of life in 

Parkinson's disease: Selection of an appropriate health-related quality of life 

instrument. Physiotherapy, 97, 83-89. 

9. Soh, S.-E., Morris, M. E., & McGinley, J. L. (2011). Determinants of health-related 

quality of life in Parkinson's disease: A systematic review. Parkinsonism & 

Related Disorders, 17, 1-9. 

10. Keith, T. Z. (2006). Multiple regression and beyond (1st ed.). Boston: Pearson 

Allyn and Bacon. 

11. Singh-Manoux, A., Clarke, P., & Marmot, M. (2002). Multiple measures of socio-

economic position and psychosocial health: Proximal and distal measures. 

International Journal of Epidemiology, 31, 1192-1199. 

12. Visser, M., van Rooden, S. M., Verbaan, D., Marinus, J., Stiggelbout, A. M., & 

van Hilten, J. J. (2008). A comprehensive model of health-related quality of life in 



 

Parkinson's disease. Journal of Neurology, 255, 1580-1587. 

13. World Health Organisation (2001). International classification of functioning, 

disability and health (1st ed.). Geneva: WHO. 

14. Dibble, L. E., Addison, O., & Papa, E. (2009). The effects of exercise on balance 

in persons with Parkinson's disease: A systematic review across the disability 

spectrum. Journal of Neurological Physical Therapy, 33, 14-26. 

15. Morris, M. E. (2006). Locomotor training in people with Parkinson disease. 

Physical Therapy, 86, 1426-1435. 

16. Morris, M. E., Menz, H., McGinley, J., Huxham, F., Murphy, A., Iansek, R., et al. 

(2011). Falls and mobility in Parkinson's disease: protocol for a randomised 

controlled clinical trial. BMC Neurology, 11, 93. 

17. Folstein, M. F., Folstein, S. E., & McHugh, P. R. (1975). Mini-mental state: 

Practical method for grading cognitive state of patients for clinician. Journal of 

Psychiatric Research, 12, 189-198. 

18. Hoehn, M. M., & Yahr, M. D. (1967). Parkinsonism: Onset, progression and 

mortality. Neurology, 17, 427- 442. 

19. Peto, V., Jenkinson, C., Fitzpatrick, R., & Greenhall, R. (1995). The development 

and validation of a short measure of functioning and well-being for individuals 

with Parkinson's disease. Quality of Life Research, 4, 241-248. 

20. Martinez-Martin, P., Jeukens-Visser, M., Lyons, K. E., Rodriguez-Blazquez, C., 

Selai, C., Siderowf, A., et al. (2011). Health-related quality-of-life scales in 

Parkinson's disease: Critique and recommendations. Movement Disorders, 26, 

2371-2380. 

21. Jenkinson, C., Fitzpatrick, R., Peto, V., Greenhall, R., & Hyman, N. (1997). The 

Parkinson's Disease Questionnaire (PDQ-39): Development and validation of a 

Parkinson's disease summary index score. Age and Ageing, 26, 353-357. 

22. Zhao, Y. J., Tan, L. C. S., Lau, P. N., Au, W. L., Li, S. C., & Luo, N. (2008). 

Factors affecting health-related quality of life amongst Asian patients with 

Parkinson's disease. European Journal of Neurology, 15, 737-742. 

23. National Center for Health Statistics (2010). The international classification of 

diseases, clinical modification: ICD-CM. (4th ed.). Washington, DC: U.S. Dept. of 

Health and Human Services, Public Health Service, Health Care Financing 

Administration. 

24. Fahn, S., & Elton, R. (1987). UPDRS development Committee. Unified 



 

Parkinson's disease rating scale. In S. Fahn (Ed.), Recent developments in 

Parkinson's disease (1st ed., pp. 153-163). New York: MacMillan. 

25. Defer, G. L., Widner, H., Marie, R. M., Remy, P., & Levivier, M. (1999). Core 

assessment program for surgical interventional therapies in Parkinson's disease 

(CAPSIT-PD). Movement Disorders, 14, 572-584. 

26. Langston, J. W., Widner, H., Goetz, C. G., Brooks, D., Fahn, S., Freeman, T., et 

al. (1992). Core assessment program for intracerebral transplantations (CAPIT) 

Movement Disorders, 7, 2-13. 

27. Martinez-Martin, P., Prieto, L., & Forjaz, M. J. (2006). Longitudinal metric 

properties of disability rating scales for Parkinson's disease. Value in Health, 9, 

386-393. 

28. Levy, G., Tang, M. X., Cote, L. J., Louis, E. D., Alfaro, B., Mejia, H., et al. 

(2000). Motor impairment in PD: Relationship to incident dementia and age. 

Neurology, 55, 539-544. 

29. Martinez-Martin, P., Gilnagel, A., Gracia, L. M., Gomez, J. B., Martinezsarries, 

J., Bermejo, F., et al. (1994). Unified Parkinson's Disease Rating Scale 

characteristics and structure Movement Disorders, 9, 76-83. 

30. Goetz, C. G., Stebbins, G. T., Shale, H. M., Lang, A. E., Chernik, D. A., Chmura, 

T. A., et al. (1994). Utility of an objective dyskinesia rating scale for Parkinson's 

disease: Interrater and intrarater reliability assessment Movement Disorders, 9, 

390-394. 

31. Giladi, N., Shabtai, H., Simon, E. S., Biran, S., Tal, J., & Korczyn, A. D. (2000). 

Construction of freezing of gait questionnaire for patients with Parkinsonism. 

Parkinsonism & Related Disorders, 6, 165-170. 

32. Giladi, N., Tal, J., Azulay, T., Rascol, O., Brooks, D. J., Melamed, E., et al. 

(2009). Validation of the Freezing of Gait Questionnaire in Patients with 

Parkinson's Disease. Movement Disorders, 24, 655-661. 

33. Keus, S. H. J., Hendriks, H. J. M., Bloem, B. R., Bredero-Cohen, A. B., de Goede, 

C. J. T., & van Haaren, M. (2004). KNGF-guidelines for physical therapy in 

patients Parkinson's Disease.  www.cebp.nl. Accessed 12 August 2008. 

34. Podsiadlo, D., & Richardson, S. (1991). The timed up and go: A test of basic 

functional mobility for frail elderly persons Journal of the American Geriatrics 

Society, 39, 142-148. 

35. Morris, S. L., Morris, M. E., & Iansek, R. (2001). Reliability of measurements 



 

obtained with the Timed "Up & Go" Test in people with Parkinson disease. 

Physical Therapy, 81, 810-818. 

36. Sullivan, M. D., Kempen, G. I., Van Sonderen, E., & Ormel, J. (2000). Models of 

health-related quality of life in a population of community-dwelling Dutch elderly. 

Quality of Life Research, 9, 801-810. 

37. Wilson, I. B., & Cleary, P. D. (1995). Linking clinical-variables with health-

related quality-of-life: A conceptual model of patient outcomes Jama-Journal of 

the American Medical Association, 273, 59-65. 

38. Hu, L., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance 

structure analysis: Conventional criteria versus new alternatives. Structural 

Equation Modeling, 6, 1-55. 

39. Tanaka, J. S. (1993). Multifaceted conceptions of fit in structural equation models. 

In K. A. Bollen, & J. S. Long (Eds.), Testing structual equation models (1st ed.). 

Newbury Park, CA: Sage. 

40. Saris, W. E., Satorra, A., & van der Veld, W. M. (2009). Testing structural 

equation models or detection of misspecifications? Structural Equation Modeling: 

A Multidisciplinary Journal, 16, 561-582. 

41. Tetrad IV. http://www.phil.cmu.edu/tetrad. 

42. Landsheer, J. A. (2010). The specification of causal models with Tetrad IV: A 

review. Structural Equation Modeling: A Multidisciplinary Journal, 17, 703-711. 

43. Ramsey, J. (2012). Heuristic Best Significant Model Search 

https://groups.google.com/forum/?fromgroups=#!msg/tetrad-users-group/Jgon-

vurO4c/xAASy6xUhOkJ. Accessed 24th July 2012. 

44. Hancock, G. R., & Freeman, M. J. (2001). Power and sample size for the root 

mean square error of approximation test of not close fit in structural equation 

modeling. [Article]. Educational and Psychological Measurement, 61, 741-758. 

45. Michalowska, M., Fiszer, U., Krygowska-Wajs, A., & Owczarek, K. (2005). Falls 

in Parkinson's disease: Causes and impact on patients' quality of life. Functional 

Neurology, 20, 163-168. 

46. Rahman, S., Griffin, H. J., Quinn, N. P., & Jahanshahi, M. (2008). Quality of life 

in Parkinson's disease: The relative importance of the symptoms. Movement 

Disorders, 23, 1428-1434. 

47. Carod-Artal, F. J., Ziomkowski, S., Mourao Mesquita, H., & Martinez-Martin, P. 

(2008). Anxiety and depression: Main determinants of health-related quality of life 



 

in Brazilian patients with Parkinson's disease. Parkinsonism & Related Disorders, 

14, 102-108. 

48. Qin, Z. H., Zhang, L., Sun, F., Liu, H., Fang, X., & Chan, P. (2009). Depressive 

symptoms impacting on health-related quality of life in early Parkinson's disease: 

Results from Chinese L-dopa exposed cohort. Clinical Neurology and 

Neurosurgery, 111, 733-737. 

49. Ellis, T., Cavanaugh, J. T., Earhart, G. M., Ford, M. P., Foreman, K. B., & Dibble, 

L. E. (2011). Which measures of physical function and motor impairment best 

predict quality of life in Parkinson's disease? Parkinsonism & Related Disorders, 

17, 693-697. 

50. Doward, L. C., & McKenna, S. P. (2004). Defining patient-reported outcomes. 

Value in Health, 7, 4-8. 

51. Shipley, B. (2002). Start and stop rules for exploratory path analysis. Structural 

Equation Modeling, 9, 554-561. 

52. Gao, S. Y., Mokhtarian, P. L., & Johnston, R. A. (2008). Nonnormality of Data in 

Structural Equation Models. Transportation Research Record116-124. 

 

 

 

 

 

Table 1 Descriptive summary of participant characteristics (n=210) 

 

Characteristic n (%) Mean (SD) 

Age [yrs]  67.9 (9.6) 

PD duration [yrs]  6.7 (5.6) 

History of falls 116 (55)  

Sex  Males 

 Females     

140 (67) 

70 (33) 

 

Modified HY stage  

 Mild severity (HY stages ≤2) 

 Moderate severity (HY stages ≥2.5) 

 

90 (43) 

120 (57) 

2.5 (1.0)
§
 

Social support   



 

 Lives alone 

 Lives with others 

38 (18) 

172 (82) 

Presence of co-morbidities 

 Neoplasms 

 Diseases of the CNS and sense organs 

 Endocrine, nutritional and metabolic disorders 

 Circulatory disorders 

 Digestive disorders 

 Genitourinary disorders 

 Diseases of the musculoskeletal system 

 Symptoms, signs and ill-defined conditions 

207 (99) 

48 (23) 

149 (71) 

18 (9) 

134 (64) 

46 (22) 

62 (30) 

101 (48) 

193 (92) 

 

UPDRS  

 Part I (Mentation and memory) 

 Part II (ADL) 

 Part III (Motor) 

  Bradykinesia  

  Tremor 

  Rigidity 

  Postural instability and gait disorders 

 Part IV (Motor and non-motor function) 

  

2.6 (1.8) 

11.5 (5.9) 

15.2 (6.1) 

8.4 (3.6) 

1.3 (1.3) 

1.2 (0.8) 

3.3 (2.1) 

3.0 (2.7) 

FOG-Q 

 Freezing severity 

 Freezing episodes (item 3) 

 

 

107 (51) 

 

5.9 (5.4) 

MDRS   0.4 (0.8) 

TUGT [secs]  11.7 (8.2) 

PDQ-39 SI  20.9 (12.7) 

SD, Standard deviation; Modified HY stage, Modified Hoehn and Yahr stage; CNS, 

Central Nervous system; UPDRS, Unified Parkinson’s Disease Rating Scale; ADL, 

Activities of daily living; FOG-Q, Freezing of Gait Questionnaire; MDRS, Modified 

Dyskinesia Rating Scale; TUGT, Timed Up and Go Test; PDQ-39 SI, Parkinson’s 

Disease Questionnaire-39 summary index 

§
Median (IQR) 

 



 

 

Table 2 Standardised direct, indirect and total relationship of personal and 

environmental factors on HRQOL 

 

Variable  Direct 

relation 

Indirect 

relation 

Total 

relation 

Personal factors 

 Age 

 Sex 

 Disease duration 

 Disease severity (modified HY scale) 

 Co-morbidities 

 Falls history 

 

-0.04 

-0.02 

0.04 

-0.02 

-0.01 

-0.11 

 

-0.04 

-0.04 

0.22 

0.17 

-0.00 

-0.12 

 

-0.08 

-0.06 

0.26 

0.15 

-0.01 

-0.23 

Environmental factor 

 Social support  

 

0.02 

 

0.03 

 

0.05 

Impairments  

 Motor function (UPDRS-III) 

 Motor and non-motor function (UPDRS-IV) 

 Mental function (UPDRS-I) 

 

-0.03 

0.20 

0.30 

 

0.24 

0.05 

0.07 

 

0.21 

0.25 

0.37 

Activity limitations 

 Mobility (TUGT) 

 Self-care (UPDRS-II) 

 

-0.14 

0.38 

 

-0.03 

- 

 

-0.17 

0.38 

Modified HY scale, Modified Hoehn and Yahr scale; UPDRS, Unified Parkinson’s 

Disease Rating Scale; PIGD, Postural instability and gait disturbance; FOG-Q, 

Freezing of Gait Questionnaire; MDRS, Modified Dyskinesia Rating Scale; TUGT, 

Timed Up and Go Test 

 

Table 3 Summary of final model fit statistics 

 

Model fit index Value 

Model 1 

 
2
 test 

  df 

 

27.65 

3 



 

  p 

 CFI 

 RMSEA 

  90% CI 

 SRMR 

 AIC 

<0.001 

0.96 

0.20 

0.14, 0.27 

0.04 

229.7 

Model 2 

 
2
 test 

  df 

  p 

 CFI 

 RMSEA 

  90% CI 

 SRMR 

 AIC 

 

69.69 

53 

0.062 

0.99 

0.04 

0.00, 0.06 

0.05 

145.7 

2
 test, chi-square test; df, degrees of freedom; CFI, comparative fit index; RMSEA, 

root mean square error of approximation; CI, confidence interval; SRMR, 

standardised root mean square residual 

 

 

Fig. 1 Examples of the interactions between the ICF components for people with PD 

[14, 15]. Adapted with permission from the World Health Organization [13]. 

 



 

 

 

Fig. 2 Measurement model illustrating the relationship between demographic factors, 

PD impairments, activity limitations and HRQOL based on the ICF framework [13, 

33] 

 



 

 

 

 

Fig. 3 Model of HRQOL illustrating the relationship between HRQOL and (a) 

personal and environmental factors; (b) PD impairments and activity limitations only. 

dx represents the residual term which reflects the amount of unexplained variance and 

measurement error.  All path coefficients are standardized.  Non-significant path 

coefficients are not shown for reasons of readability. 

 

 (a) 



 

(b) 

 

 

Fig. 4 Alternative model of HRQOL in people with PD obtained through causal 

search strategies.  All path coefficients are standardized.   

 



 

 

 


