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Abstract
Purpose: Our aims were to: 1) describe participation in people with Parkinson disease (PD), 2) evaluate
the relationship between quality of life and participation, and 3) determine which mobility measures
predict participation.
Methods: Participants with idiopathic PD (n=62) were tested off medication for participation (Activity
Card Sort), quality of life (PDQ-39), disease severity (MDS-UPDRS), and mobility (Berg Balance Scale, Five
Time Sit to Stand (FTSTS) , Six Minute Walk, forward walking velocity, dual-task walking velocity, and
Freezing of Gait Questionnaire (FOGQ)). Relationships of all variables to participation were examined
using Pearson correlations. Subsequent regression analysis was employed to determine which mobility
measures best predicted participation.
Results: Participants with PD retained, on average, 78.3% (SD = 15.6%) of total activities. Participation
was negatively correlated with all PDQ-39 domains (r range -.36 to .-78, all p < 0.005) with the mobility
domain having the strongest correlation. All mobility measures were significantly correlated with
participation, with the final regression model including only FTSTS and FOGQ which combined explained
37% of the variance in participation.
Conclusions: Participation is highly related to mobility-related QOL and may be most impacted by ability
to stand up from a chair and freezing of gait in those with PD.

Introduction
Parkinson Disease (PD) is a progressive, neurologic disorder associated with degeneration of the
dopamine-producing cells in the substantia nigra [1]. The cardinal features of PD are rigidity,
bradykinesia, tremor, and postural instability [2]. In an individual with PD, it is understood that these
motor symptoms can disrupt daily functions, roles and activities [3]. These functions, roles and activities
comprise the meaning of the term participation, which is defined by the International Classification of
Functioning, Disability and Health (ICF) as the patient’s involvement in life situations [4]. Engagement in
social activities has been positively correlated with well-being [5]; participation in activities has been
shown to contribute to the maintenance of function and quality of life in older adults [6]. Because of the
association between activity engagement, quality of life, and well-being, it is essential to understand
how participation in activities may or may not be affected in individuals with PD.
To our knowledge, participation in activities has not yet been described or quantified in
individuals with PD, though several studies have examined level of physical activity. Previous studies
have used activity monitors to determine amount of walking activity performed by individuals with PD
[7-9]. Others have used qualitative methods to determine how PD has affected physical mobility and
quality of life [10, 11]. However, it is unclear whether understanding aspects of an individual’s physical
activity may be associated with one’s participation in life situations. Although participation in activities
has not been described or quantified in PD, previous studies described, and occasionally quantified,
participation in people with neurologic conditions in other populations [12- 14]. The Activity Card Sort
(ACS) [15] has emerged as a unique tool for measuring participation in activities in older adults and
individuals with a neurological condition [13, 16-22]. The ACS contains items from all domains of the ICF
‘Activity & Participation’ category [4].

The purposes of this study are to: 1) describe and quantify participation in activities and social
participation in individuals with PD using the Activity Card Sort and 2) evaluate the relationship between
participation in activities and quality of life in those with PD, and 3) determine which factors are most
related to participation in activities. We hypothesized that activity engagement and social participation
would be reduced in those with PD and would be negatively correlated with disease severity.
Identification of factors that contribute to reduced participation in activities is important in order to
facilitate the development of interventions to increase activity and social participation and thereby,
potentially improve quality of life for people with PD.

Methods
Participants
Participants for this study were recruited using databases from the Washington University
School of Medicine Movement Disorders Centre and from the Washington University Volunteers for
Health, advertisements in the Greater St. Louis Chapter American Parkinson Disease Association
newsletter, and word of mouth. The target population for this study was individuals of any age with a
diagnosis of idiopathic PD (Hoehn & Yahr (H&Y) Stages 1-4). Via telephone interview, potential
participants were excluded if found to have any of the following: 1) a serious medical problem, 2)
evidence of abnormality other than PD-related changes on brain imaging (previously done for clinical
evaluations-not part of this research), 3) history or evidence of neurological deficit other than PD that
could interfere, such as previous stroke or muscle disease, 4) history or evidence of orthopedic or
muscular problem, or 5) a diagnosis or evidence of dementia. Recruitment was done as part of a larger
clinical trial and data were collected as part of the baseline evaluation for this larger trial. The
recruitment goal for the larger study was 60 subjects. Each participant gave informed consent in

accordance with the policies and procedures of the Washington University School of Medicine’s Human
Research Protection Office.
Outcome Measures
The ACS is a collection of 89 pictured activity cards that are sorted by an individual in order to
determine how one’s participation in activities has been affected due to the onset of a certain condition.
The pictured activities fall into one of four domains which are: 1) Instrumental Activity of Daily Living
(IADL), 2) Low-Demand Leisure Activity (LDLA), 3) High-Demand Leisure Activity (HDLA), and 4) Social
Activity. Participants then sort these cards into one of five categories: 1) Continued to Do Since Illness,
2) Do Less Since Illness, 3) Given up Due to Illness, 4) New Activity Since Illness, or 5) Not Done Prior to
Illness, with PD being the illness to which the categories referred. Following completion, the examiner
would use the ACS scoring sheet to determine the percentage of activities retained in IADL, LDLA, HDLA,
and Social, as well as the total percentage of activities retained. Baum and Edwards previously
established test-retest reliability of the ACS in a study of twenty community-residing older adults. The
test-retest reliability coefficient was .89 with one week between testing [15]. Katz and colleagues
studied the discriminative validity of the ACS using 5 groups (healthy adults, healthy older adults, people
who have had a stroke, people with multiple sclerosis, and spouses and caregivers of people with
Alzheimer’s disease) and found significant differences between groups (p < .0001) for current activities
performed and retained activity levels [13].
A variety of measures were used in the study to examine characteristics of disease severity and
mobility in participants with PD. The full Movement Disorders Society Unified Parkinson Disease Rating
Scale (MDS-UPDRS) was completed [23]. The Berg Balance Scale (BBS) is a well-established tool
commonly used to measure balance and has been found to be both reliable and valid [24-26]. Interrater
and intrarater reliability were measured when testing individuals with PD, the intraclass correlation

coefficients were 0.74 and 0.87, respectively [24]. The Five Times Sit to Stand test (FTSTS) has been
shown to possess discriminative validity in that it was able to discriminate between individuals with and
individuals without balance disorders [27]. Lord and colleagues found that strength explains a significant
portion of the variance in performance of FTSTS [28] Test-retest reliability was found to be high (ICC =
.89) for a subset of thirty older adults with a variety of health conditions; however, those with PD were
excluded [28]. Forward walking and dual task walking velocities were recorded using the 5-metre,
computerized GAITRite walkway (CIR Systems, Inc, Havertown, PA). The Six Minute Walk Test (6MWT) is
a commonly used measure of walking capacity in individuals with PD [29-32]. The 6MWT has
demonstrated high test-retest reliability (ICC = .96 [33] and ICC = .95 [34]) when examining those with
PD.
Two questionnaires were used to assess each participant’s quality of life and freezing of gait.
Quality of life was measured using the Parkinson Disease Questionnaire-39 (PDQ-39), which has
demonstrated good internal and test-retest reliability, as well as good construct validity [35-36] For the
summary index score, high internal reliability was found with a Cronbach’s α of 0.84 [37]. The Freezing
of Gait Questionnaire [38] was issued to quantify freezing of gait. Giladi and colleagues found the FOGQ
to be a reliable (r = 0.84) and valid tool as it was able to identify 85.9% of those who experience freezing
[39].
Procedures
All of the aforementioned outcome measures were completed in the Locomotor Control
Laboratory in the Program in Physical Therapy at Washington University School of Medicine. In order to
avoid variability in response to anti-Parkinson medication, participants were tested OFF medication. For
a participant to be considered OFF of medication, the participant must have reported a withdrawal of all
anti-Parkinson medication for greater than or equal to 12 hours. All participants were assessed by the

same rater. The participants completed each outcome measure in the following order: 1) MDS-UPDRS
III, 2) BBS, 3) Forward walking velocity (FWV) and dual task walking velocity (DTWV) on the GAITRite, 4)
FTSTS, 5) 6MWT. Regarding forward walking, participants completed three trials at a self-determined
‘normal’ speed. Dual task walking involved three trials in which the participant walked forward at their
‘normal’ speed while naming as many words as possible that began with a certain letter of the alphabet.
The first letter used was ‘H’, the second, ‘L’, and the third was ‘T’. The three trials for both FWV and
DTWV were averaged to determine the mean walking velocity for each condition. Following the
completion of all mobility measures, the participants were instructed to take their usual dose of antiParkinson medication. The participants then completed the ACS, PDQ-39, and FOGQ, and MDS-UPDRS-I,
II, IV (non-motor, activities of daily living, and motor complication subscales) [24].
Statistics
To determine the relationships between participation in activities, as assessed by the
percentage of total retained activities on the ACS (ACStotal), and other measures, Pearson correlations
were used. No corrections were made to account for the multiple relationships examined, as we
considered this to be an exploratory analysis given that this is the first study to examine the ACS in
individuals with PD. Those measures most related to ACStotal then were entered into a simultaneous
regression analysis to determine which factors are most predictive of participation levels. All analyses
were conducted with NCSS software [40].

Results
Of the 112 individuals meeting all eligibility criteria who were invited to participate, 62 agreed to
take part in the study. Those who agreed to participate were not systematically different from those
who opted not to participate. Evaluations of participants began October 1st, 2009 and ended on

December 31st, 2009. The final sample was 56% male with a mean age ± SD of 70.3 ± 8.9 years and an
average H&Y stage ± SD of 2.5 ± 0.5 (range 1-4). Figure 1 displays the percentage of retained activities
for each category of the ACS, including ACStotal. Regarding demographic and disease severity
information, age was mildly but significantly correlated with participation (i.e. ACStotal), while gender
and H&Y stage were not related to participation in activities (see Table 1). All sections of the PDQ-39
demonstrated significant correlations with ACStotal ranging from mild to strong with PDQ-Mobility having
the strongest relationship with participation in activities (Table 1).
All mobility measures were significantly correlated with participation. Figure 2 shows scatter
plots illustrating the relationships between each mobility measure and ACStotal. Many of the mobility
measures were also highly correlated with one another (Table 2). As such, it was not appropriate to
include all mobility measures in the regression analyses due to concerns about colinearity. The final
regression model included only two mobility measures, FTSTS and FOGQ, which combined explained
37% of the variance in ACStotal (Table 3). It is worth noting that the BBS alone was able to explain 24% of
the variance in ACStotal but was not included in the final regression because of its high correlations with
the other mobility measures. Addition of the BBS, 6MWT, FWV, or DWV alone and in various
combinations resulted in mild to severe colinearity and provided only minimal increases in the amount
of variance explained.

Discussion
Restoration of physical function is often the focus of rehabilitation programmes, while
participation in activities is often left unaddressed. It is not yet understood whether or not participation
is reduced in those with PD, and as such, this study sought to characterize activity participation levels in
those with PD using the ACS and to determine the factors to which activity engagement is related.

Individuals with PD demonstrated reductions in all categories of the ACS. Total percent of activities
retained was significantly negatively correlated with disease severity as assessed by the MDS-UPDRS.
There was also a strong, negative correlation between overall QOL, as measured by the PDQ-39,
and participation in activities. The mobility section of the PDQ-39 demonstrated an even stronger
inverse relationship with the ACS. It has been previously established that mobility plays a significant role
in QOL [41-44]; however, until now mobility-related QOL has not yet been examined in relation to
participation in activities. This study shows that those with decreased QOL participate less in a wide
range of activities with a strong specific relationship for mobility. While mobility is a term that
encompasses many things, it is important to understand which aspects of mobility may affect activity
engagement in individuals with PD.
Overall, FTSTS and FOGQ combined to account for 37% of the variance in participation in
activities. While the other mobility measures were also significantly correlated with participation, they
were also highly correlated with one another. FTSTS and FOGQ appear to be measuring two distinct and
unrelated aspects of mobility, both of which may influence participation. The identification of mobility
factors that influence activity engagement is important for rehabilitation professionals who must decide
which of these modifiable factors to target during interventions. Our results suggest that interventions
targeted at improving mobility, and in particular lower extremity strength (FTSTS) and freezing of gait,
may lead to increased participation in high demand leisure activities in individuals with PD; however,
future research is needed to confirm this hypothesis.
Comparison to Other Populations
When compared to the populations (multiple sclerosis, stroke, healthy elderly) studied by Katz
and colleagues, the participants with PD in this study had a higher percentage of activities retained in all
ACS categories, except IADL, exceeded only by healthy elderly [13]. It is important to note that an Israeli

version of the ACS was used in the study by Katz, whereas, in the current study, a US edition of the ACS
was implemented [13].
Limitations and Future Directions
One possible explanation for the high percentage of activities retained in those with PD is that
the participants had to be willing to travel into the community to take part in this study. As such, our
sample may reflect those with PD who have retained higher levels of participation than the general PD
population. The percentage of activities retained would likely be lower if those individuals with PD who
were homebound were included. Future work could consider administering the ACS in the homes of
individuals with PD to obtain a clearer picture of participation levels across the full spectrum of the
disease.
Cognitive deficits, including dementia, are commonly seen in those stricken with PD [45];
however individuals with cognitive impairments or dementia were not included in this study. The
authors identify the lack of a specific measure for cognitive function as a limitation to the present study.
It is not yet understood how cognitive function may impact performance on the ACS in those with PD,
and this would be an important concept requiring further research.
We also did not employ any correction for the multiple correlational relationships examined,
given the exploratory nature of the study. However, we think such a correction would have had little
impact on the results, as many of the correlations were highly significant (p < 0.0001).

Conclusion
Individuals with PD experience reduced participation in activities. Mobility measures explained a
substantial portion of the variance in activity engagement, which suggests that mobility significantly

influences one’s level of participation in activities. While physical therapists often focus on movement
activities such as sit to stand, forward walking, turning or other tasks in those with PD, often left
unaddressed is whether or not improvements in these tasks increase participation in activities. The ACS
provides insight into the specific roles and activities one performs less or has given up due to the
disease, and can facilitate an improved client-centered approach to rehabilitation. Future research is
necessary to determine whether or not interventions targeted at improving mobility actually increase
levels of participation in activities in those with PD.

Acknowledgements
The authors would like to thank John Michael Rotello and Joshua Funk for their assistance in
data entry and Abi Leddy for her assistance with data collection.

Declaration of Interest
This study was funded by a grant from the Parkinson’s Disease Foundation. The authors have no
commercial or financial interests related to this work. The study sponsors played no role in the study
design, collection, analysis and interpretation of data, the writing of the manuscript, the final
conclusions drawn, or the decision to submit the manuscript for publication.

References
[1] Brusse KJ, Zimdars S, Zalewski KR, Steffen, TM. Testing functional performance in people with
Parkinson Disease. Physical Therapy 2005;85:134-141.
[2] Jankovic J. Parkinson’s disease: clinical features and diagnosis. Journal of Neurology, Neurosurgery &
Psychiatry 2008;79:368-376
[3] O’Sullivan, SB. Parkinson’s Disease. In: O’Sullivan SB, Schmitz TJ, editors. Physical rehabilitation. 5th
ed. Philadelphia: F.A. Davis; 2007. p 853-893.
[4] World Health Organization [WHO]. International classification of functioning, disability, and health
(ICF) 2001. Geneva, Switzerland: WHO.
[5] Everard KM, Lach HW, Fisher EB, Baum CM. Relationship of activity and social support to the
functional health of older adults. Journal of Gerontology: Social Sciences 2000;55B(4):S208-S212.
[6]Berkman LF, Seeman TE, Albert M, Blazer D, Kahn R, Mohs R, et al. High, usual and impaired
functioning in community-dwelling older men and women: Findings from the MacArthur Foundation
Research Network on Successful Aging. Journal of Clinical Epidemiology 1993;46:1129-1140.
[7] White DK, Wagenaar RC, Ellis TD, Tickle-Degnen L. Changes in walking activity and endurance
following rehabilitation for people with Parkinson Disease. Archives of Physical Medicine and
Rehabilitation 2009;90:43-50.
[8] Busse ME, Pearson OR, Van Deursen R, Wiles CM. Quantified measurement of activity provides
insight into motor function and recovery in neurological disease. Journal of Neurology, Neurosurgery &
Psychiatry 2004;75:884-8.
[9] Elbers R, van Wegen EEH, Rochester L, Hetherington V, Nieuwboer A, Willems AM, Jones D, Kwakkel
G. Is impact of fatigue an independent factor associated with physical activity in patients with idiopathic
Parkinson’s Disease? Movement Disorders 2009;24(10):1512-8.
[10] Karlsen KH, Tandberg E, Arsland D, Larsen JP. Health related quality of life in Parkinson’s disease: a
prospective longitudinal study. Journal of Neurology, Neurosurgery and Psychiatry 2000;69:584-589.
[11] Garber CE and Friedman JH. Effects of fatigue on physical activity and function in patients with
Parkinson’s disease. Neurology 2003;60:1119-1124.
[12] Chau JPC, Thompson DR, Twinn S, Chang AM, Woo J. Determinants of participation restriction
among community dwelling stroke survivors: A path analysis. BMC Neurology; 2009: 9: 49.
[13] Katz N, Karpin H, Lak A, Furman T, Hartman-Maeir A. Participation in occupational performance:
Reliability and validity of the Activity Card Sort. OTJR: Occupation, Participation and Health 2003;23:1017.

[14] Haggstrom A and Larsson Lund M. The complexity of participation in daily life: A qualitative study of
the experiences of persons with acquired brain injury. Journal of Rehabilitation Medicine 2008;40:89-95.
[15] Baum CM and Edwards D. Activity Card Sort – 2nd Edition. AOTA Press 2008.
[16] Girdler SJ, Boldy DP, Dhaliwal SS, Crowley M, Packer TL. Vision self-management for older adults: a
randomised controlled trial. British Journal of Opthamology 2010;94:223-8.
[17] Albert SM, Bear-Lehman J, Burkhardt A. Lifestyle-adjusted function: Variation beyond BADL and
IADL competencies. The Gerontologist 2009;49:767-777
[18] Doney RM and Packer TL. Measuring changes in activity participation of older Australians:
Validation of the Activity Card Sort – Australia. Australasian Journal of Ageing 2008;27:33-7.
[19] Hartman-Maeir A, Eliad Y, Kizoni R, Nahaloni I, Kelberman H, Katz N. Evaluation of a long-term
community based rehabilitation program for adult stroke survivors. NeuroRehabilitation
2007;22(4):295-301.
[20] Hartman-Maeir A, Soroker N, Ring H, Avni N, Katz N. Activities, participation and satisfaction oneyear post stroke. Disability and Rehabilitation 2007;29(7):559-566.
[21] Hartman-Maeir A, Soroker N, Oman SD, Katz N. Awareness of disabilities in stroke rehabilitation – a
clinical trial. Disability and Rehabilitation 2003;25(1):35-44.
[22] Packer TL, Girdler S, Boldy DP, Dhaliwal SS, Crowley M. Vision self-management for older adults: A
pilot study. Disability and Rehabilitation 2009;31(16):1353-1361.
[23] Goetz CG, Tilley BC, Shaftman SR, Stebbins GT, Fahn S, et al. Movement Disorder Society-sponsored
revision of the Unified Parkinson’s Disease Rating Scale (MDS-UPDRS): Scale presentation and
clinicmetric testing results. Movement Disorders 2008;23(15):2129-2170.
[24] Lim LIIK, van Wegen EEH, de Goede CJT, Jones D, Rochester L, Hetherington V, Nieuwboer A,
Willems AM, Kwakkel G. Measuring gait and gait-related activities in Parkinson’s patients own home
environment: a reliability, responsiveness and feasibility study. Parkinsonism and Related Disorders
2005;11:19-24.
[25] Berg K, Wood-Dauphinee S, Williams JI. The Balance Scale: reliability assessment with elderly
residents and patients with an acute stroke. Scandinavian Journal of Rehabilitation Medcine
1995;27(1):27-36.
[26] Franchignoni F, Martignoni E, Ferriero G, Psetti C. Balance and fear of falling in Parkinson’s disease.
Parkinsonism and Related Disorders 2005;11:427-433.
[27] Whitney SL, Wrisley DM, Marchetti GF, Gee MA, Redfern MS, Furman JM. Clinical measurement of
sit-to-stand performance in people with balance disorders: validity of data for the five-times-sit-to-stand
test. Physical Therapy 2005;85(10):1034-1045.

[28] Lord SR, Murray SM, Chapman K, Munro B, Tiedemann A. Sit-to-stand performance depends on
sensation, speed, balance and psychological status in addition to strength in older people. Journal of
Gerontology: Medical Sciences 2002;57A(8):M539-M543.
[29] Falvo MJ and Earhart GM. Six –minute walk distance in persons with Parkinson disease: A
hierarchical regression model. Archives of Physical Medicine and Rehabilitation 2009;90(6):1004-8.
[30] Canning CG, Ada L, Johnson JJ, McWhirter S. Walking capacity in mild to moderate Parkinson’s
disease. Archives of Physical Medicine and Rehabilitation 2006;87:371-5.
[31] Dibble LE, Hale TF, Marcus RL, Droge J, Gerber JP, LaStayo PC. High-intensity resistance training
amplifies muscle hypertrophy and functional gains in persons with Parkinson’s disease. Movement
Disorders 2006;21(9):1444-1452.
[32] Hackney ME and Earhart GM. Tai chi improves balance and mobility in people with Parkinson
disease. Gait & Posture 2008;28:456-460.
[33] Steffen T and Seney M. Test-retest reliability and minimal detectable change on balance and
ambulation tests, the 36-item Short-Form Health Survey, and the Unified Parkinson Disease Rating Scale
in people with Parkinsonism. Physical Therapy 2008;88(6):733-746.
[34] Schenkman M, Cutson TM, Kuchibhatla M, Chandler J, Pieper C. Reliability of impairment and
physical performance measures for persons with Parkinson’s disease. Physical Therapy 1997;77(1):1927.
[35] Peto V, Jenkinson, Fitzpatrick R, Greenhall R. The development and validation of a short measure of
functioning and well being for individuals with Parkinson’s disease. Quality of Life Research
1995;4(3):241-8.
[36] Peto V, Jenkinson C, Fitzpatrick R. PDQ-39: a review of the development, validation and application
of a Parkinson’s disease quality of life questionnaire and its associated measures. Journal of Neurology
1998;254[Suppl 1]:S10-S14.
[37] Jenkinson C, Fitzpatrick R, Peto V, Greenhall R, Hyman N. The Parkinson’s Disease Questionnaire
(PDQ-39): development and validation of a Parkinson’s disease summary index score. Age and Ageing
1997; 26:353-7.
[38] Giladi N, Shabtai H, Simon ES, Biran S, Tal J, Korczyn AD. Construction of freezing of gait
questionnaire for patients with Parkinsonism. Parkinsonism & Related Disorders 2000;6:165-170.
[39] Giladi N, Tal J, Azulay T, Rascol O, Brooks DJ, Melamed E, Oertel W, Poewe WH, Stocchi F, Tolosa E.
Validation of the Freezing of Gait Questionnaire in patients with Parkinson’s disease. Movement
Disorders 2009;24(5):655-661.
[40] Hintze J. NCSS. NCSS, LLC. Kaysville, Utah. www.ncss.com, 2009.

[41] Rahman S, Griffin HJ, Quinn NP, Jahanshahi M. Quality of life in Parkinson’s disease: The relative
importance of the symptoms. Movement Disorders 2008;23(10):1428-1434.
[42] Forsaa EB, Larsen JP, Wentzel-Larsen T, Herlofson K, Alves G. Predictors and course of healthrelated quality of life in Parkinson’s disease. Movement Disorders 2008;23(10):1420-7.
[43] Kuopio AM, Marttila RJ, Helenius H, Toivonen M, Rinne U. The quality of life in Parkinson’s disease.
Movement Disorders 2000;15(2):216-223.
[44] Schrag A, Jahanshahi M, Quinn N. How does Parkinson’s disease affect quality of life? A comparison
with quality of life in the general population. Movement Disorders 2000;15(6):1112-8.
[45] Shi M, Bertrand R, Zhang, J. Biomarkers for cognitive impairment in Parkinson Disease. Brain
Pathology 2010; 20: 660-671.

Table 1. Pearson Correlations with ACS_Total.
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Table 2. Pearson Correlations Between Measures of Mobility

BBS
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6MWT
FOGQ
DTWV
FWV
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DTWV
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FWV
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Table 3. Final Regression Model
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-0.0148
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-0.011
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Figure Legends
Figure 1. Percentage of activities retained in each of the four categories of the Activity Card Sort as well
as overall percent retained (ACS_TOTAL). The four categories are instrumental activities of daily living
(IADL), low demand leisure activities (LDLA), high demand leisure activities (HDLA), and social activities
(SOC). Values are means ± SDs.
Figure 2. Scatter plots illustrating the relationships between each mobility measure and participation as
assessed by the ACS. All mobility measures were significantly correlated with ACS_Total.
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