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Abstract 
Cognitive decline in Parkinson’s disease (PD) is defined as dementia which affects activities of 
daily living (ADL) function. Dementia is one of the recognized issues in the treatment of Parkin-
son’s disease patients (PDP) as it is becoming a major contributor to morbidity. The objective of 
our study was to evaluate the cognitive decline in Parkinson’s disease patients (PDP) and the in-
fluence of cognition on daily living function deterioration in cognitively impaired and cognitively 
unimpaired PDP. Cognitively impaired PDP (n = 24), and cognitively unimpaired PDP (n = 16) 
were administered MoCA and MMSE performance based tests for cognitive measurements and 
Alzheimer’s Disease Cooperative Study Activities of Daily Living Inventory (ADCS-ADL) to deter-
mine everyday functioning. The significances of MoCA and MMSE among cognitively impaired PDP 
and cognitively unimpaired PDP in univariant analysis were P < 0.001 and P < 0.05. In partial cor-
relation, MoCA was strongly related to ADL function as compare to MMSE (r = 0.623, P = 0.001). 
Cognitively impaired PDP showed significantly lower score on visuo-construction and attention. 
Among all variables of MoCA domains, attention is strongly associated with instrumental activity 
daily living (IADL) scores (logistic regression coefficient = 0.672, P = 0.01). These results suggest 
that dementia affects daily living performances especially the IADL tasks like attention and execu-
tion. Therefore, the assessment of complex daily activities particularly IADL is probably useful for 
the diagnosis of early stage cognitive impairment in PDP. Further MMSE test is less sensitive than 
MoCA for detecting significant cognitive decline in PDP and impaired attention is an important 
determinant of ADL functions in cognitively impaired PDP. 
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1. Introduction 
Parkinson’s disease is a complex type of neurodegenerative disease caused when dopaminergic neurons and 
nerve terminals that control body movement loss their activity and die [1] [2]. The distinct clinical signs of dis-
ease are tremors, postural instability with shuffling gate, bradykinesia and rigidity [3] [4]. Motor deterioration in 
PD patients is common, and some patients have cognitive decline at a time of diagnosis, average prevalence 
80% which is associated with motor impairment [2] [5]. Gradual motor deterioration produces dementia which 
highly affects on quality of life and produces difficulty to achieve different tasks of daily living (ADL) in PD 
patients [6] [7].  

The daily living faction of PD patients connected with cognitive impairment, and this relation has not been 
comprehensively evaluated and may often be missed in clinical practice [8]. Whenever PD is suspected, the rou-
tine approach should include a set of questions aimed to explore dementia, and on the other hand, it is useful to 
quantify their severity and impact [9] [10]. ADL impairment related with deteriorated life feature for patients 
and for care giver too [11] [12]. The cognitive impairments are a better predictor of every day functional capac-
ity and future disabilities among PD patients than their declining motor abilities [13]. However, activities of 
daily living are of different types like bathing, eating and getting dressed termed as basic activities of daily life 
(BADL) which may not change at early dementia in contrast, Instrumental ADL such as using household ap-
pliances, reading, conversation or organizing work is more deteriorated even at early stage of dementia [14] 
[15]. Recent studies showed impaired attention and executive function affect complex activities in PD patients 
especially the IADL which is related to intact memory [16] [17]. 

Recent researches have demonstrated the impairment in IADL measures is associated with cognitive status in 
PD [18]. Some studies have addressed associations between memory or executive functions and instrumental 
ADL [19] [20] and some explain link between attention deficits in PD patients [21] [22]. Marshal et al. 2010 
[23] proposed that detection of ADL changes in Alzheimer’s and PD patients were needed to better confine the 
changes in cognition and behavior. So this is necessary to evaluate complex ADL difficulties especially IADL 
for better diagnosis of PD associated mild cognitive decline before starting to develop the major dementia. 
However, no much work has been carried out on the relation between impaired cognitive MoCA domains and 
difficulties in everyday performances especially the IADL. We hypothesize that PD patients with major cogni-
tive deficit will exhibit greater difficulties in daily life functioning and to achieve tasks than PD patients with no 
or mild cognitive decline, and second, the MoCA test would be more accurate in diagnosing dementia in PD pa-
tients even at early stage of cognitive impairment than MMSE. 

2. Methodology 
Our recruitment period was 16 month during that period we recruited 55 patients who were screened in outpa-
tient department of Neurology of Abbasi Shaheed Hospital Karachi Pakistan. 40 of these patients agreed to par-
ticipate while 7 patients refused to participate and not given written informed consent and eight others did not 
meet our study criteria. All recruited patients age were between 45 - 80 years, they all were speak and write Ur-
du fluently and they were taking L-dopa only to avoid any neuropsychiatric effect of other anti-Parkinson’s drug. 
The United Kingdom Parkinson’s Disease Society Brain Bank criteria was used to diagnose Parkinson’s disease. 
Exclusion criteria included the presence of any neurodegenerative disease other than Parkinson’s disease or oth-
er reason of cognitive decline, medication interfering with cognition (i.e. Hypnotics or tranquilizers), deep brain 
stimulation, the presence of any disease or debility distinct to Parkinson’s disease and the use of a cholinesterase 
inhibitor or Para sympatholytic drugs during the one month before inclusion in the research. 

The study was approved by the Karachi medical dental college ethical review board, Reference #CHS. 
097/11, all PD patients or their informants filled informed consent form before study started. All procedures 
were conducted in accordance with the ethical standards of the responsible committee on human experimenta-
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tion and with the declaration of Helsinki 2004. 

2.1. Classification of Cognition and ADL Impairment 
The cognitive decline was diagnosed by the neurologist for each PD patient by applying the Diagnostic and Sta-
tistical manual mental disorder IV (code 294.1) further MMSE [24] and MoCA [25] were administered by 
trained staff. The MMSE is a common cognitive test used to assess orientation, verbal memory, language, atten-
tion/calculation, and visuo-constructive abilities. however some studies have challenged MMSE efficacy as a 
screening instrument in Parkinson’s disease, because it lacks specific tests for executive function assessment 
[26] [27], that’s why MoCA test also being used to find more accurately cognitive decline in Parkinson’s pa-
tients. To identify mild to moderate cognitive decline in PD patients, we first identified all patients who had a 
MMSE score < 26 and MoCA score < 26 and declared them cognitively impaired Parkinson’s patients and Par-
kinson’s patients who had MMSE & MoCA score > 26 considered as cognitively unimpaired. 

After determine cognitive status of each patient then at the separate visit to evaluate the daily living perfor-
mances in PDP “the Alzheimer’s Disease Cooperative Study Activities of Daily Living Inventory (ADCS-ADL) 
scale” was administered by independent rater [28]. For this purpose interview were conducted to patient’s in-
formant, in our study most of the informants were their spouse, son or any relative who lives in their home. We 
asked the informant of the patient filled out the ADCS-ADL scale according to the patient’s observed action and 
behavior, for which scores can range from 0 - 78 points, with lower scores indicating poor performance. ADL 
scale is contain 23 items, six items like bathing, eating, grooming, walking and getting dressed termed as basic 
activity of daily living (BADL) maximum score = 22, and other 17 complex activity items like managing his/her 
belongings, finances and organizing works etc termed as instrumental activity of daily living(IADL) maximum 
score = 56 [16]. 

2.2. Motor Examination 
Assessment of Parkinson’s patients were carried out by means of motor examination section (part 111) of the 
Unified Parkinson’s Disease Rating Scale (UPDRS) maximum score = 108 higher score means worst motor 
symptoms [29] and Hoehn and Yahr staging [30]. These examinations were carried out by movement disorder 
specialists. 

2.3. Data Analysis 
The data were analyzed by using SPSS version 16.0 for Windows. Comparisons of demographic and clinical 
characteristics including MoCA and MMSE scores, between cognitively impaired and unimpaired samples were 
performed using Independent sample t-test and univariant analysis. We compared the MoCA domains between 
both impaired and unimpaired group by using univariant analysis, and correlation between disease severity, du-
ration of disease and cognition, Partial correlation coefficient was used. To predict the affect of cognitive 
changes and motor fluctuations on ADL function and the comparison of ADL factors (IADL & BADL) with 
MMSE and MoCA Partial correlation coefficient was used. Total scores of BADL and IADL between groups 
were performed using Independent sample t-test. Further we evaluated which cognitive subtype is predictor of 
IADL impairment in PD on the basis of MoCA domains; we applied binary logistic regression analysis. All 
analysis were conducted at P < 0.05 significance level.  

3. Results 
3.1. Patient’s Characteristics 
A total of 40 patients completed all study assessment. The baseline demographical characteristics of the sample 
population are listed in Table 1. 

Table 1 showed no statistically significant differences among both cognitively impaired and unimpaired 
groups by means of sex, weight, disease duration, age, total daily levodopa dosage, Hoehn and Yahr staging and 
UPDRS III scores. We found significant less scores in cognitively impaired patients on MMSE and MoCA scale 
as compare to unimpaired patients, mean (SD) MMSE score 20.08 ± 1 - 81 in cognitively impaired patients and 
mean (SD) MMSE score in cognitively unimpaired patients are 27.56 ± 1 - 59 (95% CI, −8.6 - 6.3). t(38) F = 
−13.39, P < 0.001. 
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3.2. Group Differences on Cognitive Domains of MoCA 
Significant differences were found between group comparison on MoCA domains specifically visuo-spatial, ex-
ecution, language, orientation and delayed recall. On 6 - 7 domains of MoCA Cognitively impaired PD patients 
showed significant fewer score than unimpaired patients. 

Performances of both groups are shown in Table 2. 

3.3. Correlates of Cognitive Impairment 
The Pearson’s correlation between older age, duration of disease and sternness of PD with MMSE and MoCA 
showed strong correlation P < 0.05, see Table 3. Age, Hoehn and Yahr stage, duration of disease and UPDRS 
III were taking as independent variables in Partial correlation coefficient model and MMSE & MoCA as depen-
dent variables than our results showed strong relationship among these variables with cognitive measures in 
cognitively impaired PD patients. The results show similar significant correlation of MMSE and MoCA with all 
above variables.  

3.4. Correlation among Total ADL, Cognitive and Motor Scores 
Table 4 shows Pearson’s correlation coefficient among the cognitive measures, total ADL and motor scores. 
Where ADL was dependent variable and age, duration of disease, MMSE, MoCA UPDRS and Hoehn & Yahr 
staging were independent variables. Most of the correlations with cognitively impaired patients were strong, 
however cognitively unimpaired patients also showed moderate correlation with age, duration of disease and 
UPDRS scores. That shows cognitively unimpaired PDP also have impact on ADL function. As a cognitive pre-
dictor MoCA approached strong correlation with ADL than MMSE (MMSE, r = 0.581, P < 0.05 and MoCA r = 
0.623, P = 0.001). 

3.5. Cognition and ADL Function Correlations 
Table 5 showed significant correlation between both cognitively impaired and unimpaired group’s MMSE & 
MoCA scores with daily living scale factors (BADL & IADL). The MMES & MoCA show similar partial cor-
relation coefficients in cognitively impaired patients with IADL factors, however the basic ADL impairment did 
not observe due to cognitive changes in both groups which shows cognitive decline does not affects the basic 
function of everyday life. After taking MMSE & MoCA as dependent variables there was a strong association 
seen between cognitively impaired patient’s MoCA and IADL scores for the entire group (partial correlation 
coefficient r = 1.00, P < 0.001, MMSE r = 0.68, P < 0.05) while basic ADL is also moderately affected (MoCA, 
r = 0.612, P < 0.05, MMSE, r = 0.411, P = 0.104) results demonstrate MoCA showed a significant association 
with BADL also rather than MMSE in the entire group. 

 
Table 1. Demographic, clinical and neuropsychological characteristics of the two PD groups (cognitively impaired and un-
impaired group) (n = 40). 

Clinical characteristics Cognitively impaired group (n = 24) Cognitively unimpaired group (n = 16) F-value P-value 

Age 63.79 ± 8.05 62.19 ± 9.51 0.404 >0.05 

Sex, % male 83% 76% - - 

Weight 71.08 ± 6.05 69.50 ± 6.39 0.01 >0.05 

Levadopa dose mg/d 531.67 ± 204.30 437.50 ± 230.03 0.35 >0.05 

duration of disease 4.10 ± 1.37 2.71 ± 0.99 0.97 <0.01 

UPDRSIII score 32 ± 2.78 21.31 ± 2.70 0.16 <0.05 

Hoehn & Yahr staging 2.06 ± 0.71 1.84 ± 0.72 0.1 >0.05 

MMSE score 20.08 ± 1.81 27.56 ± 1.59 0.43 <0.001 

MoCA score 16.79 ± 1.79 25.19 ± 1.22 2.6 <0.001 

ADL score 45.04 ± 6.10 50.13 ± 7.70 1.08 <0.05 

Values are mean ± S.D. Significant differences by student t-test. MMSE: Mini mental state examination, MoCA: Montreal cognitive assessment test, 
ADL: Activities of daily living. 
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Table 2. Performance of PD patients on Montreal cognitive assessment (MoCA) domains based on cognitive status. 

MoCA Domains Cognitively impaired group (n = 24) Cognitively unimpaired group (n = 16) F-value P-value 

Visuosapatial 2.52 ± 1.811 4.44 ± 0.512 121.772 <0.001 

Naming 2.35 ± 0.834 2.94 ± 0.250 19.544 <0.001 

Attention 3.58 ± 1.41 5.12 ± 0.342 177.595 <0.001 

Language 1.75 ± 0.439 2.2 ± 0.72 10.857 <0.001 

Abstraction 1.40 ± 0.496 2.4 ± 0.851 19.21 <0.001 

Delayed recall 3.80 ± 1.043 5.60 ± 0.62 364.8 <0.001 

Orientation 4.45 ± 1.377 5.57 ± 0.447 59.394 <0.001 

Values are mean ± S.D. Significant differences by student t-test. 
 

Table 3. Correlation between age, duration of disease and disease severity with MoCA & MMSE among cognitively im-
paired and unimpaired group. 

PARAMETERS Cognitively impaired group (n = 24) Cognitively unimpaired group (n = 16) 

Independent variables MMSE MoCA MMSE MoCA 

Age 0.602* 0.739** 0.586* 0.512* 

Duration of disease 0.719** −0.700** −0.26 −0.230 

UPDRS −0.789** −0.820** 0.282 −0.370 

Hoehn & Yahr staging −0.633* −0.48* 0.181 0.327 

Values are Pearson’s correlation coefficient (r) *P < 0.05, **P < 0.01. 
 

Table 4. DL measures, partial correlation coefficients for disease severity and cognition. 

Independent variables ADL scores of cognitively impaired patients (n = 24) ADL scores of cognitively unimpaired patients (n = 16) 

Age 0.562* 0.528* 

Duration of disease −0.714** 0.57* 

UPDRS −0.834** 0.55* 

Hoehn & Yahr staging 0.118 0.297 

MMSE 0.581* −0.396 

MoCA 0.623* −0.255 

Values are Pearson’s correlation coefficient (r) *P < 0.05, **P < 0.01. 
 

Table 5. Partial correlation coefficients for the association between cognitive measures (MMSE & MoCA) and ADL factors. 

Cognitively impaired group (n = 24) Cognitively unimpaired group (n = 16) 

Cognitive tests BADL IADL BADL IADL 
MoCA 0.612* 1.00** 0.337 0.326 
MMSE 0.411 0.681* 0.051 0.001 

Values are Pearson’s correlation coefficient (r) *P < 0.05, **P < 0.01. 

3.6. Results of the Logistic Regression Analysis 
Figure 1 shows the bar graph of total BADL & IADL scores in cognitively impaired and unimpaired Parkin-
son’s disease patients 

Binary Logistic regression analysis was conducted to explore MoCA total score and their domains association 
to BADL & IADL. where BADL & IADL were dependent variables and MoCA domains were independent va-
riables, Most of the independent variables like attention and execution did not show significant association with 
BADL except delayed recall and orientation (regression coefficient = 0.618, P = 0.01) On the other hand, among 
all variables attention is strongly associated with IADL scores (regression coefficient = 0.672, P = 0.01), Hos-
mer and Leme show goodness of fit test; chi-square = 1.3 and P = 0.01. This showed that attention along with  
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Values are mean ± S.D. Significant differences by student t- test *P < 0.05 BADL (Basic activi-
ties of daily living), IADL (Instrumental activities of daily living). 

Figure 1. Total basic ADL & instrumental ADL scores in cognitive impaired and unimpaired Parkinson’s patients. 
 

execution had a significant influence on the IADL variation. 

4. Discussion 
Our study confirmed that difficulty in ADL function is strongly correlated to cognitive decline in PDP. This 
finding is consistent with previous studies which explain the relationship of cognitive decline with ADL dys-
function and proofs everyday life tasks greatly affected due to cognitive impairment in PDP. Moreover in this 
study we compared the usefulness of the MMSE and MoCA to identify significant cognitive impairment in PDP 
and relationship of the MoCA and its domains with ADL factors. A 10 minutes dementia detecting test MoCA is 
very sensitive to detect worst cognitive status in PD patients [31] [27]. To our knowledge very few previous stu-
dies identifying this relationship to explore the early stage cognitive impairment and its relationship to ADL in 
PD patients. 

In our clinical study, our small sample size was warranting us to take caution in interpreting the results. In 
general, estimates based on small numbers of interpretations are less reliable than those based on larger ones. 
We would have the capacity to identify a moderately large effect size of 0.78 at a significant level of 0.01. We 
did discover a significant improve results with MoCA than MMSE test in predicting dementia in PD patients, 
particularly in the case of slightly impaired subjects. This finding proposes that, at any rate in this little popula-
tion size, the efficacy of MoCA was clinically significant. This result is consistent with previous observations 
that the MMSE is not sensitive to predict mild cognitive deficit [32] [27]. Furthermore, according to Trzepacz et 
al. (2015) [33] MoCA test is slightly more sensitive to detect earlier symptoms of memory loss than MMSE. We 
found approximately 30% of PD patients whose MMSE score was normal but they showed significant low 
MoCA scores which indicate sensitivity of MoCA test as compare to MMSE. This finding suggest MoCA test 
should prefer in routine clinical practice to detect early stage cognitive status in PDP which clinically undiag-
nosed and being not detected due to less sensitivity of MMSE test.  

In Table 3, partial correlation analysis between ages, male gender, duration of disease and UPDRS with 
MoCA and MMSE, showed significant low MoCA scores. These results confirmed with previous studies which 
reported the same variables have also been involved in the development of cognitive impairment in PD patients 
[34] [31]. This finding propose if patient diagnosed with early stage of dementia by any specific cognitive 
screening test like MoCA than he will might be a better candidate to start his treatment with pharmacological 
and non pharmacological means. 

Furthermore, we found a link between cognitive impairment, motor abnormalities and ADL performances. 
Our data shows not even cognitively impaired but cognitively unimpaired PDP also showed association between 
total ADL, UPDRS motor scores and duration of disease which explain ADL deterioration present not only in 
cognitively impaired but cognitively unimpaired PDP also have difficulty to perform their daily tasks. Addition-
ally several researchers demonstrates that impairment in instrumental ADL is a stronger predictor of cognitive 
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decline [35]-[37]. We explore the same strong relationship between MoCA and IADL function, in Table 5 we 
can seen cognition and every day functioning both are interconnected and depends on IADL. Previous studies 
proof our findings which showed complex IADL closely linked with cognitive status especially on attention and 
gradually fluctuate with cognitive scarcity, contrary basic ADL of PD patients does not affected [16] [38] [39]. 

Perhaps the most difficult aspect of our study was to analyze the MoCA scores among cognitive impaired and 
unimpaired PDP and relationship of MoCA domains to ADL factors (BADL & IADL). By comparing MoCA 
domains to IADL & BADL scores we found significant regression coefficient = 0.672, P = 0.001 with IADL 
and showed strong link with Attention and Visio-spatial abilities which reveal complex every day functioning 
such as organizing work and using household appliances are dependent on attention and visuo-spatial abilities. 
While previous work demonstrates only attention was the strongest predictor for the severity of ADL impair-
ment [7] [16] [17]. These findings emphasize the importance to diagnose IADL impairment which is a crucial 
part and indicator of cognitive changes in PD patients and should be checked in regular clinical practice. 

In our study we have several limitations. We obtained motor scoring of all PDP while they were taking their 
regular scheduled dopaminergic doses, motor disability may not be perfectly detected during patient’s medica-
tion “ON” stage. For this reason we also used Hoehn and Yahr staging to adjust the motor impairment. Further 
we did not use any inclusive neuropsychological battery to assess cognitive changes in PD patients. We used 
MoCA for specific cognitive assessment since there were several limitations to the MoCA. This instrument re-
quired the participants to follow verbal and written commands; hence the performance of elderly with hearing or 
visual impairment would be affected. Illiterate or poorly educated persons might have difficulty in comprehend-
ing the instructions and the cube and clock drawing tasks were too difficult. 

5. Conclusions 
Our data suggest that before diagnosis of expected cognitive changes in PD patients, the ADL difficulties have 
been already present and patients have been suffered with daily impaired tasks especially complex IADL tasks. 
It may be important in clinical practice to rule out early dementia in PD patients by using most sensitive cogni-
tive screening tool like MoCA. According to our results, MoCA was more specific in determining mild cogni-
tive impairment rather than MMSE. Further studies in large cohort with long duration of assessment may give 
better results in assessing validity of these tests. 

Our study suggests daily living performances especially the IADL tasks deteriorate, which is related to atten-
tion and execution. Therefore, the assessment of complex daily activities particularly IADL is probably useful 
for the diagnosis of early stage cognitive impairment in PDP. Other future research studies on larger PD groups 
will allocate more definite characterization & recognition of worse cognitive status and its relationship to IADL 
at early phase of disease will facilitate clinician to inform PD patients and their family about disease prospects 
and minimize the progression of disease as well as cognitive decline which ultimately improves daily life per-
formances. 
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