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Abstract 

Purpose: The purpose of this systematic review of the literature is to examine the cerebrovascular 
and cardiovascular effects on cognition in persons with Parkinson’s disease. Relevance: Physical 
therapy treatment of persons with Parkinson’s disease (PD) has traditionally focused on lessening 
the impact of disease severity by improving quality of life and functional capacity. Research has 
shown that quality of life in persons with PD is not only significantly affected by motor symptoms, 
but also by the presence of defined non-motor symptoms such as cerebrovascular perfusion, car-
diovascular dysfunction, and cognitive impairment. This study seeks to determine a causative ef-
fect among these non-motor symptoms with the intention to better manage cognitive impairment 
in persons with PD. Methods: A literature search was conducted utilizing the following databases: 
Scopus, PubMed, and CINAHL. After evaluating and grading studies using the Downs and Black 
Checklist, a total of seven studies remained for the final review. Results: Five common domains of 
cognition emerged throughout the seven studies: executive function, attention, verbal memory and 
fluency, visual memory, and working memory. Considering the articles reviewed, a relationship be-
tween cerebrovascular and cardiovascular deficiency and cognitive impairment in persons with 
PD was established. Conclusions: Persons with PD and certain cerebrovascular and cardiovascular 
risk factors, including orthostatic hypotension and systemic hypertension, should be referred to 
appropriate professionals for comprehensive neuropsychological testing secondary to an increased 
risk for more severe cognitive deficit. 
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1. Introduction 
Parkinson’s disease (PD) is a progressive, neurodegenerative disease characterized by both motor and non-mo- 
tor symptoms. According to the Parkinson’s disease foundation, 7 to 10 million people live with PD worldwide 
[1]. In America, 60,000 individuals each year are diagnosed with PD, with men being one and a half times more 
likely to have PD than women [1]. PD is typically associated with four hallmark motor symptoms: resting tre-
mor, rigidity, bradykinesia, and postural instability [2]. In addition to these motor symptoms, several studies 
have identified the existence of non-motor symptoms and their impacts on persons with PD [3]-[6]. These non- 
motor symptoms can be divided into five categories, including neuropsychiatric, autonomic, sensory, gastroin-
testinal, and sleep disorders [7]. Research shows that many of these non-motor symptoms persist from diagnosis 
through the advanced stages of PD. Unfortunately, these symptoms remain untreated by typical PD medical man-
agement and can have a profound impact on quality of life (QOL) [3]-[6]. 

One of the most common neuropsychiatric symptoms seen in persons with PD is cognitive impairment (CI). 
Hely et al. [5] found that 36% of the PD population presented with mild cognitive impairment as opposed to 
10.7% - 16.8% in the general population [5]. CI in persons with PD manifests in numerous ways. Impairments 
in visuospatial function, working memory, long term memory, internal control of attention (the ability to de-
velop encoding and retrieval strategies efficiently), procedural learning, and executive functions are among 
some of the cognitive deficits commonly identified in persons with PD [8]. Furthermore, the negative effect of 
CI on QOL in persons with PD has been reported in many studies [3] [4] [9]. In a study investigating the effects 
of PD on QOL, it was found that CI was associated with lower ratings on the PDQ-39 QOL scale. In this study, 
CI was found to be a more significant predictor of QOL than even the hallmark features of PD including speech, 
tremor, rigidity, hypomemia, bradykinesia, gait, and postural instability [3]. Furthermore, Antonini et al. [4] 
identified CI as one of the PD non-motor symptoms indicative of disease progression and consequently reduced 
QOL. 

In addition to CI, dysfunction of both the cerebrovascular and cardiovascular systems has also often been as-
sociated with PD. In persons with PD, evidence of cerebrovascular disease has been found in postmortem brain 
examination, radiologic neuroimaging, and clinically symptomatic individuals [10]. In postmortem studies, ce-
rebrovascular lesions such as white matter lesions, old ischemic infarcts, lacunes, and cerebral amyloid angiopathy 
were found in PD brains [11] [12]. Although similar post-mortem findings have been reported in age-matched 
controls, it is suspected that these vascular changes may have a significant impact on the presentation of non- 
motor symptoms, such as CI, in persons with PD [10] [11]. In late onset PD, clinically symptomatic vascular 
pathology in the form of minor stroke (in addition to diabetes and ischemic heart disease) resulted in higher 
Hoehn & Yahr scores, suggesting that cerebrovascular changes had an effect on PD progression [13]. Finally, 
several studies have shown that cerebrovascular dysfunction presents in the form of widespread cerebral hypo-
perfusion in persons with PD [14]-[16]. The presence of these cerebrovascular symptoms and changes in PD has 
led researchers to consider the potential impact of cerebrovascular disease on persons with PD. 

The presence of cardiovascular dysfunction has also been noted in persons with PD. Common cardiovascular 
symptoms seen in PD include impaired blood pressure regulation, impaired thermoregulation, tachycardia, dyspnea, 
and peripheral edema [17]. In the PD population, the presence of these cardiovascular symptoms has been asso-
ciated with higher disability levels [18]. Additionally, studies conducted in the general adult population found 
cardiovascular risk factors, such as hypertension (HTN) and diabetes [19] as well as cardiovascular symptoms 
such as orthostatic hypotension (OH), to be associated with cognitive decline [20]. 

Considering the relationship found between cardiovascular/cerebrovascular dysfunction and CI in otherwise 
healthy adults, it is thought that this same relationship may also contribute to the increased incidence of cogni-
tive impairment in the PD population. Thus, the purpose of this systematic review of the literature is to deter-
mine the cardiovascular/cerebrovascular effects on cognition in persons with PD. With a relationship between 
CI and cardiovascular/cerebrovascular dysfunction established, more appropriate medical management can be de-
veloped to better treat CI and thus improve QOL in the PD population. 
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2. Methods 
2.1. Literature Search and Study Selection 
The following key words were chosen to perform our search: autonomic, cognitive, cognition, cardiovascular, 
Parkinson, Parkinson’s, Parkinson’s disease, cerebrovascular, hypoperfusion, and blood pressure. A thorough 
search was completed in Scopus, PubMed, and CINAHL in July 2014. Studies were limited to those in English 
that analyzed human subjects. Refer to Appendix A for a more detailed description of search history.  

After completing the initial literature search, 522 articles were obtained. Thirty seven articles were selected 
via title relevance and three were pulled from the references of those articles. Nine were eliminated after being 
identified as “exact duplicates”, bringing the remaining total to 31 articles. 

Each member was responsible for reviewing each article’s abstract and 20 articles were eliminated after this 
process, resulting in 11 articles. An auxiliary search was performed by the faculty research advisor, which yielded 
4 articles. Two articles were chosen from that search via abstract review, bringing the total full text articles to 
13.  

Three student members read and graded each article while the faculty research advisor read and graded all ar-
ticles using the Downs and Black checklist [21]. Two articles were eliminated in this process as they were editorial 
reviews and four more articles were eliminated secondarily due to a lack of appropriate neuropsychological 
outcome measures, resulting in 7 final articles [22]-[28].  

2.2. Risk of Bias Assessment 
Risk of bias in each study was assessed using the Downs and Black checklist, which was designed to assess the 
methodological quality not only of randomized controlled trails but also non-randomized studies [21]. These items 
address internal validity by ensuring that there is accurate statistical analysis, validity of principal outcome measures, 
confounding variables, randomization, compliance with interventions, and participant and assessor blinding. The 
researchers independently extracted data regarding outcome of neuropsychological testing, authors’ conclusion, 
disease severity, demographics and compiled information in results table (see Table 1). 

3. Results  
To aid in the assessment and analysis of the seven studies, a table was compiled listing the major components 
and characteristics of each study (Figure 1). Four out of seven studies included for analysis stated a significant 
p-value of less than 0.05 [23] [25] [27] [29]. In three of the seven studies, a p-value for significance was not ex-
plicitly stated, however, all p-values reported as significant by the authors were less than 0.05 [22] [24] [28]. 
The Downs and Black Checklist was used to assess quality of evidence in non-randomized studies [21]. The 
checklist is composed of 27 questions with a maximum total score of 32. Grade of 1 is given to a “Yes”, 0 for 
“No” or “Unable to determine” for all questions except question five (2 = “Yes”, 1 = “Partially”, 0 = “No”) and 
question 27, where a possible five points can be awarded [21]. Refer to Table 1 for a listing of Downs and Black 
total scores for each article reviewed. Table 2 contains a detailed scoring break-down for each article included 
in this review. The Downs and Black checklist was chosen for its ability to facilitate a more in-depth discussion 
regarding validity and applicability of selected, non-randomized studies to the research question. After grading 
discussions, the majority of studies accepted for review and analysis were cross-sectional or retrospective, 
cross-sectional design. 

Risk of bias was assessed using the Downs & Black checklist which probes literature for information regard-
ing internal validity including: accurate statistical analyses, validity of main outcome measures, confounding, 
randomization, interventional compliance, and blinding of assessors & participants [21]. 

Synthesis of study results culminated in identification of five major cognitive domains used to report associa-
tions of cerebrovascular and/or cardiovascular effects on cognition in persons with PD: executive function, at-
tention, verbal fluency and memory, visual memory, and working memory. 

3.1. Executive Function 
Four studies examined cardiovascular or cerebrovascular effects on executive function in persons with PD 
[23]-[26]. Through single photon emission computed tomography (SPECT), a direct correlation was revealed  



A. Carey et al. 
 

 
31 

Table 1. Results table.                                                                                          

Author D & B 
score n = Mean  

age H & Y UPDRS Medication 
on/off times 

Dementia 
ratings Results 

Allcock  
et al.  

(2006) 
13/27 

N= 175 
 

OH+ 
n = 87 

(63M, 24F) 
 

OH− 
n = 88 

(46M, 42F) 

OH+  
72.4 ± 7.5 

 
OH−  

69.2 ± 8.4 

Not 
reported 

Section III: 
Total mean 

17.75 
 

OH+ mean 
18.5 ± 9.0 

 
OH− mean 
17.0 ± 12.0 

OFF  
medication  

after  
midnight  

on  
assessment  

day 

Excluded  
PD pts  

with frank  
dementia  
according  

to 
DSM-IV 

-OH worse scores on sustained attention  
(digit vigilence test, p = 0.008); differences  
persisted when persons with MMSE < 24  

were removed (results not reported) 
-OH worse scores on visual memory  

(test of picture recognition, p = 0.027) 
Key points: 

-Persons with PD and OH demonstrate  
deficits in visual memory and attention 

-Identifies OH as a prognostic indicator for 
cognitive deficit & recommends early neurop-

sychological assessment 

Idiaquez  
et al.  

(2007) 
13/27 

N = 70 
PD 

n = 40  
(26M, 14F) 

Control 
n = 30  

(18M, 12F) 

PD 
69 ± 8.2 
Control 

69.0 ± 6.9 

Mean 
2.8 ± 1 

Section III: 
27.2 ± 11.6 

OFF 
12 hrs  
prior to  

assessment 

11/40  
(27.5%) with 

dementia 
according 

to DSM-IV 

-No significant differences between presence  
of OH or postprandial hypotension  

(PPH) & ANY of the cognitive or behavioral 
scores used in persons with PD or PDD 

Key points: 
-Persons with PD and dementia report  

higher incidence of cardiovascular issues 
-Increased motor symptom severity and  

older age at PD onset related to  
severity of cognitive impairment 

-Cannot completely rule out OH as  
a reason for cerebral hypoperfusion  

resulting in dementia 

Jones  
et al.  

(2014) 
14/27 n = 341  

(235M, 106F) 64.7 ± 10 Not  
reported 

Section III: 
 

26.3 ± 10 
ON 

Excluded 
persons with 

dementia 
according  

to Dementia 
Rating  

Scale-II < 5th 
percentile  
(n = 65) 

-All persons with PD performed lowest  
on tests of processing speed, executive  

function & delayed verbal memory 
-PD + HTN = worse executive  
function (p = 0.041) & delayed  

verbal memory (p = 0.021) scores 
-PD + OH = better executive  
function scores (p = 0.019) 

Key points: 
-HTN as a comorbidity in persons  

with PD exerts its own negative impact  
on executive function & delayed  

verbal memory above the deleterious  
effects of disease progression on cognition 

Kim  
et al. 

(2012) 
14/27 

N = 87 
 

No CI  
n = 25  

(14M, 11F) 
 

MCI 
n = 48  

(16M, 32F) 
 

Dementia  
n = 14  

(5M, 9F) 

Mean 
67.5 ± 9.2 

 
no CI 
63.4 ± 
12.0 

 
MCI 

70.0 ± 6.8 
 

Dementia 
66.2 ± 8.1 

Mean  
1.7 ± 0.7 

Section I - III: 
22.4 ± 16.6 Drug naive 

14/87 with 
dementia 

according to 
Korean  

version of 
MMSE,  
Clinical  

Dementia 
Rating scale, 

and the  
sum of the  
box of the 
Clinical  

Dementia 
Rating  
scale 

-All persons with supine HTN (SH) had at  
least some cognitive dysfunction (p < 0.001) 

-OH + SH = more severe cognitive  
impairments than those without OH or SH 

 
Key points: 

-All persons with OH + SH had  
some cognitive dysfunction 
-Frontal executive function  

negatively related to SD of SBP 
-Visuospatial memory related to  

nocturnal BP 
-Cognitive impairment related to  

cerebral perfusion issues like OH and SH 
-Use cognitive tests for early detection  

of PD and for treatment to slow  
cognitive decline in persons with PD 
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Continued 

Nobili  
et al.  

(2011) 
14/27 

N = 47 
 

de novo  
PD 

n = 26  
(6M, 15F) 

 
Age matched 

controls 
n = 21  

(12M, 14F) 

de novo PD 
68.9 ± 4.9 

 
Controls  

71.9 ± 5.9 

Not  
reported 

Section III: 
 

12.7 ± 5.0 
Drug naive Dementia 

excluded 

-Executive function directly correlated with  
perfusion in B/L posterior cingulate  

cortex & LAH precuneus in de  
novo (drug naïve) persons with PD 
-Verbal memory directly correlated  
with perfusion in precuneus, inferior  

parietal lobule & superior temporal gyrus  
in LAH in de novo persons with PD 

 
Key points: 

-Points to more prominent role of posterior  
cingulate and parietal cortices in executive  

dysfunction seen in persons with PD,  
disputing theory involvement of only  
frontal lobes in executive dysfunction 

-Executive function and verbal memory  
correlated with perfusion in posterior  

brain areas where dopaminergic  
nerve endings are less present 

Peralta  
et al.  

(2007) 
12/27 

N = 18 
 

PD 
n = 10 

 
PDD 
n = 8 

 
(sex not 
reported) 

PD: 
74.1 ± 4.8 

 
PDD  

77.3 ± 7.5 

Total Mean 
2.5 

 
PD Mean 

2.1  
(1.8 - 2.4) 

 
PDD mean 

2.9  
(2.6 - 3.5) 

Section 
I - V: 

 
Examined but 
not reported 

Clinical  
Exam-OFF 

 
Neuro-psych 
interview & 
executive 
function 
tests-ON 

Criteria:  
included  

in  
development 
of dementia  

at least 1  
year after 

onset  
of PD sxs, 

MMSE  
Score < 24 

-During tilt significant decrease in attention  
scores for persons with PDD  
(TEA-2 & TEA-3; p < 0.005) 

-During tilt, increase in scores of attention for 
persons with PD 

-During supine, word fluency scores reduced  
in persons with PDD compared to persons  

with PD however no significant change  
of word fluency scores among both  

groups with OH BP changes 
-Significant correlation between  

orthostatic changes in BP & attention  
scores in persons with PDD (p < 0.05)  

and persons with PD (p < 0.05) 
 

Key points: 
-Correlation between orthostatic BP  

changes during tilt contributes to theories  
stating cognitive dysfunction is due  

to chronic arterial hypotension 
-Maintaining BP measurements close  

to normal may improve cognitive  
functioning in persons with PDD. 

Pilleri  
et al.  

(2013) 
14/27 

N = 48 
 

OH+ 
n = 23  

(13M, 10F) 
 

OH− 
n = 25  

(13M, 12F) 

OH+  
64.96 ± 9.7 

 
OH−  

65.6 ± 8.7 

Total Mean 
2.71 

 
OH+ mean  
2.65 ± 0.6 

 
OH− mean 
2.76 ± 0.5 

Section III: 
 

Total mean 
37.6 

 
OH+ mean  

37.83 ± 15.1 
 

OH− mean 
37.36 ± 12.8 

Tilt  
table  

testing- 
performed  
at least 2  

hours  
after last  
levodopa  

administra-
tion 

 
Cognitive  

Assessment- 
medication  

use not  
reported 

Not  
reported 

-No person with PD in OH− group  
presented with SH 

-OH+ group scored lower on sustained  
attention (AttM; p = 0.03), working memory  
(Corsi Test; p = 0.004), and verbal memo-

ry-delayed recall (RAVLT; p = 0.02)  
compared to OH− group 

-Differences in working memory & verbal  
memory-delayed recall preserved when  

persons with MMSE < 24 were  
removed from analysis 

-Both symptomatic & asymptomatic  
persons in OH+ group scored similar  

on all neuropsychological testing 
 

Key points: 
-Relationship between OH and cognitive  

deficits that cannot be attributed to  
cerebrovascular damage (no difference in  

vascular burden between  
OH+ and OH− groups) 
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Figure 1. Study selection process.               

 
Table 2. Downs and black checklist scoring.                                                                  
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Allcock  
et al. 

(2006) 
1 1 1 0 1 1 1 0 0 1 1 0 1 0 0 1 0 1 0 1 1 0 0 0 0 0 0 13 

Idiaquez 
et al. 

(2007) 
1 1 1 0 1 1 1 0 1 1 1 0 0 0 0 1 0 1 0 1 1 0 0 0 0 0 0 13 

Jones  
et al.  

(2014) 
1 1 1 0 0 1 1 0 1 1 1 0 0 0 0 1 0 1 0 1 1 1 0 0 1 0 0 14 

Kim  
et al.  

(2012) 
1 1 1 0 1 1 1 0 1 1 1 0 1 0 0 1 0 1 0 1 1 0 0 0 0 0 0 14 

Nobili  
et al. 

(2011) 
1 1 1 0 1 1 1 0 1 1 1 1 0 0 0 1 0 1 0 1 1 0 0 0 0 0 0 14 

Peralta  
et al. 

(2007) 
1 1 1 0 2 1 1 0 1 1 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 12 

Pileri  
et al. 

(2013) 
1 1 1 0 1 1 1 0 1 1 1 0 0 0 0 1 0 1 0 1 1 1 0 0 0 0 0 14 

All questions except 1 = Yes; 0 = No/unable to determine. *“Principle Confounders described” 2 = Yes; 1 = Partially; 0 = No. 
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between hypoperfusion of the posterior association, limbic, posterior cingulate and parietal precuneus cortices 
(combined score-p = 0.000) in the less affected hemisphere (ipsilateral hemisphere to side of body with preva-
lence of motor symptoms) and executive function in persons with PD [26]. This adds support to the presence of 
a “PD Cognitive Pattern (PDCP)” of hypoperfusion described in previous literature and thought to be correlated 
with a variety of measures of executive function [26] [30] [31]. A cross-sectional, retrospective study of 341 
persons with PD found that the presence of PD and OH, defined as drop in systolic blood pressure ≥ 20 mmHg 
with postural changes [22]-[24] [27] [28], resulted in better scores on tests of executive function (tests of execu-
tive function combined score in PD + OH-p = 0.019; Trail Making Test-Part B (TMT-B) [32], Stroop Color-Word 
Test-Golden Version [33], and Controlled Oral Word Association Test (COWAT) [34]) when compared to those 
with a diagnosis of PD and “health comorbidities in general” (health comorbidities defined as comorbidities that 
affected at least 10% of the study population: cholesterol, HTN, hypotension, neurologic, cardiac, arthritis, ga-
stroesophageal reflux disease, cancer, prostate, Roberts syndrome, respiratory, diabetes) (PD + “health comorbidi-
ties”-p = 0.146) [24]. The same study also reported the presence of comorbid HTN in persons with PD resulted 
in decreased scores on tests of executive function (tests of executive function combined score PD + HTN-p = 
0.041) compared to persons with PD + OH, PD + OH + HTN, or PD with no other vascular comorbidity [24]. 
The latter result is supported by Kim et al. [25] who found a negative correlation between executive function 
scores (COWAT-grocery, p < 0.05; COWAT-phonemic, p < 0.05; Stroop Word Test, p < 0.05) and the standard 
deviation of systolic blood pressure (SBP) (normal cognition group = 13.0 ± 3.5, mild cognitive impairment 
group = 12.8 ± 2.9, dementia group = 18.8 ± 11.1). In contrast to the above studies which reported significant 
correlations between cardiovascular and/or cerebrovascular dysfunctions and cognitive dysfunctions, Idiaquez et 
al. [23] reported that the presence of OH (p = 0.1) or postprandial hypotension (PPH) (p = 0.4) did not signifi-
cantly affect cognitive or behavioral scores in persons with PD or Parkinson’s disease dementia (PDD) (Frontal 
Assessment Battery (FAB) [35], Blessed Scale [36], Cornell scale for depression [37]). 

3.2. Attention 
Three studies showed a correlation in persons with PD between OH and lower sustained attention scores (Digit 
Vigilance Test [38], Test of Everyday Attention subtests 2 and 3 (TEA-2, TEA-3) [39], and the Attentional Ma-
trix (AttM) [22] [27] [28] [40]). Two out of three studies utilized a combination of tilt table and neuropsycho-
logical testing to evaluate the connection between OH and attention [27] [28]. Peralta et al. [27] reported a sig-
nificant decrease in attentional scores during tilt in all persons with PDD (TEA-2, p < 0.001; TEA-3, p < 0.05) 
and an upward trend in attentional scores during tilt in all persons with PD (positive change in TEA-2 = 0.7 ± 
1.1, TEA-3 = 0.8 ± 2.1). A significant correlation was also found between the diagnosis of OH with PD (Δ dias-
tolic BP (DBP) and TEA-3, p < 0.05) or PDD (ΔSBP and TEA-2, p < 0.05; ΔDBP and TEA-2, p < 0.05) and 
decreased attention scores [27]. Pilleri et al. [28] used tilt table analysis to diagnose OH, but did not assess cog-
nition during tilt as in Peralta et al. [27]. Despite this difference, their results support findings that persons with 
PD and OH score lower on tests of sustained attention (AttM, p = 0.03) [28]. It should be noted that when per-
sons with Mini-Mental State Examination (MMSE) < 24 were excluded, this difference was only a trend towards 
significance (AttM, p = 0.05) [28]. Allcock et al. [22] reported similar results regarding OH and diminished 
sustained attention score (digit vigilance test, p = 0.008), however, in contrast to the findings in Pilleri et al. [28], 
these results were maintained when persons with MMSE < 24 were excluded from analysis (data not reported). 

3.3. Verbal Memory and Fluency 
Four studies examined the cerebrovascular and/or cardiovascular effects on verbal memory or word fluency in 
persons with PD [24] [26]-[28]. Using SPECT, a significant correlation was found between cerebral hypoperfu-
sion in the temporoparietal association areas (combined score-p = 0.017) of the cortex in the less affected he-
misphere with decreased scores on tests of verbal memory [26]. These results are similar to a previous study of 
persons with Alzheimer’s Disease, a neurodegenerative disease that mimics regional cerebral perfusion maps 
seen in persons with PDD, which found bilateral temporal perfusion scores were closely correlated to perfor-
mance of word list learning [26] [41] [42]. Persons with PD and an existing diagnosis of HTN (Hopkins Verbal 
Learning Test-R [43], form (HVLT-R) and Logical Memory Stories II (WMS-II) [44]; combined score PD + 
HTN-p = 0.021) [24] or OH (Rey Auditory Verbal Learning Test (RAVLT) [45], PD + OHp = 0.02] [28]) were 
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also found to have decreased delayed verbal memory recall scores. Decreases in verbal memory recall scores in 
persons with PD and OH were maintained when persons with MMSE < 24 were excluded from statistical analy-
sis (RAVLT, p = 0.03) [28]. The last study in this group reported significantly lower scores of verbal fluency in 
the supine position for PDD vs. PD alone (Regensburger Verbal Fluency Test [46], between group comparison p 
< 0.01), however, no significant changes in verbal fluency scores were reported when BP changes consistent 
with OH were encountered in both persons with PD alone and PDD (“n.s.” = not significant) [27]. 

3.4. Visual Memory 
Two studies showed correlations of BP changes in persons with PD and decreased visual memory [22] [25]. One 
study reported that presence of OH resulted in lower scores on tests of visual memory (Cognitive Drug Research 
(CDR) computerized assessment system-test of picture recognition [47], tests of visual memory combined score-p 
= 0.027) [22]), while the other study reports a relationship between visuospatial function (Rey-Osterrieth Com-
plex Figure Test for non-verbal, visuospatial memory-copy (RCFT-copy) [48], p = −0.040) and changes in noc-
turnal BP, whereby nocturnal BP increases were associated with worsening cognitive function including vi-
suospatial function [25]. 

3.5. Working Memory 
One study cited significantly decreased scores on tests of working memory with the presence of OH in persons 
with PD (Corsi test [49], p = 0.004) [28]. These results were maintained when persons with MMSE < 24 were 
excluded from statistical analysis (p = 0.003). 

4. Discussion 
The primary aim of this review was to determine if there is a clinically significant link between cerebral hypo-
perfusion, cardiovascular dysfunction, and impaired cognition in persons with PD in order to supplement current 
diagnostic criteria and symptom management. Disease severity and motor involvement were evaluated in all 
seven studies using the Unified Parkinson’s Disease Rating Scale (UPDRS) and its subscales [22]-[28]. Addi-
tionally, five of the seven studies used the Hoehn & Yahr scale to further measure motor symptom severity [22] 
[23] [25] [27] [28]. A battery of neuropsychological tests were used to assess different dimensions of cognition, 
the most common being the MMSE [22] [23] [25]-[28]. The MMSE is a validated test for global cognition in 
Parkinson’s disease [50]. Dubois et al. [50] suggest that while the MMSE is an efficient exam for global cogni-
tion, it does not appropriately assess executive function deficits. Age and education level also impact MMSE 
scores, making it a less reliable tool for the PD population [50]. For these reasons, we eliminated three studies 
from our review that used MMSE as the primary measure of cognitive function.  

This systematic review did not establish a causative correlation between cognitive impairment, brain perfu-
sion, or cardiovascular dysfunction in persons with PD. However, it established that a relationship exists be-
tween these variables, the extent of which requires further research. Parkinson’s disease is a progressive, dege-
nerative disorder of the central nervous system, therefore, it cannot be determined with certainty whether cogni-
tive impairment is due to altered blood flow to the brain or the ongoing disease process [51] [52]. Nonetheless, 
OH has been associated with cognitive decline in dementia, PD, and PDD [52]. 

OH is common in persons with PD, with up to 20% of patients experiencing symptoms [53]. This finding could 
be attributed to disease progression, dopaminergic drugs, or a failure of the autonomic system [52]. These fac-
tors differentiate the presentation of OH in PD from the presentation of OH caused by the ageing process [53]. 
As orthostasis is a common adverse effect of dopaminergic drugs [10], several of the studies in this review at-
tempted to control for these effects by converting to equivalent doses of standard levodopa [22] [24] [28], re-
stricting medication for 12 hours prior to evaluation [22] [23], examining during “off times” [27], or using a 
drug-naive population [25] [26]. Overall, the results of the literature reviewed indicate that cognitive test scores 
were lower in those persons with PD who met the criteria of OH and/or impaired perfusion. Three studies found 
a significant correlation between decreased attentional scores and comorbid OH in persons with PD [22] [27] 
[28]. That being said, diminished attention scores in persons with PD may be indicative of greater cognitive im-
pairment. 

Cerebral hypoperfusion is not the sole perfusion dysfunction impacting cognition in persons with PD. In a 
study by Kim et al. [25], persons with PD demonstrating supine hypertension (SH), defined as systolic BP ≥ 150 
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mmHg or diastolic BP ≥ 90 mmHg in supine, were found to have decreased cognitive function, specifically im-
paired visuospatial memory. This was overwhelmingly true of those patients who presented with both SH and 
OH. None of these persons had normal cognition, and they demonstrated the most severe cognitive impairments 
when compared to the entire study sample [25]. This finding shows that altered cerebral perfusion secondary to 
HTN or OH is correlated with decreased cognitive function. Jones et al. [24] found that HTN has an influence 
on executive function and memory recall that goes beyond the deficits produced by the typical PD disease 
process. They hypothesized that while these deficits are small, they may become more conspicuous and pro-
found as the disease progresses [24].  

Verbal memory has been shown to be involved with the larger, more encompassing memory network, includ-
ing areas of the brain such as the precuneus, inferior parietal lobe, and superior temporal gyrus [26]. Similar to 
persons with Alzheimer’s dementia, persons with PD demonstrated that a lack of perfusion in the posterior pa-
rietal limbic areas and the association areas of the frontal lobe have a negative effect on cognition scores [26]. 
SPECT scans of persons with PD support this finding, indicating that hypoperfusion affects posterior areas of 
the brain and results in similar verbal deficits [26]. 

The same posterior hypoperfusion pattern was found by Derejko et al. [51]. The most identifying feature on 
SPECT scans of persons with PDD was posterior hypoperfusion, a pattern typically documented in Alzheimer’s 
disease [51]. Additionally, the authors observed marked hyperperfusion of the left thalamus in persons with 
PDD [51]. Thus, disease-related cognitive decline may not only be due to structural changes in the brain, but 
also deficits in cardiovascular or cerebrovascular systems [51]. These findings indicate that brain perfusion 
mapping has the potential to be an indispensable tool for predicting and tracking declining cognitive function in 
persons with PD [51]. 

5. Limitations 
This review had several limitations, the first of which was the lack of standardization for on/off times for dopa-
minergic medications. As previously stated, all studies attempted to control for pharmacological effects, but the 
different methods used may have confounded the results. Levodopa (L-dopa) can decrease motor symptoms due 
to increased synthetic dopamine in the system during “on” times [54]. These motor improvements could affect 
the disease severity measurements, especially the motor subscale of the UPDRS. Correlations of disease severity 
and cognitive decline could be confounded if patients were evaluated during L-dopa “on” times versus “off” 
times. More importantly, BP may be elevated when a patient is in the “off” state and BP may drop to sympto-
matic levels when the patient is in the “on” state [54]. L-dopa has a known hypotensive effect [55], so if persons 
with PD were evaluated during “on” times, hypotension might have been a pharmacologic side effect rather than 
a symptom of cardiovascular dysfunction. This hypotensive effect has been shown to be protective for those 
with a history of HTN [10], but for the purposes of this review, it may have confounded the results. Blunting 
HTN with L-dopa could also change the results of studies that found a relationship between HTN and cognition, 
even if all other HTN medications were controlled [24]. In the future, a standard for testing during on/off times 
for L-dopa would strengthen results.  

The most significant limitation of this review is the inability to distinguish the origin of cognitive decline in 
persons with PD. Cognitive decline appears to be correlated with later onset and greater severity of motor symp-
toms [22] [23]. This correlation could be a result of disease progression rather than cardiovascular dysfunction.  

For example, widespread Lewy body pathology has been known to cause fluctuating cognition, dementia, and 
damage to the anterior cingulate cortex (ACC) [22]. In a study by Critchley et al. [56], a direct link between 
ACC activity and sympathetic output was found. Thus, autonomic dysfunction and altered cognition in persons 
with PD may perhaps be a result of underlying Lewy body disease (LBD) and not cardiovascular risk factors [57].  

A final limitation is the use of drug-naive persons with PD to study cognition [25] [26]. As previously stated, 
anti-Parkinsonian drugs could affect HTN and consequently cognition [10], therefore, these studies can defini-
tively say their results are not due to adverse effects of L-dopa. However, that advantage may be nullified by the 
possibility of an inappropriate diagnosis of PD. Quinn [58] described the differential diagnoses for idiopathic 
PD and the unfortunate frequency at which PD is misdiagnosed, even by specialists. Without testing for the re-
sponse to L-dopa, these drug naive populations could potentially be showing signs of LBD or other Parkinsonian 
syndromes. Kim et al. [25] stated that their sampled population may fall on the continuum between LBD and PD, 
thus, these results may not be attributable to PD alone.  
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6. Conclusion 
Having established that impaired perfusion negatively impacts cognitive function, it can be inferred that those 
persons with PD who also have altered BP will display cognitive impairments. It is the contention of this litera-
ture review that persons with PD and co-morbid cerebrovascular or cardiovascular impairments will benefit from 
early cognitive screening with an appropriate neuropsychological testing battery. Early testing would allow for 
more appropriate interventions with the intention of slowing or monitoring cognitive decline. 

7. Clinical Bottom Line 
With a relationship between cerebrovascular and cardiovascular dysfunction and cognition established, appropriate 
management of cognition in persons with PD can be more thoroughly considered. Knowing that this relationship 
exists, the identification of cardiovascular risk factors, such as OH and HTN, can be utilized to warrant further 
neuropsychological testing. Currently, in persons with PD the MMSE is utilized as the primary measure for neu-
ropsychological screening [50]. However, recent literature suggests that this test is not accurately able to identify 
cognitive impairment in persons with PD [59]. In a study by Burdick et al. [59], it was found that more than half 
of persons with PD who scored above normal on the MMSE, also scored below normal on the Montreal Cogni-
tive Assessment. Sixty-seven percent of those with normal MMSE scored 1.5 standard deviations below normal 
in at least 1 other cognitive test. Sixty-four percent of persons with PD deemed cognitively normal by the MMSE 
scored 1.0 SD below normal on at least 2 other cognitive measures. Furthermore, this study concluded that if the 
MMSE were to be the only test utilized to detect dementia in persons with PD, then as many as 55% of dementia 
cases would have gone undetected in this population [59]. Thus, considering the prevalence of cognitive im-
pairment and its impact on quality of life in persons with PD, it is imperative that appropriate neuropsychologi-
cal testing be utilized to aide in early detection of cognitive impairment, especially in cases of individuals with 
previously identified risk factors. 

With risk factors identified and appropriate neuropsychological testing instituted, further management of cog-
nitive impairment in persons with PD can be explored. In a study by Hohler et al. [60], conservative manage-
ment of OH in the form of anti-hypertensive medications, maintaining adequate hydration, increasing salt intake, 
and wearing compression stockings resulted in improvements in the cognitive component of the Functional In-
dependence Measure. In addition to these conservative techniques, other studies have researched the effects of 
physical activity in treating cognitive impairment in persons with PD. In a study by Ridgel et al. [61], the effects 
of passive leg cycling on cognition were studied over the course of four exercise sessions. Following bouts of 
passive leg cycling, no improvements were noted in visual search or motor speeds, however, passive cycling was 
found to improve set-shifting, a component of executive functioning (as identified by the Trail Making Test A 
and B) [61]. 

In another study by Tanaka et al. [62] the effects of a multimodal exercise session on executive function was 
studied in the PD population. Significant improvements were found in executive function in the training group 
over the control group (as identified by the Wisconsin Card Sorting Test [63]). Specifically, improvements in 
abstraction and mental flexibility were noted [62]. Both of these studies hypothesize that physical activity may 
be able to positively impact the circulatory system in such a way that executive function is consequently im-
proved [61] [62]. Ridgel et al. [61], suggest that the physiologic effects typically associated with exercise (in-
creased cardiac output, stroke volume, heart rate, decreased vagal tone) may function to treat the cardiovascular 
risk factors identified to affect cognition in person with PD. Likewise, Tanaka et al. [62] hypothesized that exer-
cise in persons with PD may result in increased blood flow to the brain, thus, treating the cerebrovascular perfu-
sion deficits associated with altered cognition in this population. Further research, including detailed imaging in 
the form of perfusion scans during physical activity, may be warranted in order to better support the aforemen-
tioned hypothesis that cognitive impairment in PD can be directly treated by the altered circulation and perfu-
sion patterns identified following exercise. With this information determined, the inclusion of health care pro-
fessionals such as physical therapists will become instrumental in the treatment of cognitive impairment in per-
sons with PD.  
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Appendix A—Database Search Results 
Scopus, PubMed, CINAHL, and citations from selected articles 
Scopus 
Search terms: autonomic [Ti, Ab, keyword], cognitive [TI], cardiovascular [TI, AB, keywords] (54) 
autonomic [Ti, Ab, keyword], cognitive [TI], Parkinson [TI, AB, keywords] (29) 
PubMed 
Search terms: ((cerebrovascular) and Parkinson’s Disease) and Cognitive (175) 
cerebrovascular* [TI/AB] or hypoperfusion* [TI, AB] and Parkinson’s [TI, AB] and cognition* (body) (39) 
cognition and hypoferfusion and autonomic (17) 
“blood pressure” * (TI/AB) and cognitive* (TI/AB) and Parkinson’s (TI/AB) (18) 
Cardiovascular cognitive parkinsons (65) 
CINAHL 
Search Terms: autonomic* [TI, AB] and cognitive*[TI, AB] and Parkinson’s [keyword] (15) 
autonomic* [TI, AB] and cognitive* [TI, AB] (10) 
autonomic [TI] and Parkinson’s [TI] (10) 
From Idiaquez, J., Benarroch, E.E., Rosales, H., Milla, P. and Rios, L. (2007) Autonomic and Cognitive 
Dysfunction in Parkinson’s Disease. Clinical Autonomic Research, 17, 93-98. 
http://dx.doi.org/10.1007/s10286-007-0410-7  
Goldstein, M.A. and Silverman, M.E. (2006) Autonomics and Cognition. Clinical Autonomic Research, 16, 86- 
89. 
From Ridgel, A.L., Kim, C.H., Fickes, E.J., Muller, M.D. and Alberts, J.L. (2011) Changes in Executive 
Function after Acute Bouts of Passive Cycling in Parkinson’s Disease. Journal of Aging and Physical Ac-
tivity, 19, 87-98. 
Tanaka, K., Quadros Jr., A.C., Santos, R.F., Stella, F., Gobbi, L.T. and Gobbi, S. (2009) Benefits of Physical 
Exercise on Executive Functions in Older People with Parkinson’s Disease. Brain and Cognition, 69, 435-441.  
http://dx.doi.org/10.1016/j.bandc.2008.09.008  
From “Related citations in PubMed” when searching Slobodin, T.N. (2012) Importance of Vascular Fac-
tors for Cognitive Rehabilitation in Parkinson’s Disease Patients. Likars’ ka sprava/Ministerstvo okhorony 
zdorov’ia Ukrainy, 7, 176-179. 
Szirmai, I. and Kovacs, T. (2002) Parkinson Syndrome and Cognitive Disorders. Deggyogyaszati Szemle, 55, 
220-225. 

Appendix B 
Common abbreviations 
PD: Parkinson’s Disease; 
QOL: Quality of life; 
CI: Cognitive impairment; 
SPECT: Single photon emission computed tomography; 
OH: Orthostatic hypotension; 
HTN: Hypertension; 
PDD: Parkinson’s disease dementia; 
MMSE: Mini-mental state exam; 
BP: Blood pressure; 
SH: Supine hypertension; 
UPDRS: Unified Parkinson’s disease rating scale; 
L-dopa: Levodopa; 
LBD: Lewy body disease. 
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