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Background:  Health comorbidities, particularly cardiovascular risk factors, are well 

known to pose risks for cognitive decline in older adults.  To date, little attention has 

focused on the impact of these comorbidities on Parkinson’s disease (PD), a 

dopaminergic depletion disorder affecting frontal-subcortical systems.  This study 

examined the prevalence and contribution of comorbidities on cognitive status in PD 

patients, above and beyond the effects of disease severity. We had two hypotheses.  

First, comorbidities associated with small vessel disease (i.e., hypertension) would 

negatively influence executive function, processing speed, and working memory.  

Second, comorbidities associated with altered glucose metabolism or acute cardiac 

events would negatively influence episodic memory based on known associations with 

hippocampal function. 

Methods:  A cross sectional design was used, including neuropsychological data 

on 341 PD patients obtained from the INFORM database from the Center of Movement 

Disorders and Neuro-Restoration at the University of Florida (UF). Comorbidity data 

were collected via medical chart review from UF/ShandsClinics.  Data were analyzed 
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using a series of multiple hierarchical regressions, controlling for PD-related disease 

variables.  

Results:  Overall sample characteristics: 69% male, disease duration 9.7 years, 

Unified Parkinson’s Disease Rating Scale 26.4, age 64.7 years.  Hypercholesterolemia 

(41.6%), hypertension (38.1%) and hypotension (30.2%) were the most reported 

comorbidities. After excluding for possible dementia (Dementia Rating Scores< 5th 

percentile), the presence of hypertension significantly contributed to domains of 

executive function and verbal memory. 

Conclusions:  This study with a large cohort of PD patients provides evidence for a 

detrimental influence of health comorbidities, particularly hypertension, on cognitive 

domains that have traditionally been conceptualized as being frontally and/or temporally 

mediated. Our hypotheses were partially supported and generally in line with findings 

from normal elderly. Possible mechanisms are discussed. 
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CHAPTER 1 
INTRODUCTION 

Introduction to the Problem 

Parkinson’s disease (PD) is a common age-related neurodegenerative disorder, 

occurring second only to Alzheimer’s disease (Nussbaum & Ellis, 2003). Affecting over 

half a million people in the United Stated alone, annual indirect costs of PD are 

estimated to be around $20 billion (Huse et al., 2005). Parkinson’s disease becomes 

more prevalent in older populations, affecting 1% of the population over 60 years old 

and reaching prevalence rates of up to 4% in individuals over 80 (Lau & Breteler, 2006). 

In addition to having an age effect on prevalence, PD has been shown to be more 

common among men (Mayeux et al., 1995).  

Parkinson’s disease has traditionally been characterized as a motor disorder, with 

symptoms including tremor, rigidity, slowness, stooped posture and balance 

impairment. However, nonmotor symptoms are also common giving rise to the view that 

Parkinson disease is in fact a multisystem disorder involving mood, autonomic, and 

cognitive symptoms.  Cognitive impairment can occur early in the disease course and 

have a major impact on quality of life, survival and the need for nursing home placement 

(Aarsland et al., 2001; Schrag et al., 2000; Buter et al., 2008).  An understanding of the 

brain mechanisms of cognitive impairment in PD is essential both prognostically and for 

the development of new targeted therapies.   

The most prominent view regarding cognitive symptoms in PD is that they are 

related to deregulation of the frontal neocortex secondary to reduced dopaminergic 

input from subcortical systems (Dubois & Pillon, 1997).  While PD related neural 

degeneration is a primary cause of cognitive impairment, it does not account for all of 
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the variance in cognitive decline. Research into additional contributors of cognitive 

impairment could help in treatment and identification of individuals at risk for further 

decline.  

The overall goal of the present study was to examine other contributory factors 

that might influence cognitive status in Parkinson patients.   Studies among the normal 

elderly have shown a relationship between cognitive decline and cardiovascular 

comorbidities such hypertension, high cholesterol and diabetes. The question arises 

whether similar health comorbidites might also exert a negative influence on cognitive 

status in patients with PD.  Given that a high proportion of PD patients have 

“hypotension” secondary to autonomic disturbance, it is unclear whether cardiovascular 

risk factors will exert the same type of influence as seen in normal elderly.   

The specific goals of the present study were to examine the occurrence of health 

comorbidities in large sample of Parkinson patients and determine the extent to which 

these comorbidities negatively influenced distinct neurocognitive domains (i.e., 

executive function, processing speed, episodic memory, etc.).  To accomplish these 

goals, the present study undertook a medical review of Parkinson patients who were 

part of the Center of Movement Disorders and Neurorestoration (CMDNR) INFORM 

database and who had undergone a neuropsychological evaluation through the 

Psychology Clinic at the University of Florida.   We hypothesized that cardiovascular 

comorbidities, such as hypertension, would exert negative influence on cognitive 

domains   (ie. executive functioning, working memory and processing speed) that are 

linked to frontal-subcortical integrity.  This hypothesis was based on findings from the 

normal aging literature showing relationships between hypertension, white matter 
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abnormalities in the frontal-subcortical regions and cognitive performance (Kennedy & 

Raz, 2009; Hachinski, 1987; Verdelho et al., 2010; Pantoni, 2010). Before discussing 

this study further, we will provide a brief review of relevant literature including the results 

from a  preliminary study that led to the present project.    

Cognitive Changes in Parkinson’s Disease 

When originally described in 1817 by James Parkinson, the syndrome which 

would be coined “Parkinson’s disease” was described as a movement disorder without 

impaired cognitive or mood sequelae. Since that time, numerous studies have shown 

that cognitive changes and decline are indeed common in PD (Levin & Katzen, 2005; 

Dubois & Pillon, 1997; Zgaljardic et al., 2003; Aarsland & Kurz, 2010).  In cross-

sectional studies, over a quarter of the PD population has disease related dementia, 

whereas longitudinal studies suggest that over 80% will develop dementia after 10-15 

years following disease onset (Aarsland et al., 2001; Hely et al., 2008).     

There are two prominent neurotransmitter views regarding cognitive decline in 

Parkinson disease.  One relates to dopamine depletion in subcortical regions that alters 

the functional integrity of the frontal neocortex.  Cronin-Golomb (2010) has argued that 

this dopaminergic depletion results in a type of “disconnection syndrome”.  In brief, 

dopaminergic degeneration of neurons in the substantia nigra disrupt multiple basal 

ganglia loops (Alexander et al., 1986). While deregulation of certain basal ganglia loops 

results in motor symptoms, circuits with connections to areas in the dorsolateral 

prefrontal cortex, orbitofrontal cortex and anterior cingulated region may be responsible 

for impairments in cognitive and behavioral functions.  The traditional cognitive 

phenotype of PD includes cognitive slowing, difficulties with working memory and multi-
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tasking, poor set-shifting, and forgetfulness (Zgaljardic et al., 2003, Levin & Katzen, 

2005; Zahodne et al., 2011).  

A second view relates to additional cholinergic deficits that are superimposed on 

the primary dopaminergic-subcortical degeneration (Hilker et al., 2005; Murat, 2003). 

These cholinergic deficits, thought to arise from disruption of the basal forebrain,   

impact wide areas of the cortex, particularly posterior regions, and are associated with 

more severe dementia (rather than mild cognitive changes). Findings by Hilker and 

colleagues (2005) suggest that development of PD dementia is related to a transition 

from dopaminergic degeneration in the substantia nigra (where degeneration is first 

noted in early PD) to further degeneration of cholinergic neurons in the cortex.  

The role of Lewy body related degeneration in the development of PD is not 

thoroughly understood. Lewy bodies are irregular accumulations of protein (mainly 

alpha synuclein) found in the substantia nigra and may play a role in dopaminergic 

degeneration (Meredith et al., 2004). In addition to the substantia nigra, other brain 

regions such as the locus coeruleus, hypothalamus and thalamus, may be sites for 

Lewy body formation (Gibb & Lees, 1988). The presence of Lewy bodies in the cortex of 

PD patients may be characteristic of dementia (Murat, 2003). 

Cognition and Comorbidities in the Normal Elderly. 

For over a decade studies have shown that cardiovascular risk factors (including 

comorbidities such as hypertension and diabetes) are predictive of cognitive decline 

among elderly individuals (Saxby et al., 2003; Kuo et al., 2004; Kilander et al., 1998; 

Vicario et al., 2005). A previous longitudinal study examining a wide array of 

cardiovascular risk factors found only hypertension and diabetes to be related to 

cognitive performance among elderly individuals (Knopman et al., 2001). Specifically, 
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hypertension and diabetes are risk factors for cognitive symptoms in the areas of 

memory, attention, executive functioning and processing speed (Saxby et al., 2003). 

Even among treated hypertensive individuals taking blood pressure medications, 

executive dysfunction may be present when compared to normotensive individuals (Raz 

et al., 2003). In addition to a clinical diagnosis of hypertension, subclinical levels of 

blood pressure, pulse pressure (the difference between systolic and diastolic blood 

pressure correlating with arterial thickness) and glucose levels have been linked to 

worse cognitive outcomes (Dahle et al., 2009).  

Cardiovascular risk factors have been linked to both neuropsychological outcomes 

and brain structure correlates. The effect of hypertension on cognition is thought to be 

due to subcortical small vessel lesions that can occur in various subcortical areas, 

particularly the white matter of the frontal and temporal lobes.  In turn, these lesions 

may impact executive functioning,  working memory, processing speed and memory 

recall (Kennedy & Raz, 2009; Hachinski et al., 1987; Verdelho et al., 2010; Pantoni, 

2010).  Several studies have shown that the presence of small vessel lesions, 

appearing as white matter lesions (WML) on magnetic images, mediates the 

relationship between memory, executive functioning and hypertension. Greater WML 

volume in the frontal lobe was significantly related to executive dysfunction regardless 

of whether or not individuals were on hypertensive medication (Raz et al., 2003). In 

addition to executive functioning, memory functioning has been associated with 

temporal lobe and periventricular WML (Smith, et al., 2011).  A recent study looking at 

different subtypes of small vessel lesions found that hypertension was indicative of both 



 

15 

microatheroma (lesions of very small vessels) and lipohyalinosis (lesions of larger small 

vessels) while diabetes only related to lipohyalinosis (Bezerra et al., 2012).  

Diabetes and acute hypoxic events have shown to be related to executive 

functioning and memory performance (Verdelho et al., 2007; Stewart & Liolitsa, 1999). 

Furthermore, the detrimental effect of diabetes is independent of small vessel disease, 

and may be due to additional disruption of glucose metabolism preferentially impacting 

posterior regions involved in memory functioning (Convit et al., 2003; Leritz et al., 2011).  

While numerous studies have found hypertension to be related to cognitive 

impairment, some studies have failed to report a significant relationship between 

hypertension and cognition (Farmer et al., 1987; Desmond et al., 1993; Launer et al., 

1995).  A review of previous works on cognition and hypertension came to the 

conclusion that a majority of longitudinal studies have shown that hypertension does 

indeed contribute to the development of cognitive impairment (Birns & Karla, 2008). 

Cognition and Comorbidities in Parkinson’s Disease 

Few studies have examined the relationship between cardiovascular comorbidities 

and cognitive performance in patients with PD.  To date, the primary approach taken in 

the literature has involved determining whether the presence of cardiovascular 

comorbidities is differentially associated with diagnoses of dementia, mild cognitive 

impairment or no cognitive impairment (Uc et al., 2009; Haugarvoll et al., 2005; Dalaker 

et al., 2009). In brief, these studies find no differences in occurrence of cardiovascular 

comorbidities among demented vs nondemented PD subgroups, or those with mild 

cognitive impairment 

In contrast, a recent study in our laboratory was supportive of a relationship 

between cardiovascular symptoms and simple measures of cognition (Jones et al., 
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2012).  This study incorporated previously collected data from the National Parkinson’s 

Foundation Quality Improvement Initiative (NPF-QII).  This sample included data on 

1,948 Parkinson’s patients from 16 sites across the United States and Canada. Health 

comorbidity data was limited to six comorbidities (heart/circulation problems, diabetes, 

arthritis, cancer, respiratory disease and “other neurological disorders”).  Cognitive data 

was limited to a verbal fluency task (animal fluency) and a five word immediate and 

short delay recall. In terms of overall prevalence, arthritis (47%) and heart/circulatory 

problems (36%) were the most prevalent comorbidities (Figure 1-1).  While 

heart/circulatory problems were common, they were below what is often reported for 

prevalence estimates of hypertension (60%) in normal elderly over age 60 years (Wolf-

Maier et al., 2003, Aronow et al., 2011). This lower rate of heart/circulatory problems 

may be related to a reduction of blood pressure which has shown to be lower among 

patients on levodopa medication, (McDowell et al., 1970; Nanhoe-Mahabier et al., 

2009).  

In addition to investigating prevalence, the Jones et al. (2012) study also 

examined the relationship between comorbidities and cognition (animal fluency, delayed 

memory recall).  This was done using a series of hierarchical regression analyses that 

controlled for demographic differences (age, gender, living status), PD severity, and 

medication status.  Results showed that  heart/circulation problems were associated 

with worse delayed verbal memory recall performance, while presence of  diabetes 

showed a trend relationship with worse semantic  performance. While this study 

provides initial evidence for detrimental impact on vascular related comorbidities on 

cognition in PD, weaknesses are present. This study failed to differentiate the 
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relationship of hypertension from cardiac disease, as hypertension was lumped into the 

category of heart-circulation problems. Secondly, the effect of hypotension, often 

observed in PD, was not addressed.  Third, the measures of cognition were limited and 

did not broadly capture various neurocognitive domains (i.e., working memory, 

processing speed, etc.).  Finally, there were a variety of other relevant issues with the 

NPF-QII dataset including no indication of an individual’s education level (which is 

strongly correlated with cognition), or whether individuals met criteria for dementia.  

 

Figure  1-1.  Prevalence of Comorbidities in 1948 PD Patients from NPF-QII Database. 
Figure depicts the prevalence of comorbidities among a sample of 
Parkinson’s patients from the National Parkinson Foundation Quality Initiative. 

Statement of the Problem and Specific Aims 

 The overall goal of this study was to examine the prevalence of comorbidities 

among a sample of non-demented Parkinson patients, and to determine the relationship 

of these comorbidities to  separate cognitive domains. This study attempted to address 
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some of the issues uncovered in our previous NPF study. First, this study assessed 

multiple domains of cognition, rather than global deficits (ie. dementia vs non-dementia). 

Secondly, this study examined a wide range of comorbidities allowing examination of 

distinct comorbidities (ie. hypertension, cholesterol and hypotension) from the same 

organ system. Third, this sample consisted of a large cohort of Parkinson patients, 

screened for possible dementia  

This study had two specific aims.  

Specific Aim 1 

The first aim was to determine the prevalence of health comorbidities in a 

University of Florida cohort of Parkinson patients.  Based on literature in normal elderly, 

we were particularly interested in the influence  of cardiovascular comorbidities such as 

hypertension, diabetes and acute cardiac events.   

Hypothesis 1: Based on previous studies showing age-related increases in 

comorbidities in conjunction with the older age of the Parkinson cohort, it was 

hypothesized that comorbidity prevalence in PD patients would roughly mirror that 

observed n normal elderly with the exception of hypertension/hypotension.    We 

predicted that hypertension would be a common comorbidity in PD but would occur less 

frequently than in the normal elderly populations (i.e., around 60%).  This prediction is 

based on knowledge about the side effects of dopaminergic medications (lowering of 

blood pressure and PD autonomic dysfunction).  We also predicted that “hypotension” 

would be greater in our PD sample due to PD-related autonomic dysfunction.    

Specific Aim 2 

 The second aim was to examine the unique contribution of comorbidities to 

specific cognitive domains in PD.  Previous research has shown that severity of PD is a 
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main predictor of cognitive functioning; therefore PD related disease variables were 

statistically controlled for in order to examine the impact that individual comorbidities 

have on cognitive domains above and beyond PD related degeneration.  

Hypothesis 1:  The first hypothesis was that those comorbidities  associated with 

frontal-subcortical disruption (i.e., hypertension)  would be associated with cognitive 

performance in the executive functioning, working memory and processing speed 

domains. These domains are conceptualized as being mediated by frontal lobe 

processes.  Specifically, the occurrence of hypertension would be related to worse 

scores on measures of executive function, working memory, and processing speed.   

Hypothesis 2:  The second hypothesis was that worse verbal memory 

performance would be associated with the presence of acute cardiac events and 

diabetes, due to potential impact on mesial temporal lobe memory systems (i.e., via 

alterations in glucose metabolism or hypoxic events).  
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CHAPTER 2 
METHODS 

Figure 2-1 provides an overview of the study design.  In brief, the participants 

were a convenience sample of Parkinson patients who had undergone 

neuropsychological evaluation at the University of Florida Psychology Clinic.  All were 

being followed in the clinics of the UF Center for Movement Disorders and 

Neurorestoration.  Inclusion criteria are detailed more fully below but included: a 

diagnosis of idiopathic PD, available neurocognitive test results, and medical workup 

corresponding to the date of the neuropsychological evaluation (within a minimum of 1 

year prior).    

INFORM DATABASE 
(N>5500)

Center for Movement Disorders & 

Neurorestoration (CMND)

Neuropsychology Module (N=1284)
Includes patients with Parkinson Disease, Essential 

Tremor, dystonia, parkinsonism, diffuse lewy body 

disease, Huntington’s, Tourettes, tremors due to MS, 

TBI, stroke; psychogenic, etc. 

Disease Related Information: 

Scores from Unified Parkinson Disease Rating 

Scale (UPDRS): Part III (motor; Duration of 

symptoms, Levodopa equivalent dosage (LED)

Review of Medical Charts 
UF-Shands Outpatient Clinics (HIS) 

Exclusion Criteria
History of deep brain stimulation or other brain surgery, severe 

psychiatric disorder (schizophrenis, psychosis),  scores less than 5th

%ile on Dementia Rating Scale-R 

Inclusion Criteria
Diagnosis of idiopathic Parkinson 

disease, age >18 years

FINAL SAMPLE
N= 341 

Idiopathic Parkinson Disease patients

  

Figure 2-1.  Design Overview. Figure depicts an overview of the study design 
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Inclusion Criteria 

Participants were recruited from the INFORM database, an IRB-approved clinical-

research database maintained by the University of Florida’s (UF) Center for Movement 

Disorders and Neurorestoration (CMDN). To be included in the present study, 

participants had to meet the following requirements:  a) age 18 years or older, b) 

completion of a neuropsychological evaluation by UF neuropsychologists; and c)  meet 

diagnostic criteria for idiopathic PD by a movement disorders specialty trained 

neurologist using the United Kingdom Brain Bank diagnostic criteria (Hughes et al., 

1992).  These criteria consist of presence of bradykinesia and one of the following: 

muscle rigidity, resting tremor of 4 to 6 Hertz or postural instability. 

Data pertaining to PD severity, duration of symptoms and dopaminergic 

medication were collected from the INFORM database. All measures of disease severity 

were assessed within a year of neuropsychological testing.   These included the Unified 

Parkinson’s Disease Rating Scale-Third Edition (UPDRS; Fahn & Elton, 1987), a well-

validated and standardized rating of PD symptom severity. Motor scores (part III) of the 

UPDRS were obtained while patients were “on” their normal dopa medications by a 

trained movement disorder neurologist at CMDN. Years with symptoms were obtained 

from the INFORM database as a self reported question assessed by a CMDN 

neurologist. The amount of dopaminergic medication was indexed by the Levodopa 

Equivalency Dose (LED). Levodopa equivalency dose is a standardized measurement 

of the daily amount of anti-Parkinsonian medication an individual is receiving. A 

standard measurement of medication is useful due to variability in dopaminergic 

medication regimen and concentration of dosages. Each participant’s LED was 

calculated according to previously published guidelines (Tomlinson et al., 2010).  
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Neuropsychology Module of INFORM 

Neurocognitive data of PD participants were drawn from the Neuropsychology 

module of the INFORM database. These data were based on evaluations conducted    

by the Neuropsychology Service of the Department of Clinical & Health Psychology 

between 2004 and 2010.   Individuals were included for this study if they had undergone 

a complete neurocognitive examination. If multiple evaluations occurred, only scores 

from the initial neuropsychological examination were included in analyses.  

For the present study, five neurocognitive domains were examined:  

attention/working memory, episodic memory (verbal), language, executive functions, 

and processing speed (Table 2-1).  The table below depicts the specific measures that 

were used for each neurocognitive domain.  The assignment of tasks to “domains” was 

rationally based and in line with the approach of Sheline et  al. (2006) and similar to that 

used by Kirsch-Darrow (2010).  An attempt was made to include more than one 

measure per domain in order to improve reliability (Jak et al., 2009).  However, this was 

not possible for the language domain.  For attention/working memory, one measure was 

used (Digit Span), though both forward and backward span scores were separately 

extracted.  For episodic verbal memory, delayed recall scores were used (instead of 

learning) due to sensitivity of delayed recall to mesial temporal lobe memory dysfunction 

(Milner, 1954; Hermann et al., 1992).  Normed scores for each neurocognitive measure 

were obtained from test-specific manuals or from the Heaton norms book (Heaton, 

2004). All normed scores were converted to z-scores in order for all measures to be on 

a common metric.       
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Table 2-1.  Cognitive Domains 

Domain Measures & Brief Description 

Working Memory  
Digit Span:  measure of auditory attention and working memory 
from the WAIS-III, with both forward and backwards components, 
dv = forward span, and backwards span scores 

Episodic Memory 

Hopkins Verbal Learning Test (HVLT):  12 item word list learning 
task with 20 minute delay; dv = # items recalled after 20' delay 

Logical Memory Stories II (WMS-III):  story memory measure , dv 
= # units recalled after 30 min delay 

Language Boston Naming Test (BNT): confrontation naming of line drawings 
of objects/animals; dv = total correctly named   

Executive 
Function 

TrailMaking Test, Part B (TMT-B):  speeded alternating search of 
letters and numbers (set-shifting), dv = total time  

Stroop Color-Word (Golden version):  measure of cognitive 
inhibition of over learned automatic reading response; dv =  
number items within 45 sec  

Controlled Oral Word Association Test (COWA): a letter fluency 
task involving production of words beginning with target letter 
during 60 second trials; dv = number words produced 

Processing Speed  

Stroop Single Word Reading (Golden version):  timed reading of 
single words denoting red, green, or blue; dv=number words read 
in 45" 

TrailMaking Test, Part A (TMT-A):  speeded search of letters 
displayed on a page;  dv = total time  

Note: individual test references in Lezak (2004).  WMS-III = Weschler Memory Scale-
Third edition; dv = dependent variable. 

 
For each domain, composite scores were calculated by averaging the normed Z 

scores of all tests in each particular domain.  Advantages to using composite scores 

include better reliability with multiple measures per construct of interest and fewer 

overall analyses, lowering family-wise error rate.   

Medical Chart Review  

A review of outpatient medical records (UF Shands Clinics) was conducted to 

record health comorbidities for each patient.  Medical charts were reviewed if they 

occurred the date of or up to a year before the date of the neuropsychological 

examination.  The medical comorbidity listing used in the present study was compiled 
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from previous research (i.e., Charlson Comorbidity Index [Charlson et al., 1994];  

Framingham Heart Study [Wilson et al., 1998])  and reviewed by physicians from 

neurology and internal medicine.  Table 2-2 shows a final list of the medical 

comorbidities that were coded in the present study. Comorbidities were coded 

dichotomously, as present or not present.  A comorbidity was considered “present”  if 

the following information was in the medical record: 1) a note by the physician referring 

to its presence, or 2) the participant was prescribed medication pertaining to a 

comorbidity.  Thus, individuals whose medication status indicated that they had been 

taking statins were coded as having cholesterolemia.  

Blood pressure was also recorded from participants’ medical records. Consistent 

with previous studies of cognitive impairment and hypertension, participants having a 

systolic blood pressure ≥160 mmHg, or being on antihypertensive medication were 

coded as hypertensive (Farmer et al., 1990; Tzourio et al., 1999).   Additional indices of 

“vascular health” were computed from blood pressure measurement and included pulse 

pressure.  Pulse pressure has been conceptualized as a surrogate measure of arterial 

stiffness and was calculated by subtracting diastolic blood pressure from systolic blood 

pressure (Aronow et al., 2011). The benefit of examining the effect of pulse pressure is 

that it enables one to use a continuous variable that has shown to be a better predictor 

of cardiovascular risk, when compared to systolic or diastolic pressure (Blacher et al., 

2000; Franklin et al., 1999).  
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Table 2-2.  List of Comorbidities 

Hypertension 
Hypotension 
Hypercholesterolemia 
High Tryglycerides 
Anemia 
Diabetes 
Thyroid Disease 
Heart Attack 
Angina 
Atrial Fibrillation 
Arrhythmia 
Heart Murmur 
Congestive Heart Failure  
Peripheral Vascular disease 
Pacemaker Surgery 
Cardiac Stent Surgery 
Bypass Surgery 
Valve Surgery 
HIV/AIDS 
Stroke 
 

Transient Ischemic Event  
Hemiplegia 
Osteoarthritis 
Rheumatoid Arthritis 
Vasculitis 
Lupus 
Asthma 
Chronic Obstructive      
   Pulmonary Disease  
   (COPD) 
Pulmonary Embolism 
Emphysema 
Gastroesophageal     
   Reflux Disease  
   (GERD) 
Peptic Ulcer Disease 
Gallbladder Disease 
Hepatitis 
Liver Cirrhosis 
 

Crohn’s Disease 
Kidney Stones 
Urinary Incontinence 
Prostate/Benign Prostate 
   Hyperplasia (BPH) 
Seizures 
Head Injury 
Brain Tumor 
Peripheral Neuropathy 
Migraines 
Glaucoma 
Cataracts 
Macular Degeneration 
Tinnitus 
Sleep Apnea 
Restless Leg Syndrome 
REM Behavior Sleep     
  Disorder (RBSD) 
Colon Polyps 
Other 

List of comorbidities coded for. 

Exclusion Criteria & Final Sample 

Specific exclusion criteria included: history of severe psychiatric disease (i.e., 

schizophrenia, psychosis), previous brain surgeries for treatment of Parkinson disease 

(i.e., deep brain stimulation, pallidotomy, fetal cell implant), and possible dementia 

based on impaired scores (<5th %Ile) on the Dementia Rating Scale-II (Jurica et al., 

2001). This resulted in a final sample size of 341 participants with idiopathic Parkinson 

disease for the current study. 

Statistical Analyses 

Aim 1: Prevalence 

The prevalence of each comorbidity occurring in at least 10% of the sample was 

examined for differences in common demographics and PD severity. To examine age-

related prevalence of comorbidities,  individuals were categorized into the following 
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groups based on age: young to middle age (≤59 years old), older age (60 to 69 years 

old) and very old (≥70 years old). The prevalence of each comorbidity was examined as 

a function of these age groups. Kruskal-Wallis Chi-square tests were performed in order 

to accommodate the categorical nature of both prevalence and age group. 

A follow up series of logistic regression analyses were conducted among those 

comorbidities which were shown to differ among age groups, based on the previous set 

of analyses. The prevalence of the comorbidity served as the outcome/dependent 

variable. Logistic regression analyses were used due to the dichotomous coding 

(present vs. not present) of the prevalence of comorbidities. Two blocks of predictors 

(demographics and PD severity) were set as the independent variable for each 

regression analysis. The demographic block consisted of age, gender and the highest 

year of education completed. In order to control for differences in demographic 

variables, the PD severity block was entered as the second step in our logistic 

regression analyses. By entering PD severity variables into the second block, this 

allowed us to examine the unique effect of PD severity on the prevalence of 

comorbidities, independent of demographic variables. The following variables were 

entered into the PD severity block: duration of symptoms, LED and UPDRS motor 

score.  

Aim 2: Cognition 

A series of hierarchical regression analyses were conducted in order to test 

whether comorbidities have a unique relationship with specific cognitive domains. Five 

separate regression analyses were conducted for each individual cognitive domain 

(executive functioning, working memory, processing speed, verbal memory and 

language). Cognitive composite domain scores were the dependent variable in each 
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regression analysis. Previous studies have shown PD severity to be a main predictor of 

cognitive functioning, thus variables related to PD severity (UPDRS, years with 

symptoms and LED) were controlled in the first step in order to assess the unique effect 

of comorbidities. The second step consisted of comorbidities. For purposes of 

simplification and to reduce multicollinearity, only those comorbidities present in at least 

10% of the sample were included.  Follow up analysis for the second aim examined the 

impact of pulse pressure on cognitive domains. Again, a series of hierarchical 

regressions were conducted to examine the unique effect of vascular functioning on 

cognition. Variables related to PD severity made up the first step, while pulse pressure 

and a dichotomous coding of hypertensive medication status (prescribed/not prescribed 

hypertensive medications) were included into the second step. Finally a residualized 

UPDRS by pulse pressure interaction term was calculated and inserted into a final third 

step. Residualizing the interaction term from the main effects helps to reduce 

multicollinearity and allows one to look at the role that this interaction has on cognition, 

independent of the main effects of pulse pressure and PD severity. This UPDRS by 

pulse pressure allowed examination of vascular functioning as a function of PD severity.  

All analyses were evaluated with a criteria of α<.05. Post hoc tests utilized least 

significant difference tests (Saville, 1990; Rothman, 1990)  
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CHAPTER 3 
RESULTS 

Sample characteristics are shown in Table 3-1. In general, the PD participants 

were in their mid-60’s in terms of age (range from 30 to 90), well educated with about 3 

years of college,  and a majority were Caucasian (94%). About two-thirds of the sample 

was male, which is typical among the PD population (Van Den Eeden et al., 2003; 

Haaxma et al., 2007). Duration of PD symptoms ranged from 1 to 33 years, with a mean 

of 10 years.  Severity of motor symptoms was, on average, in the moderate range 

based on “on medication” UPDRS motor scores. The majority of the PD sample were 

characterized as having tremor as the predominant symptoms (82.7%) with the 

remaining being “akinetic rigid”.  Approximately 40% were taking antidepressant 

medications and approximately 25% were taking anti-anxiety medications.  All 

participants scored above the 5th %ile on the Dementia Rating Scale-2, a cognitive 

screening measure, and as a group had a mean score of 137.3.    

Table 3-1.  Sample Characteristics 
 
N=341 PD Patients No DBS 

 

234 Males (69%);  107 Females (31%)  
 Mean Standard 

Deviation 
Range 

Percent Caucasian 94   
Age (years) 64.7 10 30-90 
Years of Education 14.9 3 7-20 
Years with Symptoms 9.7 6 1-33 
UPDRS Motor Score, on medication 26.4 10 7-54 
Percent Tremor Predominant 82.7   
Levadopa Equivalency Dose 770 540 0-2950 
Percent on Antidepressant Medication 38.4   
Percent on Anti-anxiety Medication 25.5   
Percent on Antipsychotic Medication 8.0   
Dementia Rating Scale-II Total Score 137.3 5 119-144 
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Specific Aim 1: Prevalence of Comorbidities 

The occurrence of specific comorbidities ranged from a high of 41.6% (cholesterol) 

to a low of 0% (HIV/AIDS, vasculitis, lupus, gallbladder disease, hepatitis, liver cirrhosis 

and Crohn’s disease). Figure 3-1 depicts the occurrence of all comorbidities that were 

present in at least 10% of the sample. An entire listing of all comorbidities and 

prevalence rates is presented in Appendix A. Comorbidities of similar systems  were 

combined if individual disorders/disease occurred in fewer than 10% of the sample.   

Three systems (cardiovascular, respiratory and neurologic) of comorbidities were 

computed. An individual was considered as having a cardiovascular comorbidity if any 

of the following were present: heart attack, angina, atrial fibrilation, arrhythmia, heart 

murmur, congestive heart failure, peripheral vascular disease, or any cardiac surgery 

(stent, pacemaker, valve or bypass surgery). The respiratory system comorbidity 

consisted of COPD, pulmonary embolism, emphysema and asthma. Lastly the following 

comorbidities were considered in the neurologic system comorbidity: stroke, TIA, 

seizures, head injury, brain tumor, and peripheral neuropathy.  

The three most common comorbidities were high cholesterol, hypertension and 

orthostatic hypotension, occurring in 41.6%, 38.1% and 30% of our sample respectively. 

Relative to the rates observed in normal elderly (i.e., approximately 60%), the 

prevalence of hypertension in the PD sample is substantially less (i.e., 38%)  (Wolf-

Maier et al., 2003, Aronow et al., 2011). Hypotension, however, is approximately twice 

as common in this PD sample compared to the normal elderly (Low, 2008; Shin et al., 

2004). Lastly, cardiac disease occurred in 26.7% of our sample, and diabetes occurred 

in 10.3%.   
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Figure 3-1.  Prevalence of Comorbidities in PD Sample (N=341). Footnote:  GERD = 

Gastroesophageal reflux disease ;  RBSD = REM behavior sleep disorder;   
Shown is the percentage of Parkinson patients with various comorbidities 
based on medical chart review;  only comorbidities occurring in at least 10% 
of the sample are shown.  

Both hypertension and hypotension occurred relatively frequently in the PD 

sample. Typically hypotension in PD falls in the category of “orthostatic hypotension”, 

which is a persistent fall in blood pressure when individuals shift position from sitting to 

standing.  The underlying pathophysiology in PD usually relates to autonomic 

dysfunction (i.e., sympathetic cardiac denervation, baroreflex failure) .   Some 

individuals with orthostatic hypotension also have co-occurring “supine hypertension”.  

For this reason, the current data were further examined for the co-occurrence of 

hypotension and hypertension, and for the occurrence of each blood pressure condition 

separately. Figure 3-2 shows that of the 130 individuals with hypertension, more than a 

third were reported to have co-occurring hypotension, while roughly half of the 

hypotensive PDs had concomitant hypertension.  Fourteen percent of the  total sample 
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of 341 were reported to have both hypertension and orthostatic hypotension. 

Additionally, hypertension occurred independently in 24% of the sample, and isolated 

hypotension occurred in 16% of the sample.  

 

Figure 3-2.  Occurrence of Hypotension and Hypertension in Parkinson Sample 

Comorbidity Prevalence and Age 

Because health problems generally increase with age, the prevalence of 

comorbidities in the PD sample was examined as a function of age.  To do so, the PD 

sample was divided into three age groups (Artinian, 1993):  a)  ≤59 years old (N = 101, 

X = 52.8 yrs, SD= 5.6);  b)  60 to 69 years old (N =135, X = 64.8 yrs, SD = 2.9); and c)  

≥70 years old) (N = 105, X = 75.3 yrs, SD = 4.9).  Figure 3-3  depicts the prevalence of 

comorbidities as a function of these age groupings.   As shown, comorbidity prevalence 

significantly increased with age (Kruskal-Wallis analyses) for six of the 12 health  

conditions:  cholesterol, hypertension, hypotension, cardiac, arthritis, and prostrate. In 

fact, the prevalence of hypertension, cholesterol and cardiac disease were about 20% 
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higher in the oldest age group compared to the other groups.  While GERD (p = .065) 

and respiratory conditions (p = .055) tended to increase with age, the remaining 

conditions were relatively age-stable (i.e., neurologic, cancer, RBSD, diabetes).    

 

  

Figure 3-3.  Comorbidity Prevalence According to Age Grouping. ** p <0.01, *p<.05, 
based on Kruskal-Wallis nonparametric statistics. Figure depicts prevalence 
at 3 age groupings for comorbidities that occur at least 10% in the sample. 
Means, standard deviations for each age by comorbidity condition are as 
follows:  Cholesterol  by age group (young to old): 27.7%, 37.0%, 61.0%, 

(2(2)= 25.3, p <0.001);  Hypertension: 24.8%, 35.6%, 54.3%  (2(2)= 19.6, 

p <0.001, Hypotension: 23.8%, 28.1%, 39.0% (2(2)= 6.1, p =0.047 ), 

Neurologic:  28.7%, 31.1%, 27.6% (2(2)= 0.37, p = ns), Cardiac : 6.9%, 

25.2%, 47.6%, (2(2)= 66.2, p < 0.001), Arthritis:  13.9%, 31.1%, 29.5%, 

(2(2)= 10.3, p = 0.006);   GERD  11.9%, 23.0%, 22.9%, (2(2)= 5.5, p = 

0.065); Cancers:  18.8%, 20.0%, 17.1%, (2(2)= 0.31,p = ns); Prostate:  

5.0%, 10.4%, 20.0%, (2(2)= 11.6, p < 0.003); RBSD  9.9%, 13.3%, 9,5%, 

(2(2)= 1.08, p =ns); Respiratory:  7.9%, 7.4%, 16.2%, (2(2)= 5.78, p = 

0.055); Diabetes:  7.9%, 11.1%, 11.4%, (2(2)= 0.86, p = ns). 

*
* 

** 

** 

** 

** 

** 



 

33 

Influence of Demographic and Disease Severity on Comorbidity Prevalence 

To determine whether each comorbidity was differentially associated with 

demographic or disease-related factors, we conducted a series of six separate logistic 

regression analyses.  Demographic factors (age, education, sex) were entered into 

Block 1 and PD severity factors (duration, UPDRS, LED)  were entered into Block 2. 

These factors were regressed, in separate analyses, on the occurrence of each 

comorbidity:  cholesterol, hypertension, low blood pressure, cardiovascular disease, 

arthritis and prostate disease. 

For hypertension, the overall model was significant (2(6)= 38.353, p<.001; Table 

3-2).  As shown below, the demographic step was significant (2(3)= 33.216, p<.001), 

whereas the addition of disease-related severity factors was not (2(3)= (5.136, p=.162). 

Examination of individual predictors revealed that age was significantly related to 

hypertension prevalence (odds ratio [OR] = 1.063), with a trend for gender to be 

associated  (OR = .592).  Thus, hypertension was associated with older age with a 

slight preference for male gender.  

Table 3-2.  Predictors of Hypertension 

HYPERTENSION 
 

Chi-
Square Odd Ratio Sig 

Final Model   38.353   <0.001 

          

     Demographic Block   33.216   <0.001 

Age 
  

1.063 <0.001 

Gender 
  

.592 .058 

Education 
  

.935 .111 

     PD Severity Block    5.136   .162 

Duration 
  

.984 .463 

LED     1.000 .139 

Motor UPDRS 
  

1.014 .262 
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A slightly different pattern occurred for hypotension (Table 3-3).  Again, the overall 

model was significantly related to hypotension prevalence (2(6) =35.215, p<.001), as 

were both  demographic (2(3) =7.280, p =.047) and  PD severity factors (2(3) =27.280, 

p<.001). However, in contrast to hypertension, higher UPDRS scores (OR=1.052) and 

shorter duration of symptoms (OR=.899) were associated with hypotension.  This 

suggests that disease-related factors are associated with hypotension in Parkinson 

disease.   None of the demographic  variables (i.e., age, gender, education) 

independently accounted for variance in occurrence of hypotension.  

Table 3-3.  Predictors of Hypotension 

HYPOTENSION 
 

Chi-
Square Odd Ratio Sig 

Final Model   35.215   <0.001 

          

     Demographic Block   7.280   .047 

Age 
  

1.019 .169 

Gender 
  

1.414 .230 

Education 
  

1.032 .474 

     PD Severity Block    27.280   <0.001 

Duration 
  

.089 <.001 

LED     1.000 .197 

Motor UPDRS 
  

1.052 <.001 

 
For cardiac disease, the final model significantly contributed to the presence of 

cardiac disease (2(6) =82.448, p<.001), along with demographic and PD severity 

factors (Table 3-4).   Significant individual predictors were age, gender, education, and 

UPDRS motor severity.  Thus, cardiac disease was more common among older 

(OR=1.130) males (OR=.402) with less education (OR=.906) and more severe motor 

symptoms (OR=1.040).  
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Table 3-4.  Predictors of Cardiac Disease 

CARDIAC 
 

Chi-
Square Odd Ratio Sig 

Final Model   82.448   <0.001 

          

     Demographic Block   74.198   <.001 

Age 
  

1.130 <.001 

Gender 
  

.402 .010 

Education 
  

.906 .045 

     PD Severity Block    8.250   .041 

Duration 
  

.966 .213 

LED     1.000 .338 

Motor UPDRS 
  

1.040 .008 

 
As shown in the next two tables, similar patterns were observed for 

cholesterolemia and arthritis.  For both, the final model was significant, as was the 

“demographics” block.  However, Parkinson disease severity did not contribute 

significantly to the occurrence of either cholesterol or arthritis.  For both, increased age 

was associated with increased occurrence of high cholesterol (OR = 1.061) and 

increased occurred of arthritis (OR = 1.044) 

Table 3-5.  Predictors of Cholesterolemia 

CHOLESTEROL 
 

Chi-
Square Odd Ratio Sig 

Final Model   29.979   <0.001 

          

     Demographic Block   26.913   <.001 

Age 
  

1.061 <.001 

Gender 
  

.750 .279 

Education 
  

.973 .509 

     PD Severity Block    3.067   .381 

Duration 
  

.975 .244 

LED     1.000 .453 

Motor UPDRS 
  

.999 .967 
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Table 3-6.  Predictors of Arthritis 

ARTHRITIS 
 

Chi-
Square Odd Ratio Sig 

Final Model   16.111   .013 

          

     Demographic Block   14.037   .003 

Age 
  

1.043 .003 

Gender 
  

1.641 .085 

Education 
  

.968 .472 

     PD Severity Block    2.074   .557 

Duration 
  

.969 .220 

LED     1.000 .306 

Motor UPDRS 
  

1.008 .585 

 
Finally, variance in prostate disease prevalence was significantly linked to our final 

model.   Although demographics were significantly related to prostate disease 

prevalence, the PD severity block as a whole did not significantly contribute to our 

model. Examination of individual predictors revealed that prostate disease was more 

common among older patients (OR=1.063) with higher UPDRS scores (OR=1.044).  Of 

note, female gender was not entered into the analyses due to the sex-specific nature of 

this disorder. 

Table 3-7.  Predictors of Prostate Disease 

PROSTATE  
 

Chi-
Square Odd Ratio Sig 

Final Model   51.179   <0.001 

          

     Demographic Block   46.102   <.001 

Age 
  

1.063 .007 

Gender 
  

NA NA 

Education 
  

1.061 .340 

     PD Severity Block    5.077   .166 

Duration 
  

.986 .692 

LED     1.000 .685 

Motor UPDRS 
  

1.044 .028 
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Summary of Aim 1:  To summarize the results from Aim 1, we found that 

cholesterolemia was the most frequently reported comorbidity, followed by hypertension 

and hypotension. When comparing our sample to previous reports of prevalence among 

normal elderly cohorts, we observed that hypertension was approximately 20% less 

common.  In contrast, hypotension occurred  about twice as frequent in PD relative to 

that observed in normal elderly (Low, 2008; Shin et al., 2004). Further examination 

showed that occurrence of hypotension was dependent on PD related severity, whereas 

hypertension, cholesterolemia, arthritis and prostate disease were more associated with 

demographic differences, with age being the primary contributor. Finally, the occurrence 

of cardiovascular disease was unique in that it was significantly related to both PD 

severity (i.e., UPDRS) and demographic variables (age, gender, education). 

Specific Aim 2: Comorbidities and Cognition 

The purpose of Aim 2 was to determine whether medical comorbities influenced 

cognitive status, when controlling for the effects of disease related variables.  Only 

comorbidities present in at least 10% of our sample were considered for this aim. The  

comorbidities that met this criteria are depicted in Figure 3-1 and included the following:  

hypertension, hypotension, cholesterolemia, acute cardiac disease (myocardial 

infarction or cardiac surgery), diabetes, arthritis, rapid eye-movement behavior sleep 

disorder (RBSD), cancer/tumor, gastroesophageal reflex disease (GERD), and prostate 

disease (i.e. benign prostate hyperplasia; BPH).  

Table 3-8 shows the composite scores, represented as z-scores, for each of the 5 

cognitive domains.  The distribution of each domain-specific cognitive composite score 

was examined for normality. Skewness and kurtosis values for all domain composite 

scores were below one. Skewness and kurtosis values < 1 are indicative of good 
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distribution (Jones, 1969). For all regression analyses, collinearity diagnostics indicated 

that multicollinearity, as measured by tolerance (>.2) and variation inflation factor (<5), 

was not problematic in this data sample (O’brien 2007).  

Table 3-8.  Cognitive Composite Scores For Each Domain.  

 Mean  (SD)     Range Skewness Kurtosis 

Executive Functioning -.564   (.87) -2.90 to 1.93 -.104 -.091 

Verbal Memory -.400  (1.08)  -3.78 to 1.83 -378 -.232 

Processing Speed -.728   (.89) -3.20 to 1.90 -378 .238 

Working Memory .157    (.79) -1.90 to 2.75 .328 .231 

Language .206   (1.12) -3.00 to 2.70 -.054 -.505 

Note: all scores are represented as z-scores, with a mean of 0 and standard deviation 
(SD) of  + 1 

 
Results of the series of hierarchical regression analyses for each cognitive domain 

are shown in the tables below.  For each regression, disease severity indicators 

(UPDRS motor, LED, duration) were entered into block 1, whereas medical 

comorbidities were entered into block 2.    In brief, results of these analyses showed 

that the overall regression model was significant for 3 of the 5 cognitive domains   

For executive functioning, the final model of PD severity and comorbidities 

together accounted for a significant amount of variance (F(14,295)=3.38,p<.001; Table 

3-9).  Disease severity was a significant predictor of executive functioning 

(F(3,306)=10.247, p<.001) and accounted for 9.1% of the variance. As shown, this 

effect was due to UPDRS motor scores (β=-.156) and duration of PD symptoms (β=-

.246).  The addition of comorbidities as a whole did not significantly add to the model 

(FΔ(11,295)=1.461, p=.146).   When looking at specific comorbidities, however, the 
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presence of hypertension (β=-.127) and hypotension (β=.134) were the only 

comorbidities that significantly predicted executive functioning, though they did so in 

opposite directions.  That is, presence of hypertension was associated with reduced 

executive function scores, whereas the presence of hypotension was associated with 

higher executive function scores. 

Table 3-9.  Comorbidities and Executive Function 
EXECUTIVE FUNCTION 

 
FΔ R²Δ Beta Sig 

Final Model   3.38 0.138 
 

<0.001 
    

         PD Severity Block   10.247 0.091 
 

<0.001 
Duration 

   
-0.156 <0.001 

LED 
   

0.092 .120 
Motor UPDRS 

   
-0.246 <0.001 

     Comorbidity Block   1.460 0.047 
 

.146 
Hypertension 

   
-0.127 .041 

Hypotension   
  

0.134 .019 

  
For delayed verbal memory, the overall model accounted for a significant amount 

of variance (F(14,320)=3.166,p<.001; Table 3-10). Parkinson’s disease severity, 

specifically symptom duration (β=-.118) and UPDRS (β=-.227), were significant 

indicators of  worse verbal memory performance (F(3,331)=9.383, p<.001), explaining 

7.8% of variance in verbal memory scores. The addition of comorbidities as a whole 

was not significant (FΔ(11,320)=1.433, p=157), however hypertension was significantly 

related to lower verbal memory performance (β=-.139).  

Table 3-10.  Comorbidities and Verbal Memory 
DELAYED VERBAL MEMORY FΔ R²Δ Beta Sig 

Final Model   3.39 0.122 
 

<0.001 
    

         PD Severity Block   9.383 0.078 
 

<0.001 
Duration 

   
-0.188 <0.001 

LED 
   

-0.050 .384 
Motor UPDRS 

   
-0.227 <0.001 

     Comorbidity Block   1.433 0.043 
 

.157 
Hypertension 

   
-0.139 .021 
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For processing speed, the final model reached significance (F (14,305) =3.977, 

p<.001; Table 3-11). Years with symptoms (β=-.139) and UPDRS motor scores (β=-

.315) were significant variables from the PD severity step (F(3,316)=10.939, p<.001) 

and indicative of lower processing speeding scores. About 13% of outcome variance 

was related to indicators of PD severity. Comorbidities as a whole were not significantly 

related to the domain of processing speed (FΔ(14,305)=.821, p=157). Additionally no 

individual comorbidities were significantly linked to processing speed performance.  

Table 3-11.  Comorbidities and Processing Speed 
PROCESSING SPEED 

 
FΔ R²Δ Beta Sig 

Final Model   3.977 0.154 
 

<0.001 
    

         PD Severity Block   15.647 0.129 
 

<0.001 
Duration 

   
-0.139 .019 

LED 
   

0.086 .619 
Motor UPDRS 

   
-0.315 <0.001 

     Comorbidity Block   1.433 0.043 
 

.157 

 
For attention/working memory, the final model failed to reach significance 

(F(14,320)=1.179, p=.290; Table 3-12). Neither the initial PD severity step 

(F(3,331)=1.786, p=.150) nor the added step of comorbidities (FΔ(11,320)=1.013, 

p=.435) were significant. Further examination of individual predictors revealed that 

higher (i.e., worse) UPDRS scores were related to poorer working memory (β=-.132).  

Table 3-12.  Comorbidities and Working Memory 
WORKING MEMORY 

 
FΔ R²Δ Beta Sig 

Final Model   1.179 0.049 
 

.290 
    

         PD Severity Block   1.786 0.016 
 

.150 
Duration 

   
0.005 .930 

LED 
   

-0.015 .800 
Motor UPDRS 

   
-0.132 .023 

     Comorbidity Block   1.013 0.033 
 

.435 

 
For the language domain, the final model failed to reach significance  

(F(14,324)=.657, p=.816; Table 3-13).  Neither Parkinson disease severity 
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(F(3,335)=.777, p=.508) nor  comorbidities added significantly  to the model 

(F(11,324)=.627, p=.806). None of the individual predictors were significant.    

Table 3-13.  Comorbidities and Language 
LANGUAGE 

 
FΔ R²Δ Beta Sig 

Final Model   0.657 0.028 
 

.816 
    

           PD Severity Block   .777 0.007 
 

.508 
Duration 

   
-0.051 .404 

LED 
   

0.007 .908 
Motor UPDRS 

   
-0.063 .279 

     Comorbidity Block   1.433 0.043 
 

.806 

 
   In summary our final regression models were significant in accounting for 

executive functioning, verbal memory and processing speed. The PD severity block 

contributed to executive functioning, delayed verbal memory and processing speed. 

Specifically, higher motor UPDRS scores and longer symptom duration were indicative 

of worse performance across all three domains. While comorbidities as a whole did not 

significantly contribute to our model, individual comorbidities did show a relationship to 

certain cognitive domain composite scores. The presence of hypertension was 

significantly related to lower executive functioning scores and delayed verbal memory 

performance, and hypotension was related to higher executive functioning composite 

scores.  

Hypertension and Hypotension: Influences on Cognition 

 In light of the unique relationship between hypertension and hypotension in our 

PD sample, additional analyses were conducted to further examine the influence of 

hypertension and hypotension on cognitive outcomes. In these analyses, individuals 

were grouped according the presence of hypertension and/or hypotension, resulting in 4 

groups:  a) those with hypertension alone, b) those with hypotension alone, c) those 

with co-occurring hypertension and hypotension, and d) those with neither hyper- or 
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hypotension (i.e., normotensive).  Two univariate analyses of covariance (ANCOVA) 

were conducted with “Group” as the between-subject variable.  The following covariates 

were used:  years with symptoms, LED, and UPDRS motor score.  The executive 

composite score was the dependent variable in one ANCOVA, whereas the delayed 

memory composite was the dependent variable in the other ANCOVA.   

 

Figure 3-4.  Executive and Verbal Memory Scores Among Blood Pressure Groups.* 
p<.05 from univariate analyses of covariance. Figure depicts mean composite 
z-scores for executive function and delayed verbal memory across each of 
the blood pressure groups. The hypertensive group performed significantly 
worse than all groups on measures of executive functioning and verbal 
memory recall (hypotension and “none” group only)     

 Figure 3-4 shows the scores of the four blood pressure groups on the executive 

function and delayed memory tasks.  Results of the ANCOVA’s revealed a significant 

Group main effect for both executive functioning (F(6,303)=3.568, p=.015) and delayed 
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verbal memory (F(6,328)=2.680, p=.047). For executive function, post-hoc comparisons 

(t-tests) indicated that PD patients with hypertension alone (X= -0.781 (SD=.769) 

performed significantly worse than all other groups including hypotension alone (X=  -

0.321 (SD=.769), t= -2.87, p=.004), combined hypertension-hypotension (X = -0.437 

(SD= .739, t= -2.50, p=.013), and normotensive (X = -0.495, SD=.898, t= -2.21, p=.028).  

There were no significant differences among the hypotensive, normotensive, and 

combined groups (all p’s > .10).  For verbal memory, post-hoc comparisons indicated 

that PD patients with hypertension (X = -0.633, SD=1.068) performed significantly 

worse relative to the hypotensive (X = -0.194, SD=1.098, t= -2.45, p=.015) and the 

normotensive group (X = -0.301, SD=1.013, t= -2.23, p=.026).  The hypertensive group 

did not differ from the co-occurring hypotensive-hypertensive group (X= -0.580, 

SD=1.228, t= -0.63, p=.530).  There were no other significant effects (all p’s > .05). 

Pulse Pressure 

 To further assess the influence of vascular/blood pressure factors on cognition, a 

series of hierarchical regression analyses were conducted using pulse pressure 

(systolic pressure – diastolic pressure) as one of the predictor variables.  As described 

earlier, pulse pressure is viewed as a more sensitive index of vascular stress (Aronow 

et al., 2011).   Cognitive domain scores were entered as outcomes for each analysis 

and were regressed upon PD severity (step 1), pulse pressure and hypertensive 

medication (step 2) and the pulse pressure X UPDRS interaction (step 3). As an aid for 

interpretation, the relationship between pulse pressure and cognitive domain scores 

was plotted as a function of UPDRS scores for those cognitive domains in which the 

interaction term was significant. For purposes of demonstration only, the UPDRS motor 

scores were categorized into quartiles (1st quartile= 1 to 25%ile; 2nd quartile= 26 to 



 

44 

50%ile; 3rd quartile= 51 to 75%ile; 4th quartile= 76 -100%ile) when creating scatter plots.  

However, all  regression analyses use raw UPDRS scores (i.e., not quartile groupings).  

Executive Function:   As shown in Table 3-14, the overall model (PD severity, 

Pulse Pressure, Interaction) was significantly related to executive functioning (F(6,299) 

= 6.297, p < .001). The initial block  (PD severity ) was also significant 

(F(3,302)=10.125, p<.001) and accounted for 9.1% of executive function variance. 

Looking at individual predictors, UPDRS scores (β=-.209) and duration of symptoms 

(β=-.195) were significant variables linked to executive functioning scores. The addition 

of pulse pressure and hypertensive medication did not significantly add to the model 

(FΔ(2,300)=1.423, p=.243).  However, the pulse pressure X UPDRS interaction was 

significantly related to executive functioning scores (β=-.113). Visual inspection of 

executive scores plotted by pulse pressure and UPDRS quartiles revealed that with 

increasing UPDRS scores (i.e., worsening of PD symptoms), increases in pulse 

pressure were associated with worse  executive functioning scores (Figure 3-5).  

Table 3-14.  Pulse Pressure and Executive Function 

Executive Functioning 
 

FΔ R²Δ Beta Sig 

Final Model   6.297 0.112 
 

<.001 

    
         PD Severity Block   10.125 0.091 

 
<.001 

Duration 
   

-0.195 <.001 

LED 
   

0.094 .175 

Motor UPDRS 
   

-0.218 <.001 

     Pulse Pressure Block   1.423 0.009 
 

.243 

Pulse Pressure 
   

0.041 .461 

Hypertensive Medication 
   

-0.083 .134 

     Interaction Block 
 

4.130 .012 
 

.043 

     PP X UPDRS 
   

-0.113 .043 
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Figure 3-5.  Pulse Pressure X UPDRS Interaction- Executive Function. Figure depicts 
linear relationship between pulse pressure and executive functioning for each 
UPDRS quartile. 

Delayed Verbal Memory:  As shown in Table 3-15, results of the regression 

analysis revealed a significant final model for delayed verbal memory.  In terms of 

blocked predictors, Parkinson’s disease severity was significant, accounting for 8% of 

the variance in verbal memory scores. Both UPDRS scores (β=-.213) and duration of 

symptoms (β=-.127) were significant contributors.  The second step in the model (pulse 

pressure, hypertensive medication) failed to significantly account for a unique amount of 

verbal memory variance. However, individuals on hypertensive medication were 

significantly more likely to have lower verbal memory scores (β=-.112). The pulse 

pressure X UPDRS term also significantly contributed to the  memory scores (β=-.138). 

Visual inspection of this relationship with a scatter plot showed a similar pattern to that 

observed with executive functioning (Figure 3-6). Namely, individuals with higher pulse 
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pressure levels were more likely to have lower memory scores as their UPDRS scores 

worsened.  

Table.  3-15 Pulse Pressure and Verbal Memory 

Verbal Memory 
 

FΔ R²Δ Beta Sig 

Final Model   7.603 .110 
 

<.001 

    
         PD Severity Block   9.463 .080 

 
<.001 

Duration 
   

-0.127 .027 

LED 
   

-0.072 .213 

Motor UPDRS 
   

-0.213 <.001 

     Pulse Pressure Block   2.163 .012 
 

.117 

Pulse Pressure 
   

0.030 .575 

Hypertensive Medication 
   

-0.112 .038 

     Interaction Block 
 

6.676 .018 
 

.010 

     PP X UPDRS 
   

-0.138 .010 

 

 
Figure 3-6.  Pulse Pressure X UPDRS Interaction- Verbal Memory. Figure depicts linear 

relationship between pulse pressure and verbal memory for each UPDRS 
quartile. 

Processing Speed:  As shown in Table 3-16, results of the final regression model 

were significant for processing speed.  The first step of PD severity was significant 

(F(3,312)= 16.004, p<.001) with a R² of .133, while the second step (F(2,310)=.555, 
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p=.117) was not significantly related to processing speed scores. Duration (β=-.157) 

and UPDRS (β=-.305) were significant predictors in the first step.  

Table 3-16.  Pulse Pressure and Processing Speed 

Processing Speed 
 

FΔ R²Δ Beta Sig 

Final Model   6.403 .152 
 

<.001 

    
         PD Severity Block   16.004 .133 

 
<.001 

Duration 
   

-0.157 .006 

LED 
   

0.070 .218 

Motor UPDRS 
   

-0.305 <.001 

     Pulse Pressure Block   .555 .003 
 

.117 

Pulse Pressure 
   

0.037 .642 

Hypertensive Medication 
   

-0.051 .340 

     Interaction Block 
 

5.785 .016 
 

.017 

     PP X UPDRS 
   

-0.128 .017 

 

 

Figure 3-7.  Pulse Pressure X UPDRS Interaction- Processing Speed. Figure depicts 
linear relationship between pulse pressure and processing speed for each 
UPDRS quartile. 

The Pulse Pressure X UPDRS term was also significant.   Inspection of the scatter 

plot revealed that processing speed worsened for individuals with more severe disease 

severity and higher pulse pressures (Figure 3-7). 



 

48 

 Working Memory:  The final regression model did not significantly predict working 

memory scores, as shown in Table 3-17.  Although overall PD severity failed to reach 

significance in Block 1, higher UPDRS scores were significantly related to worse 

working memory performance (β=-.116). The addition of the pulse pressure/medication 

step and the interaction step failed to significantly add to the model.  

Table 3-17.  Pulse Pressure and Working Memory 

WORKING MEMORY 
 

FΔ R²Δ Beta Sig 

Final Model   1.317 .024 
 

.249 

    
         PD Severity Block   1.771 .016 

 
.152 

Duration 
   

-0.007 .991 

LED 
   

-0.005 .929 

Motor UPDRS 
   

-0.116 .039 

     Pulse Pressure Block   1.265 .008 
 

.284 

Pulse Pressure 
   

0.028 .617 

Hypertensive Medication 
   

-0.087 .123 

     Interaction Block 
 

0.065 <.001 
 

.794 

     PP X UPDRS 
   

-0.012 .794 

 
Language:  Language scores were not significantly related to the final model, as 

shown in Table 3-18.  Neither the first step of PD severity, pulse pressure and 

hypertensive medication, or the final step of pulse pressure X UPDRS significantly 

explained variance in language scores. Examination of individual predictors revealed 

that no variables were significantly related to language performance.  

In summary, three cognitive domains (executive function, processing speed, 

delayed verbal memory) exhibited a unique relationship with pulse pressure (index of 

vascular flexibility) and disease severity (UPDRS).  Specifically, as disease severity 

worsened, pulse pressure increases were associated with worse scores on indices of 

executive function, delayed verbal memory, and processing speed.    
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Table 3-18.  Pulse Pressure and Language 

LANGUAGE 
 

FΔ R²Δ Beta Sig 

Final Model   1.172 .017 
 

.459 

    
           PD Severity Block   0.797 .007 

 
.496 

Duration 
   

-0.050 .399 

LED 
   

0.008 .890 

Motor UPDRS 
   

-0.069 .218 

     Pulse Pressure Block   1.239 .007 
 

.291 

Pulse Pressure 
   

0.090 .106 

Hypertensive Medication 
   

-0.027 .631 

     Interaction Block 
 

0.838 .003 
 

.361 

     PP X UPDRS 
   

0.051 .361 



 

50 

CHAPTER 4 
DISCUSSION  

The results of this study with a cohort of non-demented Parkinson patients 

suggest three major findings.  First, vascular related comorbidities, such as 

hypertension and hypotension were common in our PD cohort, but occurred in different 

proportions compared to normal age peers. Secondly, while PD measures of disease 

severity (particularly the motor UPDRS scores) were the main contributor to cognitive 

status across four of five cognitive domains (i.e., executive functioning, verbal memory, 

processing speed, working memory), the presence of hypertension independently 

contributed to worse performance in executive functioning and verbal memory. 

Furthermore this negative influence of hypertension on executive function seemed 

modified by overlapping symptoms of hypotension. Third, worsening vascular 

functioning (as indexed by pulse pressure) became more detrimental to aspects of 

cognitive status as PD severity progressively worsened.  

Prevalence:  Aim 1 

This study found that hypertension occurred in 38.1% of  the  PD sample. Previous 

studies of normal aging have reported estimates of hypertension in the range of 53% to 

70% for individuals above 65 years old (Wolf-Maier et al., 2003; Aronow et al., 2011).  

Thus, in our sample of PD patients, hypertension was about 20% less frequent than 

estimates in normal elderly.  This finding is consistent with our hypothesis that 

hypertension would be less prevalent than that in normal elderly.    

Possible explanations for a lower prevalence of hypertension in PD include:  a) 

side effects of dopaminergic medications; and b) PD related autonomic disruption 

(McDowell et al., 1970; Nanhoe-Mahabier et al., 2009). Scigliano and colleagues (2009) 
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found that Parkinson’s  patients on levodopa medication were less likely to have 

hypertension  than those not on levodopa.  One explanation for this difference relates to 

frequent stimulation of peripheral dopamine-D2 receptors by levodopa, leading to an 

inhibition of sympathetic norepinephrine release. This reduction in norepinephrine 

results in alterations in rennin level and sodium retention, ultimately leading to 

decreases in vasoconstriction and overall cardiac output. A second explanation for 

decreased prevalence of hypertension in PD relates to autonomic dysfunction.  

Autonomic dysfunction commonly occurs in PD secondary to deposition of Lewy bodies 

throughout the neuraxis.  Autonomic dysfunction  also contributes to a reduction 

norepinephrine (Goldstein, 2003). This reduction in norepinephrine may be explained by 

degeneration of the locus coeruleus, a primary site for norepinephrine synthesis.   

The reported prevalence of hypertension in the current Parkinson cohort is within 

the range of that cited elsewhere in the literature on PD.  Previous studies of 

cardiovascular disease have shown that hypertension occurs in 12 to 38% of PD 

samples (Haugarvoll et al., 2005; Levy et al., 2002). In non-demented subsamples the 

occurrence of hypertension has been reported to be slightly higher, between 18 to 40%.  

On the other end of the spectrum, orthostatic hypotension occurred in 30% of our 

sample. This figure is comparable to estimates (20-50% range) from previous PD 

studies (Oka et al., 2006; Senard et al., 1997).  This rate is about twice what would be 

expected among the normal aging population (Low, 2008; Shin et al., 2004). In PD, 

orthostatic hypotension has been linked to noradrenergic denervation and baroreflex 

failure (Goldstein, 2003). The baroreflex is has been described as an automatic 

mechanism that helps to maintain constant blood pressure by alerting heart rate.  
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Indeed, PD patients with hypotension typically have an abnormal  baroreflex response 

relative to non-hypotensive PD patients. Norepinephrine disruption, associated with 

locus coeruleus degeneration is also associated with baroreflex failure and orthostatic 

hypotension (Niimi et al., 1999; Goldstein et al., 2002).  

In terms of other key comorbidities, the occurrence of diabetes (10%), and  high 

cholesterol (41.6%) is comparable  to that reported in normal elderly (i.e., diabetes = 

10%, Wilson et al., 1986;  high cholesterol = 45%, Selvin & Erlinger, 2004).  Similarly, in 

our PD sample, the occurrence of other health conditions (i.e., stroke, peripheral 

neuropathy, cancer, prostrate problems, respiratory problems, etc.) were also similar to 

estimates described in normal elderly by various sources (Mold et al., 2004; National 

Heart, Lung and Blood Institute, 2004; American Gastroenterological Association, 2001; 

Verhamme et al., 2002; Jemal et al., 2007).  Thus, the two most common neurologic 

conditions in our PD sample, stroke at 2.3% and peripheral neuropathy at 19.1% 

grossly approximated the numbers reported for these comorbidities in the elderly (i.e., 

4% stroke, 26% peripheral neuropathy; Mold et al., 2004; National Heart, Lung and 

Blood Institute, 2004).  Some comorbidities seemed slightly lower in our PD sample 

(i.e., arthritis), whereas others were slightly higher (i.e., REM Behavior Sleep Disorder, 

hypotension).  The occurrence of arthritis  (25.5%) in our PD cohort is slightly lower than 

a previous prevalence report of arthritis  in Americans age 55-65, namely 40% women 

and 30% men (Reginster, 2002).  The high proportion of males in our PD sample may 

be partially contributory for this difference.  Finally, RBSD was reported to occur in 11% 

of our PD sample. This is similar to a previous report (15%) for PD patients (Comella et 

al., 1998).  When comparing the prevalence of RSBD to the health elderly, a previous 
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large epidemiological study in Hong Kong found the prevalence of RBSD to be less than 

one percent (Chiu et al., 2000).   

Lastly, comorbidities differed on how they were related to demographic and 

disease severity data. Hypertension and hypotension were shown to be related to 

separate predictors. Hypertension was associated with increasing age, whereas 

hypotension was associated with worsening disease (i.e., higher UPDRS scores, longer 

symptom duration).  This reflects the unique role of PD related degeneration on the 

occurrence of hypotension, while hypertensive is more reflective of separate processes 

(ie. structural changes in blood vessels; Aronow et al., 2011). In addition to 

hypertension, high cholesterol, arthritis, and prostate disease were primarily related to 

age. Cardiac disease was significantly related to demographic variables like age and 

education as well as to PD severity. The role of PD severity in cardiac disease is not 

well understood but might potentially relate to a sedentary lifestyle that is common in PD 

(Nanhoe-Mahabier et al., 2009). 

Comorbidities and Cognition: Aim 2 

We found partial support for our hypothesis that vascular comorbidities would 

contribute to worse performance on cognitive domains that are viewed as being more 

frontally mediated. The “sole” vascular comorbidity that exerted influence on cognitive 

functioning was the presence of hypertension/ hypotension.  Other cardiovascular 

comorbidities (i.e., cardiac, high cholesterol, diabetes) exerted no significant effects 

after controlling for PD severity.  Specifically, the presence of hypertension was an 

indicator of worse executive functioning, as indexed by a composite score involving set-

shifting, cognitive inhibition, and letter fluency. While this effect is small (β = -.127), it is 

independent of differences in PD severity. This relationship between hypertension and 



 

54 

executive function is in line with previous studies among the normal elderly (Saxby et 

al., 2003; Kuo et al., 2004; Kilander et al., 1998; Vicario et al., 2005). In brief, some 

studies have found high blood pressure to be associated with worse executive 

performance among both treated and untreated hypertensive adults.  This has not been 

a universal finding however (Anson & Paran, 2005; Duron et al. 2008).  Contrary to our 

predictions, working memory and processing speed scores were not influenced by 

vascular comorbidities in our cohort of nondemented PD patients. 

No support was provided for the second hypothesis that verbal memory 

performance would be influenced by cardiac conditions or diabetes.  Instead, the 

occurrence  of hypertension was again associated with worse verbal memory.  While we 

did not predict this relationship, hypertension has been shown to be related to worse 

memory recall performance (Wallace et al., 1985).  A previous study by Wu and others 

(2008) showed that vascular pathology and diabetes are related to memory 

performance via dissociable hippocampal structures (subiculum vs. dentate gyrus). 

Because our study did not involve neuroimaging and did not specifically examine 

glucose levels, we cannot speculate as to differential involvement of these hippocampal 

structures in our participants.    

In normal elderly, evidence for a detrimental effect of hypertension on executive 

function has been inconsistent.  While numerous studies have found evidence to 

support such a relationship, others have not (Farmer et al., 1987; Desmond et al., 1993; 

Launer et al., 1995). A recent review paper by Birns and Karla (2009) concluded that 

while cross-sectional studies have provided mixed results for the relationship between 

high blood pressure and cognition, the majority of longitudinal studies have shown 
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hypertension to be indicative of cognitive impairment. However, this review paper failed 

to elucidate in their conclusion which cognitive domains were particularly affected by 

hypertension. 

In PD, the relationship between vascular comorbidities and cognition has also 

been controversial and has produced mixed results.  There are at least five prior studies 

with Parkinson patients that have examined cardiovascular risks in relation to cognition.  

More accurately, the major “outcome” in these studies has been categorical 

classification of dementia, rather than subtle variations in cognition.  One study was  

longitudinal (Haugarvoll, et al., 2006) and involved a large cohort of newly diagnosed 

non-demented PD patients (N=130) who were part of a Norwegian longitudinal study.  

Self-reported presence of comorbidities was recorded at baseline.  Outcome was 

“demented” vs. “not demented” four years later.  The major finding was that none of the 

vascular risk factors  (i.e., hypertension, cardiac disease, smoking)  predicted transition 

to dementia/non-dementia  when controlling for age and PD-related disease factors in  

logistic regression analyses.  Four other studies were cross-sectional, although two  

exclusively involved newly diagnosed PD patients (Slawek et al., 2008; Delaker et al., 

2009; Lee et al., 2010; Beyer et al., 2006).  The major focus of these studies was “white 

matter abnormalities”, though all examined cardiovascular risk factors as well. Three of 

the four  studies categorized their PD cohort  into 3 cognitive subgroups:  demented 

(PDD), mild cognitive impairment (MCI) and unimpaired PD.  The fourth study used the 

demented-nondemented classification.  All studies then examined the occurrence of  

cardiovascular risk factors among these cognitive subgroups.  None of the studies 
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found differential occurrence of vascular comorbidities across any of the 

dementia/MCI/unimpaired sub-groupings.         

In contrast, the current study found evidence for an influence of hypertension on 

indices of executive function and verbal memory.  What might account for the different 

results between the current and previous studies described above?  Perhaps most 

important are differences in approach.  First, we excluded individuals who were possibly 

demented, based on low scores on a dementia screening measure (i.e., DRS-2).   

Perhaps more importantly, we examined as our outcome, parametric variations across 

domains of cognition, rather than using a categorical outcome classification such as 

“dementia” or “mild cognitive impairment”. This approach is much more sensitive in 

terms of detecting subtle differences (Hays, 1994). Second, our definition of 

hypertension accounted for individuals with high blood pressure (systolic blood pressure 

>160mmHg). This may help to better capture individuals with untreated/undiagnosed 

hypertension. Third, differences in findings may be due to discrepancies in sample 

sizes. The previous studies included sample sizes no larger than 163, while our study 

contained an N of 341. With this large N, we showed that the variance uniquely 

explained by hypertension was small for both executive functioning (β=-.13) and 

delayed verbal memory (β=-.14). Previous studies may have lacked the power to find 

the small relationship between hypertension and cognition, as found in the current 

study.  Additionally, three of the previously mentioned studies utilized the same 

Norwegian cohort (Beyer et al., 2006; Dalaker et al., 2009; Haugarvoll et al., 2005).  

Unexpected Comorbidity-Cognition Relationship: Hypotension 

One unexpected and unique finding of the present study related to hypotension. 

We found that the occurrence of hypotension was associated with higher executive 
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function scores.  Moreover, when co-occurring with hypertension, hypotension 

appeared to dampen the typical negative influence of hypertension on executive 

function.  This modulation effect was not present for verbal memory recall and was 

specific to executive function.  Given this unique observation, two questions arise.  Has 

this phenomenon has been previously described (i.e., has it been reliably observed)  

and, what might be underlying basis for this relationship? 

Turning to the literature, there have been mixed findings regarding the effect of 

hypotension on cognition among normal elderly individuals. A number of studies have 

found no relationship between hypotension and cognition (Kuo et al., 2004; Rose et al., 

2010). The Atherosclerosis Risk in Cognition (ARIC) study of over twelve-thousand 

elderly individuals being followed for 12 years, failed to find an association between 

presence of orthostatic hypotension and animal fluency scores (Rose et al., 2010). For 

other cognitive domains, hypotension was associated with worse cognitive outcomes, 

though this “cognitive” relationship was largely dependent on demographic and 

cardiovascular factors.     

In PD, only a few studies have examined the relationship between orthostatic 

hypotension and cognition, and this has mainly occurred by comparing demented and 

non-demented PD groups (Peralta et al., 2007; Allcock et al., 2006).  Critically in these 

studies, hypotension was sometimes associated with worse cognitive scores.  While 

both Peralta et al. (2007) and Allcock et al. (2006) examined postural changes in blood 

pressure between demented and non-demented PDs, only Peralta et al. (2007) found a 

significant difference on blood pressure changes between the two groups. Additionally, 

these studies found the presence of hypotension was indicative of worse performance 
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on measures of working memory and verbal fluency.  By contrast, the current study 

found no evidence that hypotension negatively influenced cognitive scores, and in fact, 

the opposite was observed. One potentially relevant methodological difference is that 

our study relied on medical chart review, rather than observation of postural blood 

pressure changes.      

The specific mechanism underlying the positive relationship between 

hypotension and executive function is unclear, as is the basis for the moderating effects 

of hypotension on hypertension.  For executive function, individuals with co-occurring 

hypertension and hypotension performed on par with individuals without either 

comorbidity. Again, the specific mechanisms of this effect are unknown, as this 

phenomenon has not been well documented. However a previous study found that of 

individuals with hypertension and co-occurring hypotension had lower odds of 

developing cognitive impairment (Yap et al., 2008). A proposed explanation for this 

effect is that hypotension results in vasodilation and a reduction of mean arterial 

pressure. This helps to keep cerebral blood perfusion in the autoregulation range in 

individuals with hypertension (Novak & Hajjar, 2010).  More research is needed to 

explore this possible mechanism. 

Comorbidities and Cognition: Pulse Pressure 

In addition to hypertension, the current study found that pulse pressure (an 

indicator of vascular health), was related to cognition as the severity of Parkinson 

disease motor symptoms worsened (i.e., interaction between Pulse Pressure X UPDRS 

motor scores).  This relationship negatively influenced cognitive performance in three 

domains: executive functioning, verbal memory and processing speed.  Importantly, 

pulse pressure by itself did not directly affect cognitive status (i.e., no main effect).  
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Rather, the influence of poor vascular health (i.e., pulse pressure) exerted increasing 

worse influence as a function of PD disease severity.  Our findings indicate that the 

relationship between cognitive impairment and vascular comorbidities becomes 

increasingly apparent in individuals with more severe PD. 

To our knowledge, no studies have examined the relationship between pulse 

pressure and cognition in Parkinson patients. Studies among the normal elderly have 

shown pulse pressure to be related to cognitive domains of memory, executive 

functioning and processing speed (Waldstein et al., 2008; Dahle et al., 2009). The 

relationship between pulse pressure and cognitive status is hypothesized to be 

mediated small vessel lesions and disrupted cerebral perfusion (Qiu et al., 2003; Vicario 

et al., 2005; O’Rourke & Safar, 2005).  

In PD, small vessel disease (a seen by WML) have shown to have a differential 

relationship with cognition, depending on severity of PD symptoms. A previous study 

examining the relationship of white matter severity and cognition failed to find a 

relationship among newly diagnosed PDs (Dalaker et al., 2009). This is in contrast to 

previous studies finding significant relationships among more advanced PDs, and may 

suggest that the relationship between vascular pathology and cognition may be unique 

for  individuals in advanced stages of PD (Beyer et al., 2006; Slawek et al., 2008). 

Comorbidities and Cognition: Possible Mechanisms 

Direct investigation of possible mechanisms mediating the relationship between 

vascular pathology (specifically hypertension) is beyond the scope of this study.  

Turning to the literature, one proposed mechanism for the relationship between 

hypertension and cognitive decline relates to cerebral small vessel disease (Verdelho et 

al., 2010) .  Cerebral small vessel disease has been described as a group of 
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pathologies that affect small arteries, arterioles, capillaries and small veins in the brain, 

and commonly result in lesions of subcortical stuctures (Pantoni, 2010). Recent studies 

have distinguished between at least two underlying pathophysiologies – one involving 

atherosclerosis of small cerebral vessels and another involving alterations in the lumen.  

The former has been most linked with high lipids and the latter with diabetes (Bezerra et 

al., 2012).  Both are associated with hypertension, smoking, and age.  Imaging studies 

of small vessel disease, as indexed by white matter lesions (WML) on MRI, have shown 

a relationship between WML and motor symptoms in both Parkinson patients and 

normal elderly (Bohnen & Albin, 2011; see Figure 4-1). In addition to motor symptoms, 

WML have frequently been found to be related to worse performance on frontally 

mediated cognitive tasks such as set shifting, attention and processing speed (Breteler 

et al., 1994). Verdelho and colleagues (2010) showed that the relationship between 

hypertension and cognition was mediated by severity of WML. This was based on 

statistical findings that hypertension did not exert a significant relation with cognition 

(memory, executive function, etc.) when controlling for size of white matter lesions. The 

role of small vessel disease in mediating the relationship between hypertension and 

cognitive impairment in PD has not been directly investigated.  However, WML have 

shown to be indicative of cognitive impairment among PD samples (Beyer et al., 2006; 

Lee et al., 2010). Lastly, it should be noted the relationship between cognitive 

impairment, high blood pressure and WML has not been a universal finding (Van De 

Pol, 2007)  
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Figure 4-1.  Overlap of White Matter Lesions, Parkinson’s Disease and Normal Aging. 
Diagram shows an overlap of white matter lesions between individuals with 
PD and normal aging. Nigrostriatal loss in frequent in normal aging, has been 
related to Parkinsonian symptoms in the absence of PD. From Bohnen & 
Albin 2011. 

In addition to executive functioning, the presence of hypertension in the present 

study was also related to worse scores on measures of  delayed verbal memory. Small 

vessel lesions in periventricular and temporal areas have been associated with memory 

performance, separate from executive functioning (Smith et al., 2011). Another possible 

explanation is that the observed memory impairment is secondary to frontal-executive 

dysfunction (Pillon et al., 1993). Inadequate organization skills (frontally mediated) may 

lead to difficulty with retrieval of previously learned words, although recognition skills 

(temporally mediated) may be intact.  

Limitations and Future Directions  

Although this study adds to the literature on cognitive changes in Parkinson 

disease, it is not without limitations.  Findings should be interpreted with caution for 

several reasons.  First, our data consisted of a convenience sample of PD patients who 

were seen at the University of Florida. As such our findings may not be generalizable to 

the whole PD population but restricted to those seeking care from a tertiary medical 
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center. Moreover, the sample was even more selective as it consisted of PD patients 

who were candidates for deep brain stimulation (DBS) or those for whom there was 

“concern” about cognitive status (and thus were referred for neuropsychological 

evaluation. Thus, although we did not include individuals with “dementia” or very low 

cognitive status, our sample may have included individuals who may have been more 

cognitively compromised.  Second,  we relied on accurate documentation of 

comorbidities via patients’ medical chart. We do not know the validity or reliability of this 

information, but hope and assume that the most notable comorbidities were 

documented.  Third, in a related manner, no direct measures of comorbidities, other 

than blood pressure, were collected. Even blood pressure was obtained on only one 

occasion, rather than multiple readings under different conditions as is typically 

recommended.   Finally, there was no indication of the “severity” or duration of 

comorbidities which may potentially play an important and critical role vis a vis impact 

on brain changes and cognition. 

Future studies should implement the use of direct measures of comorbidity status. 

This has specific implications for hypotension which has been shown be underreported 

among PD samples. Additional investigation into possible mechanisms, such as small 

vessel disease, mediating the effect of comorbidities on cognition is still needed. 

Studies investigating the long-term impact of comorbidities on cognition would be 

beneficial. Future studies should also consider the impact that depression or apathy has 

on the relationship between comorbidities and cognitive functioning.  

Conclusion   

This current study adds to the literature on cognitive changes in Parkinson disease 

by providing evidence that comorbidities related to cardiovascular health, namely 
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hypertension, hypotension, and pulse pressure  are associated with cognitive 

performance.  Hypertension was associated with worse performance on executive 

function and delayed verbal memory tasks, whereas hypotension was associated with 

better performance and even appeared to exert a buffering effect when it co-occurred 

with hypertension.  This type of relationship has not been described before in the PD 

population and raises a number of questions of regarding the mechanisms underlying 

these relationships.  

While hypertension and cardiovascular risk factors may be less common in PD 

relative to the normal aging population,  they nevertheless exerted a small but 

detrimental effect on cognition, particularly executive function and memory.  This 

detrimental effect was present above and beyond the effects of PD neurodegeneration. 

Though not addressed in the current study, we suspect that small vessel disease may 

be occurring in PD patients just as it does in those in older adults without Parkinson 

disease.  However, at the same time, it appears that the influence of vascular factors on 

cognition may be most detrimental as PD severity worsens. 

Taken together, the current findings suggest that cardiovascular comorbidities 

contribute to the cognitive decline in patients with Parkinson disease, and that this may 

be even more apparent with worsening disease progression.  In light of these findings,  

consideration should be given to improving vascular health in Parkinson patients, as a 

means to assist in improving cognitive status  Possible interventions could focus around 

reduction of vascular risk factors and may include strategies such as maintaining a 

healthy diet, exercising or better treatment/control vascular related diseases. This can 

be particularly challenging in a neurodegenerative disorder characterized by overall 
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slowing and motor symptoms (i.e., loss of balance, falls) that foster reduced  mobility. 

Due to the high risk of cognitive impairment and dementia in PD, and the frequent 

occurrence of hypertension in PD and aging populations, even a small benefit to 

minimize further cognitive decline would be important. 
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APPENDIX A 
 PREVALENCE OF COMORBIDITIES 

Hypertension 38.1 

Hypotension 30.2 

Hypercholesterolemia 41.6 

High Tryglycerides 5.0 

Anemia 0.9 

Diabetes 10.3 

Thyroid Disease 9.9 

Heart Attack 5.6 

Angina 7.3 

Atrial Fibrillation 7.0 

Arrhythmia 2.6 

Heart Murmur 2.9 

Congestive Heart Failure  1.8 

Peripheral Vascular disease 0.3 

Pacemaker Surgery 3.2 

Cardiac Stent Surgery 5.9 

Bypass Surgery 5.6 

Valve Surgery 0.3 

HIV/AIDS 0.0 

Stroke 2.3 

Transient Ischemic Event  2.3 

Hemiplegia 0.3 

Arthritis 25.5 

Vasculitis 0.0 

Lupus 0.0 

Asthma 4.7 

COPD 4.3 

Pulmonary Embolism 2.1 

Emphysema 0.9 

GERD 19.6 

Peptic Ulcer Disease 2.9 

Gallbladder Disease 0.0 

Hepatitis 0.0 

Liver Cirrhosis 0.0 

Colon Polyps 7.6 

Cancer 18.8 

Crohn’s Disease 0.0 

Kidney Stones 7.0 
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 Urinary Incontinence 9.1 

BPH 11.7 

Seizures 1.8 

Head Injury 3.5 

Brain Tumor 0.3 

Peripheral Neuropathy 19.1 

Migraines 2.9 

Glaucoma 2.9 

Cataracts 10.6 

Macular Degeneration 0.9 

Tinnitus 2.3 

Sleep Apnea 7.6 

Restless Leg Syndrome 3.8 

RBSD 11.1 



 

67 

APPENDIX B 
PERCENT OF COMORBIDITIES REPORTED BY AGE 

  Cholesterol  Hypertension   Hypotension Neurologic Cardiac Arthritis  GERD Cancer  Prostate  RBSD  Respiratory Diabetes  

≤59 27.7 24.8 23.8 28.7 6.9 13.9 11.9 18.8 5.0 9.9 7.9 7.9 

60-69 37.0 35.6 28.1 31.1 25.2 31.1 23.0 20.0 10.4 13.3 7.4 11.1 

≥70 61.0 54.3 39.0 27.6 47.6 29.5 22.9 17.1 20.0 9.5 16.2 11.4 
Chi 

Squared 
       
    25.3 19.6 6.1 0.4 43.7 10.3 5.5 0.3 11.6 1.1 5.8 0.9 

Sig       <.001 <.001 .047 .830 <.001 .006 .065 .854 .003 .581 .055 .651 
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