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Changes in Verbal Fluency in Parkinson’s
Disease
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Parkinson’s disease (PD) is a progressive neurodegenerative dis-

Abstract: Background: The test for semantic verbal fluency is quick and easy to administer. Decreases in
semantic verbal fluency would suggest executive dysfunction among individuals with Parkinson’s disease (PD).
Methods: The National Parkinson Foundation’s Outcomes Project is a multicenter study that seeks to
determine best practices in PD management. We analyzed data from the baseline and two annual follow-up
visits to determine the annual rate of verbal fluency change and determinants of that change. Linear mixed
modeling was used to assess relationships between verbal fluency, clinical characteristics, quality of life, and
caregiver burden.

Results: There were 1,322 participants with an average age of 67.3 years, of whom 37% were women. Mean
baseline verbal fluency scores at baseline were 18.81 (standard deviation = 6.25). Verbal fluency scores did
not change among patients who were at our cohort’s average age and average PD duration (8.4 years) and
who had no other associated conditions (beta = —0.02; P = 0.80). Verbal fluency, however, did decrease for
individuals with PD duration greater than the average (beta = —0.25; P = 0.03), age greater than the average
(beta = —0.022; P < 0.01), a Hoehn and Yahr >=3 (beta = —0.31; P = 0.04), and in those with cardiovascular
disease (beta = —0.32; P = 0.01) or psychiatric symptomatology (beta = —0.34; P = 0.01). Individuals with
higher verbal fluency scores had better quality of life (P < 0.01) and decreased caregiver burden (P < 0.01).
Conclusions: Clinicians should monitor verbal fluency scores to evaluate cognitive decline among individuals
with PD. Modifiable risk factors for verbal fluency changes include psychiatric symptomatology and
cardiovascular disease. Clinicians may use verbal fluency testing to identify individuals at risk for decreased
quality of life and increased caregiver burden, allowing for focused interventions.
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cohorts.”™” Verbal fluency performance is also consistent with

order with profound global impact." Although PD has been tra-

ditionally ~ characterized as a motor disorder, cognitive
impairment is increasingly recognized as a disabling nonmotor
symptom. Patients with PD-related cognitive impairment expe-
rience reduced ability to work, diminished quality of life, and
greater mortality.>

A wide variety of neuropsychological tests have been used to
has

become one of the most frequently used neuropsychological

evaluate cognitive decline. Verbal fluency assessment

tests in clinics and research studies because it reliably detects

abnormalities in attention and executive function in PD

informant-reported executive dysfunction in PD patients.”
Although PD patients are known to suffer from difficulties with
both phonemic and semantic verbal fluency, the latter is typi-
cally affected to a greater degree.”

The aim of this study was to determine the rate of change in
semantic verbal fluency scores and the factors that contribute to
these changes in a heterogeneous PD population. We hypothe-
sized that age and PD duration would be the primary contribu-
tors to changes in verbal fluency scores. We further theorized
that individuals with higher verbal fluency scores would experi-

ence better quality of life and decreased caregiver burden.
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Patients and Methods
Patients

Individuals were selected from the National Parkinson Founda-
tion Parkinson’s Outcome Project. The initial database query of
individuals with at least three visits resulted in 1,974 PD
patients. We subsequently disqualified 652 individuals (314 with
DBS surgery; 46 with follow-up time of less than 20 months;
237 with diagnostic uncertainty of idiopathic PD; and 55 with-
out verbal fluency scores). The final analysis included 1,322
patients (Fig. 1).

Semantic Verbal Fluency Task

Participants were asked to name as many animals as they could
in 1 minute. The final score was the total number of unique

animals named.

Determinants of Changes in
Verbal Fluency Scores

Variables were included in the model if we suspected a relation-
ship between the variables available in the Parkinson’s Outcome
Project database” and cognitive decline. The variables consid-
ered were PD duration, age, H & Y stage, psychiatric symp-
tomatology, prescribed

cognitive enhancing medication,

Initial

n =1974

Excluded (n = 652)

Deep Brain Stimulation,
n=2314

Follow-up time less than 20
months,
n=46

Diagnostic uncertainty of
Parkinson Disease,
n=237

No verbal fluency scores,
n=>55

Final Analysis

n = 1322

Figure 1 Cohort of individuals included in our analysis.

cardiovascular disease, and other neurological comorbidities.

Because of its impact on socioeconomic status and education,
. : 10

race was also included in the model.

Variables

Variables that were clinically similar were grouped: (1) Psychi-
atric symptomatology included individuals prescribed antide-
pressants, antipsychotics, and individuals referred to mental
health treatment; (2) a history of heart disease and a history of
diabetes were grouped under cardiovascular disease; and (3)
cognitive-enhancing medications included individuals taking
rivastigmine, donepezil, galantamine, and/or memantine. In
addition, (4) race was divided into white and nonwhite because
of the very few individuals who identified as nonwhite. For the
primary analysis, PD duration was treated as a continuous vari-
able. We also compared the basic demographic variables of
those with PD duration <10 years and those with >=10 years.
This is clinically meaningful because at 10 years’ PD duration,
approximately half of PD patients have developed dementia."’
We also performed two analyses: one that included all patient
data and another that excluded patient data for individuals who
were more than 4 standard deviations (SDs) above normative
verbal fluency scores for individuals 60 to 69 years old (i.e.,
scores greater than 36).° The 39-item Parkinson’s Disease Ques-
tionnaire (PDQ-39) summary index'? was used to assess quality
of life, and the Modified Caregiver Strain Index (MCSI) was
used to assess caregiver burden.'

Statistical Analysis

The prediction model for verbal fluency score was a linear
mixed-effects model with two levels: verbal fluency score at
each visit (level 2), grouped by patients (level 1). A random
intercept for patients was used to account for the correlations
among the verbal fluency scores from the same patient. A ran-
dom slope for each patient was included to represent a patient-
specific progression trend. The unstructured variance-covariance
structure of the random effects was used in the model to esti-
mate unique variances and unique pair-wise covariances within
the same-level grouping for all random eftects. The random
effects and the error term were independent of each other.

The independent variables were indicators for race, sex, base-
line H & Y stage, baseline disease status for cardiovascular dis-
ease, other neurological disease, psychiatric symptomatology,
baseline age, baseline PD duration, and number of years since
the baseline visit. To capture the potential change in the annual
rate of progression, the model also used the interaction terms
between the follow-up time and the following variables, includ-
ing: baseline H & Y stage, baseline disease status for cardiovas-
cular disease, other neurological disease, and psychiatric
symptomotology, baseline age, and baseline PD duration.

The interaction terms with the time since baseline allowed us
to estimate differences in the progression trend over time based
on specific patient conditions. For example, the estimation of

the interaction terms between psychiatric symptomatology and
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the time since baseline shows the difference in progression over
time among patients with and without psychiatric symptomatol-
ogy.

To determine the association between verbal fluency scores
and MCSI and PDQ-39, linear mixed-eftects models with a
random intercept for patients were used by regressing MCSI
and PDQ-39 on the verbal fluency scores, respectively. P values
<0.05 were considered statistically significant. Data analysis was
performed using Stata software (version 14.0; StataCorp LP,
College Station, TX).

Results

Table 1 summarizes the demographic data for study participants.
Participants averaged 67 years old (SD = 9.2; range = 46-90)
with a follow-up time of approximately 2.3 years. Women
comprised 37.4% of the overall sample, and 6.4% of the sample
were under-represented minorities. Although duration of PD
symptoms ranged from 1 to 30 years, 64.5% (n = 853) of the
participants had PD <10 years at the time of the first clinic visit.
Among the entire cohort, most individuals (60.9%) were H &
Y stage 2. The most prevalent comorbidities were psychiatric
symptomatology (32.0%) and cardiovascular disease (39.2%).
Only a small percentage of the cohort was taking cognitive-
enhancing medications (6.4%).

Verbal fluency scores ranged from 0 to 61 words per minute.
Mean verbal fluency score at baseline for the entire population
was 18.8 words per minute (SD = 6.3). The second analysis
that excluded outliers (i.e., those results that are greater than 4
SDs above age and education normative scores) eliminated 17
scores. Given that including the outlying raw scores provides
somewhat different coefficient estimates for the variables, we

wanted to ensure that our findings were based on the bulk of

the data and that the outliers were not driving significant
results. Therefore, we report only the analysis with the outliers
excluded and we based our conclusions on this second analysis.
All of the patients remain part of our investigation because they
scored within acceptable ranges at other visits (i.e., reporting
the analysis that excludes the outliers does not change our pop-
ulation size).

After excluding the outliers, the mean verbal fluency for the
entire population was 18.71 (SD = 6.1). The change in verbal
fluency scores between visits 1 and 3 varied from —19 to 21,
indicating that some individuals improved between visits 1 and
3. However, 53.6% of the overall population had a decline in
scores. Significant predictors of total verbal fluency scores
included race (classification as “white” race increased scores by
2.95 points over classification as “nonwhite”; beta = 2.95;
P <0.01), H & Y stage >=3 (beta = —1.82; P < 0.01) and age
at baseline visit (beta = —0.23; P < 0.01). Our average patient,
that is, a patient of average age (67.3 years old) and average PD
duration (8.4 years), but no other conditions, had no significant
annual rate of change in verbal fluency scores (beta = —0.02;
P = 0.80). Rather, the verbal fluency total scores decreased
when any other conditions are present. Specifically, if H & Y
stage was >=3, verbal fluency decreased by an additional 0.31

points  (beta = —0.31; P = 0.04). Cardiovascular disease
(beta = —0.32; P =0.01), psychiatric  symptomatology
(beta = —0.34; P = 0.01), each additional year of PD duration

above the mean at baseline (P = —0.025; P = 0.03), and each

additional year of age above the mean at Dbaseline
(beta = —0.022; P < 0.01) are associated with a decrease in ver-
bal fluency scores. Table 2 describes these predictors of verbal
fluency.

Utilizing linear mixed-effect methodology, we also modeled

the relationship between verbal fluency and caregiver burden

TABLE 1 Demographic data, clinical characteristics, and verbal fluency test scores

PD Duration <10 Years  PD Duration >10 Years  Total P Value
(n = 853) (n = 469) (n =1,322)
Demographics
Age, mean + SD 66.59 + 9.42 68.60 + 8.67 67.30 + 9.21 <0.01
Sex, % female 36.93 38.38 37.44 0.60
Race, % nonwhite 6.80 5.54 6.35 0.37
Mean time, visits 1 and 3, mean & SD 2.28 +0.39 2.29 + 0.40 2.28 +0.39 0.69
Median time, visits 1 and 3, median (range) 2.17 2.24 2.16 0.79
(1.66-3.67) (1.66-3.83) (1.66-3.83)
Baseline clinical characteristics
H & Y stage, % of cohort at each stage <0.01
g 1.5 15.90 4.22 11.80
28 205 64.34 54.67 60.94
33 3.5 16.51 33.11 22.34
>4 3.25 8.00 4.92
Cognitive enhancing medication, % yes 4.35 10.06 6.38 <0.01
Psychiatric symptomatology, % yes 26.51 41.95 31.98 <0.01
Cardiovascular disease, % yes 40.40 37.12 39.24 0.24
(heart disease or diabetes)
Verbal fluency, excluding scores higher than 36
Verbal fluency total score, first visit, mean + SD 19.14 + 5.91 17.95 + 6.36 18.71 £ 6.10 <0.01
Verbal fluency total score, second visit, mean £ SD 19.10 + 6.18 17.39 + 6.22 18.49 + 6.22 <0.01
Verbal fluency total score, third visit, mean + SD 18.55 + 6.52 16.55 + 6.69 17.84 + 6.65 <0.01

There were significant differences in the demographic data, clinical characteristics, and verbal fluency test scores between those with PD
less than 10 years and those with PD greater than or equal to 10 years. Bold = P value <0.05.
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and quality of life. Individuals with higher verbal fluency scores
had better quality of life, as indicated by lower scores on the
PDQ-39 (beta = —0.43; P < 0.01), and lower caregiver burden,
as indicated by lower scores on the MCSI (beta = —0.50;
P < 0.01).

Discussion

Decreases in verbal fluency were associated with PD disease
severity, PD disease duration, age, cardiovascular disease, and
psychiatric symptomatology. Each of the factors in the model
had a similar effect size, indicating that no variable was a pri-
mary contributor toward verbal fluency decrease. Rather, each
variable contributed a relatively equal amount toward decrease
in verbal fluency. In addition, patients with higher verbal flu-
ency scores reported better quality of life and decreased care-
giver burden.

The rate of decline among this heterogeneous group of indi-
viduals with PD provides a standard that can be used in addi-
tional research studies and in clinical practice. Though verbal
fluency is certainly variable on an individual basis, we would
expect large groups of individuals in a study to decline at a rate
similar to that presented here. The significant variability in ver-
bal fluency scores between visits for some of the participants
speaks to the many factors associated with cognitive testing
scores, including possible practice effects,'* psychiatric symp-
tomatology, and whether the participant is in the OFF time
with regard to motor symptoms.'> This individual variability
identifies the need to recruit large cohorts of participants in
research studies in which verbal fluency is used as an outcome.
Moreover, in clinical practice, physicians can identify many of
the reasons for this individual variability and therefore use this
easy-to-administer test to monitor the cognition of their

patients over time.

TABLE 2 Predictors of verbal fluency scores

Cardiovascular disease is an interesting variable to be associ-
ated with a more-rapid rate of decrease of verbal fluency.
Numerous investigators have identified an additive or synergis-
tic interaction between Alzheimer’s disease pathology and car-
diovascular  pathology leading to increased cognitive
impairment.'® There is less evidence for cardiovascular disease
potentiating PD pathology. The importance of cardiovascular
disease as a contributor to verbal fluency decline, however, adds
to growing evidence that cardiovascular disease may be con-
tributing to the risk of dementia in PD. Most important, car-
diovascular disease is a modifiable risk factor that could be
improved with increased emphasis on vascular risk factor man-
agement.

Psychiatric symptomatology is also potentially modifiable
with medications and therapeutic counseling.'” Researchers
have demonstrated that individuals with depression and/or anxi-
ety perform more poorly on cognitive testing. Furthermore,
treatment of the psychiatric symptoms improves the cognitive
testing profile.'®

The dynamic of age and PD duration as contributors toward
cognitive decline is a debated area in the literature. In brief,
individuals of older age and longer PD duration are both at an
increased risk of cognitive impairment. In our analysis, these
two factors contributed with equal effect to verbal fluency
changes. According to the Braak hypothesis, Lewy body pathol-
ogy eventually spreads to the cortex during the later PD stages.
These cortical Lewy bodies are thought to correlate with cogni-
tive decline. Additionally, the likelihood of Alzheimer’s disease
increases with age. Finally, growing evidence suggests that
alpha-synuclein and tau pathology may potentiate each other,
thereby leading to faster rates of cognitive decline with both
increasing age and increasing PD duration.

As previously stated, increases in verbal fluency are directly

associated with increased quality of life. Importantly, however,

Predictors Beta 95% ClI P Value
Intercept 16.33 15.13 17.54 <0.001
White vs. nonwhite 2.95 1.80 4.09 <0.001
Female vs. male 0.31 —0.26 0.87 0.286
H& Y stage >=3 vs. <3 —1.82 —2.55 —1.09 <0.001
Cardiovascular yes vs. no 0.52 —0.10 1.13 0.101
Other neurological comorbidities —0.03 —1.03 0.97 0.954
Depression yes vs. no —0.01 —0.67 0.64 0.97
Cognitive-enhancing medication yes vs. no —-0.76 —1.68 0.16 0.107
PD duration at baseline visit —0.04 —0.10 0.01 0.139
Age at baseline visit —-0.23 —0.26 —0.19 <0.001
Annual rate of VF change —0.02 —-0.21 0.16 0.803
Change in annual rate of VF change when
H &Y stage >=3 —0.31 —0.60 —0.02 0.035
Cardiovascular disease —0.32 -0.57 —0.08 .01
Other neurological comorbidities —0.33 —-0.73 0.06 0.098
Depression —0.34 —0.60 —0.08 0.011
Cognitive-enhancing medication —0.32 —0.80 0.15 0.18
Additional year of PD duration at baseline —0.025 —0.047 —0.002 0.03
Additional year of age at baseline —0.022 —0.036 —0.008 0.002

The variables listed on the upper part of the table were part of our model of the predictors of verbal fluency scores. Significant variables
were those that had an impact on total verbal fluency scores. The lower part of the table enumerates which variables had an impact on
change in verbal fluency scores when patients had specific characteristics. The beta coefficient is the annual rate of change for each vari-
able. Bold rows = statistically significant predictors of verbal fluency scores.

VF, verbal fluency.
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a single-point increase in verbal fluency is likely not clinically
significant. Rather, the effect size is such that approximately 4-
point changes of verbal fluency are associated with a clinically
meaningful change in PDQ-39." To our knowledge, clinically
significant changes in the MCSI have not been established.

The major limitation of this analysis is that education was not
included in the National Parkinson Foundation registry. Typi-
cally, age accounts for around 23% of the variance in categorical
verbal fluency, and education accounts for approximately 11%
of the variance.® In addition, participants in the registry did not
have additional cognitive testing such as the Mini—-Mental State
Examination or the Montreal Cognitive Assessment to correlate
with our verbal fluency findings and identify those participants
who have dementia.

Taken together, understanding the factors that contribute to
the rate of decline in verbal fluency scores will increase clini-
clans’ armamentarium of tests that can identify patients at
increased risk of cognitive decline. Our study reinforces the
importance of treating modifiable risk factors to cognitive
decline, such as cardiovascular factors and psychiatric symp-
tomatology. We have also provided an expected rate of decline
of verbal fluency scores, thereby allowing clinicians to identify
individuals who are experiencing a faster rate of decline than
would be expected and raising the clinical suspicion for an addi-
tional process, such as Alzheimer’s disease or vascular dementia.
Clinicians therefore should consider assessing verbal fluency
early in the disease course to establish a baseline, and at every
subsequent visit to identify patients at risk for more-rapid cog-
nitive decline, advise patients regarding their quality of life, and
help identify resources to support their care partners. Verbal flu-
ency assessments may be useful in both clinical research and
patient care as a quick assessment of cognitive dysfunction with
a predictable rate of decline over the course of PD.
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