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Abstract

OBJECTIVE: Verbal fluency is a common neuropsychological test that is impaired in dementia.
We test whether verbal fluency is a prospective risk factor for incident dementia, cognitive
impairment not dementia (CIND), and conversion from CIND to dementia.

METHODS: Participants (/A=18,189) from the Health and Retirement Study were administered a
standard test of verbal fluency and were assessed for cognitive status every two years between
baseline and six years follow-up.

RESULTS: Every standard deviation increase in verbal fluency was associated with an
approximately 60% reduced risk of incident dementia, an approximately 25% reduced risk of
incident CIND, and an approximately 25% reduced risk of conversion from CIND to dementia.
These associations were independent of age, gender, education, race, ethnicity, and APOE risk
status. The associations were slightly weaker (but still significant) for African-Americans and
individuals with lower education. There was no interaction between verbal fluency and APOE risk
status.

CONCLUSION: Verbal fluency is an easily-administered task that is predictive of incident

cognitive impairment.
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Introduction

Verbal fluency is among the most common neuropsychological tests administered in both
research and clinical settings.> Although a relatively simple task — typically naming as many
examples of a category (e.g., animals) or a letter (e.g., “s”) as possible in 60 seconds — it
requires activation of multiple cognitive processes.? That is, it engages both verbal
knowledge to produce the examples and executive function to monitor and remember what
words have already been produced and inhibit repetitions.3 It thus provides a great deal of
general information about how well an individual is functioning cognitively.
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Verbal fluency has been associated with cognitive impairment. Individuals suffering from
Alzheimer’s disease and other dementias, for example, have impaired fluency.* Among
individuals with mild cognitive impairment (MCI), it has been found to predict conversion to
dementia,? particularly among individuals with Parkinson’s disease.® This literature on
verbal fluency and cognitive impairment has focused on either comparisons between patients
with impairment and cognitively-healthy controls’ or how fluency predicts conversion from
mild to severe impairment.8 There is also evidence that verbal fluency declines more over
time for participants who developed dementia over the study period compared to participants
who did not develop dementia.®10 Less is known, however, about whether fluency predicts
long-term risk of developing dementia or more mild impairments in the general population.

To that end, we use data from the Health and Retirement Study to test verbal fluency as a
prospective predictor of incident dementia over an up to six-year follow up in a large sample
of community-dwelling adults. In addition to testing verbal fluency as a predictor of incident
dementia, we also test whether it predicts incident cognitive impairment not dementia
(CIND), conversion from CIND to dementia, and whether the association with dementia risk
is moderated by age, gender, education, race, Hispanic ethnicity, or APOE risk status.

Participants and Procedure

Measures

Participants were drawn from the Health and Retirement Study (HRS), a longitudinal study
of the health and well-being of Americans over the age of 50 and their spouses (regardless of
age). More information about the study and how to access the data can be found at http://
hrsonline.isr.umich.edu/. Participants are interviewed every two years in an extensive
assessment that includes the modified Telephone Interview for Cognitive Status (TICSm), a
measure of cognitive status (see below). Verbal fluency was first administered in 2010 as
part of this regular cognitive assessment. Participants were selected for inclusion in the
current analysis if they scored in the non-dementia range on the TICSm at baseline,
completed the verbal fluency task at the 2010 baseline, and had at least one additional
TICSm measurement through 2016 (the most recent assessment available). A total of 18,189
participants met these inclusion criteria to be included in the analysis.

A total of 20,488 participants had complete data available on all study variables at baseline.
Of these participants, 798 (4%) were excluded because they scored in the dementia range at
baseline, and 606 (3%) were excluded because they died without a follow-up. The remaining
895 (4%) participants with no follow-up data were older, had less education, and retrieved
fewer words on the verbal fluency task (p<.01) at baseline than the 18,189 participants in the
analytic sample; there were no differences in gender, race, or Hispanic ethnicity.

Verbal fluency.—Participants were given the following instructions: “Now | want to see
how many different animals you can name. You will have 60 seconds. When | say, ‘Begin’,
say the animal names as fast as you can.” Fluency was the total number of animals named in
60 seconds.

Int J Geriatr Psychiatry. Author manuscript; available in PMC 2020 June 01.


http://hrsonline.isr.umich.edu/
http://hrsonline.isr.umich.edu/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sutin et al.

Page 3

Cognitive status.—Every two years in the HRS participants completed the modified
Telephone Interview for Cognitive Status (TICSm). Participants were asked to (a) recall 10
words immediately and after a delay, (b) subtract 7 from 100 five times, and (c) count
backward from 20. The TICSm score is the sum of performance on these three tasks with up
to 20 points for immediate and delayed recall, up to five points for serial 7 subtraction, and
up to two points for backward counting. From a possible total of 27 points, participants were
classified into one of three groups at each assessment: Scores between 12 and 27 were
classified as normal cognition, scores between 7 and 11 were classified as cognitive
impairment not dementia (CIND), and scores 6 or less were classified in the dementia group.
These cutoffs have been validated previously against a comprehensive neuropsychological
assessment and clinical diagnosis of dementia.1112 National trends in dementia prevalence
have been tracked from assessment of the TICSm in the HRS.12 In addition, similar
associations have been found for risk of dementia using the TICSm?# as for a clinical
diagnosis of Alzheimer’s disease.1®

Analytic Strategy

Results

Cox proportional hazard models were used to test verbal fluency as a predictor of incident
dementia and incident CIND over the 6-year follow-up. Specifically, time was measured in
years from the assessment of verbal fluency and coded as time-to-incidence of dementia.
Cases were censored at the last available cognitive assessment at which the participant did
not score in the dementia range. We followed the same procedure for incident CIND. We
also tested whether verbal fluency was associated with risk of conversion from CIND to
dementia over the follow-up by selecting participants who scored in the CIND range at the
baseline assessment. For dementia risk, sensitivity analyses excluded participants with
CIND at baseline and participants with less than six years of follow-up data. All analyses
controlled for age, gender, race, Hispanic ethnicity, and education. In a subsample of
participants with genetic information (/7=9,223), APOE risk status (any e4 carrier versus
non-carriers) was included as an additional covariate. Finally, we included interactions
between verbal fluency and each sociodemographic factor and genetic risk to test whether
the association between fluency and risk of dementia was moderated by age, gender, race,
Hispanic ethnicity, education, or APOE risk status.

Descriptive statistics for study variables are shown in Table 1. Over the up to 6-year follow-
up and 94,742 person-years, a total of 1,326 participants developed dementia. Results of the
Cox regression analysis are shown in Table 2. For every standard deviation increase in verbal
fluency, there was a more than 60% decreased risk of dementia (Table 2). By comparison,
every standard deviation increase in years of education was associated with a nearly 60%
decreased with of dementia. When scaled in the raw number of words, rather than by
standard deviation, each additional word produced during the verbal fluency task was
associated with an approximately 7% reduced risk of incident dementia over the follow-up
(HR=.93, 95% CI=.92, .94, p<.001). Sensitivity analyses indicated that the association
between fluency and dementia risk was similar when excluding participants who scored
within the range of CIND at baseline (Model 2) and when the sample was further restricted
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to participants who had a full six years of follow-up data (Model 3). The results were also
similar when genetic risk was included in the model (HR=.58, 95% CI1=.53, .63; 17=9,223,;
751 incident dementia). Verbal fluency was likewise associated with a lower risk of CIND
and, among participants with CIND at baseline, it was associated with a lower risk of
conversion to dementia over the follow-up (Table 3).

The association between verbal fluency and risk of incident dementia was moderated by race
and education. The association was apparent among African American participants (HR=.
71, 95% CI=.63, .80, p<.001) but weaker than among white participants (HR=.56, 95% ClI=.
52, .61, p<.001). This difference was significant (HRinteraction =1.33, 95% CI=1.16, 1.54, p<.
001). Likewise, although apparent across the range of years of education, the association
was weaker among participants with lower levels than higher levels of education
(HRjnteraction=-93, 95% CI=.88, .97, p=.003). The association between verbal fluency and
risk of incident dementia was not moderated by age, gender, Hispanic ethnicity, or APOE
risk status.

Discussion

The present research shows that a relatively simple task to assess verbal fluency is associated
with risk of incident dementia. The fluency task correlates only modestly with the tasks that
make up the TICSm, 16 which suggests that the relation is not due to overlap in cognitive
processes between fluency and those used to identify dementia. In addition, although fluency
is associated with education — individuals with more education tend to perform better on
verbal fluency tasks!” — it was an independent and slightly stronger predictor of dementia
than educational attainment. \erbal fluency is thus one easily administrable task that
provides information on dementia risk that is above and beyond the effect of education.

The association between fluency and dementia risk was apparent across age, gender,
education, race, and ethnicity. The strength of these associations, however, was somewhat
lower among individuals with lower education and among African Americans. At lower
levels of education, verbal fluency may be detecting lack of education rather than cognitive
processes that are vulnerable in dementia.1® The association was also slightly weaker among
African American participants. There are significant health disparities in dementia
prevalence across ethnic groups. African American adults, for example, have greater than
twice the risk of dementia compared to white adults.1® Verbal fluency may have less
predictive power among African Americans because the risk associated with ethnicity
accounts for a large portion of the variance in risk. It is of note, however, that even in this
high-risk group, higher verbal fluency was associated with an approximately 30% decreased
risk of dementia.

Previous work on verbal fluency and dementia risk has focused on fluency as a predictor of
conversion from MCI and other mild impairments to dementia.8 Our results are consistent
with this literature: among individuals with CIND, lower fluency was associated with greater
risk of conversion to dementia. In addition, lower fluency is also associated with increased
risk of developing CIND. Although most individuals with CIND will not go on to develop
dementia,29 CIND is an important outcome in its own right. Individuals with even mild
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impairments have greater limitations in daily functioning®! and functional disability?? and
greater declines in financial capacity over time.23

As with other risk factors, the association between verbal fluency and dementia risk may be
the result of reverse causality:24 The pathological processes associated with dementia may
impair the ability to retrieve words quickly. Thus, rather than increasing risk, poor verbal
fluency may be an early marker of the disease. The results, however, remained significant
when we excluded cases that were classified with dementia within 4 years of follow up.
Reverse causality would also predict stronger effects for conversion from CIND to dementia,
but the effect size for conversion (in Table 3) was actually smaller than the effect found in
the full sample (Table 2). These findings suggest that the association between fluency and
dementia risk may not only be the result of reverse causality.

Although verbal fluency may be useful as an early marker of risk for AD, it is a non-specific
marker for two reasons. First, although an easy task to administer, it is quite complex in
terms of the number of basic cognitive functions needed to perform it. As such, it is not
possible to differentiate specific cognitive functions, such as low verbal knowledge or
impaired working memory, as risk factors for dementia. Second, it is implicated in a number
of neurodegenerative diseases, including several types of dementia (e.g., Alzheimer’s
disease, frontotemporal dementia) and Parkinson’s disease.2® It thus lacks specificity as a
risk factor for disease. In the current study, we were unable to differentiate the causes of
cognitive impairment.

The present study had several strengths, including a large sample and a relatively long
follow-up period. There are also some limitations that could be addressed in future research.
As just mentioned, we could not differentiate between types of dementia. The performance-
based measure indicated the presence of cognitive impairment but not the cause of the
impairment. Future research could address whether verbal fluency is more or less predictive
of specific neurodegenerative diseases, such as Alzheimer’s disease or frontotemporal
dementia. Another limitation was the relatively short follow-up of six years, which is not
long enough to determine whether verbal fluency measured earlier in adulthood, such as in
middle age, is predictive of dementia risk in older adulthood. We also could not rule out the
possibility of reverse causality. In future work it would be useful to have measures of brain
pathology, such as through brain scans, to be able to address the role of neurodegeneration in
the relation between fluency and dementia risk. Such studies could be particularly
informative with repeated longitudinal assessment of fluency over decades to examine the
trajectories of verbal fluency with the progression from preclinical to clinical phase of the
disease.

Conclusion

The present research indicates that low verbal fluency increases risk of dementia, incident
CIND, and conversion from CIND to dementia. These associations were independent of
socio-demographic factors and APOE risk status and apparent even after excluding
participants with CIND at baseline and those with <6 years follow-up.
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Key points:

. Individuals with cognitive impairment perform worse on verbal fluency tasks;
we test whether verbal fluency prospectively predicts incident dementia

. Higher verbal fluency is protective against incident dementia, incident
cognitive impairment not dementia (CIND) and conversion from CIND to
dementia

. These associations were independent of socio-demographic factors and APOE
risk status

. Lower risk of dementia was still apparent after excluding participants with

CIND at baseline and those with <6 years follow-up
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Baseline Characteristics and APOE e4 Risk Status of the full sample and by Cognitive status at follow-up

Table 1

Variable Non-impaired Dementia Total
N=16,863 N=1,326 N=18,189

Age (years) 63.75 (10.92) 70.93 (12.17) 64.27 (11.17)

Education (years) 13.02 (2.95) 10.66 (3.67) 12.85 (3.07)

Gender (female) 59% 60% 59%

Race (African American) 18% 30% 19%

Race (other or unknown) 8% 10% 9%

Race (white) 74% 60% 72%

Ethnicity (Hispanic) 13% 20% 13%

APOE &4 risk status? 13% 35% 12%

Verbal Fluency (words) 17.52 (7.09) 12.34 (5.45) 17.14 (7.11)

Note. Values are means (standard deviations) or percentiles.

a/\/:9,223 for APOE risk status.
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Table 2

Cox Regression Predicting Risk of Incident Dementia from Baseline Verbal Fluency

Predictor Model 1 Model 2 Model 3

Age (SD) 1.97 (1.85,2.09)**  1.98 (1.78,2.20)**  2.83 (2.03, 2.80)**
Education (SD) .64 (.61, .67)** .66 (.60, .73)** .71 (.62, .83)**
Gender (female) .97 (.87, 1.08) 1.12 (.93, 1.36) 1.14 (.86, 1.51)

Race (African American)  2.48 (2.18, 2.82)**
Race (other or unknown)  1.41 (1.15, 1.73)**
Ethnicity (Hispanic) 1.19 (.99, 1.43)
Verbal Fluency (SD) 60 (.56, .64)**

2.14 (1.70, 2.68)**
1.43 (.99, 2.08)
1.09 (.78, 1.51)
66 (.59, .73)**

1.99 (1.40, 2.88)**
1.45 (.83, 2.54)
1.22 (.76, 1.98)
74 (.63, 87)**

Note. Model 1 A=18,189; Model 2 A=15,083; Model 3 A=11,605. Model 1 is the analysis on the full sample. Model 2 excludes participants with
cognitive impairment not dementia (CIND) at baseline. Model 3 excluded participants with CIND at baseline and participants with less than six

years of follow-up data. SD=standard deviation.
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Cox Regression Predicting Risk of Incident CIND and Conversion from CIND to Dementia from Baseline

Verbal Fluency

Predictor Incident CIND Conversion to Dementia
Age (SD) 1.50 (1.45, 1.56)**  1.65 (1.52, 1.79)**
Education (SD) .72 (.70, .75)** .79 (.73, .85)**

Gender (female) .89 (.84, .95)** 1.01 (.88, 1.15)

Race (African American)  2.10 (1.94, 2.28)**
Race (other or unknown)  1.40 (1.24, 1.58)**
Ethnicity (Hispanic) 1.23(1.10, 1.38)**
Verbal Fluency (SD) .76 (.73, .79)**

1.56 (1.33, 1.84)**
1.07 (.84, 1.37)
1.13 (.90, 1.41)
T7(.72, 83)**

Note. N=15,083, n=3862 incident CIND; A=3,106; 7=861 converted to dementia. SD=standard deviation.
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