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Abstract.

Background: The Controlled Oral Word Association Test (COWAT) is a commonly used measure of verbal fluency. While a
normal decline in verbal fluency occurs in late adulthood, significant impairments may indicate brain injury or diseases such
as Alzheimer’s disease. Normative data is essential to identify when test performance falls below expected levels based on
age, gender, and education level.

Objective: This study aimed to establish normative performance data on single-letter COWAT for older community-dwelling
adults.

Methods: Over 19,000 healthy men and women, without a diagnosis of dementia or a Modified Mini-Mental State Exam-
ination score below 77/100, were recruited for the ASPREE trial. Neuropsychological assessments, including the COWAT
with letter F, were administered at study entry.
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Results: Median participant age was 75 years (range 65-98), with 56.5% being women. The majority of participants had 9-11

years of education in Australia and over 12 years in the U.S. The COWAT performance varied across ethno-racial groups and
normative data were thus presented separately for 16,335 white Australians, 1,084 white Americans, 896 African-Americans,
and 316 Hispanic/Latinos. Women generally outperformed men in the COWAT, except for Hispanic/Latinos. Higher education
levels consistently correlated with better COWAT performance across all groups, while the negative association with age was

weaker.

Conclusions: This study provides comprehensive normative data for the COWAT stratified by ethno-racial groups in Australia

and the U.S., considering age, gender, and education level. These norms can serve as reference standards for screening cognitive

impairments in older adults in both clinical and research settings.
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INTRODUCTION

Verbal fluency is the ability to express oneself
through words and requires interlinked cognitive
skills ranging from the retrieval of phonemic and
semantic information from memory to selective atten-
tion, as well as various elements of executive function
[1,2]. Tests of verbal fluency generally assess an indi-
vidual’s capacity to generate words, either orally or
written, within a defined time period while adhering
to specific phonemic rules (e.g., starting with a par-
ticular letter) or semantic categories (e.g., animals,
fruits, vegetables). Therefore, verbal fluency can be
broadly classified into two types: phonemic fluency
and semantic fluency [3, 4].

Phonemic fluency is widely considered as an indi-
cator of executive function, as generating words
within the phonemic category is not a common task
in regular speech production, requiring participants to
develop non-habitual strategies primarily relying on
their lexical knowledge [5, 6]. In general, phonemic
fluency increases during childhood and adolescence,
followed by a mild decline in older age [7, 8]. How-
ever, significant declines are typically indicative of
brain injury or diseases [9—11]. Decreased phonemic
fluency is observed in individuals with Alzheimer’s
disease [12, 13], schizophrenia [14, 15], depression
[16, 17], Parkinson’s disease [18, 19], and after a
stroke [20, 21].

The Controlled Oral Word Association Test
(COWAT) is a commonly used test of phonemic
fluency, with high reliability and validity [22-24].
During the test, participants are required to say all
of the words they can think of beginning with a
given letter. The testing process engages not only
attention regulation and working memory, but also
the implementation of strategies for producing word
exemplars, monitoring previously produced words,
and inhibiting repetitions. It therefore provides a

wealth of information regarding an individual’s cog-
nitive processes such as language retrieval, cognitive
flexibility, and executive functioning [25-27].

Performance on the COWAT is known to be influ-
enced by various factors, including gender, age,
education, and ethnicity [28, 29]. It is also sensitive
to a range of neuropsychiatric disorders and neuro-
logic conditions [30-32], and has been recognized
as an effective tool for detecting brain dysfunc-
tion, particularly in relation to abnormalities in the
frontal lobes [33, 34]. Indeed, decreased COWAT
performance is associated with the early stages of
dementia [10, 35]. Furthermore, there is evidence
indicating that performance on the COWAT is a
significant predictor for the transition from normal
cognitive functioning to mild cognitive impairment
[35, 36].

Having reliable normative data is crucial to ensure
the accuracy of neuropsychological tests which are
used as screening tools in clinical practice. It enables
clinicians to evaluate the extent to which an indi-
vidual’s performance aligns with the established
‘normal’ range, thereby identifying potential indi-
cations of more serious cognitive impairments that
require additional investigation. However, it is impor-
tant to note that such normative data must consider
the diverse characteristics of the population, as well as
the various factors that can influence test performance
of neurologically intact individuals.

Numerous previous studies on COWAT perfor-
mance have provided normative data with some
sociodemographic variables controlled [37—41].
However, there is currently no large sample of
comprehensive norms available across age, gender,
and education. Additionally, while many individu-
als are reaching older age in relatively good health
with the increase in life expectancy worldwide [42],
there is an escalating need for a specific focus
on older adults [25]. Therefore, it is important to
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establish high-quality normative data to assist clin-
icians and researchers in better interpreting their
findings for older community-dwelling populations.
This necessitates considering not only the influence
of education, gender, and age, but also cultural back-
grounds.

The purpose of the present study is to establish
performance norms for older community-dwelling
adults using the COWAT with the single letter F.
The normative data is stratified based on age, gen-
der, and education level. Given the importance of
cultural differences across racial and ethnic groups,
all data are presented separately for white Aus-
tralians and Americans, African-Americans, and
Hispanic/Latinos.

METHODS

Participants

This analysis used cross-sectional data collected
at baseline (enrolment) from the ASPirin in Reduc-
ing Events in the Elderly (ASPREE) study. ASPREE
was a randomized, double-blind, placebo-controlled
trial examining the effects of low-dose aspirin in ini-
tially healthy older adults [43]. Detailed information,
including the study design, has been published pre-
viously [44, 45].

Participants were eligible if they were community-
dwelling and aged over 70 years (or at least
65 years for U.S. African-American and His-
panic/Latino minority groups) at study enrolment.
Cognitive performance was assessed using the Mod-
ified Mini-Mental State Examination (3MS) [46],
with a score of >77/100 required for trial inclusion.
The exclusion criteria included diagnosed dementia,
established cardiovascular disease or past myocar-
dial event, uncontrolled hypertension (SBP>180
mmHg and /or DBP>105 mmHg), atrial fibril-
lation, independence-limiting physical disability,
contraindication to aspirin, high risk of bleeding, ane-
mia, and any health condition likely to cause death
within 5 years.

ASPREE was conducted in accordance with the
Declaration of Helsinki 1964 as revised in 2008,
the NHMRC Guidelines on Human Experimenta-
tion, the federal patient privacy (HIPAA) law and
ICH-GCP guidelines, and the International Confer-
ence of Harmonization Guidelines for Good Clinical
Practice. It also followed the Code of Federal Regula-
tions as it corresponded to areas of clinical research.
The ASPREE Steering Committee held overall

responsibility for the conduct of the trial, and all
participants in ASPREE provided written informed
consent.

Procedure and instruments

ASPREE participants were recruited between
2010 and 2014 from both rural and metropolitan areas
in the southeastern states of Australia, as well as mul-
tiple centers across the U.S. Eligibility of participants
was confirmed after two face-to-face baseline visits,
staged one month apart. During these visits, data on
neurocognitive assessments, physical examinations,
and other baseline questionnaires were collected prior
to randomization.

To ensure the accuracy and consistency in the
delivery of cognitive measures among all ASPREE
staff members, strict training sessions led by study
investigators were conducted. Staff members also
underwent annual re-accreditation throughout the
four-year baseline collection period (2010-2014). A
wide range of demographic information was col-
lected for all participants, including age, gender, race,
ethnicity (including Caucasian, Aboriginal/Torres
Strait Islander, Asian, African American, His-
panic, American Indian), and years of formal
education.

Cognitive assessments administered at baseline
included the COWAT. While the complete COWAT
involves administering from 3 different alphabet
prompts, including ‘F+A+S’ or ‘C+F+L’, the assess-
ment of verbal fluency in ASPREE involved only a
single trial of words beginning with the letter ‘F’, not-
ing the high internal consistency between different
letters [47]. This was done to reduce the length of the
overall in-person study assessments, given the age of
participants, and the range of other information also
collected, and thus ensure that the participants were
not overly burdened. Participants were first provided
instructions using the letter B as an example: they
were asked to orally produce as many words as possi-
ble when provided with the letter, and were instructed
not to include proper nouns (e.g., using the exam-
ple letter of B, “such as Boston, Bob or Buick™), or
repeat the same word with a different ending (e.g., be,
been) [7]. All staff used a compulsory script to min-
imize variation in participant instructions across the
sites. These instructions were based on the guidelines
provided in the Multilingual Aphasia Examination
manual [48]. Scoring procedures on the COWAT test
were standardized, and specific guidance was pro-
vided for unusual words that arose during the task. If
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the participant recalled similar sounding words, staff
queried the participant for their definitions at the time
of administration to delineate between a unique sim-
ilar sounding word (e.g., for, fore and four) versus a
repetition. The test was completed within a precisely
timed 60-s interval. Therefore, the COWAT score rep-
resents the number of valid words produced within
1 min.

Statistical analysis

Mean (SD) scores on the COWAT were cal-
culated for the major ethno-racial groups, namely
whites (separately for participants in Australia and
the U.S.), African-Americans, and Hispanic/Latinos.
Individuals from minor ethno-racial groups (rn = 395),
including Aboriginal and Torres Strait Islanders,
Asian, and American Indians, were excluded from
current analysis due to insufficient sample sizes.
Similarly, those who completed the test in Span-
ish (n=57) were also excluded due to low sample
size.

Multiple linear regression was used to examine the
effects of age, gender, education, and ethno-racial
status on COWAT performance. Additional linear
regression was performed by stratifying the analy-
sis based on ethno-racial groups to further explore
these effects. Age was categorized into four groups:
65-69 years (U.S. only), 70-74 years, 75-79 years,
and 80+ years. Similar categorization was applied
to education attainment. In the Australian cohort,
education was divided into five streams:<9 years,
9-11 years, 12 years (indicating completion of high
school education), 13—16 years (representing Univer-
sity/Technical and further education), and > 16 years
(suggesting post graduate education). Each category
had a minimum of 20 participants to ensure sufficient
representation. The U.S. subpopulations initially fol-
lowed similar education categories as the Australian
cohort. However, due to inadequate representation at
certain education levels, particularly < 12 years, the
U.S. subpopulations were combined into two groups
based on years of education:<12 years and 12 years
or more.

The standard regression model assumptions, such
as homogeneity of variance and approximate nor-
mal distribution of the residuals, were examined and
found to be valid. Two-way interactions between age,
gender and education were also examined. Stata ver-
sion 18.0 (StataCorp, College Station, USA) was used
for all statistical analyses.

RESULTS

This study sample comprised 97.5% of partic-
ipants from the ASPREE trial, including 16,335
Australian whites and 2,296 participants in the U.S.,
with the latter comprised of 47.2% white, 39.0%
African-Americans, and 13.8% Hispanic/Latinos,
respectively. Individuals in this sample ranged in age
from 65 to 98 years, with a median age of 74 and a
mean age of 75. More than half of the participants
(56.6%) were women. Education attainment varied
across ethno-racial groups. While the majority of par-
ticipants in the U.S. (70.4%) reported having more
than 12 years of education, the highest proportion of
participants from Australia reported having 9 to 11
years of education (33.2%). Full details of the base-
line characteristics of the ASPREE cohort have been
described previously [45].

The COWAT scores across the entire cohort and
each ethno-racial category showed approximately
normal distributions (Supplementary Figures 1 and
2). Summary statistics for the COWAT scores based
on the demographic characteristics of the study par-
ticipants are shown in Table 1. The overall mean score
of COWAT performance was 12.1 (SD 4.6), with a
range between 0 and 36. The mean score varied from
10.4 for the lowest education level (<9 years) to 13.6
for individuals with more than 16 years of education.

The results of the multivariable linear regression
model for COWAT performance, including all demo-
graphic variables in a single model, are presented in
Supplementary Table 1. The analysis suggests signif-
icant associations between COWAT performance and
all variables, indicating that individuals with higher
educational level, women, or younger age exhibited
better performance. However, it is worth noting that
age becomes a significant predictor for COWAT per-
formance only for individuals aged 80 years and
above. The COWAT scores varied across the four
ethno-racial groups, with best performance observed
in Australian whites, followed by U.S whites, His-
panic/Latinos, and African-Americans. Considering
the potential influence of cultural differences on
performance within these groups, all subsequent
analyses and normative data were stratified by ethno-
racial group.

Tables 2 and 3 present stratified analyses for Aus-
tralian and U.S. participants separately. A negative
association between age and COWAT performance
was observed in the white population from both Aus-
tralia and the U.S. but not for U.S. minority groups
(African-Americans and Hispanic/Latinos). Of note,
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Table 1
Summary statistics for the Controlled Oral Word Association Test (COWAT)

Characteristics N % Mean S.D. Range
Overall! 18,631 12.1 4.6 0 to 36
Ethno-racial groups

white Australians 16,335 87.7 12.1 4.6 0 to 36

white U.S. 1,084 5.8 12.8 44 3t0 30

African American U.S. 896 4.8 11.3 3.9 2to 25

Hispanic/Latino U.S. 316 1.7 10.6 3.8 1to21
Gender

Female 10,541 56.6 12.6 4.6 0to 36

Male 8,090 434 11.5 4.5 1to 34
Age,y

65-692 537 2.9 11.3 4.0 2to 25

70-74 10,300 55.3 12.3 4.6 0to 34

75-79 4,904 26.3 12.0 4.5 1to 33

80-85+ 2,890 15.5 11.8 4.7 1to 36
Education level, y

<9 2,921 15.7 10.4 4.1 0to 27

9-11 5,538 29.7 11.5 4.3 1t033

12 2,253 12.1 11.9 4.4 1to 33

13-15 3,169 17.0 12.6 4.6 1t033

16+ 4,750 25.5 13.6 4.7 1to 36

<9 to 12 years 10,712 57.5 11.3 4.3 0to33

>12 years 7,919 42.5 13.2 4.7 1to 36

S.D., standard deviation. ! Not included in these tables are individuals who did not provide their
education level (n=1) or did not complete the COWAT (n=30), individuals in another ethno-
racial group (n = 395), and individuals who completed the COWAT in Spanish (n = 57). 2 African
American and Hispanic/Latino U.S. participants only, were eligible for inclusion in ASPREE

from 65 years of age.

Table 2
Linear regression model of the association between demo-
graphic characteristics and Controlled Oral Word Association Test
(COWAT) scores of Australian whites (n=16,335)

B (S.E) p

Gender

Male Ref.

Female 1.26 (0.07) <0.0001
Age,y

70-74 Ref.

75-79 -0.17 (0.08) 0.04

80+ —-0.32 (0.10) 0.001
Education level, y

<9 Ref.

9-11 1.01 (0.10) <0.0001

12 1.74 (0.13) <0.0001

13-15 2.23(0.12) <0.0001

16+ 3.34 (0.14) <0.0001

however, U.S. minority participants were aged 65+ at
enrolment and given the smaller numbers, could only
be separated into two groups, while the latter was 70+
years.

Higher levels of education were consistently linked
to improved performance on the COWAT in all
ethno-racial groups. Likewise, a highly significant
association between gender and COWAT scores was
observed across all ethno-racial groups, except for

Hispanic/Latinos. The results suggest that women
generally performed better than men on the COWAT,
with a notably stronger effect observed in Australian
whites (3 =1.26) compared to U.S. whites (B =0.83)
and African-Americans (3 =0.56).

Normative data for COWAT in Australian whites is
shown in Table 4, categorized by five levels of educa-
tion and three age groups, and presented separately
for men and women. Notably, women consistently
exhibited higher mean scores compared to men across
all sub-categories. Within each age group, COWAT
scores increased with more years of education, with
only one exception for men aged over 80. Among
this group, individuals with 9-10 years of educa-
tion showed a slightly higher mean score compared
to those with 12 years of education. Furthermore,
the pattern of declining performance associated with
aging was specifically observed in higher educational
groups, namely those with 13—15 years and more than
16 years of education.

Normative data for U.S. participants is provided in
Table 5, organized by gender categories, and divided
into two age and education groups. The data are pre-
sented separately for white, African-American, and
Hispanic/Latino participants. Given the small number
of white U.S. men with less than 12 years of educa-
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Table 3
Linear regression model of the association between demo-
graphic characteristics and Controlled Oral Word Association Test
(COWAT) scores of U.S. participants

B(S.E) r

Whites (n=1,084)
Gender

Male Ref.

Female 0.83 (0.28) 0.003
Age,y

70-74 Ref.

75-79 -0.46 (0.30) 0.12

80+ -0.73 (0.35) 0.04
Education level, y

<12 Ref.

>12 1.85(0.33) <0.0001
African-Americans (n=896)
Gender

Male Ref.

Female 0.56 (0.27) 0.04
Age,y

65-69 Ref.

70+ —-0.36 (0.26) 0.17
Education level, y

<12 Ref.

>12 2.09 (0.27) <0.0001
Hispanic/Latinos (n=316)
Gender

Male Ref.

Female 0.69 (0.41) 0.10
Age,y

65-69 Ref.

70+ 0.06 (0.40) 0.87
Education level, y

<12 Ref.

>12 2.87 (0.41) <0.0001

tion, we could not present normative data for three age
groups, and grouped the 75-79 and 80+ age groups.
Similar to the findings in the Australian cohort,
women outperformed men across all sub-categories,
except for highly educated Hispanic/Latinos aged
between 65 and 69 years, where men displayed higher
mean scores. Additionally, in the U.S. white sub-

group, mean scores were lower in the higher age
group, whereas relatively close or equal mean scores
were consistently observed in African-Americans
and Hispanic/Latinos.

To assess whether participants who developed
dementia soon after enrolment affected the norma-
tive data, we excluded these who were adjudicated
as having dementia within three years of baseline
cognitive testing. As can be seen from the Supple-
mentary Table 2, given the small number of incident
cases overall, normative data that excludes 217 white
Australians with diagnosed dementia in the first three
years shows negligible change. The differences in
SD are less than 0.1 across all categories, except for
white Australian men aged over 80 with 9—11 years of
education, where the SD changed by 0.2. Similarly,
when excluding U.S. individuals with adjudicated
dementia diagnosis within three years of baseline
cognitive testing (26 whites, 15 African-Americans,
and 3 Hispanic/Latinos), there was no significant
change in the normative data, with <0.1 difference
in the SD, except for Hispanic/Latino men aged over
70 with more than 12 years of education, where the
SD decreased by 0.2.

DISCUSSION

This study provides new reference values for
cognitive performance on the COWAT in a rela-
tively healthy older population from four distinct
cultural groups: Australian whites, U.S. whites,
African-Americans, and Hispanic/Latinos. The sam-
ple included men and women over 70 years of age
(65 years for U.S. minorities) residing in commu-
nities across the U.S. and southeastern states of
Australia. To date, this is the largest sample size
used to characterize COWAT (single letter version)
normative scores for older populations across differ-

Table 4
Age, education, and gender specific reference values for Controlled Oral Word Association Test (COWAT) scores in Australian whites
(n=16,335)
Education<9y Education 9-11 y Education 12y Education 13-15 y Education > 16 y

Age,y Male Female Male Female Male Female Male Female Male Female
70-74 9.7(39) 11.041) 10742) 12142 11.844) 12945 123(4.6) 13.6 (4.7) 13.4(48) 14.6(4.8)

n=667 n=774 n=1324 n=1,791 n=445 n=559 n=671 n="782 n=1,258 n=1,158
75-79 99 (4.1) 109(4.1) 109@44) 12245 11.744) 12545 11.94.6) 12.8 (4.4) 129 (43) 14247

n=356 n=461 n=603 n=893 n=199 n=268 n=252 n=390 n=452 n=461
80+ 9.8(43) 112(43) 11.143Y) 11,745 109(43) 126(4.6) 11.3(4.6) 13.1 (4.7) 122 (49) 143(5.D

n=239 n=339 n=289 n=527 n=123 n=176 n=186 n=211 n=257 n=224

If individuals in the pre-dementia diagnosis phase are excluded (217 individuals with an adjudicated dementia diagnosis within three years
of baseline cognitive testing), there is no appreciable change in the normative data (<0.1 difference in the SD with the exception of ! where
the SD is 4.1 (refer Supplementary Table 2 for complete data).
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Table 5

Age, education, and gender specific reference values, mean (SD) for Controlled Oral Word Association Test
(COWAT) in U.S. whites (n=1,084), African Americans (n=_896) and Hispanic/Latinos (n=316)

Education 0-12 y

Education> 12y

Male

Female

13.0 (4.2), n=131
12.6 (4.6), n=155

13.7 (4.5), n=271
13.0 (4.2), n=324

11.5 (4.0), n=101
11.9 (3.8), n=87

12.5(3.8),n=183
11.9 (4.0), n=240

Male Female
U.S. White
70-74 10.4 (3.4),n=28 11.9 (4.7), n=56
75-85+ 9.5(3.6),n=31 11.8 (4.0), n=88
U.S. African American
65-69 9.6 (3.9),n=54 10.4 (3.7), n=64
70-85+ 9.3(3.5),n=61 10.0 (3.5), n=106
U.S. Hispanic/Latino
65-69 8.6 (3.2),n=28 9.9 (3.4),n=47
70-85+ 8.8 (3.3),n=37 10.0 (3.6), n=79

13.1 (4.3),n=23
11.9 (3.3"), n=33

12.0 3.7), n=37
12.6 (3.4),n=32

1039

If individuals in the pre-dementia diagnosis phase are excluded (26 white, 15 African-American, and 3 His-
panic/Latino individuals with an adjudicated dementia diagnosis within three years of baseline cognitive testing),
there is no appreciable change in the normative data (<0.1 difference in the SD with the exception of ' where the

SDis 3.1.

ent racial and ethnic groups, and across age, gender,
and educational levels. The findings provide practical
information to clinicians and researchers as a refer-
ence for the older adults, suggesting higher education
level, women, and younger age were all associated
with better performance. However, some variations in
performance were observed among different ethno-
racial groups.

The COWAT is a multi-dimensional task that pri-
marily measures phonemic fluency and executive
functioning [33, 49]. It is also easily administered
and straight forward to score, requiring no lengthy
training for standardized administration. An individ-
ual’s performance on phonemic fluency depends on
their stored knowledge, their ability to phonologically
search and retrieve relevant information based on that
knowledge, and their capacity to maintain selective
attention in a sustained manner throughout the task
duration [2, 25]. While lower performance on phone-
mic fluency does not necessarily indicate specific
neurological conditions, they can be used as a sen-
sitive marker for detecting cognitive impairment [35,
36]. As such, COWAT is usually used for screening in
both clinical and research settings. However, the suc-
cessful implementation of such screening practices
heavily relies on high-quality reference norms.

Over the past few decades, a range of studies have
presented normative data for phonemic fluency in
general populations, using trials with either single
or triple letters [29, 37, 38, 47, 50-60]. These studies
have been conducted across various countries, includ-
ing the U.S. [29, 37, 38], Canada [47, 53], Brazil [52,
55], Spain [56], France [58], Greece [54], Italy [51],
Iceland [59], Ireland [60], and so forth [50, 57, 58].
However, most of these studies have recruited rela-

tively small sample sizes, typically involving fewer
than 500 individuals [38, 51-57, 61]. This limi-
tation has potentially impeded the development of
norms specific to different demographic groups. Fur-
thermore, most of these studies have focused on
individuals with a wide age range (e.g., 16-95 years)
[37,47,51,53, 54, 56,57, 59] or specifically targeted
younger populations (e.g., children and adolescents)
[50, 52, 55]. As a result, the generalization of the
conclusions from these studies to older adults may
be limited. This further highlights the need for com-
prehensive normative COWAT data derived from a
large-scale sample specifically for older population.

To the best of our knowledge, the previous largest
study focusing on normative data for COWAT per-
formance in older English-speaking adults who were
cognitively healthy included only 743 participants
aged between 56 and 97 years [29]. Consistent with
the findings of the current study, they reported that
COWAT performance was most strongly influenced
by education, with relatively mild negative effects
observed for age. There were gender differences,
although a bit smaller than those observed for age, and
they did not present gender-adjusted norms. Addi-
tionally, as their sample predominantly consisted
of Caucasians, they were unable to investigate the
effects of race and ethnicity. This limitation was com-
mon in most studies that exclusively included a single
ethno-racial category [38, 47, 51, 62], which may
have limited the direct comparison between studies
due to potential variations in demographics across
different populations, as well as analytical methods.

Supporting the findings of our study, education
has been consistently associated with improved per-
formance on the COWAT [56, 58, 63-66], across
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different countries and ethnicities. This includes stud-
ies of 309 African Americans (with years of education
ranging from 0-8 years to 16-20 years) [66], 257
Spanish (with years of education categorized into
two levels:<13,>13 years) [56], and 1133 French
(with education attainment categorized into low to
high groups based on years of education and diploma
achievement) [58]. We also found that education
had the strongest association with test performance,
compared to other key demographic factors such
as age and gender in line with prior work [56, 62,
67, 68]. In addition, our study revealed an inverse
trend between the proportion of higher education
level and the magnitude of education influence within
the U.S. ethno-racial groups. For example, while
Hispanic/Latinos reported the lowest proportion of
having more than 12 years of education (39.6%), the
influence of education was the greatest (3 =2.87),
compared to other U.S. populations.

A comprehensive meta-analysis of 26 studies
involving more than 21,000 individuals with an age
range of 15 to 95 years by Rodriguez-Aranda et al.
[69] revealed an age-dependent decline in COWAT
performance after 40 years of age, which acceler-
ated after the age of 60 years. In contrast, we found
that only after the age of 80 years was a signifi-
cant decline in COWAT performance observed. This
could be explained by the differences in the baseline
cognitive status of study participants, as our findings
specifically relate to individuals without major cog-
nitive impairment, and who were in relatively good
health to participate in the study. In the meta-analysis,
11 out of the 26 studies [69] did not screen for demen-
tia. It is, therefore, reasonable to observe a decline at
alater age in our cognitively intact sample. Addition-
ally, considering our ASPREE sample tended to be
well educated (median years of education was 12), the
observed late age-related differences may also result
from the protective effects of education, which may
have the potential to attenuate the negative effects of
aging in individuals with higher education level [56].

In our study, women performed significantly bet-
ter on the COWAT than men across all ethno-racial
groups, except for Hispanic/Latinos, where the differ-
ence was not statistically significant. These findings
largely align with previous investigational studies
[3, 70-72] and the aforementioned meta-analytical
study [69] that reported gender difference favoring
women. Of note however, the number of His-
panic/Latino individuals in the ASPREE cohort was
relatively small (n=316), compared to white Aus-
tralians (n = 16,335), white U.S. residents (n =1,084),

and African-Americans (n =896). Additionally, His-
panic/Latino individuals in ASPREE reported lower
levels of education in comparison to the other ethno-
racial groups [45]. It could be inferred that the
insignificant difference observed in Hispanic/Latino
group may be because the effects of education are
larger than gender, thus a significant enough gen-
der difference could only be observed in sufficiently
large sample sizes. This further highlights the neces-
sity for larger samples in future studies to provide
more comprehensive normative data for Hispanic/
Latinos.

Strengths and limitations

The primary limitation of our study is that older
adults recruited to the ASPREE trial were gener-
ally healthy and thus may not fully represent all
older community-dwelling individuals. Another lim-
itation is the underrepresentation of other ethno-racial
minorities, including Aboriginal and Torres Strait
Islanders, Asians, and American Indians, which will
limit the generalizability of the normative data. Addi-
tionally, a limitation is the difference in staff who
administered the neurological assessments across dif-
ferent sites. To mitigate this, extensive initial training
was provided, and annual re-accreditation by neu-
ropsychologists was implemented. Staff members
who did not meet the qualification criteria in quality
control underwent retraining. Finally, our normative
data only focused on phonemic fluency of the single
letter F, and did not include semantic fluency. This
was based on overall feasibility and time constraints
of each visit, considering the large scale of the study.
Future studies are thus warranted with inclusion of
both phonemic (FAS) and semantic fluency to provide
more comprehensive reference norms.

The strengths of our study include the large size of
the ASPREE sample, the inclusion of different ethno-
racial groups, and the standardized administration
of the tests. While the sample sizes of African-
Americans and Hispanic/Latinos are notably smaller
compared to the proportion of whites, they are still
relatively larger than those in previous studies. In fact,
this study represents the largest investigation pro-
viding normative data for COWAT performance in
the older population, and presented data separately
for white Australians, white Americans, African-
Americans, and Hispanic/Latinos, with stratification
by age, gender, and education. This study will
also provide clinicians and researchers with useful
resources to select appropriate reference standards
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that best suit the demographic characteristics of their
targeted individuals.

Conclusion

This study is the first, and the largest, to charac-
terize normative data for COWAT performance in
older adults according to key demographics across
four ethno-racial groups. The findings show that edu-
cation, gender, and age are all independent factors
that influence performance on the COWAT, with vary-
ing associations across ethno-racial groups. The new
reference value presented in this study makes a sig-
nificant contribution to the field and will facilitate
the application of the COWAT in both clinical and
research settings for screening older adults with low
or atypical cognitive function. These findings empha-
size the importance of using appropriate normative
data that aligns with the population under examina-
tion. Moreover, careful consideration should be given
to adjusting for socio-demographic factors in future
epidemiological studies focuses on cognitive aging.
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