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Abstract.
Background: Observational Alzheimer’s disease (AD) cohorts including the Australian, Biomarkers, Imaging and Lifestyle
(AIBL) Study have enhanced our understanding of AD. The generalizability of findings from AIBL to the general population
has yet to be studied.
Objective: We aimed to compare characteristics of people with AD dementia in AIBL to 1) the general population of older
Australians using pharmacological treatment for AD dementia, and to 2) the general population of older Australians who
self-reported a diagnosis of dementia.
Methods: Descriptive study comparing people aged 65 years of over (1) in AIBL that had a diagnosis of AD dementia, (2)
dispensed with pharmacological treatment for AD in Australia in 2021 linked to the Australian census in 2021 (refer to as
PBS/census), (3) self-reported a diagnosis of dementia in the 2021 Australian census (refer to as dementia/census). Baseline
characteristics included age, sex, highest education attainment, primary language, and medical co-morbidities.
Results: Participants in AIBL were younger, had more years of education, and had a lower culturally and linguistically
diverse (CALD) population compared to the PBS/census cohort and dementia/census cohort (mean age ± standard deviation
– AIBL 79 ± 7 years, PBS/census 81 ± 7, p < 0.001, dementia/census 83 ± 8, p < 0.001; greater than 12 years of education
AIBL 40%, PBS/census 35%, p = 0.020, dementia/census 29%, p < 0.001; CALD – AIBL 3%, PBS/census 20%, p < 0.001,
dementia/census 22%, p < 0.001).
Conclusions: Our findings suggest that care should be taken regarding the generalizability of AIBL in CALD populations
and the interpretation of results on the natural history of AD.
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INTRODUCTION

Our understanding of the clinical progression of
Alzheimer’s disease (AD) including amyloid-� (A�)
aggregation, tau hyperphosphorylation, neuroinflam-
mation and cognitive decline have been improved
through longitudinal observational studies of AD
cohorts over the last two decades.1 These have been
via routine clinical assessments, cognitive ratings,
lifestyle questionnaires, genetic testing and moni-
toring of biomarkers including blood, cerebrospinal
fluid (CSF) and neuroimaging (brain magnetic res-
onance imaging [MRI], amyloid and tau positron
emission tomography [PET] scans). These clinical
cohorts have enriched the understanding of the natu-
ral history of AD, the risk factors for AD, and helped
guide the development of AD clinical trials.2–4

However, there have been concerns regarding the
generalizability of findings derived from longitudi-
nal observational AD cohorts. Participants in these
cohort studies tend to be predominately Caucasians
that are well educated and of higher socioeconomic
status, require less visits to see their doctors, have
fewer medical co-morbidities, and consume fewer
medications compared to the general population.5 A
comparison of the Alzheimer’s Disease Neuroimag-
ing Initiative (ADNI) cohort in the United States (US)
to a community-based cohort from the Atherosclero-
sis Risk In Communities (ARIC) study, a prospective
observational cohort investigating the etiology of
atherosclerosis and cardiovascular disease in the US,
by Gianattasio et al. showed significant differences
in education attainment (completed high school –
ADNI 85% versus ARIC 52%), gender (male – ADNI
55% versus ARIC 41%), ethnicity (black – ADNI 4%
versus ARIC 24%), hypertension (ADNI 48% ver-
sus ARIC 77%), and apolipoprotein E (APOE) status
(APOE �4 allele carrier – ANDI 85% versus ARIC
52%).6 Compared to the US census in 2019 for peo-
ple aged over 60 years old, the ADNI cohort had a
lower participation of people who identified as either
ethnoculturally underrepresented populations such
as Blacks or Latinx (ADNI 11% versus US census
2019 25%) or completed less than 12 years education
(ADNI 16% versus US census 2019 44%).7 These
raise concerns regarding the generalizability of the
ADNI cohort to culturally diverse and low education
populations and could potentially lead to biased esti-
mates of associations with AD and our understanding
on the progression of AD in this population.

To our knowledge, there have not been any studies
comparing an Australian observational AD cohort to

the community. The Australian Imaging, Biomarkers
and Lifestyle (AIBL) Study is an ongoing longitudi-
nal cohort study in Australia that began in late 2006
whose overall goal is to determine the extent that
demographics, baseline cognitive profile, biomark-
ers (blood, CSF, MRI, and PET scans), genetic and
lifestyle factors can predict a person’s development
of AD.8

Our aim was to determine if the characteristics of
participants with a diagnosis of AD dementia in the
AIBL study are representative of the general pop-
ulation of older Australians (aged 65 years old or
over) with a diagnosis of AD dementia. We specif-
ically chose AD dementia for comparison between
the two groups of AIBL study and the community
Australian population due to there being a population
denominator in the community that could be used as a
comparator. The comparators were older Australians
who were under Therapeutic Goods Administration-
approved pharmacological treatment (i.e., donepezil,
rivastigmine, galantamine, and memantine) for AD as
per the Australian Pharmaceutical Benefits Scheme
(PBS) linked with the Australian Census performed
in 2021 and older Australians who self-reported
dementia in the 2021 Australian Census. The PBS
is the Australian Government’s subsidized drug
prescription program. Since people undergoing phar-
macological treatment for AD under the PBS are
required to have a confirmed diagnosis of AD by
a specialist/consultant physician,9–12 we therefore
have an appropriate population denominator for com-
parison. We also compared the AIBL cohort to older
Australians who self-reported dementia, which was
not AD specific but would include people in the com-
munity with AD dementia that were not on PBS-listed
pharmacological treatment for AD, in the 2021 Aus-
tralian Census. Thus, our goal was to identify if the
findings from the AIBL study on the natural history
of AD are generalizable to community-based cohorts.

METHODS

Study design and ethics approval

Descriptive analyses of baseline characteristics of
participants enroled into the AIBL study from late
2006 to early 2023 with AD dementia who were aged
65 and over were performed. These characteristics
were compared to (1) a community-based popula-
tion of older Australians aged 65 and over under
pharmacological treatment for AD as per the PBS in
2021 that have been linked with the Australian census
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performed in 2021 (referred to as PBS/census), and
to (2) a community-based population of older Aus-
tralians aged 65 and over who self-reported dementia
in the Australian census 2021 (referred to as demen-
tia/census). Ethics has been approved for the AIBL
study by St Vincent’s Health Melbourne Human
Research Ethics Committee (HREC Reference num-
ber: 028/06). Use of the PBS and Australian census
data was approved by the Australian Bureau of Statis-
tics and the University of Sydney.

Sampling

AIBL
Prior to enroling in the AIBL study, individuals

were recruited via a media campaign for volunteers
or from their treating physician. Potential partici-
pants were subsequently screened over the phone
for their demographics (age, sex), medical history,
and concerns regarding cognition.13 Individuals were
excluded from the study if they had a history of
non-Alzheimer’s dementia, schizophrenia, bipolar
disorder, significant current depression (defined as
a geriatric depression scale > 5/15), Parkinson’s dis-
ease, cancer (other than basal cell skin carcinoma)
within the last two years, symptomatic stroke, cur-
rent uncontrolled or life-threatening medical illness,
diagnosed obstructive sleep apnea, past head injury
with over one hour of post-traumatic amnesia, or
current regular alcohol consumption exceeding two
standard drinks per day for females or four per day
for males. Eligible individuals then proceeded for an
in-person review at sites in Melbourne, Victoria and
Perth, Western Australia, where after giving written
informed consent, they underwent clinical, cognitive
and mood assessments, blood sample collection, lum-
bar puncture for CSF collection, brain imaging and
completed a questionnaire on health including medi-
cal history and medication use, and lifestyle every 18
months. The questionnaire asked participants to self-
report 28 conditions including date of diagnosis, kind,
severity, treatment and is provided in Supplementary
Figure 1. A diagnosis of AD dementia was made by a
panel of clinicians and neuropsychologists. Data was
collected at the first time point when a diagnosis of
AD dementia was made.

Pharmaceutical Benefits Scheme
(PBS)/Australian Census 2021

We reviewed all people in Australia aged 65 and
over who were dispensed medications via the PBS
from 1 January 2021 to 31 December 2021. The data

on people dispensed with medications was stored
on the Australian Bureau of Statistics’ Datalab plat-
form via the Multi-Agency Data Integration Project.
Only unique deidentified identifications (IDs) of peo-
ple using medications in Australia in 2021 were
used in this study. The deidentified IDs were then
matched via data linkage to their Australian Cen-
sus 2021 IDs via a person linkage spine ID on
Datalab. From this dataset, we then reviewed all
people dispensed pharmacological treatment for AD
(donepezil, rivastigmine, galantamine and meman-
tine), either for commencement or continuation of
treatment.

Cholinesterase inhibitors under the PBS are indi-
cated for the treatment of mild to moderately
severe AD. The criteria for initial commencement of
cholinesterase inhibitors is a baseline Mini-Mental
State Examination (MMSE) or Standardized Mini-
Mental State Examination (SMMSE) score of 10 or
more, a diagnosis of AD confirmed by or in consulta-
tion with a specialist/consultant physician (including
a psychiatrist) and the treatment must be the sole
PBS-subsidized therapy for the condition.10–12 If the
MMSE/SMMSE was between 25 to 30, the result
of a baseline Alzheimer Disease Assessment Scale,
cognitive sub-scale may also be specified to the PBS.
Continuation of cholinesterase inhibitors via the PBS
is if a person had demonstrated a meaningful response
to the initial treatment as per the treating physician
after six months.10–12 Memantine can be accessed
via the PBS for people with moderately severe AD.
Initial commencement of memantine is a baseline
MMSE or SMMSE score of 10 to 14, the diagnosis
of AD is confirmed by or in consultation with a spe-
cialist/consultant physician (including a psychiatrist)
and the treatment must be the sole PBS-subsidized
therapy for the condition.9 Continuation of meman-
tine via the PBS is if a patient has demonstrated a
meaningful response to the initial treatment as per
the treating physician after six months.9

The Australian Census performed on 10 August
2021 collected further demographics than PBS data.
Since the census was performed in 2021, the PBS data
from 2021 was collected to ensure accuracy regard-
ing demographics. People were asked in the census if
they had been told by a doctor or a nurse if they had
any of the following long-term health conditions and
if it had lasted or was expected to last for six months or
more: arthritis, asthma, cancer (including remission),
dementia (including AD), diabetes (excluding gesta-
tional diabetes), heart disease (including heart attack
or angina), kidney disease, lung condition (includ-
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Table 1
Harmonization of medical co-morbidities between AIBL and 2021 census

2021 census AIBL

Arthritis Arthritis
Cancer (including remission) Cancer
Diabetes (excluding gestational diabetes) Diabetes
Heart disease (including heart attack or angina) Heart attack

Angina
Atrial fibrillation

Kidney disease Kidney disease
Mental health (including depression or anxiety) Anxiety

Depression
Psychiatric disorders

Stroke Stroke

ing chronic obstructive lung disease or emphysema),
mental health condition (including depression or anx-
iety) and stroke (Supplementary Figure 2, Question
28). The 2021 census had people who self-reported
dementia that was not specific to AD. Therefore, our
analysis reviewed older Australians dispensed phar-
macological treatment for AD via the PBS either for
commencement or continuation of treatment. We also
reviewed older Australians who self-reported demen-
tia in the 2021 census separately as a comparator.
Although self-reported dementia is not AD specific,
it would include people in the community who were
not on PBS listed medications for AD dementia.
In addition, a history of lung conditions including
chronic obstructive pulmonary disease, emphysema
and asthma was not collected in the AIBL data and
was also excluded in the census data collection as a
comparison could not be performed.

Data collection

Data collected in both groups included age in years,
gender, highest education attainment, primary lan-
guage, country of birth, and self-reported medical
co-morbidities including arthritis, cancer, diabetes,
heart disease, kidney disease, mental health and
stroke. The AIBL data was at the time of the AIBL
visit of diagnosis of AD dementia, while census
data was in 2021. Harmonization of medical co-
morbidities obtained from the AIBL questionnaire
to the 2021 census is shown in Table 1.

Subgroup analyses of AIBL 2021 data

As cumulative AIBL data will not offer a meaning-
ful comparison for the average age of people living
with AD between AIBL AD cohort and the census,
the age of AIBL participants with a diagnosis of AD
dementia who were assessed in 2021 was collected.

Statistical analyses

Any duplicate IDs on the PBS database, and PBS
IDs which were not able to be linked with the census
2021 IDs via the spine ID were excluded from anal-
yses. All missing data was assumed to be missing
at random and excluded from analyses. Descriptive
analyses were performed to look at between-group
differences. All baseline characteristics were tab-
ulated showing frequencies and percentages for
categorical variables and mean/standard deviation or
median/interquartile range for continuous data where
appropriate. The two groups were compared using a
two-sample t-test for normally distributed continuous
data, and chi-square χ2 test was employed for cate-
gorical data. Data was presented as mean ± standard
deviation (SD), unless otherwise stated. A p value of
less than 0.05 was considered as statistically signifi-
cant. Analyses was performed using Stata/IC Version
16.1 (StataCorp LLC, College Station, TX) and R
Version 4.3.0 (R Foundation for Statistical Comput-
ing).

RESULTS

There have been 3,667 participants enroled in the
AIBL study as of April 2023. Of these, 591 (16%)
participants aged 65 years and older have had a
diagnosis of AD dementia (referred to as AIBL AD
cohort). In 2021, there were 54,346 people aged 65
or older in Australia who were dispensed with one
of the four medications for the treatment of AD
that were linked to the Australian census in 2021
(referred to as PBS/census AD cohort). There were
164,425 people aged 65 or older in Australia who self-
reported dementia (referred to as dementia/census
cohort).
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Table 2
Medications used in the treatment of AD dementia for people aged 65 and above

in Australia and have linked 2021 census and PBS data

Medication (%) PBS/Census(n = 54,346)

Acetylcholinesterase inhibitors (AChEIs)∗ 49,070 (90)
Donepezil 36,891 (68)
Rivastigmine 7,589 (14)
Galantamine 5,589 (10)

Memantine 7,331 (13)
Dual AChEI/Memantine 2,055 (4)
∗The sum of people using each AChEI is greater than 90% due to people switching
between AChEIs.

For the PBS/census AD cohort, the most com-
monly dispensed medication drug class for AD
(Table 2) were acetyl-cholinesterase inhibitors
(AChEIs; 49,070 people [90%]), of which donepezil
was predominant (36,891 people [68%]), followed by
rivastigmine (7,589 people [14%]) and galantamine
(5,589 people [10%]). Non-AChEI drug memantine
was used by 7,331 people (13%). A small portion
of the cohort (2,055 people [4%]) used dual therapy
of AChEIs and memantine for AD. Medication dis-
pensing records have not been collected in the AIBL
study, and therefore no AIBL data is available for this
comparison.

A comparison of the baseline characteristics
including medical co-morbidities for all cohorts is
presented in Table 3 and stratified by sex in Table 4.
The AIBL AD cohort was younger compared to
the PBS/census and dementia/census cohorts (mean
age ± SD, AIBL 79 ± 7 years, PBS/census 81 ± 7
years, p < 0.001, dementia/census 83 ± 8 years,
p < 0.001). A subgroup analyses of AIBL 2021 data
demonstrated that the mean age of AIBL participants
with a diagnosis of AD dementia who were assessed
in 2021 was similar to the overall AIBL AD cohort
(mean age ± SD, AIBL 2021 78 ± 6 years versus
AIBL 79 ± 7 years, p = 0.409), and was younger
than both the PBS/census cohort (p = 0.011) and the
dementia/census cohort (p < 0.001). All cohorts had a
slightly higher portion of females than males (AIBL
306 people [52%] versus PBS/census 31,088 people
[57%], p = 0.011; versus dementia/census 97,579
[59%], p < 0.001). A quarter of the PBS/census
AD and dementia/census cohort did not report
their highest education attainment (PBS/census
11,479 people [22%], dementia/census 41,671
[25%]). 60% (332 people) of the AIBL AD cohort
had less than 12 years of education, compared
to 65% (27,317 people) in the PBS/census AD
cohort (p < 0.001) and 71% (87,281 people) in

the dementia/census dementia cohort. 40% (217
people) in the AIBL AD cohort had greater than 12
years education, with 21% (117 people) reporting
post-graduate education (15 + years education).
This was much higher than the PBS/census and
dementia/census cohorts (>12 years education
PBS/census 14,618 [35%] dementia/census 35,473
[29%], 15 + years education PBS/census 1,214 peo-
ple [2%] dementia/census 2,278 [2%]). There was a
higher proportion of females who reported having
less than 12 years education compared to males in
all cohorts (female < 12 years education AIBL 188
people [66%], PBS/census 17,735 people [77%],
dementia/census 57,283 [81%]; male < 12 years
education AIBL 144 people [54%], PBS/census
9,582 people [51%], dementia/census 29,998
[58%]).

19% (111 participants) in the AIBL AD cohort,6%
(3,388 participants) in the PBS/census AD cohort
and 6% (9,350 participants) in the dementia/census
cohort did not report their primary language. The
majority of participants in both cohorts reported
English as their primary language (AIBL 466 peo-
ple [97%] versus PBS/census 40,897 people [80%]).
Only 3% (14 participants) in the AIBL AD cohort
reported their primary language to be other than
English, which is a much lower culturally and lin-
guistically diverse (CALD) population compared to
20% (10,061 participants) and 22% (33,580 par-
ticipants) in the PBS/census and dementia/census
cohorts respectively.

In the AIBL AD cohort, 8–11% of participants
did not complete the questionnaire on the selected
co-morbidities (excluding self-reporting a history
of mental health condition). Mental health con-
dition was defined as a combination of anxiety,
depression and psychiatric illness. Each variable on
its own has 9–10% unknown. However, combined
together, only one participant did not report one of
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Table 3
Baseline characteristics of participants

Baseline characteristic n AIBL n PBS/census P n Dementia/census p

Age, y 591 79 ± 7 54,346 81 ± 7 <0.001 164,425 83 ± 8 <0.001
65–69 59 (10) 2,849 (5) <0.001 8,083 (5) <0.001
70–74 144 (19) 6,920 (13) 16,369 (10)
75–79 141 (24) 11,663 (21) 26,552 (16)
80–84 123 (21) 14,624 (27) 37,588 (23)
85+ 154 (26) 18,290 (34) 75,833 (46)

Gender
Male 591 285 (48) 54,346 23.383 (43) 0.011 164,425 66, 846 (41) <0.001
Female 306 (52) 30,963 (57) 97,579 (59)

Highest education attainment
≤12 years education 549 332 (60) 41,867 27,317 (65) <0.001 122,754 87,281 (71) <0.001

Year 8 or below 87 (16) 8,067 (19) 29,927 (24)
Years 9 –12 245 (45) 19,250 (46) 57,354 (47)

>12 years education 217 (40) 14,550 (35) 35,473 (29)
Years 13–15 100 (18) 13,340 (32) 33, 195 (27)
Years 15+ 117 (21) 1,210 (3) 2,278 (2)

Primary language
English 480 466 (97) 50,958 40,897 (80) <0.001 155,075 121,495 (78) <0.001
Other 14 (3) 10,061 (20) 33,580 (22)

Medical Co-morbidities
None of selected condition 591 165 (28) 54,346 23,938 (44) <0.001 164,425 52,872 (32) 0.001
One of selected condition 197 (33) 15,600 (29) 47,817 (29)
Two of selected conditions 152 (26) 9293 (17) 35,711 (22)
Three or more of selected conditions 77 (13) 5,515 (10) 28,025 (17)

Arthritis
Cancer 539 243 (45) 51,990 14,584 (28) <0.001 164,425 56.255 (34) <0.001
Diabetes 544 97 (18) 51,990 4,569 (9) <0.001 17,887 (11) <0.001
Heart disease 530 72 (14) 51,990 7,522 (14) 0.565 28,683 (17) 0.019
Kidney 535 81 (15) 51,990 9,234 (18) 0.114 38,819 (24) <0.001
Disease 530 24 (5) 51,990 1,937 (4) 0.332 10,589 (6) 0.073
Mental health 538 205 (38) 51,990 11,443 (22) <0.001 48,086 (29) <0.001
Stroke 528 29 (5) 51,990 3,422 (7) 0.315 18,003 (11) <0.001

Data are presented as mean ± standard deviation or number (percentage). p-values are in comparison to AIBL AD cohort. n is the total number of participants who self-reported
to the specific question in the questionnaire. Groups were compared using a two-sample t-test for normally distributed continuous data, and chi-square χ2 test for categorical data.
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Table 4
Baseline characteristics of participants stratified by sex

Male
Baseline characteristic n AIBL n PBS/census p n Dementia/census p

Age, y 78 ± 7 23,283 81 ± 7 <0.001 66,846 82 ± 7 <0.001
65–69 285 29 (10) 1,340 (6) 0.001 4,302 (6) 0.001
70–74 55 (19) 3,309 (14) 8,320 (12)
75–79 65 (23) 5,343 (23) 12,786 (19)
80–84 58 (20) 6,455 (28) 16,380 (25)
85+ 99 (35) 6,936 (30) 25,058 (37)

Highest education attainment
≤12 years education 266 144 (54) 18,697 9,582 (51) 0.350 52,136 29,998 (58) 0.263

Year 8 or below 28 (11) 2,909 (16) 10,544 (20)
Years 9–12 116 (44) 6,673 (36) 19,454 (37)

>12 years education 122 (46) 9,115 (49) 22,138 (42)
Years 13–15 56 (21) 8,312 (44) 20,590 (39)
Years 15+ 66 (25) 803 (4) 1,548 (3)

Primary language
English 224 218 (97) 22,052 17,985 (82) Q 63,483 50,074 (79) <0.001
Other 6 (3) 4,067 (18) 13,109 (21)

Medical Co-morbidities
None of selected condition 285 81 (28) 23,283 10,126 (43) <0.001 66,846 20,815 (31) 0.145
One of selected condition 88 (31) 6,544 (28) 18,694 (28)
Two of selected conditions 72 (25) 4,103 (18) 14,469 (22)
Three or more of selected conditions 44 (15) 2,610 (11) 12,868 (19)

Arthritis 265 113 (43) 22,464 5,215 (23) <0.001 66,846 19,531 (29) <0.001
Cancer 266 56 (21) 22,464 2,430 (11) <0.001 9,060 (14) <0.001
Diabetes 261 37 (14) 22,464 3,827 (17) 0.221 13,888 (21) <0.001
Heart disease 260 52 (20) 22,464 5,065 (23) 0.328 19,217 (29) 0.002
Kidney disease 258 13 (5) 22,464 933 (4) 0.479 4,935 (7) 0.150
Mental health 261 86 (33) 22,464 4,306 (19) <0.001 17,879 (27) 0.024
Stroke 257 14 (5) 22,464 1,815 (8) 0.123 9,185 (14) <0.001

(Continued)
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Table 4
(Continued)

Female
Baseline characteristic n AIBL n PBS/census p n Dementia/census p
Age, y 306 80 ± 8 30,963 82 ± 7 <0.001 66,846 84 ± 8 <0.001

65–69 30 (10) 1,509 (5) <0.001 3,781 (4) <0.001
70–74 59 (19) 3,611 (12) 8,049 (8)
75–79 76 (25) 6,320 (20) 13,766 (14)
80–84 65 (21) 8,169 (26) 21,208 (22)
85+ 55 (18) 11,354 (37) 50,775 (52)

Highest education attainment
≤12 years education 283 188 (66) 23,170 17,735 (77) <0.001 52,136 57,283 (81) <0.001

Year 8 or below 59 (21) 5,158 (22) 19,383 (27)
Years 9 –12 129 (46) 12,577 (54) 37,900 (54)

>12 years education 95 (34) 5,435 (23) 13,335 (19)
Years 13–15 44 (16) 5,028 (22) 12,605 (18)
Years 15+ 51 (18) 407 (2) 730 (1)

Primary language
English 256 248 (97) 28,906 22,912 (79) <0.001 63,483 71,121 (78) <0.001
Other 8 (3) 5,994 (21) 20,471 (22)

Medical Co-morbidities
None of selected condition 306 84 (27) 30,963 13,812 (45) <0.001 66,846 32,057 (33) 0.004
One of selected condition 109 (36) 9,056 (29) 29,123 (30)
Two of selected conditions 80 (26) 5,190 (17) 21,242 (22)
Three or more of selected conditions 33 (11) 2,905 (9) 15,157 (16)

Arthritis 274 130 (47) 29,526 9,369 (32) <0.001 66,846 36,724 (38) 0.065
Cancer 278 41 (15) 29,526 2,139 (7) <0.001 8,827 (9) 0.001
Diabetes 269 35 (13) 29,526 3,395 (13) 0.806 14,795 (15) 0.326
Heart disease 275 29 (11) 29,526 4,169 (14) 0.090 19,602 (20) <0.001
Kidney disease 272 11 (4) 29,526 1,004 (3) 0.560 5,654 (6) 0.217
Mental health 277 119 (43) 29,526 7,137 (24) <0.001 30,207 (31) <0.001
Stroke 271 15 (5) 29,526 1,607 (5) 0.947 8,818 (9) 0.045

Data are presented as mean ± standard deviation or number (percentage). p-values are in comparison to AIBL AD cohort. Groups were compared using a two-sample t-test for
normally distributed continuous data, and chi-square χ2 test for categorical data.
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the three. In comparison, only 4% (2,356 partici-
pants) of the PBS/census AD cohort did not complete
the questionnaire on the selected co-morbidities.
All participants in the dementia/census cohort com-
pleted the questionnaire on co-morbidities. In all
cohorts, there was a declining proportion of peo-
ple who self-reported having more than three of
the selected conditions compared to only one of
the selected conditions, while the AIBL AD cohort
has a higher portion of people with three or more
medical co-morbidities compared to that for the
PBS/census cohort, but a lower portion of people
with three or more medical co-morbidities in the
dementia/census cohort (one co-morbidity – AIBL
197 people [33%], PBS/census 15,600 people [29%],
dementia/census 47,817 [29%]; three or more co-
morbidities – AIBL 77 people [13%], PBS/census
5,515 people [10%], dementia/census 28,025 peo-
ple [17%]). A lower proportion of people reported
having none of the selected medical co-morbidities
in the AIBL AD cohort (165 people [28%]) than
in both the PBS/census AD cohort (24,050 people
[44%]) and dementia/census cohort (52,872 people
[32%]).

The most commonly self-reported co-morbidities
in all cohorts were arthritis and mental health, with
strong evidence that the proportion was higher in
the AIBL AD cohort compared to the PBS/census
and dementia/census cohorts (arthritis – AIBL 243
people [45%], PBS/census 14,584 people [28%],
p < 0.001, dementia/census 56,255 [34%], p < 0.001;
mental health AIBL 205 people [38%], PBS/census
11,443 people [22%], p < 0.001, dementia/census
48,086 [29%]). The proportion of people in the AIBL
AD cohort that reported a history of cancer was two-
fold higher compared to people in PBS/census AD
cohort (AIBL 97 people [18%] versus PBS/census
4,569 people [9%], p < 0.001) and higher in propor-
tion to the dementia/census cohort (17,887 people
[11%], p < 0.001).

DISCUSSION

To our knowledge, this is the first study that com-
pares an Australian observational AD cohort to a
community-based AD population. People from a
CALD background were underrepresented in the
AIBL study (3%) compared to the PBS/census AD
cohort (20%) and dementia/census cohort (22%).
English was the predominant language spoken in the

AIBL AD cohort, with 97% of the cohort reporting
English as their primary language. However, this pro-
portion is affected by 19% of participants in the AIBL
AD cohort not reporting their primary language.
This information bias would have caused differen-
tial misclassification, resulting in potentially under
or overestimating of the proportion. This observation
in AIBL is comparable to The Sydney Memory and
Ageing Study, an Australian observational older adult
cohort monitoring cognition, where 94% of partici-
pants reported English as their primary language.14

Compared to a non-Australian cohort study, the
CALD proportion in the AIBL study (3%) was lower
than that reported by the ADNI study in the USA,
where 11% of the ADNI participants were identi-
fied as being from ethnocultural populations such as
Black and Latinx.7

In Australia, First Nations people account for 3.8%
of the Australian population in 2021.15 The Koori
Growing Old Well study (KGOWS) was a prospec-
tive longitudinal cohort study investigating aging
and dementia across five Aboriginal communities in
New South Wales, Australia across two metropoli-
tan Sydney sites and three regional mid-North Coast
sites from 2010 to 2018. The study identified that
older age, male sex, unskilled work history, polyphar-
macy, past smoking and carrying an APOE �4
allele to be associated with incident mild cognitive
impairment/dementia.16 However, there are currently
no AD cohort studies actively recruiting First Nations
people in Australia. First Nation status is not collected
in the AIBL study nor in The Sydney Memory and
Ageing Study, while the Prospective Imaging Study
of Ageing: Genes, Brain and Behaviour (PISA), an
Australian observational cohort study of prodromal
AD reported only 0.2% of participants identified as
First Nation.17 Given that the prevalence rate of peo-
ple with dementia is thought to be 3–5 times greater
in the First Nations population than the general Aus-
tralian population,18,19 more efforts are required to
improve recruitment and retention of First Nations
people to participate in AD cohort studies to improve
our understanding of the natural history of AD in this
population.

Increasing the CALD population in dementia
research in high-income countries has been recog-
nized as an area that requires improvement.20,21 This
study suggests that there needs to be more efforts
to improve the CALD population recruitment and
retention in the AIBL study. A systematic review
into potential barriers in recruitment and retention
of underrepresented populations in trials has iden-
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tified issues with mistrust, stigma, a lack of access
to information of results and competing demands to
participants in studies.22 One of the potential bar-
riers for AIBL to recruit CALD participants could
be that the study consent form, questionnaires, and
cognitive tests were only in English, which makes it
challenging to establish trust and make potential par-
ticipants understand how the study runs. In addition,
participants would be involved in multiple investi-
gations over multiple days which include invasive
tests such as a lumbar puncture (although optional
for AIBL) and can be burdensome. Recruitment and
retainment of First Nations people in research has
been challenging due to issues of mistrust in research
within First Nation communities and poor engage-
ment with the First Nation people from researchers.23

The AIBL research group could engage people from
the CALD Australian communities and First Nations
people to identify the barriers and develop enablers to
promote CALD recruitment. Since 2020, ADNI has
addressed concerns of low underrepresented ethno-
cultural communities in their AD cohort by forming
an ADNI3 Diversity Task Force, which established
less burdensome investigations making lumbar punc-
tures optional and having an advertising agency to
develop culturally tailored digital media campaigns
to improve the outreach effort.24 This campaign
has increased screening and enrollment of ethno-
culturally underrepresented communities from 11%
in ADNI to 26.7% in the ADNI 3 cohort. The
AIBL study could adopt a similar approach. Ques-
tionnaires specifically asking social determinants of
health would also be critical to understanding its asso-
ciation with AD. This would enhance our knowledge
of the influence of culture and ethnicity on the nat-
ural history of AD and determine future treatment
options.

40% of participants with a diagnosis of AD demen-
tia in the AIBL study reported greater than 12
years education, which was higher than 35% in the
PBS/census cohort and 29% in the dementia/census
cohort. While there was strong statistical evidence
of a difference (p < 0.001), caution should be noted
that the PBS/census AD cohort had 23% of partic-
ipants and the dementia/census cohort had 25% of
participants who did not report their highest educa-
tion attainment. Differential misclassification would
have resulted from the information bias, resulting
in potentially under or overestimating the popula-
tion’s highest education attainment above or below
12 years. In comparison to AIBL participants with a

diagnosis of AD dementia, 84% of ADNI participants
had reported an education greater than 12 years,7

which was higher than 56.3% in the 2019 United
States census. Globally in AD observational cohorts,
the average education of participants was approxi-
mately 14 years.25 Low education has been identified
by the Lancet commission on dementia prevention as
a key risk factor for the development of dementia.26

Cohort studies like AIBL should ensure to recruit not
only those with more years of education but also those
with less years of education for better generalizability
of research findings.

There was strong statistical evidence of a higher
proportion of participants in the AIBL AD cohort
self-reporting having one or more of the selected
medical co-morbidities compared to the PBS/census
AD cohort taking medications for AD (p < 0.001)
and the dementia/census cohort (p < 0.001). This is
an intriguing paradoxical finding, as other observa-
tional AD cohorts have reported less co-morbidities
than in the general population,5 likely due to selection
bias from healthy volunteer bias. A potential contrib-
utor to this finding is information bias since 8–11%
of AIBL participants did not fill out the questionnaire
on selected medical co-morbidities. It is also possible
that the AIBL AD cohort self-reported more medical
comorbidities than the PBS/census cohort and census
dementia cohort due to seeing their GP/specialists
more often whilst they were on the study and thus
able to report more comorbidities.

Several limitations of the current study must be
noted. Firstly, the overall AIBL AD cohort was used
instead of using a cross-section of AIBL data in
2021, which may lead to bias when used as a com-
parator to the PBS/census cohort. In our study we
used PBS/census data that only included participants
with a diagnosis of AD dementia for comparison,
which limited us using all the AIBL participants
who were assessed in 2021. To increase the sample
size of AIBL participants with a diagnosis of AD
dementia, we used cumulative AIBL data. Although
the mean age of the AIBL 2021 AD cohort was
comparable to the overall AIBL AD cohort (mean
age ± SD, AIBL 2021 78 ± 6 years versus AIBL
79 ± 7 years, p = 0.409), using the cumulative data
rather than cross-sectional data can potentially intro-
duce artifacts. Secondly, the overall AIBL AD cohort
reported the age of participants at the time of diag-
nosis of AD dementia (the incidence), while the
PBS/census cohort reported the prevalence of AD
dementia in Australia in 2021. This difference has
likely contributed to the younger age of the AIBL
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cohort to the PBS/census cohort. Thirdly, we are
limited in the community-based PBS/census cohort
where we only have a population that has been dis-
pensed medications for AD. Not all people with AD
would have been prescribed medications for AD lead-
ing to selection bias. There are potentially people in
Australia who do not have access to pharmacolog-
ical treatment for AD due to health inequities such
as being unable to see a specialist for a diagnosis
of AD dementia and then procuring the medica-
tions. There is an underdiagnosis of dementia.27

People with AD dementia identified via the PBS
are also younger and more educated compared to
other administrative datasets in Australia (hospital
inpatient records, aged care assessments, aged care
funding instruments, death certificates) given that
medications are prescribed at the early stages of
AD dementia.28 Geographic remoteness and socioe-
conomic disadvantage have also been associated
with reduced cholinesterase inhibitor prescription
rates in Australia.29 Anticholinesterase inhibitors and
memantine can also sometimes be prescribed to
patients for other types of dementia or conditions,
but for their use under the PBS, it requires a diag-
nosis of AD by a specialist/consulting physician.
We included the 2021 census self-reported demen-
tia cohort as an additional comparator since it would
include who were diagnosed with AD dementia but
were not on PBS-listed pharmacological treatment.
This is however limited that the census dementia
cohort is not AD specific, encompassing all types
of dementia, the underdiagnosis of dementia,27 and
that there are different estimates of the prevalence
of dementia in Australia depending on the dataset
used (estimated age- and sex-standardized prevalence
in Australians aged 60 years or more – 31.4 per
1000 people (2021 census), 21.4 per 1000 people
(2018–19 NPS MedicineWise survey), and 65.9 per
1000 people (2021 Australian Institute of Health and
Welfare).30 Finally, self-reporting for co-morbidities
via a questionnaire were used for all cohorts, which
could contribute to potential recall bias,31 especially
for medical history obtained from participants with
known cognitive impairment or family members.
AIBL participants were asked to self-report 28 condi-
tions including date of diagnosis and include details
such as kind, severity, and treatment where possible.
The AIBL questionnaire did not ask if the conditions
were diagnosed by a doctor or if the conditions were
long term (lasting for longer than six months or more).
In comparison, in the 2021 census, people were asked
if a doctor or nurse had told them if they had ten

health conditions and if it had lasted or was expected
to last for six months or more. The different self-
reported questionnaires could have influenced how
participants responded. In the AIBL cohort, arthri-
tis could have been self-diagnosed by the participant
rather than diagnosed by a doctor. A mental health
condition reported by a participant in the AIBL cohort
may not have been long term and current, and thus
would not been reported by participants in the cen-
sus. Self-reported long-term medical conditions was
a new question in the census in 2021 compared to
the census performed in 2011 and 2016. A report on
the quality of the 2021 census data suggested that
long-term health conditions results compared simi-
larly to the 2017–2018 National Health survey for all
ages, with the exceptions that cancer was reported
higher in the census than the National Health survey,
and mental health condition was reported higher in
the National Health survey than the census (National
Health survey – cancer 1.8%, mental health condition
20.1%; 2021 census – cancer 2.9%, mental health
condition 8.8%).32 Further investigation with other
datasets in older Australians with dementia is war-
ranted to validate the self-reported long-term health
conditions in the 2021 census. A more systematic
approach to compare AD cohort studies and the gen-
eral population should ideally be incorporated at the
design phase of future cohort studies, and it can be
implemented in AIBL study.

Future studies are encouraged to compare the
AIBL cognitively normal and mild cognitive impair-
ment cohort to a community-based cohort in
Australia and comparing other observational AD
cohorts in Australia and globally to a community-
based population to determine generalizability of
their findings. The Australian Dementia Network reg-
istry encompassing patients newly diagnosed with
mild cognitive impairment or dementia from memory
clinics and specialists in Australia was commenced
in 2020,33 and could be used in future studies as a
community-based comparative cohort.

Overall, compared with the older adults who used
medications for AD dementia in Australia in 2021
linked with the Australian census, people with a con-
firmed diagnosis of AD dementia in the AIBL cohort
were younger, received more years of education, and
had more medical co-morbidities. The AIBL study
has facilitated AD research, improved our under-
standing on the natural history of AD, and helped in
the design of interventional clinical AD trials. How-
ever, care is required regarding the generalizability
of the AIBL cohort and the interpretation of the find-
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ings from the AIBL study, in particular in the CALD
population. Increased efforts are required to enrich
the AIBL cohort with a more culturally diverse pop-
ulation.
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