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Abstract.
Background: Reducing the burden of dementia in First Nations populations may be addressed through developing population
specific methods to quantify future risk of dementia.
Objective: To adapt existing dementia risk models to cross-sectional dementia prevalence data from a First Nations population
in the Torres Strait region of Australia in preparation for follow-up of participants. To explore the diagnostic utility of these
dementia risk models at detecting dementia.
Methods: A literature review to identify existing externally validated dementia risk models. Adapting these models to cross-
sectional data and assessing their diagnostic utility through area under the receiver operating characteristic curve (AUROC)
analyses and calibration using Hosmer-Lemeshow Chi2.
Results: Seven risk models could be adapted to the study data. The Aging, Cognition and Dementia (AgeCoDe) study, the
Framingham Heart Study (FHS), and the Brief Dementia Screening Indicator (BDSI) had moderate diagnostic utility in
identifying dementia (i.e., AUROC >0.70) before and after points for older age were removed.
Conclusion: Seven existing dementia risk models could be adapted to this First Nations population, and three had some
cross-sectional diagnostic utility. These models were designed to predict dementia incidence, so their applicability to identify
prevalent cases would be limited. The risk scores derived in this study may have prognostic utility as participants are followed
up over time. In the interim, this study highlights considerations when transporting and developing dementia risk models for
First Nations populations.
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INTRODUCTION

Dementia is a term for a group of diseases that pro-
gressively affect thinking, memory, and behavior to
significantly reduce an individual’s independence in
daily life. The global burden of dementia increased
from 20.2 to 43.8 million between 1990 and 2016 [1]
and is projected to increase to 152 million by 2050
[2]. The pathology of dementia commences decades
before clinical symptoms become apparent [3]. Early
intervention in the disease course is essential for
reducing the burden of this condition.

Dementia is an emerging public health issue for
First Nations populations globally, and likely due to
the levels of modifiable risk factors in these popula-
tions [4–6]. In Australia, dementia is 3–5 times higher
among the Aboriginal and Torres Strait Islander peo-
ples, who are respectfully referred to hereon as the
First Nations peoples of Australia [7–10]. This dif-
ference reflects the enduring impact of colonization,
the corrosion of traditional lifestyles, and system-
atic social disadvantage. A cross-sectional dementia
prevalence survey (2015–2018) identified dementia
as a public health issue in a culturally and ethnically
distinct First Nations population living in the Torres
Strait region of Cape York, Australia [7]. A follow-up
of participants from the Torres Strait dementia sur-
vey will commence in 2024 to determine risk and
protective factors for incident dementia. The impact
of dementia risk factors is cumulative, and individu-
als with more risk factors are more likely to develop
dementia [11]. However, the accuracy with which
certain combinations of risk factors predict dementia
varies across populations [12, 13]. There is currently
no established method to quantify the future risk of
dementia that is specific to an Australian First Nations
population.

Prognostic disease risk models calculate the like-
lihood of an individual developing a disease within a
given time frame based on a combination of risk and
protective factors [14]. These models convert statis-
tical representations of risk into cumulative scores,
which provide an intuitive metric to communicate the
likelihood of disease back to the individual. Numer-
ous dementia risk models have been developed to
assist users with decisions such as whether to inter-
vene directly, refer for further assessment, or not
intervene and instead provide reassurance [15, 16].
The accuracy of models is often assessed with sen-
sitivity and specificity, and area under the receiver
operating characteristic curve (AUROC) analyses.
Accurate models tend to use a variety of information

sources and risk factors [15, 17], and have AUROC
values ≥0.80 and sensitivity and specificity ≥80%
[15]. Factors commonly included in risk models are
sociodemographic (e.g., age, sex, and education),
cognitive assessment results [15], health indicators,
and behaviors [17]. It is unclear how much sensitive
measures, such as brain imaging [17, 18] and genetic
markers [17–19] improve the accuracy of dementia
risk models, and given these methods are invasive and
time consuming, their cost-to-benefit ratio needs to
be considered [15, 17]. The overall utility of demen-
tia risk models remains unclear. Reviews suggest
that most existing models are inaccurate [15] or at
least ‘acceptable’ [16, 18] at discriminating which at-
risk individuals will develop dementia. Although this
level of accuracy may be appropriate for health edu-
cation, it may be unsuitable for potentially harmful
interventions [19].

Dementia risk models are also limited by their lack
of ‘transportability’ across populations. Researchers
often develop dementia risk models on single
homogenous cohorts, and external validation on other
populations is relatively uncommon [16, 20, 21].
Despite calls from authors to validate models in
high-risk populations that are racially and cultur-
ally diverse [12, 18, 20, 22], and non-white [19],
there is a lack of external validation in these groups.
As of 2022, only one model had been developed
for an ethnically diverse population [23], and four
existing models were validated in samples of eth-
nically diverse populations [12, 24]. Therefore, the
transportability of these models remains a gap in
contemporary literature.

Although risk models are designed to predict the
likelihood of future dementia longitudinally, previous
research has examined their utility using cross-
sectional data [12, 25–29]. While this testing of
longitudinal models on cross-sectional data has limi-
tations [12, 26, 30], the practice allows researchers to
comment on the potential applicability of models for
longitudinal use in future studies, as has been done
in some ethnically diverse populations [12].

This study aimed to examine whether existing
dementia risk models, developed and validated in
populations outside of Australia, could be adapted
to cross-sectional dementia prevalence data from a
First Nations population, in preparation for follow-
up of these participants [7, 31]. The study also aimed
to compare the diagnostic utility of these models in
identifying dementia. As risk models are designed
to predict dementia longitudinally, we expected they
would have lower diagnostic utility. However, the
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process would allow commentary on the poten-
tial utility of these models in predicting future
dementia.

MATERIALS AND METHODS

Setting and participants

The data for this research were collected as
part of a cross-sectional dementia prevalence study
conducted in the Torres Strait and Northern Penin-
sula Area of Cape York in Australia between
May 2015 and February 2018. Ethics approval
for this study was provided by Queensland Health
(HREC/13/QCH/129-878) and James Cook Univer-
sity (H5495) Human Research Ethics Committees.
There were 274 First Nations Australian residents
aged 45 years and over, who were recruited through
convenience sampling and the local health ser-
vice. The detailed methodology of this study has
been reported elsewhere [31–33] and is summarized
briefly below.

Procedure

Participants were administered the Kimberley
Indigenous Cognitive Assessment tool (KICA),
which collects demographic and clinical information,
functional status, and informant reports. The cogni-
tive assessment component, the KICA-Cog, assesses
orientation, recognition, naming, registration, verbal
comprehension, verbal fluency (measured through
the number of animals listed in one minute), recall,
and praxis. This tool is the only validated cognitive
screening tool for identifying dementia in Australian
First Nations populations [7, 31]. The KICA-Cog has
a score range of 0–39.

All participants also underwent a comprehensive
dementia assessment with a Geriatrician experienced
in cross-cultural assessment. The Geriatricians con-
ducted a standard diagnostic medical examination,
which covered physical, cognitive, and psychosocial
factors and used standardized screening tools, includ-
ing the Mini-Mental Status Examination (MMSE),
category fluency (animals), and collateral history, as
part of a global clinical assessment of cognition.

Study variables

The primary dependent variable from the Torres
Strait Dementia Prevalence Survey was a diagno-

sis of cognitively normal, cognitive impairment not
dementia (CIND) or dementia. This variable rep-
resented a consensus diagnosis made by a panel
of Geriatricians and an Older Person’s Psychiatrist,
who blind-reviewed results from the comprehensive
geriatric assessments. The diagnoses were based on
criteria from the Diagnostic and Statistical Man-
ual for Mental Disorders, 4th Edition (DSMIV-TR)
[34].

The predictor variables were obtained from partic-
ipant responses to the KICA and clinical notes made
by the Geriatricians during the comprehensive assess-
ments. These variables comprised demographic
information (age, gender, marital status) and lifestyle
factors (alcohol consumption, smoking). Education
was measured using two methods. The first method
was the highest education of any form, including
formal schooling or post-school qualifications, such
as tertiary education or technical college apprentice-
ship training. The second method was the highest
formal school-based education only. Self-reported
medical history was obtained from KICA responses
and included mobility, previous head injury with
loss of consciousness, pain, urinary incontinence,
assistance required with instrumental activities of
daily living (iADLS), and reports from informants
(carer/family member) of participants. An infor-
mant reported memory problem was defined as a
carer or family member answering “sometimes” or
“all the time” to any question regarding whether
the person was forgetting “a lot of things”, the
names of family, recent events, place, repeating
information, week, getting lost, or saying cultur-
ally inappropriate things. Subscales in the KICA
assessed falls (Elderly Falls Screening Test) [35],
continence (International Consultation on Inconti-
nence Questionnaire) [36], and depression (adapted
Patient Health Questionnaire-9) [37]. Medical history
from the Geriatrician assessments included hear-
ing impairment and vascular risk factors (diabetes,
chronic kidney disease (CKD), heart disease, stroke,
hypertension).

Literature review and selection of existing models

The literature was reviewed to identify dementia
risk models that could be ‘mapped’ to the Torres
Strait dementia prevalence survey data. This liter-
ature review was conducted in three stages. The
first stage examined the most recent systematic lit-
erature reviews to identify potential models. These
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reviews were by Hou et al. in 2019 [16] and Vonk
et al. [18], which systematically reviewed the litera-
ture from 1995 to 01/04/2020. In the second stage,
these reviews were extended by searching PubMed
between 01/04/2020 and 01/10/2021 using the search
string that was published by Vonk et al. and included
terms that were used by Hou et al. The search string
was: (model OR models) AND (risk) AND (demen-
tia OR Alzheimer) AND (predict* AND (develop*
OR create*)) AND (ROC OR (c statistic) OR (c-
statistic) OR AUC OR (area under the curve)). The
search aimed to identify existing dementia risk mod-
els that had not already been reported by Hou et al.
and Vonk et al.

In the third literature review stage, all the demen-
tia risk models from Hou et al., Vonk et al., and
the additional PubMed search were reviewed accord-
ing to inclusion-exclusion criteria. The inclusion
criteria were models that had been validated in
an external cohort (i.e., outside the development
cohort). Models were excluded if they were devel-
oped in a study that did not use clinical diagnosis or
cognitive assessment to identify dementia. Models
specific to a clinical subgroup (e.g., diabetes) were
excluded to improve generalizability and accessibil-
ity of findings, as were models based on genetic
risk, neuroimaging, or uniquely cognitive assess-
ment. Population-level studies were also excluded,
as were models designed to predict an outcome other
than dementia (e.g., diabetes risk) or in languages
other than English.

The literature review methodology is presented in
Supplementary Figure 1. The systematic reviews by
Hou et al. [16] and Vonk et al. [18] each had 11 pri-
mary studies of externally validated models. After
applying the exclusion criteria, there were five stud-
ies from each review, and these studies evaluated four
and five models, respectively. The PubMed search
identified 91 studies, and after applying the inclu-
sion and exclusion criteria, two studies evaluated
eight models. A search of reference lists identified
a further two studies and five models. The study
by Vonk et al. [18] also evaluated five models, so
this article and its models were included. When the
studies from all sources were combined, 14 stud-
ies (4, 6, 12, 14, 18, 19, 22, 24, 30, 33, 49–51)
contained information on 11 unique and externally
validated dementia risk models that met the inclu-
sion criteria. The scoring criteria of these 11 models
were reviewed, and seven models used variables
captured in the Torres Strait dementia prevalence sur-
vey data. As a result, these seven models could be

‘mapped’ to the dementia prevalence survey data.
These seven models were the Study on Aging, Cog-
nition and Dementia (AgeCoDe) [38], the Australian
National University Alzheimer’s Disease Risk Index
(ANU-ADRI) [39], the Brief Dementia Screening
Indicator (BDSI) [40], the Canadian Study of Health
and Aging (CSHAI) [41], the Framingham Heart
Study (FHS) [42], the Mexican American Demen-
tia Nomogram (MADeN) [23] and the Washington
Heights-Inwood Columbia Aging Project (WHIACP)
[43].

Mapping of seven existing risk models to
dementia prevalence data

Table 1 displays study variables and their asso-
ciation with a dementia diagnosis. Supplementary
Table 1 provides an overview of the seven risk
models, including their age cut-offs, score ranges,
and level of discrimination for dementia in the
original studies. Scores for the seven existing risk
indices were created by summing the points for
each participant according to the risk model for-
mulas (Supplementary Table 2). For the AgeCoDe,
for example, participants were assigned 3 points
if aged ≥80 years, 4 points for low verbal flu-
ency, 2 to 4 points for low delayed recall, 2 points
for requiring assistance with iADLs, and 4 points
for an MMSE score <27. Only full-case data were
used, so most models were applied to a subset of
study participants. The ANU-ADRI had the lowest
number of participants with complete data (n = 224)
and the CSHAI had the highest (n = 274). Higher
scores on the risk models indicated higher dementia
risk.

There were data in the Torres Strait dementia
prevalence study that did not directly map to the cri-
teria in the seven risk models. For example, while
age, diabetes, stroke, and other clearly defined vari-
ables in the prevalence data could be incorporated
into the risk models, assumptions were required for
other variables, such as verbal fluency or free recall.
For example, while Free Recall in the AgeCoDe was
based on 10 words recalled after delay, in the Tor-
res Strait dementia prevalence study, delayed recall
of 5 pictures was used, as this information was cap-
tured in the KICA-Cog. The assumptions used to
adapt the prevalence study data to seven risk models
are described in detail in Supplementary Box 1. The
seven risk models were also created after removing
points for age and, where applicable, for the MMSE.
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Table 1
Demographic, behavioral, medical, and cognitive assessment information for 274 First Nations residents aged 45 years and over, by dementia

status, age adjusted logistic regression analyses showing odds ratios (OR) (2015–2018)

No Dementia Dementia Age adjusted
n (%) n (%) OR (95% CI) p

Total 235 (100.0) 39 (100.0)
Age categorized

45–64 133 (56.6) 5 (12.8)
65–74 62 (26.4) 15 (38.5)
75–94 40 (17.0) 19 (48.7)

Sex
Male (Female ref) 80 (34.0) 14 (35.9) 1.11 (0.51, 2.43) 0.786

Highest education
Primary school only (Ref) 69 (30.7) 13 (48.1)

Any high school 64 (28.4) 10 (37.0) 1.60 (0.60, 4.30) 0.350
Any post school 92 (40.9) 4 (14.8) 0.48 (0.14, 1.68) 0.252

Marital status (Ref single)
Married/De-facto 110 (48.7) 10 (27.8) 0.56 (0.18, 1.77) 0.323
Previously married 82 (36.3) 19 (52.8) 0.70 (0.24, 2.07) 0.525

Self-reported behaviors
Current drinks alcohol 66 (28.8) 2 (5.6) 0.24 (0.05, 1.08) 0.063
Previously drank alcohol 171 (75.0) 17 (48.6) 0.51 (0.23, 1.13) 0.099
Current smoker 37 (16.2) 4 (11.1) 0.76 (0.23, 2.44) 0.639
Past smoker 161 (71.9) 19 (65.5) 0.97 (0.39, 2.38) 0.941

Reported medical history
Poor mobility/walking 61 (27.4) 17 (54.8) 1.89 (0.81, 4.41) 0.140
Loss of Consciousness 40 (18.3) 4 (15.4) 1.09 (0.33, 3.59) 0.882
iADLs (Any dependence) 55 (24.7) 24 (72.7) 4.80 (1.99, 11.60) <0.001
Memory - Informant 22 (9.4) 15 (38.5) 4.44 (1.92, 10.27) <0.001
Incontinent 49 (22.0) 10 (32.3) 2.00 (0.82, 4.90) 0.129

Medical history from Geriatrician assessments
Obesity 39 (16.6) 4 (10.3) 0.93 (0.29, 3.02) 0.909
Hearing impairment 34 (14.6) 12 (31.6) 1.69 (0.71, 4.03) 0.235
Diabetes 141 (60.0) 30 (76.9) 2.17 (0.92, 5.12) 0.076
Dyslipidemia 94 (40.0) 23 (59.0) 2.07 (0.97, 4.41) 0.060
Chronic kidney disease 40 (17.0) 15 (38.5) 2.31 (1.04, 5.13) 0.040
Heart disease 39 (16.6) 10 (25.6) 1.09 (0.45, 2.61) 0.851
Stroke/CVD 7 (3.0) 12 (30.8) 27.68 (8.19, 93.50) <0.001
Hypertension 149 (63.4) 28 (71.8) 1.10 (0.48, 2.50) 0.828

Test scores (median, IQR)
BPI total 3.5 (0.0–7.0) 0 (0.0–4.0) 0.91 (0.81, 1.03) 0.131
EFST total 1 (0.0–2.0) 2 (1.0–3.0) 1.18 (0.91, 1.52) 0.211
ICIQ total 0 (0.0–2.0) 0 (0.0–2.5) 1.23 (1.03, 1.46) 0.019
KICA-Depression total 1 (0.0–3.0) 2 (0.0–4.0) 1.05 (0.91, 1.22) 0.489
Depression (KICA-Dep ≥8) 24 (11.2) 1 (4.5) 1.12 (0.13, 9.72) 0.917

Cognitive assessment
Fluency 0–7 (Ref ≥8 words) 49 (21.8) 25 (80.6) 8.34 (3.07, 22.66) <0.001
Recall (Ref 4-5 pictures)
3 48 (21.4) 4 (12.9) 1.42 (0.31, 6.47) 0.648
0–2 36 (16.1) 23 (74.2) 11.73 (3.61, 38.08) <0.001
MMSE (<27) 40 (17.8) 33 (91.7) 32.41 (9.28, 113.21) <0.001
KICA-Cog (<34) 18 (8.0) 25 (80.6) 34.24 (11.64, 100.71) <0.001

iADLs, Instrumental Activities of Daily Living; CVD, cerebrovascular disease; BPI, Brief Pain Inventory; EFST, Elderly Falls Screening
Test; ICIQ, The International Consultation of Incontinence questionnaire; KICA, Kimberley Indigenous Cognitive Assessment tool; KICA-
Dep, Brief depression screen in the KICA; Fluency, verbal fluency measured through the number of animals listed in one minute; Recall, free
recall of five pictures encoded during administration of the KICA; MMSE, Mini-Mental Status Exam; KICA-Cog, Brief cognitive screen
tool in the KICA; IQR, Interquartile Range.

In the AgeCoDe example above, any points for age
and MMSE were excluded to create an AgeCoDe
score for each participant that did not include these
variables.

Diagnostic utility of risk models

All participants in the Torres Strait dementia preva-
lence survey had a score derived for each of the
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Table 2
Distribution of scores from seven existing dementia risk models, and two new models, for 274 Torres Strait Islander and Aboriginal residents

aged 45 years and over (2015–2018)

Risk Index N Mean (SD) Median (IQR) Range

Australian National University Alzheimer’s Disease Risk Index
ANU-ADRI (Anstey et al., 2013) [39]

Full 225 15.1 (10.9) 12 (7–21) 0, 51
No Age 225 8.2 (4.0) 8 (6–11) 0, 19

Study on Aging, Cognition and Dementia
AgeCoDe (Jessen et al., 2011) [38]

Full 244 5.3 (5.0) 4 (0–8) 0, 17
No MMSE 253 3.4 (3.7) 2 (0–6) 0, 13
No Age (no MMSE) 253 3.1 (3.3) 2 (0–6) 0, 10

Brief Dementia Screening Indicator
BDSI (Barnes et al., 2014) [40]

Full 234 15.9 (8.7) 12 (12–21) 0, 43
No Age 234 12.0 (5.5) 12 (9–12) 0, 28

Canadian Study of Health and Aging
CSHAI (Hogan et al., 2000) [41]

Full 262 35.0 (20.7) 29 (20–44) 12, 123
No MMSE 274 17.6 (4.8) 16 (15–19) 11, 32
No Age (no MMSE) 274 1.4 (3.4) 0 (0-0) 0, 10

Framingham Heart Study
FHS (Li et al., 2018) [42]

Full 262 4.5 (4.4) 3 (1–7) –1, 17
No Age 262 1.9 (1.3) 2 (1–3) –1, 5

Mexican American Dementia Nomogram
MADeN (Donwer et al., 2016) [23]

Full 234 9.0 (6.6) 8 (5–12) 0, 31
No Age 234 5.1 (3.0) 5 (3–7) 0, 13

Washington Heights-Inwood Columbia Aging Project
WHIACP (Reitz et al., 2010) [43]

Full 251 9.4 (7.7) 9 (2–14) 0, 34
No Age 251 6.8 (4.9) 9 (1–10) 0, 18

seven existing dementia risk models based on the
methods described in Supplementary Table 2. For the
ANU-ADRI for example, participants were assigned
points based on their age, gender, education, body
weight, smoking status, alcohol consumption fre-
quency, mood, diabetes status, and previous head
injury history. The result was a final risk score for
each participant for the seven existing models. The
means, standard deviations (SD), medians, interquar-
tile ranges (IQR), and ranges of these models are
presented in Table 2. The median (IQR) of these
models was examined by levels of independent study
variables (e.g., by gender) using Kruskal-Wallis non-
parametric ANOVAs (Supplementary Table 3). The
discriminative utility of the risk models at detect-
ing dementia was examined using AUROC analyses
(Table 3, Fig. 1). Calibration was examined using
Hosmer-Lemeshow Chi2 (Fig. 2), and effect sizes
using logistic regression analyses (Table 3). All mod-
els and analyses were repeated after accounting for
age, the strongest predictor of dementia in this and
previous studies [7, 31].

RESULTS

A total of 274 First Nations Australian residents
aged 45 years and older participated in the demen-
tia prevalence survey. The mean age was 65.1 years
(SD 10.8, range 45–93), and 34.3% were male. All
participants had some level of formal education, and
95% of participants spoke English as either a pri-
mary or a secondary language (data not tabled). There
were 39 (14.2%) participants diagnosed with demen-
tia, 60 (21.9%) with CIND, and 175 with no dementia
or CIND. The two comparison groups for this study
were participants with (n = 39) and without (n = 235)
dementia.

Participants with dementia were older and had less
post-school education (Table 1). After adjusting for
age, participants with dementia were less likely to
consume alcohol, more likely to require assistance
with iADLs, and have a history of CKD, stroke/CVD,
and incontinence. The age adjusted odds ratio (aOR)
of having an informant who reported memory prob-
lems was four times higher among participants with
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Table 3
Diagnostic properties of seven existing dementia risk models, for identifying dementia in 274 Torres Strait Islander and Aboriginal residents aged 45 years and over (2015–2018), each model
presented with four variations, Model 1 (M1) Full, Model 2 (M2) excluding Mini-Mental Status Exam (MMSE) results, Model 3 (M3) excluding age and, Model 4 (M4) excluding age and limited

to participants <75 years

ANU-ADRI AgeCoDe BDSI CSHAI FHS MADeN WHACP

Discrimination - AUROC (95%CI)
M1 - Full 0.79 0.93 0.87 0.95 0.84 0.77 0.67

(0.69–0.89) (0.89–0.96) (0.80–0.94) (0.92–0.98) (0.77–0.91) (0.68–0.86) (0.55–0.79)
M2 - No MMSE 0.90 0.82
M3 - No age (No MMSE) 0.56 0.89 0.76 0.65 0.73 0.61 0.54

(0.43–0.68) (0.83–0.95) (0.63–0.88) (0.57–0.73) (0.63–0.83) (0.48–0.75) (0.43–0.66)
M4 - No age, <75 0.64 0.88 0.83 0.66 0.73 0.61 0.54

(0.50–0.79) (0.78–0.98) (0.71–0.96) (0.55–0.77) (0.58–0.87) (0.44–0.77) (0.37–0.70)
Calibration - Hosmer Lemeshaw Chi2 (df, sig.)

M1 - Full 28.01 (43) 6.34 (12) 65.99 (31)** 113.79 (193) 16.45 (17) 25.91 (28) 19.63 (27)
M2 - No MMSE 9.34 (9) 64.47 (63)
M3 - No age (No MMSE) 9.73 (17) 1.64 (4) 17.55 (11) 10.42 (5) 13.41 (11) 5.42 (15)
M4 - No age, <75 9.64 (17) 2.30 (4) 2.67 (10) 5.85 (5) 6.99 (10) 10.86 (14)
M5 - No age, <75, adj. 63.95 (135) 49.42 (90) 44.78 (96) 25.84 (38) 68.98 (99) 98.45 (125) 112.98 (126)

Logistic Regression - OR (95%CI, sig.)
M1 - Full 1.08** 1.52** 1.16** 1.11** 1.30** 1.13** 1.08*

(1.04–1.13) (1.33–1.73) (1.09–1.22) (1.08–1.15) (1.20–1.41) (1.07–1.20) (1.03–1.14)
M2 - No MMSE 1.58** 1.24**

(1.38–1.81) (1.16–1.32)
M3 - No age (No MMSE) 1.08 1.68** 1.21** 1.20** 2.09** 1.11 1.03

(0.95–1.22) (1.44–1.96) (1.12–1.31) (1.11–1.29) (1.51–2.87) (0.96–1.29) (0.95–1.12)
M4 - No age, <75 1.16 1.62** 1.29** 1.22** 2.05* 1.11 1.03

(0.99–1.36) (1.34–1.96) (1.16–1.44) (1.10–1.36) (1.30–3.22) (0.92–1.32) (0.93–1.15)
M5 - No age, <75, age adj. 1.18 1.62** 1.35** 1.15* 1.98* 1.17 0.94

(0.98–1.43) (1.30–2.01) (1.18–1.54) (1.03–1.28) (1.21–3.24) (0.96–1.43) (0.84–1.06)

ANU-ADRI, Australian National University Alzheimer’s Disease Risk Index; AgeCoDe, Study on Aging, Cognition and Dementia; BDSI, Brief Dementia Screening Indicator; CSHAI, Canadian
Study of Health and Aging; FHS, Framingham Heart Study; MADeN, Mexican American Dementia Nomogram; WHIACP, Washington Heights-Inwood Columbia Aging Project.
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Fig. 1. Area Under the Receiver Operator Curve (AUROC) of seven existing dementia risk models, excluding age, for 274 Torres Strait
Islander and Aboriginal residents aged 45 years and over (2015–2018).

dementia (aOR = 4.44, p < 0.001). On KICA-Cog
testing, participants with dementia performed lower
on verbal fluency and delayed word recall, and were
more likely to score below the cut-off (i.e.,<34) for
suspected dementia (aOR = 32.24, p < 0.001). Dia-
betes and dyslipidemia were more common among
participants with dementia at trend significance (i.e.,
p < 0.10) after age adjustment. There was no clear sta-
tistical association between dementia risk and level of
education, either as a categorical variable (not tabled)
or dichotomized (Table 1), however proportions and
odds ratios indicated more education as protective.

The distribution of scores for the seven exist-
ing models is presented in Table 2. Most models
were non-parametric, based on a combined test of
skewness and kurtosis (Stata command ‘sktest’), and
scores tended to group in the lower end of the ranges.
Supplementary Table 3 shows the median scores on
these risk models, excluding age and MMSE, by par-
ticipant characteristics. Most of the seven models
(i.e., ≥5) showed differences in median scores by
age categories, education, mobility, dependence of

iADLs, informant reported memory difficulties, dia-
betes, hypertension, verbal fluency, recall, MMSE,
KICA-Cog cut-off, and dementia status. Several
models (i.e., 3–5) differed by marital status, alco-
hol/smoking, obesity, CKD, and stroke. Only a couple
of models had differences in scores by sex, previous
head injury, pain, hearing impairment, and dyslipi-
demia.

Table 3 shows the diagnostic properties of the full
risk models (M1) as they were defined in the original
studies and the same models excluding MMSE scores
where applicable (M2) and points for age (M3). The
diagnostic properties of these models are also shown
when limited to participants aged <75 years, and
points for age were excluded (M4). Almost all the
models had at least moderate discrimination (i.e.,
AUROC >0.70) when analyzed in full form. How-
ever, when points for age and MMSE were removed
from the models and analyses were limited to partici-
pants 75 years and younger, only the AgeCoDe, BDSI
and FHS retained AUROC over 0.70 (Table 3, Fig. 1).
For these models, Hosmer-Lemeshow results were
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Fig. 2. Calibration of seven existing dementia risk models, excluding age, for 274 Torres Strait Islander and Aboriginal residents aged 45
years and over (2015–2018).

generally non-significant, suggesting good calibra-
tion. However, there were large degrees of freedom
for the ANU-DRI and CSHAI, and for all models
when they were limited to participants <75 years,
which indicated poor calibration. After adjustment
for age, logistic regressions indicated the AgeCoDe
and FHS, were strongly associated with prevalent
dementia (Table 3). When age was examined as the
sole variable associated with dementia, the AUROC
was 0.80 (results not tabled).

DISCUSSION

This study aimed to adapt dementia risk models to
cross-sectional prevalence data from a First Nations
population in the Torres Strait region of Australia,
which will allow testing of their predictive utility
as participants are followed-up in the coming years.
The long-term aim of this work is to improve the

prediction of dementia in this population. We found
seven dementia risk models could be adapted to cross-
sectional dementia prevalence data for this population
and three of these models, the AgeCoDe, BDSI, and
the FHS, showed some diagnostic utility. These mod-
els were designed to predict dementia over time, so
the predictive risk scores derived in this study may
become applicable when the same participants are
followed up in the coming years. In the interim, the
current results allow preliminary commentary on the
potential applicability of risk models for predicting
dementia in First Nations populations.

Almost all the dementia risk models assessed in
this study had AUROC scores of ‘moderate’ diag-
nostic utility (i.e., AUROC >0.70) for identifying
dementia. However, this effect was primarily due
to the models including older age. Once age was
removed from these models, only the AgeCoDe,
BDSI, and FHS retained moderate diagnostic utility.
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The strong performance of the AgeCoDe in this sam-
ple is likely associated with its allocating points for
carer-reported memory difficulties, verbal fluency,
and delayed recall. The FHS and BDSI assigned high
points to a history of stroke (i.e., 6 and 5, respec-
tively). As stroke was the strongest associated risk of
dementia in the sample, assigning points for stroke
likely improved the performance of the FHS and
BDSI. Bodyweight, depression, and diabetes, which
were assigned points in the FHS and BDSI models,
were not significant in age-adjusted analyses of this
cross-sectional data. As a result, the FHS and BDSI
may have less utility in identifying people at risk for
dementia in this population who did not have a history
of stroke. The ANU-DRI, MADeN, WHACP, and
CSHAI had minimal utility in identifying dementia
in this sample.

The dementia risk models generally had low diag-
nostic utility in this population, based on AUROC
analyses. These results are unsurprising given the
models were designed for longitudinal analyses, and
would likely have lower diagnostic utility in cross-
sectional data. For example, many characteristics in
dementia risk models are time dependent and may
be a risk for dementia when present in one stage
of life, while less so in another stage. Despite these
limitations, previous research has examined the diag-
nostic utility of risk models in cross-sectional data
[12, 25–29], which has allowed for commentary on
the potential transportability of models for longitu-
dinal use in future studies in some ethnically diverse
populations [12]. Similarly, the work in the current
study has highlighted several preliminary considera-
tions. First, risk models were designed in populations
with different profiles of risk and protective factors
for dementia compared to many First Nations popu-
lations, including the one in the current study. High
rates of modifiable risks are thought to contribute
to the high rates of dementia in First Nations pop-
ulations [4]. Risks that occur commonly in a given
population, however, may be less effective at dif-
ferentiating who develops a given disease in that
population [44, 45]. Therefore, some factors that are
often included in dementia risk models may be less
applicable to predicting dementia in First Nations
populations. Diabetes, for examples, was present in
four of the seven models examined in this study. This
risk, however, has had limited cross-sectional and
longitudinal associations with dementia likelihood
in First Nations Australians, including in the Torres
Strait [31, 46–49], although small study samples and
shorter follow-up periods may have contributed to

these null results. Future research is needed to deter-
mine whether prevalent dementia risks improve the
prognostic utility of dementia risk models in First
Nations populations.

Other assumptions used in risk models, such as
the age of onset for dementia and female sex may
also have limited applicability. For example, the risk
models in this study generally assigned increased risk
of dementia after 65 years of age (Supplementary
Table 2); however, dementia is known to onset at ear-
lier ages more often in First Nations populations [7,
9, 49, 50]. Similarly, female sex was allocated more
risk in a few of the models in this study, however,
this assumption does not always hold in First Nations
dementia studies, where males have been at higher
risk [49, 51, 52]. The most accurate dementia risk
models incorporate multiple information sources and
factors [15], including cognitive assessment results
[15, 18]. In Australian First Nations populations [53],
scores on the KICA-cog and its subtests are associ-
ated with dementia, suggesting this tool or similar
culturally appropriate tools could be incorporated
into future risk models.

The current study had several significant limita-
tions. The cross-sectional application of prognostic
risk models limited their utility. The data in this
study also did not include many sensitive measures
associated with dementia risk. These include physi-
cal activity levels, cognitive engagement, low body
weight, pathology measures, and APOE �4 status.
This limitation meant that four eligible risk mod-
els could not be adapted to the study data. For the
models that were adapted, it was necessary to make
some assumptions when mapping the risk models to
the data. Although this practice occurs in dementia
risk model research [4], the result is that transported
models that do not exactly replicate the original
models. Similarly, some models could not have all
the variables mapped, such as the ANU-DRI, which
quantifies a rich array of dementia risk and protective
factors, of which only a subset could be examined
here. Given all these limitations, the current study
results should be considered suggestive and set the
scene for future work to address the knowledge gap
of transportability of dementia risk models in First
Nations populations.

Conclusion

Seven dementia risk models were adapted to the
study sample, and the risk scores derived may become
applicable when the same participants are followed
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up in the coming years. Future research could trial
dementia risk models in larger longitudinal datasets
of similar populations. The goal would be to improve
the early detection of dementia risk for First Nations
populations, to allow for earlier targeted intervention
in the pre-clinical stage of the disease course.
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