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Background  
Aotearoa New Zealand’s Pacific population represents one of the largest diasporas 
globally, yet experiences a disproportionate burden of dementia– with prevalence rates 
nearly double that observed in New Zealand (NZ) European populations. Furthermore, 
the onset is often significantly earlier, compromising opportunities for timely diagnosis 
and intervention. Automated CT-based segmentation tools, such as CTseg, hold 
significant promise for identifying undetected dementia in Pacific peoples. 

Objective  
We aimed to rigorously evaluate the diagnostic accuracy of CTseg-derived volumetric 
markers—specifically total brain volume and hippocampal volume—for detecting 
dementia in Pacific patients receiving care in NZ memory services. 

Methods  
De-identified health and imaging data were analyzed from 204 older Pacific patients 
living in NZ. Logistic regression models adjusted for age and total intracranial volume 
(TIV) were used to estimate diagnostic accuracy metrics using Youden index, sensitivity, 
specificity, and area under the receiver operating characteristic curve (AUC). 

Results  
The diagnostic accuracy of CTseg-derived total brain volume was moderate with an AUC 
of 0.78 (95% CI: 0.72-0.85), sensitivity of 66.9% (95% CI: 58.3%-74.5%), and specificity of 
79.2% (95% CI: 68.9%-74.5%). For hippocampal volume, the AUC was 0.75 (95% CI: 
0.68-0.82), sensitivity 55.9% (95% CI: 47.2%-64.2%), and specificity 83.1% (95% CI: 
73.2%-89.9%). 

Discussion  
CTseg produced volumetric estimates in a sample of Pacific Island patients that were 
comparable to those previously reported for a sample of European patients from a 
real-world memory service. Accessibility and scalability suggest potential utility for 
CT-based dementia detection across diverse NZ populations, facilitating equitable access 
to timely diagnosis and care. 

INTRODUCTION 

Aotearoa New Zealand (NZ) is a multicultural society char
acterized by significant ethnic diversity, with its population 
comprising 68% European, 18% Māori, 17% Asian, and 9% 
Pacific people.1 NZ has one of the largest Pacific diasporas 
globally, largely arising from post-war migration from Poly
nesian nations to urban centers such as Auckland.2 Reflect
ing this trend, Pacific peoples are projected to be among the 

fastest-growing population groups, anticipated to comprise 
approximately 11% of the national population by 2048.3 

The burden of dementia in NZ is rising dramatically; 
the number of cases is projected to more than double from 
82,900 individuals in 2025 to 167,400 in 2050.4 Critically, 
this growing public health challenge is not equally distrib
uted across ethnic groups and disproportionately affects 
Pacific peoples.5 The estimated age- and sex-standardised 
prevalence of diagnosed dementia among Māori and Pacific 
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Plain Language Summary    
What is already known?     

Pacific peoples in Aotearoa New Zealand experi
ence a higher burden of dementia than New 
Zealand Europeans. They tend to develop de
mentia at a younger age but are often diagnosed 
at a later stage. It is estimated that around 50% 
of people living with dementia remain undiag
nosed. CTseg, an automated brain segmentation 
software that measures brain volumes from rou
tine CT scans, has previously shown moderate 
accuracy in identifying dementia among New 
Zealand Europeans. 

What is the key question?      

Can CTseg help case-find dementia among Pa
cific peoples using routinely performed CT brain 
scans? 

What are the new findings?      

This study is the first to evaluate the accuracy of 
CT-based brain volumetry for dementia detec
tion in a Pacific population. CTseg showed mod
erate accuracy, with performance similar to that 
previously observed in New Zealand Europeans. 
Although the study used opportunistic real-
world data and a modest sample size, it demon
strates the feasibility of applying CTseg in Pa
cific peoples living in New Zealand. 

What do these findings mean?      

CTseg may support earlier identification of de
mentia in Pacific peoples, particularly if com
bined with other health information. Larger 
studies in independent populations are needed, 
but this work represents an important step to
wards more equitable dementia research. 

peoples aged ≥ 60 living in NZ is almost double compared 
to European and Asian populations (6.3% in Pacific peoples 
and 5.4% in Māori, compared with 3.7% in European and 
3.4% in Asian populations).5 Underdiagnosis exacerbates 
this disparity, as the true prevalence for dementia is likely 
much higher than the above figures, given that only around 
50% of dementia cases are estimated to be formally diag
nosed.6 

These disparities are compounded by clinical presenta
tions unique to Pacific peoples. They often present at a 
later stage of dementia but at a younger age compared to 
European patients.7 Moreover, they exhibit a higher pro
portion of potentially preventable dementia risk factors 
compared with Europeans, making early detection even 
more important.8 These findings highlight a disparity in de

mentia burden among Pacific peoples and underscore the 
need for improved diagnostic methods to help reduce in
equalities in dementia outcomes. Timely detection of de
mentia not only allows for targeted interventions and 
lifestyle modifications to delay disease progression but is 
also crucial for enhancing equity in access to complex de
mentia care and reducing the disproportionately high un
paid caregiver burden borne by Pacific families.9,10 

However, current diagnostic pathways for dementia are 
often time-consuming and geographically inequitable. This 
gap necessitates the rapid adoption of scalable solutions, 
such as Artificial Intelligence (AI)-assisted screening tools 
that can integrate into existing healthcare settings. We pre
viously demonstrated the potential of using CTseg as a 
scalable dementia case-finding tool in New Zealand.11 CT
seg is an extension of SPM12, a widely used neuroimaging 
software, to enable automated extraction of brain volumes 
from routine non-contrast CT scans using probabilistic 
models trained on both MRI and CT data.12,13 In our pre
vious study, we analyzed deidentified CT brain scans from 
168 NZ Europeans attending a memory service (89 with 
dementia and 79 without dementia). CTseg-derived total 
brain volume and hippocampal volume demonstrated mod
erate ability to distinguish dementia from non-dementia.11 

Despite these promising initial findings, the perfor
mance of any diagnostic tool must be rigorously validated 
across diverse ethnic populations to ensure accuracy across 
the entire target demographic.14 The urban environment 
of South Auckland represents a hub for this demographic 
disparity, hosting the highest number of Pacific peoples in 
NZ, comprising approximately 27% of the local population, 
compared to around 9% nationally.15 Within South Auck
land, the Pacific population is diverse, consisting of ap
proximately 50% Samoan, 25% Tongan, 21% Cook Islands 
Māori, 8% Niuean, 4% Fijian, and 3% other Pacific groups.15 

Given this demographic profile, a substantial number of 
older Pacific patients are referred to the local memory ser
vice, providing us the opportunity to examine how CTseg 
performs in a sample of Pacific patients and compare its 
utility to that found in the previous NZ European sample. 

The aim of this study is therefore to evaluate the diag
nostic accuracy of CTseg automated segmentation in iden
tifying dementia among a sample of NZ-based Pacific peo
ples attending a memory service based in South Auckland. 

METHODS 

SETTING 

This retrospective study analyzed deidentified data from 
consecutive patients of Pacific Island ethnicity routinely 
assessed at a memory service within a tertiary teaching 
hospital in South Auckland, NZ, between 2013 and 2022. 
Each patient underwent a comprehensive diagnostic as
sessment including, routine blood tests, cognitive assess
ment using the Addenbrooke’s Cognitive Examination III 
(ACE-III)16 or the Rowland Universal Dementia Assessment 
Scale (RUDAS)17 for non-English-speaking patients, a non-
contrast CT brain scan, collateral history obtained from a 
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care partner, and a structured clinical interview conducted 
by a memory service clinician. Diagnoses (including de
mentia subtype and severity where applicable) were deter
mined by consensus at a multidisciplinary team meeting 
comprising a consultant geriatrician, consultant old age 
psychiatrist, geriatric registrar, psychologist, nurse special
ist, social worker, and occupational therapist. Assessment 
of dementia severity was guided by Clinical Dementia Rat
ing (CDR) criteria.18 

Patients were included in this study if they had a CT 
brain scan within six months of diagnosis. This aligns with 
the memory service’s practice, where CT imaging may occur 
either before or shortly after diagnostic documentation, de
pending on referral pathways and multidisciplinary work
flow. 

DATA COLLECTION 

We collected the following deidentified data from routinely 
collected data sources: (1) demographic information (age, 
gender, ethnicity); (2) residential address, which was used 
to calculate the 2018 NZ Deprivation Index (NZDep)19 an 
area-based measure of socioeconomic deprivation derived 
from census indicators of income, employment, housing, 
and education and (3) clinical diagnosis according to 
DSM-520 criteria and (4) CT brain scan. 

All CT scans were carried out on either Siemens or 
Philips scanners using the routine non-contrast head pro
tocol: patients were scanned head-first supine with 120 
kV tube voltage and standard dose modulation. The scan 
spanned C2 to the vertex in a caudocranial direction with 
images acquired in 1-mm slices at 0.5-mm intervals. Raw 
data was reconstructed into 1 mm or 3 mm axial, coronal, 
and sagittal series and stored in the Agfa Impax PACS 
archive.21 CT studies were subsequently retrieved from 
PACS and imported into the Syngo.Via platform, where 
identifying metadata were removed and the de-identified 
images exported in DICOM format.22 These datasets were 
then securely transferred to the University of Auckland re
search environment using the HealthAlliance NZ ShareFile 
application.23 

IMAGE PROCESSING 

The spm_dicom_convert tool was used to convert the DI
COM scans into NIFTI format, before they were analyzed 
using the CTseg pipeline. CTseg builds upon SPM12’s12 

unified segmentation framework by including refined spa
tial registration procedures, Gaussian mixture 
model–based parameter priors, and an atlas derived from 
combined CT and MRI training data.13 This process yields 
volumetric measurements, including total intracranial vol
ume (TIV) and total brain volume (TBV), as well as tissue 
maps: grey matter (GM), white matter (WM), cerebrospinal 
fluid (CSF), bone, soft tissue, and background tissues. To 
address any mask-fitting inconsistencies, images were spa
tially normalized to the Automated Anatomical Labeling 
(AAL) atlas.24 The hippocampal masks defined in the AAL 
atlas were then applied to calculate hippocampal volume 
for each scan. Segmentation outputs and mask alignment 

were visually inspected to ensure appropriate anatomical 
correspondence. All consecutive scans remained included 
in this analysis. (Figure 1 provides a schematic overview of 
this image-processing pipeline.) 

STATISTICAL ANALYSIS 

The study participants were categorized into dementia and 
non-dementia groups. The dementia group included 
Alzheimer’s Disease dementia (AD), vascular dementia 
(VD) and mixed dementia (mixed Alzheimer’s disease and 
vascular dementia). The non-dementia group included Mild 
Cognitive Impairment (MCI) and no cognitive impairment. 
Baseline comparisons between the dementia and non-de
mentia groups were carried out using independent t-tests 
for continuous variables and Pearson’s chi-square tests for 
categorical data. 

Volumetric measures, including TBV, HV, GM and WM, 
were examined according to dementia status, subtype, 
severity, age, NZDep and gender. Group differences in brain 
volumes between dementia and non-dementia groups, and 
between dementia subtypes, were analyzed using analysis 
of covariance (ANCOVA), adjusting for age and TIV to ac
count for interindividual variation in head size. The 
Shapiro–Wilk and Levene’s tests were applied to assess nor
mality and homogeneity of variance assumptions, respec
tively. The brain volumes for this Pacific patient sample 
were then compared with the previously reported NZ Euro
pean sample from the same memory service which is sum
marized in Supplementary Table S1.11 

Associations between volumetric measures and demen
tia classification were modelled using logistic regression, 
controlling for age, TIV and interaction of brain volume 
and NZDep.25 Odds ratios per standard deviation decrease 
in brain volume were also computed. Classification perfor
mance was evaluated using both fixed probability thresh
olds (p = 0.5, 0.7, and 0.9) and the Youden index as the 
optimal clinically oriented threshold that maximizes the 
combined sensitivity and specificity.26 Performance metrics 
included accuracy, sensitivity, specificity, positive predic
tive value (PPV), and negative predictive value (NPV). To 
improve robustness of performance estimates, bootstrap 
resampling was used to derive 95% confidence intervals 
for performance metrics.27 Receiver operating characteris
tic (ROC) curves with 95% confidence bands were gener
ated. The model performances for this Pacific patient sam
ple were then compared with the previously reported NZ 
European sample from the same memory service.11 

All analyses were completed in R (version 4.3.2)28 

RESEARCH ETHICS AND INFORMED CONSENT 

Ethical approval for this study was granted by the NZ 
Health and Disability Ethics Committee (HDEC: 17/NTB/
191). The requirement for individual informed consent was 
waived by the Ethics Committee, as the study involved ret
rospective analysis of routinely collected, de-identified 
clinical data. 
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Figure 1. Image processing pipeline    
This figure outlines the process for extracting hippocampal volumes from CT scans. The steps include: (1) loading the images into CTseg software, (2) Extraction of total brain volume (TBV) 
and total intracranial volume (TIV) from CTseg (3) normalization of grey matter (GM) and white matter (WM) outputs from CTseg to Montreal Neurological Institute (MNI) space, (4) appli
cation of the hippocampal mask from the Automated Anatomical Labeling (AAL) atlas, and (5) extraction of hippocampal volumes. Reproduced with permission from Yelanchezian et al.11 

Table 1. Sociodemographic and clinical characteristics of sample       

Dementia (n=127) No Dementia (n=77) 

Age at scan (95% CI) 75.7 (74.6-76.8) 73.2 (72.3-74.8) 

Male gender (%) 41 (32%) 42 (55%) 

Diagnoses 

MCI (%) 54 (70%) 

No cognitive impairment (%) - 23 (30%) 

Alzheimer’s disease dementia (%) 56 (44%) - 

Vascular dementia (%) 56 (44%) - 

Mixed dementia (%) 15 (12%) - 

Severity 

Mild Severity (%) 62 (49%) - 

Moderate Severity (%) 47 (37%) - 

Socioeconomic status 

Low (NZDep 8-10) (%) 104 (82%) 62 (81%) 

Moderate (NZDep 4-7) (%) 15 (12%) 9 (12%) 

High (NZDep 1-3) (%) 8 (6%) 6 (7%) 

RESULTS 

SOCIODEMOGRAPHIC AND CLINICAL CHARACTERISTICS 

A total of 204 scans were included in this study. The Pacific 
ethnicities were Samoan (n=115, 56%), Cook Island Māori 
(n=40, 20%), Tongan (n=37, 18%), Niuean (n=7, 3%), Fijian 
(n=2, 1%), Tokelauan (n=2; 1%), and Tuvaluan (n=1, 0.5%). 
There was no significant difference in brain volumes be
tween the three major groups of Pacific peoples (Samoan, 
Cook Island Māori and Tongan) after adjusting for dementia 
status, age and TIV: TBV (p =0.460), HV (p=0.616), GMV 
(p=0.742) and WMV (p=0.253). Table 1 presents the so
ciodemographic and clinical characteristics of the sample. 
The distribution of NZDep scores were similar across the 
dementia and non-dementia: in both groups the majority 
had high-deprivation scores (NZDep deciles 8–10). 

BRAIN VOLUMES 

Mean CTseg brain volumes (TBV, HV, GM, and WM) strat
ified by sociodemographic and clinical characteristics are 
presented in Table 2. Compared to the non-dementia 
group, the dementia group had significantly smaller TBV, 
HV, GM and WM volumes, and these findings remained af
ter adjusting for TIV and age. 

The brain volumes, sociodemographic and clinical char
acteristics of the NZ European sample reported previ
ously11 are presented in Supplementary Table S1. Compar
isons of brain volumes between Pacific and NZ European 
dementia and non-dementia groups showed no significant 
differences after adjustment for TIV and age (Supplemen
tary Table S2). 
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Table 2. Mean CTseg brain volumes by sociodemographic and clinical characteristics          

Variable Dementia (n=127) Non-dementia (n=77) p value 

Mean (95% CI) Mean (95% CI) 

Total Intracranial Volume (cm3) 1274.5 (1250.7-1298.4) 1332.4 (1295.3-1369.6) 

Total brain volume (cm3) 

All (unadjusted mean) 983.4 (965.8-1001.1) 1061.8 (1033.4-1088.2) <0.001 

Mean adjusted for TIV and age 1002.8 (997.1-1008.6) 1028.8 (1021.3-1036.3) <0.001 

Age 

<65 yrs (n=28) 1046.9 (963.2-1130.6) 1066.2 (1014.7-1117.6) 0.707 

65-81 yrs (n=144) 980.8 (960.3-1001.3) 1055.7 (1020.7-1090.7) <0.001 

81+ yrs (n=32) 972.9 (937.1-1008.6) 1081.8 (989.5-1174.2) 0.064 

Gender 

Male (n=82) 1074.4 (1044.4-1104.4) 1119.2 (1083.6-1154.8) 0.063 

Female (n=122) 941.6 (926.5-956.7) 990.7 (961.8-1019.6) 0.005 

Diagnoses 

Alzheimer's disease (n=56) 952.0 (928.2-975.9) 

Vascular dementia (n=56) 1010.3 (981.7-1038.9) 

Mixed dementia (n=15) 1000.2 (961.1-1039.3) 

Mild cognitive impairment (n=54) 1069.2 (1036.4-1101.9) 

No neurocognitive disorder (n=23) 1041.2 (991.3-1091.3) 

Severity 

Mild severity (n=62) 992.8 (967.3-1018.2) 

Moderate severity (n=47) 955.6 (926.5-984.8) 

Socioeconomic status 

Low SES (NZDep 8-10) 986.3 (966.4-1006.3) 1057.5 (1026.6-1088.4) <0.001 

Moderate SES (NZDep 4-7) 962.7 (917.4-1008.1) 1108.7 (1039.3-1008.1) 0.004 

High SES (NZDep 1-3) 984.2 (920.0-1048.4) 1022.8 (921.0-1124.7) 0.546 

Hippocampal volume (cm3) 

All (unadjusted mean) 12.2 (11.9-12.6) 13.8 (13.4-14.3) <0.001 

Mean adjusted for TIV and age 12.4 (12.1-12.7) 13.5 (13.1-13.9) <0.001 

Age 

<65 yrs (n=28) 13.8 (12.0-15.5) 14.3 (13.5-15.5) 0.641 

65-81 yrs (n=144) 12.2 (11.9-12.6) 13.8 (13.2-14.3) <0.001 

>81 yrs (n=32) 11.7 (10.9-12.5) 13.3 (12.3-14.3) 0.026 

Gender 

Male (n=82) 13.7 (13.1-14.2) 14.4 (13.6-15.1) 0.128 

Female (n=122) 11.6 (11.3-11.9) 13.0 (12.4-13.5) <0.001 

Diagnosis 

Alzheimer's disease (n=56) 11.5 (11.1-12.0) 

Vascular dementia (n=56) 12.8 (12.3-13.3) 

Mixed dementia (n=15) 12.6 (11.7-13.5) 

Mild cognitive impairment (n=54) 13.7 (13.2-14.2) 

No neurocognitive disorder (n=23) 14.1 (13.4-14.8) 

Severity 

Mild severity (n=62) 12.4 (12.0-12.8) 

Moderate severity (n=47) 11.5 (11.0-12.0) 

Socioeconomic status 

Low (NZDep 8-10) 12.1 (11.8-12.5) 13.8 (13.3-14.2) <0.001 

Moderate (NZDep 4-7) 12.5 (11.6-13.5) 13.8 (12.6-15.0) 0.119 
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Variable Dementia (n=127) Non-dementia (n=77) p value 

High (NZDep 1-3) 13.4 (11.7-15.0) 14.7 (13.5-15.9) 0.227 

White matter volume (cm3) 

All (unadjusted mean) 540.5 (530.4-550.5) 587.1 (572.0-602.2) <0.001 

Mean adjusted for TIV and age 550.8 (545.8-555.9) 570.0 (563.4-576.5) <0.001 

Age 

<65 yrs (n=28) 576.9 (540.2-613.7) 593.4 (565.2-621.6) 0.496 

65-81 yrs (n=144) 539.1 (527.2-551.0) 585.2 (565.7-604.7) <0.001 

81+ yrs (n=32) 533.5 (513.5-554.3) 582.5 (535.1-629.8) 0.101 

Gender 

Male (n=82) 594.6 (577.7-611.6) 616.7 (596.7-636.8) 0.104 

Female (n=122) 515.5 (507.3-523.8) 551.5 (534.9-568.2) <0.001 

Diagnosis 

Alzheimer's disease (n=56) 522.5 (508.5-536.5) 

Vascular dementia (n=56) 560.0 (544.5-575.5) 

Mixed dementia (n=15) 534.5 (511.4-558.0) 

Mild cognitive impairment (n=54) 590.4 (572.7-608.1) 

No neurocognitive disorder (n=23) 579.4 (550.1-608.6) 

Severity 

Mild severity (n=62) 545.2 (530.6-559.8) 

Moderate severity (n=47) 522.0 (506.5-537.5) 

Socioeconomic status 

Low (NZDep 8-10) 541.4 (530.0-553.0) 584.6 (567.2-602.0) <0.001 

Moderate (NZDep 4-7) 534.4 (510.2-558.6) 608.1 (573.0-643.3) 0.004 

High (NZDep 1-3) 540.0 (506.8-573.2) 581.0 (527.9-634.2) 0.232 

Grey matter volume (cm3) 

All (unadjusted mean) 784.8 (771.1-798.5) 845.0 (823.6-866.3) <0.001 

Mean adjusted for TIV and age 799.3 (792.3-806.2) 821.1 (812.0-830.1) <0.001 

Age 

<65 yrs (n=28) 843.5 (762.3-924.8) 855.8(813.4-898.3) 0.797 

65-81 yrs (n=144) 781.8 (766.9-796.7) 839.3 (811.9-866.6) <0.001 

81+ yrs (n=32) 777.4 (746.3-808.4) 854.4 (797.9-911.0) 0.041 

Gender 

Male (n=82) 856.9 (836.2-877.6) 894 (867.6-919.6) 0.033 

Female (n=122) 751.7 (739.2-764.1) 786.6 (762.9-810.2) 0.013 

Diagnosis 

Alzheimer's disease (n=56) 756.5 (738.6-774.4) 

Vascular dementia (n=56) 809.6 (787.8-831.4) 

Mixed dementia (n=15) 797.7 (764.5-830.9) 

Mild cognitive Impairment (n=54) 851.0 (825.1-877.0) 

No neurocognitive disorder (n=23) 830.7 (793.2-868.3) 

Severity 

Mild severity (n=62) 797.0 (778.1-816.0) 

Moderate severity (n=47) 757.4 (734.5-780.2) 

Socioeconomic status 

Low (NZDep 8-10) 785.8 (770.7-800.9) 842.1 (818.4-865.7) <0.001 

Moderate (NZDep 4-7) 771.5 (729.8-813.3) 887.9 (883.7-942.1) 0.003 

High (NZDep 1-3) 796.6 (742.4-850.8) 810.5 (720.0-901.1) 0.802 
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Table 3. Diagnostic accuracy metrics for total brain volume and hippocampal volume, using combined logistic              
regression models in identifying dementia versus no-dementia, adjusted for total intracranial volume and age               

Cut-off Accuracy Sensitivity Specificity AUC PPV NPV 

Mean (95% CI) 

Total brain volume 

Youden 
0.667 

71.6% 
(65.0–77.3) 

66.9% 
(58.3–74.5) 

79.2% 
(68.9–86.7) 

0.781 
(0.715–0.847) 

84.1% 
(75.8–90.0) 

59.2% 
(49.5–68.2) 

0.5 72.1% 
(65.5–77.8) 

87.4% 
(80.5–92.1) 

46.7% 
(36.0–57.8) 

0.781 
(0.715–0.847) 

73.0% 
(65.5–79.4) 

69.2% 
(55.7–80.1) 

0.7 65.2% 
(58.4–71.4) 

55.1% 
(46.4–63.5) 

81.8% 
(71.8–88.8) 

0.781 
(0.715–0.847) 

83.3% 
(73.9–89.8) 

52.5% 
(43.6–61.2) 

0.9 44.6% 
(37.9–51.5) 

12.6% 
(7.9–19.5) 

97.4% 
(91.0–99.3) 

0.781 
(0.715–0.847) 

88.9% 
(67.2–96.9) 

40.3% 
(33.5–47.5) 

Hippocampal volume 

Youden 
0.707 

66.2% 
(59.4–72.3) 

55.9% 
(47.2–64.2) 

83.1% 
(73.2–89.9) 

0.753 
(0.684–0.821) 

84.5% 
(75.3–90.7) 

53.3% 
(44.4–62.0) 

0.5 73.0% 
(66.6–78.7) 

87.4% 
(80.5–92.1) 

49.4% 
(38.5–60.3) 

0.753 
(0.684–0.821) 

74.0% 
(66.4–80.4) 

70.4% 
(57.2–80.9) 

0.7 64.7% 
(57.9–70.9) 

55.9% 
(47.2–64.2) 

79.2% 
(68.9–86.8) 

0.753 
(0.684–0.821) 

81.6% 
(72.2–88.4) 

52.1% 
(43.2–61.0) 

0.9 43.6% 
(37.0–50.5) 

10.2% 
(6.1–16.7) 

98.7% 
(93.0–99.8) 

0.753 
(0.684–0.821) 

92.9% 
(68.5–98.7) 

40.0% 
(33.3–47.1) 

Combined volume (total brain, hippocampal, grey matter and white matter volumes) 

Youden 
0.593 

78.9% 
(72.8–84.0) 

80.3% 
(72.6–86.3) 

76.6% 
(66.0–84.7) 

0.812 
(0.749–0.874) 

85.0% 
(77.5–90.3) 

70.2% 
(59.8–79.0) 

0.5 74.5% 
(68.1–80.0) 

85.0% 
(77.8–90.2) 

57.1% 
(46.0–67.6) 

0.812 
(0.749–0.874) 

76.6% 
(69.0–82.8) 

69.8% 
(57.6–79.8) 

0.7 69.6% 
(63.0–75.5) 

62.2% 
(53.5–70.2) 

81.8% 
(71.8–88.8) 

0.812 
(0.749–0.874) 

84.9% 
(76.3–90.8) 

56.8% 
(47.5–65.6) 

0.9 47.1% 
(40.3–53.9) 

17.3% 
(11.7–24.8) 

96.1% 
(89.2–98.7) 

0.812 
(0.749–0.874) 

88.0% 
(70.0–95.8) 

41.3% 
(34.4–48.7) 

MODEL PERFORMANCE 

As shown in Table 3, the TBV, HV and combined volumes 
(incorporating TBV, HV, GM and WM) models each demon
strated moderate diagnostic performance with AUCs rang
ing from 0.75 to 0.81 for the Youden index (optimal thresh
old). Although the combined volumes model achieved the 
highest AUC, the confidence intervals overlapped across 
all models, indicating no significant difference in model 
performance. Across all models, the interaction between 
NZDep and brain volume measures was not statistically sig
nificant. Increasing the classification threshold from 0.5 to 
0.9 resulted in progressively higher specificity and positive 
predictive value (PPV), at the expense of reduced sensitiv
ity and negative predictive value (NPV). 

Figure 2 presents the ROC curves and diagnostic accu
racy outputs for the classification of dementia versus non-
dementia. Logistic regression results and model diagnostics 
are presented in Supplementary Tables S3 and S4. 

DISCUSSION 

Our findings demonstrate that the CTseg software success
fully generated brain volume estimates and performed well 

in distinguishing dementia from non-dementia in a sample 
of Pacific patients. 

BRAIN VOLUMES 

As expected, mean brain volumes (total brain, hippocam
pal, grey matter and white matter volumes) were lower 
in the dementia group compared with the non-dementia 
group, and lower in those with moderate severity compared 
to those with mild severity dementia. All mean brain vol
umes for Alzheimer’s dementia were lower than those for 
mixed dementia, which were lower than those for vascular 
dementia, but reached statistical significance only for hip
pocampal volume (p=0.034). Subtype differences in brain 
volume should be interpreted cautiously, as the original CT 
scans were visually reviewed as part of the clinical diagnos
tic process, raising the possibility of circularity (incorpora
tion bias). 

MODEL PERFORMANCE 

The CTseg-derived total brain volume performed reason
ably well in detecting dementia (Table 3). We might have 
expected the combined model to have greater diagnostic 
accuracy. This was not the case and may be due to multiple 
highly correlated brain volumes, which may increase the 
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Figure 2. ROC curves for total brain volume,       
hippocampal volume and combined volumes model in        
the diagnosis of all cause dementia versus no dementia          
in a sample of Pacific peoples living in New Zealand           
with 95% confidence bands     
The combined model includes total brain volume, hippocampal volume, grey matter volume, 
and white matter volume. 

risk of model overfitting without materially improving dis
crimination.29 

COMPARISON WITH EUROPEAN SAMPLE 

We compared our findings with those of the European sam
ple described in our earlier publication.11 We previously re
ported performance in the European sample at threshold 
0.5 for CTseg derived TBV (AUC 0.68, 95% CI: 0.60–0.76), 
HV (AUC 0.72, 95% CI: 0.64–0.80), and combined volume 
(AUC 0.74, 95% CI:0.66–0.81). The sample of Pacific pa
tients had higher reported AUCs for all models, but the 95% 

confidence intervals for both groups overlapped. For exam
ple, the AUC for the combined volume model at threshold 
0.5 in Pacific patients was 0.81 (95% CI: 0.75-0.87), whereas 
the AUC for the same model at the same threshold in the 
European sample was 0.74 (95% CI:0.66–0.81). 

Compared to the NZ European sample, the sample of Pa
cific patients showed higher sensitivity but lower specificity 
across all models. The lower specificity in the Pacific sam
ple might reflect the smaller sample size and greater class 
imbalance, with non-dementia cases comprising only 37.7% 
of the sample compared with 47.0% in the European sam
ple. In logistic regression, such class imbalance can bias 
models toward the majority class, which in this case is the 
dementia class, resulting in higher sensitivity but reduced 
specificity.30 An alternative explanation is that some Pacific 
individuals without a dementia diagnosis may have struc
tural brain changes for other reasons (e.g., cerebrovascu
lar disease), leading to apparent false-positive classifica
tions. Socioeconomic deprivation has been associated with 
greater brain atrophy,31,32 but it was not possible to ade
quately test for this interaction in our sample due to a lack 
of heterogeneity (72% of the sample categorized as high so
cioeconomic deprivation). The differences in diagnostic ac
curacy might also be explained by the higher proportion 
of MCI cases within the non-dementia group in the Pacific 
sample compared to European sample (70.1% vs 50.6%). As 
brain atrophy, especially hippocampal atrophy, is an early 
feature of dementia that can be pronounced in MCI, it re
duces the model’s ability to distinguish between groups.33 

To ensure that we were not misdiagnosing dementia as 
MCI, we calculated the proportion of individuals with MCI 
in both groups who subsequently converted to dementia. 
We found similar conversion rates in both groups, suggest
ing that the diagnoses of MCI reflect comparable positions 
along the dementia continuum. 

COMPARISON WITH OTHER STUDIES 

We also compared our findings with the only other similar 
study evaluating CTseg in the detection of dementia.34 

Their analysis differentiated 70 individuals with dementia 
from 72 individuals with MCI recruited from a Singaporean 
memory clinic, using a composite diagnostic score derived 
from seven brain volumetric measures. Diagnostic perfor
mance was high, with an area under the curve (AUC) of 
0.95 and approximately 90% sensitivity and 90% specificity 
(estimated from the published ROC curve).34 The diagnos
tic accuracy observed in our study is comparatively lower, 
likely reflecting our consecutive real-world sampling, re
sulting in greater heterogeneity of dementia subtypes, 
which will dilute diagnostic accuracy. 

STRENGTHS AND LIMITATIONS 

The key strength of this study is the use of a real-world con
secutive memory-service sample of Pacific peoples, a pop
ulation underrepresented in neuroimaging research. Diag
noses were established through multidisciplinary clinical 
consensus, enhancing diagnostic validity. Although CTseg 
outputs were not available to clinicians at the time of di
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agnosis, the original CT scans had been visualised by the 
memory service team as part of the diagnostic work-up and 
therefore incorporation bias may have occurred, potentially 
inflating associations. Additionally, the small number of 
patients without dementia may have contributed to class 
imbalance, and consequent low specificities. 

The greater proportion of Pacific patients with later-
stage dementia may reflect inequity in timely access to spe
cialist assessment for Pacific peoples living in NZ.35 Pacific 
peoples are under-represented in clinical datasets as they 
are disproportionately affected by barriers to diagnosis and 
specialist referral. This creates a “Catch-22” in health re
search: the same inequities that limit access to diagnostic 
services also reduce Pacific peoples’ visibility in research 
datasets, making it more challenging to develop and vali
date tools tailored to their needs. As a result, researchers 
aiming to assemble larger, representative samples are con
strained by these systemic inequities, which may inadver
tently widen evidence gaps and perpetuate unequal health 
outcomes. 

IMPLICATIONS FOR CLINICAL PRACTICE AND FUTURE 
RESEARCH 

We observed no significant differences in brain volumes 
among the three largest Pacific ethnic groups (Samoan, 
Cook Island Māori, and Tongan), further supporting the po
tential generalizability of these volumetric markers within 
Pacific populations. The broadly similar brain volumes ob
served between the European and Pacific samples, together 
with comparable overall model performance, also suggest 
that a combined volumetric model may be applied across 
populations without requiring ethnicity-specific volumetric 
thresholds, however this needs to be further tested and 
replicated in independent samples. 

A greater proportion (37%) of patients had moderate 
severity dementia in the Pacific sample compared to 10% 
of the European sample, despite the mean age being up to 
eight years younger. These findings are in keeping with pre
vious studies which have shown that Pacific patients have a 
more severe dementia at the time of diagnosis and develop 
dementia at a younger age.7,9 Opportunistic identification 
of brain changes in CT scans conducted for other reasons 
(for example, after a fall) might facilitate more timely de
tection of dementia in Pacific peoples, supporting access to 
services and potential treatments. 

Although the model’s diagnostic performance is not yet 
sufficient for standalone clinical use, it may be valuable as 
part of a multimodal case-finding or triage framework that 
integrates CTseg-derived volumetric measures with rou
tinely collected electronic health data. Machine learning 
models that use routine health data, including comorbidi
ties, health service utilization, laboratory results, and med
ication history have reported high AUC values.36 In this 
context, the high sensitivity observed in the Pacific sample 
may be advantageous for identifying individuals at in
creased risk of dementia, who could then be prioritized for 
further assessment and streamed into memory services for 
comprehensive evaluation. Such an approach could support 
earlier detection and improve diagnostic equity for Pacific 

populations while remaining cost-effective for the health 
system, as it leverages routinely acquired CT imaging and 
existing electronic health records rather than expensive or 
invasive biomarkers such as amyloid PET imaging or cere
brospinal fluid assays. This approach requires further in
vestigation. High sensitivity is useful for case-finding, but 
the implications of low specificity must be considered care
fully as a high false-positive rate can place an unnecessary 
burden on health services and lead to avoidable stress, and 
potential stigma for patients.37,38 

Future research should aim to evaluate CTseg in larger, 
ethnically diverse, more balanced, and multi-modal 
datasets to ensure more stable and generalizable model 
performance. In addition, future studies should formally 
assess subtype-specific performance, various brain regions 
and systematically examine the impact of scanner-related 
variability on volumetric outputs and model robustness. 
Finally, investigating the relationship between socioeco
nomic deprivation and brain volumes warrants further 
study. This association could not be robustly evaluated in 
the present cohort, given that the majority of Pacific peo
ples (≈72%) reside within areas characterized by high so
cioeconomic deprivation (NZDep 8–10). 

CONCLUSION 

Evaluating the accuracy of CTseg software for the detection 
of dementia in an ethnically distinct sample of Pacific peo
ples living in NZ, CTseg demonstrated diagnostic perfor
mance comparable to that previously observed in a sample 
of NZ European patients. These findings extend the gen
eralizability of our earlier work and provide support for 
CT-based volumetry as a scalable and pragmatic dementia 
case-finding tool that can be readily integrated into exist
ing clinical workflows and utilized across diverse NZ popu
lations. 
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