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a b s t r a c t 

Background: Twelve potentially modifiable risk factors (less education, hypertension, obesity, alcohol, 

traumatic brain injury (TBI), hearing loss, smoking, depression, physical inactivity, social isolation, dia- 

betes, air pollution) account for an estimated 40% of worldwide dementia cases. We aimed to calculate 

population attributable fractions (PAFs) for dementia for the four largest New Zealand ethnic groups (Eu- 

ropean, M ̄aori, Asian, and Pacific peoples) to identify whether optimal dementia prevention targets dif- 

fered by ethnicity. 

Methods: We calculated risk factor prevalence for 10 risk factors using the New Zealand Health Survey 

2018/19 and published reports for hearing loss and TBI prevalences. We calculated the PAF for each risk 

factor using calculated prevalence and relative risk estimates from previous meta-analyses. To account for 

risk factor overlap, we calculated communality of risk factors and a weighted PAF. 

Findings: The weighted PAF for dementia was 47.7% overall in New Zealand, 47.6% for Europeans, 51.4% 

for M ̄aori, 50.8% for Pacific peoples, and 40.8% for Asians. Highest PAFs for Europeans were hearing loss 

(8%) and social isolation (5.7%), and for Asians hearing loss (7.3%) and physical inactivity (5.5%). For M ̄aori 

and Pacific peoples, highest PAFs were for obesity (7.3% and 8.9% respectively) and hearing loss (6.5% and 

6.6%). 

Interpretation: New Zealand has higher dementia prevention potential than worldwide estimates with 

high prevalences of untreated hearing loss and obesity. The relative contribution of individual risk factors 

PAFs varies by ethnic group. Public health strategies for dementia prevention need to be tailored to these 

differences. 

Funding: Health Research Council of New Zealand (HRC:20/021). 

© 2021 The Authors. Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Dementia, a syndrome defined as acquired decline from previ- 

usly attained cognition which impairs daily functioning 1 affects 

ot only the individual, but also their family who in general are 
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he main carers, and is associated with significant health and so- 

ial care costs. 2 As the New Zealand population ages, as in the rest 

f the world, the prevalence of dementia is projected to triple. In 

ew Zealand, numbers are expected to increase from 70,0 0 0 in 

020 to 170,0 0 0 by the year 2050, with the total economic costs 

rom direct health system costs and indirect economic costs (in- 

luding carer support and informal care) projected to increase from 

1.9 billion to $4.5 billion in that time, putting increased strain on 

ealth care resources. 3 In New Zealand, the non-European popula- 
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ions (M ̄aori, Pacific peoples, and Asian) are all projected to com- 

rise an increasing proportion of the 65 + population in the coming 

ecades, 4 with a concomitant increase in the prevalence of demen- 

ia in these ethnic groups. 

The 2017 Lancet Commission on dementia prevention, interven- 

ion, and care 5 specified nine potentially modifiable risk factors 

or dementia: smoking, depression, physical inactivity, social iso- 

ation, diabetes, obesity, hypertension, hearing loss and less edu- 

ation, with each factor carrying a relative risk (RR) of 1.4-1.9 in 

hose who had it compared to those who did not. The authors es- 

imated the worldwide population attributable fraction (PAF), de- 

ned as potential reduction in dementia prevalence if a particular 

isk factor was eliminated, using summary global estimates for risk 

actor prevalences. 6 They calculated these for each of the nine risk 

actors and, adjusting for the fact that individuals could have mul- 

iple risk factors, estimated 35% of dementia cases were potentially 

reventable. The 2020 Lancet Commission report found more and 

onvincing evidence for and included three additional risk factors 

or dementia: traumatic brain injury (TBI), air pollution, and excess 

lcohol consumption and estimated 40% of dementias were poten- 

ially preventable worldwide if all 12 risk factors were completely 

liminated. 7 

Many risk factors cluster around socio-economic deprivation 

hich may occur particularly in minority ethnic groups and in vul- 

erable populations. 7 New Zealand is a bicultural country with a 

ajority population of European descent (70.2%) and indigenous 

 ̄aori population (16.5%) that also includes other sizeable minor- 

ty populations, including Pacific peoples (8.1%) and Asian (15.1%), 

umming to > 100% as individuals can identify with more than one 

thnic group. Non-European populations in New Zealand have sub- 

tantial socioeconomic deprivation compared to Europeans, to the 

xtent that the country has been conceptualised as having low and 

iddle income populations within a high income country. 8 While 

here is no data on the prevalence of dementia across different eth- 

icities in New Zealand, there is clear evidence that M ̄aori and Pa- 

ific populations have poorer health outcomes than European, re- 

ected in a shorter life expectancy and a disproportionate burden 

f illness. 9 There is also evidence of increased burden of dementia 

n non-European populations in some other countries. 10 , 11 Socio- 

conomic deprivation is often cited as a contributory reason for 

hese poorer health outcomes 12 but there is also compelling evi- 

ence of an association between experiences of racism and nega- 

ive health outcomes. 13 

The figures used to estimate population attributable fractions 

n the Lancet commissions used worldwide data, and so most of 

he research was conducted in high income countries, and within 

hem in mainly white populations. 5 In contrast, analysis of cross- 

ectional prevalence data for the original nine risk factors 5 from 

epresentative populations in China, India, and six Latin Ameri- 

an countries, resulted in higher PAF calculations of 40%, 41% and 

6% respectively, indicating a higher proportion of potentially pre- 

entable dementia if those risk factors were completely elimi- 

ated. 14 The study also demonstrated the influence of differences 

n risk factor prevalence on individual risk factor PAF calculations 

nd their relative contribution to the total PAF when compared 

ith worldwide estimates. This highlights the need for population 

pecific PAF calculations to inform interventions with the greatest 

otential for risk reduction. 

While it is thought that risks for dementia in differing ethnic 

roups in a single country population will vary, 5 , 7 this has not 

een quantified, to our knowledge. The aim of this study is to cal- 

ulate the total PAF for the 12 risk factors identified in the 2020 

ancet Commission report 7 using New Zealand-specific prevalence 

ata for the total New Zealand population and for the four largest 

thnic groups in New Zealand – M ̄aori, Pacific peoples, Asian (in- 

ludes South and East Asian peoples, the majority of whom are 
2 
hinese and Indian) and European. The findings regarding poten- 

ial within-country differences in population dementia risk could 

nform tailored dementia risk reduction policies for different ethnic 

roups and the necessity for these considerations in other coun- 

ries. 

ethods 

thics Approval 

This study received ethics approval from the Auckland Health 

esearch Ethics Committee (Ref:AH2974). 

atient population and data sources 

We used data from the New Zealand Health Survey 2018/19 

NZHS 2018/19). 15 The survey includes data on 10 of the 12 risk 

actors identified in the Lancet Commission 2020 report but not for 

earing loss or TBI. 7 It is a Ministry of Health (MoH) data collec- 

ion tool used to monitor population health and inform health pol- 

cy by collecting information including population health, health 

isk and protective factors, and health service usage. The target 

opulation of the NZHS is the New Zealand “usually resident pop- 

lation” of all ages, with approximately 99% of the population el- 

gible to participate. It has a multi-stage, stratified, probability- 

roportional-to-size (PPS) sampling design, with a sample size of 

3,572 people aged 15 years and older. For this study, we included 

ll 7,745 NZHS 2018/19 participants aged 45 years and older. The 

urvey selects participants from both an area-based sample and 

ist-based electoral roll sample, designed to increase the sample 

izes for M ̄aori, Pacific peoples, and Asian ethnic groups. 15 Inter- 

iewers collect information on sociodemographics, long-term con- 

itions, health status and development, health behaviours, health 

ervice utilisation and patient experience. Height, weight, waist cir- 

umference and blood pressure are directly measured . The NZHS 

as been carried out annually since 2011 and, due to its method- 

logical rigour, is considered an accurate reflection and represen- 

ation of the major ethnic subgroups in the New Zealand popu- 

ation. Prior to 2011, separate surveys were carried out for differ- 

nt health issues (for example smoking, alcohol, and nutrition) 16 

ut these have since been incorporated into the single survey. The 

ZHS is used by the Ministry of Health as the source of prevalence 

stimates for many health conditions. 

isk factor prevalence 

We present definitions of each risk factor in Table 1 . Each fac- 

or has consistent, biologically plausible, dose-related, longitudinal 

vidence from multiple studies as a risk factor for dementia. 5 , 7 

he justification for inclusion in the analyses and the calculation 

f their relative risks for dementia is described in more detail in 

he Lancet reports. 5 , 7 

ducation and Smoking 

The two main sources of prevalence estimates for education 

nd smoking are the NZHS and Census 2018 17 with the NZHS 

018/19 estimates for both risk factors mirroring those of the cen- 

us. We chose to use the NZHS 2018/19 as it allowed comparison 

y prioritised ethnicity to ensure the complete independence of 

roups. 

besity and Hypertension 

The NZHS 2018/19 prevalence estimates of obesity and hyper- 

ension are considered the best estimate as these are based on ob- 

ective anthropometric measurements. 
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Table 1 

Definitions of risk factors for dementia 

Risk factor Definition 

Less education Self-reported highest education attained is less than upper secondary (Age < 15 years) 

Hypertension Systolic blood pressure ≥140mmHg 

Obesity Body Mass Index (BMI) ≥30Kg/m 

2 

Hearing loss Difficulty hearing at a threshold of 20dB or greater 

Smoking Identifies as a current smoker 

Depression Self reports ever being diagnosed with depression by a doctor 

Physical inactivity Did not meet WHO physical activity guidelines for exercise of > 30 minutes a day for at least 5 days a week 

Social isolation Lives alone 

Diabetes Self reports ever being diagnosed with diabetes by a doctor 

Alcohol Consumes > 17 units of alcohol a week (1 unit = 10g pure alcohol) 

Air Pollution Urban residence (living in an area with > 10,000 population) 

Traumatic Brain Injury (TBI) WHO definition of TBI 29 
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iabetes 

The NZHS estimates of diabetes prevalence based on are similar 

o that of the national virtual diabetes register, the currently con- 

idered gold standard of diabetes prevalence based on laboratory 

ndings of an elevated HbA1c or prescription of diabetes medica- 

ion. 15 As with education and smoking, due to the similar preva- 

ence estimates we chose to use the NZHS estimates as it allowed 

omparison by prioritised ethnicity. 

ir pollution 

While New Zealand has low levels of air pollution compared 

ith other OECD countries, 18 there is evidence of an association 

etween air pollution and adverse health outcomes in the country. 
9 There are no studies comparing air pollution in urban and rural 

ettings in New Zealand. However, a 2019 report by the National 

nstitute of Water and Atmospheric Research (NIWA) 20 modelled 

M 2.5 levels throughout the country and demonstrated an associ- 

tion between annual mean PM 2.5 concentrations and population. 

owns with a population of < 10,0 0 0 had an annual mean PM 2.5 

oncentration of 6.2μg/m 

3 compared with 8.25μg/m 

3 for popula- 

ions ≥10,0 0 0. Ministry for the Environment data also shows an 

ssociation between annual mean PM 10 concentrations and popu- 

ation size, with towns and cities having a higher mean concentra- 

ion compared to more rural areas. 21 We therefore defined urban- 

city as living in a town with a population ≥10,0 0 0 and used this

s a proxy for air pollution. 

lcohol 

The NZHS is considered the best prevalence estimates for al- 

ohol consumption and is the source used by Te Hiringa Hauora, 

he national health promotion agency. 22 The NZHS provides in- 

ormation on alcohol use frequency and the range of number of 

nits consumed at a time, allowing the calculation of the range of 

tandard units consumed by an individual in a typical week. We 

sed the mid-point of the range of values an individual reported 

o calculate number of units consumed per week. A standard unit 

f alcohol in New Zealand contains more alcohol than a UK stan- 

ard unit (10 grams vs 8 grams), so a cut-off of 17 units per week 

as used to approximate to the 21 unit/week recommendation in 

he UK. 

ocial isolation 

In line with the 2017 Lancet Commission report, 5 , 23 and ad- 

itional systematic review evidence, 23 cohabitation was used as a 

roxy for social isolation, with the assumption that those who live 

lone have less social contact than those who live with others. 
3 
earing loss 

There are three sources of recent prevalence data for hearing 

oss in New Zealand. A report on the social and economic costs 

f hearing loss in New Zealand 

24 used data from a meta-analysis 

f international audiometry studies to estimate the NZ prevalence 

f mild (20-34dB), moderate (35-64dB), and severe hearing loss 

 > 65dB). 25 . We used this prevalence estimate in our calculations 

s it was the only study to use objective audiometric findings and 

any of the studies included in the meta-analysis were from high 

ncome countries, similar to New Zealand. The other studies used 

elf-reported hearing loss. 26 , 27 However, self-reported hearing loss 

s often inaccurate with false positive and negative findings de- 

cribed in the literature. 28 

BI 

Prevalence data on TBI in New Zealand used estimates from the 

rain Injury Outcomes New Zealand in the Community (BIONIC) 

tudy group based on a large New Zealand prospective population 

ased register, and is the best estimate of TBI prevalence available 

or New Zealand. 29 The prevalence data for both hearing loss and 

BI were presented by 5 year age bands but did not disaggregate 

ata by ethnicity. For these two risk factors, prevalence was esti- 

ated using each ethnicity’s population age distribution. 

xercise 

As with many of the other risk factors, the NZHS estimate of 

hysical activity is considered an accurate representation of the 

opulation. Sport NZ, the government agency to promote and im- 

rove physical activity through sport and recreation, also carries 

ut the Active NZ survey, 30 last done in 2019, to measure partici- 

ation in sport and physical activity. The findings of the survey for 

evels of activity mirror those of the NZHS so we chose to use the 

ZHS as it allowed comparisons by prioritised ethnicity. 

epression 

New Zealand’s only national mental health survey, Te Rau Hi- 

engaro: The New Zealand Mental Health Survey 31 was carried 

ut in 2003/04 and employed similar multistage area probability 

ampling of the New Zealand population to the NZHS to estimate 

2 month and lifetime prevalence of mental disorders (including 

epression) using the World Mental Health (WMH) Survey Initia- 

ive version of the Composite International Diagnostic Interview 

WMH-CIDI). Lifetime prevalence of major depressive disorder was 

stimated in the total New Zealand, Maori, and Pacific populations 

ut did not disaggregate by any other ethnicities and published 

ata or allow not disaggregated by both age and ethnicity. Ques- 

ions exploring depression have since been incorporated in to the 
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Table 2 

Population attributable fraction (PAF) calculations for the whole New Zealand population 

Relative Risk Prevalence (%) Communality PAF (%) Adjusted PAF (%) 

Early Life ( < 45 years) 

Less education 1.6 31.0 0.49 15.7 4.6 

Midlife (age 45-65 years) 

Hypertension 1.6 33.5 0.61 16.7 4.9 

Obesity 1.6 38.4 0.70 18.7 5.5 

Alcohol 1.2 9.8 0.74 1.9 0.6 

TBI 1.8 18.2 0.63 12.7 3.7 

Hearing loss 1.9 39.9 0.63 26.4 7.8 

Later life (age > 65 years) 

Smoking 1.6 13.5 0.65 7.5 2.2 

Depression 1.9 19.1 0.65 14.7 4.3 

Physical inactivity 1.4 53.6 0.44 17.6 5.2 

Social isolation 1.6 37.3 0.67 18.3 5.4 

Diabetes 1.5 11.6 0.59 5.5 1.6 

Air pollution 1.1 71.7 0.81 6.7 1.9 

Total adjusted PAF 47.7 
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ZHS and we chose to use NZHS 2018/19 due to it being more re-

ent and allowing comparison across the four ethnic groups. 

thnicity 

New Zealand is a multicultural country and individuals can 

dentify with multiple ethnic groups so to ensure fully indepen- 

ent groups, prioritised ethnicity as defined by the Ministry of 

ealth was used for the 10 NZHS 2018/19 risk factors. This means 

ach person is allocated to one ethnic group based on the groups 

hey identify with, in the prioritised order of M ̄aori, Pacific peo- 

les, Asian, European/Other. 32 

tatistical Analysis 

The risk factors for dementia are associated with their presence 

rom mid-life onwards (except childhood education which does not 

hange in adulthood) so we calculated prevalence of each risk fac- 

or for those aged 45 years and older for the 10 risk factors avail-

ble in the NZHS 2018/19 NZ population and by prioritised ethnic- 

ty for M ̄aori, Pacific peoples, Asian, and European ethnicities. 

We used the same relative risks (RR) as those reported in the 

ancet Commission 2020 report to allow comparison of findings. 7 

e calculated an unadjusted PAF for the total New Zealand popu- 

ation using the formula 

AF = 

P e ( RRe − 1 ) 

1 + P e ( RRe − 1 ) 

here Pe is the prevalence of the exposure and RRe the relative 

isk of disease because of that exposure. 

We then calculated it for each of the main ethnic groups – Eu- 

opean, M ̄aori, Pacific peoples, and Asian. To account for an in- 

ividual having multiple risk factors that often overlap and clus- 

er, we calculated communality of risk factors, as described in the 

ancet Reports and then weighted PAF. 5 , 7 Communality calculates 

he extent of the shared variance between risk factors and allows 

or the calculation of an adjusted PAF, weighted by each factors’ 

nique risk contribution. We followed the standard method for the 

alculation of PAF and communality for the 10 risk factors avail- 

ble in one database, the NZHS 2018/19, for the total NZ population 

ged > 45 years. When calculating communality, we dealt with in- 

omplete data by case-wise deletion as the number of missing data 

oints was low for all risk factors ( < 1%) except hypertension and 

besity which had 7.4% and 7.5% data points missing respectively . 

e used the mean of the 10 communality calculations as the esti- 

ated communality for hearing loss and TBI, in line with previous 

nalyses as there is no dataset containing all 12 risk factors. 7 These 
4 
alculations were used as the communality for all subgroup analy- 

es by ethnic groups. 

We carried out two sensitivity analyses. The first used alternate 

revalence estimates for hearing loss from the self-reported preva- 

ence papers to assess the effect of the wide range of prevalences 

eported. 24 , 26 , 27 As people in population surveys tend to underre- 

ort alcohol use by 40-50%, 33 our second sensitivity analysis re- 

eated PAF calculations using prevalence based on the upper esti- 

ate in each category for alcohol consumption frequency and vol- 

me. 

tandard method for the calculation of population attributable 

ractions and communality 14 

Formula for individual population attributable fraction 

Population attributable fraction (PAF) = Pe(RRe – 1) / 

1 + Pe[RRe – 1]), in which Pe is the prevalence of the expo- 

ure and RRe the relative risk of disease because of that exposure. 

Calculation of communality 

We input data for all risk factors into our model and calculated 

he tetrachoric correlation to generate correlation coefficients and 

 correlation matrix. This calculation establishes the correlation be- 

ween unobserved and latent variables and observed dichotomous 

ariables. 

We conducted a principal component analysis on the correla- 

ion matrix to generate eigenvectors, which are directions mapped 

nto the datapoints from which variance to the data is measured. 

hese eigenvectors represent unobserved factors underlying all the 

ariables that explain the variance observed. 

We retained components with eigenvalues of at least 1 in the 

odel, as is standard practice, so that only eigenvectors that hold 

he most information about the data distribution are retained. 

We calculated communality as the sum of the square of all 

actor loadings (i.e., how much each unobserved component ex- 

lained each measured variable). 

Calculation of overall PAF 

We then calculated overall PAF: 

PAF = 1 – [(1 – PAF1)(1 – PAF2)(1 – PAF3)...] 

Each individual risk factor’s PAF was weighted according to its 

ommunality using the formula: 

Weight (w) = 1 – communality 

Weighting was included in the calculation of the adjusted total 

AF using the formula: 

Total PAF(adjusted) = 1 – [(1 – w 

∗PAF1)(1 – w 

∗PAF2)(1 –

 

∗PAF3)...] 
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Table 3 

Population attributable fraction (PAF) calculations for M ̄aori, Pacific, Asian and European ethnic groups living in New Zealand 

M ̄aori Pacific Asian European 

Prevalence Adjusted PAF(%) Prevalence Adjusted PAF(%) Prevalence Adjusted PAF(%) Prevalence Adjusted PAF(%) 

Early Life ( < 45 years) 

Less education 40.6 5.6 43.4 6.0 22.5 3.8 30.2 4.5 

Midlife (age 45-65 years) 

Hypertension 35.7 5.0 38.9 5.5 30.3 4.9 33.5 4.9 

Obesity 57.6 7.3 74.0 8.9 16.6 2.9 36.3 5.3 

Alcohol 12.6 0.7 5.3 0.3 4.5 0.3 10.3 0.6 

TBI 17.8 3.5 17.8 3.6 17.8 3.9 18.3 3.7 

Hearing loss 33.2 6.5 32.9 6.6 33.7 7.3 41.7 8.0 

Later life (age > 65 years) 

Smoking 29.6 4.3 17.7 2.8 5.8 1.1 11.7 1.9 

Depression 19.0 4.2 8.4 2.0 9.9 2.6 21.0 4.7 

Physical inactivity 53.6 5.0 59.9 5.6 52.8 5.5 53.5 5.2 

Social isolation 36.6 5.1 19.6 3.0 18.2 3.1 40.4 5.7 

Diabetes 18.2 2.4 32.3 4.1 19.6 2.8 8.6 1.2 

Air pollution 67.7 1.8 91.0 2.4 92.7 2.6 69.9 1.9 

Total adjusted PAF 51.4 50.8 40.8 47.6 

Figure 1. Relative PAF contributions of each risk factor across four ethnic groups in New Zealand 
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Individual adjusted PAF was then calculated using the for- 

ula: 

ndividual adjusted PAF = 

( Individual PAF ) 
∑ 

( Individual PAF ) 

X ( TotalPAF ( adjusted ) ) 

ole of the funding source 

The funders had no role in study design, data collection, data 

nalysis, interpretation, or writing of the report. 
5 
esults 

There were participant data for 7,745 individuals aged 45 years 

nd older in the NZHS 2018/19. For calculations using priori- 

ised ethnicity, there were 5,449 NZ European (70.4%), 1,286 M ̄aori 

16.6%), 266 Pacific peoples (3.4%), and 466 individuals of Asian 

thnicity (6.0%). The group comprising the 278 (3.4%) of Middle 

atern/Latin American/African (MELAA) or other ethnicity were not 

urther analysed. The median age for the total sample was 63 years 

range 45-90 years; Inter-quartile range; IQR 53-72 years), with 

 ̄aori (59 years), Pacific peoples (59 years) and Asian (56 years) 

eing younger compared to European (65 years). There was a fe- 
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ale preponderance for the total sample (58%) as well as for Eu- 

opean (57.4%), Asian (57.5%), Pacific peoples (58.7%) and M ̄aori 

63.5%) participants. 

Risk factor prevalence, communality and weighted PAFs for the 

otal NZ population are presented in Table 2 . After case-wise dele- 

ion of 909 individuals missing at least one risk factor, communal- 

ty was calculated using data for 6,836 individuals. We found five 

rincipal components explained 63.5% of the variance, suggesting 

ignificant overlap. Communality of risk factors ranged from 44% 

or physical inactivity to 81% for air pollution. 

The proportion of dementia cases in the New Zealand popula- 

ion that were theoretically preventable if all 12 dementia risk fac- 

ors were eliminated was 47.7%. PAF calculations by prioritised eth- 

icity for each of the ethnic groups are presented in Table 3 and 

ere 40.8% for Asian, 47.6% for Europeans, 50.8% for Pacific peo- 

les, and 51.4% for M ̄aori ( Table 3 ). 

In the overall New Zealand population, hearing loss (7.8%), obe- 

ity (5.5%) and social isolation (5.4%) were the risk factors with the 

ighest PAF. For M ̄aori and Pacific peoples, obesity (7.3% and 8.9% 

espectively), hearing loss (6.5% and 6.6%) and education (5.6% and 

.0%) were the largest contributors to PAF. The top three risk fac- 

ors for Europeans were hearing loss (8.0%), social isolation (5.7%) 

nd obesity (5.3%), while for Asians the factors with the highest 

AF were hearing loss (7.3%), physical inactivity (5.5%) and hyper- 

ension (4.9%). These relative contributions to dementia risk are 

hown for each ethnic group in Figure 1 . 

ensitivity analyses 

Using the lower subjective estimates of hearing loss prevalence 

13.6-15.5% across all four ethnic groups vs 32.9-41.7%) 26 resulted 

n a lower weighted PAF for hearing loss for the New Zealand 

opulation and all ethnic groups (3.2-3.7% vs 6.5-8%) and a lower 

ange of total PAF calculations (37.8-49.0% vs 40.8-51.4%). Using the 

igher prevalence estimates for alcohol (7.1-31.1% vs 5.3-12.6%) re- 

ulted in a small increase in the PAF for alcohol (0.5-1.7% vs 0.3- 

.7%) and total PAF (40.8-51.9% vs 40.8-51.4%) across the different 

thnic groups. 

iscussion 

To our knowledge, this is the first study to investigate the pop- 

lation attributable fraction of 12 known risk factors for demen- 

ia between different ethnic groups in New Zealand. The overall 

AF of 47.7% for the New Zealand population is higher than the 

lobal estimate of 40% 

7 incorporating the same risk factors. The 

stimated PAF for M ̄aori (51.4%) and Pacific peoples (50.8%) were 

igher than for the NZ population, while those of Asian ethnicity 

40.8%), who are mainly of Chinese (35%) and Indian (33.8%) ori- 

in, were lower than for the total New Zealand population. This is 

n line with US population estimates of lower dementia incidence 

n East Asian populations in US. 34 There are no comparable data 

or South Asians as a minority population although the estimate in 

ndia using nine risk factors was similar at 41%. 14 

Compared to global figures, New Zealand has a higher preva- 

ence of all but three risk factors: education, smoking, and air pol- 

ution. Some risk factor prevalence estimates for the New Zealand 

opulation were multiple times higher than global figures such as 

besity (11 times higher), hypertension (3.8 times) and physical 

nactivity (3 times). The relative contributions of each risk factor 

iffered by ethnicity. For the total New Zealand population and 

or New Zealand Europeans, the three risk factors with the high- 

st PAF were hearing loss, social isolation and obesity. For M ̄aori 

nd Pacific peoples obesity was the largest factor, followed by hear- 

ng loss and education, while the factors with the highest PAF for 

hose of Asian ethnicity were hearing loss, physical inactivity and 
6 
ypertension. New Zealand ranks third among OECD countries for 

besity, contributed to by an increasingly obesogenic environment 

esulting in changes in dietary and physical activity patterns over 

he years. 35 The higher prevalence of obesity in M ̄aori and Pacific 

eoples is unlikely to be due to genetic variations 36 but rather re- 

ect their overrepresentation in socioeconomically disadvantaged 

reas more susceptible to obesogenic influences. 35 , 37 Obesity and 

he obesogenic environment also contribute to the higher preva- 

ence of risk factors such as hypertension and diabetes. 35 , 36 

The estimation of PAF relies on accurate prevalence data. The 

ZHS 2018/19 is a methodologically rigorous tool designed to ac- 

urately survey a representative sample of the population. Further- 

ore, it allowed prevalence estimates by prioritised ethnicity, al- 

owing for PAF calculations across independent groups. The anthro- 

ometric measurements used for hypertension and obesity were 

bjectively measured and the prevalence estimates for many risk 

actors match other population based surveys, indicating validity. 

hile all datasets are limited by missing data the NZHS 2018/19 

as a low proportion of missing data ( < 1%) for eight of the 10

isk factors in the dataset. Missing data for hypertension (7.4%) and 

besity (7.5%) may affect the prevalence estimates for these two 

isk factors and this limitation is acknowledged.”

The NZHS 2018/19 likely underestimates the prevalence of de- 

ression in Asian and Pacific peoples as the question asked in the 

urvey was specifically about being diagnosed with depression by 

 doctor and there is evidence of ethnic disparities in self-reported 

iagnosis of depression by a doctor relative to their scores on 

creening measures for depression. 38 This may have resulted in 

n underestimation of the true prevalence of depression in these 

roups and therefore a lower estimated PAF for dementia. Using 

he mid-range estimate for alcohol consumption may have resulted 

n a conservative estimate of the PAF for alcohol as research has 

hown individuals can underreport alcohol consumption by up to 

0%. 33 However, calculations using the upper estimate of consump- 

ion only resulted in a small increase in the PAF for alcohol and 

verall PAF. 

Interactions between concurrent risk factors in individuals can 

lso influence dementia prevalence. Adjusting PAF calculations to 

ccount for the shared variance between risk factors may have re- 

ulted in a lower PAF estimation for those factors with a tendency 

o cluster in individuals, such those associated with cardiovascu- 

ar risk. The estimates of relative risk used to calculate PAF are 

ased on worldwide studies associated with each specific risk fac- 

or. There may be no ethnic difference in risk factor association 

ith dementia per se but the literature to date does not include 

he influence of ethnicity on relative risk for dementia. 

TBI and hearing loss were not asked as part of the NZHS, so 

heir communality with other risk factors could not be measured 

irectly and alternate sources of prevalence estimates were re- 

uired. The BIONIC data on TBI is from a large prospective cohort 

tudy of TBI incidence in New Zealand and is robust but not disag- 

regated by ethnicity. 29 The prevalence estimates on hearing loss 

n New Zealand vary depending on how hearing was assessed and 

hat cut-offs were used. The two surveys asking a single ques- 

ion to assess for the presence of subjective hearing loss reported 

 prevalence for the total New Zealand population of 15.2% and 

7% respectively. 26 , 27 Using international audiometry data, and a 

ut-off of 20dB, the National Foundation for the Deaf report on the 

ocial and economic costs of hearing loss in New Zealand reported 

 higher prevalence estimate of 46.8% for hearing loss. 24 The sen- 

itivity analysis shows that there would have been differences in 

AF using the former studies but subjective hearing loss consis- 

ently underreports hearing loss and includes false positives and 

e therefore judge that these figures are less accurate 28 . Neither 

f these studies of hearing loss were disaggregated by ethnicity but 

here is evidence that younger M ̄aori have greater rates of hearing 
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oss so the prevalence estimates for M ̄aori may be higher than we 

ave used in our calculations. 39 

No direct measures were available for exposure to air pollution 

r social isolation so proxy measures were used for both risk fac- 

ors. The correlation between urban living and air pollution, as well 

s the association between increased dementia incidence and liv- 

ng in close proximity to heavy traffic routes suggests urbanicity is 

 reasonable proxy for exposure to air pollution. 40 However, the 

imitations of urbanicity as a proxy for air pollution is acknowl- 

dged as some may live in low pollution areas. In addition, there is 

 likely correlation of urban living and population size with other 

actors associated with dementia such as access to health care. 

he use of cohabitation as a proxy for social isolation is acknowl- 

dged as a limitation as it assumes that those who live alone have 

ess social contact, although the increased risk of dementia in life- 

ong singles compared to married people suggests this is reason- 

ble. 23 There is no consensus on what defines social contact and 

here is evidence that living alone confers an increased dementia 

isk. 41 

While complete elimination of risk factors will not happen, any 

eduction in risk factors should delay, or even prevent, dementia 

nset, thereby reducing overall prevalence and this probably ac- 

ounts for reductions in population prevalence estimates over the 

ast two decades. 42 It is possible that risk factor reduction may 

ead to increased longevity which, in turn, may increase the num- 

er of people living with dementia due to the association between 

ncreasing age and dementia. This impact of longevity on num- 

ers of people with dementia prevalence is not accounted for by 

he PAF calculations, so it is possible the reduction in dementia 

revalence due to complete risk factor elimination is overestimated 

r possibly even reversed. It is also possible that those who live 

onger due to tackling the risk factors are less likely to develop de- 

entia so the age related prevalence is decreased. The reduction 

n overall dementia incidence in many countries over the past few 

ecades has occurred despite the increased risk associated with 

he concurrent ageing of the population during this time. 43 

In line with the theory of risks causing dementia, the reported 

eduction in the incidence and prevalence of dementia in many 

igh income countries is attributed to the reducing prevalence of 

isk factors associated with dementia such as low education, smok- 

ng, lack of exercise and hypertension. 42 , 44 Conversely, low and 

iddle income countries (LMICs), such as those in Latin America, 

arry a heavier risk factor burden 

14 and this is associated with a 

igher dementia prevalence. Although New Zealand is considered a 

igh income country, our study suggests the prevalence of many of 

he risk factors, particularly in M ̄aori and Pacific peoples, are simi- 

ar to, or even exceed, those of some LMICs. There has never been 

 national dementia prevalence study in New Zealand and cur- 

ent estimates are extrapolated from other countries’ data. 3 , 45 Our 

ndings raise the question of whether the 2015 World Alzheimer 

eport prevalence estimate of 6.9% for dementia in those aged > 60 

ears in Australasia, 46 upon which the current New Zealand preva- 

ence estimates are based, 3 is an underestimate. The prevalence of 

ementia in people aged > 60 years in New Zealand may in fact 

e closer to the 8.3% estimate for Latin America which also has a 

igher prevalence of many risk factors when compared to global 

stimates. 46 

In line with findings from the Lancet Commission reports, 5 , 

 hearing loss contributed a significant PAF for dementia in New 

ealand, and was important across all ethnicities. The cost of hear- 

ng aids is high in New Zealand and many cannot afford them. 24 

his might be a relatively simple but cost-effective intervention for 

ew Zealand that may result in the more equitable reduction of 

ementia risk across all major ethnic groups living in New Zealand. 

ndeed, a recent cost modelling study in the UK 

47 demonstrated 

ot only a reduction in dementia prevalence and quality adjusted 
7 
ife year gains for the individual associated with the provision of 

earing aids but also a net cost saving to the care system. 

The relatively small contribution of diabetes (1.6%) and smok- 

ng (2.2%) to total PAF in the overall New Zealand population, 

hen compared with other risk factors, suggests they would not 

e the targets of choice if dementia prevention was the primary 

im. However, smoking has a higher PAF in M ̄aori (4.3%), and di- 

betes a higher PAF in Pacific peoples (4.1%), suggesting these risk 

actors may be more important for dementia prevention if targeted 

o these ethnic groups. These findings are important because Euro- 

eans account for 78.8% of the New Zealand population aged > 45 

ears, 4 so PAF calculations for the whole population will inevitably 

eflect their risk profile. If packages of risk reduction are to be ef- 

ective as well as acceptable they need to be tailored to each ethnic 

roup and delivered in a culturally appropriate way. 48 

This study identifies the high risk factor burden associated with 

ementia prevalence in New Zealand and across the four largest 

thnic groups. It suggests almost half of dementia cases in New 

ealand are potentially preventable if the 12 identified risk factors 

re completely eliminated. While the risk factors with the high- 

st associated PAF were similar between M ̄aori and Pacific peoples, 

hey were not the same as those for Europeans and Asians, indicat- 

ng the need for targeted dementia prevention interventions. 

Our calculations highlight the risk factors to target within each 

thnic group to achieve the greatest reduction in dementia preva- 

ence. The relative contribution of individual risk factors to demen- 

ia varies by ethnic group in New Zealand so any public health 

trategies need to be tailored to ethnic groups to maximise the 

enefit from interventions. 

esearch in context 

vidence before this study 

The 2020 Lancet Commission on dementia prevention, interven- 

ion and care considered 12 potentially modifiable risk factors for 

ementia, (less education, hypertension, obesity, alcohol, traumatic 

rain injury (TBI), hearing loss, smoking, depression, physical inac- 

ivity, social isolation, diabetes, and air pollution). The population 

ttributable fraction (PAF) is the potential reduction in dementia 

revalence if a particular risk factor was eliminated. The commis- 

ion found, using global figures of prevalence estimates and rela- 

ive risk from meta-analyses that the total weighted PAF for these 

actors, taking into account that people frequently have overlap- 

ing risks, was 40% of dementia cases worldwide. PAF estimates 

ary between countries as prevalence of risk factors differ; for ex- 

mple, they have been found to be higher in India, China and Latin 

merica than worldwide. We searched PubMed from inception to 4 

anuary 2021 for studies investigating dementia prevention in New 

ealand using the search terms “dementia”, “prevention” and “New 

ealand” with no limits on language or date of publication. We 

ound no papers on overall dementia risk but there were papers 

nvestigating individual risk factors for dementia. 

dded value of this study 

To the best of our knowledge this is the first study to investi- 

ate the individual and overall population attributable fraction of 

otentially preventable risk factors for dementia in people from 

ifferent ethnic groups living within one country. This paper re- 

orts the weighted PAF for the four main ethnic groups in New 

ealand: M ̄aori, and those of European, Asian or Pacific ethnic- 

ty. The prevalence of many risk factors for dementia varies be- 

ween ethnic groups in New Zealand with estimated weighted PAF 

or the whole New Zealand population (47.7%), European (47.6%), 

 ̄aori (51.4%), Pacific peoples (50.8%), and Asian (40.8%) all higher 
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han the worldwide estimates. The relative contribution of individ- 

al risk factors also differs among different ethnicities. Hearing loss 

s the risk factor with the highest PAF for European and Asian eth- 

icities, and obesity the highest PAF for M ̄aori and Pacific peoples. 

isk factors with large contributions to risk are social isolation for 

uropeans, hearing loss and lower education levels for M ̄aori and 

acific peoples, and physical inactivity for Asians. 

mplications of all the available evidence 

The PAF percentage of these 12 potentially modifiable risk fac- 

ors for dementia in New Zealand, and in each of the four main 

thnic groups, is higher than the worldwide estimates, indicating 

igh prevention potential. It also demonstrates that within the one 

ountry, overall risk for dementia and the relative contribution of 

ndividual risk factors may vary greatly among ethnic groups. This 

uggests that interventions to prevent dementia should be tailored 

ccording to the most relevant risks within each ethnic group. 
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