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Abstract

Methods for calculating health indicators profoundly influence understanding of and

action on population health and inequities. Age-standardization can be useful and is

commonly applied to account for differences in age structures when comparing health

indicators across groups. Age-standardized rates have well-acknowledged limitations,

including that they are relative indices for comparison, and not accurate measures of ac-

tual rates where the age structures of groups diverge. This paper explores these limita-

tions, and demonstrates alternative approaches through a case study quantifying mortal-

ity rates within the Aboriginal and Torres Strait Islander (Indigenous) population of

Australia and inequities compared with the non-Indigenous population, over 2001–16.

Applying the Australian Standard Population, the Aboriginal and Torres Strait Islander

age-standardized mortality rate was more than double the crude mortality rate in 2001

and 2016, inflated through high weighting of older age groups. Despite divergent popula-

tion age structures, age-standardized mortality rates remain a key policy metric for mea-

suring progress in reducing Indigenous-non-Indigenous inequities in Australia. Focusing

on outcomes age-standardized to the total population can obscure inequities, and denies

Aboriginal and Torres Strait Islander peoples and communities valid, actionable informa-

tion about their health and well-being. Age-specific statistics convey the true magnitude

of health risks and highlight high-risk subgroups. When requiring standardization, stan-

dardizing to a population-specific standard (here, an Indigenous standard) generates
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metrics centred around and reflective of reality for the population of focus, supporting

communities’ self-determination to identify priorities and informing resource allocation

and service delivery. The principles outlined here apply across populations, including

Indigenous and other populations internationally.

Key words: Reference standards, benchmarking, age distribution, racism, health inequity

Introduction

Monitoring of trends in health and inequities is critical to

informing local and national decision making.1–4 Accurate,

relevant and appropriate measures are required for this to

be effective.2–4 Measurement of inequities should be

designed to serve the needs of the population of focus.

Age-standardized rates are commonly used globally to

compare event rates among populations and groups with

different age structures. Although providing a common

metric for comparison, they are not accurate measures of

actual event rates where populations have divergent age

structures. There are well-established limitations to using

age-standardized rates to inform policy, including that

these average measures may not convey the true magnitude

of risks or inequities (but are often misinterpreted as doing

so), are relatively insensitive to change and provide limited

insight into targets for programmes and policies.5–8 In ad-

dition, age-standardized rates can vary dramatically

depending on which Standard Population is used, and stan-

dardizing outcomes to the age distribution of another pop-

ulation denies the population of focus accurate

information about their health and well-being. Despite

these major limitations, age-standardized rates remain

commonly calculated and reported across populations

without adequate context, suggesting that the implications

of their limitations are under-appreciated.

The purpose of this article is to demonstrate the statisti-

cal, policy and ethical implications of using age-

standardized metrics to quantify inequities between popu-

lations with divergent age structures, through a case study

of Aboriginal and Torres Strait Islander and non-

Indigenous mortality rates from Australia. This article

presents approaches for quantifying mortality and

mortality inequities—age-specific rates and use of a

population-specific standard—which more accurately reflect

the experiences and needs of the population of focus,

thereby generating valid evidence for decision making and

planning.

Ethics approval was not required because this second-

ary analysis was based on aggregated publicly available

data. The work was conducted in line with principles for

the ethical conduct of Aboriginal and Torres Strait Islander

health research.

Context

In Australia, Aboriginal and Torres Strait Islander

(Indigenous) peoples have experienced health and social

inequities compared with the total population since coloni-

zation.9,10 In response to advocacy from Aboriginal and

Torres Strait Islander peoples, communities and organiza-

tions, in 2008, the Council of Australian Governments

Key Messages

• Measurement of inequities should be designed to serve the needs of the population of interest.

• Age-standardization is commonly used when comparing health indicators across groups and populations, despite

known limitations when the populations have divergent age structures.

• Standardizing outcomes to the age distribution of other populations can deny the population of focus accurate

information about their health and well-being, and reinforce structural racism.

• In contrast, age-specific statistics convey the true magnitude of health risks and highlight high-risk subgroups in the

population(s) of focus.

• When standardization is required, standardizing to a population-specific standard (such as an Indigenous standard)

generates metrics centred around and reflective of reality for the population of focus, supporting self-determination

and Indigenous data sovereignty principles.
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committed to Closing the Gap in Indigenous Disadvantage

compared with non-Indigenous Australians.11,12

The primary target under the Closing the Gap strategy

is to close the life expectancy gap within a generation.11

Under the associated National Indigenous Reform

Agreement (NIRA), average life expectancy at birth is the

primary performance indicator for this target.13 Life ex-

pectancy estimates are only available 1 out of every

5 years; when these are unavailable, progress against this

target is based on age-standardized mortality rates

(ASMRs).13 Therefore, age-standardized measures are the

focus of most annual government reporting against this

target.

Measuring mortality inequities

The crude mortality rate in a population (i.e. total number

of deaths per 100 000 population per year) reflects the av-

erage risk of mortality, across all ages, in a population. An

age-specific mortality rate is the mortality rate observed

within a specific age group. Because mortality rates are

strongly tied to age (e.g. death rates tend to be highest in

the oldest age group), crude mortality rates in two popula-

tions are not immediately comparable where there are dif-

ferences in the age composition of the populations.

Direct age-standardization removes age composition

differences by applying the age-specific mortality rate ob-

served in the population(s) of interest to the age distribu-

tion of a reference population, called the Standard

Population. This creates a summary measure of mortality,

the age-standardized mortality rate (ASMR), which is a

weighted sum of age-specific mortality rates. ASMRs based

on the same Standard Population can be compared across

populations and over time,8,14,15 using rate ratios (RRs; a

relative measure) and rate differences (RDs; an absolute

measure).

Established statistical limitations of age-

standardized rates

ASMRs do not reflect the true mortality rates for a popula-

tion; they are hypothetical values, informative only as a

means of comparison.14–19 However, they are commonly

misinterpreted as actual mortality rates by policy makers,

researchers and the public.5,15,19 Comparison of ASMRs

using RRs and RDs can further mask the ‘fictions’ under-

pinning these statistics.19

The choice of a Standard Population can affect the sizes

of ASMRs, RRs and RDs and therefore can materially alter

interpretation of comparisons.1,4,8,14,15,17,19–21 For exam-

ple in the USA, changing from the 1940 Standard

Population to the 2000 Standard Population resulted in

apparent decreases in racial inequities according to age-

standardized mortality RRs. Using the 1940 Standard

Population, the age-standardized mortality RR for Black

Americans compared with White Americans was 1.6 in

1995, unchanged from 1.6 in 1950. Applying the 2000

Standard Population resulted in an age-standardized RR of

1.4 for 1995; this apparent decline in RR was an artefact

of the older age composition of the 2000 versus the 1940

Standard Population.14,22 The incorrect interpretation of

the observed change— based on use of a different Standard

Population—as a sign of decreasing inequities could have

substantial implications, including deprioritization of pro-

grammes and policies for these groups, which could in turn

exacerbate inequities.4,17

A key statistical consideration in selecting a standard

that can generate data meaningful to the population of in-

terest is that the age distribution be relatively aligned with

that of the population of interest.14,17–19,23,24 Selecting a

standard that is meaningful to the population of interest

(here, Aboriginal and Torres Strait Islander peoples) is con-

sistent with the Indigenous Data Governance protocols

and principles, and the United Nations Declaration on the

Rights of Indigenous Peoples (Article 31), supporting self-

determination.

Acknowledging the aforementioned limitations, specific

principles were developed in Australia for age-

standardization in measuring Indigenous: non-Indigenous

inequities,25 and in Closing the Gap policy reporting, the

NIRA specifies that these principles are to be followed.14

The overarching principle is that ‘Before undertaking age-

standardization, analysts must investigate the data being

used to understand the age-specific distribution and any

limitations that may impact on the results’.25 Consistent

with statistical advice,14,18 the principles require the addi-

tional reporting of age-specific measures when ‘the age-

standardized rates and rate ratios lie largely outside the

range of the age-specific rates and rate ratios’ (Principle

5a).25

Regardless of the Standard Population used, standard-

ized statistics are a summary measure, and ‘may actually

conceal more than they reveal’.17 Aggregating all age

groups into a single summary statistic is likely to combine

groups with disparate mortality rates, creating an impre-

cise estimate that obscures differences.14,15 Aggregated sta-

tistics therefore are not sensitive to change.

Age-specific mortality rates reflect the actual experience

of the population: they reflect the true magnitude of health

risks and highlight high-risk subgroups—information with

clear policy implications and value to communities.

Compared with ASMRs, age-specific rates are more sensi-

tive to change, enabling more timely detection of progress

where it has occurred.

326 International Journal of Epidemiology, 2022, Vol. 51, No. 1



Ethical considerations regarding use of age-

standardized mortality rates

Standardizing Aboriginal and Torres Strait Islander

outcomes to the age distribution of the total Australian

population privileges the experience of the non-Indigenous

majority (97%). Aboriginal and Torres Strait Islander

peoples have the right to real, accurate and clearly articu-

lated information about their health and well-being,3,26,27

but are denied this through the focus on ASMR in report-

ing. Further, the population chosen as the Standard

Population may be seen to ‘signify which population

is considered “normal” or central’.4 p. 339 In Australia,

the Standard Population is defined as the national popula-

tion at 30 June 2001,25 which principally reflects the non-

Indigenous population. This frames the Aboriginal and

Torres Strait Islander population as ‘other’, contributing to

deficit discourse1,2,28 and reinforcing structural racism.

Researchers in Aotearoa (New Zealand) have proposed

and have used an Indigenous Standard for quantifying

M�aori-non-M�aori inequities.1,3,4,29 This strengths-based

approach centres the analysis on the Indigenous popula-

tion, and generates standardized mortality rates that ap-

proximate the crude (actual) mortality rates experienced

by that population. The use of an Indigenous Standard is

consistent with calls from Indigenous populations in other

countries1,3 and with human rights26,27 and statistical and

data- reporting principles.13,14,18,25 To our knowledge, an

Indigenous Standard has not been used to age-standardize

metrics for the Aboriginal and Torres Strait Islander

population.

Worked example

We examine the age structure of the Aboriginal and Torres

Strait Islander and non-Indigenous populations, compared

with the Australian Standard and an Indigenous Standard

(here, the national 2016 Aboriginal and Torres Strait

Islander Estimated Resident Population).

Population estimates and deaths (all-cause) by age

group for the Aboriginal and Torres Strait Islander popula-

tion and the non-Indigenous population were extracted

from Australian Bureau of Statistics information (ABS

Stat). Data are restricted to the five of eight Australian

States/Territories where the quality of Indigenous identifi-

cation is deemed acceptable. Data were extracted for

2001, 2006, 2011 and 2016, to align with national Census

years; data preceding 2001 were not available. We calcu-

lated crude and age-specific mortality rates. We then calcu-

lated ASMRs using the Australian Standard and an

Indigenous Standard. We examined absolute and relative

changes in age-specific mortality rates and in ASMRs over

2001–16, within the Aboriginal and Torres Strait Islander

population and between the Aboriginal and Torres Strait

Islander and non-Indigenous populations. All mortality

rates reported are per 100 000 population. Detailed data

and methods are presented in Supplementary Material,

available as Supplementary data at IJE online.

Age distribution

The 2016 five-State/Territory Aboriginal and Torres Strait

Islander population age distribution mirrors that of the

Indigenous Standard (Figure 1); they are not exactly the

same because the population used for calculating mortality

is restricted to the five of eight States/Territories where the

quality of identification is deemed acceptable, whereas the

Indigenous Standard includes the total population nation-

ally from all eight States/Territories (see Supplementary

Material). The age distribution is markedly younger than

the Australian Standard Population and therefore, when

standardized to the Australian Standard Population,

Aboriginal and Torres Strait Islander deaths in younger

age groups are under-represented (low weighting applied)

and Aboriginal and Torres Strait Islander deaths in older

age groups are over-represented (high weighting applied),

compared with their actual occurrence. This divergence of

age structure calls into question the validity of using the

Australian Standard for analyses designed to provide

insights about the Aboriginal and Torres Strait Islander

population.

Crude mortality rates

We observed no material change in the crude mortality

rate for the Aboriginal and Torres Strait Islander popula-

tion from 2001 to 2016 (409 deaths per 100 000 in 2001

to 414 in 2016) (Table 1; Supplementary Table S3, avail-

able as Supplementary data at IJE online). The crude mor-

tality rate for the non-Indigenous population was 655 in

2001 and 665 in 2016.

Age-specific mortality rates

Examination of age-specific mortality rates provides

evidence of mortality rate reductions from 2001 to 2016

for Aboriginal and Torres Strait Islander people aged 15–

24, 35–44, 55–64 and 65–74 years. These mortality

rate reductions were substantial in some cases, such as

an absolute decrease of 819 deaths per 100 000 people

aged 65–74 years (from 3355 in 2001 to 2536 in 2016),

and an almost 40% reduction in mortality rate for those

aged 15–24 years (RR¼ 0.63, from 122 in 2001 to 77 in

2016).
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When the Indigenous-non-Indigenous ‘gap’ in age-

specific mortality rates is assessed in absolute terms

(according to RD), findings are generally consistent with a

narrowing ‘gap’ from 2001 to 2016 for most age groups.

This reflects greater absolute declines in mortality rates

within the Aboriginal and Torres Strait Islander compared

with non-Indigenous population for these groups. In con-

trast, if the ‘gap’ is examined in relative terms (according

Figure 1 Age distribution of the 2016 Aboriginal and Torres Strait Islander and non-Indigenous population, the Australian Standard, and an

Indigenous Standard, and relative weighting in standardization to the Australian Standard Population. Data are restricted to the five of eight

Australian States/Territories where the quality of Indigenous identification is deemed adequate (New South Wales, Queensland, South Australia,

Western Australia, Northern Territory).
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to RR), there is not a clear pattern in the change across age

groups.

Age-standardized rates, RRs and RDs

When age-standardized to the Indigenous Standard, the

ASMR for the Aboriginal and Torres Strait Islander popu-

lation was 530 per 100 000 in 2001 and 418 in 2016,

reflective of observed crude mortality rates. When age-

standardized to the Australian Standard, the Aboriginal

and Torres Strait Islander ASMR was 1,079 per 100 000 in

2001 and 908 in 2016. These ASMRs are more than dou-

ble the crude mortality rate. The Aboriginal and Torres

Strait Islander ASMR is inflated through the high weight-

ing of the 65–74- and �75-year age groups when using the

Australian Standard Population.

The choice of Standard Population does not alter the as-

sessment that the Aboriginal and Torres Strait Islander

mortality rate declined from 2001 to 2016. In absolute

terms, the ASMR declined by 113 [95% confidence inter-

val (CI): 84, 141] deaths per 100 000 when the Indigenous

Standard was used, or by 171 (95% CI: 98, 244) when the

Australian Standard was used. Similarly, in relative terms,

use of the Indigenous Standard identifies a 21%

(RR¼0.79; 95% CI: 0.73, 0.85) reduction in ASMR over

the period, and the Australian Standard a 16%

(RR¼0.84; 95% CI : 0.78, 0.91) reduction.

When focusing on the Indigenous-non-Indigenous ‘gap’,

use of the Indigenous Standard versus Australian Standard

identifies a smaller ‘gap’ in absolute terms at each time

point (RD ranging from 214 to 280 across years, compared

with 343 to 436). When the Australian Standard is used,

the absolute ASMR ‘gap’ is close to the total crude mortal-

ity rate observed within the Aboriginal and Torres Strait

Islander population. In contrast, use of the Indigenous

Standard versus Australian Standard identifies a greater

‘gap’ in relative terms (RR¼ 2.05–2.12 versus RR¼ 1.61–

1.68). Use of an Indigenous Standard (compared with the

Australian Standard) increases the RR, as it gives propor-

tionate weight to the young and middle-aged groups, who

are under-represented in the Australian Standard

Population and where age-specific Indigenous-non-

Indigenous RRs are highest. Accordingly, it gives lesser

weight to the oldest age groups, where absolute death rates

and RDs are highest. This is consistent with findings from

New Zealand, where use of the M�aori Standard led to

larger M�aori-non-M�aori RRs, but smaller RDs, compared

with use of the WHO Standard.1

Regardless of the Standard Population used, findings

are consistent with a decrease in the Indigenous-non-

Indigenous ASMR ‘gap’ from 2001 to 2016 in absolute

terms, and no material change in the ‘gap’ in relative terms

(Table 1). Therefore, assessment of progress against the

policy target is not altered by the change in Standard. Most

government reporting focuses on Indigenous-non-

Indigenous standardized mortality RRs, and according to

this measure, use of the Australian (compared with

Indigenous) Standard has underestimated the ‘gap’. If the

magnitude of inequity is greater than previously under-

stood, resourcing should be increased commensurately.

In all periods examined, the standardized metrics do

not reflect age-specific mortality rates. This reflects a situa-

tion where, according to the established principles, age-

specific measures must also be presented if the ASMR is

reported.25 For example, the 2016 ASMR (908 using the

Australian Standard) is not an informative summary of

Aboriginal and Torres Strait Islander age-specific mortality

rates, which range from 19 to 7356 (Figure 2). The 2016

Indigenous-non-Indigenous standardized mortality RR

was 1.61(95% CI: 1.56, 1.65) when the Australian

Standard was used, representing a 60% higher overall

mortality rate in the Aboriginal and Torres Strait Islander

population. This does not reflect the age-specific

Indigenous-non-Indigenous RRs, which show that mortal-

ity is 12% higher for �75-year-olds and 43% higher for 1–

4-year-olds, but more than double for all other age groups,

up to nearly 4-fold for those aged 25–34 years. Using the

Indigenous Standard generates an Indigenous-non-

Indigenous age-standardized mortality RR (2.05 in 2016)

that better fits within the range of age-specific RRs (1.12–

2.77 in 2016), but still obscures variation within the

population.

Discussion

Large-scale data and statistics profoundly influence policy,

with potential to alter life opportunities. Through this case

study we demonstrate the importance of using statistics

that are centred around and more accurately reflect the ex-

perience of the population of focus. This can be achieved

by using age-specific rates or, where a summary statistic is

required, by standardizing rates to the age distribution of

the population of interest—rather than to that of another

population.

The initial Australian Closing the Gap strategy and tar-

gets were defined for 2008–18, and the ongoing strategy

has been refined.30 The primary target remains the same,

but methods for assessing progress against the target have

not been published at the time of writing.30 This presents

an opportunity to revise the approach to focus on age-

specific mortality rates and ASMRs standardized to an

Indigenous Standard. Use of the Indigenous Standard

would not materially change our assessment of progress in

closing the ‘gap’, but would provide Aboriginal and Torres
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Figure 2. 2016 age-specific, age-standardized, and crude mortality rates in the Aboriginal and Torres Strait Islander population and non-Indigenous

population, and rate ratios (RRs). All mortality rates are per 100 000 population. Mortality rate data are restricted to the five of eight Australian States/

Territories where the quality of Indigenous identification is deemed adequate (New South Wales, Queensland, South Australia, Western Australia,

Northern Territory)
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Strait Islander communities with real data about their pop-

ulation, supporting self-determined action.

If an Indigenous Standard were to be introduced in any

country, use of the most current population estimates is

recommended.17 However, there are complexities in intro-

ducing any new Standard Population,1 including that

ASMRs calculated using different Standard Populations

are not comparable.14 The potential implications of a

change in Standard Population should be discussed with

the population of focus and with peak statistical agencies,

and any change should be communicated clearly to

stakeholders.14

More broadly, consistent with principles of strengths-

based reporting, it is important to question the benefit of

comparing one population (e.g. an Indigenous population)

with another (e.g. a non-Indigenous population), and to

consider the potential harms of doing so.2,28 As an alterna-

tive to between-population comparisons, observed age-

specific mortality rates within the population could be

compared with evidence-based benchmarks representing

best attainable health—rather than setting the health status

of another population (e.g. a non-Indigenous population)

as the goal to strive towards.
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