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Abstract

Functional limitations become more prevalent as populations age, emphasising an increasingly
urgent need for assistive technology (AT). Critical to meeting this need trajectory is understanding
AT access in older ages. Yet few publications examine this from a longitudinal perspective.

This review aims to identify and collate what data exist globally, seeking all population-based
cohorts and repeated cross-sectional surveys through the Maelstrom Research Catalogue (searched
May 10, 2022) and the Disability Data Report (published 2022), respectively. Datasets incorporating
functional limitations modules and question(s) dedicated to AT, with a wave of data collection since
2009, were included.

Of 81 cohorts and 202 surveys identified, 47 and 62 meet inclusion criteria, respectively. Over
40% of cohorts were drawn from high-income countries which have already experienced significant
population ageing. Cohorts often exclude participants based on pre-existing support needs. For
surveys, Africa is the most represented region (40%). Globally, 73% of waves were conducted since
2016. 'Use’ is the most collected AT access indicator (69% of cohorts and 85% of surveys). Glasses
(78%) and hearing aids (77%) are the most represented AT. While gaps in data coverage and
representation are significant, collating existing datasets highlights current opportunities for analyses
and methods for improving data collection across the sector.
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Introduction

The World Health Organization (WHO) estimates that the
global average life expectancy has increased from 66.8 to 73.4
years, between 2000-2019 [1]. This increase in longevity comes
with unique and urgent concerns, as populations (and the
individuals who comprise them) experience ageing differently.
The 2015 World Report on Ageing and Health stresses a need
to understand drivers of variation in healthy ageing [2, 3] or
the development and maintenance of functional ability that
enables wellbeing in older age [4]. An increase in the average
life expectancy is often driven by better survival at all ages
and does not always indicate improved health at older ages,
emphasising the importance of distinguishing years lived in
good health from all years lived [5, 6]. Ageing populations
tend to demonstrate an increase in the prevalence of functional
limitations, both physical and cognitive, which impact physical
and emotional health and societal participation [7-9]. There
is an increasing need for assistance and support in these
populations, which emphasises the growing role of assistive
technology (AT) access in an ageing/aged world [10-13].
Yet limited data and low political prioritisation of AT have
prevented a thorough understanding of the trajectory of this
need. This review aims to collate all datasets currently or
explicitly planned to be longitudinal and include dedicated
questions on AT indicators to establish a global minimum
dataset to facilitate research on AT access.

Assistive technology is defined by the WHO as “an
umbrella term covering the systems and services related
to the delivery of assistive products and services. Assistive
products maintain or improve an individual's functioning
and independence, thereby promoting their well-being,” [14]
and their global relevance was highlighted with the 2022
publication of the Global Report on AT [13]. However, which
specific products and services are available and accessible
through national provision infrastructure vary substantially
between (and often within) countries [15-18]. The WHO
promotes the development of national priority assistive product
lists (APLs) which clearly define the most relevant AT for
a specific country context, based on the unique needs of its
population [19, 20]. Measuring and monitoring access to AT
in a population is critical to support healthy longevity.

Systematic [21] and scoping reviews [18, 22] have identified
that most research publications on AT access are single-
wave cross-sectional studies, which lack follow-up and inhibit
the exploration of trends in this sector. Only ten studies
were identified in a large systematic review that had any
longitudinal /follow-up consideration, comprising <5% of all
207 included studies [21]. However, a wealth of standardised
longitudinal data do exist in the forms of repeated cross-
sectional administrative surveys and population cohort studies,
where questions on AT are incorporated. Yet the vast majority
of these data have not been utilised in longitudinal analyses.

Forecasting AT access with longitudinal data can describe
inequities between and within countries, defined by key
demographic, geographic, and health variables [23, 24]. AT
access serves as an aggregated health indicator and describes
a population’s capacity to initially and repeatedly access
products and services needed to support different areas of
individual functioning. A longitudinal perspective allows the
identification of disparities in healthy ageing and bottlenecks

in provision at multiple positions on the continuum of care.
Despite this critical relevance to healthy ageing and potential
to produce nuanced forecasts that are valuable for provision
planning, these data have not been used to study AT access
in this capacity. An essential first step to improve data
use in this sector is to identify what data are available,
for which countries, and what characterises their strengths
and limitations for producing evidence needed to expand
AT access. An additional output of this research will be a
dedicated section of the AT2030 data portal [25], constituting
a baseline repository of longitudinal datasets that include AT,
which can be updated as new datasets emerge or are identified
through methods outside this review.

Methods

Two types of population-based datasets were sought for
this review: repeated cross-sectional surveys and cohorts. To
support the comparability of datasets generated by these
studies, only those approaching disability through functional
assessments were used. As there is no systematic way of
searching for all potential data sources, this paper maintains
the remit of a scoping review.

For the purposes of this review, assistive products
are focused on and defined using the WHO's list of 50
priority assistive products [20]. These data may include
unspecified assistive products that are grouped, products
defined inseparably with their essential services, or a single
product alone, as long as it is clear that either of these
three options includes one product found on the priority list.
However, PDAs (e.g. smartphones) or services (e.g. physical
therapy) are not included if represented in isolation.

We further assume AT access can be indicated in parts by
needing, having, using, or being dis/satisfied with an assistive
product. Self-reported need for an AP approximates a measure
of demand that, when considered in line with the other
outcomes, can indicate where access is limited (e.g. reporting
need for an AP while also reporting not having it indicates
unmet need for the AP [26]. These indicators of access are in
line with those used by the WHO's rapid assistive technology
assessment survey, launched in 2020, that maps population-
level access to AT in terms of need, demand, supply, and
satisfaction with AT [27].

Eligibility
For inclusion in this study, cohorts and surveys had to meet
the following criteria:

1. Incorporate a functional limitation module, characterised
as one or more questions asking a participant to estimate
their level of difficulty in a certain functional domain
or corresponding activity (e.g. seeing, hearing, mobility,
self-care, communication, and remembering).

2. Collect data on one or more AT access indicator(s) [21]—
use, has, need, unmet/met/under-met need—for
specific or aggregate external APs from the WHO
priority list [20]. This does not include internal APs like
dentures, contact lenses, or pacemakers.
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3. If cross-sectional, at least one wave must have already
been conducted or be explicitly planned, from 2009. If
cohort, the study must be ongoing or have concluded
from 2009.

A routine survey may change the questionnaire it uses over
the years as modules are updated. For this reason, the
questionnaire used for each wave of a survey was reviewed
individually. If at any point (from 2009) a survey used
a questionnaire that met our criteria, the survey would
be included in this review, and the year(s) an appropriate
questionnaire was used would be recorded.

Search strategy

Cohort studies incorporating functioning modules were
identified through the Maelstrom Research Catalogue [28, 29]
as all cohort or registry studies collecting data on both ‘Use
of assistive devices' and ‘Functional limitations," which are
variables available under the information area ‘Perception of
health, quality of life, development and functional limitations'’
in the Catalogue's advanced search tool.

Cross-sectional surveys incorporating functioning modules
were identified from the 2022 Disability Data Initiative report,
full details of which are publicly available [30]. In brief, all
surveys in this report were identified through the following
sources:

1. the International Household Survey Network (IHSN)
microdata catalogue;

2. the World Bank microdata library catalogue;

3. the International Labor Organization (ILO) survey
catalogue;

4. the repository of census questionnaires maintained by
the United Nations Statistics Division;

5. government websites

Data extraction

Key characteristics were extracted from either the Maelstrom
Catalogue for cohort studies or individual questionnaire(s) for
cross-sectional surveys, in terms of study design, assessment
questions or participant inclusion/exclusion criteria (where
relevant), and AT indicators. Results are presented for
individual cohorts and surveys.

Results

Cohort studies

The search was conducted on 10" May, 2022, and yielded 81
cohorts, of which 47 meet inclusion criteria. Two are based on
specific disease registers (see Table 1).

To report results by country, cohorts are double-counted
where population-based samples were taken in multiple
countries (n=>58). Ten samples (10/58, 17%) are from the
United States, with eight (14%) from Canada, five (9%) each

from the United Kingdom, Australia, and Sweden, and four
(7%) from Japan. No cohorts include populations in South
America or the Middle East.

Of 47 cohorts, 44 either provide a min/max age for
enrolment or state there is no min/max requirement. The
minimum age is under 18 for five studies (5/44, 11%),
and between 18-30 for nine studies (20%). Thirty-eight
(84%) have a maximum age of 65 or older; 22 (49%)
have no age maximum. Five are women-only and one is
men-only. Five studies also mention a language requirement
for enrolment. Of 15 cohorts with inclusion/exclusion
criteria beyond age and location, 12 (12/15, 80%) exclude
persons due to a pre-existing health limitation or diagnoses,
and four (27%) exclude institutionalised persons, meaning
those who are incarcerated or residing in long-term care
facilities.

Thirty-three cohorts (69%) only collect data on ‘Use’ of
APs, making it the most represented indicator. Four (8%)
collect data on over 20 specific APs. Six (13%) ask which
functions/activities of daily living an individual uses APs to
support, rather than what types of APs are used, meaning
individual APs are not disaggregable. Thirty-three surveys
(69%) collect indicators specifically for glasses, 32 (67%)
for hearing aids, and 21 (44%) for wheelchairs, and nine
(19%) for prosthetics, meaning the rest of the collected data
can be disaggregated for these individual APs, compared to
three (6%) that only collect indicators for grouped APs.
Fifteen (31%) only ask about glasses, hearing aids, and/or
wheelchairs, but no other APs.

Cross-sectional surveys

Two hundred and eighty questionnaires, representing waves
from 202 unique surveys, were reviewed. Eighty-five of these
questionnaires (corresponding to 62 surveys) met inclusion
criteria (see Table 2).

Twenty-five surveys (25/62, 40%) are set in the WHO
African Region, most commonly South Africa (n=4). Eleven
(18%) are set in the Region of the Americas and the Western
Pacific Region, with two each in Brazil, Mongolia, and the
Philippines. Eight (13%) are set in the European Region, with
no countries represented more than once. In the Southeast
Asian Region, four surveys were identified with two from
Bangladesh. Three are set in the Eastern Mediterranean
Region, with two from Palestine.

Overall, 23 waves (23/85, 27%) were conducted from
2009-2015, and 62 (73%) from 2016-2021. All data collected
in these surveys was self-reported, given by the participant
or a proxy respondent in the same household, and include
individuals at nearly all ages.

Fifty-three surveys (53/62, 85%) collect data on ‘Use’ of
APs. Four surveys (6%) specifically ask participants what APs
they think they need, all of which are surveys dedicated to
disability and functioning, and three of which collect these
data for over 20 individual APs. Fifty-three surveys (53/62,
85%) collect data that can be disaggregated for glasses, 52
(84%) for hearing aids, 15 (24%) for wheelchairs, and eight
(13%) for prosthetics. Eight also collect data for grouped
APs that cannot be separated out by type, though these
groupings can be disaggregated by functional domain for two
surveys.
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Discussion

Collating these datasets and comparing study designs and
world regions highlights critical data gaps, opportunities
for analyses that are possible with existing data, and key
opportunities to improve data collection across the sector.
These steps are critical to generate evidence, demonstrate
need, mobilise political will, and ultimately expand access
to AT.

A significant limitation is the representativeness of
population cohorts, especially when seeking to understand
AT access on a global scale. Most cohort data are from
high-income, English-speaking countries that have already
aged considerably (27/58, 47%), which restricts their
international relevance and highlights the need for cohorts
from diverse contexts when studying inequities in healthy
ageing trajectories. Almost 75% (34/47) focused all or in
part on participants over 65, which restricts investigations of
how health at younger ages affects healthy longevity. Utilising
these cohorts to represent disabilities in a population is also
complex, given how often participants are specifically excluded
for pre-existing conditions, use of assistance, or residence in
long-term health facilities. Further, only three cohorts and no
surveys collected data on the timing of use (when a person
began using AT in their lifetime). These gaps prevent the
exploration of disparities in AT access between people ageing
with a disability and people acquiring disability as a result of
ageing. Unlike most surveys which include functioning modules
for all ages over five, the Multiple Indicator Cluster Surveys
(MICS) focus on women aged 18-50, affecting their relevance
to ageing studies. In both cohort studies and cross-sectional
surveys, vision and hearing are proportionately overrepresented
compared to other functional domains. Subsequently, less is
known about APs that are useful for functional limitations
with lower prevalence. This limited awareness can obfuscate
the true demand for these APs in a population, which hinders
efforts to expand access to them. Though national-level
surveys are routinely conducted, waves of data collection are
often separated by multi-year gaps. Further, 73% of surveys
have also only incorporated AT modules in waves conducted in
the last six years. Though more waves are explicitly planned,
very few presently exist that can be used to establish trends
or understand how AT access at younger ages in the past has
affected the current population.

Despite these fundamental gaps, these datasets hold great
potential to inform on AT access in a population. Current AT
data collection methods allow the identification of clusters of
need, and with capacity for longitudinal analyses, past trends
can be studied, and forecasts can be developed to support
policy planning and better understand the significance of AT
access to healthy ageing trajectories. For example, where the
single AT indicator ‘Use’ is collected, we can learn the number
of people with a functional limitation who have had access
to an AP across a range of ages, and whether they still
experience difficulty even when using the AP communicates
who is experiencing under-met need. This information is also
useful to AT innovators, who need to identify and learn about
the populations for whom certain APs are not reaching their
potential. Unmet or under-met needs may be more common
at certain age groups, geographies, functional domains, or
associated with pre-existing health conditions. Adding data

on satisfaction is another opportunity to differentiate between
people who use the AP because it works for them, or who
use it only because it is better than nothing. Not having
AT despite experiencing functional difficulties indicates to
policymakers that there is a bottleneck in provision, which
could be due to market-level factors, like the cost or availability
of the AP, or challenges for individuals who need it when
accessing essential health care services. With a longitudinal
approach, changing states of AT access can also be examined
and factors influencing when an individual transitions from
having an unmet to a met need for AT can be identified.
Where these data can be disaggregated by key demographic
and health variables, a more comprehensive and dynamic
understanding of an ageing/aged country's national-level AT
needs and opportunities can take shape.

As evidenced by this review, these analyses are possible in
many cases but not for all populations that have been surveyed
or included in cohorts, demonstrating where and how data
collection can be improved. Many studies only collect data
that can be disaggregated for glasses and/or hearing aids,
limiting our capacity to study other APs and their relationship
to functional difficulties outside of vision and hearing. Many
countries of all income contexts are also missing data on all
but one or two APs. Data in this sector could be improved
by adding or expanding existing AT modules in existing
multi-wave surveys or setting up population-based cohorts
where data are particularly scarce or non-existent. Collection
methods can be bolstered by incorporating questions on
multiple specific APs when asking about functioning and
activities of daily living. Indeed, cross-sectional data meeting
our criteria will be expanded if the MICS program and broader
demographic and health surveys (DHS) continue to include
the functioning modules with dedicated questions on APs.
Improving data collection and data sharing across this sector
overall supports the development of global reports, such as
those on Assistive Technology [13] and Ageing [31] which
inform policy and operational planning for countries and
regions as they prepare for the dynamic support needs of a
growing aged population. To support these efforts, we will
incorporate the findings of this review into the AT2030 data
portal, which can be updated with new waves and sources to
provide an up-to-date view of available data across this sector.

Limitations

This scoping review contributes new data sources to a global
minimum dataset on AT access. Though both sources of AT
data are comprehensive, some relevant cohorts and surveys
may have been missed.

We also limited our inclusion criteria to studies utilising
functioning modules. It is possible AT questions may also
be included in surveys that assess disability in binary or
alternative terms, or even surveys that do not consider
disability at all. However, based on the infrequent inclusion of
AT-specific questions even in dedicated functioning modules,
we understand these cases to be exceptions.

Commercial and health-record data providing insight on
AT access may also be available, though these sources were not
included in the remit of this review due to difficulty searching
and accessing them systematically.
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Table 2: Cross-sectional surveys

WHO Region Country Name Questionnaires (n) Year(s.) of . Functioning AT_ACCESS pAPst Other AT
Questionnaire(s) module* Indicator(s)
AFR Algeria Multiple Indicator Cluster Survey 6 (MICS6) 1 2019 WGSS Use G, H None
AFR Central Multiple Indicator Cluster Survey 6 (MICS6) 1 2018-19 WGSS Use G, H None
African
Republic
AFR Chad Multiple Indicator Cluster Survey 6 (MICS6) 1 2019 WGSS Use G, H None
AFR Gui Multiple Indi Cluster Survey 6 (MICS6) 1 2018-19 WGSS Use G, H None
Bissau
AFR Lesotho Contil Itipurpose H hold Survey/ 1 2017 WGSS Have G, H None
Household Budget Survey
AFR Lesotho Population and Housing Census 1 2016 WGSS Use G, H, W Walking
stick/frame/Crutches, White
cane
AFR Malawi Integrated Household Survey (IHS) 2 2010, 2019 WGss Use Grouped N/A
AFR Malawi Multiple Indicator Cluster Survey 6 (MICS6) 1 2019 WGsS Use G H None
AFR Malawi Population Census 1 2018 (3) Use G, H None
AFR Mali Demographic and Health Survey (DHS) 1 2018 WGSS Use G, H None
AFR Nigeria Demographic and Health Survey (DHS) 1 2018 WGSS Use G, H None
AFR Nigeria General Household Survey Panel (GHSP) 3 2010, 2012, 2018 WGSS Have Grouped N/A
AFR Rwanda Demographic and Health Survey (DHS) 1 2019-2020 WGSS Use, Difficulty G, H None
without use
AFR Sao Tome Multiple Indicator Cluster Survey 6 (MICS6) 1 2019 WGSS Use G, H None
and Principe
AFR Senegal Demographic and Health Survey (DHS) 2 2018, 2019 WGSS Use, Difficulty G, H None
without use
AFR South Africa  General Household Survey (GHS) 13 Yearly from WGSS Use G, H, W Walking stick/frame, Other
2009-2021
AFR South Africa  Governance Public Safety and Justice Survey 1 2018-19 WGSS Use G, H, W Walking stick/frame, 'Other’
AFR South Africa  National Household Travel Survey (NHTS) 1 2013 (3) Use G, H W Walking stick/walking frome,
Crutches, 'Other’
AFR South Africa  Population and Housing Census 1 2011 (3) Use G, H W Walkingstick/frame
AFR Tanzania National Panel Survey (NPS) 2 2010, 2014 WGSS Have Grouped N/A
AFR Uganda Demographic and Health Survey (DHS) 1 2016 WGSS Use G, H None
AFR Uganda Functional Difficulties Survey 1 2017 WGSS Use, Difficulty G, H, P W Walking aid
without use, Need
AFR Uganda National Household Survey 1 2009 WGSS Have Grouped N/A
AFR Uganda National Panel Survey (NPS) 2 2009, 2010 WGSS Use Grouped N/A
AFR Zimbal Multiple Indi Cluster Survey 6 (MICS6) 1 2019 WGSS Use G, H None
AMR Bolivia Encuesto Nacional de Hogares 1 2019 (3) Have Grouped N/A
AMR Brazil Brazilian Longitudinal Study of Aging 1 2015-2016 (2) (3) Use G, H None
(ELSI)
AMR Brazil Pesquisa Nacional de Saude 1 2019 (3) Use G, H, P W >20, 'Other’
AMR Canada Survey on Disability 1 2017 (3) (4) (5) Use, Unmet need, G, H P W >20, 'Other’
Reason for unmet
need
AMR Colombia Encuesta Nacional de Calidad de Vida 2 2017, 2020 (3) Use Grouped (by N/A
(ENCV) functional
domain)
AMR Cuba Multiple Indicator Cluster Survey 6 (MICS6) 1 2019 WGSS Use G, H None
AMR Haiti Demographic and Health Survey (DHS) 1 2016 WGSS Use G, H None
AMR Honduras Multiple Indicator Cluster Survey 6 (MICS6) 1 2019 WGSS Use G, H None
AMR Jamaica Population Census 1 2011 (3) Use Grouped N/A
AMR Mexico Encuesta Nacional de los Hogares (ENH) 2 2016, 2017 (4) (5) Use G, H None
AMR United National Health Interview Survey (NHIS) a4 2018, 2019, 2020, (3) Use, Frequency of G, H, P W Cane/walker, 'equipment to
States 2021 use get around’
EMR Afghanistan Model Disability Survey (MDS) 1 2019 WGSS Use, Problems G, H, P W >20
using, Reason for
not using, Unmet
need
EMR Pal Itipl 1i Cluster Survey 6 (MICS6) 1 2019-20 WGSS Use G, H None
EMR Pal Expendi and C Survey (ECS) 1 2009 (3) (4) Have G, H W None
EUR Belarus Multiple Indicator Cluster Survey 6 (MICS6) 1 2019 WGSS Use G, H None
EUR Bosnia/ Household Budget Survey 1 2015 (2) (3) Have G, H, P, Grouped
Herzegovina PDA, W
EUR Cyprus European Health Interview Survey 1 2019 (3) (4) (8) Use G, H N/A
EUR Kosovo Multiple Indicator Cluster Survey 6 (MICS6) 1 2019-20 WGSS Use G, H None
EUR Malta European Health Interview Survey 1 2019-20 (3) (4) (5) Use G H N/A
EUR Moldova Population Census 1 2014 WGSS Have Grouped (by N/A
functional
domain)
EUR North Multiple Indicator Cluster Survey 6 (MICS6) 1 2018-19 WGSS Use G, H None
Macedonia
EUR Turl Multiple Indi Cluster Survey 6 (MICS6) 1 2019 WGSS Use G, H None
SEAR B. ladesh H hold 1 and Expendi Survey 2 2010, 2016 WGSS Have G, H Crutches, Grouped
(HIES)
SEAR B ladesh Multiple Indi Cluster Survey 6 (MICS6) 1 2019 WGSS Use G, H None
SEAR Nepal Multiple Indicator Cluster Survey 6 (MICS6) 1 2019 WGSS Use G, H None
SEAR Pakistan Demographic and Health Survey (DHS) 1 2017 WGSS Use G, H None
WPR Australia Survey of Disability, Ageing and Carers 1 2012 (1) (3) Use, Improvement G, H, W 15-20, Other
with use
WPR Kiribati Multiple Indicator Cluster Survey 6 (MICS6) 1 2018-19 WGSS Use G, H None
WPR M li Multiple Indi Cluster Survey 6 (MICS6) 1 2018-19 WGSS Use G, H None
WPR Mongolia Women's Health and Life Experiences 1 2017 (1) Use G, H Walking aid
Survey
WPR Philippines Model Functioning Survey 1 2016 WGSS Use, Need, Unmet G, H, P, >20
need PDA, W
WPR Philippines Model Functioning Survey 1 2016 (2) (3) Use, Need, Unmet G, H, P, >20
need PDA, W
WPR Samoa Multiple Indicator Cluster Survey 6 (MICS6) 1 2019-20 WGSS Use G, H None
WPR Thailand National Disability Survey 1 2017 WGES Use G, H None
WPR Timor Leste Demographic and Health Survey (DHS) 1 2016 WGSS Use G None
WPR Tonga Multiple Indicator Cluster Survey 6 (MICS6) 1 2019 WGSS Use G, H None
WPR Tuvalu Multiple Indicator Cluster Survey 6 (MICS6) 1 2019-20 WGSS Use G, H None

* Functioning modules included the Washington Group Short Set (WGSS), Washington Group Extended Set (WGES), and variations on the WGSS indicated as follows: (1) Yes/No answer; (2) Answer

scale is different from that in the WGSS; (3) Wording of questions is different from the WGSS; (4) Does not have the self-care domain; (5) Does not have the communication domain.

T Priority assistive products (PAPs) include: Glasses (G), hearing aids (H), prosthetics (P), personal digital

(PDA), wh

Ichairs (W).
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Conclusion

Longitudinal data on AT access are a critical component for
planning policy and provision that will support aged/ageing
populations. By collating a global dataset indicating what kind
of data are available and where, we have identified current
data gaps, opportunities to learn from existing data, and
recommendations for improving data collection going forward.
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