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Abstract

Background: Obtaining population-level estimates of the incidence and prevalence of dementia is challenging due
to under-diagnosis and under-reporting. We investigated the feasibility of using multiple linked datasets and capture-
recapture techniques to estimate rates of dementia among women in Australia.

Methods: This work is based on the Australian Longitudinal Study on Women’s Health. A random sample of 12,432
women born in 1921-1926 was recruited in 1996. Over 16 years of follow-up records of dementia were obtained from
five sources: three-yearly self-reported surveys; clinical assessments for aged care assistance; death certificates; phar-
maceutical prescriptions filled; and, in three Australian States only, hospital in-patient records.

Results: A total of 2534 women had a record of dementia in at least one of the data sources. The aged care assess-
ments included dementia records for 79.3% of these women, while pharmaceutical data included 34.6%, death cer-
tificates 31.0% and survey data 18.5%. In the States where hospital data were available this source included dementia

dence interval [Cl] 25.2, 26.8%).

records for 55.8% of the women. Using capture—recapture methods we estimated an additional 728 women with
dementia had not been identified, increasing the 16 year prevalence for the cohort from 20.4 to 26.0% (95% confi-

Conclusions: This study demonstrates that using routinely collected health data with record linkage and capture-
recapture can produce plausible estimates for dementia prevalence and incidence at a population level.
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Background
In Australia, it is estimated that 9% of people aged over
65, and 30% of those aged over 85 have dementia [1].
However, many of the estimates of dementia prevalence
have been based on older datasets drawn from other
countries [2], or from a single small area data set [1].
Despite expected increases in the number of people
with dementia due to population ageing, there is some
evidence that the age-specific incidence rates of demen-
tia in first world countries may be declining as more
recent generations are reaching old age [3-5], possibly
because of increased education [6-8], more stimulating
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environments [9], and advances in the control of vas-
cular risk factors [4, 10]. Due to these competing age
and cohort effects, a more complete understanding of
how the case load of dementia is changing over time is
required, for example, for public policy. Methods to
obtain accurate and current estimates of rates of demen-
tia are necessary to assess the health service needs of the
elderly at a population level.

The Australian Longitudinal Study on Women’s Health
(ALSWH) is a prospective national survey [11]. Three-
yearly surveys and linked administrative records present
an opportunity to estimate the overall incidence and
prevalence of dementia using capture—recapture meth-
ods [12]. This approach has rarely been used before for
dementia and not on a national level [13, 14].
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An assessment of the value of these methods is impor-
tant, as there are no standard population based surveil-
lance systems for dementia using routinely collected
data, and under-diagnosis and under-reporting of people
living with dementia are well established [15].

The aim of this study is to demonstrate the use of this
approach to obtain an accurate and up to date estimate of
dementia rates in Australian women.

Methods

Data from 12,432 women born between 1921 and 1926
(estimated response rate 37—40%), who responded to the
ALSWH baseline survey in 1996, were used as a starting
point to assess rates of dementia [16, 17].

The ALSWH is a nationally representative study which
includes women from every Australian State and Ter-
ritory [11]. The study sample was selected by Medicare
Australia, the universal health care insurance scheme.
Sampling was random, with women from rural and
remote areas sampled at twice the rate of women in
urban areas to facilitate comparisons between these
groups [17]. The ALSWH sample of older women was
generally representative of Australian women of the same
age, but did include more women who were married or
living with their partner, and more women with post-
school qualifications, compared to the 1996 Australian
Census [11, 16]. Each participant has a unique Medicare
identification number which is used in some, but not all,
administrative data sources thereby enabling determinis-
tic record linkage.

Data sources

Five data sources were used to identify records of demen-
tia and Alzheimer’s disease in these women between 31
May 1996 and 6 March 2012 (the dates of first and last
full surveys received from this cohort). We will refer to
these as ‘dementia’ records throughout the paper.

Self-reported survey data (A)

The survey data consisted of six surveys which occurred
at 3-year intervals. Participants (or their proxies) were
asked in Surveys 2—6 whether they had been diagnosed
with or treated for dementia. Surveys 4 and 5 contained
a free-text field where participants (or proxies) could
explain reasons why they needed help to complete the
survey. This text was searched for the terms ‘Alzheimer’s
and ‘dementia’ Information on self-reported medication
collected from Survey 4, and coded using the Anatomi-
cal Therapeutic Chemical index [18], was also used to
identify women who used anti-dementia drugs (Addi-
tional file 1: Table A1l). The date of survey response was
used as a date of notification for each identified case.
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Notifications of dementia from this source commenced
in 1999 (Survey 2 onwards).

Aged care assessments (B)

Aged care assessment data were obtained from the Aus-
tralian Institute of Health and Welfare [1], who extracted
records for all ALSWH participants in the 1921-1926
cohort. As not all aged care records included the Medi-
care number, probabilistic linkage methods were used
[19]. The matching process employed both name based
linkage and key based linkage techniques. These link-
ages to the ALSWH data were estimated to have a sen-
sitivity over 94% and a positive predictive value above
96% (AIHW communication). There were several sources
used to identify dementia records: the Extended Care at
Home Dementia Program; the Aged Care Assessment
Program (which assesses the care needs of older people
and assists in the access of appropriate types of care); and
the Aged Care Funding Instrument (which assesses care
needs as a basis for calculating and allocating funds to
the aged care facility). As part of the Aged Care Assess-
ment Program and the Aged Care Funding Instrument,
diagnostic codes of dementia were recorded (Additional
file 1: Table Al). These diagnoses were obtained through
referrals to a general practitioner, geriatrician or psy-
cho-geriatrician, or through an assessor (with consent)
accessing medical history information from a relevant
doctor. Each record had a date of service or assessment.
Notifications of dementia from this source were available
from July 2003.

Causes of death (C)

Information on date and multiple causes of death was
obtained from the National Death Index and the National
Mortality Database [20]. Probabilistic matching, using
names, date of birth and gender, was used to identify
deaths among ALSWH participants [21]. Records of
dementia or Alzheimer’s disease were identified using
ICD9 and ICD10 codes (Additional file 1: Table A1).

Pharmaceutical Benefits Scheme (D)

Information on drug prescriptions filled was obtained
from Pharmaceutical Benefits Scheme records which
cover all medications dispensed and/or subsidised under
the universal national health insurance scheme [22].
Deterministic linkage of records for all ALSWH partici-
pants was conducted using their unique Medicare num-
bers [23]. This data source included prescription details,
but not the reason for the prescription, for all subsidised
prescriptions from July 2002 to June 2012. For women
in this age group most prescriptions are subsidised, so
the medication records are likely to be complete. The



Waller et al. Emerg Themes Epidemiol (2017) 14:3

medications were coded using the ATC index [18] (Addi-
tional file 1: Table A1).

Admitted patients hospital data (E)

Hospital admissions data were available from three Aus-
tralian States (New South Wales, Queensland and South
Australia). These data were extracted by health data link-
age units in these jurisdictions using probabilistic match-
ing [24-26]. Date of admission and doctor assigned
diagnoses, coded using ICD10, were recorded [27]. The
codes which indicated dementia or Alzheimer’s disease
are provided in Additional file 1: Table Al. This data
source included admissions from June 2000.

Statistical analysis

The linked data were used to identify the total number
of women with dementia records (from any of the avail-
able data sources), and to assess the overlap between these
sources. The hospital data were not included in the primary
analysis because these data were only available for three
Australian States. Poisson regression was used to estimate
the number of women with dementia who were not identi-
fied from any of the four (or five) sources [12]. The outcome
of the model was the count of women with dementia iden-
tified from each combination of sources. The independent
variables were indicators (1/0) for each data source, and
possible interactions between these sources. The estimated
number of ‘unidentified” women with dementia was the
exponent of the constant term in the Poisson model.

With four sources (i.e., self-reported survey, aged care
assessments, causes of death and pharmaceuticals) there
were 113 possible log-linear models [12]. Model averag-
ing was used to obtain a weighted estimate of the number
of unidentified women with dementia [28, 29]. This tech-
nique weights estimates from each model based on how
well it fits the data, and then uses these weights to create
an average estimate [Additional file 1: Table A2 (equa-
tions A1-A5)].

An overall estimate of the number of ‘unidentified’
women with dementia was calculated. Separate estimates
for each age group were also produced and a pooled
total was obtained (Additional file 1: Table A2, equations
A6-A8). The following age groups (based on numbers of
records) were used: 68-78, 79-80, 81-82, 83—-84, 85-86
and 87-91, which ensured that almost all combinations
of data sources were used for each model. If no records
were identified from a specific combination of sources, a
correction factor of (0.5)87! was added to that cell (where
g is the number of sources) [12]. If records were identi-
fied from different sources in different age groups, the
earliest date of a dementia record was used.

One of the assumptions of the capture—recapture
method is that the population is closed, meaning that
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no individuals can migrate into or out of the study or be
lost because of death [12]. In this analysis no new women
entered the cohort, however, 5453 women died over the
duration of follow-up and emigrations were possible,
though unlikely. An adjustment was made to each esti-
mate of the number of ‘unidentified’ women with demen-
tia to account for those who died. This adjustment was
based on the median date of death in each age group
(Additional file 1: Table A2, equation A6). A 95% confi-
dence interval [CI] for the estimated number of women
with dementia from the capture—recapture analysis was
produced. This confidence interval adjusts for sampling
variation, and does not represent uncertainty regarding
model assumptions [12].

The effect of including the hospital data as a fifth source
was assessed in an analysis limited to the three States for
which hospital data were available. In this analysis, four
source and five source capture—recapture models were
fitted and the results compared. Using five sources 6893
possible log-linear models were considered.

Prevalence and incidence rates were calculated by sin-
gle year of age and then collapsed into 5-year age groups.
For women identified with dementia from any of the
sources, the earliest date of notification, date of birth and
date of death were used in the calculation of prevalence
and incidence rates. Deaths that occurred in any year
might reduce the number women living with dementia
in the numerator of the rate and would reduce the total
number at risk in the denominator in both the prevalence
and incidence calculations. For the ‘unidentified’ women
living with dementia we knew the age group in which the
diagnosis was estimated to have occurred, however, we
did not have a date of death. To include these ‘unidenti-
fied” women living with dementia in the prevalence and
incidence calculations, for each age group (68-78, 79-80,
etc.) a diagnosis of dementia was randomly assigned to
the same number of women who were still alive at that
age and did not have a record of dementia from any
source. Additional records based on the percentage
increase in age specific estimates, due to the inclusion
of the hospital data in the five-source analysis, were also
assigned in this way. This process was repeated 10 times
to examine how the random allocation of the ‘unidenti-
fied’ women with dementia changed the results.

In all the analyses we assumed that all records of
dementia reflect a participant’s true dementia status, and
that a proportion of those without a record of dementia
may also have dementia (i.e., the ‘unidentified’ cases).

Results

A total of 2534 out of 12,432 (20.4%) women were identi-
fied as having dementia in at least one of the four main
data sources (Table 1). The largest number of dementia
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Table 1 Demographic characteristics by source of data on dementia
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Self-reported survey

Aged care data

Causes of death

Pharmaceutical/prescription

Hospital data

Total identified cases A B C D E

N = 2534 N = 468 N =2010 N =786 N =877 N =983

% of identified cases® 18.5% 79.3% 31.0% 34.6% 55.8%

Median age in years (quartiles)? 83.2(79.9,86.2) 85.1(83.1,86.8) 85.0(82.8,86.8) 82.7 (80.4,85.2) 84.3(81.8,86.6)
Age (years)? n (%) n (%) n (%) n (%) n (%)

<75 18(3.8) 0 7(0.9) 0 1(0.1)
75-79 108 (23.1) 85 (4.2) 55(7.0) 172 (19.6) 155(15.8)
80-84 174 (37.2) 889 (44.2) 326 (41.5) 440 (50.2) 404 (41.1)
85-89 164 (35.0) 1009 (50.2) 379 (48.2) 259 (29.5) 403 (41.0)
>90 4(0.9) 26 (1.3) 11(14) 6(0.7) 20(2.0)
Unknown 1(0.05) 8(1.0)

A = Self-reported survey data
B = Aged care data
C = Death certificate data

D = Prescription data

E = Hospital admission patients data (only for Queensland, New South Wales, and South Australia; Total n = 7750)

2 Age dementia was first recorded

b Row percentages do not add up to 100% because cases can be identified from more than one source

records was identified from the aged-care assessments
(2010 women, 16.2% of all the women and 79.3% of those
with dementia records). Of the women with a record of
dementia from the aged-care assessments, 65% had the
dementia recorded more than once within this source.
The source yielding the smallest number of demen-
tia records was the self-reported survey data (18.5% of
records). Of these self-reported records, 17.3% were
reported with the help of a proxy, while the death cer-
tificates and pharmaceutical data had 31.0 and 34.6% of
records respectively. In the States where hospital data
were available, 55.8% of women with dementia were
identified in this data source. There were 50 women (0.4%
of all the women) with records in all four of the nationally
available datasets, and 1329 (10.6% of all women) from
one source only (Table 2).

Using capture—recapture methods we estimated that
there were 695 ‘unidentified’ women with dementia.
Therefore the estimated total number of women with
dementia was 3229, 95% CI (2976, 3482) or 26.0%,
95% CI (25.2, 26.8%) (cumulative incidence above the
age of 70) (Table 2). The difference between the num-
ber of identified women with dementia (2534) and
the capture—recapture estimate (3229) suggests that
only using the available datasets would have under-
estimated the number of women with dementia by
27% (695/2534). The correction used on cells with no
records had only a marginal effect on the estimates
presented, as did the adjustment for deaths in each age
category (Table 2). The effect of including the hospital

data was assessed by restricting the analyses to women
in New South Wales, Queensland and South Australia.
The inclusion of the hospital data increased the esti-
mated total percentage of women who had dementia
slightly to 26.9%, 95% CI (26.0, 27.9%) (Additional
file 1: Tables A3 and A4).

The average length of time to death or the end of fol-
low-up was 13.0 years [standard deviation (SD) 4.1], and
the average time to dementia, death or end of follow-up
period was 11.3 years (SD 3.2). The prevalence and inci-
dence of dementia are underestimated for the ages 70-79
because only self-reported survey data and cause of death
data were available for the period 1996—-2000. Using the
capture—recapture estimates, rates of prevalence and
incidence of dementia for ages 85+ are approximately
double than in the ages 80—84 estimates (Table 3). The
prevalence and incidence estimates changed only slightly
when the ten different random allocations of ‘unidenti-
fied’ dementia records in each age group were used (data
available on request).

Dementia prevalence and incidence rates from the
ALSWH study, compared to estimates from other inter-
national studies for women aged 80-85 and 85-89, are
presented in Table 4. The prevalence and incidence rates
of dementia for women aged 80-84 and 85+, based on
identified records were broadly consistent with those
reported previously. In contrast, estimates based on
the capture—recapture techniques were higher than
previously published prevalence and incidence figures
(Table 4).



Waller et al. Emerg Themes Epidemiol (2017) 14:3

Page 5 of 9

Table 2 Number of new records of dementia by age, as identified by different combinations of four data sources

(n=12,432)
Age
68-78 79-80 81-82 83-84 85-86 87-91 Total

A 27 17 12 10 13 20 99
B 9 37 81 204 283 289 903
C 29 35 45 41 37 24 211
D 8 11 22 27 24 24 116
AB 11 14 17 25 37 17 121
AC 22 Il 2 3 2 1 41
AD 2 1 2 4 5 18
BC 6 33 48 77 57 33 254
BD 24 54 76 98 84 51 387
cD 12 10 6 3 1 0 32
ABC 7 5 5 6 2 3 28
ABD 10 29 20 20 16 9 104
ACD 2 2 2 0 1 0 7
BCD 19 44 54 28 18 0 163
ABCD 16 16 12 3 3 0 50
Identified 206 320 403 547 582 476 2534

number
Estimated extra 30 41 116 128 164 217 728
Total = 236 361 519 675 746 693 3262

identified +

extra
95% Cl 201,272 342,380 411,027 553,797 634, 857 537,848 2823,4370
Adjustment for 1 — (26/206) =0.871 — (25/320) =092 1 — (34/403) =0.92 1 — (45/547) =092 1 — (37/582) =094 1 — (47/476) = 0.90

deaths

Pooled estimate
95% Cl

3229
2976, 3482

Correction factor of 0.125 added to cells which contain no identified cases
A = Self-reported survey data

B = Aged care data

C = Death certificate data

D = Prescription data

Discussion

By March 2012, 16% of ALSWH participants who were
aged between 71 and 75 in 1996, were recorded as hav-
ing dementia from the largest single data-source (aged
care assessments), and 20% of women were identified
from one of the four primary data sources. Using cap-
ture—recapture methods the estimated percentage of
women who had dementia increased from 20 to 26%.
These results highlight the importance of using multi-
ple sources of data, estimating the number people with
dementia who may have been missed, and including this
‘undercount’ in the presentation of results. This differ-
ence in the estimated prevalence of dementia would have
significant implications for the planning and provision of
health service needs in older women.

Whilst the methods of identifying records of demen-
tia vary between data sources, the dementia records
from the aged care assessment data, cause of death data,
and admitted patients hospital data, were all based on
doctors’ diagnoses. Dementias recorded with the help
of proxies were included in the self-reported dataset,
which allowed us to include women who may not have
been able to complete the survey alone. However, less
than 4% of identified dementia cases were based on
self-reported ALSWH records alone. The use of five
different sources of dementia notifications strengthens
confidence in the analysis and the estimates obtained.
The model averaging technique is another strength of
the analysis. Using this technique, the results do not
dependent on only one model, but are drawn from a
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Table 3 Prevalence and incidence of dementia by age
Age Prevalence: identified dementia cases Prevalence: estimated dementia cases®

Identified dementia cases N Prevalence % 95% Cl Estimated dementia cases® N Prevalence % 95% ClI
70-74° 25 11,846 0.2 (0.1,03) 37 11,846 0.3 (0.2,04)
75-79° 352 12,029 29 (26,32) 450 12,029 37 (34,4.0)
80-84 1385 10,803 128 (12.1,135) 1794 10803 166 (159,17.3)
85+ 1946 8817 221 (21.2,22.9) 2735 8817 310 (30.0,32.0)

Incidence: identified dementia cases Incidence: estimated dementia cases®

Identified Person-years  Incidencerate  95% Cl Estimated Person-years Incidencerate  95% Cl

dementia cases per 100 dementia cases? per 100

person-years person-years

70-74° 25 29,225.81 0.09 (0.06,0.13) 37 29,210.15 0.13 (0.09,0.17)
75-79° 335 56,712.76 0.59 (0.53,066) 423 56,560.95 0.75 (0.68,0.82)
80-84 1116 46,569.31 240 (2.33,2.54) 1456 45,676.17 3.19 (3.02,3.34)
85+ 1058 22,076.41 478 (4.51,509) 1532 20,596.46 744 (7.07,7.82)

@ Estimated cases = identified cases + estimated extra cases (based on inclusion of hospital data)

b Prevalence and incidence for ages 70-74 and 75-79 are underestimated because only self-reported data and cause of death data were available for the period

1996-2000

number of the best fitting models. This is important,
because for the capture—recapture analysis of four and
five data sources there were 114 and 6893 possible mod-
els, respectively.

Previous research from the ALSWH showed that the
probabilistic matching with the National Death Index
correctly identified 95% of deaths [21], likewise the age-
care data linkage reported high sensitivity and positive
predictive values estimates of the sensitivity and PPV
above 94% (AIHW communication). This gives confi-
dence in the accuracy of the probabilistic linkage tech-
niques. Aged care assessments identified the largest
number of dementia records. Within the age care data,
more than one record of dementia was present for 65% of
dementia cases identified from this source.

Nevertheless it is possible that the number of demen-
tia records identified from some sources have been over-
estimated. For example, in hospital records temporary
conditions which had similar symptoms could have been
misclassified as dementia (e.g., delirium, or other condi-
tions which cause behavioural changes). However, the hos-
pital records were based on doctors’ diagnoses, and 82%
of the dementia records identified from the hospital data
were also identified from at least one other data source.

Although the ALSWH participants were generally rep-
resentative of the population of Australian women [11,
16], previous analysis of the 1921-1926 cohort indicated
that these women had slightly lower death rates than
observed in the general population [30]. If the ALSWH
participants were healthier than the general popula-
tion then the population-wide prevalence of dementia
may be underestimated, if ‘healthier’ women were less

susceptible to dementia. On the other hand, the preva-
lence at older ages may be overestimated if the partici-
pants’ longer life expectancy increased the age-related
risk of dementia.

One of the assumptions of capture—recapture methods is
that the population analysed is ‘closed; with no one entering
or leaving. Although in our analysis no additional women
entered the study cohort, 44% of the cohort died during the
follow-up period. Women leaving the cohort (primarily due
to death) may have caused us to underestimate the number
of women with dementia. We adjusted for deaths in each
age group to reduce the probability of assigning dementia
to deceased study participants. This adjustment had only a
small effect on the estimates presented.

The use of a defined cohort of women in the analysis
meant that the calculation of rates of dementia was straight-
forward. However, four of the five data sources used were
routinely collected administrative records (all except self-
reported survey data). As such these sources could poten-
tially be used to estimate rates of dementia at the population
level, through data-linkage techniques. This approach would
have the advantage of using rates based on the ‘whole popu-
lation’ However, the assumptions for the capture—recapture
methods may be more tenuous if there are difficulties defin-
ing the denominator and estimating the number of people
entering and leaving the population studied [12].

The rates of incidence and prevalence of dementia for
ages below 80 in this analysis were underestimated. Three
of the datasets only had records available after the year
2000, so would not have contributed cases identified ear-
lier in the study. For this reason the estimates of demen-
tia prevalence and incidence rates in women aged less
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than 80 are lower than those reported in other Australian
and international studies [3-5, 31-37].

The prevalence and incidence rates of dementia for
women aged 80-84 and 85+, based on identified records
were broadly consistent with those reported previously,
indicating that the estimates gained through linkage of
multiple sources are credible (see Table 4) [5, 31-37]. Over
the age of 80 estimates based on the capture—recapture
techniques were somewhat higher than those estimates
published. It is therefore possible that the previously pub-
lished estimates which did not account for the number of
‘unidentified’ women with dementia are underestimates.

There is evidence from other countries that some types
of routinely collected data, such as United States Medi-
care claims (which do not have universal coverage, and
cover a different range of services from the Australian
Medicare), may overestimate the prevalence of demen-
tia [38], so the use of some of the multiple linked data
sources may have inflated these estimates, compared to
other studies which used clinical assessments on all study
participants [39, 40]. However, a recent UK study found
dementia recorded in hospital admission data, agreed
well with primary care records of dementia [41].

Other studies of dementia have used measures such as
Mini-Mental State Examination, the Geriatric Mental
State—Automated Geriatric Examination for Computer
Assisted Taxonomy diagnosis algorithm, or an interview
or clinical assessment to define dementia [3, 34, 36, 39,
40]. The current study uses more diverse assessments of
dementia collected from 5 separate data sources. However,
the rates we present give estimates of older women identi-
fied as having dementia in different health care settings.

The use of existing linked data to identify people liv-
ing with dementia, as demonstrated in this study, has
clear advantages in large population based studies over
separate study-specific individual clinical assessments to
determine diagnoses. For the purposes of public policy
and planning of health services these methods can pro-
vide population-level estimates as well as sub-population
comparisons (e.g., between urban and rural areas and for
socially disadvantaged groups) and trends over time.

Conclusions

This study demonstrates using routinely collected health
data with record linkage and capture—recapture methods
can produce plausible estimates for dementia prevalence
and incidence.
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Page 8 of 9

Abbreviations

ALSWH: Australian Longitudinal Study on Women'’s Health; ATC: Anatomical
Therapeutic Chemical index; Cl: confidence interval; ICD: International Clas-
sification of Diseases.

Authors’ contributions

MW wrote the paper and undertook the statistical analysis. AD and GM
conceived the original research idea. All authors contributed to manuscript
revisions. All authors read and approved the final manuscript.

Acknowledgements

The research on which this paper is based was conducted as part of the
Australian Longitudinal Study on Women's Health, the University of Newcastle
and the University of Queensland. We are grateful to the Australian Govern-
ment Department of Health for funding and to the women who provided
the survey data. We acknowledge the Department of Health and Medicare
Australia for providing the pharmaceutical data. We also acknowledge the
Australian Institute of Health and Welfare as the integrating authority for
these data. We acknowledge the assistance of the Data Linkage Unit at the
Australian Institute of Health and Welfare for undertaking the data link-

age to the National Death Index. The authors thank the New South Wales
Ministry of Health, the New South Wales Central Cancer Registry and staff at
the Centre for Health Record Linkage. The authors wish to thank the staff at
the Queensland Research Linkage Group at Queensland Health and SA-NT
DataLink at the University of South Australia, and the data custodians of the
Queensland Admitted Patients Data Collection and South Australian Hospital
Morbidity Data System. GDM was funded by the Australian Research Council
Future Fellowship (FT120100812). The funding organisations had no role in the
design and conduct of the study or in data collection, analysis, interpretation
of results, or preparation of the manuscript.

Competing interests
The authors declare that they have no competing interests.

Data availability

The capture-recapture estimates can be reproduced by applying Poisson
regression models to the grouped data presented in Table 2 and Additional
file 1: Tables A3 and A4. An additional dataset detailing estimates of dementia
prevalence and incidence by single year of age is provided in Additional file 2:
Data A5. The process for further data access is documented on the Australian
Longitudinal Study on Women's Health website [http://www.alswh.org.au]
which includes all the survey questionnaires, data books of frequency tables
for all surveys, meta-data, conditions of data access and request forms.

Ethics approval and consent to participate

This project was approved by the University of Newcastle’s Human Research
Ethics Committee (H-076-0795 and H-2012-0256), and the University

of Queensland’s Medical Research Ethics Committee (2004000224 and
2012000950). The ALSWH gained ethical approval to access national and
state-based external data sets and to link these de-identified datasets with
ALSWH data. For 706 individuals, who explicitly did not consent to linkage,
only ALSWH data and National Death Index data were used.

Funding

The work was supported by the Australian Government Department of
Health. GDM was funded by the Australian Research Council Future Fellow-
ship (FT120100812). The funding organisations had no role in the design and
conduct of the study or in data collection, analysis, interpretation of results or
preparation of the manuscript.

Received: 1 December 2016 Accepted: 17 February 2017
Published online: 27 February 2017

References

1. Australian Institute of Health and Welfare: Dementia in Australia. Cat. no.
AGE 70. Canberra: AIHW; 2012. http://www.aihw.gov.au/publication-
detail/?id=10737422958. Accessed 2 Dec 2016.


http://dx.doi.org/10.1186/s12982-017-0057-3
http://dx.doi.org/10.1186/s12982-017-0057-3
http://www.alswh.org.au
http://www.aihw.gov.au/publication-detail/%3fid%3d10737422958
http://www.aihw.gov.au/publication-detail/%3fid%3d10737422958

Waller et al. Emerg Themes Epidemiol (2017) 14:3

20.

21

Deloitte Access Economics Pty Ltd: Dementia across Australia: 2011-
2050. Deloitte Access Economics Pty Ltd; 2011. https//www.fightdemen-
tia.org.au/sites/default/files/20111014_Nat_Access_DemAcrossAust.pdf.
Accessed 2 Dec 2016.

Matthews FE, Arthur A, Barnes LE, Bond J, Jagger C, Robinson L, Brayne
C, Medical Research Council Cognitive F, Ageing C. A two-decade
comparison of prevalence of dementia in individuals aged 65 years and
older from three geographical areas of England: results of the Cognitive
Function and Ageing Study | and II. Lancet. 2013;382:1405-12.

Schrijvers EM, Verhaaren BF, Koudstaal PJ, Hofman A, lkram MA, Breteler
MM. Is dementia incidence declining?: Trends in dementia incidence
since 1990 in the Rotterdam Study. Neurology. 2012;78:1456-63.
Matthews FE, Stephan BC, Robinson L, Jagger C, Barnes LE, Arthur A,
Brayne C, Cognitive F, Ageing Studies C. A two decade dementia inci-
dence comparison from the cognitive function and ageing studies | and
1. Nat Commun. 2016;7:11398.

Members ECC, Brayne C, Ince PG, Keage HA, McKeith IG, Matthews FE,
Polvikoski T, Sulkava R. Education, the brain and dementia: neuroprotec-
tion or compensation? Brain. 2010;133:2210-6.

Caamano-Isorna F, Corral M, Montes-Martinez A, Takkouche B. Edu-
cation and dementia: a meta-analytic study. Neuroepidemiology.
2006;26:226-32.

Langa KM, Larson EB, Karlawish JH, Cutler DM, Kabeto MU, Kim SY, Rosen
AB.Trends in the prevalence and mortality of cognitive impairment in the
United States: is there evidence of a compression of cognitive morbidity?
Alzheimers Dement. 2008;4:134-44.

Christensen K, Thinggaard M, Oksuzyan A, Steenstrup T, Andersen-Ran-
berg K, Jeune B, McGue M, Vaupel JW. Physical and cognitive functioning
of people older than 90 years: a comparison of two Danish cohorts born
10 years apart. Lancet. 2013;382:1507-13.

Viswanathan A, Rocca WA, Tzourio C. Vascular risk factors and dementia:
how to move forward? Neurology. 2009;72:368-74.

Dobson AJ, Hockey R, Brown WJ, Byles JE, Loxton DJ, McLaughlin D, Tooth
LR, Mishra GD. Cohort profile update: Australian longitudinal study on
women's health. Int J Epidemiol. 2015;44:1547.

Hook EB, Regal RR. Capture-recapture methods in epidemiology: meth-
ods and limitations. Epidemiol Rev. 1995;17:243-64.

Li SQ, Guthridge SL, Eswara Aratchige P, Lowe MP, Wang Z, ZhaoY,

Krause V. Dementia prevalence and incidence among the Indigenous
and non-Indigenous populations of the Northern Territory. Med J Aust.
2014,200:465-9.

Sanderson M, Benjamin JT, Lane MJ, Cornman CB, Davis DR. Applica-
tion of capture-recapture methodology to estimate the prevalence of
dementia in South Carolina. Ann Epidemiol. 2003;13:518-24.
Department of Health: Dementia. A state of the nation report on demen-
tia care and support in England. 2013. https://www.gov.uk/government/
uploads/system/uploads/attachment_data/file/262139/Dementia.pdf.
Accessed 2 Dec 2016.

Brown WJ, Bryson L, Byles JE, Dobson AJ, Lee C, Mishra G, Schofield M.
Women'’s Health Australia: recruitment for a national longitudinal cohort
study. Women Health. 1998;28:23-40.

Lee C, Dobson AJ, Brown WJ, Bryson L, Byles J, Warner-Smith P, Young AF.
Cohort profile: the Australian Longitudinal Study on Women's Health. Int J
Epidemiol. 2005;34:987-91.

WHO Collaborating Centre for Drug Statistics Methodology. ATC/DDD
Index 2015. http://www.whocc.no/atc_ddd_index/. Accessed 2 Dec
2016.

Australian Institute of Health and Welfare. National Aged Care Data
Clearinghouse http://www.aihw.gov.au/national-aged-care-data-clear-
inghouse/. Accessed 2 Dec 2016.

Australian Institute of Health and Welfare. National Death Index (NDI)
http://www.aihw.gov.au/national-death-index/. Accessed 2 Dec 2016.
Powers J, Ball J, Adamson L, Dobson A. Effectiveness of the National
Death Index for establishing the vital status of older women in the Aus-
tralian Longitudinal Study on Women's Health. Aust N Z J Public Health.
2000;24:526-8.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33

34.

35.

36.

37.

38.

39.

40.

Page 9 of 9

Pharmaceutical Benefits Scheme. http://www.pbs.gov.au/pbs/home.
Accessed 2 Dec 2016.

Australian Institute of Health and Welfare. Data integration projects 2012:
Projects approved by the AIHW Ethics Committee during 2012. http://
www.aihw.gov.au/data-integration/projects-2012/. Accessed 2 Dec 2016.
Centre for Health record Linkage (CHeRel). http://www.cherel.org.au/
about-us. Accessed 2 Dec 2016.

Queensland Data Linkage Framework. State of Queensland (Queensland
Health); 2014. http://www.health.gld.gov.au/hsu/pdf/other/qlddatalink-
framework.pdf. Accessed 2 Dec 2016.

SA-NT Datalink, Supporting Health, Social and Economic Research Educa-
tion and Policy in South Australia and the Northern Territory. https://
www.santdatalink.org.au/. Accessed 2 Dec 2016.

Australian Institute of Health and Welfare: Dementia care in hospitals:
costs and strategies. Cat. no. AGE 72. Canberra: AIHW; 2013. http://www.
aihw.gov.au/publication-detail/?id=60129542746. Accessed 2 Dec 2016.
Cameron CM, Coppell KJ, Fletcher DJ, Sharples KJ. Capture-recapture
using multiple data sources: estimating the prevalence of diabetes. Aust
N Z J Public Health. 2012;36:223-8.

Burnham KP, Andersen DR. Model selection and multinodal inference: a
practical information-theoretic approach. 2nd ed. New York: Springer; 2002.
Hockey R, Tooth L, Dobson A. Relative survival: a useful tool to assess
generalisability in longitudinal studies of health in older persons. Emerg
Themes Epidemiol. 2011;8:3.

. Anstey KJ, Burns RA, Birrell CL, Steel D, Kiely KM, Luszcz MA. Estimates of

probable dementia prevalence from population-based surveys com-
pared with dementia prevalence estimates based on meta-analyses. BMC
Neurol. 2010;10:62.

Hofman A, Rocca WA, Brayne C, Breteler MM, Clarke M, Cooper B, Cope-
land JR, Dartigues JF, da Silva Droux A, Hagnell O, et al. The prevalence

of dementia in Europe: a collaborative study of 1980-1990 findings.
Eurodem Prevalence Research Group. Int J Epidemiol. 1991,20:736-48.
Jorm AF, Korten AE, Henderson AS. The prevalence of dementia: a quanti-
tative integration of the literature. Acta Psychiatr Scand. 1987,76:465-79.
Lobo A, Launer LJ, Fratiglioni L, Andersen K, Di Carlo A, Breteler MM,
Copeland JR, Dartigues JF, Jagger C, Martinez-Lage J, et al. Prevalence

of dementia and major subtypes in Europe: a collaborative study of
population-based cohorts. Neurologic Diseases in the Elderly Research
Group. Neurology. 2000;54:54-9.

Ritchie K, Kildea D. Is senile dementia “age-related” or “ageing-related”?—
evidence from meta-analysis of dementia prevalence in the oldest old.
Lancet. 1995;346:931-4.

Fratiglioni L, Launer LJ, Andersen K, Breteler MM, Copeland JR, Dartigues
JF, Lobo A, Martinez-Lage J, Soininen H, Hofman A. Incidence of dementia
and major subtypes in Europe: a collaborative study of population-based
cohorts. Neurologic Diseases in the Elderly Research Group. Neurology.
2000;54:510-5.

Sauvaget C, Tsuji |, Haan MN, Hisamichi S. Trends in dementia-free life
expectancy among elderly members of a large health maintenance
organization. Int J Epidemiol. 1999,28:1110-8.

Taylor DH Jr, Ostbye T, Langa KM, Weir D, Plassman BL. The accuracy of
Medicare claims as an epidemiological tool: the case of dementia revis-
ited. J Alzheimers Dis. 2009;17:807-15.

Hebert LE, Weuve J, Scherr PA, Evans DA. Alzheimer disease in the

United States (2010-2050) estimated using the 2010 census. Neurology.
2013;80:1778-83.

Plassman BL, Langa KM, Fisher GG, Heeringa SG, Weir DR, Ofstedal MB,
Burke JR, Hurd MD, Potter GG, Rodgers WL, et al. Prevalence of dementia
in the United States: the aging, demographics, and memory study. Neu-
roepidemiology. 2007;29:125-32.

. Brown A, Kirichek O, Balkwill A, Reeves G, Beral V, Sudlow C, Gallacher J,

Green J. Comparison of dementia recorded in routinely collected hospital
admission data in England with dementia recorded in primary care.
Emerg Themes Epidemiol. 2016;13:11.


https://www.fightdementia.org.au/sites/default/files/20111014_Nat_Access_DemAcrossAust.pdf
https://www.fightdementia.org.au/sites/default/files/20111014_Nat_Access_DemAcrossAust.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/262139/Dementia.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/262139/Dementia.pdf
http://www.whocc.no/atc_ddd_index/
http://www.aihw.gov.au/national-aged-care-data-clearinghouse/
http://www.aihw.gov.au/national-aged-care-data-clearinghouse/
http://www.aihw.gov.au/national-death-index/
http://www.pbs.gov.au/pbs/home
http://www.aihw.gov.au/data-integration/projects-2012/
http://www.aihw.gov.au/data-integration/projects-2012/
http://www.cherel.org.au/about-us
http://www.cherel.org.au/about-us
http://www.health.qld.gov.au/hsu/pdf/other/qlddatalinkframework.pdf
http://www.health.qld.gov.au/hsu/pdf/other/qlddatalinkframework.pdf
https://www.santdatalink.org.au/
https://www.santdatalink.org.au/
http://www.aihw.gov.au/publication-detail/%3fid%3d60129542746
http://www.aihw.gov.au/publication-detail/%3fid%3d60129542746

	Estimating the prevalence of dementia using multiple linked administrative health records and capture–recapture methodology
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Data sources
	Self-reported survey data (A)
	Aged care assessments (B)
	Causes of death (C)
	Pharmaceutical Benefits Scheme (D)
	Admitted patients hospital data (E)
	Statistical analysis

	Results
	Discussion
	Conclusions
	Authors’ contributions
	References




