
Comino et al. BMC Health Services Research 2013, 13:481
http://www.biomedcentral.com/1472-6963/13/481
RESEARCH ARTICLE Open Access
Validating self-report of diabetes use by
participants in the 45 and up study: a record
linkage study
Elizabeth Jean Comino1*, Duong Thuy Tran2, Marion Haas3, Jeff Flack4, Bin Jalaludin5,6, Louisa Jorm2

and Mark Fort Harris1
Abstract

Background: Prevalence studies usually depend on self-report of disease status in survey data or administrative
data collections and may over- or under-estimate disease prevalence. The establishment of a linked data collection
provided an opportunity to explore the accuracy and completeness of capture of information about diabetes in
survey and administrative data collections.

Methods: Baseline questionnaire data at recruitment to the 45 and Up Study was obtained for 266,848 adults aged
45 years and over sampled from New South Wales, Australia in 2006–2009, and linked to administrative data about
hospitalisation from the Admitted Patient Data Collection (APDC) for 2000–2009, claims for medical services (MBS)
and pharmaceuticals (PBS) from Medicare Australia data for 2004–2009. Diabetes status was determined from
response to a question ‘Has a doctor EVER told you that you have diabetes’ (n = 23,981) and augmented by
examination of free text fields about diagnosis (n = 119) or use of insulin (n = 58). These data were used to identify
the sub-group with type 1 diabetes. We explored the agreement between self-report of diabetes, identification of
diabetes diagnostic codes in APDC data, claims for glycosylated haemoglobin (HbA1c) in MBS data, and claims for
dispensed medication (oral hyperglycaemic agents and insulin) in PBS data.

Results: Most participants with diabetes were identified in APDC data if admitted to hospital (79.3%), in MBS data
with at least one claim for HbA1c testing (84.7%; 73.4% if 2 tests claimed) or in PBS data through claim for diabetes
medication (71.4%). Using these alternate data collections as an imperfect ‘gold standard’ we calculated sensitivities
of 83.7% for APDC, 63.9% (80.5% for two tests) for MBS, and 96.6% for PBS data and specificities of 97.7%, 98.4%
and 97.1% respectively. The lower sensitivity for HbA1c may reflect the use of this test to screen for diabetes
suggesting that it is less useful in identifying people with diabetes without additional information. Kappa values
were 0.80, 0.70 and 0.80 for APDC, MBS and PBS respectively reflecting the large population sample under
consideration. Compared to APDC, there was poor agreement about identifying type 1 diabetes status.

Conclusions: Self-report of diagnosis augmented with free text data indicating diabetes as a chronic condition
and/or use of insulin among medications used was able to identify participants with diabetes with high sensitivity
and specificity compared to available administrative data collections.
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Background
Surveys and questionnaires are frequently used in health
research to collect information about socio-demographic
characteristics, functional health status, access to health
care, and presence of lifestyle and other risk factors [1-5].
The reliability, validity and consistency of self-report of
health status and receipt of health care have been issues of
concern for health researchers. Under-reporting of condi-
tions may occur because people have not been formally di-
agnosed, or chose not to reveal this information, or do not
relate the condition to the particular situation or timeframe
in which the information was sought. Some studies have
found that the reliability of reporting is better for condi-
tions where there are clear diagnostic criteria such as dia-
betes than for conditions where the diagnostic criteria are
less clear such as chronic obstructive pulmonary disease
[6]. Reliability of reporting can also be influenced by
personal characteristics such as age and gender [6]. Preva-
lence estimates based on self-report under-enumerate ac-
tual population rates [2,4]. This was highlighted by the
Australian Diabetes, Obesity and Lifestyle Study (AusDiab)
study which reported that only approximately half of adults
who participated in clinical testing for diabetes and subse-
quently were diagnosed with diabetes actually reported a
prior diagnosis [2].
Administrative data collections represent alternative

sources of information on health status and access to health
care [6]. Although these exist primarily for the purposes of
managing and operating health services, they are increas-
ingly used in health services research. In Australia, there
are four main sources of administrative data for diabetes:
the National Diabetes Services Scheme (NDSS), Medicare
Australia data and hospital morbidity data collections. The
NDSS is a voluntary support services for Australians with
diabetes and provides access to subsidised diabetes manage-
ment products and services. Registration is through general
practice and coverage of up to 80-90% of Australians with
diabetes is reported. Medicare Australia is the country’s
universal health insurance scheme and administers claims
for subsidised medical care under the Medical Benefits
Schedule (MBS) schedule and for pharmaceutical products
under the Pharmaceutical Benefits Schedule (PBS). These
claim data may under- or over-estimate diabetes care
provision and diabetes prevalence due to subsidy rules. For
example, claims for pathology testing recorded in MBS
data are limited to a maximum of four tests in a patient
episode for a set of pathology services, ordered by a general
practitioner for a non-hospitalised patient [7]. Among a
battery of tests, this ‘coning’ will limit claims to the four
most expensive tests and may under-capture claims for
HbA1c tests. Over-estimation based on HbA1c testing
may also occur if the test is being used for other purposes
such as screening. Dispensed medications with prices lower
than the general patient co-payment ($34.20 as at 2011) or
private scripts are not captured in PBS data. In New South
Wales (NSW) inpatient data are recorded in the Admitted
Patient Data Collection (APDC), and these data include
details about episodes of care for people who are admitted.
However, according to Australian Coding Standard for
Additional Diagnoses (ACS0002) the recording of diabetes
as an additional diagnosis is only required if diabetes af-
fects patient management during hospital admission [8].
Population data that includes diagnostic testing such as
AusDiab data rarely exists [9].
Thus variable estimates of prevalence occur due to un-

even population coverage, the age group reported, currency
of the data source, and frequency of updates to the data
source. The prevalence of diabetes for all ages based on
self-reported data from Australia’s National Health Survey
was 3.3% in 2004-5 [10] and from the South Australian
Omnibus Survey in 2003 among people aged 15 years or
older was 6.7% [5]. Prevalence rates based on administrative
data collected during 2004–5 including NDSS (3.6%), MBS
(3.0%) and PBS (3.0%) were similar [10]. Although some-
what old now (1999–2000) the Australian Diabetes and
Lifestyle Study baseline data reported a self-reported preva-
lence of 3.7% and further undiagnosed (following testing)
prevalence of 4.2% in adults aged 25 years or more [2].
Baseline data from the 45 and Up Study of NSW residents
aged 45 years or older found a prevalence of 8.8% [11].
Record linkage provides an opportunity to explore the

accuracy and completeness of capture of information about
diabetes in survey and administrative data collections. We
were unable to identify other studies comparing self-
reported diabetes status with administrative data collec-
tions. Studies that validate quality of care measures suggest
that patients overestimate testing procedures compared to
medical records [12,13]. This paper reports a record link-
age study using self-reported data from a baseline ques-
tionnaire completed at recruitment to the 45 and Up Study
linked to record extracts from administrative data collec-
tions including MBS, PBS and APDC. The baseline data
provided complete enumeration of the cohort whereas not
every cohort participant was identified in each of the ad-
ministrative data collections. The aim of this study is to
compare and contrast indicators of prevalent diabetes
among the linked data. A secondary aim was to test an al-
gorithm to differentiate type 1 and type 2 diabetes. Specif-
ically we wanted to demonstrate the value of self-report of
diabetes status in establishing a diabetes cohort using rec-
ord linkage. This is a part of a larger study which is investi-
gating the relationship between primary health care and
health outcomes in people with diabetes.

Methods
Study population
The 45 and Up Study is a population-based cohort study
of NSW residents aged 45 years and older. It is described



Table 1 Insulin products and oral hypoglycaemic agents
(OHA) available in Australia and self-reported use by 45
and Up Study participants at recruitment

Medications self-reported Number

Insulin 2,379

Any oral hypoglycaemic agents (OHAs) 14,124

Biguanides 12,560

Sulphonylureas 3,766

Thiazolidinediones 855

Alpha glucosidase inhibitor 72

Inhibitor DipeptidylPeptisase 4 inhibitor 50

Pre-mixed tablets 196

Exenatide 17

Meglitinides 6
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in detail elsewhere [11]. Briefly, recruitment was under-
taken between 2006 and 2009. Potential participants were
randomly selected from the Medicare Australia database
(Australia’s universal public health insurance system). Par-
ticipants joined the Study by completing a mailed self-
administered questionnaire and providing consent for long
term follow-up, including linkage to personal health re-
cords. The response rate was 18% [11]. This current study
used baseline questionnaire data from 266,848 participants.

Detection of diabetes status and diabetes medication
from baseline questionnaire
The questionnaire completed at recruitment is available
at http://www.saxinstitute.org.au/ourwork/45-up-study/
questionnaires. The participants could indicate their dia-
betes status through their responses to three questionnaire
items. Most participants with diabetes were identified from
tick box responses to Question 24: ‘Has a doctor EVER told
you that you have diabetes?’. Participants who responded
affirmatively to this question were asked to indicate ‘Age
when condition was first found’. Participants could also in-
dicate a diagnosis of diabetes in a free-text box response to
Questions 26: ‘Are you NOW suffering from any other im-
portant illness?’ The SAS Perl regular expression function
[14] which matches and allocates text patterns in string
variables was used to search for mention of diabetes among
data from participants who did not report a diagnosis of
diabetes using the tick box in Question 24. Free-text box
responses containing ‘diabetes-like’ keywords were manu-
ally examined to identify additional participants with
diabetes. These participants were categorised as having dia-
betes if they wrote diabetes-specific text such as diabetes,
sugar diabetes, diabetes type 1, diabetes type 2, grade 2 dia-
betes, self-management or controlled diabetes. Participants
writing text such as pre-diabetes, borderline diabetes, or
diabetes insipidus were categorised as ‘diabetes uncertain’.
The self-reported use of diabetes medications was also

identified from the baseline questionnaire. Question 23
asked ‘Have you taken any medications, vitamins or sup-
plements for most of the last 4 weeks, including HRT and
the pill?’ Medications for diabetes could be identified
from the tick box for Diabex, Diaformin, or Metformin,
and a text box for other diabetes related medications. A
list of the different types and brand names of insulin
products and oral hypoglycaemic agents (OHA) available
in Australia was accessed [15] (Table 1) and searched,
using the SAS Perl function [14] (false negative rate of
1.7% for insulin and OHAs, false positive rates for insulin
and OHAs ranged between 0% and 1.06%). Participants
who reported use of insulin but did not indicate a diagnosis
of diabetes in other fields (n = 58) were added to the dia-
betes group while those who reported only OHAs were
included in the ‘diabetes uncertain’ group. We did not at-
tempt to identify incident cases of diabetes.
Finally, we attempted to classify diabetes as type 1,
type 2, or other based on additional information includ-
ing age at diagnosis, medication use, and age at birth of
their last child (for females). Participants who either re-
ported type 1 diabetes in free-text fields, were diagnosed
before age of 31 years [16] and were using insulin, or did
not give age of diagnosis but were using insulin were
classified as having type 1 diabetes. Women who were
diagnosed before the date of last delivery and did not re-
port current medication use were classified as having
(had) gestational diabetes. The remainder were classified
as having type 2 diabetes.

Validation of self-report diabetes status
Diabetes status identified from the 45 and Up question-
naire was compared with diabetes status reported in the
APDC, and MBS and PBS claims using record linkage.
The APDC is a mandated record of all patient admis-
sions to NSW hospitals. Data between 1 July 2000 and
31 December 2009 were extracted. Patient diagnoses are
coded as principal diagnosis and additional (>10) diag-
noses using ICD10-AM codes [8]. Diabetes diagnoses in
the APDC were identified from all diagnostic fields using
ICD10-AM codes (E10, E11, E13, E14, and O24.0-O24.3)
and were classified as Type 1, Type 2, and other type of
diabetes. The 45 and Up Study data and APDC were linked
using ‘best practice protocols’ for preserving individ-
ual privacy by the Centre for Health Record Linkage
(CHeReL), an independent data linkage facility [17]. Per-
sonal information such as name, date of birth, sex and ad-
dress was used for linkage.
The MBS data records all claims for medical and

diagnostic services provided through Medicare. Claims
for glycosylated haemoglobin (HbA1c) testing (item num-
ber 66551) between 2004 and 2009 were extracted. HbA1c
testing is used as a measure of glucose control for people
with diabetes and should be performed at least annually

http://www.saxinstitute.org.au/ourwork/45-up-study/questionnaires
http://www.saxinstitute.org.au/ourwork/45-up-study/questionnaires
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for all people with diabetes [15]. Medicare data were linked
by Department of Human Services using deterministic
techniques based on a unique identifying number and
other personal identifying information.

Validation of self-report diabetes medications
Self-reported medication use was compared with available
claims for dispensing of insulin and oral hypoglycaemic
agents (OHA) products recorded in the PBS data for 12
months prior to recruitment. Medications provided to war
veterans are not included in the PBS, so participants who
reported possessing a Department of Veteran Affairs
(DVA) card were excluded from this analysis (n = 6,303).
(OHA use was tested in concession card holders only).

Analysis
As described above, participants were categorised into
one of three diagnostic groups: diabetes, non-diabetes,
and diabetes uncertain. Data from participants in the
‘uncertain’ group were analysed separately.
The diabetes and non-diabetes groups were compared

to the criterion standard of each linked data collection.
The criterion standards used were: confirmed having
diagnosis of diabetes in diabetes ICD-10-AM codes re-
corded in APDC data, a claim for (1 or 2) HbA1c tests
in MBS data and a claim for a dispensed prescription for
insulin or OHA in the PBS data. We constructed two by
two tables and calculated sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
and Kappa agreement. Using administrative data as the
imperfect ‘gold’ standard, sensitivity refers to the propor-
tion of participants with diabetes according to criterion
standard of each linked administrative data collection
who were assigned to the diabetes group, whereas speci-
ficity refers to the proportion of participants without
diabetes according to criterion standard of each linked
administrative data collection who were not assigned to
the diabetes group [18]. The PPV refers to the propor-
tion of participants in the 45 and Up Study assigned to
the diabetes group who were also found to have diabetes
according to the relevant criterion standard. The NPV
is the proportion of participants who were assigned to
the non-diabetes group without diabetes according to
the criterion standard. The Kappa statistic provides an
error-corrected measure of agreement between two mea-
sures of a categorical variable without assuming either
source as the gold standard. It was calculated using Fleiss’
formula [19].

Ethics
The 45 and Up Study was approved by the University of
New South Wales Human Research Ethics Committee.
The specific study reported here was approved by the
NSW Population and Health Services Ethics Committee,
Cancer Institute NSW (reference 2010/05/228 and 2010/
05/229).

Results
Report of diabetes status from baseline 45 and Up
questionnaire
Data provided by 266,848 NSW residents at recruitment
to the 45 and Up Study were extracted. The distribution
of diabetes is summarised in Figure 1. A prior diagnosis
of diabetes was reported by 23,981 (9.0%) participants.
On examination of the ‘free text’ field, a further 255 par-
ticipants wrote diabetes related words, 119 of whom
were considered to have current diabetes and 136 whose
diabetes status was uncertain. Examination of the medi-
cation use fields for the remaining 242,612 participants
identified 1,246 participants taking OHAs and 58 using
insulin. Participants who were using insulin were included
in the diabetes group, while those in the OHA group who
did not tick the diabetes diagnosis box were assigned to
diabetes uncertain group. In total 24,158 individuals were
assigned to the diabetes group, giving a revised reported
prevalence of diabetes of 9.05%.

Validation of self-reported diabetes status from the 45
and Up Study
Validation against APDC diagnostic codes
There were 193,126 (19,086 in the diabetes group, and
153 uncertain) participants in the 45 and Up Study with
an identified hospital admission between 2000 and 2009.
45 and Up Study participants could not be linked to data
held by the CHeReL (n = 77), were not admitted to hospital
during study period (n = 72,953), or were diagnosed with
diabetes since their last hospital admission (n = 692) were
excluded from this analysis. Participants with a diagnosis of
gestational diabetes and not other forms of diabetes in the
APDC data were excluded from further analysis.
Among 45 and Up Study participants assigned to the

diabetes group (n = 19,086), 79.3% (n = 15,143) had a diag-
nosis of diabetes recorded in APDC (PPV); among par-
ticipants assigned to the non-diabetes group, 98.3%
(n = 169,983) did not have diabetes recorded in the APDC
(NPV, Table 2). Using APDC as the standard the sensitivity
was 83.9%, specificity 97.7%, and Kappa for agreement was
0.8. About half of those assigned to the diabetes uncertain
group at baseline (n = 557; 48.3%) had diabetes recorded in
the APDC.

Validation of diabetes against claims for HbA1c testing in
MBS data
Of the 266,848 45 and Up Study participants, 265,052
successfully linked to MBS data (including 24,004 in the
diabetes group and 1,377 in the diabetes uncertain group).
Participants whose data did not link to MBS (n = 1,783) or
whose year of diagnosis with diabetes was later than 2009



Figure 1 Algorithm for identifying diabetes status among participants at recruitment using information reported during completion of
a baseline questionnaire.
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(n = 13) were excluded from this analysis. During the five
years 2005–09, 32,641 participants (12.3%) had at least one
MBS claim for an HbA1c test; 22,467 (8.5%) had two
claims; 17,663 (6.7%) had three claims; and 14,182 (5.4%)
had at least four claims for an HbA1c test.
Table 3 presents the cross-tabulations between self-

reported diabetes status from the 45 and Up Study and
at least one claim for an HbA1c test. Among 45 and
Up Study participants assigned to the diabetes group
(n = 24,004), 84.7% (n = 20,340) had a claim for a HbA1c
test recorded (PPV); among participants assigned to non-
diabetes group, 95.2% (n = 228,157) did not have a claim
for a HbA1c test recorded (NPV, Table 2) (73.4% and
98.2% respectively if two claims for HbA1c testing were
considered). Using claims for HbA1c tests as the stand-
ard, the sensitivity was 63.9%, specificity was 98.4%, and
Kappa was 0.7 (80.4%, 97.4%, and 0.75 respectively if two
claims for HbA1c testing were considered). About half
(n = 787; 57.2%) of those of uncertain diabetes status at
recruitment had at least one record of an HbA1c test,
suggesting presence of diabetes.
Table 2 Agreement between self-report of diabetes status
by 45 and Up Study participants at recruitment and at
least one diagnostic code for diabetes reported in APDC
data 2000–9

Self-report
of diabetes

APDC diabetes status Total

Diabetes Non-diabetes

Diabetes 15,143 3,943 19,086

Non-diabetes 2,904 169,983 172,887

Total 18,047 173,926 191,973#

Uncertain* 557 596 1153

* Not included in the agreement analyses.
# Data limited to participants with record of hospital admission during 200–9.
Validation of self-reported medication use against claims
for diabetes medication recorded in PBS data
Of the 266,848 participants in the 45 and Up Study,
213,287 participants linked to PBS data, did not report
DVA card at baseline, and had at least one claim for
medication during the 12 months prior to recruitment.
At baseline of 24,151 participants in the 45 and Up

Study assigned to the diabetes group, 10% (n = 2,379) self-
reported using insulin and 58% (n = 13,962) self-reported
OHAs. In the linked data, 71.4% (n = 14,465) of partici-
pants with diabetes had a record of at least one PBS claim
for diabetes-related medication during the 12 month prior
to enrolment and 99.7% (191,068) of those assigned to the
non-diabetes group did not have a claim recorded for
diabetes-related medication.
Table 4 presents the cross-tabulations between self-

reported diabetes status from the 45 and Up Study and at
least one claim for insulin or OHA from the PBS. Using the
PBS data as the standard the sensitivity was 95.6%, the spe-
cificity was 97.1% and the Kappa was 0.8. About two thirds
(n = 770; 66.2%) of those whose diabetes status at baseline
was uncertain has a claim for diabetes-related medication.
Table 3 Agreement between self-report of diabetes status
by 45 and Up Study participants at recruitment and claims
for at least 1 HbA1c test during 2005 - 2009

Self-report
of diabetes

HbA1c testing status Total #

yes no

Diabetes 20,340 3,664 24,004

Non-diabetes 11,514 228,157 239,671

Total 31,854 231,821 263,675

Uncertain* 787 590 1,377

* Not included in the agreement analyses.
# Data limited to participant data that linked successfully to MBS data.



Table 4 Agreement between self-report of diabetes status
by 45 and Up Study participants at recruitment and claims
for diabetes related medication (Insulin and/or OHAs) in the
12 months prior to recruitment

Self-report
of diabetes

Diabetes related medication Total #

yes no

Diabetes 14,465 5,780 20,245

Non-diabetes 663 191,068 191,731

Total 15,128 196,848 211,976

Uncertain* 770 394 1,164

* Not included in the agreement analyses.
# Data limited to participants that linked successfully to PBS data and met
inclusion criteria.
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Determination of type of diabetes
Our algorithm for determining the type of diabetes among
the 24,158 participants assigned to the diabetes group is
summarised in Figure 2. Using the free text field, 258 par-
ticipants indicated that they had type 1 diabetes and 1,504
indicated that they had type 2 diabetes. Participants who
reported using insulin products AND who reported diag-
nosis before age 31 (n = 559) or did not provide an age of
diagnosis (n = 62) were categorised as type 1 diabetes.
Women who gave their age of diagnosis before the birth
of their last child and were not currently using diabetes
medication were categorised as gestational diabetes. This
process resulted in 899 participants categorised as type 1,
22,789 as type 2 and 470 as ‘other’.
Figure 2 Algorithm for classifying type of diabetes (Type1, Type 2, O
using information reported during completion of a baseline question
diabetes group.
Table 5 illustrates the agreement between diabetes type
identified using our algorithm and diabetes type as indi-
cated in the APDC data for participants with diabetes
with a record of hospital admission. Among the 18,000
participants in the 45 and Up Study baseline data who
were assigned to Type 2 diabetes using the algorithm,
76.8% had a diagnosis of type 2 diabetes recorded in the
APDC data. However, among the 756 identified assigned
to Type 1 diabetes using our algorithm, only 41.5% had a
diagnosis of Type 1 diabetes recorded in the APDC data.

Discussion
This study explores the criterion validity of identifying
participants with diabetes from information they pro-
vided at recruitment to the 45 and Up Study. Most par-
ticipants (99%) with diabetes self-reported their diabetes
status through a tick box response; the remainder wrote
diabetes in free text field (n = 119) or reported insulin
use (n = 58). The final prevalence of diabetes was 9.05%
(n = 24,158). Compared to the other data collections,
more than 80% of those who self-reported diabetes were
found to have a record of a diagnosis of diabetes or
diabetes-related treatment in linked data collections.
There were 1,382 participants (0.5%) whose diabetes status
was uncertain based on self-reported information about
their diabetes status. Although about half of this ‘diabetes
uncertain’ group may also have diabetes and the remainder
may have a pre-diabetic condition, we excluded all from
ther) for participants who reported diabetes at recruitment and
naire. Footnote: data limited to 24,158 participants categorised to the



Table 5 Agreement between algorithm for assigning diabetes type based on baseline questionnaire data reported by
45 and Up Study participants and diabetes type recorded in APDC data 2000-9

Diabetes type from
baseline

Diabetes type – APDC Total

Type 1 Type 2 Gestational/other Unspecified Diabetes not recorded

Type 1 314 383 2 1 56 756

Type 2 451 13822 18 45 3664 18,000

Gestational/other 26 61 20 0 223 330

Total 791 14,266 40 46 3,943 19,086#

# Data limited to 45 and Up participants with diabetes with a record of hospital admission during 200–9.
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consideration in this study. Our algorithm to differentiate
type of diabetes was not useful to exclude participants with
type 1 diabetes from the study.
The strength of this study is the large population

based sample and the unit record linkage to administra-
tive data collections on claims for occasions of care and
events such as hospitalisation. Although a low response
rate to invitation to participate was observed, research
has demonstrated that for a broad range of risk factors, this
study yielded consistent estimates of exposure-outcome re-
lationships as a population survey of the same population
that reported varying response rate, sampling frame and
mode of questionnaire administration [20]. The main short
coming of this study is the absence of the results of diag-
nostic or other clinical findings to confirm a diagnosis of
diabetes among participants. The study relied on responses
to a general question ‘Has a doctor EVER told you that you
have diabetes?’ as the primary means of identifying those
participants with diabetes. As indicated from additional in-
formation available to this study diabetes status could be
under-reported through not responding to this question or
over-reported in circumstances where diabetes was not
longer present for example, gestational diabetes or weight
loss. This would not fully explain differences between the
different data sets. The questions included in the baseline
45 and Up Study questionnaire did not enable further
exploration of diabetes status through seeking additional
specific information on diagnosis and care received [21].
Although the administrative data extracts included data
collected over a number of years, we have presented a
cross-sectional analysis for this study.
Our approach to exploring the reliability of self-report

of diabetes was to compare self-report to evidence of a
diagnosis of diabetes or diabetes-related testing in the
linked data collections. Identification using APDC ex-
cluded those patients who were not admitted during
data (2000–2009). We found that 80% of participants self-
reporting diabetes had a diagnosis of diabetes recorded in
APDC; both sensitivity and specificity were high. Using
claims for HbA1c testing may over-identify participants
with diabetes due to the misuse of this test for screening
and other purposes. This was confirmed with lower sen-
sitivity (64%) and Kappa (0.7) which improved to 80.4%
and 0.75 when claims for receipt of two HbA1c tests
were considered. However, for the diabetes group identi-
fied at baseline, our study found that 85% had a record
of one or more HbA1c test (73.4% had two or more),
confirming the self-report of diabetes in this group. Al-
though it has been suggested that ‘coning’ may lead to
an underestimation of diabetes status [7] and this might
explain the lower agreement between baseline 45 and Up
data and claims for HbA1c testing, we could not explore
this in the available data. In regard to our comparison
to claims for diabetes related medications recorded in
the PBS data, 71% of participants with diabetes had at
least one claim for medication in the 12 months prior
to recruitment. We observed a high level of agreement
(Kappa: 0.8). One reason that only 71% of participants
had a prescription for diabetes related medication might
be because some medications may cost less than the pa-
tient co-payment and thus may not have been recorded in
PBBS data during the study period. Some participants are
also likely to be controlled by diet alone although we
could not demonstrate this in the current data. However,
self-reported diabetes medication (Insulin: 10%; OHAs:
58%) was similar to that observed in the PBS data (71%).
Our algorithm identified a small group of participants

whose diabetes status was classified as uncertain. These
included 136 participants who did not use the tick box
but wrote words for conditions such as pre-diabetes or
diabetes insipidus and 1,246 participants who did not
self-report diabetes but who did report use of oral
hypoglycaemic agents. Using additional data that was
available through linkage, it is likely that about half
of these participants actually have a diagnosis of dia-
betes that was incorrectly reported at baseline.
The recruitment questionnaire did not seek informa-

tion on type of diabetes. We attempted to use additional
data provided within the questionnaire to identify those
participants who had type 1 diabetes. Our algorithm
could identify less than half of participants with type 1
diabetes identified in the APDC. As these data do not
include all participants in the 45 and Up Study (74% of
participants had a hospital admission identified in the 10
year period), it was not possible to use APDC data as an
alternate source of diagnosis.
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We have identified some differences in reporting of
diabetes status between these data collections. Firstly,
self-report accurately identified at least 80% of partici-
pants in the 45 and Up Study with a diagnosis of diabetes.
This is similar to the proportion who self-identified in the
AusDiab study where self-report of diabetes was confirmed
by biological testing (unpublished data) and suggests that
the general question relating to diabetes status was ad-
equate to identify a sub-population of people with diabetes
participating in the 45 and Up Study. We are not able
to comment on the implications of the findings of the
AusDiab study that about half of people with diabetes were
not diagnosed at testing. While some under-diagnosis is
suggested from the APDC where 16% of participants iden-
tified with diabetes on admission did not self-report a diag-
nosis of diabetes, 21% of participants who self-reported a
diagnosis at baseline did not have a diagnostic code for dia-
betes in their admission data.
Although HbA1c testing is intended for monitoring

control of blood sugars among people with diabetes, the
low sensitivity and specificity of HbA1c from a single test,
that improved when limited to two or more tests, limits
the value of this test in identifying a population sample of
people with diabetes from the universal health insurance
data base. We did not explore the role of other tests, such
as diabetes service incentive payments (SIP) for comple-
tion of an annual cycle of diabetes care, as these were only
claimed for 25% of our diabetic study population [22].
Efforts to create a ‘pseudoSIP’ based on claims for compo-
nents of the annual cycle of care were not consistent with
claims for SIP and were not pursued. These results have
implications for national data systems using this means of
identification of the incidence and prevalence of diabetes;
in particular, the use of the HbA1c test as an indicator of
a diagnosis of diabetes is increasingly unsatisfactory due to
changes in the eligibility criteria for testing and its
more widespread use as a screening test for diabetes.
In turn, there are implications for the Australia Medicare
Diabetes Practice Incentive Payment which uses the
number of HbA1c test claimed to determine the de-
nominator for calculating the proportion of standar-
dised patient equivalents that have completed their
annual cycle of care.
Overall the use of survey and administrative data col-

lections pose challenges in identifying community based
populations with diabetes; self-report may under- or over-
estimate diabetes prevalence; APDC depends on admission
and recording of diabetes if not directly related to the ad-
mission; and MBS and PBS claims depend on the availabil-
ity of claims for specific tests.

Conclusion
This study formed part of preparatory work in a larger
research project to identify participants within the 45
and Up Study with a diagnosis of diabetes. A com-
bination of self-reported diabetes augmented with free
text data in which a participant reported diabetes as a
chronic condition and/or use of insulin among medica-
tions used was able to identify participants with diabetes
with high sensitivity and specificity compared to available
administrative data collections. Using these methods, the
diabetes status of a number of participants was found to
be uncertain; we have made a decision to exclude these
participants from further study. We developed an algo-
rithm to classify participants’ diabetes status into type of
diabetes but, due to insufficient information, this was
found to be not reliable.

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

Authors’ contributions
EC is the study leader. She conceptualised the study, led the design and
implementation of the study, oversaw data analysis and wrote this
manuscript. DT was employed as the project officer. She participated in the
implementation of the study, performed the statistical analysis and helped to
draft the manuscript. MH is a senior member of the research group. She
provided expert advice on economic aspects of the research. She was a
member of the study advisory group and has made a significant
contribution to the preparation of this paper. JF is a senior member of the
research group. He has provided advice on the development of the research,
classification of the study variables, and contributed to the implementation
of the study. BJ is a senior member of the research team and has
contributed to the development and implementation of the study and the
preparation of this manuscript. LJ is a senior member of this research group
and is a member of the 45 and Up Study Research Team. She has
contributed to the development and implementation of the research and
contributed to the preparation of this manuscript. MFH is a senior member
of the research group. He has contributed extensively to the study design,
implementation, and interpretation of the analysis and writing of the
manuscript. All authors read and approved the final manuscript.

Acknowledgements
The authors wish to thank the NSW residents participating in the 45 and Up
Study for enabling this research. The 45 and Up Study is managed by the
Sax Institute in collaboration with Study Partners: Cancer Council New South
Wales; the New South Wales Division of the National Heart Foundation of
Australia; the New South Wales Department of Health; beyond blue: the
national depression initiative; and the New South Wales Department of
Ageing, Disability and Home Care. The authors would also like to thank the
NSW Ministry of Health for access to Admitted Patient data, the NSW register
of Births Deaths and Marriages for access to death data, and the Centre for
Health Record Linkage for facilitating the record linkage. They would also like
to thank Medicare Australia for access to Medicare Australia data. The
authors would also like to acknowledge Yordanka Krastev for assistance with
early part of this study, Md Fakhrul Islam for his contribution to the data
analysis and Nayyereh Aminisani for assistance with the literature.

Author details
1Centre for Primary Health Care and Equity, University of New South Wales,
Sydney, NSW 2052, Australia. 2Centre for Health Research, School of
Medicine, University of Western Sydney, Locked Bag 1797, Penrith, NSW
2751, Australia. 3Centre for Health Economics Research and Evaluation,
Faculty of Business, University of Technology, Sydney, PO Box 123, Broadway,
NSW 2007, Level 4, 645 Harris Street, Ultimo, NSW 2007, Australia. 4Diabetes
Centre, Bankstown-Lidcombe Hospital, Eldridge Road, Bankstown, NSW 2200,
Australia. 5Centre for Research, Evidence Management and Surveillance,
Sydney and South Western Sydney Local Health Districts, Locked Bag 7017,
Liverpool, NSW 1871, Australia. 6School of Public Health and Community
Medicine, University of New South Wales, Sydney 2052, Australia.



Comino et al. BMC Health Services Research 2013, 13:481 Page 9 of 9
http://www.biomedcentral.com/1472-6963/13/481
Received: 19 March 2013 Accepted: 13 November 2013
Published: 19 November 2013

References
1. Australian Bureau of Statistics: National health survey: users’ Guide - electronic

Australia ABS Catalogue number: 4363.0.55.001. Canberra: ABS; 2009.
2. Dunstan D, Zammit P, Welborn TA, Cameron AJ, Shaw J, de Courten M,

Jolley D, McCarty DJ: The Australian Diabetes, Obesity and Lifestyle Study
(AusDiab:) methods and response rates. Diabetes Res Clin Pract 2002,
57(2):119–129.

3. Centre for Epidemiology and Research: The health of the people of New
South Wales - Report of the Chief Health Officer. Summary Report, 2010.
Volume 2012. Sydney: NSW Department of Health; 2010.

4. Chittleborough CR, Baldock KL, Phillips PJ, Taylor AW, North West Adelaide
Health Study T: Achievement of management targets associated with
incident and long-term diagnosed diabetes among a representative
population sample. Diabetes Res Clin Pract 2010, 88(3):322–327.

5. Chittleborough CR, Grant JF, Phillips PJ, Taylor AW: The increasing
prevalence of diabetes in South Australia: the relationship with
population ageing and obesity. Public Health 2007, 121(2):92–99.

6. Cricelli C, Mazzaglia G, Samani F, Marchi M, Sabatini A, Nardi R, Ventriglia G,
Caputi AP: Prevalence estimates for chronic diseases in Italy: exploring
the differences between self-report and primary care databases. J Public
Health Med 2003, 25(3):254–257.

7. Medicare Benefits Schedule - Note P2.2. http://www9.health.gov.au/mbs/
fullDisplay.cfm?type=note&q=P2.2&qt=noteID&criteria=coning.

8. National Centre for Classification in Health: The International Statistical
Classification of Diseases and Related Health Problems, Tenth Revision,
Australian Modification (ICD-10-AM)-Fifth Edition-Tabular list of diseases and
Alphabetic index of diseases. Sydney: National Centre for Classification in
Health, Faculty of Health Sciences, The University of Sydney; 2006.

9. Dunstan D, Zimmet P, Welborn T, Sicree R, Armstrong T, Atkins R, Cameron
A, et al: Diabetes and Associated Disorders in Australia - 2000. The Accelerating
Epidemic. The Australian Diabetes, Obesity and Lifestyle Study (AusDiab).
Melbourne: International Diabetes Institute; 2001.

10. Australian Institute of Health and Welfare (AIHW): Diabetes prevalence in
Australia: an assessment of national data sources. In Diabetes series no 14
Cat No CVD 46. Canberra: AIHW; 2009.

11. Banks E, Redman S, Jorm L, Armstrong B, Bauman A, Beard J, Beral V, Byles J,
Corbett S, Cumming R, et al: Cohort profile: the 45 and up study. Int J
Epidemiol 2008, 37(5):941–947.

12. Amed S, Vanderloo SE, Metzger D, Collet JP, Reimer K, McCrea P, Johnson JA:
Validation of diabetes case definitions using administrative claims data.
Diabet Med 2011, 28(4):424–427.

13. Beckles GL, Williamson DF, Brown AF, Gregg EW, Karter AJ, Kim C, Dudley RA,
Safford MM, Stevens MR, Thompson TJ: Agreement between self-reports and
medical records was only fair in a cross-sectional study of performance of
annual eye examinations among adults with diabetes in managed care.
Med Care 2007, 45(9):876–883.

14. Pattern matching using Perl regular expressions [Online]. http://support.
sas.com/rnd/base/datastep/perl_regexp/.

15. Harris P, Mann L, Phillips P, Bolger-Harris H, Webster C: Diabetes management in
general practice 2011/12. 17th edition. Sydney: Diabetes Australia; 2011.

16. Powers AC: Diabetes mellitus [electronic resource]. In Harrison’s principles
of internal medicine. Volume 17th edition. Edited by Kasper D L HTR. New
York: McGraw-Hill Publishing; 2008:2275–2304.

17. Centre for Health Record Linkage: The first three years 2006–07 to 2008–09.
Sydney: Centre for Health Record Linkage (CHeReL); 2009.

18. Cumming R: Assessing the quality of measurement: validity and
reliability. In Handbook of Public Heatlh Methods. Edited by Kerr C, Taylor R,
Heard G. Sydney: The McGraw-Hill Cpmpanies, inc; 1998.

19. Fleiss J: Statistical methods for rates and proportions. 2nd edition. New York:
John Wiley & Sons; 1981.

20. Mealing N, Banks E, Jorm LR, Steel DG, Clements MS, Rogers KD:
Investigation of relative risk estimates from studies of the same
population with contrasting response rates and designs. BMC Med Res
Methodol 2010, 10:26.
21. CATI Technical Reference Group: Population Health Monitoring and
Surveillance: Question Development Background Paper. Diabetes in Australia.
Canberra National Public Health Partnership. Department of Human
Services; 2003.

22. Practice Incentives Program (PIP) payments and calculations. http://www.
medicareaustralia.gov.au/provider/incentives/pip/payment-formula/.

doi:10.1186/1472-6963-13-481
Cite this article as: Comino et al.: Validating self-report of diabetes use
by participants in the 45 and up study: a record linkage study. BMC
Health Services Research 2013 13:481.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www9.health.gov.au/mbs/fullDisplay.cfm?type=note&q=P2.2&qt=noteID&criteria=coning
http://www9.health.gov.au/mbs/fullDisplay.cfm?type=note&q=P2.2&qt=noteID&criteria=coning
http://support.sas.com/rnd/base/datastep/perl_regexp/
http://support.sas.com/rnd/base/datastep/perl_regexp/
http://www.medicareaustralia.gov.au/provider/incentives/pip/payment-formula/
http://www.medicareaustralia.gov.au/provider/incentives/pip/payment-formula/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Detection of diabetes status and diabetes medication from baseline questionnaire
	Validation of self-report diabetes status
	Validation of self-report diabetes medications
	Analysis
	Ethics

	Results
	Report of diabetes status from baseline 45 and Up questionnaire
	Validation of self-reported diabetes status from the 45 and Up Study
	Validation against APDC diagnostic codes
	Validation of diabetes against claims for HbA1c testing in MBS data
	Validation of self-reported medication use against claims for diabetes medication recorded in PBS data
	Determination of type of diabetes


	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

