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ABSTRACT

Objectives Evaluate the reliability of using diagnosis
codes and prescription data to identify the timing of
symptomatic onset, cognitive assessment and diagnosis of
Alzheimer’s disease (AD) among patients diagnosed with
AD.

Methods This was a retrospective cohort study using the
UK Clinical Practice Research Datalink (CPRD). The study
cohort consisted of a random sample of 50 patients with
first AD diagnosis in 2010-2013. Additionally, patients
were required to have a valid text-field code and a hospital
episode or a referral in the 3 years before the first AD
diagnosis. The earliest indications of cognitive impairment,
cognitive assessment and AD diagnosis were identified
using two approaches: (1) using an algorithm based on
diagnostic codes and prescription drug information and (2)
using information compiled from manual review of both
text-based and coded data. The reliability of the code-
based algorithm for identifying the earliest dates of the
three measures described earlier was evaluated relative
to the comprehensive second approach. Additionally,
common cognitive assessments (with and without results)
were described for both approaches.

Results The two approaches identified the same first
dates of cognitive symptoms in 33 (66%) of the 50
patients, first cognitive assessment in 29 (58%) patients
and first AD diagnosis in 43 (86%) patients. Allowing for
the dates from the two approaches to be within 30 days,
the code-based algorithm’s success rates increased to
74%, 70% and 94%, respectively. Mini-Mental State
Examination was the most commonly observed cognitive
assessment in both approaches; however, of the 53 tests
performed, only 19 results were observed in the coded
data.

Conclusions The code-based algorithm shows

promise for identifying the first AD diagnosis. However,
the reliability of using coded data to identify earliest
indications of cognitive impairment and cognitive
assessments is questionable. Additionally, CPRD is not a
recommended data source to identify results of cognitive
assessments.

Strengths and limitations of this study

» Using enriched data elements from both structured
data fields and physician notes, this study identified
relevant medical codes and prescriptions related to
the timing of onset of cognitive symptoms, cognitive
assessments and Alzheimer’s disease (AD) diagno-
sis, and captured an additional marker of cognitive
assessment based on the sequencing of clinical
interactions.

» The study findings also provide important insight
into the availability of results from cognitive assess-
ments from both physician notes and coded data.

» However, the study relies on Read codes and
International Classification of Diseases, 10th Edition
codes, which do not contain information by which
to confirm clinical diagnoses, severity of illness or
physician interpretation, and does not include data
from memory clinics, a key setting in which cogni-
tive assessments are conducted in England.

» Additionally, the study focuses on patients with AD
who had no evidence of other dementia aetiologies.

» Finally, the study uses data prior to 2014, so study
findings may not reflect the current practices in
the management of patients with dementia in
England.

BACKGROUND

The Alzheimer’s Society of the UK esti-
mates that approximately 1% of the entire
UK population currently has some form
of dementia." Alzheimer’s disease (AD)
is the most common cause of dementia
and accounts for approximately 62% of all
dementias in the UK. The pathophysiolog-
ical changes underlying AD may develop
well before a formal diagnosis, resulting
in early symptoms of cognitive impairment
such as memory loss, attention deficits,
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impaired reasoning, poor judgement and confusion
prior to the diagnosis.””*®

The diagnosis of AD can be challenging, and requires
the assessment of multiple domains related to patients’
cognition and function.” Some guidelines suggest
the evaluation of behavioural symptoms as well.” Recent
policy efforts in England have aimed to improve diag-
nosis rate and management of dementiag; as earlier,
more accurate evaluation and diagnosis is believed to be
important to improving potential health outcomes for
patients and their caregivers as well as reduce the burden
associated with dementia.” Information about the use
of and results from various evaluation tools—including
tools for initial assessment (mainly in the primary care
setting) such as the General Practitioner Assessment
of Cognition (GPCOG), the Abbreviated Mental Test
Score (AMTS), Six-Item Cognitive Impairment Test
(6CIT), and those used to inform a diagnosis (mainly in
the secondary care settings) such as the Addenbrooke’s
Cognitive Assessment—Revised (ACE-R), Mini-Mental
State Examination (MMSE) and Montreal Cognitive
Assessment (MOCA) ' "' —can provide important insight
regarding practice patterns during the screening and
diagnostic process as well as severity of symptoms of
cognitive impairment. However, this information may
often not be captured in existing, structured, real-world
data sources used to conduct observational studies.'”
In addition, early symptoms associated with cognitive
decline, such as mild memory impairment, might only be
noted in free-text fields that summarise physicians’ notes
and/or correspondence provided by specialists evalu-
ating these patients in secondary care settings. These
supplemental data elements are generally not available
to researchers,12 which limits the ability to identify the
timing of onset of symptoms and subsequent cognitive
testing.

In addition, to the best of our knowledge, no study to
date has evaluated whether the information captured
within these supplemental text data fields provides any
additional insight over the coded data (eg, diagnosis
codes) into the timing of onset of cognitive impairment
symptoms and subsequent testing among patients even-
tually diagnosed with AD. Previous studies assessing
the reliability of coded data (including but not limited
to dementia diagnoses) typically relied on reviews of
medical records, physician surveys and comparisons to
other data sources."” The objective of the present explor-
atory study was to assess the reliability of using a code-
based algorithm to identify the timing of symptomatic
onset, cognitive assessment (including initial screening)
and formal diagnosis of AD, as compared with the combi-
nation of codes and supplemental, non-structured physi-
cians’ notes and secondary care correspondence, among
patients diagnosed with AD. An additional objective was
to compare the availability of results from the cognitive
assessments prior to AD diagnosis between the structured
data and the anonymised text data.

METHODS

Data

The study was conducted using a subset of the UK Clin-
ical Practice Research Datalink (CPRD), which includes
longitudinal observational data from general practi-
tioner (GP) electronic health record systems in primary
care practices, including medical diagnoses (using Read
codes), referrals to specialists and to secondary care,
testing and interventional procedures conducted in
primary care, lifestyle information (eg, smoking, exer-
cise) and drugs prescribed in primary care.'? The subset
consisted of patients in the CPRD with a link to hospi-
talisations and outpatient encounters in the Hospital
Episode Statistics (HES) dataset.

Until recently (May 2015), the CPRD database also
included pseudoanonymised text fields summarising
notes entered by the GP or providers during consulta-
tions, which were made available to researchers on special
request.”” In addition, it is possible to request deidenti-
fied secondary care correspondence received by the GPs.
These correspondences provide supplemental informa-
tion regarding the patient’s encounters in secondary care
settings such as hospitals.

Sample selection

The population for this pilot study was selected in two
steps. In step 1, a cohort of patients with the earliest indi-
cation of AD in 2010-2013, who were eligible for linkage
to HES and were continuously enrolled in active CPRD
practice for 212 months before the first AD diagnosis,
were selected. Indication of AD was defined as the first
Read code or International Classification of Diseases, 10th
Edition (ICD-10) code for AD (see online supplementary
appendix table 1 for details). Patients were required to
have no records with diagnosis of other types of dementia
(eg, vascular dementia) between or after the two most
recent records indicating AD.

In order to ensure that the cohort of patients with
AD had at least one encounter where all data elements,
including physician notes and correspondence from
secondary care settings, may be available, all patients
were required to have =1consultation record with a
non-missing, non-zero text identifier and 21 HES record
or 21 referral record indicating a visit to a specialist (eg,
psychiatrist, neurologist, geriatrician) in the 3years prior
to the first AD diagnosis.

To facilitate detailed examination of linked free-text
information, a sample of 50 patients was randomly drawn
(using a computer-generated randomisation algorithm)
from the cohort meeting the criteria in step 1 for further
analysis. In particular, using the SAS software, all patients
were assigned a random number. Following this, the first
50 patients with the smallest values for the randomly
assigned numbers were selected from the dataset. A
random sampling approach was used to increase the like-
lihood that the subsample selected was representative of
the overall cohort identified in step 1.
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Development of the code-based algorithm

Earliest indications of symptoms of cognitive decline (eg,
‘memory loss symptom’), cognitive assessment (for either
screening or diagnosis) and AD diagnosis were identified
using two parallel approaches. In the first approach, the
Read codes, ICD-10 codes and prescription medications
indicated to treat AD (ie, cholinesterase inhibitors and
memantine) found in the structured part of CPRD from
up to 3 years prior to the AD diagnosis were reviewed and
categorised into an algorithm to establish first observed
dates of the three key time points in the pathway of
progression from the onset of symptoms to AD diagnosis.

In the second approach, in addition to the diagnosis
codes, a targeted search of the pseudoanonymised text
data and additional correspondence provided by the
GPs was conducted to identify key phrases suggestive of
the earliest markers of symptoms related to cognitive
impairment (eg, ‘memory loss’, ‘cognitive impairment’,
‘confusion’, etc, and their variants), cognitive assessments
(eg, ‘GPCOG’, ‘MMSE’, ‘MOCA’, ‘mini-mental’, etc, and
their variants) and AD diagnosis (see online supplemen-
tary appendix table 2 for a list of all phrases identified
from this process). The targeted search was conducted by
two independent reviewers to account for any subjective
interpretation of the free text.

Based on preliminary data inspection and the
combined manual review of the text and structured data
for 15 of the 50 patients, the definition of cognitive assess-
ment using the structured data was refined to include an
additional marker based on referrals. Specifically, given
that the clinical evaluation for dementia is usually under-
taken by secondary care mental health specialists (eg,
geriatricians, old age psychiatrists, neurologists) ' several
weeks after the initial referral,® it was determined that a
combination of codes indicating referral to a specialist
and a letter from the specialist within 3 months after the
referral could be considered as indication of cognitive
assessment. In addition, it was assumed that the earliest
indication of cognitive assessment could not precede the
earliest symptom of cognitive impairment.

Online supplementary appendix table 3 describes the
final code-based algorithm used for quality evaluation.

Quality evaluation of the reliability of the code-based
algorithm

The findings from the two approaches were compared to
quantify the differences in dates for the first indicators
of cognitive/functional symptoms, assessments and AD
diagnosis as identified by the code-based algorithm and
manual review. Additionally, the per cent of patients for
whom the dates of each of the three measures (indicator
for cognitive impairment symptoms, cognitive assess-
ments and AD diagnosis) identified by the code-based
algorithm were after the dates suggested by the second
approach (suggesting the code-based algorithm was less
sensitive) were calculated. Similarly, the proportions of
patients for whom the dates of the three measures as
identified by the code-based algorithm were before the

dates identified by the second approach (suggesting the
code-based algorithm was more sensitive) were reported.
While exact matches were preferred for all analyses, in
order to account for delays between the receipt of a letter
from the specialist assessing the patient and the corre-
sponding coding of the information in CPRD, a similar
metric allowing for a 30-day gap between the dates iden-
tified by the two approaches was also measured. Note
that for the purpose of the analysis, if an event was not
observed for both approaches, it was considered an
exact match. However, if a date was identified only in the
manual review and not in the code-based algorithm, then
the code-based algorithm was considered less sensitive.
Similarly, if a date was identified in the code-based algo-
rithm but not in manual review, the code-based algorithm
was considered more sensitive.

Additionally, the days between the dates of first symptom
of cognitive impairment and first cognitive assessment,
and between the first cognitive assessment and the first
AD diagnosis were compared for the two approaches.
Congruence between the two data sources with regards
to recording the type of and results from the specific type
of the cognitive assessments performed prior to AD diag-
nosis was described.

The study approach is illustrated in online supplemen-
tary appendix figure 1.

RESULTS

Sample characteristics

Overall, 18281 patients in the CPRD had an indication
of AD (based on diagnosis codes or AD-related medi-
cations) in 2010-2013 (see figure 1). Of these, 12252
(67%) patients had their first indication of AD in
2010-2013; 11151 had no indications of another type of
dementia between or after AD diagnoses. Of these 11151
patients, 4515 (40%) patients had evidence of both text-
field data and receipt of care in secondary settings in the
3 years prior to the first AD diagnosis. The final sample
comprised 1937 patients who met all the inclusion and
exclusion criteria (mean age 82 years, 38% men). The
random sample of 50 patients (selected from the 1937
patients meeting all selection criteria) included in addi-
tional analyses had similar demographic characteristics as
the 1937 patients (mean age 82 years, 42% men). These
50 patients had a total of 2051 records with valid pseudo-
anonymised text-field data and 44 correspondences from
secondary care, provided by CPRD on request.

Comparison of findings from the two approaches

Of the 50 patients included in the sample, the code-based
algorithm identified 48 patients with evidence of cognitive
impairment prior to AD diagnosis and 42 with evidence
of cognitive assessment prior to AD diagnosis. An addi-
tional two and four patients, respectively, had evidence
of cognitive impairment and cognitive assessment on
the same date as the AD diagnosis. The remaining four
patients had no record of cognitive assessment prior to
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21 AD diagnosis or 21 claim for AD-related
medication and linkage to HES in 2010-2013

@ All patients in the data cut

@ Earliest indication of AD in 2010-2013

@ Patients with no evidence for other dementia types
with/after AD

@ Evidence of pseudonymized text-field data

@ Evidence of care received in secondary settings

@ Final analytic sample

N n = 12,252

N = 18,281

First AD-related diagnosis or medication in 2010-2013 )
(index date)

No diagnosis for another type of dementia between or
after two most recent AD diagnoses
n=11,151

21 record with a non-missing, non-zero text identifier in
the 3 years prior to index date
n=7619

index date
n = 4515

|

Continuously enrolled in active CPRD practice for 212
months prior to index date
n = 1937

21 HES record or referral record in the 3 years prior to }

Abbreviations: AD = Alzheimer’s disease, HES = Hospital Episode Statistics, CPRD = Clinical Practice Research Datalink

Note: Please refer to online supplementary appendix Table 1 for the Read codes and ICD-10 codes used to identify AD and

other dementia types

Figure 1 Sample selection.

or on the same date as the AD diagnosis (online supple-
mentary appendix figure 2). For the second, comprehen-
sive approach which used information from all available
data elements including text-based data, the numbers of
patients with cognitive impairment and cognitive assess-
ments prior to AD diagnosis were 49 and 43, respectively,
and the numbers of patients with the same dates for these
metrics as the AD diagnosis were 1 and 4, respectively. No
record of cognitive assessment was observed prior to or

on the same date as the AD diagnosis for three patients
(online supplementary appendix figure 2).

With regards to the timing of the three key events, rela-
tive to the second approach, the code-based algorithm
was able to identify exact matches for the first date of
symptoms associated with cognitive impairment in 33
(66%) of the 50 patients, first cognitive assessment in
29 (58%) patients and first AD diagnosis in 43 (86%)
patients (table 1). Allowing for matches within 30 days,

Table 1

Differences in dates of earliest indications of cognitive impairment, cognitive assessment and Alzheimer’s disease

(AD) diagnosis as identified by coded data versus comprehensive data review (n=50)

First cognitive

First symptom assessment AD diagnosis

Date matches with manual review, n (%)

Exact matches 33 (66.0) 29 (58.0) 43 (86.0)

Matches+30days 37 (74.0) 35 (70.0) 47 (94.0)
Characteristics of mismatches, n (%)

Code-based algorithm more sensitive than manual review 1(2.0) 8 (16.0) 0 (0.0)

Code-based algorithm more sensitive than manual review 1(2.0) 4 (8.0) 0(0.0)

(< —30days)

Code-based algorithm less sensitive than manual review 16 (32.0) 13 (26.0) 7 (14.0)

Code-based algorithm less sensitive than manual review 12 (24.0) 11 (22.0) 3(6.0)

(>+30days)

Manual review included the review of both structured data and text-based data; cases where dates were not observed by either approach
(n=2 for cognitive assessment only) were considered exact matches; if the algorithm generated a date value that either preceded the
equivalent date in the manual review or for which an equivalent date in the manual review as not observed, it was considered as being more

sensitive than the manual review.
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the algorithm’s success rates increased to 74%, 70% and
94%, respectively, for the dates of first cognitive impair-
ment symptom, first cognitive assessment and first AD
diagnosis. For most of the remaining patients, the dates
detected by the code-based algorithm were several days
after the dates detected by the more comprehensive
approach. There was only one patient (2% of the sample),
for whom the date of first symptoms of cognitive impair-
ment identified by the algorithm was earlier than the
date identified by the second, comprehensive approach,
suggesting the algorithm was more sensitive. The results
were similar even after allowing for a 30-day gap in the
dates identified by the two approaches. With respect to
identifying the dates of first cognitive assessment, the
code-based algorithm was found to be more sensitive than
the comprehensive approach in eight patients (16%)
based on exact matches and four patients (8%) allowing
for matches within 30 days. The differences in the detec-
tion of the first date of AD diagnosis between the code-
based algorithm and manual review based on either exact
matches or matches within 30 days were very small.
Additionally, the code-based algorithm and the
comprehensive review of all data elements returned qual-
itatively similar gaps between the dates of first symptom of
cognitive impairment and first cognitive assessment, and
between the first cognitive assessment and the first AD
diagnosis. For both approaches, the median time between
first symptom and cognitive assessment was under 6 weeks
(37 days for the manual review and 14 days for the algo-
rithm) whereas the median time between the first cogni-
tive assessment and the first AD diagnosis was between

B0 Tmmmmmme e s

Number of Patients

6 and 7 months (214 days for the manual review and 181
days for the algorithm) (figures 2 and 3).

In terms of the specific types of cognitive assessments
performed prior to AD diagnosis, 34 (68%) patients had
information available on the type of cognitive assessments
conducted. Among these, very few patients received
screening-type evaluations: three patients received the
AMTS, five patients received the 6CIT and one patient
received GPCOG (table 2). The more detailed evaluations
captured in the data included the ACE-R (5/50 patients)
and the MMSE (30/50 patients; a total of 53 assessments).
A total of nine patients received multiple tests prior to AD
diagnosis, primarily in addition to 21 MMSE assessment
(table 2). For the most commonly administered cognitive
assessment—the MMSE—the results were largely captured
only in the supplemental (text-based) data. Specifically,
38 out of the 53 assessments had valid test scores avail-
able in the text-based data, only 6 of which were available
and were consistent in both data sources. Additional 13
scores were observable only in the structured portion of
the data, and neither data source reported scores for the
remaining two assessments.

DISCUSSION

The results of this pilot study suggest that the information
captured within the supplemental text-based data fields
provides increased accuracy over the structured portion
of CPRD data regarding the dates of first symptom of
cognitive impairment, first cognitive assessment and first
AD diagnosis, among patients diagnosed with AD. The

Manual Mean: 146 days; Manual Median: 37 days

Algorithm Mean: 174 days; Algorithm Median: 14 days
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Days between first symptom and first cognitive assessment

Abbreviation: AD = Alzheimer’s disease

Note: Manual review included the review of both structured data and text-based data
Figure 2 Distribution of days between first cognitive symptom to cognitive assessment: code-based algorithm versus

comprehensive data review (n=50).
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Abbreviation: AD = Alzheimer’s disease

Note: Manual review included the review of both structured data and text-based data
Figure 3 Distribution of days between first cognitive assessment to Alzheimer ’s disease (AD) diagnosis: code-based algorithm

versus comprehensive data review (n=50).

comparison between the code-based algorithm devel-
oped in this study and a manual review of a patient’s
medical history (including structured data, free text and
correspondence from secondary care settings) suggests
that the concordance between the two is highest for iden-
tifying the timing of the first recorded AD diagnosis, with
diminishing effectiveness of the code-based algorithm in

Table 2 Descriptive characteristics of cognitive
assessments in the 3years prior to Alzheimer’s disease (AD)
diagnosis (n=50)

Cognitive testing characteristic n (%)
Any cognitive test 34 (68.0)
Type of cognitive test
General Practitioner Assessment of
Cognition (GPCOG) 1(2.9)
Abbreviated Mental Test Score (AMTS) 3(8.8)
Six-Item Cognitive Impairment Test (6CIT) 5 (14.7)
Addenbrooke’s Cognitive Examination—
Revised (ACE-R) 5(14.7)
Mini-Mental State Examination (MMSE) 30 (88.2)
Multiple MMSE tests 14 (46.7)
Multiple tests of different types 9 (26.5)
MMSE+ACE-R 3(33.3)
MMSE+AMTS 2 (22.2)
MMSE+6CIT 2(22.2)
6CIT+GPCOG 1(11.1)
MMSE+ACE-R+AMTS 1(11.1)

identifying the earliest records for symptoms of cognitive
impairment and first cognitive assessment, respectively.
Additionally, nearly two-thirds of the 50 patients included
in the study had records indicative of specific types of
cognitive assessments prior to or concomitantly with their
AD diagnoses. For the cognitive assessment captured
most commonly in the data, the MMSE, the test results
were available in the text-based data for 38 of the 53
assessments, whereas the results for 13 assessments were
captured only in the coded data, and the scores for the
remaining two assessments were not available in either
data source. This suggests that although the text-based
data elements are more likely to capture this information,
neither the coded data nor the additional information
captured in physician notes and secondary care sources
provides a comprehensive view of the detailed results of
cognitive assessments. This may in part be due to the fact
that much of the cognitive evaluation in England is done
in specialty clinics such as memory clinics and the detailed
data regarding the use of and findings from cognitive
assessments may not be transferred back to the GPs. Even if
the information is transferred back, it may not be entered
into the system. However, given the recent initiatives to
increase awareness about recognising and recording
symptoms of cognitive decline within the GP setting in
England (especially in populations at increased risk for
dementia),®'" and improve care coordination as well as
documentation across different provider settings,"” ' the
quality and completeness of data recording are likely to
improve in the future, which could increase the reliability
of the code-based algorithm. The improved quality of
the recorded data would also facilitate identification of
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symptoms of cognitive impairment sooner, and facilitate
real-world research into implications of earlier identifica-
tion of cognitive impairment on subsequent outcomes in
the UK.

Study strengths and limitations

The study used data from both the structured portion
of CPRD and the text fields reflecting rich, additional
information from notes captured by physicians/special-
ists during consultation. Using these enriched data
elements, this study developed a code-based algorithm
based on the findings from an intensive manual review
process independently conducted by two reviewers.
In doing so, we identified relevant medical codes and
prescriptions to identify timing of onset of cognitive
symptoms, cognitive assessments and AD diagnosis,
and captured an additional marker of cognitive assess-
ment based on the sequencing of clinical interactions.
In addition, the study provides important insight into
the availability of results from cognitive assessments, in
particular MMSE, from both physician notes and coded
data.

However, this study also has a number of limitations.
First, the study relies on the Read codes (primary care)
and ICD-10 codes (secondary care) used within the CPRD
and HES administrative records datasets, respectively.
These codes are retrieved from electronic health records
and hospital admission records and do not contain infor-
mation by which to confirm clinical diagnoses, severity
of illness or physician interpretation. Accordingly, it is
possible that some patients identified as having been diag-
nosed with AD, with no recorded diagnosis of other type,
have other dementia aetiologies instead.'” Relatedly, the
earliest marker of onset of cognitive symptoms is based
on the information captured in the data, and the precise
timing of perceived onset of cognitive impairment is not
known. In addition, for this study, though we reviewed
the correspondence from some secondary care interac-
tions, we did not have access to data from memory clinics,
which is a key setting in which cognitive assessments are
conducted in England. Future research should identify
avenues to compare the reliability of the algorithm rela-
tive to data captured in these settings as well. This study
is also limited in sample size, as the algorithm was only
developed and assessed for 50 randomly selected patients
who were diagnosed with AD. In addition, the algorithm
may not capture all Read codes and ICD-10 codes indic-
ative of symptoms of cognitive impairment, cognitive
assessment and AD diagnosis. As such, additional research
using larger patient populations is necessary to further
test the reliability and generalisability of the algorithm.
Furthermore, the study was focused on patients with AD
who had no evidence of other dementia aetiologies, and
further research is needed to assess the reliability of the
coded data for identifying the timing of cognitive impair-
ment, cognitive assessment and diagnosis among patients
with other dementia aetiologies. Finally, the study used
data prior to 2014 and the study findings may not reflect

the current practices in the management of patients with
dementia in England.

CONCLUSIONS

Given the limited expected future availability of free-text
data and secondary care correspondence in CPRD, the
code-based algorithm developed using data for a small
sample of patients with AD shows promise as a reliable
alternative for identifying the earliest indications of AD.
However, the reliability of using coded data to identify
earliest symptoms of cognitive impairment as well as indi-
cations of cognitive assessments prior to AD diagnosis is
limited. The use of coded data, in its present form, is not
recommended for identifying information regarding the
specific types of cognitive assessments performed, the
specialty of physicians performing the assessments or the
results associated with those assessments (eg, to assess
disease severity levels).
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