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Abstract
Background: Cohort studies generally focus on a particular
disease, although they offer the possibility of evaluating different outcomes with minimal additional investment. The
objective of this study was to describe the methodology
used to assess dementia in the European Prospective Investigation into Cancer and Nutrition (EPIC)-Murcia study.
Methods: The EPIC-Murcia cohort consists of 8,515 healthy
participants (68% women, aged 30–70 years), recruited between 1992 and 1996 and followed up for over 20 years. Incident cases were ascertained by a 2-step protocol: a record
linkage with health databases to identify potential events
and a review of medical records of potential cases to validate
incident cases. Results: Overall, 1,202 potential cases were
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identified, and 275 dementia cases were validated. Medical
reports were the source of information in 243 cases, with
complete neurological information in 227, and a high degree of certainty of the diagnosis in 229 cases. P70 (dementia
code) and/or antidementia drugs and/or ICD codes identified 259 cases (sensitivity: 94.2%, 95% CI 90.7–96.6; specificity: 98.1%, 95% CI 97.8–98.4). Conclusion: Ascertainment of
incident dementia in the EPIC-Murcia cohort study was feasible using information from medical records. This systematic 2-step validation protocol is proposed as a feasible way
to ascertain dementia in cohort studies originally designed
for other endpoints.
© 2018 S. Karger AG, Basel

Background

Cohort studies provide a convenient framework for
assessing the incidence rate of major chronic diseases and
the best-quality observational data. However, setting up
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a cohort study can be very expensive and time consuming, since it may require following up with a large number
of participants for a long time [1]. In view of these considerations, cohorts that are initially conceived to study a
certain disease can be later conveniently used to investigate different outcomes.
As such, the European Prospective Investigation into
Cancer and Nutrition (EPIC) study was initially designed
to investigate the relationships between nutritional and
lifestyle factors with the incidence of cancer [2, 3]. Nevertheless, the project was later extended to evaluate additional endpoints, such as stroke and acute myocardial infarction (as part of the EPIC-Heart and EPIC-CVD projects) [4], diabetes (EPIC-Interact) [5] or Parkinson
Disease (NeuroEPIC) [6], taking advantage of the vast
amount of data and research infrastructure of the EPIC
project in an efficient way. Similarly, other studies, such
as the Framingham Cohort Study [7–9] or the Cardiovascular Health study [10, 11], initially focused on a primary
outcome (cardiovascular disease), were later successfully
used to assess other outcomes such as dementia.
Most cognitive cohort studies (or cognitive sub-studies) have ascertained dementia by conducting neuropsychological and neurological examinations of the cohort
participants. By contrast, ascertainment of dementia is
more difficult in those studies without cognitive screenings at baseline. In some cases, such as the above-mentioned examples [7, 8, 10], a random sample of the overall
cohort was obtained, and the neuropsychological assessment was performed on this subcohort. However, this is
still expensive and not always possible.
The diagnosis of dementia is based on clinical criteria,
with the Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV) criteria being the most recognized and widely used until 2013, when a new version
was published [12, 13]. Based on previous experiences
within the EPIC study, we carried the identification and
validation of incident cases of dementia through record
linkage with existing health databases (primary care registries, hospital discharge databases, and mortality registries) and an exhaustive review of clinical records. The
objective of this study was, thus, to describe the procedures used in the ascertainment of dementia and its subtypes in the EPIC-Murcia cohort.
Methods
Population and Study Design
EPIC is a large multicentre prospective study coordinated by the
International Agency for Research on Cancer, which includes over
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half a million participants (70% women) from 10 European countries (France, Italy, Spain, the United Kingdom, the Netherlands,
Greece, Germany, Sweden, Denmark and Norway) [14].
The Spanish branch of EPIC recruited 41,438 participants from
5 regions (Asturias, Gipuzkoa, Navarra, Murcia and Granada) between 1993 and 1996. Baseline dietary and lifestyle data was collected in face-to-face interviews using validated questionnaires
[15]. Participants also underwent a physical examination to gather
anthropometric information and provided details on their medical
and reproductive history, together with a blood sample. A full description of the study methods has been published elsewhere [15].
EPIC-Spain was initially designed to identify new cases of cancer through periodic record linkage with population-based cancer
registries covering the population of the 5 Spanish areas where the
study was set. Vital status of the cohort and cause of death were
assessed through record linkage with the regional mortality registry and the Spanish National Statistics Institute (www.ine.es).
The current study was conducted within the EPIC-Murcia cohort, which consisted of 8,515 participants (n = 5,831 women),
recruited between October 1992 and February 1996, with ages
ranging from 30 to 70 years at the time of enrolment (98% below
65 years).
The participants were healthy volunteers, mostly blood donors
(67%) but also employees from private companies (3%), civil servants (5%), and the general population (23%) [14], all of whom
were fully covered by the public health system. The exclusion criteria were pregnancy, lactation and not being physically or mentally capable of participating.
Cognitive status was not assessed at baseline. However, participants had to complete extensive baseline questionnaires on pathologies, medication, smoking, diet and lifestyles, during face-toface interviews that were demanding enough to require normal
cognition.
Ethics
The EPIC-Spain study was approved by the Ethics Committee
of the Bellvitge Hospital (Barcelona, Spain), and all participants
gave written informed consent. The consent form included the express authorization to access the participants’ medical records to
update clinical information in the future for research purposes
within the EPIC study.
Ascertainment of Dementia Cases in the EPIC-Murcia Cohort
In the present study, incident cases of dementia occurring from
the date of recruitment (1992–1996) through December 31st,
2016, were ascertained. Using the validation of Parkinson´s Disease in the NeuroEPIC4PD study [6] as reference, we conducted a
validation process that consisted of 2 steps: the identification of
potential incident cases by linkage of the EPIC database with medical datasets (step 1) and the subsequent validation of potential
cases after careful revision of the medical records (step 2).
Step 1: Identification of Potential Incident Cases
For the identification of potential cases, a record linkage using
unique identifiers was performed separately between the EPIC
Murcia dataset and each available health database that could include dementia-related clinical information: primary care registries, hospital discharge databases (Minimum Dataset), and regional and national mortality registries, using selected International Classification of Diseases and Related Health Problems, 9th
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Table 1. Health databases and description and classification of the selected codes for the identification and validation of potential cases

of dementia in the EPIC-Murcia cohort

Health databases

Code

Classification

Description

Primary care registry

P20
P70
N29
N99

ICPC-21
ICPC-2
ICPC-2
ICPC-2

Memory disturbance
Dementia
Neurological symptoms/complt. Other
Neurological diseases, other

Primary care registry/MDS5

N06DA026
N06DA03
N06DA04
N06DX01

ATC2
ATC
ATC
ATC

Donepezil
Rivastigmine
Galantamine
Memantine

MOS/mortality registry

290
331
F00
F01
F02
F03
G30

ICD-93
ICD-9
ICD-104
ICD-10
ICD-10
ICD-10
ICD-10

Dementias
Other cerebral degenerations
Dementia in Alzheimer disease
Vascular dementia
Dementia in other diseases classified elsewhere
Unspecified dementia
Alzheimer disease

1

ICPC-2, International Classification of Primary Care, Second edition.
ATC, anatomical, therapeutic, chemical classification system.
3 International Statistical Classificalion of Disease and Related Health Problems, 9th Revision.
4
International Statistical Classification of Disease and Related Health Problems, 10th Revision.
5
Minimum dataset (hospital discharge databases).
6 N06D, antidementia drugs.
2

and 10th revision (ICD 9 and 10), International Classification of
Primary Care, second edition (ICPC2), and Anatomical, Therapeutic, Chemical classification system (ATC) codes. The following
codes were sought: 290, and 331 (ICD-9); F00, F01, F02, F03, and
G30 (ICD-10); P20, P70, N29, and N99 (ICPC2); and N06DA02,
N06DA03, N06DDA04, and N06DX01 (ATC; Table 1).
All participants with at least 1 record of any of the mentioned
codes in at least one of the selected databases were considered potential cases of dementia.
Step 2: Validation of Potential Cases of Dementia
The validation procedure to ascertain incident dementia was
performed by an expert neurologist who thoroughly reviewed all
the available medical information of each potential case; the information was either in the form of electronic data or in the form of
paper medical records. The validation of incident cases of dementia was based on different types (sources) of evidence: outpatient
and hospital medical reports (admission, discharge and emergency reports), drug prescriptions, diagnostic tests and information of
the previously selected codes recorded in health databases. The
expert reviewer then decided whether or not the available data sufficed to establish the diagnosis of dementia. The decision-making
process was guided by an ad hoc algorithm revised by the panel of
neurologists participating in the study (Fig. 1).
A hierarchical procedure was established for data searching
(Fig. 1) by reviewing electronic medical records first, and, if they
did not contain enough information, then caution was taken to
ensure the diagnosis of dementia through the revision of medical
records on paper. In a minority of cases, when no medical reports
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were available, the case status was defined only by codes (n = 32,
11.6%), using the same codes selected for the identification of potential cases (Table 1).
A specific study database was designed where the data were collected; this included general information, clinical data (DSM IV
criteria, clinical features and subtypes of dementia, incidence date
and neuropsychological assessments), functional status, results of
the diagnostic tests, use of antidementia drugs, source, quality and
amount of information, and the clinical judgement of the reviewer
(independent rater), who finally established the diagnosis of dementia, its subtype and the degree of certainty.
Diagnostic Criteria
Consequently, based on the available information, potential
cases were validated as incident cases of dementia if a clinical diagnosis of dementia appeared in a medical report. If no medical
reports were available, dementia was established if any of the following codes appeared in the medical databases: P70 and/or antidementia drug prescription, and/or ICD 9-10 codes (Table 2).
Quality Criteria
The quality of the data was defined as high, medium, or low,
based on the amount of information obtained from the medical
reports.
a) High quality data: when complete neurological information
and neuropsychological information was available.
b) Medium quality data: when complete neurological information, but no neuropsychological information or information on
the subtype, was available.
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Electronic medical record (*)

Enough information (**)

Yes

No
Medical records on paper (*)

Enough information (**)
Case definition,
classification,
quality and
certainty criteria

Fig. 1. Flowchart of the process used for

validation of the dementia cases in the EPIC-Murcia cohort. * Neurological or no
neurological reports where the diagnosis of
dementia appears. ** At least enough information to establish the diagnosis of dementia and the incidence date.

No

Only codes information
Case

c) Low quality data: when clinical or neurological information
available was not enough to establish the subtype, but it sufficed to
ascertain the diagnosis of dementia.
Complete neurological information comprehended sufficient
clinical data obtained from medical reports written by a specialist
in dementia (neurologist, psychiatrist or geriatrist). This included
clinical information (family history, first symptom, date of symptom onset, incidence date, symptom evolution, death), functional
status at diagnosis, and dependence (measured by functional scales
such as Global Deterioration Scale, Clinical Dementia Rating
Scale, Blessed Dementia Scale, Barthel Index for Activities of Daily Living ), diagnostic criteria (DSM IV), diagnosis of the subtype
of dementia (Alzheimer’s Disease, vascular dementia, Lewy Body
disease, other subtypes of dementia and unspecified dementia),
diagnostic tests (which tests were practiced and the results: neuroimaging, other tests – SPECT: single photon emission computed
tomography, neurosonology, EEG), and pharmacological treatment (antidementia drugs).
The neuropsychological assessment included a complete cognitive evaluation of the patient and the identification of the clinical
profile and severity carried out either by a neuropsychologist or a
neurologist specialized in dementia. This included the date of the
evaluation, test or battery of tests performed in each case, neuropsychological dysfunction pattern (referring to cortical, subcortical, cortico-subcortical), localization (frontal, temporal, parietal,
occipital) and severity (mild, moderate, severe).
Certainty
Taking into account the quality and the amount of medical information, dementia was defined as probable or possible, according
to the following criteria:
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No case

Probable Dementia: When enough information was obtained
to ensure the validation of dementia (diagnosis of dementia in a
medical report or a prescription code for anti-dementia drugs (either isolated or in combination with P70 or ICD codes).
Possible Dementia: When no medical reports were obtained,
and P70 or ICD codes were not associated with antidementia drug
prescriptions.
If the revision based on the available data did not allow the possibility to ensure the diagnosis of dementia, the potential case was
discarded and recorded as a non-case.
Subtype of Dementia
Dementia subtype was specified when detailed clinical information about the subtype was available in medical reports. If no
detailed information or if only codes were available, the subtype
was considered non-specified.
Incidence Date
According to the available information, the date of the onset of
dementia in the EPIC-Murcia cohort was determined as shown in
Figure 2. The incidence date was the date of the first neurological
report where the diagnosis of dementia appeared or if only codes
were available, the earliest date of record of any code or the death
date when no other information was available.
Statistical Analyses
The validity of the selected codes was assessed by calculating
their sensitivity, specificity, and positive and negative predictive
values with 95% CIs [16].
Participants of the EPIC-Murcia cohort were classified as cases
(those with dementia) and non-cases (those without dementia).
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Table 2. Diagnostic criteria of suspected dementia cases according to the source, amount and quality of medical information

Source

Medical reports
Neurological report +
neuropsychological
assessment
Neurological report
without
neuropsychological
assessment
Other specialist/
emergency
report

Neurological report
without
neuropsychological
assessment
Other specialist/
emergency report

Only codes1
P202

Data available

Quality of
the data5

Reviewer
Reviewer
diagnosis
diagnosis of subtype
of dementia

Complete neurological and
neuropsychological information to ensure
High
the diagnosis of dementia, the incidence date
and the subtype of dementia
Complete neurological information to
ensure the diagnosis of dementia, but
incomplete neuropsychological assessment
or information on the subtype: (a)
no neuropsychological assessment was done; Medium
(b) no functional assessment; (c) no subtype
defined in the clinical information; (c)
limited clinical information to verify the
subtype of dementia in case the
neurologist indicates this

Degree of
certainty6

Yes (always)

Yes

Enough information to ensure the diagnosis
of dementia, but uncertainty about the
subtype of dementia or inconsistent
information to ensure the diagnosis of
dementia subtype: (a) mention to dementia Low
only appears in medical history without any
other information (quality of life, symptoms,
treatment, etc.); (b) dementia diagnosis
appearing only in some reports but not in
others; (c) dementia diagnosis appears in
some reports, but normal cognition is
reflected in others

(a) If the subtype of
dementia is in the
report this will be the
subtype diagnosis.
(b) If there is no
subtype diagnosis in
the report or if there
Probable
are discrepant options
(for example:
Alzheimer versus
Lewy Body disease):
unspecified dementia

No diagnosis of dementia

Only codes

No

–

–

Yes

Only codes

Yes

No (unspecified
dementia)

Possible*

ICD codes3, 4

Yes

Only codes

Yes

No (unspecified
dementia)

P20 and p702

Yes

Only codes

Yes

No (unspecified
dementia)

ICD codes3, 4 and p702

Yes

Only codes

Yes

No (unspecified
dementia)

Antidementia drugs2, 3

Yes

Only codes

Yes

No (unspecified
dementia)

p70

2

Probable*

1

When no medical reports were available, the same codes used for the initial selection of potential cases were employed as clinical
information to assess the diagnosis of dementia. 2 Primary care registries. 3 Hospital discharge databases (minimum dataset, MDS). 4 Regional mortality registry. 5 Quality of the data: 3 degrees of quality, only applied to medical reports: high, medium, and low. 6 Degree of
certainty: Probable and Possible. * Only codes information. Degree of certainty based on the selected codes: antidementia drug, Probable; the remaining codes, Possible.
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Neurological report

Yes

No

Other medical report (psychiatrists, internal
medicine specialists or geriatrists)

Yes
Incidence date2:
a) Date of the first neurological report
where the diagnosis of dementia
appeared or

Fig. 2. Flowchart of the process used to de-

b) the date of diagnosis indicated in
that document (if that date was
prior to the date of the report)

termine the incidence date of dementia in
the EPIC-Murcia cohort. 1 Minimum dataset (hospital discharge databases). 2 Date
format: complete date available: dd/mm/
yyyy; only month and year available: 01/
mm/yyyy; only year available: 30/06/yyyy.

The statistical measures were estimated for each individual code
and for the combinations of codes. Each code (or combination)
was identified as “code present” or “code absent” to distinguish the
participants with or without the selected codes. Table 3 shows the
definition of the true and false positives and negatives used in the
statistical analyses.
Statistical analyses were performed using STATA/SE version14
(Stata Corp., College Station, TX, USA).

Results

Altogether, 1,202 potential cases were identified and
reviewed, and 275 dementia cases (262 probable cases and
13 possible cases) were finally validated. The validation
process confirmed that no participants had prevalent dementia at enrolment.
The subtype of dementia, established after thoroughly
checking the medical records and codes, was “Alzheimer”
in 160 cases (58%), “vascular” in 18 (7%), “Lewy bodies
disease” in 9 (3%), “other type of dementia” (such as frontotemporal disease, supranuclear paralysis, or dementia
associated with Parkinson’s Disease, among others) in 33
cases (12%), and “unspecified dementia” in 55 cases (20%).
Medical reports were the source of information in 243
cases (88%): neurological reports were the source in 205
68
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No

Primary care/minimum dataset codes1

Yes

No
Death
certificate

Incidence date2:
earliest date of
record of any code

Incidence
date2:
death date

Table 3. Definition of true and false positives and negatives for the
estimations of sensitivity, specificity, and PPV and NPVs

Code present
Code absent

Cases (n = 275)

Non-cases (n = 927)

True positives
False negatives

False positives
True negatives

Potential cases (n = 1,202) were those initially identified by the
selected ICD, ICPC and ATC codes. Cases: those “potential cases”
established as incident cases after the process of validation of the
reviewer (n = 275). Non-cases: the rest of the “potential cases” not
identified as cases (n = 927).
PPV, positive predictive value; NPV, negative predictive value.

cases, and non-neurological reports were the source in 38
cases (14%), whereas codes were the only source of information in 32 cases (12%). The quality of the data obtained
from the medical reports was “medium” or “high” in 227
cases (82.5%), and almost all cases were considered “probable cases” (n = 262; 95%).
Furthermore, the validation process confirmed that no
participants had prevalent dementia at the time of enrolment.
In order to evaluate the feasibility and efficiency of the
procedure, we also aimed to evaluate the usefulness of the
Andreu-Reinón et al.

728
114
157
16
241
259

Total cases: 275.
Total non-cases: 8240 (total EPIC Murcia cohort: 8515).
3
P20, memory disturbance.
4
P70 dementia.
5 Antidementia drugs: N06DA, anticholinesterases N06DA02, Donepezil N06DA03, Rivastigmine and N06DA04, Galantamine. N06DX, Other antidementia drugs: N06DX01,
Memantine.
6
ICD-9 codes: 290 (dementias) and 331 (other cerebral degenerations). ICD-10 codes: F00-03 (dementias) and G30 (Alzheimer’s disease).
ICD, International Classification of Diseases; NPV, negative predictive value; PPV, positive predictive value.
2

1

96.9 (96.8–97.0)
99.6 (99.4–99.7)
99.8 (99.7–99.9)
2.2 (1.3–3.4)
67.9 (63.7–71.8)
62.3 (58.5–65.9)
91.2 (90.5–91.8)
98.6 (98.3–98.9)
98.1 (97.8–98.4)
5.8 (3.3–9.2)
87.6 (83.2–91.3)
94.2 (90.7–96.6)

90.8 (90.2–91.5)
99.2 (99.0–99.4)
99.1 (98.9–99.3)
99.4 (99.2–99.6)
99.5 (99.3–99.6)
29.1 (23.8–34.9)
63.6 (57.7–69.3)
74.2 (68.6-79.3)
21.5 (16.8–26.8)
0.0 (0.0–1.3)
835
240
275
109
42
755
65
71
50
42
80
175
204
59
0

Single codes
P203
P704
Antidementia drugs5
ICD 9, 10 codes6
Other codes (N29, N99)
Combination of codes
P20 without any other codes
P70 and/or antidementia drugs
P70 and/or antidementia drugs and/or ICD

Specificity
(%, 95% CI)
Cases (true Non cases (false Total (code Sensitivity
positives)1 positives)2
present)
(%, 95% CI)

9.6 (8.0–11.4)
72.9 (67.5–77.7)
74.2 (69.3–78.5)
54.1 (45.2–62.8)
0
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744
355
416

97.5 (97.0–97.6)
98.8 (98.6–99.0)
99.1 (99.0–99.3)
97.4 (97.3–97.6)
96.8 (96.8–96.8)

NPV4
(%, 95% CI)
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Discussion

PPV3 (%, 95% CI)

In the EPIC-Murcia cohort, 275 incident cases were
identified from a total of 1,202 potential cases (22.9%),
with medium or high-quality data in 227 of them (82.5%),
and a high degree of certainty in the diagnosis in 83.2%.
From the selected isolated codes, antidementia drugs
showed the highest sensitivity, reaching values over 70%
for dementia cases and over 80% for Alzheimer cases. The
reason why the sensitivity of codes referring to antidementia drugs is higher for Alzheimer disease is because
these medications (anticholinesterase drugs and memantine) are rather specific for this subtype of dementia. On
the other hand, P20 was the least useful code, with sensitivity values below 10% for both dementia and Alzheimer
cases.

Table 4. Estimated sensitivity, specificity, and PPV and NPV with 95% CIs of the selected codes used for the identification of potential cases of dementia

search based on the codes defined in the identification
step (step 1) for the prospective ascertainment of dementia cases. Thus, after the validation of the dementia cases
was completed, sensitivity, specificity, and positive (PPV)
and negative predictive values were estimated for each
code or combination of codes that had led to identify the
potential cases at step 1 [16] (Tables 4, 5, and online supplementary table S1; for all online suppl. material, see
www.karger.com/doi/10.1159/000493209).
Regarding the isolated codes, “antidementia drugs”
(N06DA02 Donepezil, N06DA03 Rivastigmine,
N06DA04 Galantamine, and N06DX01 Memantine,
ATC classification) showed the highest sensitivity: 74.2%
for all dementia cases and 82.5% for Alzheimer, with high
specificity, positive and negative predictive values. The
second most useful code was “P70”, identifying 175 cases
of dementia (63.6% sensitivity and 99.2% specificity), and
116 cases of Alzheimer (72.5% sensitivity and 98.5% specificity). For the associations of the codes, the combination
of “P70 and/or antidementia drugs” identified 241 cases
of dementia (87.6%), and 146 cases of Alzheimer (91.3%),
with 98.6% and 97.5% specificity respectively. The PPV
reached 67.9 and 41.1% for dementia and Alzheimer cases respectively.
The code P20, when considered isolated from any other code, was the least useful code, identifying only 16 cases of dementia (5.8%), 11 cases of Alzheimer (6.9%), and
no cases of dementia based only on code information,
with a very low sensitivity (5.8% for dementia and 6.9%
for Alzheimer).
All codes and their combinations had specificities and
negative predictive values over 90%.
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Total Alzheimer’s cases: 160.
Total no Alzheimer’s cases (non-aises and other subtypes of dementia): 8355 (total EPIC Murcia cohort: 8515).
3 P20, memory disturbance.
4 P70, dementia.
5 Antidementia drugs: NO6DA, anticholinesterases; N06DA02, Donepezil; N06DA03, Rivastigmine; and N06DA04, Galantamine. N06DX, other antidementia drugs: N06DX01, Memantine.
6
ICD-9 codes: 290 (dementias) and 331 (other cerebral degenerations). ICD-10 codes: F00-03 (dementias) and G30 (Alzheimer’s disease).
ICD, International Classification of Diseases; NPV, negative predictive value; PPV, positive predictive value.
2

1

98.1 (98.0–98.2)
99.8 (99.7–99.9)
99.9 (99.8–99.9)
1.5 (0.8–2.6)
41.1 (37.7–44.6)
35.8 (33.0–38.8)
91.2 (90.6–91.8)
97.5 (97.1–97.8)
96.8 (96.4–97.2)
6.9 (3.5–12.0)
91.3 (85.8–95.1)
93.1 (88.1–96.5)
733
209
267
11
146
149

744
355
416

98.6 (98.5–98.8)
99.5 (99.3–99.6)
99.7 (99.5–99.8)
98.4 (98.3–98.5)
98.1 (98.1–98.1)
6.5 (5.2–8.0)
48.3 (43.4–53.3)
48.0 (43.6–52.4)
22.9 (16.4–31.1)
0
90.7 (90.0–91.3)
98.5 (98.2–98.8)
98.3 (98.0–98.6)
99.0 (98.8–99.2)
99.5 (99.3–99.6)
33.8 (26.5–41.6)
72.5 (64.9–79.3)
82.5 (75.7–88.1)
15.6 (10.4–22.2)
0.0 (0.0–2.3)
835
240
275
109
42
781
124
143
84
42
54
116
132
25
0

Single codes
P203
P704
Antidementia drugs5
ICD 9, 10 codes6
Other codes (N29, N99)
Combination of codes
P20 without any other codes
P70 and/or antidementia drugs
P70 and/or antidementia drugs and/or ICD

NPV4 (%, 95% CI)
Sensitivity (%, 95% CI) Specificity (%, 95% CI) PPV3 (%, 95% CI)
Total (code
present)
Total cases no EA +
non-cases (false
positives)
Cases EA (true
positives)1

Table 5. Estimated sensitivity, specificity, and PPV and NPV with 95% CIs of selected codes used for the identification of potential cases of Alzheimer
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To date, there are only a few cohort studies that have
published the methodology of their case validation. Most
of them include neuropsychological screening and neurological or neuropsychological assessments of potential
cases during the follow-up of the study [7, 8, 10, 17–31].
Some examples are the Personnes Agées QUID cohort in
France [26], the Washington Hamilton Heights and Inwood neighbourhood in the United States [32] or the
CFAS (The medical research council cognitive function
and ageing study) [29] in the United Kingdom. This may
be the most accurate method for identifying incident cases, but its cost is high in large cohort studies and it is not
always possible to put into practice. Consequently, different pragmatic strategies have been used in other studies.
One previous study by Chien et al. [33] was designed
to estimate the prevalence and incidence of dementia in
Taiwan. It used a population-based registry and the diagnosis of dementia was established using only ICD-9-Clinical Modification codes (290: senile and presenile organic
psychotic condition, or 331: Alzheimer disease) [33]. In
the Rochester Epidemiology Project, the identification of
potential cases was done using the medical record linkage
system, and the validation was done by the revision of all
medical records by a trained nurse and the subsequent
confirmation by a neurologist [34]. The same method was
used to identify other neurological diseases, such as migraine [35] or stroke [36]. However, so far there is no
“gold standard” methodology to ascertain the incidence
of dementia using existing data in cohort studies [37].
Some previous studies have evaluated the validity of
ICD codes [38–42] and ATC codes (antidementia drugs)
in the diagnosis of incident cases of dementia. Pippenger
et al. [43] evaluated the usefulness of ICD-9 codes by comparing them to the diagnosis of a neurologist (considered
the “gold standard”). In their study, potential cases were
identified through ICD-9 “290” and “331” codes and the
clinical records of such potential cases were checked afterwards in order to validate the diagnosis of incident cases.
Our method basically followed the same approach (the
use of codes to identify potential cases and a thorough
subsequent expert revision of medical records).
Of note, P20 and P70, the most useful codes in our
study, have not been previously evaluated in the identification of incident cases of dementia. However, the main
objectives of both studies differed. Pippenger et al. [43]
estimated validity indices for the case ascertainment approach in order to validate the diagnosis of incident dementia based on codes. On the contrary, we did not intend to validate the method in the absence of an independent gold standard but to describe the overall procedure
Andreu-Reinón et al.

(search strategy, sources of data available, hierarchy of the
validation protocol) and to give an indication (in terms of
validity) of the performance of the codes for the identification of potential cases (not as diagnostic tools).
In a paper published by Liisa Jaakkimainen et al. [40],
they reported a retrospective validation of different algorithms to diagnose dementia. It was found that the best
algorithm to diagnose dementia in usual clinical practice,
compared to the reference standard (family practicebased electronic medical records, a tool used in Canada)
was “one hospitalization code [ICD-9 or 10] OR claims
codes at least 30 days apart in a 2-year period OR a prescription filled for Alzheimer’s disease”. This algorithm
had a high sensitivity and PPV (approximately 80%) and
higher specificity and negative predictive value (approximately 99%).
Van de Vorst et al. [39] evaluated the validity of the
diagnosis of dementia in a population-based registry with
ICD-9 codes compared to medical records. They found
that ICD-9 codes related to dementia (codes “290” and
“331”) showed a high PPV for the diagnosis of dementia
and Alzheimer (93.2% for overall dementia), being higher in the group over 65 years old (95.5 vs. 67.9% among
those <60 years). Finally, in other cohort studies, such as
the Atherosclerosis Risk in Communities cohort [41],
ICD-9 codes were used to define the incidence date.
We have established the diagnosis of dementia based
on the individual revision of medical records in a process
that implied at least 2 expert opinions: the clinical judgement of the medical doctor who carried out the in-person
evaluation of the patients, and the clinical judgement of
the neurologist that reviewed the medical records, acting
as an independent rater. Only for a minority of the cases
(< 12%), the lack of medical reports led to a diagnosis
based solely on codes. Nevertheless, since we have used
those codes that have shown good diagnostic validity in
different previous epidemiologic studies (plus additional
information from ICPC-2 codes), the diagnosis of dementia could be reasonably established, albeit with lower
certainty, in those cases.
Our study has strengths and limitations. The case validation was done by 1 expert reviewer (a neurologist). Although this guaranteed a high internal validity of the
method, which avoided any interobserver variability, it
could also be seen as a limitation. Nevertheless, the case
ascertainment protocol was revised by a panel of neurologists, and the reviewer established the diagnosis according to the data available in the medical records, adhering
to this protocol. Furthermore, we used a sensitive approach to identify all potential cases of dementia by

searching for all relevant dementia-related codes (plus
others related to neurological conditions) in all available
health databases (primary care records, hospital discharge databases, and mortality registries).
On the other hand, we consider the absence of a baseline cognitive assessment one of the main limitations of
our study. However, after the case ascertainment was
completed, we could verify that no cohort participants
had prevalent dementia at baseline. The potential for reverse causation will be addressed in future etiological
analyses by excluding cases diagnosed within the first
years of follow-up as a sensitivity analysis.
As another limitation, dementia subtypes were diagnosed based on clinical information obtained from medical reports and diagnostic tests (when available). This led
to a considerably high rate of unspecified subtypes of dementia (20%). A conclusive diagnosis of the dementia
subtypes cannot be established in the absence of a complete neuropsychological evaluation and biomarker information. However, this information was not available
for all cases. A further drawback is that this method may
only be used in countries with electronic health data. Finally, lack of representativity of the EPIC-Murcia cohort
would limit the external validity of the results.
In addition to the feasibility of this method, assessing
the validity of the codes for the identification of dementia
cases could be helpful to improve the efficiency of the
identification step by maximizing its sensitivity. Our extensive search identified 1202 potential cases, whose
medical histories were further individually revised to give
the final number of 275 validated cases of dementia (23%
of all revised cases). Taking into account our experience,
the proportion of potential cases to validate could be
drastically reduced using a combination of codes with
high specificity and balanced sensitivity.
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Conclusion

In conclusion, the systematization of our case ascertainment protocol could be taken as a reference to a
pragmatic approach for the identification and validation
of incident cases of dementia, when no routine cognitive
testing or continuous follow-up screening is available.
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