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Lauren E. Griffith,1,2 Christopher Patterson,7 Jennifer Uniat,3 Geoff Strople,5 Amélie Pelletier,3
and Camille L. Angus5
RÉSUMÉ
Les procédures diagnostiques cliniques standards sont souvent inappropriées et fréquemment non applicables dans des
études basées sur la population; pourtant, vérifier le statut précis d’une maladie est essentiel. Nous avons fait une revue
systématique pour identifier des algorithmes, des critères, et des outils utilisés pour identifier 17 maladies chroniques, et
avons fait la praticabilité de développer des algorithmes pour l’ÉLCV. Des 29 616 citations examinées, 668 papiers ont
rencontré tous les critères d’inclusion. Nous avons déterminé que l’information incluse dans un algorithme de maladie
différera selon le type de condition. Le diagnostic de quelques conditions symptomatiques, telles l’arthrose et l’arthrite,
exigera la justification par des critères cliniques (par exemple, rayons X, mesure de densité osseuse) tandis que d’autres
conditions, telles la dépression, se baseront seulement sur les dires des individus. Les conditions asymptomatiques,
telles l’hypertension, sont plus difficiles à vérifier par les dires des individus et exigeront des mesures physiologiques
additionnelles (par exemple, tension artérielle) et des mesures de laboratoire (par exemple, glucose). Cette étude pilote
a identifié les outils nécessaires pour développer des algorithmes d’évaluation de diagnostic.

ABSTRACT
Standard clinical diagnostic procedures are often inappropriate and frequently not feasible to apply in population-based
studies, yet ascertaining accurate disease status is essential. We conducted a systematic review to identify algorithms,
criteria, and tools used to ascertain 17 chronic diseases, and assessed the feasibility of developing algorithms for the
CLSA. Of the 29,616 citations screened, 668 papers met all inclusion criteria. We determined that the information included
in a disease algorithm will differ by condition type. The diagnosis of some symptomatic conditions, such as osteoarthritis
and arthritis, will require substantiation by clinical criteria (e.g., x-rays, bone density measurement) while other
conditions, such as depression, will rely solely on self-report. Asymptomatic conditions, such as hypertension, are more
difficult to ascertain by self-report and will require additional physiologic measures (e.g., blood pressure) as well as
laboratory measures (e.g., glucose). This pilot study identified the tools necessary to develop disease ascertainment
algorithms.
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Introduction
The Canadian Longitudinal Study on Aging (CLSA) is
a national multidisciplinary study that will follow
50,000 men and women between the ages of 45 and
85 years of age for at least 20 years. While the CLSA
focuses on healthy aging, resiliency, and adaptation
as people age, it will also track the natural history of
chronic diseases, which are the leading causes of death
and disability among adult Canadians, and explore
how exposure to various risk factors influences disease
incidence and outcomes. Despite their importance, it
is not feasible, however, to apply standard clinical
diagnostic criteria for many of these diseases in large
population-based studies. In epidemiological studies,
imprecise information affects the interpretation of the
associations among risk factors and specific conditions.
Misclassification of disease status can lead to an attenuation of the magnitude of the risk factor and disease
relationships. To reduce the potential for bias, large
population-based studies often employ standardized
methods of ascertaining diseases. Many longitudinal
studies have developed and/or used disease-specific
algorithms to identify the presence or absence of
major chronic diseases and conditions. These algorithms
combine different types of information such as selfreported diagnoses, questionnaires, medical records,
anthropometric measures, physician examination,
medications, and laboratory and clinical tests to determine an individual’s disease status.
The CLSA will include a face-to-face home interview,
a non-physician administered physical assessment,
and clinical tests. The face-to-face interview will provide
most of the information on self-reported disease status,
condition-specific questionnaires, and medication use.
The physical assessment will include physiological and
anthropometric measurements, non-invasive clinical
examinations (e.g., vision and hearing), laboratory tests,
and diagnostic procedures such as electrocardiograms
and dual-energy x-ray absorptiometry. For feasibility and
methodological reasons, our physical assessments will
not be conducted by physicians nor will we undertake
chart reviews of medical records.
With these constraints in mind, we conducted a systematic review of observational population-based studies

to identify algorithms, criteria, and tools used to ascertain chronic diseases. In addition, we present our assessment of the feasibility of ascertaining the presence
or absence of selected diseases in a large populationbased study such as the CLSA.

Methods
Identiﬁcation of Chronic Diseases
We assembled expert working groups to identify
important clinical research questions and associated
disease outcomes to be addressed in the CLSA. The
groups were composed of clinical epidemiologists,
methodologists, and subspecialists with clinical expertise in the circulatory, metabolic/endocrine, musculoskeletal, nervous, and respiratory systems. In each
clinical area, the group proposed diseases that would
be a priority for the CLSA based on the following criteria: (a) relevance to adult populations and the process
of aging, (b) an identified gap in the literature, (c)
diseases that could be reliably studied in a large sample
of adults in a population-based study, and (d) feasibility of ascertainment without a physician examination.
Table 1 lists the 17 chronic diseases considered for
the CLSA.

Literature Search
A medical-research librarian identified studies by
searching electronic databases including MEDLINE,
Allied and Complementary Medicine (AMED), Cumulative Index to Nursing and Allied Health Literature
(CINAHL), Cochrane Database of Systematic Reviews
(CDSR), and PsycINFO. Figure 1 describes the search
strategy. A listing of the exact search terms and a more
complete description of the literature search is reported
elsewhere (1). The searches were limited to Englishlanguage studies of human subjects published between
January 1, 1990, and the end of November 2005. We
chose 1990 as the first year in order to capture more
recent diagnostic criteria and technology. The second
step involved hand-searching reference lists of relevant
articles for additional appropriate citations. Finally,
local, national, and international experts were asked to
identify other relevant citations.

Disease/
Condition

* http://www.clsa-elcv.ca

Cerebrovascular
Disease (Stroke)
Hypertension
Myocardial
Infarction
Angina Pectoris
Congestive
Heart Failure
Metabolic
Diabetes Mellitus
Type 2
Hypothyroidism
Musculoskeletal Rheumatoid
Arthritis
Osteoarthritis,
Knee
Osteoarthritis,
Hip
Osteoarthritis,
Hand
Osteoporosis
Central
Dementia
Depression
Nervous/
Psy chiatric Parkinson’s
Disease
Respiratory
Chronic
Obstructive
Pulmonary
Disease
Asthma

Circulatory

Body System

4 (67)
6 (40)
8 (21)
2 (17)
6 (13)
4 (27)
1 (25)
2 (15)

6
15
38
12
46
15
4
13

0

1 (25)

1 (7)

0
5 (11)

0

0
0

0
2 (11)

0

3 (17)

6 (13)

18

48

0

0

42 (88) 21 (13)

15 (83) 47 (15)

(16)
(10)
(21)
(15)

11 (85) 46 (13)

2 (50) 46 (13)

10 (67) 49 (10)

10 (83) 44 (21)
35 (76) 29 (15)

30 (79) 33 (14)

2 (33) 48 (10)
9 (60) 49 (19)

18 (90) 31 (18)
13 (68) 35 (16)

5 (71) 30 (12)

21 (18) 14 (12) 81 (70) 41
68 (34) 6 (3) 126 (63) 66
15 (20) 2 (3)
58 (78) 44
4 (25) 0
12 (75) 52

2 (10)
4 (21)

20
19

116
200
75
16

2 (29)

7

Clinic

50–182,293

160–24,936

39–149,524
8–24,488
6–78,463
67–56,689

50–7,217

51–755

20–1,805

266–2,792
37–39,826

100–60,926

2,013–16,000
228–151,000

334–59,313
18–9,176
2 (33)
4 (27)

1 (8)

0

0

1 (8)
0

0

3 (50)
1 (7)

3 (15)
1 (5)

3 (43)

Both

5 (28)

8 (17) 26 (54)

9 (50)

9 (19)

3 (17)

Type of Assessor (N, %)

1 (8)

0

0

0
1 (2)

12 (32)

0
3 (20)

3 (15)
3 (16)

1 (14)

5 (10)

1 (6)

16 (33) 4 (8)

4 (22) 0

115 (100) 0
94 (47) 9 (9)
21 (28) 6 (8)
11 (73.3) 0

13 (100) 0

4 (100) 0

15 (100) 0

0
0
46 (100) 0

6 (15) 4 (11)

2 (33) 0
7 (47) 1 (7)

7 (35) 3 (15)
4 (21) 3 (16)

5 (71) 0

1 (14)

Not
Reported

2 (33)
4 (27)

0

0

0

4 (22)

14 (29) 14 (29)

10 (56)

0
0
17 (5) 80 (40)
34 (45) 14 (19)
1 (7)
4 (27)

0

0

0

12 (100) 0
0
0

5 (13) 23 (61)

2 (33)
3 (20)

2 (10) 8 (40)
2 (11) 10 (53)

1 (14)

Not
Physician Nurse Other
Reported

48 (41) 58 (50) 0
10 (9)
31 (16) 99 (50) 29 (15) 41 (21)
25 (33) 43 (57) 3 (4)
4 (5)
3 (19) 7 (44) 4 (25) 2 (13)

6 (46)

1 (25)

3 (75)
5 (38)

5 (33)

10 (67)

6 (50) 5 (42)
28 (60) 18 (38)

7 (18) 19 (50)

1 (17)
7 (47)

4 (20) 10 (50)
12 (63) 3 (16)

1 (14)

Nonclinic

Study Setting (N, %)

21–2,900,000 2 (28)

Number Study Design (N, %)
Lower
Number of
of Studies
Age Limit Participants
Cohort Case- CrossMean, SD (Range)
Control sectional

Table 1: Characteristics of included studies*
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OVID
29,616

PsycINFO
3,134

CINAHL*
2,341

MEDLINE
19,727

AMED*
1,910

CDSR*
2,504

Level 1
Screen abstract and titles
with eligibility criteria
for inclusion

27,167
Titles & Abstracts
Excluded: did not meet inclusion
criteria: 25,001 references

Level 2
Screen abstract and titles
from the first level
with more detailed criteria

Included: met inclusion
criteria: 2,166 references

Excluded: did not meet inclusion
criteria (from abstract info) = 870
references

1,296 full text

Exclude: did not meet inclusion
criteria (from full text info) = 628
references

Level 3
Read full text,
with detailed
eligibility criteria

668 included
Body System

Disease

Circulatory

Cerebrovascular (Stroke)
Hypertension
Myocardial Infarction
Angina Pectoris
Congestive Heart Failure
Diabetes Mellitus Type 2
Hypothyroidism
Rheumatoid Arthritis
Osteoarthritis, Knee
Osteoarthritis, Hip
Osteoarthritis, Hand
Osteoporosis
Dementia
Depression
Parkinson’s Disease
Coronary Obstructive
Pulmonary Disease (COPD)
Asthma

Metabolic
Musculoskeletal

Central nervous/
Psychiatric
Respiratory
Total

Total
Assessed
8
31
25
9
17
45
13
51
21
4
13
193
660
89
19
38
60
1,296

Included
7
20
19
6
15
38
12
46
15
4
13
116
200
75
16
18
48
668

Figure 1: Flow diagram of search strategy and selection process, *CINAHL: Cumulative Index to Nursing and Allied Health Literature, AMED: Allied and Complementary Medicine, CDSR: Cochrane Database of Systematic Reviews

Inclusion and Exclusion Criteria
Standard systematic review methodology was employed
to screen the studies for eligibility (2,3). To be eligible for
inclusion in the review, the studies had to (a) focus on
the diagnosis of one or more of the 17 selected chronic
diseases using any explicitly described diagnostic tools,
criteria, or algorithm; (b) be of an observational-study
design; and (c) be conducted on the adult population.
Abstracts were excluded if the publications were (a)
published before 1990; (b) written as letters, biographies,

case reports, comments, congresses, editorials, or patient
education handouts; (c) written in languages other than
English; (d) pharmacokinetic and pharmacodynamic
studies; (e) animal, in vitro, or tissue-level studies; (f)
studies unrelated to, or not specific for, diagnosis of the
selected diseases; or (g) a population under 18 years old
or pregnant; in addition, publications were excluded if
they lacked information related to diagnostic tools, criteria, or a disease-ascertainment algorithm; included inpatients as a population; or had outcomes that were not
extractable. We excluded reports of randomized clinical

CLSA-Chronic Disease Ascertainment

trials because they used specific clinical diagnostic
criteria requiring physician assessment of the disease.
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the three levels of screening, a total of 668 studies met
all eligibility criteria. (1) Figure 1 is a flow diagram of
the study selection process.

Study Screening
Two unblinded reviewers with training in medicine,
nursing, and/or epidemiology independently assessed
the titles and abstracts of all the studies; if either
reviewer thought the study might be relevant, it was
retrieved for full-text screening. Screeners then reviewed the text of potentially relevant articles using a
priori inclusion and exclusion criteria just described.
Disagreements were resolved through discussion until
consensus was obtained. We did not calculate agreement statistics; however, disagreements were rare.
Data Extracted
Data were extracted from each article by a single extractor with medical training, and the data extraction
was verified by a senior epidemiologist. Four types of
variables were abstracted from each included article:
(a) study characteristics, (b) study participants, (c)
diagnostic procedures, and (d) diagnostic tools and
criteria. Study characteristics included country, setting,
and design. Participant characteristics defined the type
of participants enrolled (i.e., from community or clinic)
and their age. For diagnostic tools and criteria, we abstracted information on the person who administered
the tool (e.g., nurse, health professional, physician,
medical specialist, trained personnel). We then described
the type of diagnostic tool (e.g., questionnaire, medical
records/history, physical examination, laboratory
assessment, medication, clinical test).

Results
Identiﬁcation of Diagnostic Algorithms,
Tools, and Criteria
The number of abstracts obtained from searches in different databases is displayed in Figure 1. The final
searches yielded 29,616 citations. After 2,449 duplicates were identified, a total of 27,167 abstracts were
downloaded into systematic review management software, TrialStat SRS (4,5). Of these, a total of 2,166
unique titles and abstracts qualified for the second
stage of title and abstract screening. This resulted in
1,296 retrieved full-text papers that had passed the first
two levels of screening to ensure compliance with eligibility criteria. We then excluded articles that did not
provide sufficient information to determine the methods for diagnosis of the disease. We included articles
that used or developed diagnostic tools, diagnostic criteria, diagnostic algorithms, or clinical algorithms to
identify any of the 17 selected chronic diseases and
which met all inclusion and exclusion criteria. After

Studies Using Diagnostic Tools and Criteria
Full details and references for included studies are
available online as part of a larger study and are organized by disease (1). We identified 668 studies in this
systematic review (6): 479 (72%) studies were crosssectional, 158 (24%) were cohort, and 31 (4%) were
case-control studies. The sample size ranged from 6 to
2,900,000. Non-clinical centres (e.g., community centre)
were the most common settings, and physicians (55%)
acted as assessors in most of the studies (see Table 1).
Tables 2–6 describe the diagnostic tools and criteria
used in 668 studies by body system and disease.
Researchers generally used a combination of tools and
criteria to diagnose each condition. Most circulatory
system conditions were diagnosed using a combination of questionnaire-based information and laboratory or clinical tests (see Table 2). For many circulatory
system conditions, especially hypertension, medical
records and/or medical history were also used. Diabetes was diagnosed most often with a combination of
questionnaire and laboratory assessment, while hypothyroidism was diagnosed exclusively with laboratory
tests (see Table 3). Studies of musculoskeletal diseases
most often used questionnaires, assessment by a physician and clinical investigations (i.e., x-ray and dualenergy x-ray bone density [DEXA]) for diagnosis (see
Table 4). Studies of central nervous system and psychiatric conditions almost always used questionnaires
for diagnosis; for Parkinson’s disease and dementia,
a physical examination conducted by a physician was
also used (see Table 5). Studies diagnosing respiratory
conditions relied most often on questionnaires and either medical records or clinical investigations such as
spirometry (see Table 6).
Diagnostic Algorithms
Only 18 relevant diagnostic algorithms were identified (see Table 7). Of these, only 3 were published
in peer-reviewed journals; the others were acquired
through personal communication with researchers
of large population-based studies (6–12). Although
diagnostic algorithms were identified for 14 of the 17
chronic conditions of interest, all included either a
physician examination or abstraction of medical records, neither of which are planned for the CLSA.
Thus, without adaptation none of the algorithms could
be used directly.
Tools and Criteria
All studies related to hypertension incorporated selfreported high blood pressure, history of a physician
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Table 2: Tools/criteria used for diagnosis of circulatory system conditions*
Chronic Condition
(Number of
Studies)

Questionnaire
(N)

Medical Medical Physical
Examination
Records History
(N)
(N)
(N)

Laboratory
Assessment
(N)

Cerebrovascular
[Stroke] (N = 7)

Self-reported (5)
Standard Screening
Questionnaire (1)
Interview with
GP (1)

6

Hematology (92) 1
Hemostasis (1)
Immunoblot (1)
Urine Exam (1)
Serum Cholesterol
Levels (1)

Hypertension
(N = 20)
Myocardial
Infarction (N = 20)
Angina Pectoris
(N = 6)
Congestive Heart
Failure (N = 15)

Self-reported (20)
Rose
Questionnaire (15)
Self-reported (5)
Rose Questionnaire (5)
Self-reported (11)

6

2

Medication
(N)

20
10

4

10

2

Clinical Test
(N)

Ultrasound Carotid
Artery

Sphygmomanometer
(20)
ECG (13)
ECG (6)

6

6

1

ECG (11)
Chest X-ray (3)
Spirometry (1)
Doppler (1)

* http://www.clsa-elcv.ca

diagnosis, and blood pressure measurements to enable
the researcher to arrive at a diagnosis of hypertension.
The criteria for diagnosing hypertension differed
slightly among studies in terms of the number of visits
and the blood pressure levels used to define hypertension. Participants in most of the reviewed studies were
initially interviewed or evaluated during a 30-minute
to 1-hour visit in clinical or non-clinical settings. Information on health conditions and associated risk factors

related to hypertension or general cardiovascular
health were obtained.
Most studies diagnosed acute myocardial infarction
(AMI) using the World Health Organization Multinational MONItoring of trends and determinants
in CArdiovascular disease (WHO MONICA) and/or
Gillum criteria (chest pain, elevated enzymes, and evolving ECG). Some used additional criteria such as necropsy
reports (13), biochemical markers (14), myoglobin, or

Table 3: Tools/criteria used for diagnosis of metabolic conditions*
Chronic
Condition
(Number of
Studies)

Criteria
(N)

Diabetes
(N = 38)

WHO Criteria
Self-reported (20)
(1985–1999)
(22)
ADA Criteria
(1997) (6)
Combination of
WHO and ADA
Criteria (5)

Hypothyroidism
(N = 12)

* http://www.clsa-elcv.ca

Questionnaire
(N)

Self-reported (5)
Medical
Records (4)

Medical
Records
(N)

Medical
History
(N)

Physical
Examination
(N)

Laboratory
Assessment
(N)

23

FPG (35)
OGTT (32)
Lipids (12)
HbA1c (8)
Urinary GlucoseDipstick (6)
RPG (5)
Serum Insulin (4)
Urinary Glucose
(Quantitative) (1)
TSH (12)
T4 (4)
T3 (3)
TRH (1)
FT4 (5) FT3 (1)

Medication
(N)

Clinical
Test (N)

CLSA-Chronic Disease Ascertainment
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Table 4: Tools/criteria used for diagnosis of musculoskeletal conditions*
Chronic
Condition
(Number of
Studies)

Criteria
(N)

Questionnaire
(N )

Medical
Records
(N)

Rheumatoid
ACR Criteria
Questionnaire
Arthritis
(26) ARA
(23)
(N = 46)
Criteria (14)
2
Osteoarthritis,
_
WOMAC
Knee
Questionnaire (5)
(N = 15)
Standardized
Questionnaire (11)
Osteoarthritis,
_
Standardized
Hip (N = 4)
Questionnaire
(WOMAC) (3)
Osteoarthritis,
_
Self-reported (13)
Hand
(N = 13)
Osteoporosis
_
Self-reported
6
(N = 115)
(109)

Medical
History
(N )

Physical
Laboratory Medication Clinical
Examination Assessment (N)
Test
(N)
(N)
(N)

Medical
Interview (25)

2
25

36

2

13

Radiography
and Blood
Tests (29)
Radiography (12)

Radiography (2)

1

Radiography (8)

DEXA (54)
DEXA + X-ray
(60)
DEXA + Other
Technique (22)
Non-DEXA
Technique (33)

* http://www.clsa-elcv.ca
Selected abbreviations and acronyms for proposed chronic diseases in CLSA
ACR Criteria
American College of Rheumatology
ARA Criteria
American Rheumatology Association
DEXA
Dual-energy x-ray absorptiometry (DXA, previously DEXA)
WOMAC
Western Ontario and McMaster Universities index

total CK-MB (15). Four studies used diagnostic algorithms to ascertain old myocardial infarctions (OMI).
Despite some minor differences, all used or adapted
the algorithm used in the Cardiovascular Health Study
(CHS) (10). The components of this algorithm are selfreported history, the Rose angina questionnaire, clinical examination, ECG, and medication use.
The diagnosis of angina pectoris was based largely on selfreported medical history and ECG. The most common
questionnaire was the Rose angina questionnaire (16),
which was developed in 1962 as a standardized method
of ascertaining angina in general populations (17).
A major challenge for the diagnosis of congestive heart
failure is the lack of a simple, sensitive, and specific
diagnostic tool or a set of criteria. This likely accounts
for the fact that CHF is one of the most under-reported
cardiovascular conditions (18). In the studies that we
reviewed, the diagnosis of CHF was often confirmed
through a medical record review or medical examination, both of which can lack diagnostic precision.
Most studies diagnosing circulatory conditions and
stroke used tools that are planned for inclusion in the
CLSA: self-reported diagnosis, standardized question-

naires, and ECGs. Current cardiovascular guidelines,
however, are designed to diagnose acute events and
not prior conditions that will be required for the CLSA.
There is no current guideline for diagnosing stroke
that does not include the results of neuroimaging tools
(e.g. CT scan, MRI) (19). The ascertainment of stroke is
most often limited to self-reported symptoms or examination of medical records. Some studies also used
laboratory tests and physical examination (see Table 2),
and a questionnaire used to exclude prior stroke has
demonstrated high specificity (20,21).
Diabetes was diagnosed most often with a combination
of questionnaire and laboratory assessment. About 90
per cent of the studies used a two-phase procedure in
which the total population or a random sample was
screened, and those who screened positive went on to additional testing. The remaining 10 per cent of studies used
a three-phase approach with a final confirmatory test.
During at least one of the phases all studies measured
blood glucose, mostly by a test for fasting plasma glucose
(FPG) or an oral glucose tolerance (OGTT) test. Most
studies also included either a clinical examination or a
standardized interview. Diagnosis was based on either
the World Health Organization (WHO) or American
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Table 5: Tools/criteria used for diagnosis of central nervous system/psychiatric conditions*
Chronic
Condition
(Number of
Studies)

Criteria
(N )

Questionnaire
(N)

Depression
(N = 76)

DSM-III (18)

Parkinson’s
Disease
(N = 15)

DSM-III +
MMSA (3)

MMSE (15)
8
CIDI (8) CES
(9) GMS (9)
HAM (7)
Standardized
Questionnaire (76)
Screening
4
Questionnaire (14)

Dementia
DSM-III or
(N = 200)
IV (172)
NINCDSADRA/
AIREN (65)

Medical Medical Physician Physical
Examination
Records History Panel
(N)
(N)
(N)
(N)

2

1

Laboratory Medication Clinical
Assessment (N)
Test
(N)
(N)

3

Neurological
Examination (10)
UPDRS (3)
Video
Examination (1)
83
45

MMSE (140)
CAMCOG (26)
CERAD (12)
GMS (11)
CAMDEX (40)
AGECAT (13)
Other Cognitive
Tests (200)

CT (1)

CT (26)
MRI (14)

* http://www.clsa-elcv.ca
Abbreviations and acronyms for proposed central nervous system/psychiatric conditions in CLSA
AGECAT
Automated Geriatric Examination for Computer Assisted Taxonomy
CAMCOG
Cognitive and self-contained part of the Cambridge Examination for Mental Disorders of the Elderly
CAMDEX
Cambridge Examination for Mental Disorders of the Elderly
CERAD
Consortium to Establish a Registry for Alzheimer’s Disease
CES
Center for Epidemiological Studies
CIDI
Composite International Diagnostic Interview (CIDI)
DSM-III R
Diagnostic and Statistical Manual of Mental Disorders, Third Edition, Revised
GMS
Geriatric Mental State
HAM
Hamilton Depression Scale
IADL
Instrumental Activities of Daily Living
MMSA
Mini-Mental State Adjusted
MMSE
Mini-Mental State Examination
NINCDS-ADRA/AIREN National Institute of Neurological and Communication Disorders and Stroke – Alzheimer’s Disease and
Related Disorders Association

Diabetes Association criteria. Nurses or physicians performed the assessments in all studies (see Table 3).

by free T4, and free T3 estimations. Cut-off points differed among studies depending on geographical area,
age, and type of commercial assay used (see Table 3).

All diagnoses of hypothyroidism were based solely on
laboratory testing. Researchers used thyroid-stimulating hormone (TSH) as a screening test, usually followed

All studies diagnosing musculoskeletal conditions (rheumatoid arthritis, osteoarthritis, and osteoporosis) relied

Table 6: Tools/criteria used for diagnosis of respiratory conditions*
Chronic Condition Questionnaire
(N)
Asthma (N = 46)

COPD (N = 18)

Medical
Medical
Records (N) History (N)

Self-reported
10
Standardized
Questionnaire (46)
Self-reported (15)
11

* http://www.clsa-elcv.ca

Physical
Laboratory
Medication
Examination (N) Assessment (N) (N)

Clinical Test
(N)
Spirometry (24)

Spirometry (11)
Chest X-ray (4)
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Table 7: Tools/criteria used in diagnostic algorithms in adult population-based longitudinal studies
Chronic
Condition

Study (Created/ Questionnaire
Developed)

Medical Records/
History/Medication

Stroke

WHAS

MD Questionnaire

CHS
ICARe

MD Questionnaire

MD Diagnosis Surveillance
Neurologist
Recontact MD for Outpatients
Review
with Stroke Medications
Neurological Examination
MD Diagnosis Surveillance
Recontact MD for ECG,
Enzymes, History
Cardiac Pain
MD Diagnosis1 Hospital
Surveillance Recontact
MD to Verify Diagnosis
Anti-anginal Medication
MD Diagnosis Diuretic and
Digitalis or Vasodilator
MD Diagnosis Recontact
MD Insulin or Oral
Hypoglycaemic Drugs
Insulin or Oral
Hypoglycemic Drugs
Adjudication
by Specialist
MD Diagnosis Report of
Compression or Other
Fractures Surveillance
Osteoporosis Medications
MD Diagnosis Surveillance
Review by
for Spirometry in Past 5 years
Pulmonologist
Respiratory Medications
MD Diagnosis of Lung Disease

Myocardial
Infarction

Angina
Pectoris

CHS
WHAS

Congestive
CHS
Heart Failure
Diabetes
WHAS
Mellitus
ICARe

Rose Questionnaire1
MD Questionnaire

MD Questionnaire
MD Questionnaire

MD Questionnaire

Hypothyroidism ICARe
Osteoporosis

WHAS

MD Questionnaire

Asthma

WHAS

MD Questionnaire
Self-reported
Symptoms
Self-reported
Symptoms

ICARe

COPD

WHAS

ICAR

Rheumatoid
Arthritis

WHAS

Symptomatic
WHAS
Osteoarthritis
(Hip, Knee,
Hand)

Parkinson’s
Disease

MD Questionnaire
Self-reported
Symptoms
Self-reported
Symptoms Selfreported Smoking
MD Questionnaire

Self-reported
Symptoms
MD Questionnaire

ACR

Self-reported
Stiffness
Age

WHAS

MD questionnaire

Physical
Examination

MD Diagnosis Surveillance
Review by
for Spirometry in Past 5 years
Pulmonologist
Respiratory Medications
MD Diagnosis of Lung Disease

Report of Joint Surgery on
Read Hand Photos,
Hand or Wrist MD Diagnosis
Joint Examination
Surveillance Surveillance
for Soft Tissue
of MD Records Taking
Swelling
Medications for
Rheumatoid Arthritis
Report of Surgery
Read Hand Photo and
(Knee or Hip)
Radiographs, Assess
Bony Enlargements
of Joints and Soft
Tissue Swelling
Joint Examination (Hard
Tissue Enlargement,
Swelling, Deformity)
Hip Rotation
MD Diagnosis
Parkinson’s Medication

Laboratory
Assessment/ Clinical
Measurements

CT or MRI
ECG

Enzymes ECG

Chest X-ray
Ventriculography
Hgb A1c > 10%
Blood Tests
Fasting Venous Plasma
Glucose HbA1c
TSH, FT3, FT4

Spirometry

Spirometry
Bronchostimulation
Test
Spirometry

Spirometry
Bronchostimulation
Test
Hand Photograph

Hand Photograph
Radiograph of the
Knee Radiograph
of the Pelvis
Erythrocyte
Sedimentation
Rate Radiograph
of Pelvis

ACR American College of Rheumatology
CHS Cardiovascular Health Study
ICARe Diacomano Study = Insufﬁcienza Cardiaca negli Anziani Residenti a Dicomano WHAS Women’s Health and Aging Study
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upon clinical examination or tools that are either not
proposed to be collected in the CLSA (x-ray for rheumatoid arthritis [RA] and osteoarthritis [OA]) or that require
a physician’s interpretation (DEXA for osteoporosis).
Most studies adopted a two-stage population-based tool
to ascertain RA. The screening stage used a validated
self-reported questionnaire that was administered by a
nurse or other trained personnel. The questionnaire
varied from study to study. In the second stage of
case ascertainment, individuals who screened positive
for RA underwent clinical confirmation consisting of
a medical interview, clinical examination, laboratory
investigations, and radiographs. Osteoporosis was most
often diagnosed using a self-reported risk assessment
instrument and either DEXA alone or in combination
with other instrumental tests. Physicians were always
used as assessors (see Table 4).
Most of the studies on dementia adopted a two-phase
screening design including a cognitive screen of the
total sample followed by a diagnostic phase in which
all participants who screened positive were examined
clinically. The Mini-Mental State Examination (MMSE)
was used most often as a screening tool, and diagnosis
was most commonly made according to the Diagnostic
and Statistical Manual of Mental Disorders, 3rd or 4th
edition (DSM-III or IV) criteria, or equivalent criteria
such as Cambridge Examination for Mental Disorders
of the Elderly (CAMDEX) or Automated Geriatric
Examination for Computer Assisted Taxonomy (AGECAT) (see Table 5).
Studies of central nervous system conditions almost
always used questionnaires for diagnosis. For Parkinson’s disease (PD), all studies required a neurologist
or movement disorder expert for a definitive diagnosis. The majority of studies used a two- or three-phase
design with a screening questionnaire and a more extensive evaluation by a trained neurologist to diagnose
PD in those screening positive. Clinical examination
by a neurologist is regarded as essential to reveal the
major features of the disease (see Table 5).
Studies diagnosing respiratory conditions relied most
often on questionnaires and either medical records or
clinical investigations such as spirometry. All studies of
asthma relied on self-report augmented by spirometry
and medical records. All studies on chronic obstructive
pulmonary disease (COPD) used past medical history
and/or questionnaire for diagnosis (see Table 6).

Discussion
To our knowledge this is the first systematic review to
document diagnostic algorithms, tools, and criteria for
ascertaining chronic diseases in observational studies.
Although several diagnostic algorithms are available,

Parminder S. Raina et al.

none can be applied directly in the CLSA. Thus we are
developing algorithms needed for the CLSA by means
of diagnostic tools and criteria identified in the systematic review. In the CLSA, we are proposing to collect
self-reported disease status, questionnaires, medication
use, anthropometric measurements, laboratory tests,
clinical tests (e.g., ECG, DEXA) and non-physician
non-invasive clinical examinations to diagnose chronic
conditions based on current international guidelines.
Several chronic conditions were identified for which
accurate diagnoses can be made in a large populationbased study. These include metabolic conditions
(diabetes and hypothyroidism), which relied almost
exclusively on laboratory tests and questionnaires
to diagnose disease; respiratory (asthma and COPD)
and cardiovascular conditions (angina and MI), which
depend on questionnaires and/or self-report and
clinical tests, such as spirometry and ECG. Depression
and dementia were most often diagnosed using questionnaires. Although dementia also requires a neuropsychological examination, this can be performed by
trained non-physicians. For each of these conditions,
algorithms can be developed directly from the validated
tools and criteria identified in our systematic review.
Other conditions prove more challenging to diagnose
in population-based studies. For example, all studies
diagnosing musculoskeletal conditions (RA, OA, and
osteoporosis) used clinical tools that either are not
being collected in the CLSA (x-ray for RA and OA) or
require a physician’s interpretation (DEXA for osteoporosis). Similarly, for PD all studies required a neurologist or movement disorder specialist for a definitive
diagnosis. All of these conditions have sensitive and
specific tools for diagnosis, but will require additional
strategies for accurate ascertainment in a large-scale
study.
Finally, some conditions are not amenable to diagnosis
in a large-scale study, and will not be included in the
CLSA. For example, congestive heart failure is one
of the most under-reported cardiovascular conditions
because there is currently no sensitive and specific
diagnostic tool (18).
The strengths in this study lie in the comprehensiveness of our search and the rigourous methodology of
our systematic review. We were able to identify disease
ascertainment algorithms, diagnostic tools, and criteria for 17 chronic conditions. Our reporting was, however, somewhat limited because of the non-uniform
terminology for tools and criteria, the lack of precisely
defined methods, and the lack of a case definition in
many instances. The ability to identify chronic diseases
singly or in combination, according to precise diagnostic ascertainment tools, criteria, or algorithms could
lead to a better understanding of the natural history of

CLSA-Chronic Disease Ascertainment

chronic diseases and help us explore how exposure to
various risk factors influences disease incidence and
outcomes. Although we planned this study specifically
to develop disease ascertainment algorithms for the
CLSA, this review can inform the development of
algorithms for other population-based studies. The
choice of specific tools and criteria will depend on the
population of interest and the type of data collected in
other longitudinal studies.
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